
Designation : B 6 – 03 American Association of State
Highway and Transportation

Officials Standard
AASHTO No: M120-77

Standard Specification for
Zinc 1
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This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification covers zinc metal made from ore or
other material by a process of distillation or by electrolysis in
three grades as follows:

1.1.1 Special High Grade,
1.1.2 High Grade,
1.1.3 Prime Western.

NOTE 1—Certain continuous galvanizing grades are specified in Speci-
fication B 852. Other continuous galvanizing and controlled lead grades
are not included in this specification but are covered by specific user
purchasing specifications.

1.2 This specification does not cover zinc produced by
“sweating” or remelting of secondary zinc.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on the
date of material purchase form a part of this specification to the
extent referenced herein.

2.2 ASTM Standards:2

B 852 Specification for Continuous Galvanizing Grade
(CGG) Zinc Alloys for Hot-Dip Galvanizing of Sheet Steel

B 899 Terminology Relating to Non-ferrous Metals and
Alloys

B 914 Practice for Color Codes on Zinc and Zinc Alloy
Ingot for Use in Hot-Dip Galvanizing of Steel

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E 47 Test Methods for Chemical Analysis of Zinc Die-
Casting Alloys3

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition

E 527 Practice for Numbering Metals and Alloys (UNS)
E 536 Test Methods for Chemical Analysis of Zinc and Zinc

Alloys

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 Special High Grade, n—a high purity grade of zinc

containing a minimum of 99.990 % zinc, with controlled
impurity levels, as specified in Table 1.

3.2.2 High Grade, n—a grade of zinc containing a mini-
mum of 99.90 % zinc, with controlled impurity levels, as
specified in Table 1.

3.2.3 Prime Western, n—a grade of zinc containing
0.5–1.4 % lead, a minimum of 98.0 % zinc, with controlled
impurity levels, as specified in Table 1.

3.3 Abbreviations:
3.3.1 SHG—Special High Grade Zinc
3.3.2 HG—High Grade Zinc
3.3.3 PW—Prime Western Zinc

4. Ordering Information

4.1 Orders for zinc metal under this specification shall
include the following information:

4.1.1 ASTM designation and year of issue,
4.1.2 Quantity (weight),
4.1.3 Name of material (zinc metal),
4.1.4 Size (see Section 7), and

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.04 on Zinc and Cadmium.

Current edition approved Nov. 1, 2003. Published November 2003. Originally
approved in 1911. Last previous edition approved in 2000 asB 6 – 00.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website. 3 Withdrawn.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



4.1.5 Grade (see Table 1).

5. Materials and Manufacture

5.1 The manufacturer shall use care to have each lot of zinc
metal of as uniform quality as possible.

6. Chemical Composition

6.1 The zinc metal shall conform to the requirements
prescribed in Table 1.

7. Sizes and Shapes

7.1 Slabs varying in weight from 40 to 60 lb (18 to 27 kg)
are all considered standard slabs.

7.2 Zinc metal may also be ordered in jumbos, blocks,
anodes, or other shapes.

8. Appearance

8.1 The zinc metal shall be reasonably free of surface
corrosion and adhering foreign matter.

9. Sampling for Chemical Analysis

9.1 The producer may obtain representative samples from
the molten metal during casting, and all or part of these
samples may be cast into shapes suitable for use in spectro-
chemical methods.

9.2 If the zinc is in the form of standard slabs at the
customer’s plant, the sample for chemical analysis shall be
taken in accordance with 9.2.1-9.2.5, inclusive.

9.2.1 Selection of Portion—A portion representative of the
total shipment or order shall be selected at random for the final
sample. The portion preferably shall be taken during loading or
unloading. From lots containing at least 60 000 lb (27 300 kg)
of zinc, one slab shall be taken from every 10 000 lb (4530 kg).
From smaller lots, five slabs shall be taken.

9.2.2 Preparation of Sample—Each slab shall be cleaned
thoroughly to rid the surface of extraneous material and drilled
or sawed, without lubricant in accordance with 9.2.3 or 9.2.4.
The drillings or sawings shall be subjected to the action of a
strong magnet to remove any adventitious iron with which the
sample may have become contaminated from the drill or saw.

NOTE 2—Sampling by sawing is not recommended for Special High
Grade zinc because complete removal of the final traces of adventitious
iron from sawings is difficult.

9.2.3 Drilling —Two holes shall be drilled, preferably from
the bottom or brand side of each slab, at two points located

along one diagonal of the slab so that each point is halfway
between the center and one extremity of the diagonal. If two
holes from each slab do not yield the weight of sample
prescribed in 9.2.5, a third hole shall be drilled at the center of
each slab. Each hole shall be bored completely through the
slab, care being taken to avoid starting the drill in a depression
and to adjust the feed to give drillings 0.010 to 0.020 in. (0.25
to 0.51 mm) in thickness. The drill used preferably shall be one
twisted from flat stock. The diameter of the drill shall be1⁄2 in.
(12.7 mm) for Special High Grade zinc, and shall be5⁄16 in. (7.9
mm) for other grades of zinc. The drillings shall be broken or
cut with clean shears into pieces not over1⁄2 in. in length and
mixed thoroughly.

9.2.4 Sawing—Using, preferably, a heat treated high-speed
steel saw, make two cuts completely across and through the
slab from one long side to the other. Each cut shall be
approximately halfway between the center and each end. The
width of the saw cut shall be sufficient to give the weight of
sample prescribed in 9.2.5, and cuttings from all the slabs shall
be mixed thoroughly to form a uniform sample.

9.2.5 Size of Sample and Storage—The prepared sample
shall weigh at least 1600 g for Special High Grade zinc, and at
least 300 g for other grades of zinc. The properly mixed sample
shall be split into three equal parts, each of which shall be
placed in a sealed package, one for the manufacturer, one for
the purchaser, and one for a referee, if necessary. Tight,
leak-proof, paper sample envelopes or cardboard cartons may
be used to hold the sample.

9.3 If the zinc is in shapes other than standard slabs, the
sampling procedure shall be agreed upon between the manu-
facturer or seller and the purchaser.

9.4 Aspects of sampling and sample preparation not covered
specifically in this specification shall be carried out in accor-
dance with Practice E 88.

10. Methods of Chemical Analysis

10.1 The chemical compositions enumerated in this speci-
fication shall, in case of disagreement, be determined by
methods mutually agreed upon or the methods listed in Table 2

TABLE 1 Chemical Requirements

NOTE 1—The following applies to all specified limits in this table: For purposes of determining conformance with this specification, an observed value
obtained from analysis shall be rounded off “to the nearest unit” in the last right-hand place of figures used in expressing the limiting value, in accordance
with the rounding method of Practice E 29.

Grade
(UNS)A

Composition,%

Color
CodeB Lead

Iron,
max

Cad-
mium,
max

Alumi-
num,
max

Cop-
per,
max

Tin,
max

Total
Non-Zinc,

max

Zinc, min,
by difference

Special High Grade (Z13001) Yellow 0.003, max 0.003 0.003 0.002 0.002 0.001 0.010 99.990
High Grade (Z15001) Green 0.03, max 0.02 0.02 0.01 ... ... 0.10 99.90
Prime Western (Z19001) Black 0.5–1.4 0.05 0.20 0.01 0.20 ... 2.0 98.0
AUNS designations were established in accordance with Practice E 527.
BRefer to Practice B 914.

TABLE 2 Methods of Analysis

Method
ASTM

Designation

Chemical analysis (for tin) E 47
Chemical analysis E 536
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approved for referee purposes by the American Society for
Testing and Materials. Test Methods E 536 and Test Methods
E 47 for tin only shall be used.

11. Claims

11.1 Claims to be considered shall be made in writing to the
manufacturer within 30 days of receipt of material at the
purchaser’s plant and the results of the purchaser’s tests shall
be given. The manufacturer shall be given one (1) week from
date of receipt of such claim to investigate his records and then
shall agree either to satisfy the claim or send a representative
to the plant of the purchaser.

11.1.1 Analysis of Car Lots—No claims shall be considered
unless the minimum samples as specified in 9.2.1 can be shown
to such representative.

11.1.2 Physical Defects of Individual Pieces—No claims
shall be considered unless the zinc metal in question, unused,
can be shown to such representative.

11.1.3 When the zinc metal satisfies the chemical and
physical requirements of this specification, it shall not be
condemned for defects in manufacturing, for defects of alloys
in which it is used, or for defects in the coating of zinc-coated
products.

12. Investigation of Claims

12.1 The inspector representing the manufacturer shall ex-
amine all pieces where physical defects are claimed. If agree-
ment is not reached, the question of fact shall be submitted to
a mutually agreeable referee, whose decision shall be final.

12.2 On a question of metal contents, a sample shall be
drawn in the presence of representatives of both the manufac-
turer and the purchaser as described in Section 8. The manu-
facturer and the purchaser shall each make an analysis, and if
the results do not establish or dismiss the claim to the
satisfaction of both parties, the third sample shall be submitted
to a mutually agreeable referee, who shall determine the
question of quality, and whose determination shall be final.

13. Settlement of Claims

13.1 The expenses of the manufacturer’s representative and
of the referee shall be paid by the loser or divided in proportion
to concession made in case of compromise. In case of rejection
being established, maximum damages shall be limited to the
payment of freight both ways by the manufacturer for substi-
tution of an equivalent weight of zinc metal conforming to this
specification.

14. Product Marking

14.1 A brand, by which the manufacturer can be identified,
shall be cast or die stamped in each slab, block, or ingot.

14.2 Each ingot, bundle, or skid shall be marked with the
appropriate Color Code for that zinc grade per the requirements
in Practice B 914.

15. Keywords

15.1 high grade zinc; prime western zinc; special high grade
zinc; zinc; zinc metal

SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue (B 6 - 00)
that may impact the use of this standard.

(1) Color Codes for SHG, HG, and PW were added to Table 1.
(2) Reference to Practice B 914 was made in 2.2.

(3) Requirement for marking each ingot, bundle or skid with
the Color Code was added in 14.2.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 23 – 00

Standard Specification for
White Metal Bearing Alloys
(Known Commercially as “Babbitt Metal”) 1

This standard is issued under the fixed designation B 23; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers eight typical white metal
bearing alloys, in bar or ingot form, known commercially as
“babbitt metal.” The alloys are specified, covering the range
commercially used, and are designated by the alloy numbers
shown in Table 1.

1.2 The values stated in inch-pound units are to be consid-
ered as the standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications2

E 57 Methods for Chemical Analysis of White Metal Bear-
ing Alloys3

3. Ordering Information

3.1 Orders for materials under this specification shall in-
clude the following information:

3.1.1 Name of material (white metal bearing alloy),
3.1.2 Form and nominal weight of individual bars,
3.1.3 Quantity,
3.1.4 Alloy number,
3.1.5 Inspection required (Section 9),
3.1.6 Certification required (Section 10),
3.1.7 Marking required (Section 11), and
3.1.8 ASTM designation and year of issue.

4. Materials and Manufacture

4.1 The bars or ingots shall be made in accordance with
such practice as to obtain the chemical composition, weight,
and dimensions as prescribed in this specification.

4.2 The bars or ingots shall be as uniform in quality as
practicable.

5. Chemical Composition

5.1 The alloys covered by this specification shall conform to
the requirements for chemical composition prescribed in Table
1.

5.2 By agreement between manufacturer and purchaser,
analysis may be required and limits established for elements
not specified in Table 1.

6. Dimensions and Weights

6.1 The babbitt shall be furnished in bars of a convenient
weight and size for handling. Unless otherwise agreed upon, no
unnotched bar shall exceed 10 lb (4.5 kg) in weight, nor
notched bar exceed 15 lb (6.8 kg).

6.2 By mutual agreement, babbitt may be furnished in small
round bars about 3.5 in. (90 mm) in diameter.

7. Sampling

7.1 Three bars shall be selected to represent a shipment of
less than 1000 lb (450 kg), five bars to represent a shipment of
1000 lb to 10 000 lb (4500 kg) inclusive, and ten bars to
represent a shipment of over 10 000 lb to one carload.

7.2 Saw cuts shall be made at points in the bars as indicated
in Fig. 1. No lubricants shall be used for sawing. The sawings
shall be carefully treated with a magnet to remove any particles
of steel introduced in taking the sample.

7.3 When babbitt is furnished in bars under 5 lb (2.3 kg) in
weight, three bars shall be considered the equivalent of one bar
(6.1) for sampling purposes. These may be remelted in a clean
utensil at a temperature slightly above the liquidus point of the
alloy, mixed thoroughly, poured into a cold mold forming a
convenient size bar, and then handled in accordance with 6.2.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.02 on Refined Lead, Tin, Antimony, and Their Alloys.

Current edition approved Oct. 10, 2000. Published November 2000. Originally
published as B 23 – 26. Last previous edition B 23 – 94.

2 Annual Book of ASTM Standards, Vol 14.02.
3 Discontinued—see1986 Annual Book of ASTM Standards, Vol 03.05.

1
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7.4 Sawings, thoroughly mixed, shall be separated into three
equal portions, each of which shall be placed in a sealed
package, one for the manufacturer, one for the purchaser, and
one for an umpire, if necessary. Each portion should exceed
0.74 oz (21 g) in weight.

7.5 When bars, by agreement, exceed 15 lb (6.8 kg) in
weight, the number of sample bars taken and the sampling
procedure shall be by agreement between the manufacturer and
the purchaser.

8. Test Methods

8.1 In case of dispute, the chemical analysis shall be made
in accordance with Methods E 57.

8.2 The method of analysis for cadmium and aluminum in
case of dispute shall be as agreed upon between manufacturer
and purchaser.

8.3 For purposes of compliance with the specified chemical
composition limits, the reported analysis shall be rounded to
the nearest unit in the right hand place of figures used in
expressing the limiting value, in accordance with the rounding
method of Practice E 29.

9. Inspection

9.1 Inspection of the material shall be made as agreed upon
by the manufacturer and the purchaser as part of the purchase
contract.

10. Rejection and Rehearing

10.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

11. Certification

11.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

TABLE 1 Chemical Composition A —wt% (range or maximum)

Chemical
Composition, %

Alloy Number

Tin Base Lead Base

1 2 3 11 7 8 13 15

UNS—L13910 UNS—L13890 UNS—L13840 UNS—L13870 UNS—L53585 UNS—L53565 UNS—L53346 UNS—L53620

Tin remainderB remainderB remainderB remainderB 9.3–10.7 4.5–5.5 5.5–6.5 0.8–1.2
Antimony 4.0–5.0 7.0–8.0 7.5–8.5 6.0–7.5 14.0–16.0 14.0–16.0 9.5–10.5 14.5–17.5
Lead 0.35 0.35 0.35 0.50 remainderB remainderB remainderB remainderB

Copper 4.0–5.0 3.0–4.0 7.5–8.5 5.0–6.5 0.50 0.50 0.50 0.6
Iron 0.08 0.08 0.08 0.08 0.10 0.10 0.10 0.10
Arsenic 0.10 0.10 0.10 0.10 0.30–0.60 0.30–0.60 0.25 0.8–1.4
Bismuth 0.08 0.08 0.08 0.08 0.10 0.10 0.10 0.10
Zinc 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
Aluminum 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
Cadmium 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Total named 99.80 99.80 99.80 99.80

elements,
min
AAlloy Number 9 was discontinued in 1946 and numbers 4, 5, 6, 10, 11, 12, 16, and 19 were discontinued in 1959. A new number 11, similar to SAE Grade 11, was added

in 1966.
BTo be determined by difference.

NOTE 1—With notched bars the saw cuts shall be distributed along the bar in a similar manner, avoiding if possible, saw cuts directly through a notch.
FIG. 1 Method of Sampling Unnotched Bar

B 23 – 00
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12. Product Marking

12.1 The name or trademark of the manufacturer shall be
cast on each bar. The numerical designation of the alloy
supplied shall be stamped or cast on each bar for identification.

13. Keywords

13.1 Babbit metal; bar; bearing alloys; chemical composi-
tion; ingot; lead–tin–antimony alloys; physical properties;
tin–antimony–copper alloys

APPENDIX

(Nonmandatory Information)

X1. PROPERTIES OF WHITE METAL BEARING ALLOYS

X1.1 The data in Table X1.1 do not constitute a part of this
specification. They are given merely to indicate to the pur-
chaser the physical properties of the various alloys specified
which can be expected of carefully manufactured alloys of the
formulas indicated, and to constitute a guide to the purchaser in
selecting the grade best suited for meeting the service condition
for which the babbitt metal is to be used. Alloys 1 to 8 were

prepared at the National Bureau of Standards from pure Banka
tin, high grade “Star” antimony, and a commercially pure lead
(99.94 % Pb), and the values given are the results of tests made
in the Bureau laboratories. Data on alloy 15 and the liquidus
temperature of alloy 1 have been added, based on work at other
laboratories. All figures are subject to revision.

TABLE X1.1 Composition and Physical Properties A of White Metal Bearing Alloys

Alloy
NumberB

Specified Nominal Composition of Alloys, %
Specific
GravityC

Composition of Alloys Tested, % Yield Point, psiD (MPa)

Tin Antimony Lead Copper Arsenic Tin Antimony Lead Copper 68°F (20°C)
212°F

(100°C)

1 91.0 4.5 4.5 7.34 90.9 4.52 none 4.56 4400 (30.3) 2650 (18.3)
2 89.0 7.5 3.5 7.39 89.2 7.4 0.03 3.1 6100 (42.0) 3000 (20.6)
3 84.0 8.0 8.0 7.46 83.4 8.2 0.03 8.3 6600 (45.5) 3150 (21.7)
7 10.0 15.0 remainder .45 9.73 10.0 14.5 75.0 0.11 3550 (24.5) 1600 (11.0)
8 5.0 15.0 remainder .45 10.04 5.2 14.9 79.4 0.14 3400 (23.4) 1750 (12.1)

15 1.0 16.0 remainder 1.0 10.05

Alloy
NumberB

Johnson’s Apparent Elastic
Limit, psi (MPa)E

Ultimate Strength in
CompressionF

Brinell
HardnessG Melting

Point,
° F (°C)

Temperature
of Complete

Liquefaction,°F
(°C)

Proper
Pouring

Temperature,°
F (°C)68°F (20°C) 212°F (100°C) 68°F (20°C) 212°F (100°C)

68°F
(20°C)

212°F
(100°C)

1 2450 (16.9) 1050 (7.2) 12 850 (88.6) 6950 (47.9) 17.0 8.0 433 (223) 700 (371) 825 (441)
2 3350 (23.1) 1100 (7.6) 14 900 (102.7) 8700 (60.0) 24.5 12.0 466 (241) 669 (354) 795 (424)
3 5350 (36.9) 1300 (9.0) 17 600 (121.3) 9900 (68.3) 27.0 14.5 464 (240) 792 (422) 915 (491)
7 2500 (17.2) 1350 (9.3) 15 650 (107.9) 6150 (42.4) 22.5 10.5 464 (240) 514 (268) 640 (338)
8 2650 (18.3) 1200 (8.3) 15 600 (107.6) 6150 (42.4) 20.0 9.5 459 (237) 522 (272) 645 (341)

15 21.0 13.0 479 (248) 538 (281) 662 (350)
AThe compression test specimens were cylinders 1.5 in. (38 mm) in length and 0.5 in. (13 mm) in diameter, machined from chill castings 2 in. (51 mm) in length and

0.75 in. (19 mm) in diameter. The Brinell tests were made on the bottom of parallel machined specimens cast in a mold 2 in. (51 mm) in diameter and 0.625 in. (16 mm)
deep at room temperature.

BData not available on Alloy Numbers 11 and 13.
CThe specific gravity multiplied by 0.0361 equals the density in pounds per cubic inch.
DThe values for yield point were taken from stress-strain curves at a deformation of 0.125 % of gage length.
EJohnson’s apparent elastic limit is taken as the unit stress at the point where the slope of the tangent to the curve is 2⁄3times its slope at the origin.
FThe ultimate strength values were taken as the unit load necessary to produce a deformation of 25 % of the length of the specimen.
GThese values are the average Brinell number of three impressions on each alloy using a 10-mm ball and a 500-kg load applied for 30 s.

B 23 – 00

3



ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 29 – 03

Standard Specification for
Refined Lead 1

This standard is issued under the fixed designation B 29; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers refined lead in pig, block, or
hog form.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on the
date of material purchase form a part of this specification to the
extent referenced herein.

2.2 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications2

E 37 Test Methods for Chemical Analysis of Pig Lead3

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition3

3. Ordering Information

3.1 Orders for refined lead under this specification shall
include the following information:

3.1.1 ASTM designation and year of issue,
3.1.2 Quantity (weight),
3.1.3 Name of material (for example, pure lead),
3.1.4 Size and shape (see Section 6),
3.1.5 Grade (see Table 1 and accompanying notes), and

3.1.6 Certification or test report if specified (Section 13).

4. Materials and Manufacture

4.1 Lead shall be supplied in commercial standard forms or
shapes requested by the purchaser in the following grades:

4.1.1 Low bismuth low silver pure lead,
4.1.2 Refined pure lead,
4.1.3 Pure lead, and
4.1.4 Chemical copper lead.
4.2 The grades of lead listed in 4.1.1-4.1.4 shall be produced

by any smelting and refining process from ore or recycled
materials to meet the chemical requirements of this specifica-
tion.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.02 on Refined Lead, Tin, Antimony, and Their Alloys.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1919. Last previous edition approved in 1997 as B 29 - 92 (1997).

2 Annual Book of ASTM Standards, Vol 14.02.
3 Annual Book of ASTM Standards, Vol 03.05.

TABLE 1 Chemical Requirements A,B

Grade

Composition (Weight Percent)

Low Bismuth
Low Silver
Pure Lead,

maxC

Refined Pure
Lead, maxD

Pure Lead,
max

Chemical-
Copper LeadE

Sb 0.0005 0.0005 0.001 0.001 max
As 0.0005 0.0005 0.001 0.001 max
Sn 0.0005 0.0005 0.001 0.001 max
Sb As and Sn ... ... 0.002 0.002 max
Cu 0.0010 0.0010 0.0015 0.040–0.080
Ag 0.0010 0.0075 0.010 0.020 max
Bi 0.0015 0.025 0.05 0.025 max
Zn 0.0005 0.001 0.001 0.001 max
Te 0.0001 0.0001 ... ...
Ni 0.0002 0.0002 0.0005 0.002 max
Fe 0.0002 0.001 0.001 0.002 max
Lead (min) by

difference
99.995 99.97 99.94 99.90

UNS Number L50006 L50021 L50049 L51121
A The following applies to all specified limits in Table 1: For the purpose of

determining conformance with this specification, an observed value obtained from
the analysis shall be rounded off “to the nearest unit” in the last right hand place
of figures used in expressing the limiting value, in accordance with the rounding
method of Practice E 29.

B By agreement between the purchaser and the supplier, analyses may be
required and limits established for elements or compounds not specified in Table
1.

C This grade is intended for chemical applications where low silver and low
bismuth contents are required.

D This grade is intended for lead acid battery applications.
E This grade is intended for applications requiring corrosion protection and

formability.

1
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5. Composition

5.1 The lead shall conform to the requirements prescribed in
Table 1 and accompanying notes.

6. Sizes and Shapes

6.1 Pigs shall weigh up to a nominal 110 lb (50 kg).
6.2 Blocks or hogs shall be square or oblong and weigh up

to 2530 lb (1150 kg).

7. Appearance

7.1 The lead shall be reasonably free from surface corrosion
and adhering foreign material.

8. Lot

8.1 All lead of the same type produced and cast at one time
shall constitute a lot for chemical analysis. Each pig or block of
the lot shall bear a single identifying number that can be related
to the manufacturing lot.

9. Sampling for Chemical Analysis

9.1 The sample for chemical analysis shall be selected by
one of the following methods:

9.1.1 Test samples taken from the lot during casting, or
9.1.2 Test samples taken from the final solidified cast

product.
9.2 Sampling for Lot Analysis—The supplier may obtain

samples from the lot of molten metal during casting. All or part
of these samples may be cast into shapes suitable for use in
spectrographic analytical methods.

9.3 Sampling of Cast Product:
9.3.1 If the lead is in the form of standard pigs (Fig. 1), the

sample for chemical analysis shall be taken in accordance with
9.3.3.1, 9.3.3.2, or 9.3.3.3.

9.3.1.1 If the pigs differ in shape from those shown in Fig.
1 or the product is cast into blocks or hogs, the supplier and the
purchaser shall agree mutually as to the method to be followed
in sampling such shapes.

9.3.2 Sampling Pig Lead—A portion representative of the
total shipment shall be selected at random for the final sample.
For lots containing at least 100 000 lb (45 400 kg) of pig lead,
one pig shall be taken from every 20 000 lb (9080 kg). For
smaller lots, a total of five pigs shall be taken.

9.3.3 Sample Preparation—Each pig shall be cleaned thor-
oughly to rid the surface of dirt or adhering foreign material
prior to sampling by one of the following methods: sawing,
drilling, or melting.

9.3.3.1 Sawing—The pigs selected shall be sawed com-
pletely through as illustrated in Fig. 1. The sawings from the
pigs shall be mixed thoroughly and quartered, and the samples
for analysis taken from the mixed material. The sawings must
be free of extraneous material introduced from the saw blade.
All sawings shall be treated with a strong magnet in order to
remove iron introduced by sawing.

9.3.3.2 Drilling —The pigs shall be drilled at least halfway
through from two opposite sides as illustrated in Fig. 2. A drill
of about1⁄2 in. (12.7 mm) in diameter shall be used. In drilling,
the holes shall be spaced along a diagonal line from one corner
of the pig to the other. Holes may be made in a single pig or in

each of several pigs placed as illustrated in Fig. 2. The drillings
shall be clipped into pieces not over1⁄2 in. (12.7 mm) in length,
mixed thoroughly, and treated with a strong magnet to remove
iron introduced by drilling.

9.3.3.3 Melting—Whole pigs, portions of pigs produced by
sawing, drillings, or sawings shall be melted in a clean vessel.

FIG. 1 Method of Sampling Lead by Sawing

NOTE 1—Pigs selected for sampling shall be placed side by side, every
other pig bottom side up, and sampled according to template in sets of five
pigs each as indicated above. The pigs shall be drilled at least halfway
through: when a larger sample is desired, the pigs shall be turned over and
sampled on the other diagonal.

FIG. 2 Method of Sampling Lead by Drilling
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The melting temperature must not exceed 685°F (363°C) to
prevent excessive drossing. The lead must be stirred immedi-
ately prior to sampling. The molten lead shall be cast into
shapes suitable for use in spectrographic analysis, cast into thin
sample bars not to exceed3⁄8 in. (9.5 mm) thick for sawing, or
granulated by pouring into distilled water and drying the
material thoroughly. For sample bars, saw cuts shall be made
halfway across the bar from each side and staggered so that
they are about1⁄2 in. (12.7 mm) apart. The sawings so produced
are treated in accordance with 9.3.3.1.

9.3.4 Sample Size:
9.3.4.1 For spectrographic analysis, three samples shall be

prepared of a size and shape satisfactory for use by the
laboratory at which the analysis is to be made.

9.3.4.2 For wet chemical analysis, each prepared sample
(sawings, drillings, or granules) shall weigh at least 600 g.4

9.3.5 Aspects of sampling and sample preparation not
specifically covered in this specification shall be carried out in
accordance with Practice E 88.

10. Methods of Chemical Analyses

10.1 The chemical compositions enumerated in Table 1 of
this specification shall, in case of disagreement, be determined
by wet chemical or spectrographic methods mutually agreed
upon by the supplier and the purchaser.

10.2 By agreement between the purchaser and the supplier,
analyses may be required and limits established for elements or
compounds not specified in Table 1.

11. Inspection

11.1 Inspection of the material shall be agreed upon be-
tween the purchaser and the supplier as part of the purchase
contract.

12. Rejection and Rehearing

12.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported

to the supplier promptly and in writing. In case of dissatisfac-
tion with the results of the test, the supplier may make claim
for a rehearing.

12.2 Rejection shall be considered as follows:
12.2.1 Variation of weight, quantity, dimensions, or work-

manship.
12.2.2 Chemical composition.
12.2.2.1 In case of dispute, the material shall be sampled in

the presence of both parties in accordance with 9.3.
12.2.2.2 The resulting sample (at least 1800 g) shall be

mixed and separated into three equal parts, each of which shall
be placed in a sealed package, one for the supplier, one for the
purchaser, and one for the umpire if necessary, and analyzed in
accordance with Test Methods E 37.

12.3 When the lead metal satisfies the chemical and physi-
cal requirements of this specification, it shall not be con-
demned for defects in manufacturing or for defects of alloys or
products in which it is used.

13. Certification

13.1 When specified in the purchase order or contract, the
purchaser shall be furnished certification that samples repre-
senting each lot have been tested as directed in this specifica-
tion and the requirements have been met. When specified in the
purchase order or contract, a certified report of the test results
shall be furnished.

14. Marking and Special Requirements

14.1 A brand, by which the supplier can be identified, shall
be cast or marked legibly upon each pig, block, or hog. In
addition, other markings shall identify the material by type and
lot number.

14.2 (Any) special marking, color code, and other quality
requirements not covered by this specification shall be agreed
upon between the supplier and the purchaser.

15. Keywords

15.1 chemical-copper lead; lead; lead metal; pure lead;
refined pure lead

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

4 “Determination of As, Sb, and Te in Lead and Lead Alloys Using Hydride
Generation Atomic Absorption Spectrometry,” G.J. Fox,Atomic Spectroscopy, Vol
11, No.1, January 1990, p. 13.
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Designation: B 32 – 03

Standard Specification for
Solder Metal 1

This standard is issued under the fixed designation B 32; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers solder metal alloys (commonly
known as soft solders) used in non-electronic applications,
including but not limited to, tin-lead, tin-antimony, tin-
antimony-copper-silver, tin-antimony-coppersilver-nickel, tin-
silver, tin-copper-silver, and lead-tin-silver, used for the pur-
pose of joining together two or more metals at temperatures
below their melting points. Electronic grade solder alloys and
fluxed and non-fluxed solid solders for electronic soldering
applications are not covered by this specification as they are
under the auspices of IPC - Association Connecting Electronic
Industries.

1.1.1 These solders include those alloys having a liquidus
temperature not exceeding 800°F (430°C).

1.1.2 This specification includes solders in the form of solid
bars, ingots, powder and special forms, and in the form of solid
and flux-core ribbon, wire, and solder paste.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
D 269 Test Method for Insoluble Matter in Rosin and Rosin

Derivatives2

D 464 Test Methods for Saponification Number of Naval
Store Products Including Tall Oil and Other Related
Products2

D 465 Test Methods for Acid Number of Naval Stores
Products Including Tall Oil and Other Related Products2

D 509 Test Methods of Sampling and Grading Rosin2

E 28 Test Methods for Softening Point of Resins Derived
from Naval Stores by Ring-and-Ball Apparatus2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications3

E 46 Test Methods for Chemical Analysis of Lead- and
Tin-Base Solder4

E 51 Method for Spectrographic Analysis of Tin Alloys by
the Powder Technique5

E 55 Practice for Sampling Wrought Nonferrous Metals and
Alloys for Determination of Chemical Composition6

E 87 Methods for Chemical Analysis of Lead, Tin, Anti-
mony, and Their Alloys (Photometric Method)7

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition6

2.2 Federal Standard:8

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
2.3 Military Standard:9

MIL-STD-129 Marking for Shipment and Storage

3. Terminology

3.1 Definition:
3.1.1 producer, n—the primary manufacturer of the mate-

rial.
3.2 Definitions of Terms Specific to This Standard:
3.2.1 lot, n—The term “lot” as used in this specification is

defined as follows:
3.2.1.1 Discussion—For solid solder metal, a lot consists of

all solder of the same type designation, produced from the
same batch of raw materials under essentially the same
conditions, and offered for inspection at one time.

3.2.1.2 Discussion—For flux–core solder, a lot consists of
all solder of the same core mixture, produced from the same

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.02 on Refined Lead, Tin, Antimony, and Their Alloys.

Current edition approved Aug. 10, 2003. Published September 2003. Originally
approved in 1919. Last previous edition approved in 2000 as B 32 - 00e1.

2 Annual Book of ASTM Standards, Vol 06.03.

3 Annual Book of ASTM Standards, Vol 14.02.
4 Discontinued—See1994 Annual Book of ASTM Standards, Vol 03.05.
5 Discontinued—See1984 Annual Book of ASTM Standards, Vol 03.06.
6 Annual Book of ASTM Standards, Vol 03.05.
7 Discontinued—See1984 Annual Book of ASTM Standards, Vol 03.05.
8 Available from Global Engineering Documents, 15 Inverness Way East,

Englewood, CO 80112.
9 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

1
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batch of raw materials under essentially the same conditions
and offered for inspection at one time.

3.2.2 lot number,, n—The term “lot number” as used in this
specification refers to an alpha-numeric or numerical designa-
tion for a lot which is traceable to a date of manufacture.

4. Classification

4.1 Type Designation— The type designation uses the
following symbols to properly identify the material:

4.1.1 Alloy Composition—The composition is identified by
a two-letter symbol and a number. The letters typically indicate
the chemical symbol for the critical element in the solder and
the number indicates the nominal percentage, by weight, of the
critical element in the solder. The designation followed by the
lettersA or B distinguishes between different alloy grades of
similar composition (see Table 1).

4.1.2 Form—The form is indicated by a single letter in
accordance with Table 2.

4.1.3 Flux Type—The flux type is indicated by a letter or
combination of letters in accordance with Table 3.

4.1.4 Core Condition and Flux Percentage (applicable only
to flux-cored solder)—The core condition and flux percentage
is identified by a single letter and a number in accordance with
Table 4.

4.1.5 Powder Mesh Size and Flux Percentage (applicable
only to solder paste)—The powder mesh size and flux percent-
age is identified by a single letter and a number in accordance
with Table 5.

5. Ordering Information

5.1 Orders for material under this specification indicate the
following information, as required, to adequately describe the
desired material.

5.1.1 Type designation (see 4.1),
5.1.2 Detailed requirements for special forms,
5.1.3 Dimensions of ribbon and wire solder (see 9.2),
5.1.4 Unit weight,
5.1.5 Packaging (see Section 18),
5.1.6 Marking (see Section 17),
5.1.7 ASTM specification number and issue, marked on (a)

purchase order and (b) package or spool, and
5.1.8 Special requirements, as agreed upon between sup-

plier and purchaser.

6. Materials and Manufacture

6.1 The producer must have each lot of solder metal as
uniform in quality as practicable and of satisfactory appearance
in accordance with best industrial practices. Each bar, ingot, or
other form in which the solder is sold must be uniform in
composition with the entire lot.

7. Chemical Composition

7.1 Solder Alloy— The solder alloy composition is as
specified in Table 1.

NOTE 1—By mutual agreement between supplier and purchaser, analy-
sis may be required and limits established for elements or compounds not
specified in Table 1.

7.2 Flux (applicable to flux-core ribbon, wire, and solder
paste):

7.2.1 Type R—The flux is composed of Grade WW or WG
gum rosin of Test Methods D 509. The rosin shall have a
toluene–insoluble matter content of not more than 0.05
weight % in accordance with Test Method D 269, a minimum
acid number of 160 mg KOH/1 g sample in accordance with
Test Methods D 465, a minimum softening point of 70°C in
accordance with Test Methods E 28, and a minimum saponi-
fication number of 166 in accordance with Test Methods
D 464. When solvents or plasticizers are added, they must be
nonchlorinated.

7.2.2 Type RMA—The flux is composed of rosin conform-
ing to 7.2.1. Incorporated additives provide a material meeting
the requirements of 8.1.2 for type RMA. When solvents or
plasticizers are added, they must be nonchlorinated.

7.2.3 Type RA—The flux is composed of rosin conforming
to 7.2.1. Incorporated additives provide a material meeting the
requirements of 8.1.2 for Type RA. When solvents or plasti-
cizers are added, they must be nonchlorinated.

7.2.4 Type OA—The flux is composed of one or more
water-soluble organic materials.

7.2.5 Type OS—The flux is composed of one or more
water-insoluble organic materials, other than Types R, RMA,
and RA, which are soluble in organic solvents.

7.2.6 Type IS—The flux is composed of one or more
inorganic salts or acids with or without an organic binder and
solvents.

8. Physical Properties and Performance Requirements

8.1 Solder Paste—Solder paste must exhibit smoothness of
texture (no lumps) and the absence of caking and drying.

8.1.1 Powder Mesh Size— The solder powder mesh size
shall be as specified (see 5.1.1 and 4.1.5) when the extracted
solder powder is tested as specified in 13.4.

8.1.2 Viscosity—The viscosity of solder paste and the
method used to determine the viscosity must be agreed upon
between the supplier and purchaser. The following variables
must be taken into account when relating one viscosity
measurement to another type of viscometer used, spindle size
and shape, speed (r/min), temperature of sample, and the use or
non-use of a helipath.

8.2 Requirements for Flux—The flux must meet the physi-
cal and performance requirements specified in Table 6 as
applicable.

8.2.1 Solder Pool— When solder is tested as specified in
13.3.2, there must be no spattering, as indicated by the
presence of flux particles outside the main pool of residue. The
flux must promote spreading of the molten solder over the
coupon to form integrally thereon a coat of solder that shall
feather out to a thin edge. The complete edge of the solder pool
must be clearly visible through the flux residue.

8.2.2 Dryness—When solder is tested as specified in 13.3.2,
the surface of the residue must be free of tackiness, permitting
easy and complete removal of applied powdered chalk.

8.2.3 Chlorides and Bromides Test—When the extracted
flux is tested as specified in 13.3.6, the test paper will show no
chlorides or bromides by a color change of the paper to
off-white or yellow white.

8.2.4 Copper Mirror Test—When tested as specified in
13.3.7, the extracted flux will have failed the test if, when
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examined against a white background, complete removal of the
copper film is noted, as evidenced by the white background
showing through, and must be rejected. Discoloration of the
copper due to a superficial reaction or to only a partial
reduction of the thickness of the copper film is not cause for
rejection.

9. Dimensions and Unit Weight

9.1 Bar and Ingot Solder—The dimensions and unit weight
of bar and ingot solder will be as agreed upon between supplier
and purchaser.

9.2 Wire solder (solid and flux-cored)—The dimensions and
unit weight of wire solder are specified in 5.1.3 and 5.1.4. The

tolerance on the specified outside diameter shall be65 % or
60.002 in. (0.05 mm), whichever is greater.

9.3 Other Forms:
9.3.1 Dimensions for ribbon and special forms will be

agreed upon between supplier and purchaser.
9.3.2 The unit weight of solder paste is specified in 5.1.4.

10. Workmanship, Finish, and Appearance

10.1 All forms of solder must be processed in such a manner
as to be uniform in quality and free of defects that will affect
life, serviceability, or appearance.

11. Sampling

11.1 Care must be taken to ensure that the sample selected
for testing is representative of the material. The method of
sampling consists of one of the following methods:

11.1.1 Samples taken from the final solidified cast or fabri-
cated product.

11.1.2 Representative samples obtained from the lot of
molten metal during casting. The molten sample is poured into
a cool mold, forming a bar approximately1⁄4 in. (6.4 mm)
thick.

11.2 Frequency of Sampling—Frequency of sampling for
determination of chemical composition shall be in accordance
with Table 7. For spools and coils, the sample is obtained by
cutting back 6 ft (1.8 m) of wire from the free end and then
taking the next 6 ft for test. In other forms, an equivalent
sample is selected at random from the container.

11.3 Other Aspects of Sampling—Other aspects of sampling
conforms in the case of bar and ingots, to Practice E 88. For
fabricated solders the appropriate reference is Practice E 55.

12. Specimen Preparation

12.1 Flux-Cored Ribbon and Wire Solder and Solder
Paste—Each sample of flux-cored ribbon or wire solder or
solder paste is melted in a clean container under oil and mixed
thoroughly. After the flux has risen to the top, the alloy is
poured carefully into a cool mold (care should be taken to
allow the flux and alloy to separate completely), forming a bar
approximately1⁄4 in. (6.4 mm) thick. The bar is cleaned of flux
residue and sampled for analysis as specified in 12.3.

12.1.1 Flux Extraction Procedure:
12.1.1.1Flux-Cored Solder—The flux core is extracted as

follows: Cut a length of the flux-cored solder weighing
approximately 150 g and seal the ends. Wipe the surface clean
with a cloth moistened with acetone. Place the sample in a
beaker, add sufficient distilled water to cover the sample, and
boil for 5 to 6 min. Rinse the sample with acetone and allow to
dry. Protecting the solder surface from contamination, cut the
sample into 3⁄8-in. (9.5 mm) (maximum) lengths without
crimping the cut ends. Place the cut lengths in an extraction
tube of a chemically clean soxhlet extraction apparatus and
extract the flux with reagent grade, 99 % isopropyl alcohol
until the return condensate is clear. The resistivity of water
extract, copper mirror, and chlorides and bromides tests are
performed using a test solution prepared by concentrating the
solids content in the flux extract solution to approximately
35 % by weight by evaporation of the excess solvent. The exact

TABLE 2 Form

Symbol Form

B Bar
I Ingot
P Powder
R Ribbon
S SpecialA

W Wire
AIncludes pellets, preforms, etc.

TABLE 3 Flux Type

Symbol Description

S Solid, no flux
R Rosin, nonactivated
RMA Rosin, mildly activated
RA Rosin, activated
OA Organic, water-soluble
OS Organic, organic solvent-soluble (other than R, RMA, or RA)
IS Inorganic acids and salts

TABLE 4 Core Condition and Flux Percentage

Condition
Symbol

Condition

D Dry powder
P Plastic

Percentage
Symbol

Flux Percentage by Weight

Nominal Min Max
1 1.1 0.8 1.5
2 2.2 1.6 2.6
3 3.3 2.7 3.9
4 4.5 4.0 5.0
6A 6.0 5.1 7.0

ANot applicable to flux types R, RMA, and RA.

TABLE 5 Powder Mesh Size and Flux Percentage

Size Symbol Powder Mesh Size

A <325
B <200
C <100

Percentage Symbol Flux Percentage by Weight

Min Max
1 1 5
2 6 10
3 11 15
4 16 20
5 21 25
6 26 30
7 >30

B 32 – 03

4



solids content of the test solution are determined on an aliquot,
dried to constant weight in a circulating air oven maintained at
85 6 3°C.

12.1.1.2Solder Paste— The flux is extracted as follows:
Place 200 mL of reagent grade, 99 % isopropyl alcohol in a
chemically clean Erlenmeyer flask. Add 406 2 g of solder
paste to the flask, cover with a watch glass, and boil for 10 to
15 min using medium heat. Allow the powder to settle for 2 to
3 min and decant the hot solution into a funnel containing filter
paper, collecting the flux extract in a chemically clean vessel.

NOTE 2—The solution in isopropyl alcohol does not necessarily have to
be clear. The resistivity of water extract and chlorides and bromides tests
shall be performed using a test solution prepared by concentrating the
solids content in the flux extract solution to approximately 35 % by weight
by evaporation of the excess solvent. The exact solids content of the test
solution shall be determined on an aliquot, dried to constant weight in a
circulating air oven maintained at 856 3°C.

12.2 Solid Ribbon and Wire Solder—Each sample of solid
ribbon and wire solder is prepared in accordance with 12.1, as
applicable.

12.3 Bar and Ingot Solder—Each sample piece is cut in half
and one half marked and held in reserve. The remaining half is
melted in a clean container, mixed thoroughly and poured into
a cool mold, forming a bar approximately1⁄4 in. (6.4 mm)
thick. Sampling is performed by one of the following methods:

12.3.1 Sawing—Saw cuts are made across the bar at equal
intervals of not more than 1 in. (2.5 cm) throughout its length.
If it is impractical to melt the bar or ingot as specified above,
saw cuts are made across each piece at equal intervals of not
more than 1 in. (2.5 cm) throughout its length. No lubricants
are used during sawing. The specimen consists of not less than
5 oz (143 g) of mixed sawings.

12.3.2 Drilling —The bar is drilled at least halfway through
from two opposite sides. A drill of about1⁄2 in. (12.7 mm) in
diameter is preferred. In drilling, the holes are placed along a
diagonal line from one corner of the pig to the other. The

drillings are clipped into pieces not over1⁄2 in. (12.7 mm) in
length and mixed thoroughly. The specimen consists of not less
than 5 oz (143 g).

13. Test Methods

13.1 Visual and Dimensional Examination:
13.1.1 Ribbon and Wire Solder (Solid and Flux-Cored)—

Ribbon and wire solder must be examined to verify that the
dimensions, unit weight, and workmanship are in accordance
with the applicable requirements.

13.1.2 Solder Paste— Solder paste must be examined for
smoothness of texture (no lumps), caking, drying, unit weight,
and workmanship in accordance with the applicable require-
ments.

13.1.3 Bar and Ingot Solder—Bar and ingot solder must be
examined to verify that the unit weight, marking, and work-
manship are in accordance with the applicable requirements.

13.2 Alloy Composition—In case of dispute, the chemical
analysis is made in accordance with Test Methods E 46,
Method E 51, and Methods E 87.

13.3 Flux:
13.3.1 Determination of Weight Percent of Flux:
13.3.1.1 Select a minimum of 20 g of flux-core ribbon or

wire or solder paste. Weigh the sample in a clean porcelain
crucible determining the weight to the nearest 0.01 g. Heat
until the solder is completely molten. Carefully stir the molten
solder a few times to free any entrapped flux. Allow the solder
to cool until it solidifies; clean thoroughly of flux residues and
reweigh the solder.

13.3.1.2Calculation— Calculate the weight percent of flux
as follows:

F 5
C 2 S

C 3 100 (1)

where:
F = weight percent of flux,
C = initial weight of solder sample, g, and
S = final weight of solder sample, g.

13.3.2 Solder Pool (applicable only to composition 60/
40)—For each sample being tested, three coupons 1.5 in. (38
mm) square shall be cut from 0.063 in. (1.6 mm) thick sheet
copper. For flux Type IA only, the coupons shall be cut from
cold-rolled commercial sheet steel, approximately 0.063 in.

TABLE 6 Requirements for Flux

Test Type R Type RMA Type RA Other Flux Types Method Section

Weight of flux see Table 4 see Table 4 see Table 4 see Table 4 13.3.1
Solder poolA see 8.2.1 see 8.2.1 see 8.2.1 see 8.2.1 13.3.2
Spread factorB 80 min 80 min 80 min not required 13.3.3
DrynessC see 8.2.2 see 8.2.2 see 8.2.2 not required 13.3.4
Resistivity of water extract

(V·cm)
100 000 min 100 000 50 000 not required 13.3.5

Chlorides and bromidesD see 8.2.3 see 8.2.3 not required not required 13.3.6
Copper mirrorE pass pass not required not required 13.3.7

AApplicable only to composition 60/40.
BApplicable only to composition 60/40 in the form of flux-core wire or solderpaste.
CApplicable only to composition 60/40 in the form of flux-core wire.
DApplicable only to flux-core wire and solderpaste.
EApplicable only to flux-core wire.

TABLE 7 Frequency of Sampling

Size of Lot, lb (kg)
Number of Samples (spools,
coils, containers or pieces)

Up to 1000 (450), incl 3
Over 1000 to 10 000 (450 to 4500), incl 5
Over 10 000 (4500) 10
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thick. The coupons are degreased by immersion in trichloroet-
hylene or other suitable short-chain solvent. Both surfaces of
each coupon are cleaned to a bright finish, using a 10 %
fluoroboric acid dip. The coupons are washed with tap water
and dried thoroughly with a clean cloth. Approximately 0.2 g
of flux-core ribbon or wire or approximately 2 g ofsolder paste
is placed in the center of each coupon. (The area of the solder
paste must not exceed that of a 0.375 in. (9.5 mm) diameter
circle.) The solder is melted in an oven maintained at 3156
15°C. The solder pool is visually examined for thickness of
edge. When the test is completed, each coupon is inspected for
evidence of spattering of flux.

13.3.3 Spread Factor (applicable only to composition Sn60,
flux Types R, RMA, and RA in the form of flux-core wire or
solder paste):

13.3.3.1Preparation of Coupon—Five coupons 2 in. (12.9
cm2) square are cut from 0.005 in. (0.13 mm) thick electrolytic
copper sheets. The coupons are cleaned in a 10 % fluoroboric
acid dip. One corner of each coupon is bent upwards to permit
handling with tweezers. The coupons are not handled with bare
hands. The coupons are vapor-degreased and then oxidized for
1 h in an electric oven at 1506 5°C for testing of flux Types
R and RMA and 2056 5°C for testing of flux Types RA. All
coupons must be at the same level in the oven. All coupons are
removed from the oven and placed in tightly closed glass
bottles until ready for use.

13.3.3.2Procedure:
(a) Flux-Cored Wire—Ten or more turns of 0.063-in.

(1.6-mm) diameter flux-cored solder are tightly wrapped
around a mandrel. The solder is cut through with a sharp blade
along the longitudinal axis of the mandrel. The rings are slid off
the mandrel and the helix removed by flattening each ring. The
diameter of the mandrel must be of such a size so as to produce
a ring weighing 0.5006 0.025 g. Ten rings are prepared. A
solder ring is placed in the center of each one of the five
coupons. The coupons are placed horizontally on a flat oxi-
dized copper sheet in a circulating–air oven at 2056 5°C for
6 min + 10 s, with all coupons being at the same level. At the
end of − 0, 6 min, the coupons are removed from the oven and
allowed to cool. Excess flux residue is removed by washing
with alcohol. The height,H, of the solder spot is measured to
the nearest 0.001 cm, and the results averaged. Five additional
solder-ring specimens are melted together in a small, porcelain
combustion boat on a hot plate. The molten solder is stirred
several times to free any entrapped flux. After cooling, the
solder slab is removed from the boat, the excess flux removed
by washing with alcohol, and the loss of weight in water
determined to the nearest 0.001 g.

(b) Solder Paste—The coupons are removed from the
bottles and weighed to the nearest 0.001 g. A metal washer with
an internal diameter of 0.250-in. (6.4-mm) is placed in the
center of each coupon and each opening is filled with solder
paste. The excess solder paste is wiped off the washer using a
spatula and then the washer is removed carefully. The coupons
with solder paste are reweighed to the nearest 0.001 g.

NOTE 3—The thickness of the washer is such that the solder weighs
from 0.45 to 0.55 g. The coupons are placed horizontally on a flat oxidized
copper sheet in a circulating–air oven at 2056 5°C for 6 min + 10 s, with

all coupons being at the same level. At the end of 6 min, the coupons are
removed from the oven and allowed to cool. Excess flux residue is
removed by washing with alcohol. The height,H, of the solder spot is
measured to the nearest 0.001 cm, and the results averaged. An amount of
solder paste equal to the total weight of solder paste on the five coupons
is melted in a small, porcelain combustion boat on a hot plate. The molten
solder is stirred several times to free any entrapped flux. After cooling, the
solder slab is removed from the boat, the excess flux removed by washing
with alcohol, and the loss of weight in water determined to the nearest
0.001 g.

13.3.3.3Calculation— The loss in weight of the solder slab
in water is divided by five. This is the volume,V, of the solder
to the nearest 0.001 cm3. The diameter,D, of the equivalent
sphere is 1.24073 = V . The spread factor is calculated in
accordance with the following formula:

Spread factor~%! 5 ~D 2 H!/D 3 100 (2)

13.3.4 Dryness (applicable only to composition Sn60, flux
Types R, RMA, and RA in the form of flux-core wire)—The
dryness test is performed on samples prepared in accordance
with 13.3.3.1 and 13.3.3.2(a) except that after heating the
coupons in the oven, the flux residue is not removed. The
coupons are allowed to cool for1⁄2 h. Powdered chalk is dusted
onto the surface of the residual flux and the ability to remove
the chalk from the surface of the flux by light brushing is
observed.

13.3.5 Resistivity of Water Extract (applicable only to flux
Types R, RMA, and RA)—The resistivity of water extract is
determined using the flux test solution. Five watch glasses and
five acid/alkali resistant, tall form graduated beakers are
thoroughly cleaned by washing in hot water detergent solution,
rinsing several times with tap water followed by at least five
rinses with distilled water.Warning—All beakers must be
covered with the watch glasses to protect the contents from
contaminants. The beakers’ dimensions are such that when the
conductivity cell is immersed in 50 mL of liquid contained
therein, the electrodes are fully covered. Each cleaned beaker
is filled to the 50 mL mark with distilled water. The beakers are
immersed in a water bath maintained at 236 2°C. When
thermal equilibrium is reached, the resistivity of the distilled
water in each beaker is measured at this temperature with a
conductivity bridge using a conductivity cell with a cell
constant of approximately 0.1. The resistivity of the distilled
water in each beaker must not be less than 500 000V·cm. If
the resistivity of the water in any beaker is less than 500 000
V·cm, the complete process above must be repeated. Two of
these beakers are retained as controls. Add 0.1006 0.005 cm3

of the flux test solution to each of the other three beakers by
means of a calibrated dropper or microlitre syringe. The
heating of all five beakers is started simultaneously. As the
contents of each beaker comes to a boil, the boiling time is for
1 min followed by quick cooling of the beakers, to the touch,
under running tap water or by immersing in ice water. The
cooled, covered beakers are placed in a water bath maintained
at 23 6 2°C. When the thermal equilibrium is reached, the
resistivity in each of the five beakers is determined at this
temperature as follows:

13.3.5.1 Thoroughly wash the conductivity cell with dis-
tilled water and immerse it in the water extract of one sample.
Make instrument reading.
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13.3.5.2 Thoroughly wash conductivity cell in distilled
water and immerse in a water control. Make instrument
reading.

13.3.5.3 Thoroughly wash conductivity cell in distilled
water and immerse in a water extract. Make instrument
reading.

13.3.5.4 Thoroughly wash conductivity cell in distilled
water and continue measuring resistivities of the remaining
control and water extract.

13.3.5.5 The resistivity of each of the controls must not be
less than 500 000V·cm. If the control value is less than
500 000V·cm, it indicates that the water was contaminated
with water–soluble ionized materials and the entire test must be
repeated. The mean of the specific resistivities of the water
extracts of the flux must be calculated.

13.3.6 Chlorides and Bromides Test (applicable only to flux
Types R and RMA)—One drop of the flux test solution
(approximately 0.05 mL/drop) is placed on a small dry piece of
silver chromate test paper. The drop shall remain on the test
paper for 15 s prior to immersing the test paper in reagent grade
99 % isopropyl alcohol for 15 s to remove residual organic
materials. The test paper is dried for 10 min. The test paper is
visually examined for color change.

13.3.7 Copper Mirror Test (applicable only to flux Types R
and RMA in the form of flux-core wire):

13.3.7.1 Preparation of the Control-Standard Flux—A
control-standard flux is prepared by using 35 % weight of
Grade WW gum rosin conforming to Test Methods D 509
dissolved in reagent grade 99 % isopropyl alcohol.

13.3.7.2Preparation of Copper Mirror—A copper mirror
consists of a vacuum–deposited film of pure copper metal on
one surface of a flat sheet of clear, polished glass. The
thickness of the copper film must be uniform and must permit
106 5 % transmission of normal incident light of 5000 A˚ units
as determined with any suitable standard photoelectric spec-
trophotometer. To prevent oxidation of the copper mirror, it is
recommended that the mirrors be stored in closed containers
which have been flushed with nitrogen. Immediately prior to
testing, the copper mirror is immersed in a 5 % solution of
ethylene diamine tetra acetic acid or similar chelating agent for
copper oxide, rinsed thoroughly in running water, immersed in
clean ethyl or methyl alcohol, and dried with clean, oil-free air.
The copper film is examined in good light. The copper mirror
is acceptable if no oxide film is visible and the copper film
shows no visible damage.

13.3.7.3Procedure—Approximately 0.05 mL of the flux
test solution and 0.05 mL of the control–standard flux is placed
adjacent to each other on the face of a flat, vacuum–deposited
copper mirror. The dropper must not be permitted to touch the
copper surface, and the mirror is protected at all times from
dirt, dust, and fingerprints. The mirror is placed in a horizontal
position at 236 2°C and 506 5 % relative humidity in a
dust–free cabinet for 246 1⁄2 h. At the end of the 24-h storage
period, the test flux and the control standard flux are removed
by immersing the copper mirror in clean isopropyl alcohol. The
clean mirror is examined visually for compliance of the test
flux and the control–standard flux with 8.1.2. If the control-

–standard flux does not comply with 8.1.2, the test must be
repeated using a new copper mirror.

13.4 Powder Mesh Size (applicable only to solder paste)—
Place 200 mL of reagent grade, 99 % isopropranol in a
chemically clean beaker. Add 406 2 g of solder paste to the
beaker, cover with a watch glass and boil for 10 to 15 min
using medium heat. Allow the powder to settle for 2 to 3 min
and decant the hot solution. Wash the powder with isopropra-
nol until all of the flux is removed. Replace isopropanol with
deionized or distilled water for solder pastes containing a
water–soluble flux base. Completely dry the solder powder at
110°C (230°F) so that all particles are separated. A minimum
of 80 % of the powder must pass through the appropriate size
sieve (see 4.1.5) in order to be classified for that mesh size.

14. Inspection

14.1 Unless otherwise specified in the contract or purchase
order, the supplier is responsible for the performance of all
inspection requirements as specified herein. Except as other-
wise specified in the contract or order, the supplier may use his
own or any other facilities suitable for the performance of the
inspection requirements specified unless disapproved by the
purchaser. The purchaser reserves the right to perform any of
the inspections set forth in the specification where such
inspections are deemed necessary to ensure supplies and
services conform to prescribed requirements.

14.1.1 Test Equipment and Inspection Facilities—Test and
measuring equipment and inspection facilities of sufficient
accuracy, quality, and quantity to permit performance of the
required inspection must be established and maintained by the
supplier.

15. Rejection and Rehearing

15.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection must be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16. Certification

16.1 When specified in the purchase order or contract a
producer’s or supplier’s certification must be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results must be
furnished.

17. Product Marking

17.1 The producer’s name or trademark must be stamped or
cast on each bar or ingot. The alloy grade designation or
nominal composition, or both, must be stamped on each bar or
ingot for identification along with the specification number.

17.2 Each spool or container must be marked to show the
specification number, type designation, dimensions, and unit
weight of wire or other form and lot number. The producer’s
name or trademark must be marked on the spool or container.
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18. Packaging and Package Marking

18.1 The material must be packaged to provide adequate
protection during normal handling and transportation. The type
of packaging and gross weight of containers will, unless
otherwise agreed upon, be at the producer’s or supplier’s
discretion, provided that they are such as to ensure acceptance
by common or other carriers for safe transportation to the
delivery point.

18.1.1 For bar and ingot solder a lot number must be marked
on each shipping container or inside package.

18.1.2 When special preservation, packaging and packing
requirements are agreed upon between purchaser and supplier,

marking for shipment of such material must be in accordance
with Fed. Std. No. 123 for civil agencies and MIL–STD–129
for military agencies.

18.2 Each shipping container must be marked with the
purchase order number, unit weight, and producer’s name or
trademark.

19. Keywords

19.1 bar; flux; flux cored solder; ingot; lead–silver alloys;
lead–tin alloys; lead–tin–silver alloys; powder; ribbon; solder
alloy; solder metal; solder uses; tin–antimony alloys; tin–cop-
per alloys; tin–silver alloys; wire

ANNEX

(Mandatory Information)

A1. INTENDED USE

A1.1 Alloy Compositions:

A1.1.1 Sn96—This is a special–purpose solder with a
higher joint strength than tin–lead solders. It is intended for use
in the food processing industry because of its nontoxic char-
acteristic. It also provides a fairly good color match to stainless
steel.

A1.1.2 Sn95, Sn94, E, AC, AM, and WS—These alloys are
intended for use in soldering medical components and jewelry
applications, for joining copper pipe and tube intended for
potable water systems, and for applications in the food indus-
try. These alloys display excellent wetting and exhibit rela-
tively high heat resistance.

A1.1.3 Sn70—This is a special–purpose solder where a high
tin content is necessary. It is often used for soldering zinc and
for coating metals.

A1.1.4 Sn63—This tin–lead eutectic solder is commonly
used for soldering printed circuit boards where temperature
limitations are critical and in applications where an extremely
short melting range is required.

A1.1.5 Sn62—This is a special–purpose solder widely used
for soldering silver coated surfaces.

A1.1.6 Sn60—Similar to Sn63, this solder is preferred for
soldering electrical and electronic connections and for coating
metals.

A1.1.7 Sn50—This general purpose alloy can be used for
non-critical electrical soldering and applications such as join-
ing sheet metal, pipe, tubing and other structural shapes.

A1.1.8 Sn45—This is a general purpose alloy similar to
Sn50.

A1.1.9 Sn40A—This alloy can be used for the same pur-
poses as alloy Sn50, but it is not as workable in bit soldering
or sweating. It is frequently used for dip soldering and as a
wiping solder for joining lead pipes and cable sheaths.

A1.1.10 Sn40B—This alloy is similar to Sn40A, but it is not
recommended for use on galvanized iron.

A1.1.11 Sn35A—This is a plumber’s solder similar to alloy
Sn35B but with a lower antimony content.

A1.1.12 Sn35B—This is the customary wiping or plumber’s
solder. Higher antimony content in wiping solders promotes
fine grain size and greater strength.

A1.1.13 Sn30A—This alloy is used as an automobile–body
solder and for removing heat–strippable insulation during high
temperature (700 to 900°F) tinning of wires.

A1.1.14 Sn30B—This alloy is used as an automobile–body
solder for filling dents and seams.

A1.1.15 Sn25A and Sn25B— These alloys are for uses
similar to that for alloy Grades Sn20 and Sn30.

A1.1.16 Sn20A—This is an automobile–body solder with a
lower antimony content than alloy Sn20B.

A1.1.17 Sn20B—This is widely used automobile–body sol-
der for filling dents and seams, and for general purposes such
as protective coatings on steel sheet where a high tin content
alloy is not required.

A1.1.18 Sn15—This alloy is used for coating and joining
metals.

A1.1.19 Sn10A—This alloy is used for coating and joining
metals, and where soldered connections will be exposed to
high operating temperatures exceeding 400°F (204°C).

A1.1.20 Sn10B—Similar to Sn10A, this alloy minimizes the
leaching of silver from silver alloy coated surfaces. It is used in
hybrid microelectronic and automotive electronic applications
where a high service temperature is encountered.

A1.1.21 Sn5—This alloy is used for coating and joining
metals, and where soldered connections will be exposed to
high operating temperatures exceeding 475°F (246°C). Its
wetting ability is not as good as Sn10A.

A1.1.22 Sn2—This alloy has been used to solder automo-
bile radiator cores.

A1.1.23 Sb5—This alloy is used for electrical and elec-
tronic connections subjected to peak temperatures of approxi-
mately 465°F. It is also used for sweating of copper tubing in
solar heating, plumbing and refrigeration equipment.
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A1.1.24 Ag1.5—This alloy is used interchangeably with
alloy Ag2.5, but has a better shelf life and does not develop a
black surface deposit when stored under humid environmental
conditions.

A1.1.25 Ag2.5—The alloy is for use on copper, brass and
similar metals with torch heating. It requires the use of a flux
having a zinc chloride base to produce a good joint on untinned
surfaces. A rosin flux is unsatisfactory on untinned surfaces.
This alloy is susceptible to corrosion under humid environmen-
tal conditions.

A1.1.26 Ag5.5—This alloy will develop a shearing strength
of 1500 psi at 350°F (177°C). When soldering hard–drawn
brass or copper, the application temperature should not exceed
850°F (454°C). A typical application is on thermocouples for
aircraft engines where relatively high operating temperatures
will not affect strength of the solder. Precautions noted for
Ag2.5 also apply.

A1.1.27 HA and OA—A lead-free solder for joining copper
plumbing systems. It has a lower melting temperature than
Grade Sb5 and is suitable for filling connections with wider
clearances.

A1.1.28 HN, HB and TC— A lead-free solder for joining
copper plumbing systems. This solder has a wide liquidus/
solidus range making it useful for filling solder connections
that have wide clearances. It can also be used where service
conditions require a solder with a higher melting temperature.

A1.2 Soldering of Zinc and Cadmium—In as much as zinc
and cadmium appear to form intermetallic alloys with the
antimony in the solder, compositions Sn40B, Sn35B, Sn30B,
Sn25B, Sn20B and Sb5 should not be used for soldering zinc

or cadmium, or zinc–coated or cadmium-coated iron or steel.
These intermetallic alloys have high melting points which
inhibit the flow of the solder, resulting in brittle joints.

A1.3 Flux Type:

A1.3.1 Type R—Type R is intended for use in the prepara-
tion of soldered joints for high reliability electrical and
electronic applications.

A1.3.2 Type RMA—Type RMA provides a slightly more
active fluxing action than Type R and is intended for similar
uses.

A1.3.3 Type RA—Type RA provides more active fluxing
action than Type RMA. It should be used for soldering joints
which are readily accessible so that the residues can be
removed by cleaning agents and procedures commonly used in
industry. Since the fumes and particulates given off during
soldering may be corrosive and contaminate the area surround-
ing the joint, this too must be susceptible to effective cleaning
by the combination of materials and procedures to be used.
There are many standard electrical soldering applications that
use this type of flux.

A1.3.4 Type OA—Type OA is used for general soldering
purposes on copper, nickel, brass, etc. Some fluxes of this type
can be used for electrical and electronic soldering applications
but complete removal of flux is necessary after soldering to
prevent corrosion and current leakage.

A1.3.5 Type OS—Type OS has uses similar to Type OA.
A1.3.6 Type IS—Type IS is intended for use, exclusive of

that in electrical or electronic circuits, in the preparation of
mechanical and structural joints for all solderable metals, other
than aluminum, magnesium and their alloys.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
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Designation: B 39 – 79 (Reapproved 2004)

Standard Specification for
Nickel 1

This standard is issued under the fixed designation B 39; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers refined nickel primarily pro-
duced from ore or matte or similar raw material. The principal
commercial forms are cathodes, briquettes, and pellets.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E 39 Test Methods for Chemical Analysis of Nickel3

3. Ordering Information

3.1 Orders for material under this specification shall include
the following information:

3.1.1 Name of material (nickel),
3.1.2 ASTM designation (B 39),
3.1.3 Form (state whether cathodes, briquettes, or pellets),

and
3.1.4 Size (Section 5).

4. Chemical Composition

4.1 The nickel shall conform to the requirements of Table 1.

4.2 More restrictive compositions for certain products may
be available. The user is referred to his nickel supplier.

5. Dimensions and Permissible Variations

5.1 The various forms and sizes commercially available are
as follows:

Form Size

Cathodes 11⁄2 by 11⁄4 by 5⁄8 in. (38 by 32 by 16 mm)
Briquettes pillow shaped, about by in.(38 by 32 by 16 mm)
Pellets roughly spherical, about 1⁄4 in. (6.3 mm) diameter

6. Sampling

6.1 Cathodes—Cathodes may be sampled using either of
the following procedures:

6.1.1 Template Drilling Procedure:
6.1.1.1 Sampling of electronickel cathodes is done on one

cathode removed for this purpose from every 60 cathodes
produced. A template is used to drill successive cathodes
diagonally from corner to corner. Using a suitable drill, one
5⁄8-in. (16-mm) hole is drilled through each cathode, starting at
the first hole in the template and progressing diagonally, with
holes at 31⁄4-in. (83-mm) centers. No lubricants shall be used.
The drill shall be clean and the drilling speed shall be regulated
to avoid excessive heating.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1921. Last previous edition approved in 1979 as B 39 – 79 (1999).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Withdrawn.

TABLE 1 Chemical Requirements

Element Composition,
weight %

Nickel, min 99.80
Cobalt, max 0.15
Copper, max 0.02
Carbon, max 0.03
Iron, max 0.02
Sulfur, max 0.01
Phosphorus, less than 0.005
Manganese, less than 0.005
Silicon, less than 0.005
Arsenic, less than 0.005
Lead, less than 0.005
Antimony, less than 0.005
Bismuth, less than 0.005
Tin, less than 0.005
Zinc, less than 0.005

1
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6.1.1.2 The 4 to 8-in. (102 to 203-mm) drilling spirals are
cut to 1⁄4-in. (6-mm) pieces. These cuttings are washed in
boiling distilled water then quartered to provide the sample.

6.1.2 Alternatively, sheared cathodes may be sampled by
taking pieces at random from the bottom, middle, and top of
each package or container. The following number of pieces
shall be taken from each drum (containing 500 to 700 lb (227
to 317 kg)):

1-in. 2-in. 4-in.
(25.4- (50.8- (101.6-mm)
mm) mm) squares and

Shipment Lot squares squares larger sizes
20 to 25 tons
(18 000 to 23 000
kg)

4 2 1

15 to 20 tons
(14 000 to 18 000
kg)

4 2 1

10 tons (9000 kg) 5 3 2
5 tons (4500 kg) 6 4 3

6.1.2.1 When the nickel is shipped in packages or containers
other than drums, the number of pieces taken shall be adjusted
proportionately to the change in package weight in relation to
drums.

6.1.2.2 The sample shall be reduced further by shearing,
milling, or shaping. One corner (weight about 2 g) shall be
sheared from each 1-in. (25.4-mm) square when the sample
contains 300 pieces or more. If the sample contains less than
300 pieces, two opposite corners shall be sheared from each
square.

6.1.2.3 The 2-in. (50.8-mm) and 4-in. (101.6-mm) squares
shall be sampled with a milling machine or shaper. On one
edge of each square, a cleaning or smoothing cut and then a
sampling cut shall be made to obtain 1 to 2 g of chips from a
2-in. square or 2 to 4 g from a 4-in. square. No lubricants shall
be used. The cutting tool shall be clean and the speed and depth
of cutting shall be regulated to avoid excessive heating.

6.1.2.4 The corner pieces, or the chips obtained in the above
manner, shall be mixed thoroughly and reduced by sample
splitter or by coning and quartering on a clean surface until the
final sample is about 100 g.

6.2 Briquettes:
6.2.1 In all shipments of nickel briquettes, samples will be

taken at the rate of 15 briquettes/2000 lb (910 kg). This
represents a selection of 3 briquettes taken from the top, center,
and bottom of each 400-lb (180-kg) drum.

6.2.2 Each briquette should be drilled through the center. No
lubricants shall be used. The drill shall be clean and the drilling
speed shall be regulated to avoid excessive heating. The
drillings are thoroughly mixed and divided by split sampler
until the sample for analysis is about 100 g.

6.3 Pellets:
6.3.1 One out of every ten 500-lb (225-kg) drums shall be

selected for sampling. At least 30 pellets shall be taken from
each of the selected drums. The selected pellets shall be mixed
and divided until the sample for analysis is about 100 g.

6.3.2 Since the pellets dissolve readily in nitric acid (1 + 1),
there is no need to prepare drillings. In carrying out the
chemical analysis, at least 3 pellets should be dissolved and an
appropriate portion taken for analysis. When small sample
weights are required, at least 5 pellets shall be drilled com-
pletely through the center of each pellet and the drillings
mixed.

6.4 Sampling for Referee Analysis—Where samples are
required for referee analysis, the shipment will be resampled
by one of the methods described above or on a basis agreed
upon by buyer and producer. The samples obtained shall be
divided into three parts for purchaser, manufacturer, and
referee, respectively.

7. Chemical Analysis

7.1 Chemical analysis shall, in case of disagreement, be
made in accordance with Methods E 39. Where no adequate
method is given in Methods E 39 for analysis of a particular
element, the analysis shall be made in accordance with a
procedure agreed upon by the manufacturer and the consumer.
Such procedure shall apply to referee analysis.

7.2 For purposes of compliance with the specified chemical
composition limits, the reported analysis shall be rounded to
the nearest unit in the right-hand place of figures used in
expressing the limiting value, in accordance with the rounding
method of Practice E 29.

7.3 Elements listed in Table 1 as less than a certain limit
may be reported as less than that limit rather than a specific
number.

8. Rejection and Rehearing

8.1 Material that fails to conform to the requirements of this
specification may be rejected. Rejection should be reported to
the producer or supplier promptly and in writing. In the case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

9. Packaging and Package Marking

9.1 The material shall be packaged in sound containers or
shipped in bulk so that the product is not lost or contaminated
in shipment.

10. Keywords

10.1 refined nickel

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

B 39 – 79 (2004)

2



This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

B 39 – 79 (2004)

3



Designation: B 63 – 90 (Reapproved 2001)

Standard Test Method for
Resistivity of Metallically Conducting Resistance and
Contact Materials 1

This standard is issued under the fixed designation B 63; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination, to a precision
of 2 %, of the electrical resistivity of materials used in
resistors, heating elements, and electrical contacts, as well as
products of powder metallurgy processes which are used for
other purposes.

NOTE 1—For determining the resistivity of electrical conductors, see
Test Method B 193.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 193 Test Method for Resistivity of Electrical Conductor

Materials2

3. Terminology

3.1 Definitions:
3.1.1 resistivity—that property of a material which deter-

mines its resistance to the flow of an electric current, expressed
as:

r 5 RA/L (1)

where R is the resistance in ohms of a specimen of the
material of uniform cross sectionA and of a lengthL. In
reporting values of resistivity under this testA shall be
expressed in square centimetres andL in centimetres.

4. Significance and Use

4.1 In the case of materials for resistors and heating ele-
ments, a knowledge of resistivity is important in determining
whether wire or strip of a specified area of cross section and
length will have a required resistance. It serves as one basis for

the selection of materials for specific applications and its
measurement is a necessary acceptance test for resistance
materials.

4.2 In the case of materials for electrical contacts, the
measurement of resistivity can serve as a test for uniformity of
materials of nominally the same composition and structure.

5. Apparatus

5.1 Means for applying current and voltage terminals to the
specimen are specified in Section 9. An optional suitable
specimen holder for nonductile materials is shown in Fig. 1.

5.2 A suitable bridge, potentiometer, digital ohmmeter, or
equivalent, with necessary accessories for making resistance
measurements with a limit of error of less than 0.5 %.

5.3 Means for measuring the dimensions of the specimen,
adequate to determine its length and its mean area of cross
section, each within 0.5 %.

6. Test Specimen

6.1 Ductile Materials—The test specimen for ductile ma-
terials, including those used for contacts, shall be in the form
of a wire or a strip. In order to determine the resistivity with a
precision of 2 %, it is necessary that the resistance, cross-
sectional area, and length shall be measured with a limit of
error within 0.5 %. To ensure this limit of error each test
specimen shall conform to the following:

6.1.1 It shall have a length of at least 30 cm (1 ft),
6.1.2 It shall have a resistance of at least 0.001V,
6.1.3 If the cross section is to be determined by direct

measurement, the diameter of a wire specimen or the thickness
of a strip specimen shall not be less than the limits defined by
the 0.5 % criteria of 6.1, and this dimension throughout the
length of the specimen shall not vary by more than 3 %, and

6.1.4 It shall show no surface cracks or other defects
observable with normal vision, and shall be free from surface
oxide.

6.2 Nonductile Materials—The test specimen for nonductile
materials shall be made in accordance with Fig. 2 if the
material is readily machinable. For materials which are not
readily machinable, such as those containing graphite, a flat
strip may be used as a test specimen. In order to determine the
resistivity with a precision of 2 %, each specimen shall
conform to the following:

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.10 on Thermostat Metals.

Current edition approved May 25, 1990. Published July 1990. Originally
published as B 63 – 26 T. Last previous edition B 63 – 81.

2 Annual Book of ASTM Standards, Vol 02.03.
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6.2.1 The diameter of a specimen (Fig. 2), or the thickness
and width of a strip specimen, shall be uniform within 1 %, and

6.2.2 It shall show no surface cracks or other defects
observable with normal vision, and shall be free from surface
oxide.

7. Length Measurements

7.1 The length may be measured by any scale which will
give an accuracy of 0.5 % in the length measured. In case
potential leads are used, the length shall be taken between the
potential contacts. In the direction of the length of specimen,
the dimension of each potential contact, including soldering
surface or clamp contact area, shall not be more than 0.5 % of
the distance between the potential contacts. In the case of the
specimen holder for nonductile materials shown in Fig. 1, the
distance between the potential contacts may be found by
measuring from the outside flat of one potential knife edge to
the outside flat of the other. A micrometer shall be used for
measuring this length.

Item
Description Dimensions, in. (mm) Material Number

Required

1 Base block 1⁄2 by 3 by 4 (12.7 by 76.2 by 101.6) micarta 1
2 Clamp block 3⁄4 by 1 by 1 (19.0 by 25.4 by 25.4) copper 2
3 Current lead clamp screw, knurled head 10⁄32 by 3⁄16 brass 2
4 Specimen clamp screw, knurled head 1 / 4 in. by 40 by 1 in. brass 2
5 Pivot bracket 1⁄2 by 15 / 16 by 17⁄16 (12.7 by 23.8 by 36.5) steel 2
6 Pivot ... steel 2
7 Pivot block 1⁄2 by 23⁄32by 3 (12.7 by 53.2 by 76.2) micarta 1
8 Potential knife-edge ... steel 2 sets
9 Specimen being tested ... ... ...

NOTE 1—Contact surfaces must be clean and free of visible oxide.
FIG. 1 Specimen Holder for Nonductile Materials

NOTE—Metric equivalents are as follows.

in. mm in. mm

0.010 0.25 0.438 11.12
0.012 0.30 2.000 50.80
0.187 4.75 2.375 60.32
0.188 4.78 3.250 82.55
0.237 6.01

FIG. 2 Resistivity Test Specimen for Machinable Nonductile
Materials
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8. Cross-Sectional Area Measurements

8.1 In general, the diameter of a specimen of circular cross
section, or the thickness and width of a strip specimen, shall be
determined by micrometer measurements, and a sufficient
number of measurements shall be made to obtain the mean
cross section to within 0.5 %.

8.2 In case the diameter of the cylinder or the thickness of
the strip cannot be measured to give the above accuracy with
the micrometer available, determine the cross section from the
weight, density, and length of specimen.

8.3 When the density is unknown, it may be determined as
follows:

8.3.1 For nonporous materials first weigh a sample of at
least 10 g in air and then in water. The density in grams per
cubic centimetre is equivalent to the weight in air divided by
the loss of weight due to submergence in water. The water shall
be at room temperature to avoid errors due to convection
currents. For the accuracy required, no corrections are neces-
sary for the temperature of the water or for the buoyancy of the
air. However, exercise care to remove all air bubbles from the
specimen when weighing it in water. To remove air bubbles
from a specimen of fine wire, dip the wire, in the form of a
loosely wound coil, in alcohol and rinse in water before
immersing it in the water to be used in weighing. Then
calculate the density from the following equation:

D 5 B/~B 2 E! (2)

where:
D = density, g/cm3,
B = weight of specimen in air, g, and
E = weight of specimen in water, g.

The cross-sectional area,A, in square centimetres, may be
found from the equation:

A 5 ~B 2 E!/L (3)

8.3.2 For porous materials such as products of powder
metallurgy, weigh a specimen of at least 10 g in air. Immerse
the specimen for at least 4 h in oil (viscosity of approximately
200 SUS at 37.8°C (100°F), held at a temperature of 82.26
5.5°C (1806 10°F). Then cool the specimen to room tem-
perature by immersing it in oil at room temperature. After
removing excess oil from the specimen by means of a soft
cloth, weigh the specimen in air and then in water. Calculate
the density from the equation:

D 5 B/~C 2 E! (4)

where:
D = density, g/cm3,
B = weight of the unimpregnated specimen in air, g,
C = weight of the specimen impregnated with oil (in air),

g, and
E = weight of the impregnated specimen in water, g.

The cross-sectional area,A, in square centimetres, may be
found from the equation:

A 5 ~C 2 E!/L (5)

9. Leads

9.1 Specimens with a resistance of less than 10V shall be
provided with both current and potential leads. The minimum
distance between each potential contact and the adjacent
current lead shall be at least three times the diameter of the
wire or the width of the strip. Current shall be introduced into
the specimen with current leads amply large to minimize
heating of the specimen. Specimens with a resistance greater
than 10V do not require potential leads, though they may be
used, if desired.

10. Resistance Measurements

10.1 Resistance of specimens provided with potential leads
shall be measured with a Kelvin bridge, potentiometer, digital
ohmmeter, or equivalent capable of measuring the resistance
between the potential contacts with a limit of error within
0.5 %. Specimens with a resistance of more than 1V may be
measured with a limit of error within 0.5 % by means of a
suitable Wheatstone bridge.

11. Heating of Specimen

11.1 In all resistance measurements, the measuring current
raises the temperature of the specimen above that of the
surrounding medium. If this is sufficient to change the resis-
tance by 0.5 %, a correction shall be made. In general, the
smallest current that will give the sensitivity necessary to
measure to 0.5 % of the resistance shall be used. A convenient
test to determine whether a correction should be applied is to
increase the current to 1.4 times the value it had when the
measurement was made (Note 2) and then to measure the
resulting change in resistance. If this change is as large as
0.5 % of the measured value, a correction should be made. For
a material which has a positive temperature coefficient of
resistance, the resistance at the temperature of the surrounding
medium shall be obtained by subtracting the measured change
from the resistance as measured with the smaller current. For
material with a negative temperature coefficient, this difference
shall be added to the resistance obtained by measurements with
the smaller current.

NOTE 2—Increasing the current to 1.4 times the value it had when the
measurement was made serves to very nearly double the heating effect,
and, for small changes in temperature, the rise in temperature.

12. Report

12.1 Report the following information:
12.1.1 Identification of test specimen,
12.1.2 Kind of material,
12.1.3 Temperature of surrounding medium,
12.1.4 Length of specimen used,
12.1.5 Method of obtaining cross-sectional area:
12.1.5.1 If by micrometer, a record of all micrometer read-

ings, including average values and calculated cross-sectional
area,

12.1.5.2 If by weighing, a record of length, mass and density
determinations and calculated cross-sectional area,

12.1.6 Method of measuring resistance,
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12.1.7 Value of resistance,
12.1.8 Calculated value of electrical resistivity, and
12.1.9 Previous mechanical and thermal treatments. (Since

the resistivity of a material usually depends upon them, these
shall be stated whenever the information is available.)

13. Precision and Bias

13.1 The precision of this test method is within 2 %.
13.2 The bias of this test method is less than 1 %.

14. Keywords

14.1 contact materials; electrical conductors; heating ele-
ments; resistivity; resistors; specific resistance

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 69 – 01 An American National Standard

Standard Specification for
Rolled Zinc 1

This standard is issued under the fixed designation B 69; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers two types of commercial rolled
zinc as described in 1.2. It should be understood that the
specification is general. Any closer limitations on permissible
variations shall be a matter of agreement between the supplier
(manufacturer) and the purchaser.

1.2 Rolled zinc is furnished in two types as follows:
1.2.1 Type I -Coils or sheets cut from strip (ribbon) rolled

zinc and
1.2.2 Type II - Zinc plates such as boiler and hull plates

produced by any rolling method.
1.3 The values stated in inch-pound units are to be regarded

as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 The issue of each of the following reference documents
shall be that which is current on the date the purchase order is
accepted by the supplier (manufacturer).

2.2 ASTM Standards:
B 899 Terminology Relating to Non-ferrous Metals and

Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 55 Practice for Sampling Wrought Nonferrous Metals and

Alloys for Determination of Chemical Composition5

E 60 Practice for Molecular Absorption Spectrometric
Methods for Chemical Analysis of Metals, Ores, and
Related Materials5

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition5

E 384 Test Method for Microhardness of Materials3

E 527 Practice for Numbering Metals and Alloys (UNS)6

E 536 Test Method for Chemical Analysis of Zinc and Zinc
Alloys7

E 634 Practice for Sampling of Zinc and Zinc Alloys for
Optical Emission Spectrometric Analysis7

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 coiled sheet—sheet coils with either slit or unslit

edges.
3.2.2 flat sheet—sheet with sheared, slit, or sawed edges

that has been flattened or leveled.
3.2.3 plate—rolled product, rectangular in cross section and

form, or thickness of more than 0.125 in. (3.175 mm) with
either untrimmed, sheared or sawed edges.

3.2.4 rolled zinc, n—wrought zinc or zinc alloy sheet, strip,
or plate produced by hot and/or cold rolling.

3.2.5 sheet—rolled product, rectangular in cross section and
form of thickness of 0.003 in. (0.076 mm) through 0.125 in.
(3.175 mm) with sheared, slit, untrimmed or sawed edges.

4. Ordering Information

4.1 Orders for materials under this specification shall in-
clude the following information:

4.1.1 ASTM designation and year of issue,
4.1.2 Quantity (weight),
4.1.3 Name of material (rolled zinc),
4.1.4 Type of rolled zinc,
4.1.5 Dimensions (thickness, width, length, or coil),
4.1.6 Chemical composition/alloy, and
4.1.7 Others as agreed upon between the purchaser and the

supplier.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloysand is the direct responsibility of Subcommittee
B02.04 on Zinc and Cadmium.

Current edition approved May 10, 2001. Published July 2001. Originally
published as B 69-26. Last previous edition B 69-98ae2.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.

5 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 01.01.
7 Annual Book of ASTM Standards, Vol 03.06.
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5. Materials and Manufacture

5.1 The supplier (manufacturer) shall ensure that each rolled
zinc product:

(a) conforms to the chemical composition specified in the
purchase order,

(b) is free of deleterious inclusions, and
(c) is of satisfactory appearance.
The products covered by this specification shall be produced

by casting, rolling, and other processes found in a mill product
plant.

6. Chemical Composition

6.1 Alloys—The material shall conform to the chemical
requirements prescribed in Table 1.

7. Mechanical Properties

7.1 The material shall conform to the mechanical property
requirements in the longitudinal rolling direction in Table 2.

7.1.1 The testing wrought zinc for determination of tensile
properties shall be conducted in accordance with Test Methods
E 8, with the additional recommendation that the rate of
separation of the heads during a test be maintained between
0.115 to 0.135 in/in/min (0.115 to 0.135 mm/mm/min) at room
temperature (68 to 75°F (20 to 24°C) suggested).

7.1.2 The testing of zinc for hardness shall be made on a
Rockwell superficial hardness tester set up for the 15T scale, in
accordance with Test Methods E 18, or on a microhardness
tester, in accordance with Test Method E 384. Zinc is a time
dependent material; therefore, the dwell time of the major load
shall be specified between supplier and customer, for example,
4 to 15 s.

8. Dimensions and Permissible Variations

8.1 Thickness—The permissible variations in thickness of
rolled zinc shall be as specified in Table 3, along the length of
the coil shall be made within 12 in. (305 mm) of each other, nor
shall measurement in any one line across the width of the coil
be used as a basis of rejection.

8.2 Width—The permissible variations in width of all types
of rolled zinc shall be as specified in Table 4.

8.3 Length—The permissible variations in length in all
types of rolled zinc shall be as follows: sheets, strips, and plates
may be ordered to exact lengths with the following variations
in length permitted,6 0.125 in. (3.2 mm), or to a tolerance
range agreed to by buyer and seller.

8.4 Sidewise Bend and Curvature (Camber)—Type I rolled
zinc in lengths over 10 ft (3048 mm) shall not exhibit sidewise
bend or curvature in excess of 1 in. (25.4 mm) in any length of

TABLE 1 Chemical Composition of Rolled Zinc Alloys A

Alloy (UNS)B Cu Pb Fe Cd Ti Al Sn Mn Mg Zn

Rolled Special
High Grade Zinc
(Z13004)

0.003 max 0.003 max 0.003 max 0.003 max . . . 0.002 max 0.001 max
. . . . . .

C

Commercially
Pure Rolled Zinc
(Z15006)

0.08 max 0.03 max 0.02 max 0.01 max 0.02 max 0.01 max 0.003 max
. . . . . .

C

Zinc-Low Copper
Rolled Zinc Alloy
(Z40101)

0.08 to
0.040

0.01 max 0.01 max 0.005 max 0.02 max 0.01 max 0.003 max
. . . . . .

C

Zinc-High Copper
Rolled Zinc Alloy
(Z40301)

0.50 to
1.0

0.01 max 0.01 max 0.005 max 0.04 max 0.01 max 0.003 max
. . . . . .

C

Zinc-Low Copper-
Titanium Rolled Zinc
Alloy (Z41121)

0.08 to
0.49

0.01 max 0.01 max 0.005 max 0.05 to
0.18

0.01 max 0.003 max
. . . . . .

C

Zinc-High Copper-
Titanium Rolled Zinc
Alloy (Z41321)

0.50 to
1.00

0.01 max 0.01 max 0.005 max 0.08 to
0.18

0.01 max 0.003 max
. . . . . .

C

Zinc-Lead Rolled
Zinc Alloy (ZZ20301)

0.005 max 0.10 max 0.01 max 0.01 max 0.02 max 0.002 max
. . . . . . . . .

C

Zinc-Lead-Cadmium
Rolled Zinc Alloy
(Z21721)

0.005 max 1.0 max 0.01 max 0.07 max 0.02 max 0.002 max
. . . . . . . . .

C

Zinc-Lead-
Manganese Rolled
Zinc Alloy (Z24311)

0.005 max 0.03-0.08 0.01 max 0.005 max 0.02 max 0.002 max
. . .

0.015
max

0.0015 max C

Zinc-Aluminum
Rolled Zinc Alloy

5.0 max 0.05 max 0.1 max 0.15 max 0.2 max 1.4 to 34.0 .003 max
. . .

0.10 max C

AThe following applies to all specified limits in this table: For purposes of determining conformance with this specification, the observed value or calculated value obtained
from analysis shall be rounded off to the nearest unit in the last right-hand place of figures used in expressing the specified limit, in accordance with the rounding method
of Practice E 29.

BUNS designations were established in accordance with Practice E 527
CZinc: balance by difference.
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10 ft, or to a tolerance range agreed to by buyer and seller.

9. Workmanship, Finish and Appearance

9.1 The material shall be uniform in quality and finish,
commercially straight or flat, and free of injurious imperfec-
tions.

10. Sampling

10.1 The sampling plan for zinc for purposes of chemical
analysis or mechanical property testing shall be designed such

that any lot of finished product may be adequately described by
the results of the tests performed on the samples. Lot or portion
size shall be as agreed upon between purchaser and supplier.

11. Chemical Analysis

11.1 Samples for chemical analysis shall be taken in accor-
dance with 10.1 and 11.2, 11.2.1 or 11.2.3 according to the
form of zinc and zinc alloy to be analyzed and the analysis
method to be used.

11.2 Samples from molten metal, cast, semi-finished or
finished product for optical emission spectrochemical analysis
shall be sampled in accordance with Practice E 634.

11.2.1 Samples for the analysis of metal from incoming
material in the ingot or slab form shall be taken in accordance
with Practice E 55. Drillings or millings shall be taken in
approximately equal weight from each of the samples pieces
selected in accordance with 10.1 and combined into one
composite sample.

11.2.2 Samples for the analysis of metal in the molten form
taken in the process of pouring of castings shall be taken in an
adequate number and spacing such that the casting, simulta-
neously poured castings, may be described by the analysis of
the sample(s).

11.2.3 Samples for the analysis of metal in the cast form
shall be sampled in accordance with Practice E 88.

11.2.4 Samples for the analysis of metal in the semi-finished
or finished product form, shall be taken each 35 000 lbs.
(15876 kg) or fraction thereof.

11.3 Analysis Method to Be Used:
The determination of chemical composition shall be made in

accordance with one or more of the following: an appropriate
chemical method, Test Method E 536,, optical emission spec-
trographic methods, or Practice E 60, Standards for such assay
work shall be traceable to NIST standards or other national
standards.

11.4 In the event that heat identification or traceability is
required the purchaser shall specify the details desired.

12. Inspection

12.1 Inspection of the material shall be agreed upon be-
tween the purchaser and the supplier (manufacturer) as part of
the purchase agreement.

13. Certification

13.1 When specified on the purchase order, the supplier
(manufacturer) shall furnish to the purchaser a certificate
stating that each lot has been sampled, tested, and inspected in
accordance with this specification and has met the require-
ments.

14. Packaging and Package Marking

14.1 The material shall be separated by size and composi-
tion, and prepared for shipment to ensure acceptance by
common carrier for transportation and to afford protection from
the normal hazards of transportation.

14.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, size, gross
and net weight, and name of supplier. The specification number
shall be shown when required.

TABLE 2 Mechanical Properties of Rolled Zinc Alloys
(Tensile Tested in Longitudinal Direction)

Alloy (UNS) Tensile Strength
Elongation

%
Hardness

HR15T

ksi mpa

Rolled Special
High Grade Zinc
(Z13004)

9-18 62-124 15-45 24-40

Commercially
Pure Rolled Zinc
(Z15006)

10-18 69-124 15-60 28-45

Zinc-Low Copper
Rolled Zinc Alloy
(Z40101)

12-27 83-186 28-60 34-64

Zinc-High Copper
Rolled Zinc Alloy
(Z40301)

20-34 138-234 30-90 54-72

Zinc-Low Copper-
Titanium Rolled Zinc
Alloy (Z41121)

14-28 96-193 30-70 35-67

Zinc-High Copper-
Titanium Rolled Zinc
Alloy (Z41321)

20-34 138-234 30-90 54-72

Zinc-Lead Rolled
Zinc Alloy (Z20301)

18-28 124-193 40-65 50-68

Zinc-Lead-Cadmium
Rolled Zinc Alloy
(Z21721)

14-30 96-207 30-50 52-70

Zinc-Lead-
Manganese Rolled
Zinc Alloy (Z24311)

14 96-193 45-80 40-70

Zinc-Aluminum
Rolled Zinc Alloy

21-80 145-550 3-90 46-84

TABLE 3 Permissible Variations in Thickness of
Rolled Zinc

Thickness, in. (mm) Tolerance, in. (mm)

0.009 (0.229) and under) 10 % of thickness
0.010–0.030 (0.254 to 0.762) 6 0.001 (0.0254)
0.031–0.060 (0.787 to 1.524) 6 0.002 (0.0508)
0.061–0.090 (1.549 to 2.286) 6 0.003 (0.0762)
0.091–0.125 (2.311 to 3.175) 6 0.004 (0.1016)
0.126 and above (3.200 and above) 6 0.007 (0.1270)

TABLE 4 Permissible Variations in Width

Width Form Tolerance, in. (mm)
Slit widths 6 0.010 (0.254)
Sheared widths 6 0.062 (1.575) Type I
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15. Keywords

15.1 rolled zinc; zinc; zinc alloys; zinc plate; zinc sheet

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
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Designation: B 69 – 98a e2
An American National Standard

Standard Specification for
Rolled Zinc 1

This standard is issued under the fixed designation B 69; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—The caveat in section 1.4 and section 3. Terminology were added editorially in December 2000. The UNS number
for Zinc-Lead Rolled Alloy was corrected editorially in December 2000.

1. Scope

1.1 This specification covers two types of commercial rolled
zinc as described in 1.2. It should be understood that the
specification is general. Any closer limitations on permissible
variations shall be a matter of agreement between the supplier
(manufacturer) and the purchaser.

1.2 Rolled zinc is furnished in two types as follows:
1.2.1 Type I -Coils or sheets cut from strip (ribbon) rolled

zinc and
1.2.2 Type II - Zinc plates such as boiler and hull plates

produced by any rolling method.
1.3 The values stated in inch-pound units are to be regarded

as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 The issue of each of the following reference documents
shall be that which is current on the date the purchase order is
accepted by the supplier (manufacturer).

2.2 ASTM Standards:
B 899 Terminology Relating to Non-ferrous Metals and

Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 55 Practice for Sampling Wrought Nonferrous Metals and
Alloys for Determination of Chemical Composition5

E 60 Practice for Photometric and Spectrophotometric
Methods for Chemical Analysis of Metals5

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition5

E 384 Test Method for Microhardness of Materials3

E 527 Practice for Numbering Metals and Alloys (UNS)6

E 536 Test Method for Chemical Analysis of Zinc and Zinc
Alloys7

E 634 Practice for Sampling of Zinc and Zinc Alloys for
Optical Emissions Spectrochemical Analysis7

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 coiled sheet—sheet coils with either slit or unslit

edges.
3.2.2 flat sheet—sheet with sheared, slit, or sawed edges

that has been flattened or leveled.
3.2.3 plate—rolled product, rectangular in cross section and

form, or thickness of more than 0.125 in. (3.175 mm) with
either untrimmed, sheared or sawed edges.

3.2.4 sheet—rolled product, rectangular in cross section and
form of thickness of 0.003 in. (0.076 mm) through 0.125 in.
(3.175 mm) with sheared, slit, untrimmed or sawed edges.

4. Ordering Information

4.1 Orders for materials under this specification shall in-
clude the following information:

4.1.1 ASTM designation and year of issue,
4.1.2 Quantity (weight),
4.1.3 Name of material (rolled zinc),
4.1.4 Type of rolled zinc,
4.1.5 Dimensions (thickness, width, length, or coil),
4.1.6 Chemical composition/alloy, and
4.1.7 Others as agreed upon between the purchaser and the

supplier.

1 This specification is under the jurisdiction of ASTM Committee B-2 on
Nonferrous Metals and Alloysand is the direct responsibility of Subcommittee
B02.04on Zinc and Cadmium.

Current edition approved October 10, 1998. Published December 1998. Origi-
nally published as B 69-26. Last previous edition B 69-98.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.

5 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 01.01.
7 Annual Book of ASTM Standards, Vol 03.06.

1

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.

NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.



5. Materials and Manufacture

5.1 The supplier (manufacturer) shall ensure that each rolled
zinc product:

(a) conforms to the chemical composition specified in the
purchase order,

(b) is free of deleterious inclusions, and
(c) is of satisfactory appearance.
The products covered by this specification shall be produced

by casting, rolling, and other processes found in a mill product
plant.

6. Chemical Composition

6.1 Alloys—The material shall conform to the chemical
requirements prescribed in Table 1.

7. Mechanical Properties

7.1 The material shall conform to the mechanical property
requirements in the longitudinal rolling direction in Table 2.

7.1.1 The testing wrought zinc for determination of tensile
properties shall be conducted in accordance with Test Method
E 8, with the additional recommendation that the rate of
separation of the heads during a test be maintained between
0.115 to 0.135 in/in/min (0.115 to 0.135 mm/mm/min) at room
temperature (68 to 75°F (20 to 24°C) suggested).

7.1.2 The testing of zinc for hardness shall be made on a
Rockwell superficial hardness tester set up for the 15T scale, in
accordance with Test Method E 18, or on a microhardness
tester, in accordance with Test Method E 384. Zinc is a time
dependent material; therefore, the dwell time of the major load
shall be specified between supplier and customer, e.g., 4 to 15s.

8. Dimensions and Permissible Variations

8.1 Thickness—The permissible variations in thickness of
rolled zinc shall be as specified in Table 3, along the length of
the coil shall be made within 12 in. (305 mm) of each other, nor
shall measurement in any one line across the width of the coil
be used as a basis of rejection.

8.2 Width—The permissible variations in width of all types
of rolled zinc shall be as specified in Table 4.

8.3 Length—The permissible variations in length in all
types of rolled zinc shall be as follows: sheets, strips, and plates
may be ordered to exact lengths with the following variations
in length permitted,6 0.125 in. (3.2 mm), or to a tolerance
range agreed to by buyer and seller.

8.4 Sidewise Bend and Curvature (Camber)—Type I rolled
zinc in lengths over 10 ft (3048 mm) shall not exhibit sidewise
bend or curvature in excess of 1 in. (25.4 mm) in any length of
10 ft, or to a tolerance range agreed to by buyer and seller.

TABLE 1 Chemical Composition of Rolled Zinc Alloys A

Alloy (UNS)B Cu Pb Fe Cd Ti Al Sn Mn Mg Zn

Rolled Special
High Grade Zinc
(Z13004)

0.003 max 0.003 max 0.003 max 0.003 max . . . 0.002 max 0.001 max
. . . . . .

C

Commercially
Pure Rolled Zinc
(Z15006)

0.08 max 0.03 max 0.02 max 0.01 max 0.02 max 0.01 max 0.003 max
. . . . . .

C

Zinc-Low Copper
Rolled Zinc Alloy
(Z40101)

0.08 to
0.040

0.01 max 0.01 max 0.005 max 0.02 max 0.01 max 0.003 max
. . . . . .

C

Zinc-High Copper
Rolled Zinc Alloy
(Z40301)

0.50 to
1.0

0.01 max 0.01 max 0.005 max 0.04 max 0.01 max 0.003 max
. . . . . .

C

Zinc-Low Copper-
Titanium Rolled Zinc
Alloy (Z41121)

0.08 to
0.49

0.01 max 0.01 max 0.005 max 0.05 to
0.18

0.01 max 0.003 max
. . . . . .

C

Zinc-High Copper-
Titanium Rolled Zinc
Alloy (Z41321)

0.50 to
1.00

0.01 max 0.01 max 0.005 max 0.08 to
0.18

0.01 max 0.003 max
. . . . . .

C

Zinc-Lead Rolled
Zinc Alloy (ZZ20301)

0.005 max 0.10 max 0.01 max 0.01 max 0.02 max 0.002 max
. . . . . . . . .

C

Zinc-Lead-Cadmium
Rolled Zinc Alloy
(Z21721)

0.005 max 1.0 max 0.01 max 0.07 max 0.02 max 0.002 max
. . . . . . . . .

C

Zinc-Lead-
Manganese Rolled
Zinc Alloy (Z24311)

0.005 max 0.03-0.08 0.01 max 0.005 max 0.02 max 0.002 max
. . .

0.015
max

0.0015 max C

Zinc-Aluminum
Rolled Zinc Alloy

5.0 max 0.05 max 0.1 max 0.15 max 0.2 max 1.4 to 34.0 .003 max
. . .

0.10 max C

AThe following applies to all specified limits in this table: For purposes of determining conformance with this specification, the observed value or calculated value obtained
from analysis shall be rounded off to the nearest unit in the last right-hand place of figures used in expressing the specified limit, in accordance with the rounding method
of Practice E 29.

BUNS designations were established in accordance with Practice E 527
CZinc: balance by difference.
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9. Workmanship, Finish and Appearance

9.1 The material shall be uniform in quality and finish,
commercially straight or flat, and free of injurious imperfec-
tions.

10. Sampling

10.1 The sampling plan for zinc for purposes of chemical
analysis or mechanical property testing shall be designed such
that any lot of finished product may be adequately described by

the results of the tests performed on the samples. Lot or portion
size shall be as agreed upon between purchaser and supplier.

11. Chemical Analysis

11.1 Samples for chemical analysis shall be taken in accor-
dance with 10.1 and 11.2, 11.2.1 or 11.2.3 according to the
form of zinc and zinc alloy to be analyzed and the analysis
method to be used.

11.2 Samples from molten metal, cast, semi-finished or
finished product for optical emission spectrochemical analysis
shall be sampled in accordance with Practice E 634.

11.2.1 Samples for the analysis of metal from incoming
material in the ingot or slab form shall be taken in accordance
with Practice E 55. Drillings or millings shall be taken in
approximately equal weight from each of the samples pieces
selected in accordance with 10.1 and combined into one
composite sample.

11.2.2 Samples for the analysis of metal in the molten form
taken in the process of pouring of castings shall be taken in an
adequate number and spacing such that the casting, simulta-
neously poured castings, may be described by the analysis of
the sample(s).

11.2.3 Samples for the analysis of metal in the cast form
shall be sampled in accordance with Practice E 88.

11.2.4 Samples for the analysis of metal in the semi-finished
or finished product form, shall be taken each 35 000 lbs.
(15876 kg) or fraction thereof.

11.3 Analysis Method to Be Used:
The determination of chemical composition shall be made in

accordance with one or more of the following: an appropriate
chemical method, Test Method E 536,, optical emission spec-
trographic methods, or Practice E 60, Standards for such assay
work shall be traceable to NIST standards or other national
standards.

11.4 In the event that heat identification or traceability is
required the purchaser shall specify the details desired.

12. Inspection

12.1 Inspection of the material shall be agreed upon be-
tween the purchaser and the supplier (manufacturer) as part of
the purchase agreement.

13. Certification

13.1 When specified on the purchase order, the supplier
(manufacturer) shall furnish to the purchaser a certificate
stating that each lot has been sampled, tested, and inspected in
accordance with this specification and has met the require-
ments.

14. Packaging and Package Marking

14.1 The material shall be separated by size and composi-
tion, and prepared for shipment to ensure acceptance by
common carrier for transportation and to afford protection from
the normal hazards of transportation.

14.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, size, gross
and net weight, and name of supplier. The specification number
shall be shown when required.

TABLE 2 Mechanical Properties of Rolled Zinc Alloys
(Tensile Tested in Longitudinal Direction)

Alloy (UNS) Tensile Strength
Elongation

%
Hardness

HR15T

ksi mpa

Rolled Special
High Grade Zinc
(Z13004)

9-18 62-124 15-45 24-40

Commercially
Pure Rolled Zinc
(Z15006)

10-18 69-124 15-60 28-45

Zinc-Low Copper
Rolled Zinc Alloy
(Z40101)

12-27 83-186 28-60 34-64

Zinc-High Copper
Rolled Zinc Alloy
(Z40301)

20-34 138-234 30-90 54-72

Zinc-Low Copper-
Titanium Rolled Zinc
Alloy (Z41121)

14-28 96-193 30-70 35-67

Zinc-High Copper-
Titanium Rolled Zinc
Alloy (Z41321)

20-34 138-234 30-90 54-72

Zinc-Lead Rolled
Zinc Alloy (Z20301)

18-28 124-193 40-65 50-68

Zinc-Lead-Cadmium
Rolled Zinc Alloy
(Z21721)

14-30 96-207 30-50 52-70

Zinc-Lead-
Manganese Rolled
Zinc Alloy (Z24311)

14 96-193 45-80 40-70

Zinc-Aluminum
Rolled Zinc Alloy

21-80 145-550 3-90 46-84

TABLE 3 Permissible Variations in Thickness of
Rolled Zinc

Thickness, in. (mm) Tolerance, in. (mm)

0.009 (0.229) and under) 10 % of thickness
0.010–0.030 (0.254 to 0.762) 6 0.001 (0.0254)
0.031–0.060 (0.787 to 1.524) 6 0.002 (0.0508)
0.061–0.090 (1.549 to 2.286) 6 0.003 (0.0762)
0.091–0.125 (2.311 to 3.175) 6 0.004 (0.1016)
0.126 and above (3.200 and above) 6 0.007 (0.1270)

TABLE 4 Permissible Variations in Width

Width Form Tolerance, in. (mm)
Slit widths 6 0.010 (0.254)
Sheared widths 6 0.062 (1.575) Type I
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15. Keywords

15.1 rolled zinc; zinc; zinc alloys; zinc plate; zinc sheet
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Designation: B 70 – 90 (Reapproved 2001)

Standard Test Method for
Change of Resistance With Temperature of Metallic
Materials for Electrical Heating 1

This standard is issued under the fixed designation B 70; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of the change
of resistance with temperature of metallic materials for elec-
trical heating, and is applicable over the range of service
temperatures.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Significance and Use

2.1 The change in resistance with temperature for heating
element materials is a major design factor and may influence
material selection. The measurement of this change is essential
to ensure that heating elements perform as designed. This test
method was designed to minimize the effect different manu-
facturing processes have on resistance change, thereby yielding
results that are reproducible.

3. Test Specimen and Leads

3.1 The test specimen shall be prepared from material as left
by the manufacturing process, and in a form suitable for
measuring its resistance in an electric furnace. When the
resistance is to be measured with a Kelvin bridge, potentiom-
eter, digital ohmmeter, or equivalent, a current lead shall be
welded to each end of the specimen in such a manner that there
will be no change of current distribution in the specimen during
measurements. Potential leads, one at each end, shall be
attached by welding, at a distance from the corresponding
current lead not less than one tenth of the length of the
specimen between the potential leads.

3.2 When the resistance is to be measured with a Wheat-
stone bridge, only the current leads are required. The resistance

of the leads in this case shall not exceed 1 % of the resistance
of the specimen and the leads shall be made of the same type
of alloy as the test specimen. For both methods of measure-
ment, the leads shall have a length within the heated zone of
the furnace of at least 50 times their minimum transverse
dimension, in order to avoid disturbance of the temperature of
the specimen by conduction of heat to the colder parts of the
furnace.

4. Electric Furnace

4.1 The furnace for heating the specimen shall be of such a
type that the temperature can be controlled over the range from
room temperature to the maximum desired. It shall be so
constructed that the specimens and the thermocouples can be
maintained at a uniform and constant temperature at desired
points within the working range. The specimen and thermo-
couples shall be so shielded as to prevent direct radiation from
hotter, or to colder, parts of the furnace.

4.2 In order to test the uniformity of the temperature in the
region to be occupied by the test specimen, a typical specimen
and thermocouple shall be prepared and mounted in the center
of this region. The furnace shall then be heated to its maximum
temperature and maintained at this temperature until equilib-
rium is reached. The specimen shall then be moved in the
furnace in the direction of the maximum temperature gradient
through a distance equal to the maximum dimension of the
largest specimen and thermocouple assembly which is to be
used in this furnace. The temperature of the typical specimen in
this position shall not differ from that in the normal position by
more than 10°C.

5. Resistance Measurements

5.1 A Kelvin bridge, potentiometer, digital ohmmeter, or
equivalent shall be used when measuring specimens having
resistances less than 10V . A Wheatstone bridge may be used
with specimens having resistances greater than 10V. The
resistance of the specimen shall be measured with an accuracy
of 0.1 %. The measuring current shall be so small that the
resistance of a specimen is not changed thereby as much as

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.10 on Thermostat Metals.

Current edition approved May 25, 1990. Published July 1990. Originally
published as B 70 – 27 T. Last previous edition B 70 – 81.
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0.1 %. This condition may be determined experimentally or
calculated from the power expended and the surface of the
specimen.

6. Test Current
6.1 To determine experimentally that the test current is not

too large, bring the specimen to a temperature (Note 1) where
there is a relatively large uniform change of resistance with
temperature. Apply the test current and maintain it until the
resistance of the specimen has become constant. Then increase
the current by 40 % and maintain it at this value until the
resistance has again become constant. If the change in resis-
tance is greater than 0.1 %, the test current is too large and shall
be reduced until the foregoing limitations are reached.

NOTE 1—In the case of nickel-chromium alloy 400°C is a suitable
temperature.

6.2 The test current has a negligible effect on the resistance
measurement when the power lost in its passage through the
specimen is less than 0.01 W/cm2 of the effective free surface
of the specimen. For straight specimens and those which are so
coiled or bent that the distance between the adjacent convolu-
tions is greater than five times the maximum transverse
dimension of the cross section of the specimen, consider the
free surface to be that surface area of the portion of the
specimen between the potential leads. When, as for the sake of
saving space in the furnace, the specimen is wound into a spiral
or helix, or bent back and forth upon itself in such a manner
that the distance between adjacent convolutions is less than five
times the maximum transverse dimension of the cross section
of the specimen, consider the free surface to be that surface
area of the cylindrical or prismatic volume enclosing the coiled
or convoluted specimen. Calculate the power loss due to the
measuring current from the following equation:

W5 I2Rm

where:
W = power loss, W,
I = measuring current A, and
Rm = resistance at maximum test temperature,V.

7. Procedure
7.1 Mount the test specimen in the furnace, bring the

temperature of the furnace to the maximum specified tempera-

ture of test for the alloy in question, and hold at this value until
the resistance of the specimen remains constant except for the
relatively slow changes due to oxidation. Then lower the
temperature of the furnace in steps of approximately 100°C to
room temperature. Take measurements at each point when
temperature and resistance have become stationary. Note the
time at which each reading is taken. Define each point by the
mean of at least one pair of resistance readings for which the
current through the sample has been reversed between read-
ings. This is necessary in order to eliminate the effects of
thermal electromotive forces.

7.2 Determine the temperature by means of calibrated
thermocouples, in conjunction with a potentiometer or pyrom-
eter of such construction as to ensure an accuracy correspond-
ing to a temperature uncertainty not exceeding 10°C.

8. Temperature-Resistance Curve

8.1 Plot a curve showing the change of resistance with
temperature using the final room-temperature resistance value
as a base. Note the time interval between successive readings
on the curve sheet. Consider the curve thus obtained with
descending temperature as defining the true temperature-
resistance characteristics of the material tested.

9. Singular Points

9.1 If there are indications that the curve is not smooth at
any point, carry the specimen through the temperature cycle
again, and take temperature and resistance readings at intervals
of approximately 25°C in the suspected region.

10. Precision and Bias

10.1 The reproducibility of the change in resistance with
temperature depends primarily on the uniformity of tempera-
ture of the sample and secondarily on the rate of temperature
decrease. For nickel-chromium alloys the faster the decrease in
temperature, the lower the change in resistance.

10.2 The precision of this test method is within62 %.
10.3 The bias cannot be determined for reasons detailed in

10.1.

11. Keywords

11.1 coefficient of resistance; heating elements; resistance
change; resistors; temperature-resistance
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Designation: B 76 – 90 (Reapproved 2001)

Standard Test Method for
Accelerated Life of Nickel-Chromium and Nickel-Chromium-
Iron Alloys for Electrical Heating 1

This standard is issued under the fixed designation B 76; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method2 covers the determination of the
resistance to oxidation of nickel-chromium and nickel-
chromium-iron electrical heating alloys at elevated tempera-
tures under intermittent heating. Procedures for a constant-
temperature cycle are provided. This test method is used for
internal comparative purposes only.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The metric equivalents of inch-pound units
may be approximate.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Significance and Use

2.1 This test method is used by producers of electrical
heating alloys to measure the cyclic oxidation resistance of
these alloys.

2.2 Because of the effect of the environment, design, and
use, the life values obtained from this test method may not
correlate with that of an appliance or industrial heating unit.

3. Test Panel

3.1 Size and Location—The dimensions of the test panel
shall be similar to those shown in Fig. 1. The test panel shall be
located in a position free from drafts of air.

NOTE 1—The enclosure shall fit tightly on the panel and the glass slide
shall fit snugly to prevent leakage of air at this point during the operation
of the test, as even a slight draft of air in contact with the specimen will
cause excessive variation in length of life. A screen of 40 wire mesh,
0.010-in. (0.025-mm) wire diameter, market grade, may be used as a cover
over the individual stations.

3.2 Upper Terminal—The upper terminal shall consist of a
binding post attached to a rod passing through another binding
post or through the upper bus bar. This provides for adjustment
laterally and vertically, as shown in Fig. 1.

3.3 Lower Terminal—A 10-g weight shall be attached to the
lower end of the specimen. A flexible silver foil (approximately
0.375 in. (9.52 mm) wide and 0.0015 in. (0.038 mm) thick)
connected to the 10-g weight shall constitute the lower
terminal.

NOTE 2—Experiments have shown that with high temperatures alloys
of nickel-chromium and nickel-chromium-iron are subject to plastic flow
when under relatively light load. The weight specified in 3.3 does not
cause appreciable increase in length during the test.

4. Apparatus

4.1 The test apparatus shall be similar to the requirements
specified in 4.2 to 4.8, inclusive, and shall be connected as
shown in Fig. 2.

4.2 Power Supply—The transformer or motor generator set
shall be capable of delivering a controlled voltage of from 10
to 20 V to the circuit. It shall have a continuous current
capacity of at least 20 A/specimen.

4.3 Voltage Control—The automatic voltage control shall be
capable of maintaining across the bus bars a constant voltage
within6 0.5 %.

NOTE 3—It has been found impossible to make accurate tests without
voltage control, as changes in line voltage were sufficient to cause
considerable variation in the results obtained (see Annex A1).

4.4 Variable Transformer—The transformer shall be ca-
pable of adjusting the voltage across the specimen so that
current is controlled to approximately 0.25 % of desired value,
and shall have a continuous current rating of approximately 25
A.

4.5 Ammeter and Voltmeter—The ammeter and voltmeter
shall have an accuracy of 1 % of normal test deflection
(approximately 15 A and 15 V, respectively). For alternating
current the range used shall be such as to give a reading above
the lower fifth of the scale range. The ammeter has appreciable
resistance. A compensating resistance shall be cut into the
circuit to replace the resistance of the ammeter so that the

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.10 on Thermostat Metals.

Current edition approved May 25, 1990. Published July 1990. Originally
published as B 76 – 29 T. Last previous edition B 76 – 81.

2 Further information on this test method is given in a paper by F. E. Bash and
J. W. Harsch, “Life Tests on Metallic Resistor Materials for Electrical Heating,’’
Proceedings, ASTEA, American Society for Testing and Materials. Vol 29, Part II,
1929, p. 506.
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overall resistance of the circuit is not changed. This resistance
shall be inserted in series with the blade of the upper switch
shown in Fig. 2.

4.6 Optical Pyrometer or Infrared Thermometer—The op-
tical system shall be such as to provide a magnification of at
least four diameters. This may be accomplished by the use of
a special lens or combination of two standard lenses in the
objective to provide a short focal length and the desired
magnification. (See Annex A1.) These instruments must have
an accuracy of610°F and NIST traceability.

NOTE 4—It is highly important that the temperature of the test specimen
be adjusted as accurately as possible, as small variations in temperature
result in considerable variation in length of life. An optical pyrometer or
infrared thermometer makes it possible to determine the temperature at
any particular point on the wire and with the arrangement described the
temperature of a comparatively small wire may be taken quite readily.

4.7 Interrupter—Some form of apparatus shall be used as
an interrupter to open and close the circuit.

Metric Equivalents

in.
mm

1 / 2
12.7

5 5 / 32
131.0

7 1 / 4
184.2

21 1 / 2
546.1

52
1321

64
1626

FIG. 1 Test Panel for Accelerated Life Test

FIG. 2 Electrical Circuit Diagram for Accelerated Life Test
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4.8 Apparatus for Recording Time of Burnout—If no appa-
ratus is available for recording the time of burnout, arrange-
ments shall be made for hourly observations for burnouts.
Some form of electric-clock mechanism which can be con-
nected into the circuit may be used.

4.9 Apparatus for Measuring Length Changes—Any form
of optical apparatus such as a traveling microscope, an optical
projection system, a projection microscope, or a contact
microscope may be used for determining changes in length of
the test specimen. A type of apparatus that has been found
satisfactory consists of a telescope with a horizontal cross hair
and leveling bubble. The apparatus may be mounted on a frame
so that it can be readily moved from one position to another for
examining specimens in the life test. The telescope mount
should be adjustable in the vertical plane on guides by means
of a threaded member. A movement of 2.5 in. (64 mm) is
desirable. A piece of cross-section paper, 4 in. (102 mm) in
length by 3 in. (76 mm) in width, calibrated 20 lines to 1 in.
(25.4 mm) should be mounted on the test panel so that the
lower edge is below a horizontal line drawn across the top of
the lowest possible position of the weight attached to the lower
end of the wire under test. A satisfactory arrangement is shown
in Fig. 3. A steel scale 18 in. (457 mm) in length, calibrated to
0.01 in. (0.25 mm), may be used for length measurements.

5. Test Specimen

5.1 The test specimen shall be No. 22 Awg, 0.0253 in. (0.64
mm). The length of wire selected for test shall be such as to
permit the use of a 12-in. (305-mm) test length between the
two terminals.

5.2 The test specimen shall be representative, as regards
surface, of the average of the coil or spool of wire which has

been selected for test. Particular care shall be taken to see that
the specimen selected is free from kinks. This is necessary, as
a kink, even though later removed, may cause burnout at that
point.

NOTE 5—It is also very desirable to select and keep as a reference
standard for comparison a spool or coil of wire which is uniform in cross
section from one end to the other. Tests may then be made at any time on
the reference standard, and if conditions have changed they will be noted
by the length of life on the standard. Comparisons between tests made at
different times between the standards and other wires may be correlated in
this manner (see Annex A1).

6. Mounting of Specimens

6.1 The test specimens shall be mounted on the test panel in
a vertical position, as shown in Fig. 1, and shall have the
following typical spacing:
Distance between test panel and
specimens

2 in. (50.8 mm)

Distance between specimens 6 in. (152.4 mm)
Distance between specimen and shield 2 in. (50.8 mm)
Distance between upper bus bar and silver foil

contact ... approximately
20 in. (508 mm)

NOTE 6—This recommendation is based on a series of tests run in four
laboratories to determine the best position for the specimen in which
horizontal mounting, catenary mounting, and vertical mounting were
compared. The results of the tests indicated that the vertical mounting
gave the best results and was most convenient. It might be expected that
the vertical wire would be a great deal hotter near the top than near the
bottom. This does not appear to be the case due to the fact that convection
currents are greater near the top, and therefore largely compensate for
variations that otherwise would occur.

6.2 In mounting a test specimen, one end of the specimen
shall be inserted in the upper terminal and the weight attached
to the other end. The upper terminal shall then be adjusted to

FIG. 3 Apparatus for Measuring Length Changes During Life Test
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give a test length of the wire of approximately 12 in. (305 mm)
between the two terminals. Care shall be taken to see that the
weight will be able to move freely after the specimen has
expanded upon heating.

6.3 Number of Test Specimens:
6.3.1 The life value shall be the average of three simulta-

neous determinations on wire specimens of the material being
tested.

7. Ballast Resistance

7.1 The voltage between the bus bars shall be adjusted so
that it will not be necessary to make the ballast resistance in
series with the specimen greater than 20 % of the resistance of
the specimen.

8. Temperature of Test

8.1 In the test method all temperatures are true tempera-
tures.3

8.2 For alloys of nominal composition 80 % nickel and
20 % chromium, the temperature of test shall be 2200°F
(1204°C); for alloys of nominal composition 60 % nickel,
15 % chromium and 25 % iron, the temperature of test shall be
2200°F (1204°C); for alloys of nominal composition 35 %
nickel, 20 % chromium, and 45 % iron, the temperature of test
shall be 2050°F (1121°C).

9. Procedure

9.1 Carry out the procedure as described in 9.1.1 to 9.1.13,
inclusive.

9.1.1 Support the temperature measuring instrument so that
it can be quickly adjusted and read.

9.1.2 Set the series variable transformer at minimum volt-
age resistance.

9.1.3 Close the switch in series with the specimen.
9.1.4 Adust the variable transformer until the specimen is at

a low red heat.
9.1.5 Grasp the weight to apply a slight tension, sufficient to

straighten the wire.
9.1.6 If change of length measurements are to be made as

specified in 9.1.15, open the switch in series with the specimen
and make the initial length measurement of the unheated
specimen. Then again close the switch to reheat the specimen.

9.1.7 Adjust the temperature of the specimen to 200°F
lower than the test temperature.

NOTE 7—The interrupter shall not be in operation while the temperature
is being adjusted.

9.1.8 Allow the specimen to operate under this condition
until 2 h have elapsed in order to bring the emissivity nearer to
a black body condition.

9.1.9 Adjust the temperature of the specimen to the test
temperature. Maintain this balance until 1 min has elapsed.

9.1.10 After another 13 min readjust the temperature of the
specimen to the test temperature. Final adjustment shall be
completed within the next minute or a total of 15 min. The end
of this 15-min period is the start of the test. It is important to
maintain this time schedule.

9.1.11 Measure the voltage and the current and record the
values together with the starting temperature and time of
starting the test.

9.1.12 Start the interrupter, the timing device of which shall
have been previously regulated so that the “on’’ period and the
“off’’ period shall be equal and shall each have a duration of 2
min.

NOTE 8—Various cycles have been tried varying from 10 min on and 5
min off to 30 s on and 30 s off, when it was found that the 2 min on and
2 min off cycle gave the shortest life for a given temperature. It appears
that sufficient cooling time has to be allowed to permit the specimen to
reach a low enough temperature to cause any loosening or cracking of
scale which will occur due to variations in coefficient of expansion of the
scale and the metal. The heating and cooling operation is more injurious
to wire than maintaining it at a definite temperature.

9.1.13 Adjust the temperature to the test temperature after 5
h and 24 h total elapsed time. Record the voltage and current
after each resetting. Stop the interrupter before each resetting
and start it again after making the observation.

9.1.14 After the first 24-h period, allow the test to run
without readjustment for the next 24 h. At the end of this period
and every 24 h thereafter until burnout, readjust the tempera-
ture so that it will be the same as the test temperature. After
each adjustment of the temperature, observe and record the
current and voltage measurements.

9.1.15 Length Changes of Specimen—Changes in length of
the test specimen may be determined with an accuracy of 0.5 %
by the following procedure: First measure with a steel scale the
length between the point at which the specimen wire leaves the
binding post and the top of the weight attached to the lower end
of the specimen wire. This measurement should be accurate to
60.02 in. (0.51 mm) (see 9.1.6). If the apparatus described in
4.9 is used, adjust the telescope in the vertical plane until the
cross hair is directly lined up with the top of the weight
attached to the wire (see 9.1.6). Estimate the readings on the
cross section paper to the nearest 0.01 in. (0.25 mm). Other
readings through the telescope may be taken in the same
manner and noted. Calculate the changes in length of the
specimen as the difference between the first reading made on
the cross-section paper and the subsequent readings.

10. Record

10.1 Measurements and observations shall be recorded on a
data sheet similar to that shown in Fig. 4 (see Annex A1 for
reference to useful life).

11. Report

11.1 Report the following information:
11.1.1 Nominal analysis,
11.1.2 Identification of specimen,
11.1.3 Cross-sectional dimensions of the specimen,
11.1.4 Life of the specimen in hours (total elapsed time

from the end of the first 15-min adjustment period to burnout),
and

3 The apparent temperature is lower than the true temperature by approximately
20°F (11.1°C) and 30°F (16.7°C) for the 80-20 type alloy and the 60-15-25 type
alloy, respectively: reference, Roeser, W. F., “Spectral Emissivity (At 0.65 µ) of
Some Alloys for Electrical Heating Elements,”Proceedings, ASTEA, American
Society for Testing and Materials., Vol 39, 1939, p. 780.
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11.1.5 The elapsed time in hours to 10 % increase in
resistance, starting after the end of the first 15-min adjustment
period.

11.1.6 Length Changes of Specimen—The changes in length
of the specimen during the course of the life test, when
reported, shall be given as the percentage change in length per
100 h of elapsed time, including the 2-h emissivity adjustment
period.

12. Reproducibility of Results

12.1 In the course of the development of this test method, it
has been found that the major source of irregularity is in
respect to temperature measurement. Therefore, no attempt
shall be made to run standard accelerated-life tests until it has
been definitely proved that the operator can obtain consistent
results with specimens taken from the samesample coil or
spool. Four or five specimens shall be tested at the same time

to make sure that no variables, such as errors in temperature
measurement, would affect one test and not another. Consecu-
tive tests also shall be run. If the tests are properly made and
controlled, the life of a number of specimens cut from the same
spool should not vary more than610 % from the average.

13. Precision and Bias

13.1 The life test is an individual internal comparative test
only. Too many variables exist to define a unit that would
enable precision and bias to be defined. Insufficient need exists
to alter the existing test method. Therefore, precision and bias
are not defined.

14. Keywords

14.1 accelerated life test; alloys; electrical; heating alloys;
life test; nickel-chromium; nickel-chromium-iron; oxidation
resistance

FIG. 4 Date Sheet for Accelerated Life Test Record
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ANNEX

(Mandatory Information)

A1. CONSIDERATIONS AND PRECAUTIONS FOR ACCELERATED LIFE TEST

A1.1 Scope

A1.1.1 This annex covers a few of the general consider-
ations and precautions which should be kept in mind in the
setting up and operation of the life test equipment and in the
making of the accelerated life test.

A1.2 Temperature

A1.2.1 In general, it has been found desirable to use a
temperature for any particular alloy which will result in a total
life of approximately 100 h. Experience has indicated that this
is a sufficient length of life to give a fair index of the quality of
the material. A measure of the necessary length of time to get
a good life test is shown by the consistency of the results; for
example, if the test temperature is too high, the results are
likely to be inconsistent since the excessive temperature causes
aggravated hot-spot conditions.

A1.2.2 In addition to the temperature, care must be used in
general applications of the test method to various types of
alloys, particularly those of low creep strength. It will be noted
in the test method that a weight is placed on the specimen in
order to keep it straight; this weight has been calculated within
the creep strength for the nickel-chromium alloy type material.
For other types of material, with very low creep strengths, the
test must be modified to eliminate any loading which would
approach the creep value of the material at the temperature of
test.

A1.2.3 Temperature is one of the most important variables
in a life test. The probable life of a wire varies inversely with
an exponential function of the temperature. This is readily
understandable when it is considered that the life of the wire
when operated at a temperature close to the melting point will
be but a few hours, while at lower temperatures, as for
example, about a red heat, it will endure for several thousand
hours.

A1.2.4 To determine the temperature accurately, if a disap-
pearing filament type optical pyrometer is used, the desired
magnification can be obtained by substituting for the standard
objective lens another lens having approximately one half its

focal length. The temperature of the wire under test is very
greatly affected by drafts. The enclosure, therefore, should be
left in place at all times during the temperature observation and
the pyrometer reading made directly through the glass front of
the enclosure. In taking this reading through the glass front, it
is necessary to allow for the reflection and absorption of the
glass. Reflection at the surface of the glass is the principal
cause of error. This effect is nearly independent of the kind and
thickness of the glass. Reflection from external light sources
shall be avoided. A correction of approximately 10°F (5.5°C)
or a correction as determined by a specific test for the
conditions involved shall be added to the temperature as
observed. The glass slide shall be kept clean at all times to
avoid increase in the absorption of light.

A1.3 Voltage Control

A1.3.1 In a number of cases, it has been attempted to make
life tests, using the regular line voltage with no regulation, but
this has never succeeded in producing uniform results. It is
absolutely essential that voltage control be used.

A1.4 Reference Standard

A1.4.1 The method of tests suggests the desirability of
comparing the specimen under test with a reference standard.
This is of advantage, as the hours of life will vary somewhat
with the different seasons of the year, due to varying humidity
and other causes. Tests can be made upon the standard at the
same time as the wires under test and the life can be reported
as a percentage of the standard.

A1.5 Useful Life

A1.5.1 It is not practicable to give a general rule which will
indicate the limit for the useful life of a heating element. In
many cases, a limit of 10 % increase in resistance has been
specified, which would cause a drop in wattage of 10 %.
Sometimes a heating element is useful until it burns out, and in
other cases the useful life may be considered as some other
figure.
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Designation: B 77 – 81 (Reapproved 2001)

Standard Test Method for
Thermoelectric Power of Electrical-Resistance Alloys 1

This standard is issued under the fixed designation B 77; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of the ther-
moelectric power of a metal or alloy with respect to copper
when the temperatures of the junctions lie between 0 and
100°C.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.3 The values stated in inch-pound units are the preferred
unit. The values in parentheses are for information only.

2. Referenced Documents

2.1 ASTM Standards:
B 3 Specification for Soft or Annealed Copper Wire2

3. Terminology

3.1 thermoelectric power, Q—the electromotive force in an
electric circuit consisting of two metals when the junctions
between them have a difference in temperature of 1°C.

3.1.1 Discussion—Experimentally, it has been found that
the thermoelectric power of two metals is not a constant but
depends on the mean temperature of the junctions. However,
over a range of temperature from 0 to 100°C it is usually
sufficient to assume that the thermoelectric power is indepen-
dent of temperature so that for this range of temperature:

Q 5 E/~t8 2 t!

where:
E = the electromotive force developed in the circuit,
t8 = the higher temperature at one junction, °C, and
t = the lower temperature at the other junction, °C.

4. Significance and Use

4.1 The purpose of this method is to determine the suitabil-
ity of different metals for use in resistance apparatus in which

a low thermoelectric power is desired. As most electric circuits
are largely composed of copper, the thermoelectric power of a
resistance metal will generally be measured against copper.

5. Test Specimen

5.1 The metal or alloy to be tested shall be in the form of
sheet, ribbon, or wire and the test specimen shall be of such
length that the two ends can be readily maintained at different
temperatures. At each end of the specimen a copper lead of
convenient size shall be fastened. These leads shall make good
electrical contact with the specimen, such as that obtained by
welding, brazing, or soldering. Slight impurities in the copper
have a negligible effect on the thermoelectric power.

NOTE 1—When necessary to specify the quality of the copper leads,
reference should be made to Specification B 3.

6. Procedure

6.1 Measurement of Temperature—As a matter of precau-
tion, the average temperature used in determining the thermo-
electric power shall be approximately the same as that to which
the material will be subjected in practice, and in no case shall
the temperature difference between the two junctions be less
than 20°C. The temperature at each of two junctions shall be
measured by a device that is sufficiently accurate to determine
the temperature difference within 5 %. A convenient method
for determining the temperatures of the junctions is to immerse
each junction in separate oil baths maintained at the desired
temperatures. Baths that are stirred and the temperatures of
which are thermostatically controlled are to be preferred.
However, beakers of oil which are supported by blocks of
metal, sand baths, or other means may be used, provided the
thermal capacity of these assemblies is such that when the heat
is cut off their temperatures will decrease at rates less than
0.2°C/min. The temperature of the oil in each bath may be
determined either by a calibrated mercury thermometer or by a
calibrated thermocouple. If the oil is not stirred, the junctions
shall be placed in close proximity to the temperature-
measuring instrument. To ensure that the temperatures of the
junctions shall not be influenced by heat of conduction along
the specimen, the length of each specimen from the junction to
the point where it leaves the surface of the oil shall not be less
than 10 times the minimum cross-section dimension of the

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.10 on Thermostat Metals.

Current edition approved Nov. 27, 1981. Published January 1982. Originally
published as B 77 – 30 T. Last previous edition B 77 – 33 (1975).

2 Annual Book of ASTM Standards, Vol 02.03.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



resistance material, nor less than 100 times the minimum cross
section of the copper leads, and in no case less than 2 in. (50.8
mm).

6.2 Measurement of Electromotive Force—The electromo-
tive force shall be determined by a method that will give the
value correct within 5 %. Three different methods of measuring
the electromotive force are in common use, namely:

6.2.1 The method in which a potentiometer is used to
compare the unknown emf with that of a standard cell.

6.2.2 The method in which the unknown emf is equated to
the difference of potential between the terminals of a standard
resistor when a measured current flows through it.

6.2.3 The method in which the emf is measured by the
deflection of a suitable measuring instrument.

6.2.4 In any case, precautions shall be taken to ensure that
there are no parasitic electromotive forces in the measuring
circuit, a condition which may be determined by placing both
junctions in the same beaker, in which case no appreciable
electromotive force shall be indicated.

7. Polarity of the Metal

7.1 The metal or alloy tested shall be considered to have
positive polarity when, in a circuit consisting of copper and the
metal or alloy, the direction of current flow in the metal or alloy
is from the junction having the higher temperature to the one
having the lower temperature.

8. Report

8.1 The report shall include the following:
8.1.1 The character of the metal or alloy tested and the

identification of the specimen,
8.1.2 The size, shape, and length of the specimen,
8.1.3 Method of determining the temperatures of the junc-

tions,
8.1.4 The temperature at each junction in degree Celsius,
8.1.5 The type of apparatus used in measuring the electro-

motive force,
8.1.6 The observed electromotive force,
8.1.7 The thermoelectric power, and
8.1.8 The polarity of the metal or alloy tested.

9. Precision and Bias

9.1 The reproducibility of the test results depends on the
control used in making the connections and the control of
temperatures at the junctions. The bias will depend on the
parameters listed for reproducibility and instrumentation used
to measure emf.

9.2 The precision of this test method should be 1 % or less.
9.3 The bias of this test method is within 6 %.

10. Keywords

10.1 copper; electrical resistant alloys; potentiometer; ther-
moelectric power
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Designation: B 78 – 90 (Reapproved 2001)

Standard Test Method of
Accelerated Life of Iron-Chromium-Aluminum Alloys for
Electrical Heating 1

This standard is issued under the fixed designation B 78; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of the resis-
tance to oxidation of iron-chromium-aluminum electrical heat-
ing alloys at elevated temperatures under intermittent heating
using a constant-temperature cycle test. This test is used for
internal comparative purposes only.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The metric equivalents of inch-pound units
may be approximate.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Significance and Use

2.1 This test method is used by producers of electrical
heating alloys to measure the cyclic oxidation resistance of
these alloys.

2.2 Because of the effect of environment, design and use,
the life values obtained from this test method may not correlate
with that of an appliance or industrial heating unit.

3. Test Panel

3.1 Size and Location—The dimensions of the test panel
shall be similar to those shown in Fig. 1. The test panel shall be
located in a position free from drafts of air.

3.1.1 The enclosure shall fit tightly on the panel and the
glass slide shall fit snugly to prevent leakage of air at this point
during the operation of the test, as even a slight draft of air in
contact with the specimen will cause excessive variation in
length of life. A screen of 40 wire mesh, 0.010-in. (0.025 mm)
wire diameter, market grade, may be used as a cover over the
individual stations.

3.2 Terminals—The two terminals shall be spaced 2 in.
(50.8 mm) apart, center to center and shall be so positioned that

the wire specimen when secured therein shall be in a U-shaped
pattern as described in Section 5. The specimen terminal
junctions shall be 3 in. (76.2 mm) lower than the plane of the
top of the enclosure.

4. Apparatus

4.1 The apparatus shall be similar to the requirements
specified in 4.2 to 4.8, inclusive, and shall be connected as
shown in Fig. 2.

4.2 Power Supply—The transformer or motor generator set
shall be capable of delivering a controlled voltage of from 10
to 35 V to the circuit. It shall have a continuous current
capacity of at least 20 A/specimen.

4.3 Voltage Control—The automatic voltage control shall be
capable of maintaining across the bus bars a constant voltage
within6 0.5 %.

NOTE 1—It has been found impossible to make accurate tests without
voltage control, as changes in line voltage are sufficient to cause
considerable variation in the results obtained (see Annex A1).

4.4 Variable Transformer—The variable transformer shall
be capable of adjusting the voltage across the specimen to
within approximately 0.25 % of any desired value within the
working range and shall have a continuous current rating of
approximately 25 A.

NOTE 2—A variable transformer having a working range of adjustabil-
ity from approximately 0 to 20 V, provides for testing wires within a
considerable range of size and resistivity.

4.5 Ammeter and Voltmeter—The ammeter and voltmeter
shall have an accuracy of 1 % of normal test deflection
(approximately 15 A and 15 V respectively). For alternating
current the range shall be such as to give a reading above the
lower fifth of the scale range. The ammeter has appreciable
resistance. A compensating resistance shall be cut into the
circuit to replace the resistance of the ammeter so that the
over-all resistance of the circuit is not changed. This resistance
shall be inserted in series with the contact of the upper switch
shown in Fig. 2.

4.6 Optical Pyrometeror Infrared Thermometer—The op-
tical system shall be such as to provide a magnification of at
least four diameters. This may be accomplished by means of a
special lens or combination of two standard lenses in the

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.10 on Thermostat Metals.

Current edition approved June 29, 1990. Published August 1990. Originally
published as B 78 – 59 T. Last previous edition B 78 – 81.
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objective to provide a short focal length and the desired
magnification (see Annex A1). These instruments must have an
accuracy of610°F (5.5°C) and UBS traceability.

NOTE 3—It is highly important that the temperatures of the test
specimen be adjusted as accurately as possible, as small variations in
temperature result in considerable variation in length of life. Optical
pyrometer or infrared pycnometer makes it possible to determine the
temperature at any particular point on the wire, and with the arrangement
described, the temperature of a comparatively small wire may be taken
quite readily.

4.7 Interrupter—Some form of apparatus shall be used as
an interrupter to open and close the circuit.

4.8 Apparatus for Recording Time of Burnout—If no appa-
ratus is available for recording the time of burnout, arrange-
ments shall be made for hourly observations for burnouts.

5. Test Specimen

5.1 The test specimen shall be 0.0254 in. (0.645 mm) in
diameter. The length of the wire selected for test shall be such
as to give a test length of approximately 10 in. (254 mm).

5.2 The test specimen shall be representative with regard to
the surface of the average of the coil or spool of wire which has
been selected for test. Particular care shall be taken to see that
the specimen selected is free from kinks. This precaution is
necessary, since a kink, even though later removed may cause
burnout at that point.

NOTE 4—It is also very desirable to select and keep as a reference
standard for comparison, a spool or coil of wire that is uniform in cross
section from one end to the other. Tests may then be made at any time on
the reference standard, and if conditions have changed they will be noted
by the length of life of the standard. Comparisons between tests made at

Metric Equivalents

in. mm

1⁄2 12.7
5

5 / 32
131.0

71⁄4 184.2
211⁄2 546
22 559
52 1321
64 1626

FIG. 1 Test Panel
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different times on the standards and other wires may be correlated in this
manner (see Annex).

6. Mounting Specimen

6.1 A straight length of the specimen shall be shaped into a
“U” pattern, 10 in. (254 mm) of which shall be mounted
between the terminals described in 2.2. The “U” pattern shall
consist of two parallel legs and a semicircle of 1-in. (25.4-mm)
radius, the plane of which is parallel to and equidistant from
the front and back panels, and the legs of which are equally
spaced from the side panels.

7. Ballast Resistance

7.1 The ballast resistance in series with the specimen shall
be at least 60 % of the specimen resistance at the beginning of
the test, but shall not be greater than the specimen resistance.

8. Test Temperature

8.1 The true temperature of the test shall be 2250°F
(1232°C).

NOTE 5—The apparent temperature is approximately 50°F (27.8°C)
lower than the true temperature for the type alloy composed of 23 %
chromium, 5 % aluminum, and the remainder essentially iron.2

9. Procedure

9.1 Support the temperature measuring instrument so that it
can be quickly adjusted and read.

9.2 Set the variable transformer at minimum voltage.

NOTE 6—Do not operate the interrupter while the temperature is being
adjusted.

9.3 Close the switch in series with the specimen.
9.4 Adjust the variable transformer until the specimen is at

a low red heat.
9.5 Adjust the temperature of the specimen to 2000°F

(1093°C).

9.6 Allow the specimen to operate under this condition until
2 h have elapsed, in order to bring the emissivity nearer to a
black body condition.

9.7 Set the temperature of the specimen to 2200°F
(1204°C). Maintain this balance until 1 min has elapsed.

9.8 After another 13 min, readjust the temperature of the
specimen to 2250°F (1232°C). Final adjustment shall be
completed within the next minute or a total of 15 min. The end
of this 15-min period is the start of the test. It is important to
maintain this time schedule.

9.9 Measure the voltage and the current and record the
values together with the starting temperature and time of
starting the test.

9.10 Start the interrupter, the timing device of which shall
have been previously regulated so that the “on” period and the
“off” period shall be equal and shall each have a duration of 2
min.

NOTE 7—Various cycles have been tried varying from 10 min on and 5
min off to 30 s on and 30 s off, whence it was found that the 2-min-on and
2-min-off cycle gave the shortest life for a given temperature. It appears
that sufficient cooling time has to be allowed to permit the specimen to
reach a low enough temperature to cause any loosening or cracking of
scale which will occur due to variations in coefficient of expansion of the
scale and the metal. The heating and cooling operation is more damaging
to wire than maintaining it at a definite temperature.

9.11 Adjust the temperature to the test temperature after 5 h
and 24 h total elapsed time. Record the voltage and current
after each resetting. Stop the interrupter before each resetting
and start it again after making the observation.

9.12 After the first 24-h period and each 24 h thereafter until
burnout, adjust the temperature of the specimen to the test
temperature. After each temperature adjustment, observe and
record the voltage and current.

10. Record

10.1 Measurements and observations shall be recorded on a
data sheet similar to that shown in Fig. 3.

11. Report

11.1 Report the following information:
11.1.1 Nominal analysis,
11.1.2 Identification of specimen,
11.1.3 Cross-sectional dimensions of the specimen,
11.1.4 Life of the specimen in hours (total elapsed time

from the end of the first 15-min aging period to burnout), and
11.1.5 The increase in resistance as noted for the last

resistance reading before burnout.

12. Precision and Bias

12.1 The life test is an individual internal comparative test
only. Too many variables exist to define a unit that would
enable precision and bias to be defined. Insufficient need exists
to alter the existing test method. Therefore, precision and bias
are not defined.

12.2 Reproducibility:—In the course of the development of
this test method, it has been found that the major source of
irregularity is in respect to temperature measurement. There-
fore, no attempt shall be made to run standard accelerated life
tests until it has been definitely proved that the operator can

2 For reference see Roeser, W. F., “Spectral Emissivity (at 0.65µ) of Some Alloys
for Electrical Heating Elements,”Proceedings, ASTM, Vol 39, 1939, p. 780.

FIG. 2 Electrical Circuit Diagram for Accelerated Life Test
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obtain consistent results with specimens taken from the same
sample coil or spool. Four or five specimens shall be tested at
the same time to make sure that no variables, such as errors in
temperature measurement, would affect one test and not
another. Consecutive tests also shall be run. If the tests are
properly made and controlled, the life of a number of speci-

mens cut from the same spool should not vary more than
610 % from the average.

13. Keywords

13.1 accelerated life test; heating alloys; iron-chromium-
aluminum; life test; oxidation resistance

FIG. 3 Data Sheet for Accelerated Life Test Record for Iron-Chromium-Aluminum Alloys
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ANNEX

(Mandatory Information)

A1. PRECAUTIONS

A1.1 General

A1.1.1 Following are a few of the general considerations
and precautions that should be kept in mind in the setting up
and operation of the life test equipment and in the making of
the accelerated life test.

A1.2 Temperature

A1.2.1 Temperature is one of the most important variables
in a life test. The probable life of a wire varies inversely with
an exponential function of the temperature. This is readily
understandable when it is considered that the life of the wire
when operated at a temperature close to the melting point will
be but a few hours, while at lower temperatures, as for
example, about a red heat, it will endure for several thousand
hours.

A1.2.2 In general, it has been found desirable to use a
temperature for any particular alloy which will result in a total
life of approximately 100 h. Experience has indicated that this
is a sufficient length of life to give a fair index of the quality of
the material. A measure of the necessary length of time to get
a good life test is shown by the consistency of the results; for
example, if the test temperature is too high, the results are
likely to be inconsistent since the excessive temperature causes
aggravated hot spot conditions.

A1.2.3 To determine the temperature accurately, if the
disappearing filament-type optical pyrometer is being used, the
desired magnification can be obtained by substituting for the
standard objective lens, another lens having approximately one
half its focal length. The temperature of the wire under test is
very greatly affected by drafts. The enclosure, therefore, should
be left in place at all times during the temperature observation
and the pyrometer reading made directly through the glass
front of the enclosure. In taking this reading through the glass
front, it is necessary to allow for the reflection and absorption
of the glass. Reflection on the surface of the glass is the
principal cause of error. This effect is nearly independent of the
kind and thickness of the glass. Reflection from external light
sources shall be avoided. A correction of approximately 10°F
(5.5°C) or a correction as determined by a specific test for the
conditions involved shall be added to the temperature as
observed. The glass slide shall be kept clean at all times to
avoid increase in the absorption of light.

A1.3 Voltage Control

A1.3.1 In a number of cases, it has been attempted to make
life tests, using the regular line voltage with no regulation, but
this has never succeeded in producing uniform results. It is
absolutely essential that voltage control be used.
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of infringement of such rights, are entirely their own responsibility.
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if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
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responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
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Designation: B 84 – 90 (Reapproved 2001)

Standard Test Method for
Temperature-Resistance Constants of Alloy Wires for
Precision Resistors 1

This standard is issued under the fixed designation B 84; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers determination of the change of
resistance with temperature of alloy wires used for resistance
standards and precision resistors for electrical apparatus.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Significance and Use

2.1 Procedure A covers the determination of the equation of
the curve relating resistance and temperature where the curve
approximates a parabola. This test method may be used for
wire of any metal or alloy over the temperature interval
appropriate to the material.

2.2 Procedure B covers the determination of the mean
temperature coefficient of resistance for wire of any metal or
alloy over the temperature interval appropriate to the material.

3. Apparatus

3.1 The apparatus for making the test shall consist of one or
more baths for maintaining the specimen at the desired
temperatures; thermometers for measuring the temperatures of
the baths; and suitable means for measuring the resistance of
the specimen. Details of the apparatus are given in Sections 4
to 6.

4. Baths

4.1 Baths for use from − 65 to + 15°C may consist of toluol,
or equivalent.

4.2 Baths for use above 15 to 250°C may consist of
chemically neutral oils with a low viscosity, having a flash
point at least 50°C higher than the temperature of use.

4.3 The liquid in these baths shall be of such quantity and so
well stirred that the temperature in the region occupied by the

specimen and the thermometer will be uniform within 0.5°C
for any temperature between − 65 and + 100°C, and within
1.0°C for any temperature above 100 to 250°C. If the tempera-
ture range is less than 100°C, the uniformity of temperature
shall be proportionately closer.

NOTE 1—It is recommended that a solvent bath at room temperature
shall be used to rinse specimens before immersion in any temperature
bath.

5. Temperature Measurement Apparatus

5.1 The temperature shall be measured to an accuracy of
60.5°C, or 1 % of temperature range, whichever is smaller.

6. Resistance Measurement Apparatus

6.1 The change of resistance of the specimen shall be
measured by apparatus capable of determining such changes to
0.001 % of the resistance of the specimen if the temperature
range is 50°C or more. If the temperature range is less than
50°C, the accuracy of the resistance change measurements
shall be correspondingly greater.

6.2 The connections from the specimen to the measuring
device shall be such that changes in the resistance of these
connections due to changes in their temperature do not
appreciably affect the measurement of the change in resistance
of the specimen.

6.3 The temperature of the measuring apparatus shall not
change during the test by an amount sufficient to introduce
appreciable errors in the results. With apparatus of good
quality, a change in 1°C in room temperature is allowable.

6.4 The test current shall not be of such a magnitude as to
produce an appreciable change in resistance of the specimen or
measuring apparatus due to the heating effect. To determine
experimentally that the test current is not too large, the
specimen may be immersed in a bath having a temperature at
which it has been found that the wire has a relatively large
change in resistance with temperature. Apply the test current
and maintain until the resistance of the specimen has become
constant. Then increase the current by 40 % and maintain at
this value until the resistance has again become constant. If the1 This test method is under the jurisdiction of ASTM Committee B02 on

Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.10 on Thermostat Metals.

Current edition approved May 25, 1990. Published January 1991. Originally
published as B 84 – 31. Last previous edition B 84 – 88.
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change in resistance is greater than 0.01 %, the test current is
too large and shall be reduced until the foregoing limitation is
reached.

6.5 The measurements shall be made in such a way that the
effects of thermoelectromotive forces and parasitic currents are
avoided. When these effects are small, the resistance of the
specimen may be obtained by either of the following methods:

6.5.1 Obtain the galvanometer zero with the galvanometer
key open. Balance the bridge both with the direct and reversed
connection of the battery, the average value of the two results
being the resistance of the specimen.

6.5.2 Obtain the zero of the galvanometer with the galva-
nometer key closed and the battery key opened. A single
balance of the bridge is then sufficient to obtain the resistance
of the specimen.

7. Sampling

7.1 Take one test specimen from each continuous length of
the material to be tested.

8. Test Specimen

8.1 The test specimen shall be of a length that will give a
resistance that can be measured to the required accuracy.

8.2 If the wire is insulated, it may be wound in a circular,
open coil not less than 50 mm in diameter.

8.3 If the wire is not insulated, it may be wound on an
insulating form of a type that will not introduce strains in the
wire when subjected to temperature changes.

8.4 The tension used in winding shall be no more than
sufficient to produce a neat coil of insulated wire or to prevent
the touching of adjacent turns when bare wire is wound on an
insulating form.

8.5 For fine wires of sufficiently high-resistivity alloys,
straight wire specimens may be used. Precautions should be
taken to avoid the introduction of strains in the sample during
preparation.

9. Terminals

9.1 For specimens having a resistance so large that the
resistance of the leads is negligible, a copper wire may be
brazed, soldered, or welded to each end of the specimen for use
as a terminal. The resistance of the copper terminals shall be
less than 0.02 % of the resistance of the specimen.

9.2 If the resistance of the specimen is less than 10V, so
that it is necessary to use both current and potential terminals
in measuring the resistance, two copper wires may be brazed,
soldered, or welded to each end of the specimen for use as
terminals. The terminals shall be placed so that the measured
potential does not include the potential drop in the current
connections.

9.3 In coils made of fine wire where there is not sufficient
rigidity in the coil itself to furnish a satisfactory support for the
terminals, short lengths of thin glass or ceramic rods may be
found across the coil to act as struts and furnish an anchorage
for the terminals.

10. Preliminary Treatment of Specimen

10.1 The finished specimen shall be subjected to a baking
treatment as necessary to stabilize the resistance of the speci-

men. For manganin the treatment shall be at 1406 10°C
continuously for a period of 48 h.

11. Procedure A

11.1 Connect the test specimen in the measuring circuit and
submerge entirely in the bath. For a check on the constancy of
the specimen, make an initial resistance measurement at 25°C.
Raise the temperature of the bath or transfer the specimen to a
bath maintained constant at the highest temperature at which
measurements are to be made. When the specimen has attained
a constant resistance, record the reading of the measuring
device and the temperature of the bath.

11.2 Decrease the temperature of the test specimen to the
next lower temperature either by cooling the bath and main-
taining it constant at the next lower temperature, or by
removing the specimen to another bath maintained at the lower
temperature. When the resistance of the specimen has become
constant, again make observations of resistance and tempera-
ture.

11.3 In this manner, make a series of determinations of the
change of resistance with temperature for the desired descend-
ing temperature range, measurements being taken at intervals
of approximately 10 % of the temperature range or any
temperature interval specified by agreement between producer
and consumer.

11.4 Test at not less than four temperatures.
11.5 Note the temperature of the measuring apparatus at

frequent intervals during the test of each specimen.

12. Procedure B

12.1 See Section 11, except 11.4. Tests shall be made at not
less than three temperatures, including 25°C.

13. Resistance-Temperature Equation

13.1 Express the results in terms of the constants in an
equation of the following form:

Rt 5 R25@1 1 a~t 2 25! 1 b~t 2 25! 2#
(1)

where:
Rt = resistance of the specimen in ohms at tempera-

ture, °C,t,
R25 = resistance of the specimen in ohms at the

standard temperature of 25°C,
t = temperature of specimen, °C, and
a and b = temperature-resistance constants of the mate-

rial.
Temperature of maximum or minimum resistance

= 25°C − (a/2b)

NOTE 2—This equation will yield either a maximum or a minimum,
depending on which exists in the temperature range in question. However,
this equation is normally used for those alloys such as manganin, having
a temperature-resistance curve approximating a parabola with a maximum
near room temperature.

14. Calculation of Constants

14.1 The values ofa, b and R25 may be determined by
selecting the measured values ofRt at three well-separated
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temperatures, inserting the values ofRt and t in the above
equation to form three equations, and solving simultaneously
the three equations forR25, a, andb.

14.2 When the measurements have not been made at exactly
25°C, or at other suitable temperatures, the calculation may be
simplified by plotting a curve from the observed values of
resistance and temperature, from which curveR25 may be read
directly. Two additional points may then be selected on the
curve, preferably one att1, at least 5°C below the reference
temperature of 25°C, and a second temperature,t2 near the
highest temperature measured but satisfying the following
relation:

K ~252 t1! 5 t2 2 255 KDt (2)

where K is, for ease of calculation, generally taken as an
integer.

NOTE 3—Example:If t1 is 10°C below the reference temperature then
t2 should be 10 or 20 or 30°C etc., above the reference temperature for
greatest ease of calculation, so thatK = 1 or 2 or 3, respectively.

14.3 If R1 is the resistance at the temperaturet1, andR2 is
the resistance at the temperaturet2, then:

a 5 [~R2 2 R25! 2 K2~R1 2 R25!#/R25K~K 1 1!Dt (3)

b 5 [K ~R1 2 R25! 1 ~R2 2 R25!#/R25K~K 1 1!~Dt!2 (4)

If K = 1, this simplifies to:

a 5 ~R2 2 R1!/2R25 Dt (5)

b 5 ~R1 1 R2 2 2R25!/2R25~Dt!2 (6)

If, instead of measuring the actual resistances at the different
temperatures, the change in resistance relative to the resistance
at 25°C is measured, the above equations take a slightly
different form, as follows: LetDR1 represent the change in
resistance in ohms per ohm in going from 25°C tot1, andDR2

the similar change in going from 25°C tot2. That is:

DR1 5 ~R1 2 R25!/R25 (7)

and

DR2 5 ~R2 2 R25!/R25 (8)

Then

a 5 ~DR2 2 K2DR1!/K ~K 1 1!Dt (9)

b 5 ~KDR1 1 DR2!/K ~K 1 1!~Dt!2 (10)

If K = 1, this simplifies to:

a 5 ~R2 2 DR1!/2Dt (11)

b 5 ~DR1 1 DR2!/1~Dt!2 (12)

NOTE 4—A useful alternative method of calculation is presented as
follows: The resistance-temperature equation is referred to 0°C, and
relative resistance values are used. For example, over the useful range
from 15 to 35°C, the resistance-temperature curve of manganin is
parabolic and of the form:

Pt 5 P0 1 At 1 Bt 2 (13)

where:
Pt = %, ratio of the resistance of the specimen att °C to the resistance

of the standard resistor at 25°C, expressed in percent,
P0 = %, ratio of the resistance of the specimen at 0°C to the resistance

of the standard resistor at 25°C, expressed in percent, and

A andB are constants calculated from resistance measurements made at
different temperatures. One method of measurement used in production
testing is to compare the resistance of the test sample to that of a stable
resistor of known characteristics maintained at reference temperature
25°C. The resistance is approximately the same as the test sample and
measurements usually are made directly in percentages (for example,
100.008 %). If measurements are made at four temperaturest1, t2, t3, and
t4 between 15 and 35°C, and the corresponding ratios of test sample
resistance to standard resistor are measured in percentages asP1, P2, P3,
andP4, then the constantsA andB, the peak temperature, and temperature
coefficient may be calculated from the following equations:

A 5
1
2FP3 2 P1

t3 2 t1
1

P2 2 P1

t4 2 t1
2 ~t3 1 tr 1 2t1!G (14)

B 5

P3 2 P1

t3 2 t1
1

P4 2 P1

t4 2 t1
2 2

P2 2 P1

t2 2 t1
t3 1 t4 2 2t2

(15)

The peak temperature is − (A/2B) and the temperature coeffi-
cient between temperaturet and the peak temperature in
percent per degree Celsius is (A + 2Bt)/2. Then

a 5 ~A 1 50B!/100 (16)

b 5 B/100 (17)

15. Procedure A—Report

15.1 Report the following information:
15.1.1 Identification of specimen,
15.1.2 Description of material and its insulation,
15.1.3 Length of wire in specimen and approximate resis-

tance,
15.1.4 Tabular list of resistances and temperatures in the

order taken,
15.1.5 Temperature of measuring apparatus and room at

start and finish of test,
15.1.6 Values oft andDR used in calculatinga andb,
15.1.7 Values calculated for the temperature-resistance con-

stantsa andb, and
15.1.8 Temperature of the specimen at which the change of

resistance with temperature is zero, if such occurs within the
measured range.

16. Procedure B—Report

16.1 Report the following information:
16.1.1 Identification of specimen,
16.1.2 Description of material and its insulation,
16.1.3 Length of wire in specimen and approximate resis-

tance,
16.1.4 Tabular list of resistance and temperatures in the

order taken,
16.1.5 Temperature of measuring apparatus and room at

start and finish of test, and
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16.1.6 Values of temperature coefficient of resistance in
microhms per ohm per degree Celsius or parts per million per
degree Celsius. These values shall be calculated for each test
temperature, using the following equation:

Mean temperature coefficient of resistance over specified
temperature interval

5 [~R1 2 R25!/R25~T1 2 25!# 3 106 (18)

where:
R1 = resistance of specimen at test temperature,V ,
R25 = resistance of specimen at 25°C,V, and
T1 = temperature of the bath, °C.

17. Record

17.1 The measurements shall be recorded on a data sheet
similar to that shown in Table 1.

18. Precision and Bias

18.1 The instrumentation and operator’s skill play a large
part in the precision and bias attainable. There are no data
available to determine a precision and bias figure for this test
method.

19. Keywords

19.1 resistance change; resistance constants; resistors; resis-
tor wire; emperature coefficient; temperature resistance

TABLE 1 Illustrative Form for Reporting Test Data and Calculations

NOTE 1—The following table, with test values inserted for purpose of illustration, is only a suggested form for recording test data and calculations on
temperature-resistance characteristics.

Material Manganin, Specimen No. 1. From Shipment Received ... Jan. 14, 1936
Maker John Doe
Size 0.010 in. Approximate Resistance of Specimen ... 100 V
Insulation Double Silk. Length of Wire ... 11.4 m.

Record of Test

Order of Measurement Temperature, °C Resistance, AV DRt 3 10 −6 = [(Rt − R25)/R25] 3 10 −6

1 B 25 99.8743 ...
2 80 99.7336 −1403
3 65 99.7936 −803
4 5035 99.8391 −348
5 30 99.8671 −68
6 25 99.8717 −22
7 20 99.8739 0
8 15 99.8735 −4
9 25 99.8707 −32

10 B 99.8739 ...
A If the method of measurement is such that DRt is measured directly, this column may be omitted.
B Indicates stability only, not used in calculation.

Calculations

Original Supplementary

Temperature,° C DRt 3 10 −6 Temperature,° C DRt 3 10 −6

25 . . . . . . . . . . . . . . . . 0 25 . . . . . . . . . . . . . . . . 0
15 . . . . . . . . . . . . . . . . −32 20 . . . . . . . . . . . . . . . . −4
65 . . . . . . . . . . . . . . . . −803 80 . . . . . . . . . . . . . . . . . −1403

Dt = 10 Dt = 5
K = 4 K = 11
a = −1.46 a = −1.40
b = −0.47 b = −0.44

Average a = −1.4 3 10 −6

Average b = −0.45 3 10 −6

Temperature for maximum resistance = 25°C (a/2b) = 23.4°C.
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APPENDIX

(Nonmandatory Information)

X1. ALTERNATIVE COMPUTATIONS

X1.1 Another useful alternative for computing the value of
a andb is: For a given piece of manganin, if the resistances at
three different appropriate temperatures (one of which is 25°C)
are known, they may be substituted into the equation of Section
11 to form two equations. These two equations may be solved
simultaneously fora andb as follows:

b 5

~Pn 2 P25!

~Tn 2 25!
2

~Pm 2 P25!
Tm 2 25!

~Tn 2 Tm!

a 5 [~Pn 2 P25!/~Tn 2 25!# 2 b~Tn 2 25!

where:
Pn = resistance difference from a nominal value

(expressed in parts per million) at temperature
Tn(°C),

Pm = resistance difference from a nominal value
(expressed in parts per million) at temperature
Tm(°C),

P25 = resistance difference from a nominal value
(expressed in parts per million) at 25°C, and

a and b = constants (a expressed in ppm/°C;b in ppm/
(°C) 2).

X1.1.1 As before, the temperature of peak resistance in
degrees Celsius is:

Tmax5 252 ~a/2b!~dc!

X1.1.2 The temperature coefficient (T.C.) in parts per mil-
lion per degree Celsius at any temperature is:

T.C. 5 a 1 2b~T 2 25!

X1.1.3 The resistor whose temperature coefficient data is
being determined is measured at three temperatures as follows:

Tm T25 T n

Wire-grade manganin
Shunt-grade manganin

17°C
40°C

25°C
25°C

32°C
50°C

All temperatures must be held to60.2°C.
X1.1.4 The resistance values are measured and recorded in

terms of differences from another resistor (such as an NIST or
Reichenshalt design) expressed in parts per million. The values
are designatedPm andPn corresponding toTm andTn.

X1.1.5 The resolution of the resistance determination must
be 1 ppm or better for wire-grade manganin. The resolution of
the resistance determination must be 5 ppm or better for
shunt-grade manganin.

X1.1.6 After the resistance values at the three temperatures
have been obtained, the values and the temperatures are
substituted into the equations forb and a to obtain the
numerical values ofb anda .

X1.1.7 If the determination ofa andb are to conform with
this specification, measurements at four temperatures will have
to be made. The computation ofa andb shall be made using
three of the four temperatures and their corresponding resis-
tance differences. A second computation ofa and b shall be
made using three of the four temperatures, one of which is the
one not used in the preceding section. This computation ofa
andb using differentTm’s (or Tn’s) will ensure that no mistake
has been made. Differences between the two values of eithera
or b shall not exceed 10 %.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
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Designation: B 86 – 03

Standard Specification for
Zinc and Zinc-Aluminum (ZA) Alloy Foundry and Die
Castings 1

This standard is issued under the fixed designation B 86; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification covers commercial zinc and zinc-
aluminum castings, as designated and specified in Table 1.
Seven alloy compositions are specified and designated as
follows:

UNS ASTMA Common Traditional

Z33520 AG 40AB Alloy 3 Zamak 3
Z33523 AG 40B Alloy 7 Zamak 7
Z35531 AC 41AB Alloy 5 Zamak 5
Z35541 AC 43A Alloy 2 Zamak 2
Z35636 ZA-8
Z35631 ZA-12
Z35841 ZA-27

__________
ASee Table 1, Footnote B
BSAE Specification, Nos. 903 and 925 conform to the requirements for alloys

AG40A and AC41A, respectively.

1.2 Zinc Alloys Z33520, Z33523, Z35531, and Z35541 are
used primarily in the manufacture of pressure die castings.
Zinc-Aluminum Alloys Z35636, Z35631, and Z35841 are used
in the manufacture of both foundry and pressure die castings.

1.3 The values stated in inch-pound units are to be regarded
as the standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of order acceptance form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:

B 240 Specification for Zinc and Zinc-Aluminum (ZA)
Alloys in Ingot Form for Foundry and Die Castings2

B 275 Practice for Codification of Certain Nonferrous Met-
als and Alloys, Cast and Wrought3

B 557 Test Methods of Tension Testing Wrought and Cast
Aluminum- and Magnesium-Alloy Products3

B 899 Terminology Relating to Non-ferrous Metals and
Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials4

E 23 Test Methods for Notched Bar Impact Testing of
Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 47 Test Methods for Chemical Analysis of Zinc Die-
Casting Alloys6

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition7

E 527 Practice for Numbering Metals and Alloys (UNS)8

E 536 Test Methods for Chemical Analysis of Zinc and Zinc
Alloys7

E 634 Practice for Sampling of Zinc and Zinc Alloys for
Optical Emission Spectrometric Analysis7

2.3 North American Die Casting Association (NADCA):
NADCA Product Specification Standards for Die Castings9

2.4 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)10

2.5 Military Standard:
MIL-STD-129 Marking for Shipment and Storage (Military

Agencies)10

2.6 Military Specification:
MIL-P-116 Methods of Preservation10

2.7 ISO Standard:

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.04 on Zinc and Cadmium.

Current edition approved June 10, 2003. Published August 2003. Originally
approved in 1931. Last previous edition approved in 1998 as B 86 - 98e1.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 02.02.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Withdrawn; see1997 Annual Book of ASTM Standards, Vol 03.05.
7 Annual Book of ASTM Standards, Vol 03.05.
8 Annual Book of ASTM Standards, Vol 01.01.
9 Available from North American Die Casting, Assn., 2000 5th Ave., River

Grove, IL 60171.
10 Available from Standardization Documents Order Desk, DODSSP, Bldg. 4,

Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098
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H 5301

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 die casting, n—a casting process in which molten

metal is injected under high velocity and pressure into a metal
die and solidified, also a product produced by such a process.
Alternately known as pressure die casting.

3.2.2 foundry casting—metal object produced by introduc-
ing molten metal by gravity into a mold of any type and
allowing it to solidify.

3.2.3 permanent mold casting—metal object produced by
introducing molten metal by gravity or low pressure into a
mold constructed of durable material, usually iron or steel, and
allowing it to solidify. When a graphite mold is used the
process is known asgraphite permanent mold casting.

3.2.4 sand casting—metal object produced by introducing
molten metal by gravity into a sand mold and allowing it to
solidify.

3.2.5 semipermanent mold casting—permanent mold cast-
ing which is made using an expendable core such as sand.

4. Ordering Information

4.1 Orders for die castings shall include the following basic
information:

4.1.1 This specification number and date,
4.1.2 Quantity and delivery schedule, as required,
4.1.3 Part name and number,
4.1.4 Alloy (Table 1), and
4.1.5 Drawing of casting, when required, giving all neces-

sary dimensions and showing latest revisions and allowances
for matching, if any. Location of ejector pin marks or parting

lines shall be at the option of the producer, unless specifically
designated on the drawing.

4.2 Additional tests, options, and special inspection require-
ments as provided as follows should be justified only on the
basis of need. These shall be specified in the contract or
purchase order, as additional procedures and extended delivery
time may be involved.

4.2.1 Chemical analysis (6.1.1),
4.2.2 Quality assurance (Section 15),
4.2.3 Special proof tests or mechanical properties (Section

7),
4.2.4 General quality options for internal soundness or for

finish (Section 14),
4.2.5 Source inspection (Section 9),
4.2.6 Certification (Section 11),
4.2.7 Marking for identification (Section 12), and
4.2.8 Special packaging (Section 13).

5. Material

5.1 The metal used in the manufacture of die castings shall
be zinc alloy of a specified chemical composition conforming
to the requirements of Specification B 240.

6. Chemical Requirements

6.1 Limits—The casting shall conform to the requirements
as to chemical composition prescribed in Table 1. Conform-
ance shall be determined by the producer by analyzing samples
taken at the time that castings are made. If the producer has
determined the chemical composition of the metal during the
course of manufacture, he shall not be required to sample and
analyze the finished product.

6.1.1 When a detailed chemical analysis is required with a
shipment, it shall be called for in the contract or purchase order.

TABLE 1 Chemical Requirements

Element

Z33520
(AG40A)A,B,C,D

Alloy 3
Zamak 3

Z33523
(AG40B)A,B,C,D

Alloy 7
Zamak 7

Z35531
(AC41A)A,B,C,D

Alloy 5
Zamak 5

Z35541
(AC43A)A,C,,D

Alloy 2
Zamak 2

Z35636
A,C,E

ZA-8

Z35631
A,C,E

ZA-12

Z35841
A,C,E

ZA-27

Aluminum 3.5-4.3 3.5-4.3 3.5-4.3 3.5-4.3 8.0-8.8 10.5-11.5 25.0-28.0
Magnesium 0.020-0.05F 0.005-0.020 0.03-0.08F 0.020-0.050 0.015-0.030 0.015-0.030 0.010-0.020
Copper 0.25 maxG 0.25 max 0.75-1.25 2.5-3.0 0.8-1.3 0.5-1.2 2.0-2.5
Iron, max 0.100 0.075 0.100 0.100 0.075 0.075 0.075
Lead, max 0.005 0.0030 0.005 0.005 0.006 0.006 0.006
Cadmium, max 0.004 0.0020 0.004 0.004 0.006 0.006 0.006
Tin, max 0.003 0.0010 0.003 0.003 0.003 0.003 0.003
Nickel . . . 0.005-0.020 . . . . . . . . . . . . . . .
ZincH remainder remainder remainder remainder remainder remainder remainder

AFor purposes of acceptance and rejection, the observed value or calculated value obtained from analysis should be rounded to the nearest unit in the last right-hand
place of figures, used in expressing the specified limit, in accordance with the rounding procedure prescribed in Practice E 29.

BZinc alloy castings may contain nickel, chromium, silicon, and manganese in amounts of 0.02, 0.02, 0.035, and 0.06 % respectively. No harmful effects have ever been
noted due to the presence of these elements in these concentrations and, therefore, analyses are not required for these elements, with the exception of nickel analysis
for Z33522.

CASTM alloy designations were established in accordance with Practice B 275. The UNS designations were established in accordance with Practice E 527. The last digit
of a UNS number differentiates between alloys of similar composition. The UNS designations for ingot and casting versions of an alloy were not assigned in the same
sequence for all alloys.

D When this material is required to conform to ISO Standard H5301, the chemical limits for thallium and indium each shall not exceed 0.001 %.
E Zinc-aluminum ingot for foundry and pressure die casting may contain chrome, manganese, or nickel in amounts of up to 0.01 % each or 0.03 % total. No harmful

effects have ever been noted due to the presence of these elements in up to these concentrations and, therefore, analyses are not required for these elements.
FMagnesium may be as low as 0.015 % provided that the lead, cadmium, and tin do not exceed 0.003, 0.003, and 0.001 % respectively.
GFor the majority of commercial applications, a copper content in the range from 0.25 to 0.75 % will not adversely affect the serviceability of die castings and should

not serve as a basis for rejection.
HDetermined arithmetically by difference.
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6.1.2 If the producer’s or supplier’s method of composition
control is acceptable, sampling for chemical composition may
be waived at the discretion of the purchaser.

6.2 Number of Samples—When required, samples for deter-
mination of chemical composition shall be taken to represent
the following:

6.2.1 A sample shall be taken from each of two representa-
tive castings selected from each lot defined in 15.2.

6.3 Methods of Sampling—Samples from castings for de-
termination of chemical composition shall be taken in accor-
dance with one of the following methods:

6.3.1 Samples for chemical analysis shall be taken from the
material by drilling, sawing, milling, turning, or clipping a
representative piece or pieces to obtain a weight of prepared
sample not less than 100 g. Sampling shall be in accordance
with Practice E 88.

6.3.2 By agreement, an appropriate spectrographic sample
may be prepared at the time of manufacture.

6.3.3 The method of sampling cast products for spectro-
chemical and other methods of analysis shall be suitable for the
form of material being analyzed and the type of analytical
method used.

6.4 Method of Analysis—The determination of chemical
composition shall be made in accordance with suitable chemi-
cal (Test Methods E 536 or E 47 for tin) or other test methods.
In case of dispute, the results secured by Test Method E 536
and Test Method E 47 for tin only shall be the basis of
acceptance.

7. Physical Properties, Mechanical Properties and Tests

7.1 Unless specified in the contract or purchase order, or
specified on the detail drawing, acceptance of castings under
this specification shall not depend on mechanical properties
determined by tension or impact tests.

7.1.1 Appendix X1 shows typical mechanical properties,
determined on separately cast test bars produced under care-
fully controlled conditions.

7.1.2 While these typical mechanical properties of sepa-
rately cast test bars are useful for comparing the relative
properties of various casting alloys, they should not be used to
establish design limits or acceptance criteria.

7.1.3 If tension or impact tests are made on separately cast
test bars, test specimens conforming to the dimensions shown
in Test Methods B 557 (the figure entitled, Standard Tension
Test Specimen for Die Castings), Test Methods E 8, (the figure
entitled Standard Test Specimen for Cast Iron), and of Test
Methods E 23 (the figure entitled, Charpy (Simple-Beam)
Impact Test Specimens, Types A, B, and C) shall be used, and
process operating variables shall be optimized for the specific
mold or die being used.

7.1.4 When specified in the contract or purchase order,
castings shall withstand proof tests without failure as defined
by agreement between the purchaser and the producer or
supplier.

7.2 Appendix X2 shows typical physical properties of zinc
and zinc-aluminum (ZA) casting alloys and does not constitute
a part of this specification but is provided for informational
purposes only.

8. Dimensions, Mass, and Permissible Variations

8.1 Permissible variations in dimensions shall be within the
limits specified on the drawings or in the contract or purchase
order.

8.1.1 For die castings, any dimensions for which a tolerance
is not specified shall be in accordance with NADCA Product
Specification Standards for Die Castings.

8.2 Dimensional tolerance deviations waived by the pur-
chaser shall be confirmed in writing to the producer or supplier.

9. Source Inspection

9.1 If the purchaser desires that his representative inspect or
witness the inspection and testing of the product prior to
shipment, such agreement shall be made by the purchaser and
producer or supplier as part of the contract or purchase order.

9.2 When such inspection or witness of inspection and
testing is agreed upon, the producer or supplier shall afford the
purchaser’s representative all reasonable facilities to satisfy
him that the product meets the requirements of this specifica-
tion. Inspection and tests shall be conducted so there is no
unnecessary interference with the producer’s operations.

10. Rejection and Rehearing

10.1 When one or more samples, depending on the ap-
proved sampling plan, fail to meet the requirements of this
specification, the represented lot is subject to rejection except
as otherwise provided in 10.2

10.2 Lots rejected for failure to meet the requirements of
this specification may be resubmitted for test provided:

10.2.1 The producer has removed the nonconforming mate-
rial or the producer has reworked the rejected lot as necessary
to correct the deficiencies.

10.3 Individual castings that show injurious imperfections
during subsequent manufacturing operations may be rejected.
The producer or supplier shall be responsible only for replace-
ment of the rejected castings to the purchaser. As much of the
rejected original material as possible shall be returned to the
producer or supplier.

11. Certification

11.1 The producer or supplier shall, when called for in the
contract or purchase order, furnish to the purchaser a certificate
of inspection stating that each lot has been sampled, tested, and
inspected in accordance with this specification, and has been
found to meet the requirements specified.

12. Identification Marking

12.1 When specified in the contract or purchase order, or in
the detail drawing, all castings shall be properly marked for
identification with the part number and name or brand of the
producer as specified.

13. Preparation for Delivery

13.1 Packaging—Unless otherwise specified, the castings
shall be packaged to provide adequate protection during
normal handling and transportation. Each package shall con-
tain only one type item unless otherwise agreed upon. The type
of packaging and gross weight of containers shall, unless
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otherwise agreed upon, be at the producer’s discretion, pro-
vided they are such as to ensure acceptance by common or
other carriers for safe transportation at the lowest rate to the
delivery point.

13.2 Marking—Each shipping container shall be legibly
marked with the purchase order number, gross and net weights,
and the supplier’s name or trademark. Marking for shipment
shall be in accordance with Fed. Std. No. 123 for civil agencies
and MIL-STD-120 for military agencies.

13.3 Preservation— Material intended for prolonged stor-
age in unheated locations shall be adequately packed and
protected to avoid deterioration and damage. When specified in
the contract or purchase order, material shall be preserved,
packaged, and packed in accordance with the requirements for
MIL-P-116. The applicable levels shall be as specified in the
contract or order.

14. General Quality

14.1 Internal Soundness—When specified, the soundness of
castings shall conform to standards or requirements agreed
upon between the producer or supplier and the purchaser. The
number and extent of imperfections shall not exceed those
specified by the purchaser. The standards or requirements may
consist of radiographs, photographs, or sectioned castings.

14.2 Imperfections inherent in castings shall not be cause
for rejection provided it is demonstrated that the castings are in
accordance with the requirements and standards agreed upon.

14.3 Workmanship— Castings shall be of uniform quality
and free of injurious discontinuities that will adversely affect
their serviceability.

14.4 Finish—When specified in the contract or purchase
order for die castings, the as-cast surface finish required shall
conform to standards agreed upon between the purchaser and
the producer or supplier, or as prescribed in NADCA Product
Specification Standards for Die Castings.

14.5 Pressure Tightness—When specified in the contract or
purchase order, the pressure tightness of die castings shall
conform to standards agreed upon between the purchaser and

the producer or supplier, or as specified in NADCA Product
Specification Standards for Die Castings.

15. Quality Assurance

15.1 Responsibility for Inspection—When specified in the
contract or purchase order, the producer or supplier is respon-
sible for the performance of all inspection and test require-
ments specified herein. Except as otherwise specified in the
contract or order, the producer or supplier may use his own or
any other suitable facilities for the performance of the inspec-
tion and test requirements specified herein, unless disapproved
by the purchaser. The purchaser shall have the right to perform
any of the inspections and tests set forth in this specification.
Quality assurance standards shall be agreed upon between the
producer or supplier and purchaser at the time a contract or
order is placed.

15.2 For normal inspection purposes, an inspection lot shall
consist of production from each mold or die during a single
production run, as defined and recorded by the producer, and
shipped, or available for shipment, at one time.

15.3 The producer or supplier shall examine each casting of
a randomly or statistically selected sample to determine con-
formance to the requirements with respect to general quality
and specific requirements of the contract, purchase order, or
part drawing. The results of this inspection shall be recorded.

15.4 Unless otherwise specified in the contract, purchase
order, or part drawing, detailed dimensional conformance shall
normally be determined on one or more preproduction
samples.

15.5 When specified in the contract, purchase order, or part
drawing, special inspection lot definitions may be established,
for a specific part.

16. Keywords

16.1 castings; die castings; foundry castings; permanent
mold castings; pressure die castings; sand castings; ZA alloys;
Zamak; zinc; zinc-aluminum alloys; zinc metal
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APPENDIXES

(Nonmandatory Information)

X1. Typical Mechanical Properties of Zinc and Zinc-Aluminum Alloy Test Specimens

X1.1 The data in Table X1.1 do not constitute a part of this
specification. However, they will indicate to the purchaser the
mechanical properties that may be expected of test specifica-
tions made under best known conditions from remelted alloy
ingot as provided in this specification.

X1.2 It is not considered good engineering practice to
specify mechanical property values for tension or impact
specimens cut from castings, and the values in Table X1.1 do
not represent the properties of specimens cut from castings.
See 7.1.4 for proof tests.

TABLE X1.1 Typical Mechanical Properties of Zinc and Zinc-Aluminum Alloy Test Specimens

Z33520
Alloy 3
AG40A
Zamak 3

Z33523
Alloy 7
AG40B
Zamak 7

Z35531
Alloy 5
AC41A
Zamak 5

Z35541
Alloy 2
AC43A
Zamak 2

Z35636
ZA-8

Z35631
ZA-12

Z35841
ZA-27

Sand
Cast

Perm
Mold

Die
Cast

Sand
Cast

Perm
Mold

Die
Cast

Sand
Cast

Sand
Cast HtA

Die
Cast

Ultimate
tensile strength

psi 3 103

MPa
41
283

41
283

48
328

52
359

38
263

32-37
221-255

54
374

40-46
276-317

45-50
310-345

58
404

58-64
400-441

45-57
310-324

61
425

Tensile
yield strengthB

psi 3 103

MPa
32
221

32
221

33
228

29
198

30
208

42
290

31
211

39
268

46
320

54
371

37
257

55
376

Compressive
yield strengthC

psi 3 103

MPa
60
414

60
414

87
600

93
641

29
199

31
210

37
252

33
230

34
235

39
269

48
330

37
257

52
385

Elongation % in. 2 in. (51 mm) 10 13 7 7 1-2 1-2 6-10 1-3 1-3 4-7 3-6 8-11 1-3

Shear
strength

psi 3 103

MPa
31
214

31
214

38
262

46
317

35
241

40
275

37
253

$35
241

43
296

42
292

33
225

47
325

Hardness BrinellD 82 80 91 100 85 87 103 94 89 100 113 94 119

Impact
strength

ft-lbf
J

43E

58
43E

58
48E

65
35E

47
15F

20
31E

42
19F

25
21F

29
35E

48
43E

58
9.4F

12.8

Fatigue
strengthG

psi 3 103

MPa
6.9
47.6

6.8
46.9

8.2
56.5

8.5
58.6

7.5
51.7

15
103

15
103

17
117

25
172

15
103

21
145

Young’s
Modulus

psi 3 106

MPa
$12.4
$85.5

$12.4
$85.5

$12.4
$85.5

$12.4
$85.5

12.4
85.5

12.4
85.5

12.4
85.5

12.0
82.7

12.0
82.7

12.0
82.7

11.3
77.9

11.3
77.9

11.3
77.9

Torsional
Modulus

psi 3 106

MPa 3 103
$4.8
$33.1

$4.8
$33.1

$4.8
$33.1

$4.8
$33.1

$4.8
$33.1

$4.8
$33.1

$4.8
$33.1

$4.6
$31.7

$4.6
$31.7

$4.6
$31.7

$4.3
$29.6

$4.3
$29.6

$4.3
$29.6

A 3 h at 610°F (320°C) and furnace-cooled.
B 0.2 % offset.
C 0.1 % offset.
D 500-kg load, 10-mm ball.
E 1⁄4 in. unnotched Charpy.
F 10-mm unnotched Charpy.
G Rotary bend 5 3 10 8 cycles.
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X2. Physical Properties of Zinc and Zinc-Aluminum (ZA) Alloy

X2.1 The physical property data given in Table X2.1 do not
constitute a part of this specification. Properties are given for
informational purposes only.

X3. Metric Equivalents

X3.1 The SI unit for strength properties (MPa) is in
accordance with the International System of Units (SI). The
derived SI unit for force is the newton (N), which defined as
that force which when applied to a body having a mass of 1 kg
gives it an acceleration of 1 m/s2(N = kg·m/s2). The derived SI

unit for pressure or stress is the newton per square metre (N/m
2), which has been named the pascal (Pa) by the General
Conference on Weights and Measures. Since 1 ksi = 6 894 757
Pa, the metric equivalents are expressed as megapascal (MPa),
which is the same as MN/m2 and N/mm2.

TABLE X2.1 Physical Properties of Zinc and Zinc-Aluminum (ZA) Alloy

Z33520
Alloy 3

(AG40A)
Zamak 3

Z33523
Alloy 7

(AG40B)
Zamak 7

Z35531
Alloy 5

(AC41A)
Zamak 5

Z35541
Alloy 2

(AC43A)
Zamak 2

Z35636
ZA-8

Z35631
ZA-12

Z35841
ZA-27

Density lb/in.3

g/cm3
0.24
6.60

0.24
6.60

0.24
6.60

0.24
6.60

0.227
6.3

0.218
6.03

0.181
5.00

Melting Range °F
°C

718-728
381-387

718-728
381-387

717-727
380-386

715-734
379-390

707-759
375-404

710-810
377-432

708-903
375-487

Specific heat BTU/lb/°F
J/kg °C

0.10
419

0.10
419

0.10
419

0.10
419

0.104
435

0.107
450

0.125
525

Coefficient of thermal expansion µin./in./°F
µm/m°C

15.2
27.4

15.2
27.4

15.2
27.4

15.4
27.7

12.9
23.3

13.4
24.2

14.4
26.0

Thermal conductivity BTU/ft hr °F
W/m/h°C

65.3
113.0

65.3
113.0

62.9
108.9

60.5
104.7

66.3
114.7

67.1
116.1

72.5
125.5

Electrical conductivity % IACS 27 27 26 25 27.7 28.3 29.7

Electrical resistivity µV in. at 68°F
µV CM at
20°C

2.5
6.4

2.5
6.4

2.6
6.5

2.7
6.9

2.4
6.2

2.4
6.1

2.3
5.8

Solidification shrinkage % 1.17 1.17 1.17 1.25 1.1 1.3 1.3

Pattern makersAshrinkage in./ft
mm/m

1/8
10.4

5/32
13.0

5/32
13.0

Die makersBshrinkage in./in.
mm/mm

0.007 0.007 0.007 0.007 0.007 0.0075 0.008

ASand cast and permanent mold.
BDie cast.
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SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue (B 86 - 98e1)
that may impact the use of this standard.

(1) Traditional names Zamak 2, Zamak 3, Zamak 5, and Zamak
7 were added for the respective alloys.

(2) Definition of die casting was changed.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 102 – 00

Standard Specification for
Lead- and Tin-Alloy Die Castings 1

This standard is issued under the fixed designation B 102; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers die castings produced from
five alloys whose primary metal is either lead or tin. Table 1
lists the designations for these alloys as well as their chemical
compositions.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of order acceptance form a part of this specification to the
extent referenced herein.

2.2 ASTM Standards:
B 23 Specification for White Metal Bearing Alloys (Known

Commercially as Babbitt Metal)2

B 275 Practice for Codification of Certain Nonferrous Met-
als and Alloys, Cast and Wrought3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 23 Test Methods for Notched Bar Impact Testing of
Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 46 Test Methods for Chemical Analysis of Lead- and
Tin-Base Solder6

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition7

2.3 Federal Standards:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)8

2.4 Military Standards:MIL-STD-129 Marking for Ship-
ment and Storage (Military Agencies)8

2.5 Military Specifications:MIL-P-116 Methods of Preser-
vation8

3. Terminology

3.1 Definitions:
3.1.1 die casting—a metal object produced by the introduc-

tion of molten metal under substantial pressure into a metal die
and characterized by a high degree of fidelity to the die cavity.

4. Ordering Information

4.1 Orders for die castings shall include the following basic
information:

4.1.1 This specification number and date,
4.1.2 Quantity and delivery schedule, as required,
4.1.3 Part name and number,
4.1.4 Alloy (Table 1), and
4.1.5 Drawings of die casting, when required, giving all

necessary dimensions and showing latest revisions and allow-
ances for machining, if any. Location of ejector pin marks or
parting lines shall be at the option of the producer, unless
specifically designated on the drawing.

4.2 Additional tests, options and special inspection require-
ments as provided below shall be specified in the contract or
purchase order, as additional procedures. Extended delivery
time may be involved.

4.2.1 Chemical analysis (7.1.1),
4.2.2 Quality assurance (Section 9),
4.2.3 Special proof tests or mechanical properties (Section

7),
4.2.4 General quality options for internal soundness or for

finish (Section 11),
4.2.5 Source inspection (Section 11),
4.2.6 Certification (Section 12),
4.2.7 Marking for identification (Section 13), and
4.2.8 Special packaging (Section 14).

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys,and is the direct responsibility of Subcommittee
B02.02on Lead, Tin and their Alloys.

Current edition approved Dec. 10, 2000. Published January 2001. Originally
published as B 102 – 36. Last previous edition B 102-93

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 02.02.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Discontinued-See 1994Annual Book of ASTM Standards, Vol 03.05.
7 Annual Book of ASTM Standards, Vol 03.05.
8 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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5. Quality Assurance

5.1 Responsibility for Inspection—When specified in the
contract or purchase order, the producer or supplier is respon-
sible for the performance of all inspection and test require-
ments specified herein. Except as otherwise specified in the
contract or order, the producer or supplier may use his own or
any other suitable facilities for the performance of the inspec-
tion and test requirements specified herein, unless disapproved
by the purchaser. The purchaser shall have the right to perform
any of the inspections and tests set forth in this specification.
Quality assurance standards shall be agreed upon between the
producer or supplier and purchaser at the time a contract or
order is placed.

5.2 Lot Definition— An inspection lot shall be defined as
follows:

5.2.1 An inspection lot shall consist of the production from
each die or compound die on each machine for each 24 h
during the first week of normal operation and the production
for each 48 h thereafter of normal operation. Any significant
change in the machine, composition, die or continuity of
operation shall be considered as the start of a new lot. Die
castings inspected by this method shall be so marked or
handled during the finishing operations as not to lose their
identity.

5.2.2 Each die casting of a randomly selected sample shall
be examined to determine conformance to the requirements
with respect to general quality, dimensions, and identification
marking. The producer or supplier may use a system of
statistical quality control for such examinations.

6. Mechanical Properties and Tests

6.1 Unless specified in the contract or purchase order or
specifically guaranteed by the manufacturer, acceptance of die
castings under this specification shall not depend on mechani-
cal properties determined by tension or impact tests. The
appendix contains a reference to a source of information on
properties. When tension or impact tests are made, the tension
test specimen shown in Fig. 18 of Test Methods E 8, and the
impact test specimen shown in Fig. 6 of Test Method E 23 shall
be used.

6.2 When specified in the contract or purchase order, die
castings shall withstand proof tests without failure as defined
by agreement between the purchaser and the producer or
supplier.

7. Permissible Variations in Dimensions

7.1 Permissible variations in dimensions shall be within the
limits specified on the drawings or in the contract or purchase
order.

7.2 Dimensional tolerance deviations waived by the pur-
chaser shall be confirmed in writing to the producer or supplier.

8. General Quality

8.1 Internal Soundness—When specified, the soundness of
die castings shall conform to standards or requirements agreed
upon between the producer or supplier and the purchaser. The
number and extent of imperfections shall not exceed those
specified by the purchaser. The standards or requirements may
consist of radiographs, photographs, or sectioned die castings.

8.2 Imperfections inherent in die castings shall not be cause
for rejection provided it is demonstrated that the die castings
are in accordance with the requirements and standards agreed
upon.

8.3 Workmanship— Die castings shall be of uniform quality
free of injurious discontinuities that will adversely affect their
serviceability.

8.4 Finish—When specified in the contract or purchase
order the as-cast surface finish required shall conform to
standards agreed upon between the purchaser and the producer
or supplier.

8.5 Pressure Tightness—When specified in the contract or
purchase order the pressure tightness of die castings shall
conform to standards agreed upon between the purchaser and
the producer or supplier.

9. Chemical Requirements

9.1 Limits—The die casting shall conform to the require-
ments as to chemical composition prescribed in Table 1.
Conformance shall be determined by the producer by analyzing
samples taken at the time castings are made. If the producer has
determined the chemical composition of the metal during the
course of manufacture, he shall not be required to sample and
analyze the finished product.

9.1.1 When a detailed chemical analysis is required with a
shipment, it shall be called for in the contract or purchase order.

9.1.2 If the producer’s or supplier’s method of composition
control is acceptable, sampling for chemical analysis may be
waived at the discretion of the purchaser.

TABLE 1 Chemical Requirements A

AlloyB,C

Composition, %

Tin Antimony Lead Copper Other Elements, max

Min Desired Max Min Desired Max Min Desired Max Min Desired Max Iron Arsenic Zinc Aluminum

CY44AD 90 91 92 4 4.5 5 ... ... 0.35 4 4.5 5 0.08 0.08 0.01 0.01
YC135A 80 82 84 12 13 14 ... ... 0.35 4 5 6 0.08 0.08 0.01 0.01
PY1815AD 64 65 66 14 15 16 17 18 19 1.5 2 2.5 0.08 0.15 0.01 0.01
YT155AD 4 5 6 14 15 16 79 80 81 ... ... 0.50 ... 0.15 0.01 0.01
Y10AD ... ... ... 9.25 10 10.75 89 90 91 ... ... 0.50 ... 0.15 0.01

A For purposes of acceptance and rejection, the observed value or calculated value obtained from analysis should be rounded off to the nearest unit in the last right-hand
place of figures, used in expressing the specified limit, in accordance with the rounding procedure prescribed in Section 3 of Recommended Practice E 29.

B These alloy designations were established in accordance with Recommended Practice B 275.
C Prior to 1952 these alloys were designated as No. 1, No. 2, No.3, No. 4, and No. 5, respectively.
D These alloys are similar to grades Nos.1, 5, 8 and 12, respectively, of Specifications B 23.
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9.2 Number of Samples—When required, samples for deter-
mination of chemical composition shall be taken to represent
the following:

9.2.1 A sample shall be taken from each of two representa-
tive castings selected from each lot defined in 5.2.1.

9.3 Methods of Sampling—Samples from die castings for
determination of chemical composition shall be taken in
accordance with one of the following methods:

9.3.1 Samples for chemical analysis shall be taken from the
material by drilling, sawing, milling, turning, or clipping a
representative piece or pieces to obtain a weight of prepared
sample not less than 75 g. Sampling shall be in accordance
with Practice E 88.

9.3.2 By agreement, an appropriate spectrographic sample
may be prepared at time of manufacture.

9.3.3 The method of sampling cast products for spectro-
chemical and other methods of analysis shall be suitable for the
form of material being analyzed and the type of analytical
method used.

9.4 Method of Analysis—The determination of chemical
composition shall be made in accordance with suitable chemi-
cal (Test Methods E 46), spectrochemical, or other methods as
agreed upon between buyer and seller. In case of dispute, the
results secured by Test Methods E 46 shall be the basis of
acceptance.

10. Rejection and Retest

10.1 When one or more samples, depending on the ap-
proved sampling plan, fail to meet the requirements of this
specification, the represented lot is subject to rejection except
as otherwise provided in 10.2.

10.2 Lots rejected for failure to meet the requirements of
this specification may be resubmitted for test provided:

10.2.1 The producer has removed the nonconforming mate-
rial or the producer has reworked the rejected lot as necessary
to correct the deficiencies.

10.3 Individual castings that show injurious imperfections
during subsequent manufacturing operations may be rejected.
The producer or supplier shall be responsible only for replace-
ment of the rejected castings to the purchaser. As much of the
rejected original material as possible shall be returned to the
producer or supplier.

11. Source Inspection

11.1 If the purchaser desires that his representative inspect
or witness the inspection and testing of the product prior to

shipment, such agreement shall be made by the purchaser and
producer or supplier as part of the contract or purchase order.

11.2 When such inspection or witness of inspection and
testing is agreed upon, the producer or supplier shall afford the
purchaser’s representative all reasonable facilities to satisfy
him that the product meets the requirements of this specifica-
tion. Inspection and tests shall be conducted so there is no
unnecessary interference with the producer’s operations.

12. Certification
12.1 The producer or supplier shall, when called for in the

contract or purchase order, furnish to the purchaser a certificate
of inspection stating that each lot has been sampled, tested, and
inspected in accordance with this specification, and has been
found to meet the requirements specified.

13. Identification Marking
13.1 When specified in the contract or purchase order, all

castings shall be properly marked for identification with the
part number, name or brand of the producer, as agreed upon.

14. Preparation for Delivery
14.1 Packaging—Unless otherwise specified, the die cast-

ings shall be packaged to provide adequate protection during
normal handling and transportation. Each package shall con-
tain only one type of item unless otherwise agreed upon. The
type of packaging and gross weight of containers shall, unless
otherwise agreed upon, be at the producer’s discretion, pro-
vided they are such as to ensure acceptance by common or
other carriers for safe transportation at the lowest rate to the
delivery point.

14.2 Marking—Each shipping container shall be legibly
marked with the purchase order number, gross and net weights,
and the supplier’s name or trademark. When required, marking
for shipment shall be in accordance with Fed. Std. No. 123 for
civil agencies and MIL-STD-129 for Military agencies.

14.3 Preservation— Material intended for prolonged stor-
age in unheated locations shall be adequately packed and
protected to avoid deterioration and damage. When specified in
the contract or purchase order, material shall be preserved,
packaged, and packed in accordance with the requirements of
MIL-P-116. The applicable levels shall be as specified in the
contract or order.

15. Keywords
15.1 antimony alloys; die castings; hot chamber die cast-

ings; lead alloys; lead-tin-antimony alloys; pressure die cast-
ings; tin alloys
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APPENDIX

(Nonmandatory Information)

X1. MECHANICAL PROPERTIES

X1.1 Tension test data do not constitute a part of this
specification but mechanical properties for most of these alloys
can be found.9 This data indicates to the purchaser the
mechanical properties that may be expected of these alloys. In
the tension testing of die-cast lead- and tin-alloy specimens, the

rate of strain shall be1⁄8in./in.·min measured on the gage length
of the specimen. It is to be understood that there may not be
exact conformity between the properties of the specimens
tested and of commercial die castings. Other information on
these die castings will be found in a paper by F. J. Tobias.10

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

9 Proceedings,Am. Soc. Testing Mats., ASTEA, Vol 39, 1939, p. 283; Vol 46,
1946, p. 233.

10 Tobias, F. J., “Lead and Tin Alloys for Die Castings,”Proceedings,Am. Soc.
Testing Mats., ASTEA, Vol 31, Part I, 1931, p. 280.
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Designation: B 106 – 96 (Reapproved 2002) e1

Standard Test Methods for
Flexivity of Thermostat Metals 1

This standard is issued under the fixed designation B 106; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Paragraph 1.3 was corrected editorially in June 2002.

1. Scope

1.1 These test methods cover the determination of flexivity
(a measure of thermal deflection rate or deflection temperature
characteristics) of thermostat metals.

1.1.1 Test Method A—Tested in the form of flat strip 0.012
in. (0.30 mm) or over in thickness.

1.1.2 Test Method B—Tested in the form of spiral coils less
than 0.012 in. in thickness.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are provided
for information purposes only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 389 Test Method for Thermal Deflection Rate of Spiral

and Helical Coils of Thermostat Metal2

3. Terminology

3.1 Definitions:
3.1.1 thermostat metal—a composite material in the form of

sheet or strip comprising two or more metallic layers of
differing coefficients of thermal expansion, such that the radius
of curvature of the composite changes with temperature
change.

3.1.2 flexivity (F)—the change of curvature of the longitu-
dinal center line of the specimen per unit temperature change
for unit thickness, given by the following equation:

F 5 t
~1/R2! 2 ~1/R1!

T 2 2 T1
(1)

To determine the flexivity between any two temperatures,T1

andT2, it is necessary to measure the curvature 1/R1 and 1/R2

at temperatureT1 andT2, respectively. To find the curvature at
either temperature (Fig. 1 and Fig. 2), measure the distanceD.
The curvature is given by the following equation:

1/R 5 8 D/~Q 2 1 4Dt 1 4D 2! (2)

where:
R = radius of curvature of the longitudinal center line of

the specimen, in. (mm),
t = thickness of test specimen, in. (mm),
Q = distance between support points, in. (mm), and
D = for point support (simply supported

beam), = perpendicular distance between the longitu-
dinal center lines of the lower surface of the specimen
midway between the point supports and the straight
line joining the support points, in. (mm).

4. Significance and Use

4.1 These test methods are used for determining response to
temperature change or flexivity of thermostat metal. The
flexivity is calculated from the temperatures, dimensions of
specimen, and the relative movement of the specimen. The
simple beam method is the method for certification. Any use of
the spiral coil method (Method B) is to be mutually agreed
upon between the user and supplier.

TEST METHOD A—FLAT STRIPS

5. Apparatus

5.1 Specimen Carrier, provided with two conical supports
for locating the specimen. The test length (that is, the distance
between the point of contact of the specimen with one support
and the point of contact of the specimen with the other support)

1 These test methods are under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.10 on Thermostat Metal and Electrical Resistance Heating Materials.

Current edition approved Jan. 10, 1996. Published April 1996. Originally
published as B 106 – 84. Last previous edition B 106 – 90.

2 Annual Book of ASTM Standards, Vol 02.04.
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shall be known to within60.005 in. (0.13 mm), and the line of
plane passing through the points of contact shall be horizontal.
The specimen carrier and supports shall hold the specimen
without constraint so that the curvature, due to its deflection,
will follow a vertical plane passing through the line joining the
points of contact between specimen and supports.

5.2 Micrometer—traveling microscope, or equivalent de-
vice, so connected to the specimen carrier that expansion
during heating of the carrier or connecting parts will not cause
appreciable displacement of the measuring device with respect
to the supports.

5.3 Bath—A stirred liquid bath or uniformly heated enclo-
sure in which the specimen carrier, together with adjustable
electric heating source is placed. The specimen needs to be
maintained at the desired temperatures, with a variation in
temperature throughout the gage length of the specimen not to
exceed 0.5 % of the temperature range used in the test.

5.4 Temperature Measuring Apparatus, of such accuracy
that the individual temperatures shall be known to within
60.5°F (0.3°C).

5.5 Deflection Index—Means shall be provided for measur-
ing the deflection of the specimen at a point midway between
the points of support and along the vertical line intersecting the
line joining the points of support. Such means may comprise a
fused-quartz transmission rod disposed with its axis vertical
and terminating in a point or knife-edge, which shall engage
the specimen midway between the points of contact with the
supports.

5.5.1 The transmission rod shall be mounted in such a
manner that it is free to move in the direction of its axis. The
rod shall bear at its free end an index suitable for microscopical
observation, or else an electrical contact with which a mi-
crometer will permit the changes of the deflection of specimen
to be accurately observed. Alternatively, the deflection of the
midpoint of the specimen may be directly observed by optical
means whose line of sight is horizontal and passes through the
vertical line through the midpoint of the specimen. A microme-
ter screw with extended spindle making direct contact with the
specimen may be used. In this case, electrical means shall be
provided that will indicate contact without significant distur-
bance of the specimen. The measurement of the position of the
midpoint of the test specimen shall be of such accuracy that the
individual positions at the test temperatures shall be known to
within 60.0002 in. (0.005 mm).

5.5.2 If a transmission rod is used, it and any attached parts
shall be of such weight or so counterweighted that they will not
cause a deflection greater than 1 % of the maximum to be
produced by the action of the thermostat metal alone. When
free, the thermostat metal assumed very nearly a circular
curvature. Concentrated loading at the center of the specimen
will cause the curvature to be other than circular and may cause
significant errors in the evaluation of flexivity. The location of
the line passing through the points of contact between speci-
men and supports shall be known, with reference to the scale of
the micrometer, to within60.002 in. (0.05 mm).

5.6 All metallic components of the flexivity apparatus
should be made of very low coefficient of thermal expansion
components. The recommended material is invar.

6. Test Specimens

6.1 The test specimen shall be in the form of a strip that
displays no apparent initial irregularity of curvature.

6.2 The maximum thickness shall not be greater than the
minimum thickness by more than 1 % of the latter.

6.3 The width shall be related to the thickness in accordance
with Fig. 3. Preferred widths are to be used whenever possible.
The maximum width shall not exceed the minimum width by
more than 2 % of the latter.

6.4 The length shall be such as to allow a distance between
supports that bears the relation to the thickness in accordance
with Table 1 and to allow a distance beyond the supports not
less than the width.

6.5 The thickness of the specimen shall be determined
within 60.0001 in. (0.002 mm) by means of a screw microme-
ter or an equivalent method.

6.5.1 For specimens less than 0.050 in. (1.27 mm) in
thickness, special precautions are necessary, such as the use of
a micrometer reading directly to 0.0001 in. (0.002 mm).
Suitable optical methods may also be used.

FIG. 1 Test for Flexivity of Thermostat Metals

FIG. 2 Typical Apparatus Design
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6.5.2 The average thickness may be calculated from mea-
surements of length, average width, weight, and density. When
the density is unknown, it may be determined by weighing a
sample of at least 10 g first in air and then in water. The density
in grams per cubic centimetre is equivalent to the weight in air
divided by the loss of weight due to submergence in water. The
temperature of the water shall be approximately the same as
that of the balance room to avoid errors due to convection
currents. For the accuracy required, no corrections are neces-
sary for the temperature of the water or for the buoyancy of the
air. However, care shall be exercised to remove all air bubbles
from the sample when weighing it in water and to avoid the
presence of grease or other films on the surface of the water. To
this end it is recommended that after a preliminary cleaning to
remove obvious dirt, the sample be attached to a fine wire to be
used later in suspending it while weighing and thoroughly
rinsed, first in ether, then alcohol and finally water, before
immersing in the water to be used for weighing.

7. Preparation of Test Specimen

7.1 After being roughly cut or sheared from the sample,
finish the test specimen to size by careful machining or filing.

Remove the amount of material extending a distance not less
than twice the thickness along each edge of the specimen, to
eliminate material damaged by preliminary shaping. Slit edges
with a minimum of burr may also be used.

7.2 When the specimen has been finished to size, make any
necessary reference marks (by such means as a sharp drill,
scribing tool, or milling cutter). Determine and record the
relative locations of the reference marks. Do not use center
punches or similar means because of the distortion produced.

7.3 It is recommended that the grain run along the length of
the specimen.

8. Procedure

8.1 Stabilization—After all preparatory work has been com-
pleted, subject the test specimen to a stabilizing heat treatment
to relieve internal stresses. This treatment may consist of
heating the specimen, while free to bend, for a prescribed time
and temperature. The details of the stabilizing procedure will
depend upon the characteristics of the thermostat metal being
tested and shall be as mutually agreed upon between the
manufacturer and the purchaser.

8.2 Test Routine—Mount the specimen on the support on
the specimen table. With the transmission rod in place take a
zero reading at room temperature. Apply slight mechanical
pressure and then remove the rod at a point near the center of
the specimen. If appreciable zero shift is apparent with
repeated applications of pressure, determine the cause and
correct before proceeding with the test.

8.3 When satisfactory initial conditions have been estab-
lished, make observations of deflection and temperature at
room temperature and record the results.

FIG. 3 Width of Test Specimen

TABLE 1 Gage Length of Test Specimen (Test Method A)

Specimen Thickness Gage Length
in. mm in. mm

0.012 to 0.0149, incl 0.30 to 0.379, incl 2 6 1⁄2 50.8 6 12.7
0.015 to 0.0199, incl 0.38 to 0.509, incl 21⁄2 6 1⁄2 63.5 6 12.7
0.020 to 0.0249, incl 0.51 to 0.639, incl 3 6 1⁄2 76.2 6 12.7
0.025 to 0.0299, incl 0.64 to 0.759, incl 31⁄2 6 1⁄2 88.9 6 12.7
0.030 to 0.0349, incl 0.76 to 0.889, incl 4 6 1⁄2 101.6 6 12.7
0.035 to 0.0449, incl 0.89 to 1.139, incl 41⁄2 6 1⁄2 114.3 6 12.7
0.045 to 0.100, incl 1.14 to 2.54, incl 5 6 1⁄2 127.0 6 12.7
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8.4 Adjust the temperature of the specimen to the next value
desired. Measure and record the temperature of the specimen at
points on or near the center and ends.

8.5 Measure and record the deflection.
8.6 Remeasure and record the temperature measurements as

described in 6.4. If significant discrepancies of temperature or
its distribution are found, correct them and again measure and
record the deflection.

8.7 After having secured satisfactory temperature measure-
ments and corresponding deflection data, establish the next
chosen temperature and follow the preceding routine over the
agreed upon range of temperatures.

8.8 In all cases, make a final set of measurements at or near
room temperature to determine whether or not there has been
permanent distortion or any mechanical incident that would
prevent determination of flexivity within the desired limits of
accuracy. If such is evident, repeat the test under one of the
following conditions as agreed upon by the manufacturer and
the purchaser.

8.8.1 Test the same specimen over the same temperature
range and over a different temperature range.

8.8.2 Test another specimen over the same temperature
range and over a different temperature range.

9. Calculation

9.1 For the calculation, see 3.1.2, Eq 1 and Eq 2.

10. Report

10.1 The report shall include the following:
10.1.1 Type of thermostat metal,
10.1.2 Dimensions of specimen,
10.1.3 Temperature and type of stabilizing heat treatment,
10.1.4 Temperature range of test, and
10.1.5 Flexivity.

11. Precision and Bias

11.1 Cumulative errors in the measurement of active length,
temperature, thickness, and deflection positions can produce
discrepancies between flexivity determinations on the same test
specimen. Table 2 and Table 3 tabulate cumulative errors using
a statistical approach for various sample sizes, flexivities, and

TABLE 2 Cumulative Errors in Flexivity Determination of Flat Strips (Test Method A)

NOTE 1— Interpolate for values not given in Table 2.

Flexivity t Q One Standard Deviation Error in Flexivity, 6 %

in./in.°F (mm/mm°C) in. (mm) in. (mm) DT = 100°F
(55.5°F)

DT = 200°F
(111.0°C)

DT = 300°F
(166.5°C)

High flexivity samples typically
21 3 10–6(37.8 3 10–6) 0.100 (2.54) 5 (127.0) 0.82 0.44 0.32

0.090 (2.29) 5 (127.0) 0.80 0.43 0.32
0.080 (2.03) 5 (127.0) 0.79 0.43 0.32
0.070 (1.78) 5 (127.0) 0.78 0.43 0.32
0.060 (1.52) 5 (127.0) 0.78 0.43 0.34
0.050 (1.27) 5 (127.0) 0.77 0.44 0.35
0.040 (1.02) 41⁄2 (114.3) 0.79 0.47 0.38
0.030 (0.76) 4 (101.6) 0.82 0.52 0.45
0.020 (0.51) 3 (76.2) 0.92 0.66 0.61
0.015 (0.38) 21⁄2 (63.5) 1.04 0.81 0.77
0.012 (0.30) 2 (50.8) 1.18 0.98 0.94

Medium flexivity samples typically
15 3 10−6(27 3 10−6) 0.100 (2.54) 5 (127.0) 1.01 0.52 0.37

0.090 (2.29) 5 (127.0) 0.96 0.50 0.36
0.080 (2.03) 5 (127.0) 0.92 0.49 0.36
0.070 (1.78) 5 (127.0) 0.88 0.47 0.35
0.060 (1.52) 5 (127.0) 0.85 0.47 0.36
0.050 (1.27) 5 (127.0) 0.83 0.46 0.36
0.040 (1.02) 41⁄2 (114.3) 0.84 0.49 0.40
0.030 (0.76) 4 (101.6) 0.87 0.54 0.46
0.020 (0.51) 3 (76.2) 0.98 0.68 0.62
0.015 (0.38) 21⁄2 (63.5) 1.10 0.83 0.77
0.012 (0.30) 2 (50.8) 1.26 1.00 0.95

Low flexivity samples typically
7 3 10−6(12.6 3 10−6) 0.100 (2.54) 5 (127.0) 1.48 0.76 0.52

0.090 (2.29) 5 (127.0) 1.37 0.70 0.49
0.080 (2.03) 5 (127.0) 1.27 0.65 0.46
0.070 (1.78) 5 (127.0) 1.17 0.61 0.43
0.060 (1.52) 5 (127.0) 1.07 0.57 0.42
0.050 (1.27) 5 (127.0) 0.99 0.54 0.40
0.040 (1.02) 41⁄2 (114.3) 1.00 0.56 0.43
0.030 (0.76) 4 (101.6) 1.00 0.60 0.49
0.020 (0.51) 3 (76.2) 1.15 0.75 0.65
0.015 (0.38) 21⁄2 (63.5) 1.28 0.89 0.80
0.012 (0.30) 2 (50.8) 1.50 1.09 0.99
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temperature differences as percent at one standard deviation.
Bias was not detected in round-robin measurements.

TEST METHOD B—SPIRAL COILS

12. Apparatus

12.1 This test method shall be conducted in accordance with
Test Method B 389.

13. Test Specimens

13.1 The test specimen shall be in the form of a spiral coil
which displays no apparent irregularities. Wind the coil with
the low expanding side outside, and inside diameter of9⁄32 in.
(7.1 mm), an inside tab length of3⁄16 in. (4.8 mm), an outside
radius of12⁄32 in. (11.9 mm), and no outer tab.

13.2 The maximum thickness shall not be greater than the
minimum thickness by more than 1 % of the latter.

13.3 The thickness of the specimen shall be determined
within 60.0001 in. (0.002 mm) by means of a screw microme-
ter or equivalent method.

13.4 The active length, that portion of the coil which is free
to deflect when subjected to a change in temperature, and does
not include that portion of the coil which is used for mounting
shall be known to within61⁄64 in. (0.4 mm).

13.5 The width and active length shall be related to the
thickness in accordance with Table 4.

13.6 The required width shall be produced by slitting and
the edges shall have a minimum of burrs.

14. Procedure

14.1 Conduct this test method in accordance with Test
Method B 389.

15. Calculation
15.1 The flexivity shall be determined in accordance with

the following equation.

F 5 0.0154Dt/L (3)

where:
F = flexivity, in./in.°F (mm/mm°C),
D = thermal deflection rate of test specimen, angular

degree/°F, (angular degree/°C),
t = thickness of test specimen, in. (mm), and
L = active length of test specimen, in. (mm).

16. Report
16.1 See Section 10.

17. Precision and Bias
17.1 See Section 11.

18. Keywords
18.1 coefficient of thermal expansion; flexivity; microme-

ter; temperature; thermostat metal

TABLE 3 Cumulative Errors in Flexivity Determination (Test Method B)

NOTE 1— Interpolate for values not given in Table 4.

Flexivity t Q One Standard Deviation Error in Flexivity, 6 %

in./in.°F (mm/mm°C) in. (mm) in. (mm) DT = 100°F
(55.5°C)

DT = 200°F
(111.0°C)

DT = 300°F
(166.5°C)

High flexivity samples typically
21 3 10 −6(37.8 3 10 −6) 0.0119 (0.302) 12 (305) 1.13 0.93 0.89

0.010 (0.254) 12 (305) 1.25 1.07 1.04
0.008 (0.203) 10 (254) 1.46 1.31 1.28
0.006 (0.152) 10 (254) 1.82 1.71 1.69
0.005 (0.127) 10 (254) 2.13 2.04 2.02
0.004 (0.102) 8 (203) 2.61 2.54 2.52

Medium flexivity samples typically
15 3 10–6(27 3 10–6) 0.0119 (0.302) 12 (305) 1.18 0.94 0.89

0.010 (0.254) 12 (305) 1.28 1.08 1.04
0.008 (0.203) 10 (254) 1.40 1.32 1.29
0.006 (0.152) 10 (254) 1.84 1.71 1.69
0.005 (0.127) 10 (254) 2.14 2.04 2.02
0.004 (0.102) 8 (203) 2.62 2.54 2.52

Low flexivity samples typically
7 3 10 −6(12.6 3 10 −6) 0.0119 (0.302) 12 (305) 1.35 1.00 0.92

0.010 (0.254) 12 (305) 1.39 1.12 1.06
0.008 (0.203) 10 (254) 1.57 1.35 1.30
0.006 (0.152) 10 (254) 1.87 1.73 1.70
0.005 (0.127) 10 (254) 2.16 2.04 2.02
0.004 (0.102) 8 (203) 2.64 2.54 2.52

TABLE 4 Width and Length of Test Specimen (Test Method B)

Specimen Thickness Width Active Length
in. mm in. mm in. mm

0.004 0.102 7⁄64 2.8 8 203
0.005 0.127 1⁄8 3.2 10 254
0.006 0.152 1⁄8 3.2 10 254
0.007 0.178 9⁄64 3.6 10 254
0.008 0.203 9 / 64 3.6 10 254
0.009 0.229 5 / 32 4.0 10 254
0.010 0.254 3 / 16 4.8 12 305
0.011 0.280 3 / 16 4.8 12 305
0.0119 0.302 3 / 16 4.8 12 305
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APPENDIXES

(Nonmandatory Information)

X1. SAMPLE CALCULATION FOR FLEXIVITY (FLAT STRIPS, TEST METHOD A)

X1.1 Test Information:

Dimensions of Specimen:
Thickness, 0.0202 in. (0.513 mm)
Width, 0.345 in. (8.76 mm)
Total length, 4.25 in. (108 mm)
Length between point supports, 3.00 in. (76 mm)

Test Data:
Temperature:
T1 = 98.2°F (36.8°C)
T2 = 202.8°F (94.9°C)

Distance:
D1 = 0.0322 in. (0.818 mm)
D2 = 0.0546 in. (1.387 mm)

X1.2 Calculations:

From Eq 1 and Eq 2:

F 5
8t

T 2 2 T1
3 F D2

~ Q2 1 4D2t 1 4 D2
2!

2
D1

~ Q2 1 4D1t 1 4 D1
2!G
(X1.1)

For measurements in inches and degrees Fahrenheit, com-
bine as follows:

F 5
8~0.0202!

202.82 98.23 S 0.0546

3.00 2 1 4~0.0546!~0.0202! 1 4~0.0546! 2

2
20.0322

3.002 1 4~20.0322!~0.0202! 1 4~20.0322! 2D (X1.2)

For measurements in millimetres and degrees Celsius:

F 5
8~0.513!

94.92 36.83 S 1.387

~76.0! 2 1 4~1.387!~0.513! 1 4~1.387! 2

2
20.818

~76.0! 2 1 4~20.818!~0.513! 1 4~20.818! 2D
F 5 0.00002693/°C (X1.3)

X2. SAMPLE CALCULATION FOR FLEXIVITY (SPIRAL COIL, TEST METHOD B)

X2.1 Test Information:

Dimensions of Specimen:
Thickness, 0.0109 in. (0.277 mm)
Width, 0.1875 in. (4.76 mm)
Total length, 12.1875 in. (309.6 mm)
Active length, 12.00 in. (304.8 mm)

Test Data:
Temperature:
T1 = 51.2°F (10.7°C)
T2 = 199.8°F (93.2°C)

Angular Position:
A1 = 12.50°
A2 = 171.25°

X2.2 Calculations:

D 5 ~A 2 2 A1!/~T2 2 T1! (X2.1)

where:
D = thermal deflection rate
D = (171.25 − 12.50)/(199.8 − 51.2) = 1.0683 angular

deg/°F, when measurements are in degrees Fahrenheit
D = (171.25 − 12.50)/(93.2 − 10.7) = 1.924 angular

deg/°C, when measurements are in degrees Celsius
F = 0.0154Dt/L

= 0.0154(1.0683)(0.0109)/12
F = 0.00001494/°F, when measurements are in

inches and degrees Fahrenheit
F = 0.0154Dt/L

= 0.0154(1.924)(0.277)/304.8
F = 0.00002692/°C when measurements are in

millimetres and degrees Celsius

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 114 – 90 (Reapproved 2001)

Standard Test Method for
Temperature-Resistance Constants of Sheet Materials for
Shunts and Precision Resistors 1

This standard is issued under the fixed designation B 114; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of the change
of resistance with temperature of sheet materials used for
shunts and precision resistors for electrical apparatus. It is
applicable to materials normally used in the temperature range
of from 0 to 80°C.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The metric equivalents of inch-pound units
may be approximate.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 84 Test Method for Temperature-Resistance Constants of

Alloy Wires for Precision Resistors2

3. Significance and Use

3.1 This test method covers the determination of the change
of resistance with temperature for precision resistors and
shunts made from sheet materials.

3.2 Materials normally used in the temperature range from 0
to 80°C may be tested using this test method.

4. Test Specimen

4.1 The test specimen shall be of such dimensions that its
electrical resistance can be measured to the required accuracy.

NOTE 1—Measurements are simplified if the specimen has a resistance
of 0.01 V or more. The specimen may be bent in the form of a “U” to
facilitate handling.

5. Terminals

5.1 A current terminal shall be attached to each end of the
specimen. These terminals shall be either soldered or clamped

in such a manner that there will be no change of current
distribution in the specimen during the test.

5.2 Potential terminals, one at each end, shall be located at
a distance not less than two times the width of the specimen
from the current terminals. These terminals shall be attached at
the center of the width of the specimen either by soldering to
ears cut out of the specimen (Note 2) as shown in Fig. 1 or by
clamps, each of which presses a single sharp point into the
material.

NOTE 2—The ears shall be cut so that they are about1⁄2 in. (12.7 mm)
in length and1⁄8 in. (3.2 mm) in width. The cut shall be clean and free from
slivers at the junction of the ear and the specimen. Before cutting the ears,
it is desirable to drill two small holes with a sharp drill where the ear will
be jointed to the specimen.

6. Preliminary Treatment for Manganin Samples

6.1 In the case of manganin materials, after all the mechani-
cal work has been finished, the specimen shall be given one
heat treatment of 48 h at 1406 5.0°C and then cooled to room
temperature.

6.2 The specimen shall then be given a dip in a nitric acid
solution (50 %) to remove the copper film (which can be
judged by the color of the specimen) and then thoroughly
scrubbed in running water.

7. Apparatus

7.1 The apparatus for making the test shall consist of one or
more baths for maintaining the specimen at the desired
temperature, thermometers for measuring the temperatures of
the baths, and suitable means for measuring the resistance of
the specimen.

8. Baths

8.1 Each bath shall consist of chemically neutral oil. The oil
shall be of such quantity and so well stirred that the tempera-
ture in the region occupied by the specimen and the thermom-
eter shall be uniform within 0.2°C for any temperature between
0 and 80°C.

8.2 In an automatically controlled bath, the temperature of
the bath at any time during the test at any temperature level
shall not differ from its mean temperature by more than 0.2°C.
In a manually controlled bath, the rate of change of tempera-
ture shall not exceed 0.2°C/min.

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.10 on Thermostat Metals.

Current edition approved May 25, 1990. Published January 1991. Originally
published as B 114 – 38. Last previous edition B 114 – 45 (1981)e1.

2 Annual Book of ASTM Standards, Vol 03.04.

1
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9. Temperature Measurement

9.1 The temperature shall be measured either with a labo-
ratory type of mercurial thermometer or a resistance thermom-
eter. The thermometer shall have sufficient sensitivity to
indicate temperature changes of 0.1°C. It shall be sufficiently
accurate to measure temperature differences to 0.2°C in the
range from 0 to 80°C.

10. Resistance Measurements

10.1 The change of resistance of the specimen shall be
measured by apparatus capable of determining such changes to
0.001 % of the resistance of the specimen. A Kelvin double
bridge, digital ohmmeter, or equivalent is suitable for this
purpose (see Appendix X1).

10.2 The temperature of the measuring apparatus shall not
change during the test by an amount sufficient to introduce
appreciable errors in the results. With apparatus of good
quality, a change of 1°C in its temperature is allowable.

10.3 The test current shall not be of such a magnitude as to
produce an appreciable change in resistance of the specimen or
measuring apparatus due to the heating effect. The dimensions
of the specimen should be such that the power dissipated shall
not exceed 0.02 W/in.2 (0.003 W/cm2) of exposed surface. To
determine experimentally that the test current is not too large,
the specimen may be immersed in a bath having a temperature
at which it has been found that the sheet has a relatively large
change in resistance with temperature. The test current shall be
applied and maintained until the resistance of the specimen has
become constant. The current shall then be increased by 40 %
and maintained at this value until the resistance has again
become constant. If the change in resistance is greater than
0.001 %, the test current is too large and shall be reduced until
the foregoing limitation is reached.

10.4 The measurements shall be made in such a way that the
effects of thermoelectromotive forces and parasitic currents are
avoided. When these effects are small, the resistance of the
specimen when measured by a Kelvin bridge may be obtained
by either of two methods. In the first method, the galvanometer
zero shall be obtained with the galvanometer key open. The
bridge shall be balanced both with the direct and reversed
connection of the battery, the average value of the two results
being the resistance of the specimen. In the second method, the
zero of the galvanometer shall be obtained with the galvanom-
eter key closed and the battery key open. A single balance of
the bridge is then sufficient to obtain the resistance of the
specimen.

11. Procedure

11.1 Connect the test specimen in the measuring circuit and
submerge entirely in the oil bath. For a check on the constancy
of the specimen, make an initial resistance measurement at
room temperature. Raise the temperature of the oil bath or
transfer the specimen to a bath maintained constant at the
highest temperature at which measurements are to be made.
When the test specimen has attained a constant resistance,
record the reading of the measuring device and the temperature
of the bath.

11.2 Decrease the temperature of the test specimen to the
next lower temperatures either by cooling the bath and main-
taining it constant at the next lower temperature, or by
removing the specimen to another bath maintained at the lower
temperature. When the resistance of the specimen has become
constant, again make observations of resistance and tempera-
ture.

11.3 In this manner make a series of determinations of the
change of resistance with temperature for the desired descend-
ing temperature range.

11.4 Take measurements at a sufficient number of tempera-
tures to determine the characteristics of the material. In order to
calculate a resistance-temperature equation, tests at three
temperatures are required. If an independent check is to be
made, make observations of at least five temperatures. For
plotting a curve, six or more observations are generally made.

11.5 Note the temperature of the measuring apparatus at
frequent intervals during the test of each specimen.

12. Resistance-Temperature Equation

12.1 Express the results in terms of the constants in an
equation of the following form:

Rt 5 R25@1 1 a~t 2 25! 1 b~t 2 25! 2# (1)

where:
Rt = resistance of the specimen in ohms at tempera-

ture, °C,t,
R25 = resistance of the specimen in ohms at the stan-

dard temperature of 25°C,
t = temperature of specimen, °C, and
a andb = temperature-resistance constants of the material.

Temperature of maximum or minimum resistance
= 25°C − (a/2b)

NOTE 3—This equation will yield either a maximum or a minimum,

FIG. 1 Test Specimen Showing Terminal Connections
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depending on which exists in the temperature range in question. However,
this equation is normally used for those alloys such as manganin, having
a temperature-resistance curve approximating a parabola with a maximum
near room temperature.

13. Calculation of Constants

13.1 The values ofa, b, and R25 may be determined by
selecting the measured values ofRt at three well-separated
temperatures, inserting the values ofRt and t in the preceding
section equation to form three equations, and solving simulta-
neously the three equations forR25, a, andb.

13.2 When the measurements have not been made at exactly
25°C, or at other suitable temperatures, the calculation may be
simplified by plotting a curve from the observed values of
resistance and temperature, from which curveR25 may be read
directly. Two additional points may then be selected on the
curve, preferably one att1, at least 5°C below the reference
temperature of 25°C, and a second temperature,t2 near the
highest temperature measured but satisfying the following
relation:

K ~252 t1! 5 t2 2 255 KDt (2)

where K is, for ease of calculation, generally taken as an
integer.

NOTE 4—Example—If t1 is 10°C below the reference temperature then
t2 should be 10 or 20 or 30°C etc., above the reference temperature for
greatest ease of calculation, so thatK = 1 or 2 or 3, respectively.

13.3 If R1 is the resistance at the temperaturet1, andR2 is
the resistance at the temperaturet2, then:

a 5 [~R2 2 R25! 2 K 2~R1 2 R25!#/R25K ~K 1 1!Dt (3)

b 5 [K ~R1 2 R25! 1 ~R2 2 R25!#/R25K ~K 1 1!~Dt! 2 (4)

If K = 1, this simplifies to:

a 5 ~R2 2 R1!/2 R25Dt (5)

b 5 ~R1 1 R2 2 2R25!/2R25~Dt!2 (6)

If, instead of measuring the actual resistances at the different
temperatures, the change in resistance relative to the resistance
at 25°C is measured, the above equations take a slightly
different form, as follows: LetDR1 represent the change in
resistance in ohms per ohm in going from 25°C tot1, andDR2

the similar change in going from 25°C tot2. That is:

DR1 5 ~R1 2 R25!/R25 (7)

and

DR2 5 ~R2 2 R25!/R25 (8)

Then

a 5 ~DR2 2 K2DR1!/K~K 1 1!Dt (9)

b 5 ~KDR1 1 DR2!/K~K 1 1!~Dt!2 (10)

If K = 1, this simplifies to:

a 5 ~DR2 2 DR1!/2Dt (11)

b 5 ~DR1 1 DR2!/1~Dt!2 (12)

NOTE 5—A useful alternative method of calculation is presented as
follows: The resistance-temperature equation is referred to 0°C, and
relative resistance values are used. For example, over the useful range
from 15 to 35°C, the resistance-temperature curve of manganin is
parabolic and of the form:

Pt 5 P0 1 At 1 Bt2 (13)

where:
Pt = ratio of the resistance of the specimen att °C to the

resistance of the standard resistor at 25°C,% ,
P0 = ratio of the resistance of the specimen at 0°C to the

resistance of the standard resistor at 25°C, %, and
A andB are constants calculated from resistance measurements
made at different temperatures. One method of measurement
used in production testing is to compare the resistance of the
test sample to that of a stable resistor of known characteristics
maintained at reference temperature 25°C. The resistance is
approximately the same as the test sample and measurements
usually are made directly in percentages (for example,
100.008 %). If measurements are made at four temperaturest1,
t2, t3, andt4 between 15 and 35°C, and the corresponding ratios
of test sample resistance to standard resistor are measured in
percentages asP1, P2, P3, andP4, then the constantsA andB,
the peak temperature, and temperature coefficient may be
calculated from the following equations:

A 5
1
2FP3 2 P1

t3 2 t1
1

P2 2 P1

t4 2 t1
2 ~t3 1 tr 1 2t1!G (14)

B 5

P3 2 P1

t3 2 t1
1

P4 2 P1

t4 2 t1
2 2

P2 2 P1

t2 2 t1
t3 1 t4 2 2t2

(15)

The peak temperature is − (A/2B) and the temperature coefficient between
temperaturet and the peak temperature in percent per degree Celsius is (A
+ 2Bt)/2. Then

a 5 ~A 1 50B!/100 (16)

b 5 B/100 (17)

14. Report

14.1 Report the following information:
14.1.1 Identification of specimen,
14.1.2 Description of material,
14.1.3 Total length of specimen,
14.1.4 Approximate resistance and distance between poten-

tial terminals,
14.1.5 Tabular list of resistances or changes in resistance

and temperatures in the order taken,
14.1.6 Temperature of measuring apparatus and room at

start and finish of the test,
14.1.7 Temperature of the specimen at which the change of

resistance with temperature is zero (“peak temperature”), if
such occurs within the measured range, and
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14.1.8 Results expressed in one of the forms given in
Section 15.

15. Record

15.1 The results shall be reported in one of the following
forms and recorded on a data sheet similar to that shown in
Table 1 and Fig. 2.

15.1.1 The maximum percentage change within the tem-
perature range, or

15.1.2 A curve, plotted with temperature as abscissas, and
the percentage or parts per million change in resistance as
ordinates, or

15.1.3 The constants,a, b, etc., in a resistance-temperature
equation may be calculated from the data and recorded as the
constants of the temperature-resistance curve.

16. Precision and Bias

16.1 The instrumentation and operator’s skill play a large
part in the precision and bias attainable. There are no data
available to determine a precision and bias figure for this test
method.

17. Keywords

17.1 resistance change; resistance constants; resistors; sheet
resistors; shunts; temperature coefficient; temperature
resistance
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TABLE 1 Illustrative Form for Reporting Test Data and Calculations

NOTE 1—The following table, with test values inserted for purpose of illustration, is only a suggested form for recording test data and calculations on
temperature-resistance characteristics.

Apparatus Kelvin bridge for comparing the specimen with standard resistor
Standard resistor No. 38472, 0.0100000 V made by Richard Roe
Ratio coils A = 1000; B = 1000
Material Manganin, Specimen No. 1. From Shipment Received .... Jan. 14, 1937
Maker John Doe
Size 0.020 by 3 by 72 in. Approximate Resistance of Specimen .... 0.01 V

RECORD OF TEST

Time
Temperature, °C Bridge Reading Resistance of

Specimen, V
Change in

Resistance,A ppmRoom Standard Specimen Plus Minus Average

10:00 25.0 25.0 25.0 1000.00 1000.02 1000.01 0.0100001B ...
10:30 25.0 25.0 80.2 999.60 999.62 999.61 0.0099961 −390
10:45 25.0 25.0 65.3 999.81 999.82 999.82 0.0099982 −180
11:00 25.0 25.0 49.8 999.98 999.98 999.98 0.0099998 −20
11:15 25.1 25.1 35.1 1000.02 1000.04 1000.03 0.0100003 + 30
11:30 25.1 25.1 30.0 1000.02 1000.02 1000.02 0.0100002 + 20
11:45 25.2 25.1 25.0 1000.00 999.99 1000.00 0.0100000 0
12:00 25.4 25.1 20.2 999.94 999.95 999.94 0.0099994 −60
12:15 25.5 25.2 15.0 999.88 999.88 999.88 0.0099988 −120
1:00 25.5 25.3 25.1 1000.00 1000.00 1000.00 0.0100000B ...

AChange in resistance based on the resistance at 25°C.
BThese values are used for checking the stability only. If these values show a change of more than 0.002 %, then the preliminary treatment prescribed in Section 6
should be repeated

(1) Maximum change in resistance, 420 ppm, or 0.042 % between 35 and 80°C.
(2) Curve (see Fig. 2).
(3) Calculation of the constants in the resistance-temperature equation:

Original Supplementary
Temperature,° C DRt 3 10−6 Temperature, °C DRt 3 10−6

25 0 25 0
15 −120 20 −60
65 −180 80 −390

Dt = 10 Dt = 5
K = 4 K = 11
a = + 8.7 3 10−6 a = + 10.4 3 10−6

b = −0.33 3 10−6 b = −0.32 3 10−6

Average a = + 9.6 3 10−6

Average b = −0.33 3 10−6

Temperature for maximum resistance = 25°C − (a/2b) = 25°C − ( + 9.6/−0.66) = 39.5°C

FIG. 2 Temperature-Resistance Curve of Sheet Manganin (Plotted
from Data in Table 1)
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APPENDIX

(Nonmandatory Information)

X1. THE KELVIN DOUBLE BRIDGE

X1.1 There are several methods by which the Kelvin bridge
(Fig. X1.1) may be so balanced that the ratio of the unknown
to the standard is the same as the ratio of the two arms. The
following method is indicated as being a satisfactory method
for specimens having a resistance of 0.01V or more.

X1.1.1 It is important that all the resistances except the ratio
arms shall be kept as small as possible. In particularr1, r2, r3,
and r4 should be less than 0.01 of the resistance of the ratio
arms. The resistance of the connection betweenX andN should
be less than the sum ofX andN.

X1.1.2 The balance is made by a series of approximations.
The two sets of ratio arms,A, B,anda, b,should have the same
values and, whenever adjusted, the two should be adjusted
simultaneously so that at all timesA = a andB = b. The bridge

must be adjusted under three different conditions. These
adjustments may be made in the following order:

X1.1.2.1 With switchesS1 andS2 open, balance with double
ratio dials,A anda,

X1.1.2.2 WithS1 open andS2 closed, balance by adjusting
the balancing resistorr1, and

X1.1.2.3 WithS2 open andS1 closed, adjustr2.
X1.1.3 This cycle must be repeated until no change in the

double ratio dials is required at the end of the cycle over that
at the beginning.

X1.1.4 When the above balances have been obtained the
resistanceX of the unknown is represented by the equation:

X 5 N·a/b

However, to determine the effect of temperature it is not
necessary that the value ofN should be known, for ifb andN
are kept constant anda changed as the resistance ofX is
changed because of change in temperature, then the percentage
change inX is the same as the percentage change ina.

X1.1.5 In making the balance the resistorsr1 and r2 are
adjusted although these do not in any way enter into the final
equation. Hence, any simple type of adjustable resistor is
entirely satisfactory. In practice many laboratories use merely
a short piece of copper wire, one terminal of which is held
under a binding post. The resistance adjustment is made by
loosening the binding post and sliding the copper wire as
required to increase or decrease the resistance.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

FIG. X1.1 Diagram of Kelvin Double Bridge
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Designation: B 127 – 98 Used in USDOE-NE standards

Standard Specification for
Nickel-Copper Alloy (UNS N04400) Plate, Sheet,
and Strip 1

This standard is issued under the fixed designation B 127; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification2 covers rolled nickel-copper alloy
(UNS N04400)* plate, sheet, and strip.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The other values given are for information
only.

2. Referenced Documents

2.1 ASTM Standards:
B 164 Specification for Nickel-Copper Alloy Rod, Bar, and

Wire3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 10 Test Method for Brinell Hardness of Metallic Materi-
als4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 76 Test Methods for Chemical Analysis of Nickel-Copper
Alloys6

E 112 Test Methods for Determining the Average Grain
Size4

E 140 Hardness Conversion Tables for Metals4

F 155 Test Method for Temper of Strip and Sheet Metals for
Electronic Devices (Spring-Back Method)7

2.2 Military Standards:8

MIL-STD-129 Marking for Shipment and Storage

MIL-STD-271 Nondestructive Testing Requirements for
Metals

3. Terminology

3.1 Descriptions of Terms Specific to This Standard—The
terms given in Table 1 shall apply.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information:

4.1.1 Alloy—Name or UNS number (see Table 2).

1 This specification is under the jurisdiction of ASTM Committee B-2 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Aug. 10, 1998. Published October 1998. Originally
published as B 127 – 39 T. Last previous edition B 127 – 93a{1.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-127 in Section II of that code.

* New designation established in accordance with ASTM E527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.05.
7 Discontinued—See1983 Annual Book of ASTM Standards, Vol 10.04.
8 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

TABLE 1 Product Description

Product Thickness, in. (mm)
Width, in.

(mm)

Hot-rolled plateA 3⁄16 and over (Table 5 and Table 6) (Table 8)B

Hot-rolled sheetA 0.018 to 0.250 (0.46 to 6.4), incl (Table 7) (Table 10)
Cold-rolled sheetC 0.018 to 0.250 (0.46 to 6.4), incl (Table 7) (Table 10)
Cold-rolled stripC 0.005 to 0.250 (0.13 to 6.4), incl (Table 7) (Table 10)

A Material 3⁄16 to 1⁄4 in. (4.8 to 6.4 mm), incl, in thickness may be furnished as
sheet or plate provided the material meets the specification requirements for the
condition ordered.

B Hot-rolled plate, in widths 10 in. (254 mm) and under, may be furnished as
hot-finished rectangles with sheared or cut edges in accordance with Specification
B 164, provided the mechanical property requirements of this specification are
met.

C Material under 48 in. (1219 mm) in width may be furnished as sheet or strip
provided the material meets the specification requirements for the condition
ordered.

TABLE 2 Chemical Requirements

Element

Composition,%
Product (Check) Anal-
ysis Variations, under
min or over max, of
the Specified Limit of
Element

Alloy N04400

Nickel, minA 63.0 0.45
Copper 28.0 to 34.0 0.15 under min-

0.20 over max
Iron, max 2.5 0.05
Manganese,
max

2.0 0.04

Carbon, max 0.3 0.02
Silicon, max 0.5 0.03
Sulfur, max 0.024 0.005
A Element shall be determined arithmetically by difference.

1
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4.1.2 ASTM designation, including year of issue.
4.1.3 Condition—See 6.1, 6.2, and Appendix X1.
4.1.4 Finish—See Appendix X1.
4.1.5 Dimensions—Thickness, width, and length.
4.1.6 Quantity.
4.1.7 Optional Requirements:
4.1.7.1 Sheet and Strip—Whether to be furnished in coil, in

cut straight lengths, or in random straight lengths.
4.1.7.2 Strip—Whether to be furnished with commercial slit

edge, square edge, or round edge.
4.1.7.3 Plate—Whether to be furnished specially flattened

(7.7.2); also how plate is to be cut (see 7.2.1 and 7.3.2).
4.1.8 Fabrication Details—Not mandatory but helpful to

the manufacturer.
4.1.8.1 Welding or Brazing—Process to be employed.
4.1.8.2 Plate—Whether material is to be hot-formed.
4.1.9 Certification—State if certification or a report of test

results is required (see Section 15).
4.1.10 Samples for Product (Check) Analysis—Whether

samples for product (check) analysis should be furnished (see
5.2).

4.1.11 Purchaser Inspection—If the purchaser wishes to
witness the tests or inspection of material at the place of
manufacture, the purchase order must so state indicating which
tests or inspections are to be witnessed (see Section 13).

5. Chemical Composition

5.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 2.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations prescribed in Table 2.

6. Mechanical and Other Requirements

6.1 Mechanical Properties—The material shall conform to
the requirements for mechanical properties prescribed in Table
3.

6.2 Deep-Drawing and Spinning Quality Sheet and Strip—
The material shall conform to the requirements for grain size
and hardness properties prescribed in Table 4.

6.2.1 The mechanical properties of Table 3 do not apply to
deep-drawing and spinning quality sheet and strip.

7. Dimensions and Permissible Variations

7.1 Thickness and Weight:
7.1.1 Plate—For plate up to 2 in. (50.8 mm), inclusive, in

thickness, the permissible variation under the specified thick-
ness and permissible excess in overweight shall not exceed the
amounts prescribed in Table 5.

7.1.1.1 For use with Table 5, plate shall be assumed to
weigh 0.319 lb/in.3(8.83 g/cm3).

7.1.2 Plate—For plate over 2 in. (50.8 mm) in thickness, the
permissible variations over the specified thickness shall not
exceed the amounts prescribed in Table 6.

7.1.3 Sheet and Strip—The permissible variations in thick-
ness of sheet and strip shall be as prescribed in Table 7. The
thickness of strip and sheet shall be measured with the
micrometer spindle3⁄8in. (9.5 mm) or more from either edge

TABLE 3 Mechanical Properties for Plate, Sheet, and Strip (All Thicknesses and Sizes Unless Otherwise Indicated)

Condition
(Temper)

Tensile Strength, min, psi
(MPa)

Yield StrengthA (0.2 %
offset), min, psi (MPa)

Elongation
in 2 in. or
50 mm, or
4D, min, %

Rockwell Hardness
(B Scale)B,C

Hot-Rolled Plate

Annealed 70 000 (485) 28 000 (195) 35 ...
As-rolledD,E 75 000 (515) 40 000 (275) 25 ...

Hot-Rolled Sheet

Annealed 70 000 (485) 28 000 (195) 35 ...

Cold-Rolled Sheet

Annealed 70 000 to 85 000 (485 to 585) 28 000 (195) 35 ...
Quarter-hard ... ... ... 73 to 83
Half-hard ... ... ... 82 to 90
Hard 100 000 (690) 90 000 (620) 2 ...

Cold-Rolled Strip

Annealed 70 000 to 85 000 (485 to 585)F 28 000 (195) 35F ...
Skin hard ... ... ... 68 to 73
Quarter-hard ... ... ... 73 to 83
Half-hard ... ... ... 82 to 90
Three-quarter-hard ... ... ... 89 to 94
Hard 100 000 (690)F 90 000 (620) 2F ...
Spring temper ... ... ... 98 min
A Yield strength requirements do not apply to material under 0.020 in. (0.51 mm) in thickness.
B For Rockwell or equivalent hardness conversions see Hardness Conversion Tables E140.
C Caution should be observed in using the Rockwell test on thin material, as the results may be affected by specimen thickness. For thicknesses under 0.050 in. (1.3

mm), the use of the Rockwell superficial or the Vickers hardness test is suggested.
D As-rolled plate may be given a stress-relieving heat treatment subsequent to final rolling.
E As-rolled plate specified “suitable for hot forming” shall be furnished from heats of known good hot-malleability characteristics (see X1.2.2). There are no applicable

tensile or hardness requirements for such material.
F Not applicable for thickness under 0.010 in. (0.25 mm).
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for material 1 in. (25.4 mm) or over in width and at any place
on the strip under 1 in. in width.

7.2 Width or Diameter:
7.2.1 Plate—The permissible variations in width of rectan-

gular plates and diameter of circular plates shall be as
prescribed in Table 8 and Table 9.

7.2.2 Sheet and Strip—The permissible variations in width
for sheet and strip shall be as prescribed in Table 10.

7.3 Length:
7.3.1 Sheet and strip of all sizes may be ordered to cut

lengths in which case, a variation of1⁄8 in. (3.2 mm) over the
specified length shall be permitted.

7.3.2 Permissible variations in length of rectangular plate
shall be as prescribed in Table 11.

7.4 Straightness:
7.4.1 The edgewise curvature (depth of chord) of flat sheet,

strip, and plate shall not exceed 0.05 in. multiplied by the
length in feet (0.04 mm multiplied by the length in centime-
tres).

7.4.2 Straightness for coiled material is subject to agree-
ment between the manufacturer and the purchaser.

7.5 Edges:
7.5.1 When finished edges of strip are specified in the

contract or purchase order, the following descriptions shall
apply:

7.5.1.1 Square-edge strip shall be supplied with finished
edges, with sharp, square corners, and without bevel or
rounding.

TABLE 4 Grain Size and Hardness for Cold-Rolled, Deep-Drawing, and Spinning Quality Sheet and Strip

Thickness, in. (mm)
Calculated Diameter of

Average Grain Section, max
Corresponding
ASTM Micro-

Grain Size No.

Rockwell BA,B

Hardness, max
mm in.

Sheet (56 in. (1420 mm) Wide and Under)
0.050 (1.3) and under 0.075 0.0030 4.5 76
Over 0.050 to 0.250 (1.3 to 6.4), incl 0.110 0.0043 3.5 76

Strip (12 in. (305 mm) Wide and Under)C

0.005D to 0.015 (0.13 to 0.38), incl 0.022 0.0009 8E 76E

Over 0.015 to 0.024 (0.38 to 0.61), incl 0.060 0.0024 5.5 76
Over 0.024 to 0.125 (0.61 to 3.2), incl 0.075 0.0030 4.5 76
A For Rockwell or equivalent hardness conversions see Hardness Conversion Tables E140.
B Caution should be observed in using the Rockwell test on thin material as the results may be affected by specimen thickness. For thicknesses under 0.050 in. (1.3

mm), the use of the Rockwell superficial or the Vickers hardness test is suggested.
C Sheet requirements in Table 4 apply to strip thicknesses over 0.125 in. (3.2 mm), and for all thicknesses of strip over 12 in. (305 mm) in width.
D For ductility evaluations for strip under 0.005 in. (0.13 mm) in thickness, the spring-back test such as described in Test Method F 155 is often used and the manufacturer

should be consulted.
E Accurate grain size and hardness determinations are difficult to make on strip under 0.005 in. (0.13 mm) in thickness and are not recommended.

TABLE 5 Permissible Variations in Thickness and Overweight of Rectangular Plates

NOTE 1—All plates shall be ordered to thickness and not to weight per square foot. No plates shall vary more than 0.01 in. (0.3 mm) under the thickness
ordered, and the overweight of each lotA in each shipment shall not exceed the amount given in the table. Spot grinding is permitted to remove surface
imperfections, such spots not to exceed 0.01 in. (0.3 mm) under the specified thickness.

Specified Thickness, in. (mm)

Permissible Excess in Average Weight,B,C per Square Foot of Plates for Widths Given in Inches (Millimetres)
Expressed in Percentage of Nominal Weights

Under 48
(1220)

48 to 60
(1220 to
1520),
excl

60 to 72
(1520 to
1830),
excl

72 to 84
(1830 to
2130),
excl

84 to 96
(2130 to
2440),
excl

96 to 108
(2440 to
2740),
excl

108 to 120
(2740 to
3050),
excl

120 to 132
(3050 to
3350),
excl

132 to 144
(3350 to
3660),
excl

144 to 160
(3660 to
4070),

incl

3⁄16to 5⁄16 (4.8 to 7.9), excl 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ... ...
5⁄16 to 3⁄8 (7.9 to 9.5), excl 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ...
3⁄8 to 7⁄16 (9.5 to 11.1), excl 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 19.5
7⁄16 to 1⁄2 (11.1 to 12.7), excl 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0
1⁄2 to 5⁄8 (12.7 to 15.9), excl 5.0 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5
5⁄8 to 3⁄4 (15.9 to 19.0), excl 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0
3⁄4 to 1 (19.0 to 25.4), excl 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5
1 to 2 (25.4 to 50.8), incl 4.0 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0

A The term “lot” applied to this table means all of the plates of each group width and each group thickness.
B The permissible overweight for lots of circular and sketch plates shall be 25 % greater than the amounts given in this table.
C The weight of individual plates shall not exceed the nominal weight by more than 11⁄4 times the amount given in the table and Footnote B.

TABLE 6 Permissible Variations in Thickness for Rectangular Plates Over 2 in. (51.0 mm) in Thickness

NOTE 1—Permissible variation under specified thickness, 0.01 in. (0.3 mm).

Specified Thickness, in. (mm)

Permissible Variations, in. (mm), over Specified Thickness for Widths Given, in. (mm)

To 36 (915),
excl

36 to 60
(915 to 1520),

excl

60 to 84
(1520 to

2130), excl

84 to 120
(2130 to

3050), excl

120 to 132
(3050 to

3350), excl

132 (3350)
and over

Over 2 to 3 (51.0 to 76.0), excl 1⁄16(1.6) 3⁄32(2.4) 7⁄64(2.8) 1⁄8(3.2) 1⁄8(3.2) 9⁄64 (3.6)
3 to 4 (76.0 to 102.0), incl 5⁄64 (2.0) 3⁄32(2.4) 7⁄64(2.8) 1⁄8(3.2) 1⁄8(3.2) 9⁄64 (3.6)
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7.5.1.2 Round-edge strip shall be supplied with finished
edges, semicircular in form, and the diameter of the circle
forming the edge being equal to the strip thickness.

7.5.1.3 When no description of any required form of strip
edge is given, it shall be understood that edges such as those
resulting from slitting or shearing will be acceptable.

7.5.1.4 Sheet shall have sheared or slit edges.
7.5.1.5 Plate shall have sheared or cut (machined, abrasive-

cut, powder-cut, or inert-arc-cut) edges, as specified.
7.6 Squareness (Sheet)—For sheets of all thicknesses, the

angle between adjacent sides shall be 906 0.15° (1⁄16 in. in 24
in.) (1.6 mm in 610 mm).

7.7 Flatness:
7.7.1 There shall be no flatness requirements for “deep

drawing quality,” “spinning quality,” or “as-rolled,” sheet and
strip (see X1.4)

7.7.2 Standard flatness tolerances for plate shall conform to
the requirements prescribed in Table 12. “Specially flattened”
plate when so specified, shall have permissible variations in
flatness as agreed upon between the manufacturer and the
purchaser.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and temper,
smooth, commercially straight or flat, and free of injurious
imperfections.

8.2 Sheet, Strip, and Plate—Sheet, strip, and plate supplied
in the conditions and finishes as listed in the appendix may be
ground or machined to remove surface imperfections, provided
such removal does not reduce the material below the minimum
specified dimensions. Surface eliminated depressions shall be
faired smoothly into the surrounding material. The removal of

a surface imperfection shall be verified by the method origi-
nally used to detect the imperfection.

9. Sampling

9.1 Lot—Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot for mechanical properties, hardness, and grain

size testing shall consist of all material from the same heat,
nominal thickness, and condition.

9.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material in the
same thickness and condition, except for plates weighing over
500 lb, in which case only one specimen shall be taken.

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples shall be

taken during pouring or subsequent processing.
9.2.1.1 Product (Check) Analysisshall be wholly the re-

sponsibility of the purchaser.
9.2.2 Mechanical Properties, Hardness, and Grain Size—

Samples of the material to provide test specimens for mechani-
cal properties, hardness, and grain size shall be taken from such
locations in each lot as to be representative of that lot.
(Hardness and grain size required only on the products as
specified in Table 3 and Table 4.)

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Mechanical Properties—One test per lot.
10.3 Hardness—One test per lot. (Required only as speci-

fied in Table 3 and Table 4.)
10.4 Grain Size—One test per lot. (Required only as speci-

fied in Table 4.)

TABLE 7 Permissible Variations in Thickness of Sheet and Strip (Permissible Variations, Plus and Minus, in Thickness, in. (mm), for
Widths Given, in. (mm)

Specified Thickness, in. (mm)

SheetA

Hot-Rolled Cold-Rolled

48 (1220) and
Under

Over 48 to 60
(1220 to 1520), incl

48 (1220) and
Under

Over 48 to 60
(1220 to 1520), incl

0.018 to 0.025 (0.5 to 0.6), incl 0.003 (0.08) 0.004 (0.10) 0.002 (0.05) 0.003 (0.08)
Over 0.025 to 0.034 (0.6 to 0.9), incl 0.004 (0.10) 0.005 (0.13) 0.003 (0.08) 0.004 (0.10)
Over 0.034 to 0.043 (0.9 to 1.1), incl 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.043 to 0.056 (1.1 to 1.4), incl 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.056 to 0.070 (1.4 to 1.8), incl 0.006 (0.15) 0.007 (0.18) 0.005 (0.13) 0.006 (0.15)
Over 0.070 to 0.078 (1.8 to 2.0), incl 0.007 (0.18) 0.008 (0.20) 0.006 (0.15) 0.007 (0.18)
Over 0.078 to 0.093 (2.0 to 2.4), incl 0.008 (0.20) 0.009 (0.23) 0.007 (0.18) 0.008 (0.20)
Over 0.093 to 0.109 (2.4 to 2.8), incl 0.009 (0.23) 0.010 (0.25) 0.007 (0.18) 0.009 (0.23)
Over 0.109 to 0.125 (2.8 to 3.2), incl 0.010 (0.25) 0.012 (0.31) 0.008 (0.20) 0.010 (0.25)
Over 0.125 to 0.140 (3.2 to 3.6), incl 0.012 (0.31) 0.014 (0.36) 0.008 (0.20) 0.010 (0.25)
Over 0.140 to 0.171 (3.6 to 4.3), incl 0.014 (0.36) 0.016 (0.41) 0.009 (0.23) 0.012 (0.31)
Over 0.171 to 0.187 (4.3 to 4.8), incl 0.015 (0.38) 0.017 (0.43) 0.010 (0.25) 0.013 (0.33)
Over 0.187 to 0.218 (4.8 to 5.5), incl 0.017 (0.43) 0.019 (0.48) 0.011 (0.28) 0.015 (0.38)
Over 0.218 to 0.234 (5.5 to 5.9), incl 0.018 (0.46) 0.020 (0.51) 0.012 (0.31) 0.016 (0.41)
Over 0.234 to 0.250 (5.9 to 6.4), incl 0.020 (0.51) 0.022 (0.56) 0.013 (0.33) 0.018 (0.46)

Cold-Rolled StripA,B

Specified Thickness, in. (mm) Widths 12 in. (305 mm) and under,
plus and minus

Up to 0.050 (1.3), incl 0.0015 (0.04)
Over 0.050 to 0.093 (1.3 to 2.4), incl 0.0025 (0.06)
Over 0.093 to 0.125 (2.4 to 3.2), incl 0.004 (0.10)

A Measured 3⁄8 in. (9.5 mm) or more from either edge except for strip under 1 in. (25.4 mm) in width which is measured at any place.
B Standard sheet tolerances apply for thicknesses over 0.125 in. (3.2 mm) and for all thicknesses of strip over 12 in. (305 mm) wide.
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11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the final condition (temper) and tested transverse to the
direction of rolling when width will permit.

11.2 Tension test specimens shall be any of the standard or
subsize specimens shown in Test Methods E 8.

11.3 In the event of disagreement, referee specimens shall
be as follows:

11.3.1 Full thickness of the material machined to the form
and dimensions shown for the sheet-type specimen in Test
Methods E 8 for material under1⁄2 in. (12.7 mm) in thickness.

11.3.2 The largest possible round specimen shown in Test
Methods E 8 for material1⁄2 in. (12.7 mm) and over.

12. Test Methods

12.1 Determine the chemical composition, mechanical, and
other properties of the material as enumerated in this specifi-
cation, in case of disagreement, in accordance with the
following methods:

Test ASTM Designation

Chemical analysis E 76
Tension E 8
Brinell hardness E 10
Rockwell hardness E 18
Grain size E 112
Rounding E 29
Rounding procedure E 29
Spring-back F 155

12.2 The measurement of the average grain size may be
carried out by the planimetric method, the comparison method,
or the intercept method described in Test Methods E 112. In
case of dispute, the “referee” method for determining the
average grain size shall be the planimetric method.

12.3 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated, in accordance with the rounding
method of Practice E 29.

TABLE 8 Permissible Variations in Width A of Sheared, Plasma-Torch-Cut, and Abrasive-Cut Rectangular Plate B,C

Specified Thickness

Permissible Variations in Widths for Widths GIven, in. (mm)

Up to 30 (760), incl
Over 30 to 72 (760 to

1830), incl
Over 72 to 108 (1830

to 2740), incl
Over 108 to 144 (2740

to 3660), incl
Over 144 to 160 (3660

to 4070), incl

+ − + − + − + − + −

Inches

Sheared:D
3⁄16 to 5⁄16, excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 ... ...
5⁄16 to 1⁄2, excl 1⁄4 1⁄8 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8
1⁄2 to 3⁄4, excl 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8
3⁄4 to 1, excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8
1 to 11⁄4, incl 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 1 1⁄8

Abrasive-cut:E,F

3⁄16 to 11⁄4, incl 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8
Over 11⁄4 to 23⁄4, incl 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8

Plasma-torch-cut:G
3⁄16 to 2, excl 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0
2 to 3, incl 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0

Millimetres

Sheared:D

4.8 to 7.9, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 ... ...
7.9 to 12.7, excl 6.4 3.2 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2
12.7 to 19.0, excl 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.0 3.2
19.0 to 25.4, excl 12.7 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2
25.4 to 31.8, incl 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 25.4 3.2

Abrasive-cut:E,F

4.8 to 31.8, incl 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2
Over 31.8 to 69.8, incl 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2

Plasma-torch-cut:G

4.8 to 50.8, excl 12.7 0 12.7 0 12.7 0 12.7 0 12.7 0
50.8 to 76.2, incl 15.9 0 15.9 0 15.9 0 15.9 0 15.9 0

A Permissible variations in width for powder-cut or inert-arc-cut plate shall be as agreed upon between the manufacturer and the purchaser.
B Permissible variations in machined, powder-cut, or inert-arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
C Permissible variations in plasma-torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
D The minimum sheared width is 10 in. (254 mm) for material 3⁄4 in. (19.0 mm) and under in thickness and 20 in. (508 mm) for material over 3⁄4 in. (19.0 mm) in thickness.
E The minimum abrasive-cut width is 2 in. (50.8 mm) and increases to 4 in. (101.6 mm) for thicker plates.
F These tolerances are applicable to lengths of 240 in. (6100 mm), max. For lengths over 240 in (6100 mm), an additional 1⁄16 in. (1.6 mm) is permitted, both plus and

minus.
G The tolerance spread shown for plasma-torch cutting may be obtained all on the minus side, or divided between the plus and minus side if so specified by the

purchaser.
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TABLE 9 Permissible Variations in Diameter for Circular Plates

Sheared Plate

Specified Diameter, in. (mm)

Permissible Variations Over Specified
Diameter for Thickness Given, in. (mm)A

To 3⁄8 (9.5), incl

20 to 32 (508 to 813), excl 1⁄4 (6.4)
32 to 84 (813 to 2130), excl 5⁄16 (7.9)
84 to 108 (2130 to 2740), excl 3⁄8 (9.5)
108 to 140 (2740 to 3580), incl 7⁄16 (11.1)

Plasma-Torch-Cut PlateB

Specified Diameter, in. (mm)

Permissible Variations in Specified Diameter for Thickness Given, in. (mm)C

Thickness, max, in.
(mm)

3⁄16 to 2 (4.8 to 50.8), excl 2 to 3 (50.8 to 76.2), incl

+ − + −

19 to 20 (483 to 508), excl 3 (76.2) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
20 to 22 (508 to 559), excl 23⁄4(69.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
22 to 24 (559 to 610), excl 21⁄2(63.5) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
24 to 28 (610 to 711), excl 21⁄4(57.3) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
28 to 32 (711 to 812), excl 2 (50.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
32 to 34 (812 to 864), excl 13⁄4(44.5) 1⁄2 (12.7) 0 ... ...
34 to 38 (864 to 965), excl 11⁄2(38.1) 1⁄2 (12.7) 0 ... ...
38 to 40 (965 to 1020), excl 11⁄4(31.8) 1⁄2 (12.7) 0 ... ...
40 to 140 (1020 to 3560), incl 3 (76.2) 1⁄2 (12.7) 0 5⁄8 (15.9) 0

A No permissible variations under.
B Permissible variations in plasma-torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
C The tolerance spread shown may also be obtained all on the minus side or divided between the plus and minus sides if so specified by the purchaser.

TABLE 10 Permissible Variations in Width of Sheet and Strip

Specified Thickness, in. (mm) Specified Width, in. (mm)
Permissible Variations in Specified

Width, in. (mm)

+ −

Sheet

Up to 0.250 (6.4) all 0.125 (3.2) 0

StripA

Under 0.075 (1.9) up to 12 (305), incl 0.007 (0.18) 0.007 (0.18)
over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

0.075 to 0.100 (1.9 to 2.5), incl up to 12 (305), incl 0.009 (0.23) 0.009 (0.23)
over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.100 to 0.125 (2.5 to 3.2), incl up to 12 (305), incl 0.012 (0.30) 0.012 (0.30)
over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.125 to 0.160 (3.2 to 4.1), incl up to 12 (305), incl 0.016 (0.41) 0.016 (0.41)
over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.160 to 0.187 (4.1 to 4.7), incl up to 12 (305), incl 0.020 (0.51) 0.020 (0.51)
over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.187 to 0.250 (4.7 to 6.4), incl up to 12 (305), incl 0.062 (1.6) 0.062 (1.6)
over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0.062 (1.6)

A Rolled-round or square-edge strip in thicknesses of 0.071 to 0.125 in. (1.8 to 3.2 mm), inclusive, in widths 3 in. (76.2 mm) and under, shall have permissible width
variations of 60.005 in. (60.130 mm). Permissible variations for other sizes shall be as agreed upon between the manufacturer and the purchaser.
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Test
Rounded Unit for Observed

or Calculated Value

Chemical composition, hardness,
and tolerances (when expressed
in decimals)

nearest unit in the last right-hand place
offigures of the specified limit. If two
choices are possible, as when the digits

dropped are exactly a 5 or a 5 followed
only by zeros, choose the one ending in
an even digit, with zero defined
as an even digit.

Tensile strength and yield strength nearest 1000 psi (6.9 MPa)
Elongation nearest 1 %
Grain Size:

0.0024 in. (0.06 mm) or larger nearest multiple of 0.0002 in. (0.005 mm)
less than 0.0024 in. (0.06 mm) nearest multiple of 0.0001 in. (0.002 mm)

13. Inspection

13.1 Inspection of the material shall be as agreed upon
between the purchaser and the supplier as part of the purchase
contract.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufactuer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 Each plate, sheet, or strip shall be marked on one face
with the specification number, alloy, condition (temper), heat
number, manufacturer’s identification, and size. The markings
shall not have a deleterious effect on the material or its
performance and shall be sufficiently stable to withstand
normal handling.

16.2 When applicable, each bundle or shipping container
shall be marked with the name of the material, condition
(temper), this specification number, alloy, size, consignor and
consignee address, contract or order number, and such other
information as may be defined in the contract or order.

TABLE 11 Permissible Variations in Length A of Sheared, Plasma-Torch-Cut, B and Abrasive-Cut Rectangular Plate C

Specified Thickness

Permissible Variation in Length for Lengths Given, in. (mm)

Up to 60
(1520),

incl

Over 60 to
96 (1520 to
2440), incl

Over 96 to
120 (2440 to
3050), incl

Over 120 to
240 (3050 to
6096), incl

Over 240 to
360 (6096 to
9144), incl

Over 360 to
450 (9144 to
11 430), incl

Over 450 to
540 (11 430

to
13 716), incl

Over 540
(13 716)

+ − + − + − + − + − + − + − + −

Inches

Sheared:D
3⁄16 to 5⁄16, excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 ... ...
5⁄16 to 1⁄2, excl 3⁄8 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 1 1⁄8
1⁄2 to 3⁄4, excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8
3⁄4 to 1, excl 5⁄8 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8
1 to 11⁄4, incl 3⁄4 1⁄8 3⁄4 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8 ... ...

Abrasive-cut:E
3⁄16 to 11⁄4, incl 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 ... ... ... ...
Over 11⁄4 to 23⁄4, incl 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 ... ... ... ...

Plasma-torch-cut:F
3⁄16 to 2, excl 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0
2 to 3, incl 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0

Millimetres

Sheared:D

4.8 to 7.9, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 ... ...
7.9 to 12.7, excl 9.5 3.2 12.7 3.2 12.7 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 25.4 3.2
12.7 to 19.0, excl 12.7 3.2 12.7 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2
19.0 to 25.4, excl 15.9 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.2 3.2
25.4 to 31.8, incl 19.0 3.2 19.0 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.2 3.2 ... ...

Abrasive-cut:E

4.8 to 31.8, incl
Over 31.8 to

3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 ... ... ... ...

69.9, incl 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2 ... ... ... ...
Plasma-torch-cut:F

4.8 to 50.8, excl 12.7 0 12.7 0 12.7 0 12.7 0 12.7 0 12.7 0 12.7 0 12.7 0
50.8 to 76.2, incl 15.9 0 15.9 0 15.9 0 15.9 0 15.9 0 15.9 0 15.9 0 15.9 0
A Permissible variations in length for powder-cut or inert-arc-cut plate shall be agreed upon between the manufacturer and the purchaser.
B The tolerance spread shown for plasma-torch-cutting may be obtained all on the minus side, or divided between the plus and minus sides if so specified by the

purchaser.
C Permissible variations in machined, powder- or inert-arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
D The minimum sheared length is 10 in. (254 mm).
E Abrasive cut applicable to a maximum length of 144 to 400 in. (3658 to 10 160 mm) depending on the thickness and width ordered.
F The tolerance spread shown for plasma-torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchased form a part of this specification to the
extent referenced herein. Federal Standard No. 102, No. 123,
No. 182, and Military Standard MIL-STD-129.

S2. Chemical Composition

S2.1 The material shall conform to the composition limits
specified in Table 2 except as specified in Table S2.1

S3. Mechanical Properties

S3.1 Mechanical property requirements for quarter hard
cold-rolled strip1⁄4 in. thick and less shall be as specified in
Table S3.1.

S4. Nondestructive Tests

S4.1 When specified by the purchaser, each piece of each lot
shall be inspected. The purchaser shall specify if one or both
tests are required.

S4.2 Ultrasonic Tests:
S4.2.1 General Requirements:
S4.2.1.1 Ultrasonic testing shall be performed in accordance

with MIL-STD-271 as modified by the requirements specified
herein.

S4.2.1.2 Acoustic compatibility between the production ma-
terial and the calibration standard material shall be within 75%.
If the acoustic compatibility is within 25%, no gain compen-
sation is required for the examination. If acoustic compatibility
difference is between 25% and 75%, a change in the gain or dB
controls shall be accomplished to compensate for the differ-
ences in acoustic compatibility. This method cannot be used if
the ultrasonic noise level exceeds 50% of the rejection value.

S4.2.2 Calibration:

TABLE 12 Permissible Variations from Flatness of Rectangular, Circular, and Sketch Plates

NOTE 1—Permissible variations apply to plates up to 12 ft (366 cm) in length, or to any 12 ft or longer plates.
NOTE 2—If the longer dimension is under 36 in. (914 mm), the permissible variation is not greater than1⁄4 in. (6.4 mm).
NOTE 3—The shorter dimension specified is considered the width, and the permissible variation in flatness across the width does not exceed the tabular

amount of that dimension.†
NOTE 4—The maximum deviation from a flat surface does not customarily exceed the tabular tolerance for the longer dimension specified.

Specified Thickness

Permissible Variations from a Flat Surface for Thickness and Widths Given, in. (mm)

To 48
(1220),

excl

48 to 60
(1220 to
1520),
excl

60 to 72
(1520 to
1830),
excl

72 to 84
(1830 to
2130),
excl

84 to 96
(2130 to
2440),
excl

96 to 108
(2440 to
2740),
excl

108 to 120
(2740 to
3050),
excl

120 to 144
(3050 to
3660),
excl

144
(3660)

and over

Inches

3⁄16to 1⁄4, excl 3⁄4 11⁄16 11⁄4 13⁄8 15⁄8 15⁄8 ... ... ...
1⁄4to 3⁄8, excl 11⁄16 3⁄4 15⁄16 11⁄8 13⁄8 17⁄16 19⁄16 17⁄8 ...
3⁄8to 1⁄2, excl 1⁄2 9⁄16 11⁄16 3⁄4 15⁄16 11⁄8 11⁄4 17⁄16 13⁄4
1⁄2to 3⁄4, excl 1⁄2 9⁄16 5⁄8 13⁄16 11⁄8 11⁄8 11⁄8 13⁄8
3⁄4to 1, excl 9⁄16 5⁄8 5⁄8 3⁄4 13⁄16 15⁄16 1 11⁄8
1 to 2, excl 1⁄2 9⁄16 9⁄16 9⁄16 11⁄16 11⁄16 11⁄16 3⁄4 1
2 to 4, incl 1⁄4 5⁄16 3⁄8 7⁄16 1⁄2 9⁄16 5⁄8 3⁄4 7⁄8

Millimetres

4.8 to 6.4, excl 19.0 27.0 31.7 34.9 41.3 41.3 ... ... ...
6.4 to 9.5, excl 17.5 19.0 23.8 28.6 35.0 36.5 39.7 47.6 ...
9.5 to 12.7, excl 12.7 14.3 17.5 19.0 23.8 28.6 31.7 35.0 44.4
12.7 to 19.0, excl 12.7 14.3 15.9 15.9 20.6 28.6 28.6 28.6 34.9
19.0 to 25.4, excl 12.7 14.3 15.9 15.9 19.0 20.6 23.8 25.4 28.6
25.4 to 50.8, excl 12.7 14.3 14.3 14.3 17.5 17.5 17.5 19.0 25.4
50.8 to 101.6, incl 6.4 7.9 9.5 11.1 12.7 14.3 15.9 19.0 22.2

† Editorially corrected.

TABLE S2.1 Chemical Requirements

Element Composition Limits, %

Carbon 0.2 max.
Sulfur 0.015 max.
Aluminum 0.5 max.
Lead 0.006 max.
Tin 0.006 max.
Zinc 0.02 max.
Phosphorous 0.02 max.

TABLE S3.1 Mechanical Properties for Quarter-Hard Cold Rolled
Strip

Tensile Strength, min, psi (Mpa) 78 000–85 000 (538—586)
Yield Strength, min, psi (Mpa) (0.2% offset) 45,000 (310)
Elongation in 2 in., 50 mm, or 4D, min, % 20

B 127 – 98

8



S4.2.2.1Longitudinal Wave—The longitudinal wave test
shall be calibrated on a flat-bottomed reference hole of a given
diameter in accordance with Table S4.1 for specified material
thickness drilled either into the piece to be tested or into a
separate defect-free specimen of the same size (within6 1⁄8in.
(3.18 mm)), shape, material, and condition, or acoustically
similar material. Holes are to be drilled to midsection and the
bottom of the hole shall be parallel to the entrant surface. The
ultrasonic test instrument shall be adjusted so that the response
from the reference hole shall not be less than 25% and not more
then 75% of screen height.

S4.2.2.2Recalibration—During quality conformance in-
spection, any realignment of the search unit that will cause a
decrease in the calibrated sensitivity and resolution, or both, or
any change in search unit, couplant, instrument settings, or
scanning speed from that used for calibration shall require
recalibration. Recalibration shall be performed at least once per
8 h shift.

S4.2.3 Procedure—Paragraph S4.2.3.1 describes the re-
quirements for plate. Sheet and strip shall be excluded from
these requirements.

S4.2.3.1Plate—Plate shall be inspected by the longitudinal
wave technique using the contact or immersion method. For
contact, the scanning shall be on a 24 in. grid and one diagonal
in each grid. For immersion, the scanning shall be continuous
on a 12 in. grid. For either method, the search shall be
expanded to determine the full extent of any rejectable indica-
tion if the material is to be offered on a waiver basis.

S4.2.4 Acceptance Criteria:
S4.2.4.1Longitudinal Wave—Any material that produces

indications equal to or larger than the response from the
reference hole, or that produces a complete loss of back
reflection shall be rejected. Material shall be tested using a
square, rectangular, or circular transducer having an effective
area of one square inch or less, but no dimension shall be
smaller than the diameter of the reference hole. In the event of
disagreement on the degree of back reflection loss, it shall be
determined by the contact method using a 1 to 1–1⁄8in. (25.4 to
28.6 mm) diameter transducer or one whose area falls within
this range.

S4.2.4.2Reference Notch Removal—If reference notches or
flat-bottomed holes are made in the material to be tested, they

shall be so located than their subsequent removal will not
impair the suitability of the material for its intended use.

S4.3 Liquid Penetrant Inspection:
S4.3.1 Procedure—Liquid penetrant inspection shall be in

accordance with MIL-STD-271.
S4.3.2 Surface Requirements—The surface produced by hot

working is not suitable for liquid penetrant testing. Therefore,
liquid penetrant testing will not be applicable to products
ordered with a hot finished surface.

S4.3.3 Acceptance Criteria—Linear defects revealed by
liquid penetrant inspection shall be explored by grinding or
other suitable means. Depth of defects shall not exceed the
dimensional tolerance of the material.

S5. Quality Assurance

S2.1 Responsibility for Inspection—Unless otherwise speci-
fied in the contract or purchase order, the manufacturer is
responsible for the performance of all inspection and test
requirements specified. Except as otherwise specified in the
contract or purchase order, the manufacturer may use his own
or any other suitable facilities for the performance of the
inspection and test requirements unless disapproved by the
purchaser at the time the order is placed. The purchaser shall
have the right to perform any of the inspections or tests set
forth when such inspections and tests are deemed necessary to
assure that the material conforms to prescribed requirements.

S6. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 182 except that the ASTM
specification number and the alloy number shall be used.

S7. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade, or class and shall be preserved and
packaged, Level A or C, or packed, Level A, B, or C as
specified in the contract or purchase order.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

TABLE S4.1 Ultrasonic Testing Reference Hole for Plate

Material Thickness, in. (mm) Hole Diameter, in. (mm)
Up to and including 4 (102) 1⁄4(6.4)

Over 4 (102) 1⁄2(12.7)
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APPENDIX

(Nonmandatory Information)

X1. CONDITIONS AND FINISHES

X1.1 Scope

X1.1.1 This appendix lists the conditions and finishes in
which plate, sheet, and strip are normally supplied. These are
subject to change and the manufacturer should be consulted for
the latest information available.

X1.2 Plate, Hot-Rolled

X1.2.1 Annealed—Soft with an oxide surface and suitable
for heavy cold forming. Available with a descaled surface,
when so specified.

X1.2.2 As-Rolled—With an oxide surface. Available with a
descaled surface, when so specified. Suitable for flat work,
mild forming, or tube sheets. When intended for tube sheets,
specify that plates are to be specially flattened. When intended
for hot forming, this should be indicated on the purchase order
so that the manufacturer may select appropriate material.

X1.3 Plate, Cold–Rolled

X1.3.1 Annealed—Soft with an oxide surface; available
with a descaled surface when so specified.

X1.4 Sheet, Hot-Rolled

X1.4.1 Annealed, and Pickled—Soft with a pickled matte
finish. Properties similar to X1.5.1 but with broader thickness
tolerances. Not suggested for applications where the finish of a
cold-rolled sheet is considered essential, or for deep drawing or
spinning.

X1.5 Sheet and Strip, Cold-Rolled

X1.5.1 Annealed—Soft with a pickled or bright annealed
finish.

X1.5.2 Deep-Drawing or Spinning Quality—Similar to
X1.5.1, except furnished to controlled hardness and grain size
and lightly leveled.

X1.5.3 Skin Hard—Similar to X1.5.1 but given a light cold
reduction to hardness range shown in Table 3.

X1.5.4 Quarter-Hard—Cold rolled to the hardness range
indicated in Table 3, bright finish. Out-of-flatness must be
expected and will vary with temper and thickness.

X1.5.5 Half-Hard—Cold rolled to the hardness range indi-
cated in Table 3, bright finish. Out-of-flatness must be expected
and will vary with temper and thickness.

X1.5.6 Three-Quarter Hard—Cold rolled to the hardness
range indicated in Table 3, bright finish. Out-of-flatness must
be expected and will vary with temper and thickness.

X1.5.7 Hard—Cold rolled to the tensile requirements indi-
cated in Table 3, bright finish. Out-of-flatness must be expected
and will vary with temper and thickness.

X1.5.8 Spring Temper—Cold rolled to the minimum hard-
ness indicated in Table 3, bright finish. Out-of-flatness must be
expected and will vary with temper and thickness.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 160 – 99

Standard Specification for
Nickel Rod and Bar 1

This standard is issued under the fixed designation B 160; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers nickel (UNS N02200)* and
low carbon nickel (UNS N02201)* in the form of hot-worked
and cold-worked rod and bar in the conditions shown in Table
1.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:
B 162 Specification for Nickel Plate, Sheet, and Strip3

B 880 General Requirements for Chemical Check Analysis
of Nickel, Nickel Alloys, and Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 39 Test Methods for Chemical Analysis of Nickel6

E 140 Hardness Conversion Tables for Metals4

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 bar—material of rectangular (flats), hexagonal, or

square solid section up to and including 10 in. (254 mm) in
width and 1⁄8 in. (3.2 mm) and over in thickness in straight
lengths.

NOTE 1—Hot-worked rectangular bar in widths 10 in. (254 mm) and
under may be furnished as hot-rolled plate with sheared or cut edges in
accordance with Specification B 162, provided the mechanical property

requirements of Specification B 160 are met.

3.1.2 rod—material of round solid section furnished in
straight lengths.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 ASTM designation and year of issue.
4.1.2 UNS number.
4.1.3 Section—Rod (round) or bar (square, hexagonal, or

rectangular).
4.1.4 Dimensions—Dimensions including length.
4.1.5 Condition.
4.1.6 Finish.
4.1.7 Quantity—feet or number of pieces.
4.1.8 Certification— State if certification or a report of test

results is required (Section 15).
4.1.9 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished.
4.1.10 Purchaser Inspection—If purchaser wishes to wit-

ness tests or inspection of material at place of manufacture, the
purchase order must so state indicating which test or inspec-
tions are to be witnessed.

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 2.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall be done per ASTM B 880 and the
material shall conform to the product (check) analysis varia-
tions defined in Table 1 of ASTM B 880.

6. Mechanical and Other Requirements

6.1 Mechanical Properties—The material shall conform to
the mechanical properties specified in Table 1.

7. Dimensions and Permissible Variations

7.1 Diameter, Thickness, or Width—The permissible varia-
tions from the specified dimensions as measured on the
diameter or between parallel surfaces of cold-worked rod and

1 This specification is under the jurisdiction of ASTM Committee B-2 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved May 10, 1999. Published June 1999. Originally
published as B 160 – 41 T. Last previous edition B 160 – 93.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-160 in Section II of that Code.

* New designations established in accordance with ASTM E527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.05.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



bar shall be as prescribed in Table 3, and of hot-worked rod and
bar as prescribed in Table 4.

7.2 Out-of-Round— Hot-worked rods and cold-worked rods
(except “forging quality”), all sizes, in straight lengths, shall
not be out-of-round by more than one half the total permissible
variations in diameter shown in Tables 3 and 4, except for
hot-worked rods1⁄2 in. (12.7 mm) in diameter and under, which
may be out-of-round by the total permissible variations in
diameter shown in Table 4.

7.3 Corners—Cold-worked bars will have practically exact
angles and sharp corners.

7.4 Machining Allowances for Hot-Worked Materials—
When the surfaces of hot-worked products are to be machined,
the allowances prescribed in Table 5 are recommended for
normal machining operations.

7.5 Length—The permissible variations in length of cold-
worked and hot-worked rod and bar shall be as prescribed in
Table 6.

7.5.1 Rods and bars ordered to random or nominal lengths
will be furnished with either cropped or saw-cut ends; material
ordered to cut lengths will be furnished with square saw-cut or
machined ends.

7.6 Straightness:
7.6.1 The permissible variations in straightness of cold-

worked rod and bar as determined by the departure from
straightness shall be as prescribed in Table 7.

7.6.2 The permissible variations in straightness of precision
straightened cold-worked rod as determined by the departure
from straightness shall be as prescribed in Table 8.

7.6.2.1 In determining straightness in the standard 42-in.
(1.07-m) distance between supports or, when specified, in
determining straightness in lengths not in excess of those
shown in Table 8, the rod shall be placed on a precision table
equipped with ballbearing rollers and a micrometer or dial
indicator. The rod shall then be rotated slowly against the

TABLE 1 Mechanical Properties

Condition and Diameter or Distance
Between Parallel Surfaces, in. (mm)

Tensile Strength, min,
psi (MPa)

Yield Strength (0.2 % offset),
min. psi (MPa)A

Elongation in 2 in. or 50
mm or 4D,min %

Nickel (UNS N02200)

Cold-worked (as worked):
Rounds, 1 (25.4) and under 80 000 (550) 60 000 (415) 10B

Rounds over 1 to 4 (25.4 to 101.6) incl. 75 000 (515) 50 000 (345) 15
Squares, hexagons, and rectangles, all sizes 65 000 (450) 40 000 (275) 25B

Hot-worked:
All sections, all sizes 60 000 (415) 15 000 (105) 35C

Rings and disksD — — —
Annealed:

Rods and bars, all sizes 55 000 (380) 15 000 (105) 40B

Rings and disksE — — —
Forging quality

All sizes F F F

Low-Carbon Nickel (UNS N02201)

Hot-worked:
All sections, all sizes 50 000 (345) 10 000 (70) 40C

Annealed:
All products, all sizes 50 000 (345) 10 000 (70) 40B

A See 12.2.
B Not applicable to diameters or cross sections under 3⁄32 in. (2.4 mm).
C For hot-worked flats 5⁄16 in. (7.9 mm) and under in thickness the elongation shall be 25%, min.
D Hardness B45 to B80, or equivalent.
E Hardness B45 to B70 or equivalent.
F Forging quality is furnished to chemical requirements and surface inspection only. No tensile properties are required.

TABLE 2 Chemical Requirements

Element

Composition Limits, %

Nickel (UNS
N02200)

Low-Carbon
Nickel (UNS

N02201)

Nickel, minA 99.0 99.0
Copper, max 0.25 0.25
Iron, max 0.40 0.40
Manganese, max 0.35 0.35
Carbon, max 0.15 —
Carbon, max — 0.02
Silicon, max 0.35 0.35
Sulfur, max 0.01 0.01

A Element shall be determined arithmetically by difference.

TABLE 3 Permissible Variations in Diameter or Distance
Between Parallel Surfaces of Cold-Worked Rod and Bar

Specified Dimension, in. (mm)A
Permissible Variations from

Specified Dimension, in. (mm)

+ −

Rounds:
1⁄16 (1.6) to 3⁄16 (4.8), excl 0 0.002 (0.05)
3⁄16 (4.8) to 1⁄2 (12.7), excl 0 0.003 (0.08)
1⁄2 (12.7) to 15⁄16 (23.8), incl 0.001 (0.03) 0.002 (0.05)
Over 15⁄16 (23.8) to 115⁄16 (49.2), incl 0.0015 (0.04) 0.003 (0.08)
Over 115⁄16 (49.2) to 21⁄2 (63.5), incl 0.002 (0.05) 0.004 (0.10)
Over 21⁄2 (63.5) to 3 (76.2), incl 0.0025 (0.06) 0.005 (0.13)
Over 3 (76.2) to 3 (88.9), incl 0.003 (0.08) 0.006 (0.15)
Over 31⁄2 (88.9) to 4 (101.6), incl 0.0035 (0.09) 0.007 (0.18)

Hexagons, squares, rectangles:
1⁄2 (12.7) and less 0 0.004 (0.10)
Over 1⁄2 (12.7) to 7⁄8 (22.2), incl 0 0.005 (0.13)
Over 7⁄8 (22.2) to 11⁄4 (31.8), incl 0 0.007 (0.18)
Over 11⁄4 (31.8) to 21⁄4 (57.2), incl 0 0.009 (0.23)
Over 21⁄4 (57.2) to 3 (76.2), incl 0 0.011 (0.28)
Over 3 (76.2) to 31⁄2 (88.9), incl 0 0.015 (0.38)
Over 31⁄2 (88.9) to 4 (101.6), incl 0 0.017 (0.43)

A Dimensions apply to diameter of rounds, to distance between parallel surfaces
of hexagons and squares, and separately to width and thickness of rectangles.
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indicator, and the deviation from straightness in any portion of
the rod between the supports shall not exceed the permissible
variations prescribed in Table 8. The deviation from straight-
ness (throw in one revolution) is defined as the difference
between the maximum and minimum readings of the dial
indicator in one complete revolution of the rod.

7.6.3 The permissible variations in straightness of hot-
worked rod and bar as determined by the departure from
straightness shall be as specified in Table 9.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, commercially straight or flat, and free of injurious
imperfections.

9. Sampling

9.1 Lot—Definition:
9.2 A lot for chemical analysis shall consist of one heat.
9.2.1 A lot for mechanical properties testing shall consist of

all material from the same heat, nominal diameter of thickness,
and condition.

9.2.1.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material in the
same size and condition.

9.3 Test Material Selection:

9.3.1 Chemical Analysis—Representative samples from
each lot shall be taken during pouring or subsequent process-
ing.

9.3.1.1 Product (check) analysis shall be wholly the respon-
sibility of the purchaser.

9.3.2 Mechanical Properties—Samples of the material to
provide test specimens for mechanical properties shall be taken
from such locations in each lot as to be representative of that
lot.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Tension—One test per lot.
10.3 Hardness—One test per lot.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the final condition and tested in the direction of fabrication.

11.1.1 All rod and bar shall be tested in full cross-section
size when possible. When a full cross-section size test cannot
be performed, the largest possible round specimen shown in
Test Methods E 8 shall be used. Longitudinal strip specimens
shall be prepared in accordance with Test Methods E 8 for
rectangular bar up to1⁄2 in. (12.7 mm), inclusive, in thicknesses
that are too wide to be pulled full size.

11.2 Hardness test specimens shall be taken from material in
the final condition.

11.3 In order that the hardness determinations may be in
reasonable close agreement, the following procedure is sug-
gested:

11.3.1 For rod, under1⁄2 in. (12.7 mm) in diameter, hardness
readings shall be taken on a flat surface prepared by filing or
grinding approximately1⁄16 in. (1.6 mm) from the outside
surface of the rod.

11.3.2 For rod,1⁄2 in. (12.7 mm) in diameter and larger, and
for hexagonal, square, and rectangular bar, all sizes, hardness
readings shall be taken on a cross section midway between the
surface and center of the section.

12. Test Methods

12.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following methods:

Test ASTM Designation
Chemical Analysis E 39
Tension E 8
Rockwell Hardness E 18
Hardness Conversion E 140
Rounding Procedure E 29

12.2 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated below, in accordance with the round-
ing method of Practice E 29:

Test Rounded Unit for Observed
Or Calculated Value

Chemical composition, hardness, and
tolerances (when expressed in deci

mals)

Nearest unit in the last right-hand place
of figures of the specified limit. If two
choices are possible, as when the
digits dropped are exactly a 5, or a 5
followed only by zeros, choose the one
ending in an even digit, with zero
defined as an even digit.

Tensile strength and yield strength Nearest 1000 psi (6.9 MPa)
Elongation Nearest 1 %

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of

TABLE 4 Permissible Variations in Diameter or Distance
Between Parallel Surfaces of Hot-Worked Rod and Bar

Specified Dimension, in. (mm)A
Permissible Variations from

Specified Dimensions, in. (mm)

+ −

Rod and bar, hot-worked:
1 (25.4) and under 0.016 (0.41) 0.016 (0.41)
Over 1 (25.4) to 2 (50.8), incl 0.031 (0.79) 0.016 (0.41)
Over 2 (50.8) to 4 (101.6), incl 0.047 (1.19) 0.031 (0.79)
Over 4 (101.6) 0.125 (3.18) 0.063 (1.60)

Rod, rough-turned or rough-ground:
Under 1 (25.4) 0.005 (0.13) 0.005 (0.13)
1 (25.4) and over 0.031 (0.79) 0

Forging quality rod:B

Under 1 (25.4) 0.005 (0.13) 0.005 (0.13)
1 (25.4) and over 0.031 (0.79) 0

A Dimensions apply to diameter of rods, to distance between parallel surfaces of
hexagons and squares, and separately to width and thickness of rectangles.

B Spot grinding is permitted to remove minor surface imperfections. The depth of
these spot ground areas shall not exceed 3 % of the diameter of the rod.
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dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser

stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 The following information shall be marked on the
material or included on the package, or on a label or tag
attached thereto: The name of the material or UNS Number,
heat number, condition (temper), ASTM Specification B 160,
the size, gross, tare, and net weight, consignor and consignee
address, contract or order number, or such other information as
may be defined in the contract or order.

TABLE 5 Normal Machining Allowances for Hot-worked Material

Finished-Machined Dimensions for Finishes as
Indicated Below, in. (mm)A

Normal Machining Allowance, in. (mm)

On Diameter,
for Rods

Distance Between
Parallel Surface, for

Hexagonal and
Square Bar

For Rectangular Bar

On Thickness On Width

Hot-worked:B

Up to 7⁄8 (22.2), incl 1⁄8 (3.2) 1⁄8 (3.2) 1⁄8 (3.2) 3⁄16 (4.8)
Over 7⁄8 to 17⁄8 (22.2 to 47.6), incl 1⁄8 (3.2) 3⁄16 (4.8) 1⁄8 (3.2) 3⁄16 (4.8)
Over 17⁄8 to 27⁄8(47.6 to 73.0), incl 3⁄16 (4.8) 1⁄4 (6.4) — 3⁄16 (4.8)
Over 27⁄8 to 313⁄16(73.0 to 96.8), incl 1⁄4 (6.4) — — 3⁄16 (4.8)
Over 313⁄16 (96.8) 1⁄4 (6.4) — — 3⁄8 (9.5)

Hot-worked rods:
Rough-turned or Rough-ground:C

15⁄16 to 4 (23.8 to 101.6), incl in diameter 1⁄16 (1.6) — — —
Over 4 to 12 (101.6 to 304.8), incl in

diameter

1⁄8 (3.2) — —

A Dimensions apply to diameter of rods, to distance between parallel surfaces of hexagonal and square bar, and separately to width and thickness of rectangular bar.
B The allowances for hot-worked material in Table 5 are recommended for rods machined in lengths of 3 ft (0.91 m) or less and for bars machined in lengths of 2 ft (0.61

m) or less. Hot-worked material to be machined longer lengths should be specified showing the finished cross-sectional dimension and the length in which the material
will be machined in order that the manufacturer may supply material with sufficient oversize, including allowance for out-of-straightness.

C Applicable to 3 ft (0.91 m) max length.

TABLE 6 Permissible Variations in Length of Rods and Bars

Random mill lengths:
Hot-worked 6 to 24 ft (1.83 to 7.31 m) long with not more than 25 weight % between 6 and 9 ft (1.83 and 2.74 m)A

Cold-worked 6 to 20 ft (1.83 to 6.1 m) long with not more than 25 weight % between 6 and 10 ft (1.83 and 3.05 m).
Multiple lengths Furnished in multiples of a specified unit length, within the length limits indicated above. For each multiple, an

allowance of 1⁄4 in. (6.4 mm) will be made for cutting, unless otherwise specified. At the manufacturer’s option,
individual specified unit lengths may be furnished.

Nominal lengths Specified nominal lengths having a range of not less than 2 ft (610 mm) with no short lengths allowed.B

Cut lengths A specified length to which all rods and bars will be cut with a permissible variation of +1⁄8 in. (3.2 mm), − 0 for sizes 8
in. (203 mm) and less in diameter or distance between parallel surfaces. For larger sizes, the permissible variation
shall be +1⁄4 in. (6.4 mm), − 0.

A For hot-worked sections weighing over 25 lb/ft (37 kg/m) and for smooth forged products, all sections, short lengths down to 2 ft (610 mm) may be furnished.
B For cold-worked rods and bars under 1⁄2 in. (12.7 mm) in diameter or distance between parallel surfaces ordered to nominal or stock lengths with a 2-ft (610 mm) range,

at least 93 % of such material shall be within the range specified; the balance may be in shorter lengths but in no case shall lengths less than 4 ft (1220 mm) be furnished.

TABLE 7 Permissible Variations in Straightness Of Cold-Worked
Rods And Bars

Specified Diameter or Distance
Between Parallel Surfaces, in.

(mm)A

Permissible Variations in Lengths
Indicated, in. (mm)

Rounds: Depth of Chord:
1⁄2 (12.7) to 4 (101.6), incl 0.030 (0.76) per ft (305 mm) of length

Hexagons, squares, rectangles:
1⁄2 (12.7) to 4 (101.6), incl 0.030 (0.76) per ft (305 mm) of length

A Material under 1⁄2 in. (12.7 mm) shall be reasonably straight and free of sharp
bends and kinks.
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APPENDIX

(Nonmandatory Information)

X1. CONDITIONS AND FINISHES

X1.1 The various conditions and finishes in which nickel
(UNS N02200) and low-carbon nickel (UNS N02201) rods and
bars are procurable are as indicated below.

X1.2 Low-carbon nickel (UNS N02201) is intended essen-
tially for fused caustic and other fused salts and for tempera-
tures above 600°F (316°C). For such applications the manu-
facturer should be consulted.

X1.2.1 Hot-Worked— With a tightly adherent, black, mill
oxide surface.

X1.2.2 Hot-Worked Rough-Ground—Similar to X1.2.1 ex-
cept rough-ground.

X1.2.3 Hot-Worked, Rough-Turned—Similar to X1.2.1 ex-
cept rough-turned with a broad-nosed tool similar to a bar
peeling operation and thus may not be straight. Intended
generally for machining where an overhauled surface is de-
sired, essentially for machined step down shafts or parts
machined in short lengths of 3 ft (914 mm) or less.

X1.2.4 Hot-Worked Forging Quality—Rough-turned and
spot-ground, as necessary, for sizes 1 in. (25.4 mm) in diameter
and over; rough-ground and spot-ground for sizes under 1 in. in
diameter. Material is selected from heats of known, good hot
malleability.

NOTE X1.1—For sizes 4 in. (101.6 mm) in diameter and less, cold-
worked rod may be used also for forging by virtue of the fact such rod
have been overhauled for removal of mechanical surface defects prior to
cold drawing. In such cases, the user should run pilot forging tests to
ensure himself that such material has the desired hot-malleability range.

X1.2.5 Hot-Worked, Annealed—Soft with a tightly adherent
oxide that may vary from dark to light.

X1.2.6 Hot-Worked, Annealed and Pickled—Same as
X1.2.5 except descaled for removal of mill oxide. Provides for
better surface inspection than does hot-worked material and
often employed where welding is involved where removal of
mill oxide is desired.

NOTE X1.2—Annealing prior to pickling may be required in order to
reduce the mill oxide since uniform pickling of an unreduced oxide is
difficult.

X1.2.7 Cold-Worked, As-worked—Hot-worked overhauled,
cold-worked, and straightened with a smooth bright finish.

X1.2.8 Cold-worked Annealed—Hot-worked overhauled,
cold-worked, and straightened. Annealed for softness and with
a dull matte finish.

TABLE 8 Permissible Variations in Straightness of Precision-Straightened Cold-Worked Nickel (UNS N02200) Shafting

Specified Diameter of
Shafting, in.

Standard Distance Between
Supports

Permissible Variations (Throw in One Revolution)
from Straightness, in.

1⁄2 to 15⁄16, incl 42 in. 0.005
Over 15⁄16 to 115⁄16, incl 42 in. 0.006
Over 115⁄16 to 21⁄2, incl 42 in. 0.007
Over 21⁄2 to 4, incl 42 in. 0.008
3⁄4 to 15⁄16, incl Specified lengths of 3 to 10 ft 0.004 + 0.0025 for each foot or fraction thereof in excess of 3 ft.
Over 15⁄16 to 4, incl Specified lengths of 20 ft and less 0.005 + 0.0015 for each foot or fraction thereof in excess of 3 ft.

Specified Diameter of
Shafting, mm

Standard Distance Between
Supports

Permissible Variations (Throw in One Revolution)
from Straightness, mm

12.7 to 23.8 incl 1067 mm 0.13
Over 23.8 to 49.2, incl 1067 mm 0.15
Over 49.2 to 63.5, incl 1067 mm 0.18
Over 63.5 to 101.6, incl 1067 mm 0.20
19.1 to 23.8 incl specified lengths of 914 to 3050 mm 10.2 + 0.2 for each metre or fraction thereof in excess of 914 mm
Over 23.8 to 101.6, incl specified lengths of 6100 mm and less 12.7 + 0.13 for each metre or fraction thereof in excess of 914 mm

TABLE 9 Permissible Variations in Straightness of Hot-Worked
Rods and Bars A

Finish
Permissible

Variations, in./ft.
(mm/m)B

Rods and bars, hot-worked 0.050 (4.2)C

Rounds—hot-worked, rough-ground, or rough-turned 0.050 (4.2)C

A Not applicable to forging quality.
B Material under 1⁄2 in. (12.7 mm) shall be reasonably straight and free of sharp

bends and kinks.
C The maximum curvature (depth of chord) shall not exceed the values indicated

multiplied by the length in feet.
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Designation: B 161 – 03 Used in USNRC-RDT Standards

Standard Specification for
Nickel Seamless Pipe and Tube 1

This standard is issued under the fixed designation B 161; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers nickel (UNS N02200)* and
low-carbon nickel (UNS N02201)* in the form of cold-worked
seamless pipe and tube in the conditions shown in Table 1 and
Table X1.1.

1.1.1 Hot-worked material is available. Properties are to be
agreed upon between the manufacturer and purchaser.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations.

2. Referenced Documents

2.1 ASTM Standards:
B 829 Specification for General Requirements for Nickel

and Nickel Alloys Seamless Pipe and Tube3

E 426 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Seamless and Welded Tubular Products, Austen-
itic Stainless Steel and Similar Alloys4

E 571 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Nickel and Nickel Alloy Tubular Products4

3. General Requirement

3.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 829
unless otherwise provided herein.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 Alloy name or UNS number.
4.1.2 ASTM designation and year of issue.
4.1.3 Condition (see Appendix X2).
4.1.4 Finish (see Appendix X2).
4.1.5 Dimensions:
4.1.5.1 Tube—Specify outside diameter and nominal or

minimum wall.
4.1.5.2 Pipe—Specify standard pipe size and schedule.
4.1.5.3 Length—Cut to length or random.
4.1.6 Quantity—Feet or number of pieces.
4.1.7 Hydrostatic Test or Nondestructive Electric Test—

Specify test (see 6.2).
4.1.8 Hydrostatic Pressure Requirements— Specify test

pressure if other than required by Specification B 829.
4.1.9 Certification—State if certification is required.
4.1.10 Samples for Product (Check) Analysis—State

whether samples for product (check) analysis should be fur-
nished (see 5.2).

4.1.11 Purchaser Inspection—If purchaser wishes to wit-
ness tests or inspection of material at place of manufacture, the
purchase order must so state indicating which tests or inspec-
tions are to be witnessed.

4.1.12 Small-Diameter and Light-Wall Tube (Converter
Sizes)—See Appendix X1.

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 2.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Specification B 829.

6. Mechanical and Other Properties

6.1 Tension Test—The material shall conform to the tensile
properties specified in Table 1. The sampling and specimen
preparation are as covered in Specification B 829.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1941. Last previous edition approved in 2000 as B 161 - 00.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-161 in Section II of that Code.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards,Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.03.

1
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6.1.1 Tensile properties for material specified as small-
diameter and light-wall tube (converter sizes) shall be as
prescribed in Table X1.1.

6.2 Hydrostatic Test or Nondestructive Electric Test—Each
pipe or tube shall be subjected to the Nondestructive Electric
Test or the Hydrostatic Test. Unless specified by the purchaser,
either test may be used at the option of the producer.

7. Dimensions and Permissible Variations

7.1 Permissible variations for material specified as small-
diameter and light-wall tube (converter size) shall conform to
the permissible variations prescribed in Table X1.2.

8. Number of Tests

8.1 Chemical Analysis—One test per lot.
8.2 Tension—One test per lot.

8.3 Hydrostatic or Nondestructive Electric Test—Each
piece in each lot.

9. Test Methods
9.1 Hydrostatic Test—Each pipe or tube with an outside

diameter1⁄8 in. (3 mm) and larger and with wall thickness of
0.015 in. (0.38 mm) and over shall be tested in accordance with
Specification B 829. The allowable fiber stress, for material in
the condition furnished, is as follows:

UNS N02200 UNS N02201
Annealed:

5 in. (127 mm) outside
diameter and under

10 000 psi (70 MPa) 8000 psi (55 MPa)

Over 5 in. outside diam-
eter

8000 psi (55 MPa) 6700 psi (45 MPa)

Stress-Relieved:
All sizes 16 200 psi (110 MPa) 15 000 psi (105 MPa)

9.1.1 When so agreed upon by the manufacturer and pur-
chaser, pipe or tube may be tested to 11⁄2 times the allowable
fiber stress given above.

9.1.2 If any pipe or tube shows leaks during hydrostatic
testing, it shall be rejected.

9.2 Nondestructive Electric Test—Each pipe or tube shall be
examined with a nondestructive electric test in accordance with
Practice E 426 or Practice E 571. Unless specifically spelled
out by the purchaser, the selection of the nondestructive test
will be at the option of the producer. The range of pipe or tube
sizes that may be examined by each method shall be subjected
to the limitation in the scope of the respective practices.

10. Keywords
10.1 seamless pipe; seamless tube; N02200; N02201

TABLE 1 Mechanical Properties

Condition and Size

Tensile Strength, min, psi (MPa)
Yield Strength (0.2 % offset), min, psi

(MPa)
Elongation in 2 in. or 50 mm (or

4D), min, %

Nickel (UNS
N02200)

Low-Carbon Nickel
(UNS N02201)

Nickel (UNS
N02200)

Low-Carbon Nickel
(UNS N02201)

Nickel (UNS
N02200)

Low-Carbon
Nickel (UNS

N02201)

Annealed:
5 in. (127 mm) and under

outside diameter
55 000 (380) 50 000 (345) 15 000 (105) 12 000 (80) 35 35

Over 5 in. (127 mm) in
outside diameter

55 000 (380) 50 000 (345) 12 000 (80) 10 000 (70) 40 40

Stress-Relieved:
All sizes 65 000 (450) 60 000 (415) 40 000 (275) 30 000 (205) 15 15

TABLE 2 Chemical Requirements

Element

Composition,%

Nickel
(UNS N02200)

Low-Carbon
Nickel

(UNS N02201)

Ni,A min 99.0 99.0
Cu, max 0.25 0.25
Fe, max 0.40 0.40
Mn, max 0.35 0.35
C, max 0.15 —
C, max — 0.02
Si, max 0.35 0.35
S, max 0.01 0.01

A Element shall be determined arithmetically by difference.
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APPENDIXES

(Nonmandatory Information)

X1. CONVERTER SIZES

X1.1 Small-diameter and light-wall tube in outside diam-
eters 11⁄4 in. (31.8 mm) and under may be furnished in the
conditions listed in Table X1.1 when so specified. The material
is furnished in a limited range of sizes and the manufacturer

should be consulted as to the various outside diameters and
wall thicknesses that may be furnished. Material will have a
bright finish. Such material shall conform to the applicable
requirements in Table X1.1 and Table X1.2.

TABLE X1.1 Mechanical Properties A of Small-Diameter and Light-Wall Tubing (Converter Sizes)

Condition Tensile Strength, psi (MPa)
Yield Strength (0.2 % offset),

min, psi (MPa)
Elongation in 2 in.
or 50 mm, min, %

Nickel UNS N02200
AnnealedB 75 000 (515) max 15 000 (105) 33
Half-hardC 80 000 (550) min 40 000 (275) 12
Full hardD 95 000 (655) min 75 000 (515) 4

Low-Carbon Nickel UNS N02201
AnnealedB 70 000 (480) max 12 000 (85) 35
Half-hardC 70 000 (480) min 30 000 (205) 12
Full hardD 85 000 (585) min 65 000 (450) 4

A Not applicable to outside diameters under 1⁄8 in. (3.2 mm) and wall thicknesses under 0.015 in. (0.38 mm).
B This condition is sometimes designated as “No. 1 Temper.”
C This condition is sometimes designated as “No. 2 Temper.”
D This condition is sometimes designated as “No. 3 Temper.”

TABLE X1.2 Permissible Variations for Small-Diameter and Light-Wall Tube (Converter Sizes) A,B,C,D,E ,F,G

Specified Outside Diameter, in. (mm)
Outside Diameter Inside Diameter Wall Thickness, %

Plus Minus Plus Minus Plus Minus

Under 3⁄32 (2.4) 0.002 (0.05) 0 0 0.002 (0.05) 10 10
3⁄32 to 3⁄16 (2.4 to 4.8), excl 0.003 (0.08) 0 0 0.003 (0.08) 10 10
3⁄16 to 1⁄2 (4.8 to 12.7), excl 0.004 (0.10) 0 0 0.004 (0.10) 10 10
1⁄2 to 1 1⁄4 (12.7 to 31.8), incl 0.005 (0.13) 0 0 0.005 (0.13) 10 10
A Ovality, Normal Wall Tube—As-Drawn (No. 2 and 3) Tempers—Ovality will be held within the outside diameter tolerances shown in the table.
Annealed (No. 1) Temper—Ovality will be held within 2 % of the theoretical average outside diameter.
B Ovality, Light-Wall Tube—As-Drawn (No. 2 and 3)Tempers —Up to but not including 11⁄4 in. (31.8 mm) in outside diameter, ovality will be held within 2 % of the

theoretical average outside diameter.
Annealed (No. 1) Temper—Ovality will be held within 3 % of the theoretical average outside diameter.
C Wall Tolerances, Light-Wall Tube—The plus and minus wall tolerance shown in the table shall apply down to and including 0.005 in. (0.13 mm) in wall thickness. For

wall thicknesses less than 0.005 in. (0.13 mm), the tolerance shall be 6 0.0005 in. (0.013 mm).
D Random Lengths:
Where nominal random lengths on tubing 1⁄8 in. (3.2 mm) and larger in outside diameter are specified, a length tolerance of 6 31⁄2 ft (1.06 m) applies to the nominal length.

This is a total spread of 7 ft (2.10 m).
Random lengths in sizes 1⁄8 in. (3.2 mm) and larger in outside diameter shall be subject to a length range of 5 to 24 ft (1.50 to 7.30 m). Long random lengths are subject

to a range of 15 to 22 ft (4.57 to 6.70 m).
Random lengths in sizes up to, but not including 1⁄8 in. (3.2 mm) in outside diameter, and fragile light-wall tubes over this outside diameter are subject to the length range

of 1 to 15 ft (0.30 to 4.57 m).
E Cut Lengths—Tolerances on cut lengths shall be in accordance with Table .
F Straightness—Round tubing is subject to a straightness tolerance of one part in 600 [equivalent to a depth of arc of 0.030 in. (0.76 mm) in any 3 ft (0.91 m) of length].
G When specified, the tolerance spreads of this table may be applied as desired. However, when not specified, the tolerances in this table will apply. It should be noted

that inside diameter tolerances are based upon the outside diameter range.
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X2. CONDITIONS AND FINISHES NORMALLY SUPPLIED

X2.1 Scope

X2.1.1 This appendix lists the conditions and finishes in
which pipe and tube (other than converter sizes) are normally
supplied. These are subject to change, and the manufacturer
should be consulted for the latest information available.

X2.2 Nickel (UNS N02200)

X2.2.1 Annealed—Soft, with a dull matte finish.

X2.2.2 Stress-Relieved— Thermally treated below the an-
nealing temperature to relieve the major portion of the internal
stresses, with a thin, light to medium-dark surface.

X2.3 Low-Carbon Nickel (UNS N02201)

X2.3.1 Annealed—Similar to X2.2.1.

X2.3.2 Stress-Relieved—Similar to X2.2.2.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 162 – 99

Standard Specification for
Nickel Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 162; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification2 covers rolled nickel (UNS N02200)
and low-carbon nickel (UNS N02201)* plate, sheet, and strip.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The other values given are for information
only.

2. Referenced Documents

2.1 ASTM Standards:
B 160 Specification for Nickel Rod and Bar3

B 880 General Requirements for Chemical Check Analysis
of Nickel, Nickel Alloys, and Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 10 Test Method for Brinell Hardness of Metallic Materi-
als4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 39 Test Methods for Chemical Analysis of Nickel6

E 112 Test Methods for Determining the Average Grain
Size4

E 140 Hardness Conversion Tables for Metals4

F 155 Test Method for Temper of Strip and Sheet Metals for
Electronic Devices (Spring-Back Method)7

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 The terms given in Table 1 shall apply.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 Alloy—Name and UNS number. (See Table 2.)
4.1.2 ASTM designation, including year of issue.
4.1.3 Condition (See 6.1, 6.2, and Appendix X1.)
4.1.4 Finish (See Appendix X1.)
4.1.5 Dimensions—Thickness, width, and length.
4.1.6 Quantity.
4.1.7 Optional Requirements:
4.1.7.1 Sheet and Strip— Whether to be furnished in coil, in

cut straight lengths, or in random straight lengths.
4.1.7.2 Strip—Whether to be furnished with commercial slit

edge, square edge, or round edge.
4.1.7.3 Plate—Whether to be furnished specially flattened

(see 7.7.2); also how plate is to be cut (see 7.2.1 and 7.3.2).
4.1.8 Fabrication Details—Not mandatory but helpful to

the manufacturer.
4.1.8.1 Welding or Brazing—Process to be employed.
4.1.8.2 Plate—Whether material is to be hot-formed.

1 This specification is under the jurisdiction of ASTM Committee B-2 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved May 10, 1999. Published June 1999. Originally
published as B 162 – 41 T. Last previous edition B 162 – 93a{1.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-162 in Section II of that Code.

* New designation established in accordance with ASTM E527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.05.
7 Discontinued—See1983 Annual Book of ASTM Standards, Vol 10.04.

TABLE 1 Product Description

Product Thickness, in. (mm)
Width, in.

(mm)

Hot-rolled plateA 3⁄16 and over (Table 5 and
Table 6)

(Table 8)B

Hot-rolled sheetA 0.018 to 0.250 (0.46 to 6.4),
incl (Table 7)

(Table 10)

Cold-rolled sheetC 0.018 to 0.250 (0.46 to 6.4),
incl (Table 7)

(Table 10)

Cold-rolled stripC 0.005 to 0.250 (0.13 to 6.4),
incl (Table 7)

(Table 10)

A Material 3⁄16 to 1⁄4 in. (4.8 to 6.4 mm), incl, in thickness may be furnished as
sheet or plate provided the material meets the specification requirements for the
condition ordered.

B Hot-rolled plate, in widths 10 in. (254 mm) and under, may be furnished as
hot-finished rectangles with sheared or cut edges in accordance with Specification
B 160, provided the mechanical property requirements of this specification are
met.

C Material under 48 in. (1219 mm) in width may be furnished as sheet or strip
provided the material meets the specification requirements for the condition
ordered.

1
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4.1.9 Certification—State if certification or a report of test
results is required (see Section 15).

4.1.10 Samples for Product (Check) Analysis—Whether
samples for product (check) analysis should be furnished (see
5.2).

4.1.11 Purchaser Inspection—If the purchaser wishes to
witness tests or inspection of material at the place of manu-
facture, the purchase order must so state indicating which tests
or inspections are to be witnessed (see Section 13).

5. Chemical Compositions

5.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 2.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall be done per ASTM B 880 and the
material shall conform to the product (check) analysis varia-
tions defined in Table 1 of ASTM B 880.

6. Mechanical and Other Requirements

6.1 Mechanical Properties—The material shall conform to
the requirements for mechanical properties prescribed in Table
3.

6.2 Deep-Drawing and Spinning Quality Sheet and Strip—
The material shall conform to the requirements for grain size
and hardness properties prescribed in Table 4.

6.2.1 The mechanical properties of Table 3 do not apply to
deep-drawing and spinning quality sheet and strip.

7. Dimensions and Permissible Variations

7.1 Thickness and Weight:
7.1.1 Plate—For plate up to 2 in. (50.8 mm), inclusive, in

thickness, the permissible variation under the specified thick-
ness and permissible excess in overweight shall not exceed the
amounts prescribed in Table 5.

TABLE 2 Chemical Requirements

Element

Composition,%

Nickel
(UNS

N02200)

Low-
Carbon
Nickel
(UNS

N02201)

Nickel,A min 99.0 99.0
Copper, max 0.25 0.25
Iron, max 0.40 0.40
Manganese, max 0.35 0.35
Carbon, max 0.15 ...
Carbon, max ... 0.02
Silicon, max 0.35 0.35
Sulfur, max 0.01 0.01

A Element shall be determined arithmetically by difference.

TABLE 3 Mechanical Properties for Plate, Sheet, and Strip (All Thicknesses and Sizes Unless Otherwise Indicated)

Condition (Temper)
Tensile Strength, min, psi

(MPa)
YieldA Strength (0.2 %
offset), min, psi (MPa)

Elongation in 2
in. or 50 mm,
or 4D, min, %

Rockwell Hardness
(B Scale)B,C

Nickel (UNS N02200) Hot-Rolled Plate
Annealed
As-rolledD,E

55 000 (380)
55 000 (380)

15 000 (100)
20 000 (135)

40
30

...

...
Nickel (UNS N02200) Hot-Rolled Sheet

Annealed 55 000 (380) 15 000 (100) 40F ...
Nickel (UNS N02200) Cold-Rolled Sheet

Annealed 55 000 (380) 15 000 (100) 40F ...
Quarter-hard ... ... ... 70 to 80
Half-hard ... ... ... 79 to 86
Hard 90 000 (620) 70 000 (480) 2 ...

Nickel (UNS N02200) Cold-Rolled Strip
Annealed 55 000 (380)G 15 000 (100) 40F,G ...
Skin-hard ... ... ... 64 to 70
Quarter-hard ... ... ... 70 to 80
Half-hard ... ... ... 79 to 86
Three-quarter-hard ... ... ... 85 to 91
Hard 90 000 (620)G 70 000 (480) 2G ...
Spring temper ... ... ... 95 min

Low-Carbon Nickel (UNS N02201) Hot-Rolled Plate
Annealed
As-rolledD,E

50 000 (345)
50 000 (345)

12 000 (80)
12 000 (80)

40
30

...

...
Low-Carbon Nickel (UNS N02201) Hot-Rolled Sheet

Annealed 50 000 (345) 12 000 (80) 40F ...
Low-Carbon Nickel (UNS N02201) Cold-Rolled Sheet

Annealed 50 000 (345) 12 000 (80) 40F ...
Low-Carbon Nickel (UNS N02201) Cold-Rolled Strip

Annealed 50 000 (345)G 12 000 (80) 40F,G ...
A Yield strength requirements do not apply to material under 0.020 in. (0.51 mm) in thickness.
B For Rockwell or equivalent hardness conversions see Hardness Conversion Tables E 140.
C Caution should be observed in using the Rockwell test on thin material, as the results may be affected by specimen thickness. For thicknesses under 0.050 in. (1.3

mm), the use of the Rockwell superficial or the Vickers hardness test is suggested.
D As-rolled plate may be given a stress-relieving heat treatment subsequent to final rolling.
E As-rolled plate specified “suitable for hot forming” shall be furnished from heats of known good hot-malleability characteristics (see X1.2.2). There are no applicable

tensile or hardness requirements for such material.
F Sheet and strip 0.010 to 0.049 in. (0.25 to 1.2 mm), inclusive, in thickness shall have an elongation of 30 % minimum. Sheet and strip 0.050 to 0.109 in. (1.3 to 2.7

mm), inclusive, in thickness shall have an elongation of 35 % minimum.
G Not applicable for thickness under 0.010 in. (0.25 mm).
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7.1.1.1 For use with Table 5, plate shall be assumed to
weigh 0.321 lb/in.3(8.89 g/cm3).

7.1.2 Plate—For plate over 2 in. (50.8 mm) in thickness, the
permissible variations over the specified thickness shall not
exceed the amounts prescribed in Table 6.

7.1.3 Sheet and Strip—The permissible variations in thick-
ness of sheet and strip shall be as prescribed in Table 7. The
thickness of strip and sheet shall be measured with the
micrometer spindle3⁄8 in. (9.5 mm) or more from either edge

for material 1 in. (25.4 mm) or over in width and at any place
on the strip under 1 in. in width.

7.2 Width and Diameter:
7.2.1 Plate—The permissible variations in width of rectan-

gular plates and diameter of circular plates shall be as
prescribed in Table 8 and Table 9.

7.2.2 Sheet and Strip—The permissible variations in width
for sheet and strip shall be as prescribed in Table 10.

7.3 Length:

TABLE 4 Grain Size and Hardness for Cold-Rolled, Deep-Drawing, and Spinning Quality Sheet and Strip

Thickness, in. (mm)
Calculated Diameter of Average Grain Section,

max
Corresponding ASTM
Micro-Grain Size No.

Rockwell BA,B

Hardness, max
mm in.

Nickel (UNS N02200) SheetC (56 in. (1420 mm) Wide and Under)
0.050 (1.3) and less
Over 0.050 to 0.250 (1.3 to 6.4), incl

0.110
0.120

0.0043
0.0047

3.5
3.0

64
64

Nickel (UNS N02200) Strip (12 in. (305 mm) Wide and Under)D

0.005E to 0.010 (0.13 to 0.25), incl 0.025 0.0010 7.5F 70F

Over 0.010 to 0.024 (0.25 to 0.61), incl 0.065 0.0026 5.0 68
Over 0.024 to 0.125 (0.61 to 3.2), incl 0.110 0.0043 3.5 64

Low-Carbon Nickel (UNS N02201) Strip (12 in. (305 mm) Wide and Under)D

0.005E to 0.010 (0.13 to 0.25), incl 0.030 0.0012 7.0F 66F

Over 0.010 to 0.024 (0.25 to 0.61), incl 0.075 0.0030 4.5 64
Over 0.024 to 0.125 (0.61 to 3.2), incl 0.110 0.0043 3.5 64
A For Rockwell or equivalent hardness conversions see Hardness Conversion Tables E 140.
B Caution should be observed in using the Rockwell test on thin material, as the results may be affected by specimen thickness. For thicknesses under 0.050 in. (1.3

mm), the use of the Rockwell superficial or the Vickers hardness test is suggested.
C There are no applicable grain size requirements for low-carbon nickel (UNS N02201) sheet. The hardness of low-carbon nickel (UNS N02201) sheet shall be not over

Rockwell B64, or equivalent.
D Sheet requirements in Table 4 apply to strip thicknesses over 0.125 in. (3.2 mm), and for all thicknesses of strip over 12 in. (305 mm) in width.
E For ductility evaluations for strip under 0.005 in. (0.13 mm) in thickness, the spring-back test, such as that described in Test Method F 155, is often used and the

manufacturer should be consulted.
F Accurate grain size and hardness determinations are difficult to make on strip under 0.005 in. (0.13 mm) in thickness and are not recommended.

TABLE 5 Permissible Variations in Thickness and Overweight of Rectangular Plates

NOTE 1—All plates shall be ordered to thickness and not to weight per square foot. No plates shall vary more than 0.01 in. (0.25 mm) under the
thickness ordered, and the overweight of each lotA in each shipment shall not exceed the amount given in the table. Spot grinding is permitted to remove
surface imperfections, such spots not to exceed 0.01 in. (0.25 mm) under the specified thickness.

Specified Thickness, in.
(mm)

Permissible Excess in Average Weight,B,C per Square Foot of Plates for Widths Given in Inches (millimetres)
Expressed in Percentage of Nominal Weights

Under
48 (1220)

48 to 60
(1220 to
1520),
excl

60 to 72
(1520 to
1830),
excl

72 to 84
(1830 to
2130),
excl

84 to 96
(2130 to
2440),
excl

96 to 108
(2440 to
2740),
excl

108 to 120
(2740 to
3050),
excl

120 to 132
(3050 to
3350),
excl

132 to 144
(3350 to
3660),
excl

144 to 160
(3660 to
4070),

incl

3⁄16 to 5⁄16 (4.8 to 7.9), excl 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ... ...
5⁄16 to 3⁄8 (7.9 to 9.5), excl 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ...
3⁄8 to 7⁄16 (9.5 to 11.1), excl 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 19.5
7⁄16 to 1⁄2 (11.1 to 12.7), excl 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0
1⁄2 to 5⁄8 (12.7 to 15.9), excl 5.0 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5
5⁄8 to 3⁄4 (15.9 to 19.0), excl 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0
3⁄4 to 1 (19.0 to 25.4), excl 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5
1 to 2 (25.4 to 50.8), incl 4.0 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0

A The term “lot” applied to this table means all of the plates of each group width and each group thickness.
B The permissible overweight for lots of circular and sketch plates shall be 25 % greater than the amounts given in this table.
C The weight of individual plates shall not exceed the nominal weight by more than 11⁄4 times the amount given in the table and Footnote B.

TABLE 6 Permissible Variations in Thickness for Rectangular Plates Over 2 in. (50.8 mm) in Thickness

NOTE 1—Permissible variation under specified thickness, 0.01 in. (0.25 mm).

Specified Thickness, in. (mm)

Permissible Variations, in. (mm), over Specified Thickness for Widths Given, in. (mm)

To 36
(915), excl

36 to 60
(915 to

1520), excl

60 to 84
(1520 to

2130), excl

84 to 120
(2130 to

3050), excl

120 to 132
(3050 to

3350), excl

132 (3350)
and over

Over 2 to 3 (51.0 to 76.0), excl 1⁄16 (1.6) 3⁄32 (2.4) 7⁄64 (2.8) 1⁄8 (3.2) 1⁄8 (3.2) 9⁄64 (3.6)
3 to 4 (76.0 to 102.0), incl 5⁄64 (2.0) 3⁄32 (2.4) 7⁄64 (2.8) 1⁄8 (3.2) 1⁄8 (3.2) 9⁄64 (3.6)
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7.3.1 Sheet and strip of all sizes may be ordered to cut
lengths, in which case a variation of1⁄8 in. (3.2 mm) over the
specified length shall be permitted.

7.3.2 Permissible variations in length of rectangular plate
shall be as prescribed in Table 11.

7.4 Straightness:
7.4.1 The edgewise curvature (depth of chord) of flat sheet,

strip, and plate shall not exceed 0.05 in. multiplied by the
length in feet (0.04 mm multiplied by the length in centime-
tres).

7.4.2 Straightness for coiled material is subject to agree-
ment between the manufacturer and the purchaser.

7.5 Edges:
7.5.1 When finished edges of strip are specified in the

contract or order, the following descriptions shall apply:
7.5.1.1 Square-edge strip shall be supplied with finished

edges, with sharp, square corners, and without bevel or
rounding.

7.5.1.2 Round-edge strip shall be supplied with finished
edges, semicircular in form, and the diameter of the circle
forming the edge being equal to the strip thickness.

7.5.1.3 When no description of any required form of strip
edge is given, it shall be understood that edges such as those
resulting from slitting or shearing will be acceptable.

7.5.1.4 Sheet shall have sheared or slit edges.
7.5.1.5 Plate shall have sheared or cut (machined, abrasive-

cut, powder-cut, or inert-arc-cut) edges, as specified.
7.6 Squareness (Sheet)—For sheets of all thicknesses, the

angle between adjacent sides shall be 906 0.15° (1⁄16 in. in 24
in.) (1.6 mm in 610 mm).

7.7 Flatness:

7.7.1 There shall be no flatness requirements for “deep
drawing quality,” “spinning quality,” or “as rolled,” sheet and
strip (see X1.4).

7.7.2 Standard flatness tolerances for plate shall conform to
the requirements prescribed in Table 12. “Specially flattened”
plate, when so specified, shall have permissible variations in
flatness as agreed upon between the manufacturer and the
purchaser.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and temper,
smooth, commercially straight or flat, and free of injurious
imperfections.

8.2 Sheet, Strip, and Plate—Sheet, strip, and plate supplied
in the conditions and finishes as listed in the appendix may be
ground or machined to remove surface imperfections, provided
such removal does not reduce the material below the minimum
specified dimensions. Surface eliminated depressions shall be
faired smoothly into the surrounding material. The removal of
a surface imperfection shall be verified by the method origi-
nally used to detect the imperfection.

9. Sampling

9.1 Lot—Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot for mechanical properties, hardness, and grain

size testing shall consist of all material from the same heat,
nominal thickness, and condition.

9.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material in the
same thickness and condition, except for plates weighing over
500 lb, in which case only one specimen shall be taken.

TABLE 7 Permissible Variations in Thickness of Sheet and Strip (Permissible Variations, Plus and Minus, in Thickness, in. (mm), for
Widths Given in in. (mm))

Specified Thickness, in. (mm)

SheetA

Hot-Rolled Cold-Rolled

48 (1220) and Under
Over 48 to 60

(1220 to 1520), incl
48 (1220) and Under

Over 48 to 60
(1220 to 1520), incl

0.018 to 0.025 (0.46 to 0.64), incl 0.003 (0.08) 0.004 (0.10) 0.002 (0.05) 0.003 (0.08)
Over 0.025 to 0.034 (0.64 to 0.86), incl 0.004 (0.10) 0.005 (0.13) 0.003 (0.08) 0.004 (0.10)
Over 0.034 to 0.043 (0.86 to 1.1), incl 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.043 to 0.056 (1.1 to 1.4), incl 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.056 to 0.070 (1.4 to 1.8), incl 0.006 (0.15) 0.007 (0.18) 0.005 (0.13) 0.006 (0.15)
Over 0.070 to 0.078 (1.8 to 2.0), incl 0.007 (0.18) 0.008 (0.20) 0.006 (0.15) 0.007 (0.18)
Over 0.078 to 0.093 (2.0 to 2.4), incl 0.008 (0.20) 0.009 (0.23) 0.007 (0.18) 0.008 (0.20)
Over 0.093 to 0.109 (2.4 to 2.8), incl 0.009 (0.23) 0.010 (0.25) 0.007 (0.18) 0.009 (0.23)
Over 0.109 to 0.125 (2.8 to 3.2), incl 0.010 (0.25) 0.012 (0.30) 0.008 (0.20) 0.010 (0.25)
Over 0.125 to 0.140 (3.2 to 3.6), incl 0.012 (0.30) 0.014 (0.36) 0.008 (0.20) 0.010 (0.25)
Over 0.140 to 0.171 (3.6 to 4.3), incl 0.014 (0.36) 0.016 (0.41) 0.009 (0.23) 0.012 (0.30)
Over 0.171 to 0.187 (4.3 to 4.8), incl 0.015 (0.38) 0.017 (0.43) 0.010 (0.25) 0.013 (0.33)
Over 0.187 to 0.218 (4.8 to 5.5), incl 0.017 (0.43) 0.019 (0.48) 0.011 (0.28) 0.015 (0.38)
Over 0.218 to 0.234 (5.5 to 5.9), incl 0.018 (0.46) 0.020 (0.51) 0.012 (0.30) 0.016 (0.41)
Over 0.234 to 0.250 (5.9 to 6.4), incl 0.020 (0.51) 0.022 (0.56) 0.013 (0.33) 0.018 (0.46)

Cold-Rolled StripA,B

Specified Thickness, in. (mm) Widths 12 in. (305 mm) and under, 6

Up to 0.050 (1.3), incl 0.0015 (0.04)
Over 0.050 to 0.093 (1.3 to 2.4), incl 0.0025 (0.06)
Over 0.093 to 0.125 (2.4 to 3.2), incl 0.004 (0.11)

A Measured 3⁄8 in. (9.5 mm) or more from either edge except for strip under 1 in. (25.4 mm) in width which is measured at any place.
B Standard sheet tolerances apply for thicknesses over 0.125 in. (3.2 mm) and for all thicknesses of strip over 12 in. (305 mm) wide.
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9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples shall be

taken during pouring or subsequent processing.
9.2.1.1 Product (check) analysis shall be wholly the respon-

sibility of the purchaser.
9.2.2 Mechanical Properties, Hardness, and Grain Size—

Samples of the material to provide test specimens for mechani-
cal properties, hardness, and grain size shall be taken from such
locations in each lot as to be representative of that lot.
(Hardness and grain size required only on the products as
specified in Table 3 and Table 4.)

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Mechanical Properties—One test per lot.
10.3 Hardness—One test per lot. (Required only as speci-

fied in Table 3 and Table 4.)
10.4 Grain Size—One test per lot. (Required only as speci-

fied in Table 4.)

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the final condition (temper) and tested transverse to the
direction of rolling when width will permit.

11.2 Tension test specimens shall be any of the standard
or subsize specimens shown in Test Methods E 8.

11.3 In the event of disagreement, referee specimens shall
be as follows:

11.3.1 Full thickness of the material, machined to the form
and dimensions shown for the sheet-type specimen in Test
Methods E 8 for material under1⁄2 in. (12.7 mm) in thickness.

11.3.2 The largest possible round specimen shown in Test
Methods E 8 for material1⁄2 in. (12.7 mm) and over.

12. Test Methods

12.1 Determine the chemical composition, mechanical, and
other properties of the material as enumerated in this specifi-
cation, in case of disagreement, in accordance with the
following methods:

Test ASTM Designation

Chemical analysis E 39
Tension E 8
Brinell hardness E 10
Rockwell hardness E 18
Hardness conversion E 140
Grain size E 112
Rounding procedure E 29
Spring-back F 155

TABLE 8 Permissible Variations in Width A of Sheared, Plasma-Torch-Cut, and Abrasive-Cut Rectangular Plate B,C

Specified Thickness

Permissible Variations in Widths for Widths Given in in. (mm)

Up to 30 (760),
incl

Over 30 to 72
(760 to 1830),

incl

Over 72 to 108
(1830 to 2740),

incl

Over 108 to 144
(2740 to 3660),

incl

Over 144 to 160
(3660 to 4070),

incl

+ − + − + − + − + −

Inches

Sheared:D
3⁄16 to 5⁄16 , excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 ... ...
5⁄16 to 1⁄2 , excl 1⁄4 1⁄8 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8
1⁄2 to 3⁄4 , excl 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8
3⁄4 to 1, excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8
1 to 11⁄4 , incl 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 1 1⁄8

Abrasive-cut:E,F

3⁄16 to 11⁄4 , incl 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8
Over 11⁄4 to 23⁄4 , incl 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8

Plasma-torch-cut:G
3⁄16 to 2, excl
2 to 3, incl

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

Millimetres

Sheared:D

4.8 to 7.9, excl
7.9 to 12.7, excl

4.8
6.4

3.2
3.2

6.4
9.5

3.2
3.2

9.5
9.5

3.2
3.2

12.7
12.7

3.2
3.2

...
15.9

...
3.2

12.7 to 19.0, excl 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.0 3.2
19.0 to 25.4, excl
25.4 to 31.8, incl

Abrasive-cut:E,F

12.7
15.9

3.2
3.2

12.7
15.9

3.2
3.2

15.9
19.0

3.2
3.2

19.0
22.2

3.2
3.2

22.2
25.4

3.2
3.2

4.8 to 31.8, incl 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2
Over 31.8 to 69.8, incl 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2

Plasma-torch-cut:G

4.8 to 50.8, excl
50.8 to 76.2, incl

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

A Permissible variations in width for powder-cut or inert-arc-cut plate shall be as agreed upon between the manufacturer and the purchaser.
B Permissible variations in machined, powder-cut, or inert-arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
C Permissible variations in plasma-torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
D The minimum sheared width is 10 in. (254 mm) for material 3⁄4 in. (19.0 mm) and under in thickness and 20 in. (508 mm) for material over 3⁄4 in. (19.0 mm) in thickness.
E The minimum abrasive-cut width is 2 in. (50.8 mm) and increases to 4 in. (101.6 mm) for thicker plates.
F These tolerances are applicable to lengths of 240 in. (6100 mm), max. For lengths over 240 in. (6100 mm), an additional 1⁄16 in. (1.6 mm) is permitted, both plus and

minus.
G The tolerance spread shown for plasma-torch-cutting may be obtained all on the minus side, or divided between the plus and minus side if so specified by the

purchaser.
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12.2 The measurement of the average grain size may be
carried out by the planimetric method, the comparison method,
or the intercept method described in Test Methods E 112. In
case of dispute, the “referee” method for determining the
average grain size shall be the planimetric method.

12.3 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated, in accordance with the rounding
method of Practice E 29.

TABLE 9 Permissible Variations in Diameter for Circular Plates

Sheared Plate

Specified Diameter, in. (mm)
Permissible Variations Over Specified Diameter

for Thickness Given in in. (mm)A

To 3⁄8 (9.5), incl
20 to 32 (508 to 813), excl 1⁄4 (6.4)
32 to 84 (813 to 2130), excl 5⁄16 (7.9)
84 to 108 (2130 to 2740), excl 3⁄8 (9.5)
108 to 140 (2740 to 3580), incl 7⁄16 (11.1)

Plasma-Torch-Cut PlateB

Specified Diameter, in. (mm)

Permissible Variations in Specified Diameter for Thickness Given in in. (mm)C

Thickness max,
in. (mm)

3⁄16 to 2 (4.76 to 50.8), excl 2 to 3 (50.8 to 76.2), incl

+ − + −

19 to 20 (483 to 508), excl 3 (76.2) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
20 to 22 (508 to 559), excl 23⁄4 (69.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
22 to 24 (559 to 610), excl 21⁄2 (63.5) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
24 to 28 (610 to 711), excl 21⁄4 (57.3) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
28 to 32 (711 to 812), excl 2 (50.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
32 to 34 (812 to 864), excl 13⁄4 (44.5) 1⁄2 (12.7) 0 ... ...
34 to 38 (864 to 965), excl 11⁄2 (38.1) 1⁄2 (12.7) 0 ... ...
38 to 40 (965 to 1020), excl 11⁄4 (31.8) 1⁄2 (12.7) 0 ... ...
40 to 140 (1020 to 3560), incl 3 (76.2) 1⁄2 (12.7) 0 5⁄8 (15.9) 0

A No permissible variations under.
B Permissible variations in plasma-torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
C The tolerance spread shown may also be obtained all on the minus side or divided between the plus and minus sides if so specified by the purchaser.

TABLE 10 Permissible Variations in Width of Sheet and Strip

Specified Thickness, in. (mm) Specified Width, in. (mm)
Permissible Variations in Specified Width, in. (mm)

+ −

Sheet

Up to 0.250 (6.4) all 0.125 (3.2) 0

StripA

Under 0.075 (1.9) up to 12 (305), incl 0.007 (0.18) 0.007 (0.18)
over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

0.075 to 0.100 (1.9 to 2.5), incl up to 12 (305), incl 0.009 (0.23) 0.009 (0.23)
over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.100 to 0.125 (2.5 to 3.2), incl up to 12 (305), incl 0.012 (0.30) 0.012 (0.30)
over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.125 to 0.160 (3.2 to 4.1), incl up to 12 (305), incl 0.016 (0.41) 0.016 (0.41)
over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.160 to 0.187 (4.1 to 4.7), incl up to 12 (305), incl 0.020 (0.51) 0.020 (0.51)
over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.187 to 0.250 (4.7 to 6.4), incl up to 12 (305), incl 0.062 (1.6) 0.062 (1.6)
over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0.062 (1.6)

A Rolled-round or square-edge strip in thicknesses of 0.071 to 0.125 in. (1.8 to 3.2 mm), inclusive, in widths 3 in. (76.2 mm) and under, shall have permissible width
variations of 60.005 in. (60.130 mm). Permissible variations for other sizes shall be as agreed upon between the manufacturer and the purchaser.
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Test
Rounded Unit for Observed

Or Calculated Value
Chemical composition, hardness,
and tolerances (when expressed
in decimals)

nearest unit in the last right hand place of
figures of the specified limit. If two
choices are possible, as when the digits
dropped are exactly a 5, or a 5 followed
only by zeros, choose the one ending in
an even digit, with zero defined as an
even digit.

Tensile strength and yield strength nearest 1000 psi (6.9 MPa)
Elongation nearest 1 %
Grain Size:
0.0024 in. (0.060 mm) or larger nearest multiple of 0.0002 in. (0.005 mm)
less than 0.0024 in. (0.060 mm) nearest multiple of 0.0001 in. (0.002 mm)

13. Inspection

13.1 Inspection of the material shall be as agreed upon
between the purchaser and the supplier as part of the purchase
contract.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 Each plate, sheet, or strip shall be marked on one face
with the specification number, alloy, condition (temper), heat
number, manufacturer’s identification, and size. The markings
shall not have a deleterious effect on the material or its
performance and shall be sufficiently stable to withstand
normal handling.

16.2 When applicable, each bundle or shipping container
shall be marked with the name of the material, condition
(temper), this specification number, alloy, size, consignor and
consignee address, contract or order number, and such other
information as may be defined in the contract or order.

TABLE 11 Permissible Variations in Length A of Sheared, Plasma Torch-Cut, B and Abrasive-Cut Rectangular Plate C

Specified Thickness

Permissible Variation in Length for Lengths Given, in. (mm)

Up to 60
(1520),

incl

Over
60 to 96
(1520 to
2440),

incl

Over
96 to 120
(2440 to
3050),

incl

Over
120 to 240
(3050 to
6096),

incl

Over
240 to 360
(6096 to
9144),

incl

Over
360 to 450
(9144 to
11 430),

incl

Over
450 to 540
(11 430 to
13 716),

incl

Over 540
(13 716)

+ − + − + − + − + − + − + − + −

Inches

Sheared:D
3⁄16 to 5⁄16 , excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 ... ...

5⁄16 to 1⁄2 , excl 3⁄8 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 1 1⁄8
1⁄2 to 3⁄4 , excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8
3⁄4 to 1, excl 5⁄8 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8
1 to 11⁄4 , incl 3⁄4 1⁄8 3⁄4 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8 ... ...

Abrasive-cut:E
3⁄16 to 11⁄4 , incl
Over 11⁄4 to 23⁄4 , incl

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

...

...
...
...

...

...
...
...

Plasma-torch-cut:F
3⁄16 to 2, excl
2 to 3, incl

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

Millimetres

Sheared:D

4.8 to 7.9, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 ... ...
7.9 to 12.7, excl 9.5 3.2 12.7 3.2 12.7 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 25.4 3.2
12.7 to 19.0, excl 12.7 3.2 12.7 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2
19.0 to 25.4, excl 15.9 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.2 3.2
25.4 to 31.8, incl 19.0 3.2 19.0 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.2 3.2 ... ...

Abrasive-cut:E

4.8 to 31.8, incl
Over 31.8 to 69.9, incl

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

...

...
...
...

...

...
...
...

Plasma-torch-cut:F

4.8 to 50.8, excl
50.8 to 76.2, incl

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

A Permissible variations in length for powder-cut or inert-arc-cut plate shall be agreed upon between the manufacturer and the purchaser.
B The tolerance spread shown for plasma-torch-cutting may be obtained all on the minus side, or divided between the plus and minus sides if so specified by the

purchaser.
C Permissible variations in machined, powder-cut or inert-arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
D The minimum sheared length is 10 in. (254 mm).
E Abrasive cut applicable to a maximum length of 144 to 400 in. (3658 to 10 160 mm) depending on the thickness and width ordered.
F The tolerance spread shown for plasma-torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
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APPENDIX

(Nonmandatory Information)

X1. CONDITIONS AND FINISHES

X1.1 Scope

X1.1.1 This appendix lists the conditions and finishes in
which plate, sheet, and strip are normally supplied. These are
subject to change and the manufacturer should be consulted for
the latest information available.

X1.2 Plate, Hot-Rolled

X1.2.1 Annealed—Soft with an oxide surface, and suitable
for heavy cold forming. Available with a descaled surface,
when so specified.

X1.2.2 As-Rolled—With an oxide surface. Available with a
descaled surface, when so specified. Suitable for flat work,
mild forming or tube sheets. When intended for tube sheets,
specify that plates are to be specially flattened. When intended
for hot forming, this should be indicated on the purchase order
so that the manufacturer may select appropriate material.

X1.3 Plate, Cold–Rolled

X1.3.1 Annealed— Soft with an oxide surface; available
with a descaled surface when so specified.

X1.4 Sheet, Hot-Rolled

X1.4.1 Annealed and Pickled—Soft with a pickled matte
finish. Properties similar to X1.5.1 but with broader thickness

tolerances. Not suggested for applications where the finish of a
cold-rolled sheet is considered essential or for deep drawing or
spinning.

X1.5 Sheet and Strip, Cold-Rolled

X1.5.1 Annealed—Soft with a pickled or bright annealed
finish.

X1.5.2 Deep-Drawing or Spinning Quality—Similar to
X1.5.1, except furnished to controlled hardness and grain size
and lightly leveled.

X1.5.3 Skin Hard—Similar to X1.5.1, but given a light cold
reduction to hardness range shown in Table 3.

X1.5.4 Quarter-Hard— Cold rolled to the hardness range
indicated in Table 3, bright finish. Out-of-flatness must be
expected and will vary with temper and thickness.

X1.5.5 Half-Hard—Cold rolled to the hardness range indi-
cated in Table 3, bright finish. Out-of-flatness must be expected
and will vary with temper and thickness.

X1.5.6 Three-Quarter Hard—Cold rolled to the hardness
range indicated in Table 3, bright finish. Out-of-flatness must
be expected and will vary with temper and thickness.

X1.5.7 Hard—Cold rolled to the tensile requirements indi-
cated in Table 3, bright finish. Out-of-flatness must be expected
and will vary with temper and thickness.

TABLE 12 Permissible Variations From Flatness of Rectangular, Circular, and Sketch Plates

NOTE 1—Permissible variations apply to plates up to 12 ft (3.66 m) in length, or to any 12 ft of longer plates
NOTE 2—If the longer dimension is under 36 in. (914 mm), the permissible variation is not greater than1⁄4 in. (6.4 mm).
NOTE 3—The shorter dimension specified is considered the width, and the permissible variation in flatness across the width does not exceed the tabular

amount of that dimension.†A

NOTE 4—The maximum deviation from a flat surface does not customarily exceed the tabular tolerance for the longer dimension specified.

Specified Thickness

Permissible Variations from a Flat Surface for Thickness and Widths Given in in. (mm)

To 48
(1220),

excl

48 to 60
(1220 to
1520),
excl

60 to 72
(1520 to
1830),
excl

72 to 84
(1830 to
2130),
excl

84 to 96
(2130 to
2440),
excl

96 to 108
(2440 to
2740),
excl

108 to 120
(2740 to
3050),
excl

120 to 144
(3050 to
3660),
excl

144
(3660),

and over

Inches

3⁄16 to 1⁄4 , excl 3⁄4 11⁄16 11⁄4 13⁄8 15⁄8 15⁄8 ... ... ...
1⁄4 to 3⁄8 , excl 11⁄16 3⁄4 15⁄16 11⁄8 13⁄8 17⁄16 19⁄16 17⁄8 ...
3⁄8 to 1⁄2 , excl 1⁄2 9⁄16 11⁄16 3⁄4 15⁄16 11⁄8 11⁄4 17⁄16 13⁄4
1⁄2 to 3⁄4 , excl 1⁄2 9⁄16 5⁄8 5⁄8 13⁄16 11⁄8 11⁄8 11⁄8 13⁄8
3⁄4 to 1, excl 1⁄2 9⁄16 5⁄8 5⁄8 3⁄4 13⁄16 15⁄16 1 11⁄8
1 to 2, excl 1⁄2 9⁄16 9⁄16 9⁄16 11⁄16 11⁄16 11⁄16 3⁄4 1
2 to 4, incl 1⁄4 5⁄16 3⁄8 7⁄16 1⁄2 9⁄16 5⁄8 3⁄4 7⁄8

Millimetres

4.8 to 6.4, excl 19.0 27.0 31.7 34.9 41.3 41.3 ... ... ...
6.4 to 9.5, excl 17.5 19.0 23.8 28.6 35.0 36.5 39.7 47.6 ...
9.5 to 12.7, excl 12.7 14.3 17.5 19.0 23.8 28.6 31.7 35.0 44.4
12.7 to 19.0, excl 12.7 14.3 15.9 15.9 20.6 28.6 28.6 28.6 34.9
19.0 to 25.4, excl 12.7 14.3 15.9 15.9 19.0 20.6 23.8 25.4 28.6
25.4 to 50.8, excl 12.7 14.3 14.3 14.3 17.5 17.5 17.5 19.0 25.4
50.8 to 101.6, incl 6.4 7.9 9.5 11.1 12.7 14.3 15.9 19.0 22.2
A† Editorially corrected.
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X1.5.8 Spring Temper— Cold rolled to the minimum hard-
ness indicated in Table 3, bright finish. Out-of-flatness must be
expected and will vary with temper and thickness.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 163 – 04

Standard Specification for
Seamless Nickel and Nickel Alloy Condenser and Heat-
Exchanger Tubes 1

This standard is issued under the fixed designation B 163; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification2 covers seamless tubes of nickel and
nickel alloys, as shown in Table 1, for use in condenser and
heat-exchanger service.

1.2 This specification covers outside diameter and average
wall, or outside diameter and minimum wall tube.

1.2.1 The sizes covered by this specification are 3 in. (76.2
mm) and under in outside diameter with minimum wall
thicknesses of 0.148 in. (3.76 mm) and under, and with average
wall thicknesses of 0.165 in. (4.19 mm) and under.

1.3 Tube shall be furnished in the alloys and conditions as
shown in Table 2. For small diameter and light wall tube
(converter sizes), see Appendix X2.

1.4 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.5 The following safety hazards caveat pertains only to the
test method portion, Section 12, of this specification.This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to become familiar with all hazards including
those identified in the appropriate Material Safety Data Sheet
for this product/material as provided by the manufacturer, to
establish appropriate safety and health practices, and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:3

B 829 Specification for General Requirements for Nickel
and Nickel Alloys Seamless Pipe and Tube

B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys

E 8 Test Methods for Tension Testing of Metallic Materials
E 18 Test Methods for Rockwell Hardness and Rockwell

Superficial Hardness of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 76 Test Methods for Chemical Analysis of Nickel-Copper

Alloys4

E 112 Test Methods for Determining the Average Grain
Size

E 140 Hardness Conversion Tables for Metals
E 1473 Test Methods for Chemical Analysis of Nickel,

Cobalt, and High-Temperature Alloys
2.2 Federal Standards:5

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 182 Continuous Identification Marking of

Nickel and Nickel-Base Alloys
2.3 Military Standard:5

MIL-STD-129 Marking for Shipment and Storage

3. Terminology

3.1 Definitions:
3.1.1 average diameter, n—average of the maximum and

minimum outside diameters, as determined at any one cross
section of the tube.

3.1.2 tube, n—hollow product of round or any other cross
section having a continuous periphery.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 Alloy (Table 1).

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published March 2004. Originally
approved in 1941. Last previous edition approved in 2002 as B 163 – 02.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-163 in Section II of that Code.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

4 Withdrawn.
5 Available from Standardization Documents Order Desk, DODSSP, Bldg. 4,

Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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4.1.2 Condition (Temper)Table 3 and Appendixes X1 and
X2.

4.1.2.1 If annealed ends for stress relieved tubing are
desired, state length of end to be annealed and whether or not
one end or both ends are to be annealed.

4.1.3 Finish.
4.1.4 Dimensions—Outside diameter, minimum or average

wall thickness (in inches, not gage number), and length.
4.1.5 Fabrication Operations:
4.1.5.1 Cold Bending or Coiling.
4.1.5.2 Packing.
4.1.5.3 Rolling or Expanding into Tube Sheets.
4.1.5.4 Welding or Brazing—Process to be employed.
4.1.5.5 Hydrostatic Test or Nondestructive Electric Test—

Specify type of test (6.5).
4.1.5.6 Pressure Requirements—If other than required by

6.5.
4.1.5.7 Ends—Plain ends cut and deburred will be fur-

nished.
4.1.6 Supplementary Requirements—State nature and de-

tails.
4.1.7 Certification—State if certification is required (Sec-

tion 15).
4.1.8 Samples for Product (Check) Analysis—Whether

samples for product (check) analysis shall be furnished.
4.1.9 Purchaser Inspection—If purchaser wishes to witness

tests or inspection of material at place of manufacture, the
purchase order must so state indicating which tests or inspec-
tions are to be witnessed (Section 13).

TABLE 2 Alloy and Conditions

Alloy Condition

Nickel UNS N02200 and
low-carbon nickel UNS N02201 annealed or stress-relieved
Nickel-copper alloy UNS N04400 annealed or stress-relieved
Nickel-chromium-iron-aluminum
alloy UNS N06603 annealed
Nickel-chromium-iron-aluminum
alloy UNS N06601 annealed
Nickel-chromium-iron alloy
UNS N06600 annealed
Low-carbon nickel-chromium-
molybdenum-tungsten alloy
UNS N06686 annealed
Nickel-chromium-iron alloy
UNS N06690 annealed
Nickel-chromium-iron alloy
UNS N06045 annealed
Nickel-iron-chromium alloy
UNS N08120A annealed or cold-worked
Nickel-iron-chromium alloy
UNS N08800A annealed or cold-worked
Nickel-iron-chromium alloy
UNS N08810A annealed
Nickel-iron-chromium alloy
UNS N08811A annealed
Nickel-iron-chromium alloy
UNS N08801 annealed
Nickel-iron-chromium-molybdenum-
copper alloy UNS N08825 annealed
Nickel-chromium-iron alloy
UNS N06025 annealed

AAlloy UNS N08800 is normally employed in service temperatures up to and
including 1100°F (593°C). Alloys UNS N08810, UNS N08811, and UNS N08120
are normally employed in service temperatures above 1100°F (539°C) where
resistance to creep and rupture is required, and it is annealed to develop controlled
grain size for optimum properties in this temperature range.

TABLE 3 Mechanical Properties of Tubes

Material and Condition
Tensile Strength,
min, ksi (MPa)

Yield Strength
(0.2 % Offset),
min, psi (MPa)

Elongation in 2 in.
or 50 mm (or 4 D) min,

%

Rockwell Hardness
(or equivalent) for
annealed endsA

NickelUNS N02200:
Annealed 55 (379) 15 (103) 40 ...
Stress-relieved 65 (448) 40 (276) 15 B65 max

Low-carbon nickelUNS N02201:
Annealed 50 (345) 12 (83) 40 ...
Stress-relieved 60 (414) 30 (207) 15 B62 max

Nickel-copper alloyUNS N04400:
Annealed 70 (483) 28 (193) 35 ...
Stress-relieved 85 (586) 55 (379) 15 B75 max

Nickel-chromium-iron alloys:
Annealed alloy UNS N06600 80 (552) 35 (241) 30 ...
Annealed alloy UNS N06601 80 (552) 30 (207) 30 ...
Annealed alloy UNS N06690 85 (586) 35 (241) 30 ...
Annealed alloy UNS N06045 90 (620) 35 (240) 35 ...
Annealed alloy UNS N06025 98 (680) 39 (270) 30 ...
Annealed alloy UNS N06603 94 (650) 43 (300) 25 ...

Low-carbon nickel-chromium-molybdenum-tungsten alloy:
Annealed UNS N06686 100 (690) 45 (310) 45 ...

Nickel-iron-chromium alloys:
Annealed alloy UNS N08120 90 (620) 40 (276) 30 ...
Annealed alloy UNS N08800 75 (517) 30 (207) 30 ...
Annealed alloy UNS N08801 65 (448) 25 (172) 30 ...
Cold-worked alloy UNS N08800 83 (572) 47 (324) 30 ...
Annealed alloy UNS N08810 65 (448) 25 (172) 30 ...
Annealed alloy UNS N08811 65 (448) 25 (172) 30 ...

Nickel-iron-chromium-molybdenum-copper-
alloy:

Annealed UNS N08825 85 (586) 35 (241) 30 ...
ARockwell or equivalent hardness values apply only to the annealed ends of stress-relieved tubing. Caution should be observed in using the Rockwell test on thin

material, as the results may be affected by the thickness of specimen. For thickness under 0.050 in. (1.27 mm) the use of the Rockwell superficial or the Vickers hardness
test is suggested. For hardness conversions for nickel and high-nickel alloys see Hardness Conversion Tables E 140.
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4.1.10 Small-Diameter and Light-Wall Tube (Converter
Sizes)—See Appendix X2.

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 1.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis per Specification B 880.

6. Mechanical Properties and Other Requirements

6.1 Mechanical Properties—The material shall conform to
the mechanical properties specified in Table 3.

6.2 Hardness—When annealed ends are specified for tubing
in the stress-relieved condition (see Table 3), the hardness of
the ends after annealing shall not exceed the values specified in
Table 3.

6.3 Flare—A flare test shall be made on one end of 1 % of
the number of finished tube lengths from each lot. For less than
100 tubes in a lot, a flare test shall be made on one end of one
tube length in the lot. In the case of stress relieved tubing with
annealed ends, the test shall be made prior to, or subsequent to,
annealing of the ends at the option of the manufacturer.

6.3.1 The flare test shall consist of flaring a test specimen
with an expanding tool having an included angle of 60° until
the specified outside diameter has been increased by 30 %. The
flared specimen shall not exhibit cracking through the wall.

6.4 Grain Size—A transverse sample representing full-wall
thickness of annealed alloys UNS N08120, UNS N08810 and
UNS N08811 shall conform to an average grain size of ASTM
No. 5 or coarser.

6.5 Hydrostatic or Nondestructive Electric Test—Each tube
shall be subjected to either the hydrostatic test or the nonde-

structive electric test. The type of test to be used shall be at the
option of the manufacturer, unless otherwise specified in the
purchase order.

6.5.1 Hydrostatic Test:
6.5.1.1 Each tube with an outside diameter1⁄8 in. (3.2 mm)

and larger and tubes with wall thickness of 0.015 in. (0.38 mm)
and over shall be tested by the manufacturer to an internal
hydrostatic pressure of 1000 psi (6.9 MPa) provided that the
fiber stress calculated in accordance with the following equa-
tion does not exceed the allowable fiber stress,S, indicated
below. The tube shall show no evidence of leakage.

P 5 2St/D

where:
P = hydrostatic test pressure, psi (MPa),
S = allowable fiber stress for material in the condition

furnished, as follows:
t = minimum wall thickness, in. (mm); equal to the

specified average wall minus the permissible “minus”
wall tolerance, Table 4 and Table X2.2, or the specified
minimum wall thickness, and

D = outside diameter of the tube, in. (mm).
6.5.1.2 When so agreed upon between the manufacturer and

the purchaser, tube may be tested to 11⁄2 times the above
allowable fiber stress.

6.5.1.3 When stress-relieved tubes with annealed ends are to
be tested hydrostatically, such pressure testing shall be done
prior to annealing of the ends of the tube.

psi MPa
Annealed low-carbon nickel UNS N02201 8 000 55.2
Stress-relieved low-carbon nickel UNS N02201 15 000 103.4
Annealed nickel UNS N02200 10 000 68.9
Stress-relieved nickel UNS N02200 16 200 111.7
Annealed nickel-copper alloy UNS N04400 17 500 120.6

TABLE 4 Permissible Variations in Outside Diameter and Wall Thickness of Condenser and Heat Exchanger Tubes

NOTE 1—The tolerances in the table apply to individual measurements of outside diameter and include out-of-roundness (ovality), and apply to all
materials and all conditions, except that for thin wall tubes having a nominal wall of 3 % or less of the outside diameter, the mean outside diameter shall
comply with the permissible variations of the above table and individual measurements (including ovality) shall conform to the plus and minus values
of the table with the values increased by1⁄2 % of the nominal outside diameter.

NOTE 2—Eccentricity—The variation in wall thickness in any one cross section of any one tube shall not exceed plus or minus 10 % of the actual
(measured) average wall of that section. The actual average wall is defined as the average of the thickest and thinnest wall of that section.

NOTE 3—For tolerances of small diameter and light wall tube (converter sizes) see Appendix X2 (Table X2.2).

Material Nominal Outside Diameter, in. (mm)

Permissible VariationsA

Outside Diameter, in. (mm) Wall Thickness,%

+ −
Average Wall Minimum Wall

+ − + −

UNS N02200, UNS N02201,
and UNS N04400

1⁄2 to 5⁄8 (12.7 to 15.9), excl 0.005 (0.13) 0 12.5 12.5 25.0 0

5⁄8 to 11⁄2 (15.9 to 38.1), incl 0.005 (0.13) 0.005 (0.13) 10.0 10.0 20.0 0
over 11⁄2 to 3 (38.1 to 76.2), incl 0.010 (0.25) 0.010 (0.25) 10.0 10.0 22.0 0

UNS N06600, UNS N06601, UNS
N06690,

1⁄2 to 5⁄8 (12.7 to 15.9), excl 0.005 (0.13) 0.005 (0.13) 12.5 12.5 25.0 0

UNS N06045, UNS N06025, UNS
N06603, UNS N08800,
UNS N08810, UNS N08811, UNS
N08801,
UNS N08825, and UNS N08120
UNS N06686 5⁄8 to 11⁄2 (15.9 to 38.1), incl 0.0075 (0.19) 0.0075 (0.19) 10.0 10.0 20.0 0

over 11⁄2 to 3 (38.1 to 76.2), incl 0.010 (0.25) 0.010 (0.25) 10.0 10.0 22.0 0
AWall variations as indicated above are applicable only to the wall as ordered, for instance, to minimum or to average wall, but not to both.
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Stress-relieved nickel-copper alloy UNS N04400 21 200 146.2
Annealed nickel-chromium-iron alloy UNS N06600 20 000 137.9
Annealed nickel-chromium-iron alloy UNS N06601 20 000 137.9
Annealed nickel-chromium-iron alloy UNS N06690 21 200 146
Annealed nickel-chromium-iron alloy UNS N06045 22 500 155
Annealed nickel-chromium-iron alloy UNS N06025 24 500 169
Solution annealed low-carbon nickel-chromium-
molybdenum-tungsten alloy UNS N06686

25 000 172

Annealed nickel-chromium-iron-aluminum alloy
UNS N06603 24 000 165
Annealed nickel-iron-chromium alloy UNS N08120 22 500 155
Annealed nickel-iron-chromium alloy UNS N08800 18 700 128.9
Annealed nickel-iron-chromium alloy UNS N08810 16 600 114.4
Annealed nickel-iron-chromium alloy UNS N08811 16 600 114.4
Annealed nickel-iron-chromium alloy UNS N08801 16 600 114.4
Annealed nickel-iron-chromium-molybdenum copper alloy

UNS N08825 21 000 144.8
Cold-worked nickel-iron-chromium alloy UNS N08800 20 700 142.7

6.5.2 Nondestructive Electric Test—Each tube shall be ex-
amined with a nondestructive electric test as prescribed in
Specification B 829.

7. Dimensions and Permissible Variations

7.1 Outside Diameter and Wall Thickness—The permissible
variations in the outside diameter and wall thickness of tube
shall not exceed those prescribed in Table 4 and Table X2.2, as
applicable. (See also Table 5 and Table 6.)

7.2 Length—When tube is ordered cut-to-length, the length
shall not be less than that specified, but a variation of plus1⁄8
in. (3.2 mm) will be permitted, except that for lengths over 30
ft (9.1 m), a variation of plus1⁄4 in. (6.4 mm) will be permitted.

7.3 Straightness—Material shall be reasonably straight and
free of bends or kinks.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and temper,
smooth, commercially straight, and free of injurious imperfec-
tions.

9. Sampling

9.1 Lot—Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot for mechanical properties, hardness, flaring, and

grain size testing shall consist of all material from the same
heat, nominal size (except length), and condition (temper).

9.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (230 kg) of material in the
same condition (temper) and size.

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples shall be

taken during pouring or subsequent processing.
9.2.1.1 Product (check) analysis shall be wholly the respon-

sibility of the purchaser.
9.2.2 Mechanical Properties, Hardness, and Grain Size—

Samples of the material to provide test specimens for mechani-
cal properties, hardness, and grain size shall be taken from such
locations in each lot as to be representative of that lot.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Mechanical Properties—One test per lot.
10.3 Hardness—A representative sample consisting of 3 %

of each lot of tubes with annealed ends (see 9.1.2).
10.4 Grain Size—One test per lot.
10.5 Flare—A representative sample consisting of 1 % of

the number of tube lengths in each lot, with a minimum of one
tube per lot.

11. Specimen Preparation

11.1 Tension Test:
11.1.1 Tension test specimens shall be taken from material

in the final condition (temper) and tested in the direction of
fabrication.

11.1.2 Whenever possible, all tubes shall be tested in full
tubular size. When testing in full tubular size is not possible,
longitudinal strip specimens, or the largest possible round
specimen, shall be used. In the event of disagreement when full
tubular testing is not possible, a longitudinal strip specimen
with reduced gage length as contained in Test Methods E 8
shall be used.

11.1.3 In the case of stress-relieved tubes furnished with
annealed ends, the tension test shall be made on the stress-
relieved tubes prior to annealing the ends.

11.2 Hardness Test:
11.2.1 Stress-Relieved Tubing with Annealed Ends—The

hardness test may be made on the inside of the tube near the
end or on a specimen cut from the end, at the option of the
manufacturer. The test shall be made on the inside of the
specimen.

12. Test Methods

12.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specification

TABLE 5 Alloy, A Condition, Tube Size, and Bend Radii Limitations

Tube OD, in. (mm) Average Tube Wall, in. (mm)B

Minimum Bend Radius, in.
(mm)

Annealed
Condition

Stress-Relieved
Condition

Up to 1⁄2 (12.7), incl 0.046 to 0.057 (1.17 to 1.45), incl 13⁄16 (30.2) 11⁄4 (31.8)
Up to 1⁄2 (12.7), incl Over 0.057 to 0.120 (1.45 to 3.05), incl 1 (25.4) 11⁄8 (28.6)
Over 1⁄2 to 5⁄8 (12.7 to 15.9), incl 0.037 to 0.057 (0.94 to 1.45), incl 13⁄16 (30.2) 11⁄4 (31.8)
Over 1⁄2 to 5⁄8 (12.7 to 15.9), incl Over 0.057 to 0.120 (1.45 to 3.05), incl 1 (25.4) 13⁄16 (30.2)
Over 5⁄8 to 3⁄4 (15.9 to 19.0), incl 0.049 to 0.057 (1.24 to 1.45), incl 11⁄4 (31.8) 11⁄2 (38.1)
Over 5⁄8 to 3⁄4 (15.9 to 19.0), incl Over 0.057 to 0.109 (1.45 to 2.77), incl 13⁄16 (30.2) 11⁄4 (31.8)
Over 3⁄4 to 1 (19.0 to 25.4), incl 0.049 to 0.058 (1.24 to 1.47), incl 2 (50.8) 4 (101.6)
Over 3⁄4 to 1 (19.0 to 25.4), incl Over 0.058 to 0.109 (1.47 to 2.77), incl 13⁄4 (44.5) 21⁄4 (57.2)

AApplies for all alloys except alloy UNS N08810, alloy UNS N08801, and UNS N08811.
BTo determine the bend radius applicable to minimum wall tubing, compute the corresponding average wall from the wall tolerances in Table 4, then use Table 5.
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shall be determined, in case of disagreement, in accordance
with the following methods:

Test ASTM Designation
Chemical Analysis E 76, E 1473
Tension E 8
Rounding Procedure E 29
Rockwell Hardness E 18
Grain Size E 112
Hardness Conversion E 140

12.2 The measurement of average grain size may be carried
out by the planimetric method, the comparison method, or the
intercept method described in Test Methods E 112. In case of
dispute the “referee” method for determining average grain
size shall be the planimetric method.

12.3 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated below, in accordance with the round-
ing method of Practice E 29:

Test
Rounded Unit for Observed

or Calculated Value
Chemical composition, hardness,
and tolerances (when expressed
in decimals)

nearest unit in the last right-hand place of
figures of the specified limit

Tensile strength, yield strength nearest 1000 psi (6.9 MPa)
Elongation nearest 1 %
Grain size:

0.0024 in. (0.060 mm) or larger nearest multiple of 0.0002 in. (0.005 mm)
less than 0.0024 in. (0.060 mm) nearest multiple of 0.0001 in. (0.002 mm)

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material not conforming to this specification or to
authorized modifications will be subject to rejection.

14.2 Samples tested in accordance with this specification
that represent rejected material shall be preserved for not less
than three weeks from the date of the test report. In case of
dissatisfaction with the results of the tests, the manufacturer
may make claim for a rehearing within that time.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 Each bundle or shipping container shall be marked
with the name of the material; condition (temper); this speci-
fication number; the size; gross, tare, and net weight; consignor
and consignee address; contract or order number; or such other
information as may be defined in the contract or order.

17. Keywords

17.1 seamless tube; UNS N02200; UNS N02201; UNS
N04400; UNS N06025; UNS N06045; UNS N06600; UNS
N06601; UNS N06603; UNS N06686; UNS N06690; UNS
N08120; UNS N08800; UNS N08801; UNS N08810; UNS
N08811; UNS N08825

SUPPLEMENTARY REQUIREMENTS

S1. U-BENT TUBES

The following supplementary requirements shall apply when U-bent tubes are specified by the
purchaser in the inquiry, contract, or order.

S1.1 Limitation of Supplementary Requirements for
U-Bent Tubes

S1.1.1 The requirements for U-bent tubes included in this
supplement are limited to the alloys, conditions (tempers), tube
outside diameter (OD), and wall thickness ranges and bend
radii listed in Table 5.

S1.2 Permissible Variations in Dimensions (Fig. S00001)

S1.2.1 Leg Spacing—The leg spacing, measured between
the points of tangency of the bend to the legs shall not vary
from the value (2R − specified tube OD) by more than the
amounts shown below whereR is the specified centerline bend
radius:

TABLE 6 Alloys, Size Ranges, and Yield Strength for Higher Yield Strength Tubes

Alloys
Size Range, in. (mm) 0.2 % Yield Strength, ksi (MPa)

OD Wall Thickness Minimum Maximum

Nickel-chromium-iron Alloy UNS N06600 1⁄4 to 7⁄8 (6.35 to 22.23) Up to 0.100 (2.54) 40 (276) 65 (448)
Nickel-chromium-iron Alloy UNS N06601 1⁄4 to 7⁄8 (6.35 to 22.23) Up to 0.100 (2.54) 40 (276) 65 (449)
Nickel-iron-chromium Alloy UNS N08800 1⁄4 to 7⁄8 (6.35 to 22.23) Up to 0.100 (2.54) 40 (276) 65 (448)
Nickel-chromium-iron Alloy UNS N06690 1⁄4 to 7⁄8 (6.35 to 22.23) Up to 0.100 (2.54) 40 (276) 65 (448)
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Centerline Bend Radius (R), in. (mm) Tolerance, in. (mm)
Up to 18 (457), incl 1⁄16 (1.6)
Over 18 to 30 (457 to 762), incl 3⁄32 (2.4)
Over 30 to 36 (762 to 914), incl 1⁄8 (3.2)

S1.2.2 Diameter of Tube in U-Bent Section—Neither the
major, nor the minor outside diameter of the tube at any one
cross section included within the points of tangency of the bend
shall deviate from the nominal diameter prior to bending by
more than 10 %.

S1.2.3 Wall Thickness of Tube in U-Bent Section—The wall
thickness of the tube at the apex of the U-bent section shall be
not less than the value determined by the following equation:

TF 5 T~2R! / ~2R1 D!

where:
TF = thickness after bending, in. (mm),
T = minimum permissible thickness of tube wall prior to

bending, in. (mm)
R = centerline bend radius, in. (mm), and
D = nominal outside diameter of the tube, in. (mm).

When specified by the purchaser, proof of conformance to
this requirement shall be obtained by bending a tube specimen,
representative of the material offered, to the scheduled radius
of bend, cutting the tube at the apex of the bend, measuring the
tube wall at the cross section of this apex section, and
comparing the measured value with the calculated value ofTF.

S1.2.4 Length of U-Bend Tube Legs—The length of the tube
legs as measured from the point of tangency of the bend and
the tube leg to the end of the tube leg shall not be less than that
specified, but may exceed the specified values by the following
amounts:

Specified Length (L), ft (m) Tolerance (all Plus), in. (mm)
Up to 20 (6.1), incl 1⁄8 (3.2)
Over 20 to 30 (6.1 to 9.1), incl 5⁄32 (4.0)
Over 30 to 60 (9.1 to 18.3), incl 1⁄4 (6.4)
Over 60 (18.3) 3⁄8 (10.0)

S1.2.4.1 The difference in the length of the tube legs shall
not be greater than1⁄8 in. (3.2 mm).

S1.2.5 Squareness of Ends—The end of any tube may
depart from square by not more than the following amounts:

Tube OD, in. (mm) Tolerance, in. (mm)
Up to 5⁄8 (15.9), incl 0.010 (0.25)
Over 5⁄8 (15.9) 0.016 (0.41)

S1.3 Hydrostatic Test
S1.3.1 When specified by the purchaser, the hydrostatic test

shall be performed after bending. The minimum holding time
at pressure shall be 5 s.

S1.3.1.1 When hydrostatic testing is performed after bend-
ing, such testing will not be required on straight length tubes
prior to bending.

S1.3.1.2 The required fiber stress for computing hydrostatic
test pressure shall be 26 600 psi (183.3 MPa).

FIG. S00001 Bent Portion of U-Tube
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S2. HIGH YIELD STRENGTH TUBES
The following supplementary requirements shall apply when high yield strength tubes are specified by the purchaser in the

inquiry, contract, or purchase order.

S2.1 Limitations of Supplementary Requirements for
High Yield Strength Tubes

S2.1.1 The requirements for higher yield strength tubes
included in this supplement are limited to the alloys, tube
outside diameter (OD), and wall thickness ranges listed in
Table 6.

S2.2 Higher Yield Strength
S2.2.1 The 0.2 % yield strength shall be as listed in Table 6.

All other mechanical properties shall be as listed in Table 3.

S2.3 Degree of Cold Work
S2.3.1 No additional cold working over and above that

normally required for these alloys shall be used in order to
meet the higher yield strength.

S2.4 Annealing

S2.4.1 Tubing is to be furnished in the annealed condition.
In order to meet the higher yield strength requirement, it may
be necessary to control the final annealing parameters so as to
preclude large grain sizes.

S2.5 Marking Requirements

S2.5.1 In addition to the marking requirements of SB-163,
the marking shall include the letters HYS signifying higher
yield strength.

S3. COILED OR UNSTRAIGHTENED TUBING

The following supplementary requirements shall apply when coiled or unstraightened tubing is specified by the purchaser in the inquiry,
contract, or purchase order.

S3.1 Unstraightened Tubing

S3.1.1 When the purchaser specifies coiled or unstraight-
ened tubing after final heat treatment, the tensile specimens
may be machine straightened prior to testing.

S3.1.2 On the certification and wherever the grade designa-
tion for unstraightened tubing appears, it shall be identified
with the suffix letter “U” (for example, UNS N06600–U).

S4. U.S. GOVERNMENT

The following supplementary requirements shall apply only when specified by the purchaser in the inquiry, contract, or order, for agencies
of the U.S. Government.

S4.1 Referenced Documents

S4.1.1 The following documents of the issue in effect on
date of material purchased form a part of this specification to
the extent referenced herein: Fed. Std. No. 102, Fed. Std. No.
123, Fed. Std. No. 182, and MIL-STD-129.

S4.2 Quality Assurance

S4.2.1 Responsibility for Inspection:

S4.2.1.1 Unless otherwise specified in the contract or pur-
chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to ensure that the material conforms to
prescribed requirements.

S4.3 Identification Marking

S4.3.1 The material shall be properly marked for identifi-
cation in accordance with Fed. Std. No. 182 except that the
ASTM specification number and the alloy number shall be
used.

S4.4 Preparation for Delivery

S4.4.1 Preservation, Packaging, Packing:

S.4.4.1.1Military Agencies—The material shall be sepa-
rated by size, composition, grade or class and shall be
preserved and packaged, level A or C, packed level A, B, or C
as specified in the contract or purchase order.

S4.4.1.2Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.4.2 Marking:
S4.4.2.1Military Agencies—In addition to any special

marking required by the contract or purchase order, marking
for shipment shall be in accordance with MIL-STD-129.
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S4.4.2.2Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

APPENDIXES

(Nonmandatory Information)

X1. CONDITION AND FINISHES NORMALLY SUPPLIED

X1.1 Scope

X1.1.1 This appendix lists the conditions and finishes in
which tube (other than converter sizes) are normally supplied.
These are subject to change and the manufacturer should be
consulted for the latest information available.

X1.2 Nickel UNS N02200

X1.2.1 Annealed—Soft, with a dull matte finish.
X1.2.2 Stress Relieved—Thermally treated below the an-

nealing temperature to relieve the major portion of the internal
stresses, with a thin, light to medium-dark surface.

X1.2.3 Stress Relieved with Annealed Ends—Same as
X1.2.2 except with annealed ends.

X1.3 Low-Carbon Nickel UNS N02201

X1.3.1 Annealed—Similar to X1.2.1
X1.3.2 Stress Relieved— Similar to X1.2.2
X1.3.3 Stress-Relieved With Annealed Ends—Same as

X1.3.2 except with annealed ends.

X1.4 Nickel-Copper Alloy UNS N04400

X1.4.1 Annealed—Soft with a dull matte finish.

X1.4.2 Stress Relieved— Thermally treated below the an-
nealing temperature to relieve the major portion of the internal
stresses resulting from cold drawing, with a thin, light to
medium-dark surface.

X1.4.3 Stress-Relieved With Annealed Ends—Same as
X1.4.2 except with annealed ends.

X1.5 Nickel-Chromium-Iron Alloy UNS N06600, Nickel-
Chromium-Iron Alloy UNS N06601, Nickel-
Chromium-Iron Alloy UNS N06690, Nickel-
Chromium-Iron Alloy UNS N06045, Nickel-
Chromium-Iron Alloy UNS N06025, Nickel-Iron-
Chromium Alloys (UNS N08120, UNS N08800, UNS
N08810, UNS N08811, and UNS N08801), and
Nickel-Iron-Chromium-Molybdenum-Copper Alloy
UNS N08825

X1.5.1 Annealed and Ground Outside Diameter—The in-
side diameter may have a bright finish when material is
annealed in protective atmosphere; otherwise, the inside diam-
eter is supplied descaled as necessary.

X1.5.2 Annealed and Pickled (Not Ground)—Outside and
inside diameter will have dull, matte (pickled) surfaces.

X2. CONVERTER SIZES

X2.1 Small diameter and light wall tube in outside diam-
eters 11⁄4 in. (31.8 mm) and under all wall thicknesses may be
furnished in the following conditions or tempers when so
specified. The material is furnished in a limited range of sizes
and the manufacturer should be consulted as to the various

outside diameters and wall thicknesses that may be furnished.
Material shall be clean and scale-free. Such material shall
conform to the applicable requirements indicated in Table X2.1
and Table X2.2.
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TABLE X2.1 Mechanical Properties A of Small Diameter and Light Wall Tube

Material
Tensile Strength,
ksi (MPa)

Yield Strength
(0.2 % offset),B

min, ksi (MPa)

Elongation in 2 in.
or 50 mm, min, %

Rockwell
HardnessC

(Scale as
Indicated)

Nickel UNS N02200:
AnnealedD 80 (552) max 15 (103) 33 B75, max
Half-hardE 80 (552) min 40 (276) 12 B75 to B90
Full hardF 95 (655) min 75 (517) 4 B90 to C30

Low-carbon nickel
UNS N02201:

AnnealedD 70 (483) max 12 (83) 35 B62, max
Half-hardE 70 (483) min 30 (207) 12 B70 to B85
Full hardF 85 (586) min 65 (448) 4 B80 to B95

Nickel-copper alloy
UNS N04400:

AnnealedD 90 (621) max 28 (193) 32 B80, max
Half-hardE 85 (586) min 55 (379) 12 B75 to B97
Full hardF 110 (758) min 90 (621) 3 B95 to C27

Nickel-chromium-iron alloy
UNS N06600:

AnnealedDG 80 (552) to 110 (758) 35 (241) 30 B92, max
Half-hardE 105 (724) min 55 (379) 13 B90 to B98
Full-hardF 130 (896) min 105 (724) 4 C19 to C34

UNS N06601:
AnnealedD,G 80 (552) to 110 (758) 30 (207) 30 B92 max
Half-hardE 105 (724) min 55 (379) 13 B90 to B98
Full-hardF 130 (896) min 105 (724) 4 C19 to C34

UNS N06690:
AnnealedD,G 85 (586) to 115 (793) 35 (241) 30 B92 max
Half-hardE 105 (724) min 55 (379) 13 B90 to B98
Full-hardF 130 (896) min 105 (724) 4 C19 to C34

Nickel-iron chromium alloy
UNS N08800:

AnnealedDG 75 (517) to 100 (689) 30 (207) 30 B95, max
Half-hardE 105 (724) 60 (414) 13 B93 to C26
Full hardF 130 (896) 105 (724) 4 C24 to C38

Nickel-iron chromium-molyb-
denum-copper alloy

UNS N08825:
AnnealedDG 85 (586) to 115 (793) 35 (241) 30 B90 max
Half-hardE 105 (724) min 75 (517) 15 B90 to C25
Full-hardF 125 (862) min 100 (689) 5 C25 to C35

ANot applicable to outside diameters under 1⁄8 in. (3.2 mm) and to wall thicknesses under 0.015 in. (0.38 mm).
BSee 12.3.
CHardness values, indicative of tensile strength, are shown for information only. All tests are subject to confirmation by tension tests. For hardness conversions, see

Hardness Conversion Tables E 140.
DThis condition is sometimes designated as “No. 1 Temper.”
EThis condition is sometimes designated as “No. 2 Temper.”
FThis condition is sometimes designated as “No. 3 Temper.”
GThe minimum tensile strength value applies only to tubing in straight lengths.
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TABLE X2.2 Permissible Variations for Small Diameter and Light Wall Tube (Converter Sizes)

NOTE 1—Ovality, Normal Wall Tube:
As-Drawn (No. 2 and 3) Tempers—Ovality will be held within the outside diameter tolerances shown in the table.
Annealed (No. 1) Temper—Ovality will be held within 2 % of the theoretical average outside diameter.

NOTE 2—Ovality Light Wall Tube:
As-Drawn (No. 2 and 3) Tempers—Ovality will be held within 2 % of the theoretical average outside diameter.
Annealed (No. 1) Temper—Ovality will be held within 3 % of the theoretical average outside diameter.

NOTE 3—Wall Tolerances, Light Wall Tube—The plus and minus wall tolerance shown in the table shall apply down to and including 0.005 in. (0.13
mm) in wall thickness. For wall thicknesses less than 0.005 in. the tolerance shall be plus and minus 0.0005 in.

NOTE 4—Random Lengths:
(a) Where nominal random lengths on tubing1⁄8 in. and larger in outside diameter are specified, a length tolerance of plus and minus 31⁄2 ft (1.1 m) applies
to the nominal length. This is a total spread of 7 ft. (2.1 m).
(b) Random lengths in sizes1⁄8 in. (3.2 mm) and larger in outside diameter shall be subject to a length range from 5 to 24 ft (1.5 to 7.3 m). Long random
lengths are subject to a range from 15 to 22 ft (4.6 to 6.7 m).
(c) Random lengths in sizes up to, but not including,1⁄8 in. in outside diameter, and fragile light wall tubes over this outside diameter are subject to the
length range from 1 to 15 ft (0.3 to 4.6 m).

NOTE 5—Cut Lengths—Tolerances on cut lengths shall be as follows:
NOTE 6—Straightness—Round tubing is subject to a straightness tolerance of one part in 600 (equivalent to a depth of arc of 0.030 in. (0.76 mm) in

any 3 ft (0.9 m) of length).
NOTE 7—Eccentricity—Eccentricity (as defined in Table 4, Note 2) shall be limited to plus or minus 10 % of the specified wall or calculated average

wall.
NOTE 8—When specified, the tolerance spread may be applied as desired. However, when not specified the tolerances shown below will apply. It should

be noted that inside diameter tolerances are based upon the outside diameter range.

Length, ft Tube Size, in.
Permissible Variations, in.

Over Under
U.S. Customary Units

Under 1 Up to 1.250, incl 1⁄32 0
1 to 4, incl Up to 1.250, incl 1⁄16 0
Over 4 to 10, incl Up to 1.250, incl 3⁄32 0
Over 10 Up to 1.250, incl 3⁄16 0

Metric Units

Length, m Tube Size, mm
Permissible Variations, mm

Over Under
Under 0.3 Up to 31.75, incl 0.794 0
0.3 to 1.2, incl Up to 31.75, incl 1.59 0
1.2 to 3.0, incl Up to 31.75, incl 2.38 0
Over 3.0 Up to 31.75, incl 4.76 0

Specified Outside Diameter, in.
Outside Diameter, in. Inside Diameter, in. Wall Thickness,%

+ − + − + −

U.S. Customary Units

Under 3⁄32 0.002 0 0 0.002 10 10
to 3⁄16 (0.1875), excl 0.003 0 0 0.003 10 10
3⁄16 to 1⁄2 (0.500), excl 0.004 0 0 0.004 10 10
1⁄2 to 11⁄4 (1.250), incl 0.005 0 0 0.005 10 10

Millimetres

Under 2.38 0.051 0 0 0.051 10 10
2.38 to 4.76, excl 0.076 0 0 0.076 10 10
4.76 to 12.70, excl 0.102 0 0 0.102 10 10
12.70 to 31.8, incl 0.127 0 0 0.127 10 10
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SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue (B 163 – 02)
that may impact the use of this standard.

(1) Introduction of nondestructive electric test in lieu of
hydrostatic test at the option of the manufacturer.

(2) Revision of 2.1, 4.1, and 6.5.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 164 – 03

Standard Specification for
Nickel-Copper Alloy Rod, Bar, and Wire 1

This standard is issued under the fixed designation B 164; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification2 covers nickel-copper alloys UNS
N04400 and N04405* in the form of hot-worked and cold-
worked rod and bar in the conditions shown in Table 1 and
cold-worked wire in the conditions shown in Table 2.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 127 Specification for Nickel-Copper Alloy (UNS

N04400) Plate, Sheet, and Strip3

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys, and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 76 Test Methods for Chemical Analysis of Nickel-Copper
Alloys6

E 140 Hardness Conversion Tables for Metals4

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

2.2 Military Standards:7

MIL-STD-129 Marking for Shipment and Storage
MIL-STD-271 Nondestructive Testing Requirements for

Metals

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 bar—material of rectangular (flats), hexagonal, or

square solid section up to and including 10 in. (254 mm) in
width and 1⁄8 in. (3.2 mm) and over in thickness in straight
lengths.

3.1.2 rod—material of round solid section furnished in
straight lengths.

3.1.3 wire—a cold-worked solid product of uniform round
cross section along its whole length, supplied in coiled form.

NOTE 1—Hot-worked rectangular bar in widths 10 in. and under may be
furnished as hot-rolled plate with sheared or cut edges in accordance with
Specification B 127, provided the mechanical property requirements of
Specification B 164 are met.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 ASTM designation and year of issue.
4.1.2 UNS number.
4.1.3 Section—Rod (round) or bar (square, hexagonal, or

rectangular) or wire (round).
4.1.4 Dimensions—Dimensions including length.
4.1.5 Condition.
4.1.6 Finish.
4.1.7 Quantity—feet or number of pieces.
4.1.8 Certification—State if certification is required.
4.1.9 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1941. Last previous edition approved in 1998 as B 164 - 98.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-164 in Section II of that Code.

* New designations established in accordance with ASTM E 527 and SAE
J1086, Recommended Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards,Vol 02.04.
4 Annual Book of ASTM Standards,Vol 03.01.
5 Annual Book of ASTM Standards,Vol 14.02.
6 Annual Book of ASTM Standards,Vol 03.05.

7 Available from Standardization Documents Order Desk, DODSSP, Bldg. 4,
Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098
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4.1.10 Purchaser Inspection—If purchaser wishes to wit-
ness tests or inspection of material at place of manufacture, the
purchase order must so state indicating which test or inspec-
tions are to be witnessed.

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 3.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Specification B 880.

6. Mechanical Properties

6.1 Mechanical Properties—The material shall conform to
the mechanical properties specified in Table 1 for rod or bar, or
in Table 2 for wire.

7. Dimensions and Permissible Variations

7.1 Diameter, Thickness, or Width—The permissible varia-
tions from the specified dimensions as measured on the

diameter or between parallel surfaces of cold-worked rod and
bar shall be as prescribed in Table 4, and of hot-worked rod and
bar as prescribed in Table 5. The permissible variations in
diameter of cold-worked wire shall be as prescribed in Table 6.

7.2 Out-of-Round—Hot-worked rods and cold-worked rods
(except “forging quality”) all sizes, in straight lengths, shall not
be out-of-round by more than one half the total permissible
variations in diameter shown in Table 4 and Table 5, except for
hot-worked rods1⁄2 in. (12.7 mm) in diameter and under, which
may be out-of-round by the total permissible variations in
diameter shown in Table 5. Wire shall not be out-of-round by
more than one-half the total permissible variations shown in
Table 6.

7.3 Corners—Cold-worked bars will have practically exact
angles and sharp corners.

7.4 Machining Allowances for Hot-Worked Materials—
When the surfaces of hot-worked products are to be machined,
the allowances prescribed in Table 7 are recommended for
normal machining operations.

TABLE 1 Mechanical Properties of Rod and Bar

Condition and Diameter or Distance Between Parallel
Surfaces, in. (mm)

Tensile Strength
min, psi (MPa)

Yield Strength
(0.2 % offset)A

min. psi (MPa)

Elongation
in 2 in. or 50
mm (or 4D),

min, %

Rockwell Hard-
ness (or equivalent)

UNS N04400

Cold-worked (as worked):
Rounds under 1⁄2 (12.7) 110 000 (760) 85 000 (585) 8B —
Squares, hexagons, and rectangles under 1⁄2 (12.7) 85 000 (585) 55 000 (380) 10B —

Cold-worked (stress-relieved):
Rounds under 1⁄2 (12.7) 84 000 (580) 50 000 (345) 10B —
Rounds, 1⁄2 to 31⁄2 (12.7 to 88.9), incl 87 000 (600) 60 000 (415) 20 —
Rounds, over 31⁄2 to 4 (88.9 to 101.6), incl 84 000 (580) 55 000 (380) 20
Squares, hexagons and rectangles, 2 (50.8) and under 84 000 (580) 50 000 (345) 20B,C —
Squares, hexagons and rectangles, over 2 (50.8) to

31⁄8 (79.4), incl
80 000 (552) 50 000 (345) 20 —

Hot-worked (as worked or stress-relieved):
Rounds, squares, and rectangles up to 12 (305),

incl, and hexagons 21⁄8 (54) and under
80 000 (552) 40 000 (276) 30D —

Rounds, squares, and rectangles over 12 (305) to 14
(356), incl

75 000 (517) 40 000 (276) 30 —

Hexagons over 21⁄8 (54) to 4 (102), incl 75 000 (517) 30 000 (207) 25 —
Rings and disks — — — B 75 to B95

Hot-worked (annealed) or cold-worked (annealed):
Rod and bar, all sizes 70 000 (480) 25 000 (170) 35 —
Rings and disks — — — B 60 to B75

Forging quality: E

All sizes — — — —

UNS N04405

Cold-worked (as worked or stress-relieved):
Rounds, under 1⁄2 (12.7) 85 000 (585) 50 000 (345) 8B —
Rounds, 1⁄2 (12.7) to 3 (76.2), incl 85 000 (585) 50 000 (345) 15 —
Rounds, over 3 (76.2) to 4 (101.6), incl 80 000 (552) 50 000 (345) 15 —
Hexagons and squares 2 (50.8) and under 85 000 (585) 50 000 (345) 15B,C —
Hexagons and squares over 2 (50.8) to 31⁄8 (79.4), incl 80 000 (552) 45 000 (310) 15 —

Hot-worked (as hot-worked or stress-relieved):
Rounds 3 (76.2) and less 75 000 (517) 35 000 (241) 30 —
Hexagons and squares, 21⁄8 (54) and less 75 000 (517) 35 000 (241) 30 —
Hexagons and squares, over 21⁄8 (54) to 4 (101.6), incl 70 000 (480) 30 000 (207) 25 —

Hot-worked (annealed) or cold-worked (annealed):
Rod and Bar, All sizes 70 000 (480) 25 000 (170) 35

ASee 12.2
BNot applicable to diameters or cross sections under 3⁄32 in. (2.4 mm).
CFor sections under 1⁄2 in. (12.7 mm), the elongation shall be 10 % min.
DFor hot-worked flats 5⁄16 in. (7.9 mm) and under in thickness the elongation shall be 20 % min.
EForging quality is furnished to chemical requirements and surface inspection only. No tensile properties are required.
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7.5 Length—The permissible variations in length of cold-
worked and hot-worked rod and bar shall be as prescribed in
Table 8.

7.5.1 Rods and bars ordered to random or nominal lengths
will be furnished with either cropped or saw-cut ends; material
ordered to cut lengths will be furnished with square saw-cut or
machined ends.

7.6 Straightness:
7.6.1 The permissible variations in straightness of cold-

worked rod and bar as determined by the departure from
straightness shall be as prescribed in Table 9.

7.6.2 The permissible variations in straightness of precision
straightened cold-worked rod as determined by the departure
from straightness shall be as prescribed in Table 10.

7.6.2.1 In determining straightness in the standard 42-in.
(1.07-m) distance between supports or, when specified, in
determining straightness in lengths not in excess of those
shown in Table 10, the rod shall be placed on a precision table
equipped with ball-bearing rollers and a micrometer or dial
indicator. The rod shall then be rotated slowly against the
indicator, and the deviation from straightness in any portion of
the rod between the supports shall not exceed the permissible
variations prescribed in Table 10. The deviation from straight-
ness (throw in one revolution) is defined as the difference

between the maximum and minimum readings of the dial
indicator in one complete revolution of the rod.

7.6.3 The permissible variations in straightness of hot-
worked rod and bar as determined by the departure from
straightness shall be as specified in Table 11.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, commercially straight or flat, and free of injurious
imperfections.

9. Sampling

9.1 Lot—Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot for mechanical properties testing shall consist of

all material from the same heat, nominal diameter or thickness,
and condition.

9.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material in the
same size and condition.

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

9.2.1.1 Product (check) analysis shall be wholly the respon-
sibility of the purchaser.

9.2.2 Mechanical Properties—Samples of the material to
provide test specimens for mechanical properties shall be taken
from such locations in each lot as to be representative of that
lot.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Tension—One test per lot.
10.3 Hardness—One test per lot.
10.4 Wrapping—One test per lot.

TABLE 2 Mechanical Properties of Cold-Worked Wire in Coil A

Alloy Condition and Size, in. (mm)
Tensile Strength, psi (MPa)

Wrapping Test
Min Max

UNS N04400 and N04405:
Annealed, all sizes 70 000 (483) 85 000 (586) All wire shall wrap around a rod of the
No. 0 temper, under 1⁄2 (12.7) 80 000 (552) 95 000 (655) same diameter as the wire without
No. 1 temper, under 1⁄2 (12.7) 90 000 (621) 110 000 (758) cracking

UNS N04400:
Regular temper, under 1⁄2 (12.7) 110 000 (758) 140 000 (965) All wire up to 0.2294 in. (5.84 mm),
Regular temper, 1⁄2 (12.7) and over 90 000 (621) 130 000 (896) inclusive, shall wrap around a rod of
Spring temper the same diameter as the wire without

0.028 (0.71) and less 165 000 (1138) ... cracking. Wire over 0.2294 in.
Over 0.028 (0.71) to 0.057 (1.45), 160 000 (1103) ... diameter shall wrap around a rod of

incl twice the wire diameter without
Over 0.057 (1.45) to 0.114 (2.90), 150 000 (1034) ... cracking.

incl
Over 0.114 (2.90) to 0.312 (7.92), 140 000 (965) ...

incl
Over 0.312 (7.92) to 0.375 (9.53), 135 000 (931)

incl
Over 0.375 (9.53) to 0.500 (12.7), 130 000 (896) ...

incl
Over 0.500 (12.7) to 0.563 (14.3), 120 000 (827) ...

incl
AProperties are not applicable to wire after straightening and cutting.

TABLE 3 Chemical Requirements

Element

Composition Limits, %

UNS
N04400

UNS
N04405

NickelA 63.0 min 63.0 min
Copper 28.0 min 28.0 min

34.0 max 34.0 max
Iron 2.5 max 2.5 max
Manganese 2.0 max 2.0 max
Carbon 0.3 max 0.3 max
Silicon 0.5 max 0.5 max
Sulfur 0.024 max 0.025 min

0.060 max
AElement shall be determined arithmetically by difference.
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11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the final condition and tested in the direction of fabrication.

11.1.1 All rod, bar, and wire shall be tested in full cross-
section size when possible. When a full cross-section size test
cannot be performed, the largest possible round specimen
shown in Test Methods E 8 shall be used. Longitudinal strip
specimens shall be prepared in accordance with Test Methods
E 8 for rectangular bar up to1⁄2 in. (12.7 mm), inclusive, in
thicknesses that are too wide to be pulled full size.

11.2 Hardness test specimens shall be taken from material in
the final condition.

11.3 In order that the hardness determinations may be in
reasonably close agreement, the following procedure is sug-
gested:

11.3.1 For rod and wire under1⁄2 in. (12.7 mm) in diameter,
hardness readings shall be taken on a flat surface prepared by
filing or grinding approximately1⁄16 in. (1.6 mm) from the
outside surface of the rod.

11.3.2 For rod and wire1⁄2 in. in diameter and larger, and for
hexagonal, square, and rectangular bar, all sizes, hardness
readings shall be taken on a cross section midway between the
surface and center of the section.

12. Test Methods

12.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following methods:

Test ASTM Designation

Chemical Analysis E 76, E 1473
Tension E 8
Rockwell Hardness E 18
Hardness Conversion E 140
Rounding Procedure E 29

TABLE 4 Permissible Variations in Diameter or Distance Between Parallel Surfaces of Cold-Worked Rod and Bar

Specified Dimension, in. (mm)A
Permissible Variations from Specified Dimension, in. (mm)

+ −

Rounds:
1⁄16 (1.6) to 3⁄16 (4.8), excl 0 0.002 (0.05)
(4.8) to 1⁄2 (12.7), excl 0 0.003 (0.08)

1⁄2 (12.7) to 15⁄16 (23.8), incl 0.001 (0.03) 0.002 (0.05)
over 15⁄16 (23.8) to 115⁄16 (49.2), incl 0.0015 (0.04) 0.003 (0.08)
over 115⁄16 (49.2) to 21⁄2 (63.5), incl 0.002 (0.05) 0.004 (0.10)
over 21⁄2 (63.5) to 3 (76.2), incl 0.0025 (0.06) 0.005 (0.13)
over 3 (76.2) to 31⁄2 (88.9), incl 0.003 (0.08) 0.006 (0.15)
over 31⁄2 (88.9) to 4 (101.6), incl 0.0035 (0.09) 0.007 (0.18)

Hexagons, squares, rectangles:
1⁄2 (12.7) and less 0 0.004 (0.10)
over 1⁄2 (12.7) to 7⁄8 (22.2), incl 0 0.005 (0.13)
over 7⁄8 (22.2) to 11⁄4 (31.8), incl 0 0.007 (0.18)
over 11⁄4 (31.8) to 21⁄4 (57.2), incl 0 0.009 (0.23)
over 21⁄4 (57.2) to 3 (76.2), incl 0 0.011 (0.28)
over 3 (76.2) to 31⁄2 (88.9), incl 0 0.015 (0.38)
over 31⁄2 (88.9) to 4 (101.6), incl 0 0.017 (0.43)

ADimensions apply to diameter of rounds, to distance between parallel surfaces of hexagons and squares, and separately to width and thickness of rectangles.

TABLE 5 Permissible Variations in Diameter or Distance Between Parallel Surfaces of Hot-Worked Rod and Bar

Specified Dimension, in. (mm)A
Permissible Variations from Specified Dimensions, in. (mm)

+ −

Rod and bar, hot-worked:
1 (25.4) and under 0.016 (0.41) 0.016 (0.41)
over 1 (25.4) to 2 (50.8), incl 0.031 (0.79) 0.016 (0.41)
over 2 (50.8) to 4 (101.6), incl 0.047 (1.19) 0.031 (0.79)
over 4 (101.6) 0.125 (3.18) 0.063 (1.60)

Rod, rough-turned or ground:
under 1 (25.4) 0.005 (0.13) 0.005 (0.13)
1 (25.4) and over 0.031 (0.79) 0

Forging quality rod:B

Under 1 (25.4) 0.005 (0.13) 0.005 (0.13)
1 (25.4) and over 0.031 (0.79) 0

ADimensions apply to diameter of rods, to distance between parallel surfaces of hexagons and squares, and separately to width and thickness of rectangles.
BSpot grinding is permitted to remove minor surface imperfections. The depth of these spot ground areas shall not exceed 3 % of the diameter of the rod.

TABLE 6 Permissible Variations in Diameter of Cold-Worked
Wire

Diameter, in. (mm)
Permissible Variations,

in. (mm),6

Under 0.0044 (0.11) 0.0002 (0.005)
0.0044 (0.11) to 0.0079 (0.20), incl 0.00025 (0.006)
Over 0.0079 (0.20) to 0.0149 (0.38), incl 0.0003 (0.008)
Over 0.0149 (0.38) to 0.0199 (0.51), incl 0.0004 (0.010)
Over 0.0199 (0.51) to 0.031 (0.79), incl 0.0005 (0.013)
Over 0.031 (0.79) to 0.045 (1.14), incl 0.0006 (0.015)
Over 0.045 (1.14) to 0.079 (2.01), incl 0.0007 (0.018)
Over 0.079 (2.01) to 0.1875 (4.76), incl 0.001 (0.025)
Over 0.1875 (4.76) to 0.3125 (7.93), incl 0.002 (0.051)
Over 0.3125 (7.93) 0.003 (0.076)
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12.2 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated below, in accordance with the round-
ing method of Practice E 29:

Test
Rounded Unit for Observed or

Calculated Value

Chemical composition, hardness,
and tolerances (when expressed in
decimals)

nearest unit in the last right-hand place of
figures of the specified limit. If two choices
are possible, as when the digits dropped
are exactly a 5, or a 5 followed only by ze-
ros, choose the one ending in an even
digit, with zero defined as an even digit.

Tensile strength and yield strength nearest 1000 psi (6.9 MPa)
Elongation nearest 1 %

13. Inspection
13.1 Inspection of the material shall be made as agreed upon

between the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing
14.1 Material, tested by the purchaser, that fails to conform

to the requirements of this specification may be rejected.
Rejection should be reported to the producer or supplier
promptly and in writing. In case of dissatisfaction with the
results of the test, the producer or supplier may make claim for
a rehearing.

15. Certification
15.1 When specified in the purchase order or contract, a

producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

16. Product Marking
16.1 The following information shall be marked on the

material or included on the package, or on a label or tag

TABLE 7 Normal Machining Allowances for Hot-Worked Material

Finished-Machined Dimensions for
Finishes as Indicated Below in.

(mm)A

Normal Machining Allowance, in. (mm)

On Diameter, for
Rods

Distance Between
Parallel Surfaces,
for Hexagonal and

Square Bar

For Rectangular Bar

On Thickness On Width

Hot-worked:B

Up to 7⁄8 (22.2), incl 1⁄8 (3.2) 1⁄8 (3.2) 1⁄8 (3.2) 3⁄16 (4.8)
Over 7⁄8 to 17⁄8 (22.2 to 47.6), incl 1⁄8 (3.2) 3⁄16 (4.8) 1⁄8 (3.2) 3⁄16 (4.8)
Over 17⁄8 to 27⁄8 (47.6 to 73.0), incl 3⁄16 (4.8) 1⁄4 (6.4) — 3⁄16 (4.8)
Over 27⁄8 to 313⁄16 (73.0 to 96.8), incl 1⁄4 (6.4) — — 3⁄16 (4.8)
Over 313⁄16 (96.8) 1⁄4 (6.4) — — 3⁄8 (9.5)

Hot-worked rods:
Rough-turned or rough-ground:C

15⁄16 to 4 (23.8 to 101.6), incl, in diameter
Over 4 to 12 (101.6 to 304.8), incl, in diameter

1⁄16 (1.6)
1⁄8 (3.2)

—
—

—
-

—
—

ADimensions apply to diameter of rods, to distance between parallel surfaces of hexagonal and square bar, and separately to width and thickness of rectangular bar.
BThe allowances for hot-worked material in Table 5 are recommended for rods machined in lengths of 3 ft (0.91 m) or less and for bars machined in lengths of 2 ft (0.61

m) or less. Hot-worked material to be machined in longer lengths should be specified showing the finished cross-sectional dimension and the length in which the material
will be machined in order that the manufacturer may supply material with sufficient oversize, including allowance for out-of-straightness.

CApplicable to 3 ft (0.91 m) max length.

TABLE 8 Permissible Variations in Length of Rods and Bars

Random mill lengths:
Hot-worked 6 to 24 ft (1.83 to 7.31 m) long with not more than 25 weight % between 6 and 9 ft (1.83 and 2.74

m)A

Cold-worked 6 to 20 ft (1.83 to 6.1 m) long with not more than 25 weight % between 6 and 10 ft (1.83 and 3.05 m).
Multiple lengths Furnished in multiples of a specified unit length, within the length limits indicated above. For each

multiple, an allowance of 1⁄4 in. (6.4 mm) will be made for cutting, unless otherwise specified. At the
manufacturer’s option, individual specified unit lengths may be furnished.

Nominal lengths Specified nominal lengths having a range of not less than 2 ft (610 mm) with no short lengths
allowedB

Cut lengths A specified length to which all rods and bars will be cut with a permissible variation of plus 1⁄8 in. (3.2
mm), minus 0 for sizes 8 in. (203 mm) and less in diameter or distance between parallel surfaces. For
larger sizes, the permissible variation shall be + 1⁄4 in. (6.4 mm), − 0.

AFor hot-worked sections weighing over 25 lb/ft (37 kg/m) and for smooth forged products, all sections, short lengths down to 2 ft (610 mm) may be furnished.
BFor cold-worked rods and bars under 1⁄2 in. (12.7 mm) in diameter or distance between parallel surfaces ordered to nominal or stock lengths with a 2-ft (610-mm) range,

at least 93 % of such material shall be within the range specified; the balance may be in shorter lengths but in no case shall lengths less than 4 ft (1220 mm) be furnished.

TABLE 9 Permissible Variations in Straightness of Cold-Worked
Rods and Bars

Specified Diameter or Distance
Between Parallel Surfaces, in. (mm)A

Permissible Variations in Lengths
Indicated, in. (mm)

Rounds: Depth of Chord:
1⁄2 (12.7) to 4 (101.6), incl 0.030 (0.76) per ft (305 mm) of length

Hexagons, Squares, Rectangles:
1⁄2 (12.7) to 4 (101.6), incl 0.030 (0.76) per ft (305 mm) of length
AMaterial under 1⁄2 in. (12.7 mm) shall be reasonably straight and free of sharp

bends and kinks.
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attached thereto: The name of the material or UNS Number,
heat number, condition (temper), ASTM B 164, the size, gross,
tare, and net weight, consignor and consignee address, contract
or order number, or such other information as may be defined
in the contract or order.

17. Keywords

17.1 bar; rod; wire; N04400

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U. S. Government.

S1. Scope

S1.1 The requirements for annealed, hot finished, and cold
rolled and stress relieved rod and bar shall apply for shapes in
the same conditions except as modified herein for chemistry
and ultrasonic inspection.

S2. Referenced Documents

S2.1 The following documents of the issue in effect on date
of material purchased form a part of this specification to the
extent referenced herein:

S2.1.1 Federal Standards:

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels7

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)7

Fed. Std. No. 182 Continuous Identification Marking of
Nickel and Nickel-Base Alloys7

S2.1.2 Military Standard:

MIL-STD-129 Marking for Shipment and Storage7

TABLE 10 Permissible Variations in Straightness of Precision-Straightened Cold-Worked Shafting UNS N04400 Only

Specified Diameter of
Shafting, in.

Standard Distance
Between Supports

Permissible Variations
(Throw in One Revolution)

from Straightness, in.

1⁄2 to 15⁄16 , incl 42 in. 0.005
Over 15⁄16 to 115⁄16 , incl 42 in. 0.006
Over 115⁄16 to 21⁄2 , incl 42 in. 0.007
Over 21⁄2 to 4, incl 42 in. 0.008
3⁄4 to 15⁄16 , incl Specified lengths of 3 to 10 ft. 0.004 plus 0.0025 for each foot or fraction thereof in

excess of 3 ft
Over 15⁄16 to 4, incl Specified lengths of 20 ft and less 0.005 plus 0.0015 for each foot or fraction thereof in

excess of 3 ft

Specified Diameter of Shafting, mm Standard Distance Between Supports
Permissible Variations (Throw in One Revolution) from

Straightness, mm

12.7 to 23.8 incl 1067 mm 0.13
Over 23.8 to 49.2, incl 1067 mm 0.15
Over 49.2 to 63.5, incl 1067 mm 0.18
Over 63.5 to 101.6, incl 1067 mm 0.20
19.1 to 23.8 incl specified lengths of 914 to 3050 mm 10.2 plus 0.2 for each metre or fraction thereof in excess

of 914 mm
Over 23.8 to 101.6, incl specified lengths of 6100 mm and less 12.7 plus 0.13 for each metre or fraction thereof in excess

of 914 mm

TABLE 11 Permissible Variations in Straightness of Hot-Worked
Rods and Bars A

Finish
Permissible Vari-

ations, in./ft
(mm/m)B

Rods and bars, hot-worked 0.050 (4.2)C

Round—hot-worked, rough-ground, or
rough-turned

0.050 (4.2)C

ANot applicable to forging quality.
BMaterial under 1⁄2 in. (12.7 mm) shall be reasonably straight and free of sharp

bends and kinks.
CThe maximum curvature (depth of chord) shall not exceed the values indicated

multiplied by the length in feet.
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S3. Chemical Composition

S.3.1 The material shall conform to the composition limits
specified in Table 3 except as specified in Table S3.1 or Table
S3.2.

S4. Mechanical Properties

S.4.1 UNS N04400 cold worked bar and rod shall be
supplied in the stress relieved condition.

S5. Number of Tests

S.5.1 For wire, the number of samples for tension and
wrapping tests shall be as specified in Table S5.1.

S6. Specimen Preparation

S6.1 Tensile specimens for rod and bar up to 1-1⁄2 in. in
diameter or minimum thickness shall coincide with the central
axis of the piece. Tensile specimens for rod and bar 1-1⁄2 in. and
over in diameter or thickness shall be located midway between
the center and the rolled or drawn surface of the piece.

S6.2 Tensile specimens for wire shall be of the full cross
section and not less than 15 in. in length. Specimens shall be
free from sharp bends or kinks. The distance between the jaws
of the testing machine, with the specimen in place ready for
testing, shall be not less than 10 in.

S7. Nondestructive Tests

S7.1 When specified by the purchaser, each piece of each lot
shall be inspected. The purchaser shall specify if one or both
tests are required.

S7.2 Ultrasonic Tests:
S7.2.1 General Requirements:
S7.2.1.1 Ultrasonic testing shall be performed in accordance

with MIL-STD-271 as modified by the requirements specified
herein. Testing shall be done by a longitudinal wave or shear
wave technique as specified herein.

S7.2.1.2 Acoustic compatibility between the production ma-
terial and the calibration standard material shall be within
75 %. If the acoustic compatibility is within 25 %, no gain
compensation is required for the examination. If acoustic
compatibility difference is between 25 % and 75 %, a change
in the gain or dB controls shall be accomplished to compensate
for the differences in acoustic compatibility. This method
cannot be used if the ultrasonic noise level exceeds 50 % of the
rejection value.

S7.2.2 Calibration:
S7.2.2.1Shear Wave—The shear wave test shall be cali-

brated on two notches, one notch cut into the inside and one
into the outside surface. The notches shall be cut axially and
shall have a depth of 5 % of the material thickness or1⁄4 in. (6.4
mm), whichever is less. Notch length shall not exceed 1 in.
(25.4 mm). Notches shall be made either in the piece to be
examined or in a separate defect–free specimen of the same
size (within 6 1⁄8 in. (3.18 mm)), shape, material, and
condition, or acoustically similar material. The position and
amplitude of the response from each note shall be marked on
the instrument screen or a transparent overlay, and these marks
shall be used as the evaluation reference. Indications that
appear between these points shall be evaluated on the basis of
a straight line joining the two peak amplitudes.

S7.2.2.2Longitudinal Wave–The longitudinal wave test
shall be calibrated on a flat–bottomed reference hole of a given
diameter in accordance with Table S7.1 for specified material

thickness drilled either into the piece to be tested or into a
separate defect–free specimen of the same size (within6 1⁄8 in.
(3.18 mm)), shape, material, and condition, or acoustically
similar material. Holes are to be drilled to midsection and the
bottom of the hole shall be parallel to the entrant surface. The
ultrasonic test instrument shall be adjusted so that the response
from the reference hole shall not be less than 25 % and not
more than 75 % of screen height.

S7.2.2.3Recalibration—During quality conformance in-
spection, any realignment of the search unit that will cause a
decrease in the calibrated sensitivity and resolution, or both, or
any change in search unit, couplant, instrument settings, or

TABLE S3.1 Chemical Requirements

Composition Limits, %

Element UNS N04400

Carbon 0.2 max.
Sulfur 0.015 max.
Aluminum 0.5 max.
Lead 0.006 max.
Tin 0.006 max.
Zinc 0.02 max.
Phosphorus 0.02 max.

TABLE S3.2 Chemical Requirements

Composition Limits, %

Element UNS N04405

Aluminum 0.5 max.
Lead 0.006 max.
Tin 0.006 max.
Zinc 0.02 max.
Phosphorus 0.02 max.

TABLE S5.1 Required Samples for Tension and Wrapping Tests
of Wire

Lot Size, lbs Number of Samples for Each Test

1⁄4 in. diameter and less:
180 and under 1
181 to 500 2
501 to 800 3
801 to 1300 5
1301 to 3200 7
3201 to 5000 10

Over 1⁄4 in. diameter:
For each 500 lbs. or
fraction thereof

1

TABLE S7.1 Ultrasonic Testing Reference Hole for Rod and Bar

Material Thickness, in. (mm) Hole Diameter, in. (mm)

Up to and including 6 (152) 1⁄8 (3.18)
Over 6 (152) and including
16 (406)

1⁄4 (6.4)

Over 16 (406) As agreed upon
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scanning speed from that used for calibration shall require
recalibration. Recalibration shall be performed at least once per
8 h shift.

S7.2.3 Procedure—S7.2.3.1 and S7.2.3.2 describe the re-
quirements for rod and bar. Wire shall be excluded from these
requirements. Shapes other than those listed below shall be
tested to the extent set forth in the approved procedure.

S7.2.3.1 Rod-Rod shall be tested using the longitudinal
wave technique. The scanning path shall be circumferential or
helical with the beam directed along a radius of the rod.

S7.2.3.2 Bar-Bar shall be tested using the longitudinal wave
technique through one side of each pair of parallel sides
(thickness and width only).

S7.2.4 Acceptance Criteria:
S7.2.4.1Shear Wave—Any material that produces indica-

tions equal to or larger than the response from the reference
notch or higher than the straight line joining the two peak
amplitudes shall be rejected.

S7.2.4.2Longitudinal Wave—Any material that produces
indications equal to or larger than the response from the
reference hole, or that produces a complete loss of back
reflection shall be rejected. Material shall be tested using a
square, rectangular, or circular transducer having an effective
area of one square inch or less, but no dimension shall be
smaller than the diameter of the reference hole. In the event of
disagreement on the degree of back reflection loss, it shall be
determined by the contact method using a 1 to 1–1⁄8 in. (25.4 to
28.6 mm) diameter transducer or one whose area falls within
this range.

S7.2.4.3Reference Notch Removal—If reference notches or
flat–bottomed holes are made in the material to be tested, they
shall be so located than their subsequent removal will not
impair the suitability of the material for its intended use.

S7.3 Liquid Penetrant Inspection:
S7.3.1 Procedure—Liquid penetrant inspection shall be in

accordance with MIL–STD–271.
S7.3.2 Surface Requirements—The surface produced by hot

working is not suitable for liquid penetrant testing. Therefore,
liquid penetrant testing will not be applicable to products
ordered with a hot finished surface.

S7.3.3 Acceptance Criteria—Linear defects revealed by
liquid penetrant inspection shall be explored by grinding or
other suitable means. Depth of defects shall not exceed the
dimensional tolerance of the material.

S8. Quality Assurance

S8.1 Responsibility for Inspection:
S8.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to ensure that the material conforms to
prescribed requirements:

S9. Identification Marking

S9.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 182, except that the ASTM
Specification number and the alloy number shall be used.

S10. Preparation for Delivery

S10.1 Preservation, Packaging, Packing:
S10.1.1Military Agencies—The material shall be separated

by size, composition, grade, or class and shall be preserved and
packaged, level A or C, packed level A, B, or C as specified in
the contract or purchase order.

S10.1.2Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S10.2 Marking:
S10.2.1Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S10.2.2Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

APPENDIX

(Nonmandatory Information)

X1. CONDITIONS AND FINISHES NORMALLY SUPPLIED

X1.1 The various conditions and finishes in which rod and
bar are procurable are as follows:

X1.1.1 Hot-Worked—With a tightly adherent, black, mill
oxide surface.

X1.1.2 Hot-Worked, Rough-Ground—Similar to X1.1.1 ex-
cept rough-ground.

X1.1.3 Hot-Worked, Rough-Turned—Similar to X1.1.1 ex-
cept rough turned with a broad nosed tool similar to a bar
peeling operation and thus may not be straight. Intended
generally for machining where an over-hauled surface is

desired, essentially for machined step down shafts or parts
machined in short lengths of 3 ft (910 mm) or less.

X1.1.3.1 Where material is intended for shafting for diam-
eters over 4 in. (101.6 mm) the “stress-relieved” temper is
recommended.

X1.1.4 Hot-Worked, Forging Quality—Rough turned and
spot ground, as necessary, for sizes 1 in. in diameter and over;
rough ground and spot ground for sizes under 1 in. (25.4 mm)
in diameter. Material is selected from heats of known, good hot
malleability.
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NOTE X1.1—For sizes 4 in. in diameter and less, cold-worked rod may
be used also for forging by virtue of the fact such rod has been overhauled
for removal of mechanical surface defects prior to cold-working. In such
cases, the user should run pilot forging tests to ensure himself that such
material has the desired hot malleability range.

X1.1.5 Forging Quality, Bolt Tolerance—Hot-worked, of
known good hot malleability, but not overhauled prior to skin
pass, cold-working to tolerances specified herein, which toler-
ances conform to the major diameter tolerances of Class 3 fit of
American Standard screw threads. No mechanical properties
are offered since material is to be subsequently hot worked.
Intended primarily for hot heated bolts but is of somewhat
inferior quality, as to surface seams and cracks compared to
forging quality, see X1.1.4.

X1.1.6 Hot-Worked, Annealed—Soft with a tightly adherent
oxide that may vary from dark to light.

X1.1.7 Hot-Worked, Annealed, and Pickled—Same as
X1.1.6 except descaled for removal of mill oxide. Provides for
better surface inspection than does hot-worked material and
often employed where welding is involved where removal of
mill oxide is desired.

NOTE X1.2—Annealing prior to pickling may be required in order to
reduce the mill oxide since uniform pickling of an unreduced oxide is
difficult.

X1.1.8 Cold-Worked, Stress-Relieved—Hot worked, over-
hauled, cold-worked, and straightened. Material is thermally
treated to relieve the major portion of the internal stresses
resulting from cold-working and may have a very thin light to
medium oxide. Intended primarily for shafting and for ma-
chined parts where minimum“ walking” or distortion after
metal removal is desired.

X1.1.9 Cold-Worked, Annealed—Hot-worked, overhauled,
cold-worked, and straightened. Annealed for softness and with
a dull matte finish.

NOTE X1.3—UNS N04405 Material—This is the machining grade and
is preferred generally to UNS N04400 for intricately machined parts,
particularly for parts that are to be machined on automatics or require
drilling.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 165 – 93 (Reapproved 2003) e1

Standard Specification of
Nickel-Copper Alloy (UNS N04400)* Seamless Pipe and
Tube1

This standard is issued under the fixed designation B 165; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

e1 NOTE—Keywords were added editorially in November 2003.

1. Scope

1.1 This specification2 covers nickel-copper alloy UNS
N04400* in the form of cold-worked seamless pipe and tube in
the conditions shown in Table 1 and Table X1.1.

1.1.1 Hot worked material is available. Properties and
permissible tolerances are to be agreed upon between the
manufacturer and purchaser.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:3

E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice For Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 76 Test Methods for Chemical Analysis of Nickel-Copper

Alloys

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 average diameter—average of the maximum and

minimum outside diameters, as determined at any one cross-
section of the pipe or tube.

3.1.2 pipe—tube conforming to the particular dimensions
commercially known as pipe sizes, see Table X2.1.

3.1.3 seamless pipe or tube—pipe or tube produced with a
continuous periphery in all stages of the operations.

3.1.4 tube—hollow product of round or any other cross-
section having a continuous periphery.

4. Ordering Information

4.1 Orders for material to this specification shall include
information with respect to the following:

4.1.1 Alloy name or UNS number.
4.1.2 ASTM designation and year of issue.
4.1.3 Condition (see Appendix X3).
4.1.4 Finish (see Appendix X3).
4.1.5 Dimensions:
4.1.5.1 Tube—Specify outside diameter and nominal or

minimum wall.
4.1.5.2 Pipe—Specify standard pipe size and schedule.
4.1.5.3 Length—Cut to length or random.
4.1.6 Quantity—Feet or number of pieces.
4.1.7 Hydrostatic Pressure Requirements—Specify test

pressure if other than required by 12.3.1.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Nov. 1, 2003. Published November 2003. Originally
approved in 1941. Last previous edition approved in 1993 as B 165 – 93.

* New designation established in accordance with ASTM Practice E 527 and
SAE J1086, Recommended Practice for Numbering Metals and Alloys (UNS).

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-165 in Section II of that code.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

TABLE 1 Mechanical Properties of Pipe and Tube

Condition and Size
Tensile Strength,
min, psi (MPa)

Yield Strength,
min. (0.2%
offset), min,
psi (MPa)

Elongation in
2 in. or 50 mm

(or 4 D),
min, %

Annealed:
5 in. (127 mm) outside

diameter and under 70 000 (480) 28 000 (195) 35
Over 5 in. (127 mm) outside

diameter 70 000 (480) 25 000 (170) 35
Stress-Relieved:

All sizes 85 000 (585) 55 000 (380) 15

1
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4.1.8 Certification—State if certification or a report of test
results is required (Section 15).

4.1.9 Samples for Product (Check) Analysis—State whether
samples for product (check) analysis should be furnished (see
5.2).

4.1.10 Purchaser Inspection—If purchaser wishes to wit-
ness tests or inspection of material at place of manufacture, the
purchase order must so state indicating which tests or inspec-
tions are to be witnessed (Section 13).

4.1.11 Small-Diameter and Light-Wall Tube (Converter
Sizes)—See Appendix X1.

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 2.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Table 2.

6. Mechanical and Other Requirements

6.1 Tension Test—The material shall conform to the tensile
properties specified in Table 1.

6.1.1 Tensile properties for material specified as small-
diameter and light-wall tube (converter sizes) shall be in
accordance with Table X1.1

6.2 Hydrostatic Test—If any pipe or tube shows leaks
during hydrostatic testing, it shall be rejected.

7. Dimensions and Permissible Variations

7.1 Diameter and Wall Thickness—The permissible varia-
tions in the outside diameter and wall thickness shall conform
to the permissible variations prescribed in Table 3.

7.2 Length—When material is ordered cut-to-length, the
length shall conform to the permissible variations prescribed in
Table 4.

7.3 Straightness—material shall be reasonably straight and
free of bends and kinks.

7.4 Ends—Ends shall be plain cut and deburred.
7.5 Permissible variations for material specified as small-

diameter and light-wall tube (converter size) shall conform to
the permissible variations prescribed in Table X1.2.

8. Workmanship, Finish and Appearance

8.1 The material shall be uniform in quality and temper,
smooth, commercially straight, and free of injurious imperfec-
tions.

9. Sampling

9.1 Lot Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot for all other testing shall consist of all material

from the same heat, nominal size (excepting length), and
condition.

9.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material in the
same condition and nominal size (excepting length).

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

9.2.1.1 Product (Check) Analysis shall be wholly the re-
sponsibility of the purchaser.

9.2.2 Mechanical and other Properties—Samples of the
material to provide test specimens for mechanical and other
properties shall be taken from such locations in each lot as to
be representative of that lot. Test specimens shall be taken from
material in the final condition.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Tension—One test per lot.
10.3 Hydrostatic—Each piece in each lot.

11. Specimen Preparation:

11.1 Room Temperature Tensile Specimen—Material shall
be tested in the direction of fabrication. Whenever possible, all
pipe and tube shall be tested in full tubular size. When testing
in full tubular size is not possible, longitudinal strip specimens,
or the largest possible round specimen, shall be used. In the
event of disagreement when full tubular testing is not possible,
a longitudinal strip specimen with reduced gauge length as
contained in Test Methods E 8 shall be used.

12. Test Methods

12.1 Chemical Composition—In case of disagreement, the
chemical composition shall be determined in accordance with
Test Methods E 76.

12.2 Tension Test—Tension testing shall be conducted in
accordance with Test Methods E 8.

12.3 Hydrostatic Test—Each pipe or tube with an outside
diameter1⁄8 in. (3 mm) and larger and with wall thickness of
0.015 in. (0.38 mm) and over shall be tested by the manufac-
turer to an internal hydrostatic pressure of 1000 psi (6.9 MPa)
provided that the fiber stress calculated in accordance with the
following equation does not exceed the allowable fiber stress,
S, indicated below:

P 5 2St/D

where:
P = hydrostatic test pressure, psi (or MPa)
S = allowable fiber stress, for material in the condition

(temper) furnished as follows:

TABLE 2 Chemical Requirements

Element Composition Limits, %

Product (Check) Analysis
Variations, under min or

over max, of the Specified
Limit of Element

NiA 63.0 min 0.45
Cu 28.0 min 0.15

34.0 max 0.20
Fe 2.5 max 0.05
Mn 2.0 max 0.04
C 0.3 max 0.02
Si 0.5 max 0.03
S 0.024 max 0.005

AElement shall be determined arithmetically by difference.
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Annealed:
5 in. (127 mm) outside diameter

and under
17 500 psi
(120 MPa)

Over 5 in. (127 mm) outside diameter 16 700 psi
(115 MPa)

Stress-relieved:
All sizes 21 200 psi

(145 MPa)

t = minimum wall thickness, in. (or mm), equal to the
specified nominal wall minus the permissible minus
wall tolerance, or the specified minimum wall thick-
ness, and,

D = outside diameter of the pipe or tube, in. (or mm).
12.3.1 When so agreed upon between the manufacturer and

purchaser, pipe or tube may be tested to 11⁄2 times the
allowable fiber stress given above.

12.4 Rounding Method—For purposes of determining com-
pliance with the specified limits for requirements of the
properties listed in the following table, an observed value, or a
calculated value, shall be rounded as indicated below, in
accordance with the rounding method of Practice E 29:

Test
Rounded Unit for Observed

or Calculated Value
Chemical composition and toler-
ances (when expressed in deci-
mals)

nearest unit in the last right-hand place of fig-
ures of the specified limit. If two choices are
possible, as when the digits dropped are ex-
actly a 5 or a 5 followed only by zeros,
choose the one ending in an even digit with
zero defined as an even digit.

Tensile strength, yield strength nearest 1000 psi (6.9 MPa)
Elongation nearest 1 %

13. Inspection

13.1 Inspection of the material shall be agreed upon be-
tween the purchaser and the supplier as part of the purchase
contract.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 The following information shall be marked on the
material or included on the package, or on a label or tag
attached thereto: The name of the material or UNS number,
heat number, condition (temper), this specification number, the
size, gross, tare and net weight, consignor and consignee
address, contract or order number, or such other information as
may be defined in the contract or order.

17. Keywords

17.1 seamless pipe; seamless tube; N04400

TABLE 3 Permissible Variations for Outside Diameter and Wall Thickness of Seamless Cold Worked Pipe and Tube A,B

Nominal Outside diameter, in. (mm)

Permissible Variations
% of Thickness of Specified

Minimum WallOutside Diameter, in. (mm)
% of Thickness of Specified

Nominal Wall

+ − + − + −

Over 0.400 (10) to 5⁄8 (16), excl 0.005(0.13) 0.005(0.13) 15.0 15.0 30 0
5⁄8 (16) to 11⁄2 (38), incl 0.0075(0.19) 0.0075(0.19) 10.0 10.0 22 0
Over 11⁄2 (38) to 3 (76), incl 0.010(0.25) 0.010(0.25) 10.0 10.0 22 0
Over 3 (76) to 41⁄2 (114), incl 0.015(0.38) 0.015(0.38) 10.0 10.0 22 0
Over 41⁄2 (114) to 6 (152), incl 0.020(0.51) 0.020(0.51) 12.5 12.5 28 0
Over 6 (152) to 65⁄8 (168), incl 0.025(0.64) 0.025(0.64) 12.5 12.5 28 0
Over 65⁄8 (168) to 85⁄8 (219), incl 0.031(0.79) 0.031(0.79) 12.5 12.5 28 0

AOvality—The permissible variations in this table apply to individual measurements, including out-of-roundness (ovality) except for the following:
For pipe and tube having a nominal wall thickness of 3 % or less of the nominal outside diameter, the mean outside diameter shall conform to the permissible variations

of this table and individual measurements (including ovality) shall conform to the plus and minus values of the table, with the values increased by 0.5 % of the nominal
outside diameter.

For pipe and tube over 41⁄2 in. (114 mm) in outside diameter with a nominal wall thickness greater than 3 % of the nominal outside diameter, the mean outside diameter
shall conform to the permissible variations of this table and individual measurements shall not exceed twice the permissible variations of the table.

BEccentricity—The permissible variations in this table apply to individual measurements including eccentricity.

TABLE 4 Permissible Variations in Length A

Outside Diameter, in. (mm)
Cut Length, in. (mm)

Over Under
Under 2 (50.8) 1⁄8 (3.2) 0
2 (50.8) and over 3⁄16 (4.8) 0

AThese permissible variations in length apply to pipe or tube in straight lengths.
They apply to cut lengths up to and including 24 ft (7.3 m). For lengths over 24 ft,
an additional over-tolerance of 1⁄8 in. (3.2 mm) for each 10 ft (3.0 m) or fraction
thereof shall be permissible up to a maximum additional over-tolerance of 1⁄2 in.
(12.7 mm).
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U. S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchased form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards:
Fed. Std. No. 102 Preservation, Packaging and Packing

Levels4

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)4

Fed. Std. No. 182 Continuous Identification Marking of
Nickel and Nickel-Base Alloys4

S1.1.2 Military Standard:
MIL-STD-129 Marking for Shipment and Storage4

S2. Quality Assurance

S2.1 Responsibility for Inspection:
S2.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved by the purchaser at the time the order is

placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to assure that the material conforms to
prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 182, except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade, or class and shall be preserved and
packaged, level A or C, packed level A, B, or C as specified in
the contract or purchase order.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

APPENDIXES

(Nonmandatory Information)

X1. CONVERTER SIZES

X1.1 Small-diameter and light-wall tube in outside diam-
eters 11⁄4 in. (31.8 mm) and under may be furnished in the
conditions listed in Table X1.1 when so specified. The material
is furnished in a limited range of sizes and the manufacturer
should be consulted as to the various outside diameters and
wall thicknesses that may be furnished. Material will have a
bright finish. Such material shall conform to the applicable
requirements in Table X1.1 and Table X1.2.

4 Available from Standardization Documents Order Desk, DODSSP, Bldg. 4,
Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098
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X2. PIPE SCHEDULES

X2.1 The schedules of pipe shown in Table X2.1 are
regularly available. Other schedules may be furnished, and the

manufacturer should be consulted. Table X2.1 is published for
information only.

TABLE X1.2 Permissible Variations for Small-Diameter and Light-Wall Tube (Converter Sizes) A,B,C,D,E,F,G

Specified Outside Diameter,
in. (mm)

Outside Diameter Inside Diameter, in. (mm) Wall Thickness, %

+ − + − + −

Under 3⁄32 (2.4) 0.002 (0.05) 0 (0) 0 (0) 0.002 (0.05) 10 10
3⁄32 to 3⁄16 (2.4 to 4.8), excl 0.003 (0.08) 0 (0) 0 (0) 0.003 (0.08) 10 10
3⁄16 to 1⁄2 (4.8 to 12.7), excl 0.004 (0.10) 0 (0) 0 (0) 0.004 (0.10) 10 10
1⁄2 to 11⁄4 (12.7 to 31.8), incl 0.005 (0.13) 0 (0) 0 (0) 0.005 (0.13) 10 10
AOvality, Normal Wall Tube—As-Drawn (No. 2 and 3) Tempers—Ovality will be held within the outside diameter tolerances shown in the table.
Annealed (No. 1) Temper—Ovality will be held within 2 % of the theoretical average outside diameter.
BOvality, Light-Wall Tube—As-Drawn (No. 2 and 3) Tempers—Up to but not including 11⁄4 in. (31.8 mm) in outside diameter, ovality will be held within 2 % of the

theoretical average outside diameter.
Annealed (No. 1) Temper—Ovality will be held within 3 % of the theoretical average outside diameter.
CWall Tolerances, Light-Wall Tube—The plus and minus wall tolerance shown in the table shall apply down to and including 0.005 in. (0.13 mm) in wall thickness. For

wall thicknesses less than 0.005 in. (0.13 mm), the tolerance shall be 6 0.0005 in. (0.013 mm).
DRandom Lengths:
Where nominal random lengths on tubing 1⁄8 in. (3.2 mm) and larger in outside diameter are specified, a length tolerance of 6 31⁄2 ft (106 cm) applies to the nominal

length. This is a total spread of 7 ft (210 cm).
Random lengths in sizes 1⁄8 in. (3.2 mm) and larger in outside diameter shall be subject to a length range of 5 to 24 ft (150 to 730 cm). Long random lengths are subject

to a range of 15 to 22 ft (457 to 670 cm).
Random lengths in sizes up to, but not including 1⁄8 in. (3.2 mm) in outside diameter, and fragile light-wall tubes over this outside diameter are subject to the length range

of 1 to 15 ft (30 to 457 cm).
ECut Lengths—Tolerances on cut lengths shall be in accordance with Table X1.3.
FStraightness—Round tubing is subject to a straightness tolerance of one part in 600 (equivalent to a depth of arc of 0.030 in. (0.76 mm) in any 3 ft (91 cm) of length).
GWhen specified, the tolerance spreads of this table may be applied as desired. However, when not specified, the tolerances in this table will apply. It should be noted

that inside diameter tolerances are based upon the outside diameter range.

TABLE X1.1 Mechanical Properties A of Small-Diameter and Light-
Wall Tubing (Converter Sizes)

Condition
Tensile Strength,

psi (MPa)

Yield Strength
(0.2 % offset) min,

psi (MPa)

Elongation in 2 in.
or 50 mm, (or 4 D),

min,%

AnnealedB 85 000 (585) max 28 000 (195) 32
Half-hardC 85 000 (585) min 55 000 (380) 12
Full hardD 110 000 (760) min 90 000 (620) 3

ANot applicable to outside diameters under 1⁄8 in. (3.2 mm) and wall thicknesses
under 0.015 in. (0.38 mm).

BThis condition is sometimes designated as “No. 1 Temper.”
CThis condition is sometimes designated as “No. 2 Temper.”
DThis condition is sometimes designated as “No. 3 Temper.”

TABLE X1.3 Tolerances on Cut Lengths of Light-Wall Tube

Length, ft (cm) Tube Size, in. (mm)

Permissible Variations,
in. (mm)

Over Under

Under 1 (30) up to 1.250 (31.8), incl 1⁄32 (0.8) 0 (0)
1 to 4 (30 to 122), incl up to 1.250 (31.8), incl 1⁄16 (1.6) 0 (0)
Over 4 to 10 (122 to

300), incl up to 1.250 (31.8), incl 3⁄32 (2.4) 0 (0)
Over 10 (300) up to 1.250 (31.8), incl 3⁄16 (4.8) 0 (0)
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X3. CONDITIONS AND FINISHES NORMALLY SUPPLIED

X3.1 This appendix lists the conditions and finishes in
which pipe and tube (other than converter sizes) are normally
supplied. These are subject to change, and the manufacturer
should be consulted for the latest information available.

X3.2 Nickel-Copper Alloy (UNS N04400)

X3.2.1 Annealed—Soft, with a dull matte finish.

X3.2.2 Stress-Relieved—Thermally treated below the an-
nealing temperature to relieve the major portion of the internal
stresses, with a thin, light- to medium-dark surface.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X2.1 Pipe Schedules A

Nominal Pipe Size in. Outside Diameter in. (mm)

Nominal Wall Thickness, in. (mm)

Schedule No. 5
in. (mm)

Schedule No. 10
in. (mm)

Schedule No. 40
in. (mm)

Schedule No. 80
in. (mm)

1⁄8 0.405 (10.3) ... 0.049 (1.2) 0.068 (1.7) 0.095 (2.4)
1⁄4 0.540 (13.7) ... 0.065 (1.6) 0.088 (2.2) 0.119 (3.0)
3⁄8 0.675 (17.1) ... 0.065 (1.6) 0.091 (2.3) 0.126 (3.2)
1⁄2 0.840 (21.3) 0.065 (1.6) 0.083 (2.1) 0.109 (2.8) 0.147 (3.7)
3⁄4 1.050 (26.7) 0.065 (1.6) 0.083 (2.1) 0.113 (2.8) 0.154 (3.9)
1 1.315 (33.4) 0.065 (1.6) 0.109 (2.8) 0.133 (3.4) 0.179 (4.5)
11⁄4 1.660 (42.2) 0.065 (1.6) 0.109 (2.8) 0.140 (3.6) 0.191 (4.8)
11⁄2 1.900 (48.3) 0.065 (1.6) 0.109 (2.8) 0.145 (3.7) 0.200 (5.1)
2 2.375 (60.3) 0.065 (1.6) 0.109 (2.8) 0.154 (3.9) 0.218 (5.5)
21⁄2 2.875 (73.0) 0.083 (2.1) 0.120 (3.0) 0.203 (5.2) 0.276 (7.0)
3 3.500 (88.9) 0.083 (2.1) 0.120 (3.0) 0.216 (5.5) 0.300 (7.6)
31⁄2 4.000 (101.6) 0.083 (2.1) 0.120 (3.0) 0.226 (5.7) 0.318 (8.1)
4 4.500 (114.3) 0.083 (2.1) 0.120 (3.0) 0.237 (6.0) 0.337 (8.6)
5 5.563 (141.3) 0.109 (2.8) 0.134 (3.4) 0.258 (6.5) 0.375 (9.5)
6 6.625 (168.3) 0.109 (2.8) 0.134 (3.4) 0.280 (7.1) 0.432 (10.9)
8 8.625 (219.1) ... ... 0.322 (8.2) 0.500 (12.7)

AThe pipe schedules shown above conform with standards adopted by the American National Standards Institute.
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Designation: B 166 – 04

Standard Specification for
Nickel-Chromium-Iron Alloys (UNS N06600, N06601, N06603,
N06690, N06693, N06025, and N06045)* and Nickel-
Chromium-Cobalt-Molybdenum Alloy (UNS N06617) Rod,
Bar, and Wire 1

This standard is issued under the fixed designation B 166; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification2 covers nickel-chromium-iron alloys
(UNS N06600, N06601, N06603, N06690, N06693, N06025,
and N06045)* and nickel-chromium-cobalt-molybdenum alloy
(UNS N06617) in the form of hot-finished and cold-worked
rounds, squares, hexagons, rectangles, and cold-worked wire.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 The following precautionary caveat pertains only to the
test methods portion, Section 12, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:3

B 168 Specification for Nickel-Chromium-Iron Alloys
(UNS N06600, N06601, N06603, N06690, N06693,
N06025, and N06045) and Nickel-Chromium-Cobalt-
Molybdenum Alloy (UNS N06617) Plate, Sheet, and Strip

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys

E 8 Test Methods for Tension Testing of Metallic Materials
E 18 Test Methods for Rockwell Hardness and Rockwell

Superficial Hardness of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 38 Methods for Chemical Analysis of Nickel-Chromium

and Nickel-Chromium-Iron Alloys4

E 140 Hardness Conversion Tables for Metals
E 527 Practice for Numbering Metals and Alloys (UNS)
E 1473 Test Methods for Chemical Analysis of Nickel,

Cobalt, and High-Temperature Alloys
2.2 Federal Standards:5

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 182 Continuous Identification Marking of

Nickel and Nickel-Base Alloys
2.3 Military Standard:5

MIL-STD-129 Marking for Shipment and Storage

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 bar—material of rectangular (flats), hexagonal, or

square solid section up to and including 10 in. (254 mm) in
width and 1⁄8 in. (3.2 mm) and over in thickness in straight
lengths.

3.1.2 rod—material of round solid section furnished in
straight lengths.

DISCUSSION —Hot-worked rectangular bar in widths 10 in.
and under may be furnished as hot-rolled plate with sheared or
cut edges in accordance with Specification B 168, provided the
mechanical property requirements of this specification are met.

3.1.3 wire—A cold-worked solid product of uniform round
cross section along its whole length, supplied in coil form.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1941. Last previous edition approved in 2001 as B 166 – 01.

2 For ASME Boiler and Pressure Vessel Code application see related Specifica-
tion SB-166 in Section II of that Code.

* New designation established in accordance with Practice E 527 and SAE
J1086, Practice for Numbering Metals and Alloys (UNS).

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

4 Withdrawn.
5 Available from Standardization Documents Order Desk, DODSSP, Bldg. 4,

Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098

1
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4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 Alloy Name or UNS Number—see Table 1,
4.1.2 ASTM Designation, including year of issue,
4.1.3 Section—Rod (round), bar (square, hexagonal, or

rectangular), or wire (round),
4.1.4 Condition (see Table 2 and Table 3),
4.1.5 Finish,
4.1.6 Dimensions, including length (see Tables 4-8),
4.1.7 Quantity—feet or number of pieces,
4.1.8 Certification— State if certification is required,
4.1.9 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis shall be furnished, and
4.1.10 Purchaser Inspection—If purchaser wishes to wit-

ness tests or inspection of material at place of manufacture, the
purchase order must so state indicating which test or inspec-
tions are to be witnessed.

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 1.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Specification B 880.

6. Mechanical Properties

6.1 Mechanical Properties—The material shall conform to
the mechanical properties specified in Table 2 for rod and bar
and Table 3 (UNS N06600 and N06690 only) for wire.

7. Dimensions and Permissible Variations

7.1 Diameter, Thickness, or Width—The permissible varia-
tions from the specified dimensions as measured on the
diameter or between parallel surfaces of cold-worked rod and

bar shall be as prescribed in Table 4; of hot-worked rod and bar
as prescribed in Table 5; and of wire as prescribed in Table 6.

7.2 Out-of-Round— Hot-worked rods and cold-worked rods
(except “forging quality”) all sizes, in straight lengths, shall not
be out-of-round by more than one half the total permissible
variations in diameter shown in Table 4 and Table 5, except for
hot-worked rods1⁄2 in. (12.7 mm) in diameter and under, which
may be out-of-round by the total permissible variations in
diameter shown in Table 5. Cold-worked wire shall not be
out-of-round by more than one-half the total permissible
variations in diameter shown in Table 6.

7.3 Corners—Cold-worked bars will have practically exact
angles and sharp corners.

7.4 Machining Allowances for Hot-Worked Materials—
When the surfaces of hot-worked products are to be machined,
the allowances prescribed in Table 7 are recommended for
normal machining operations.

7.5 Length—The permissible variations in length of cold-
worked and hot-worked rod and bar shall be as prescribed in
Table 8.

7.5.1 Rods and bars ordered to random or nominal lengths
will be furnished with either cropped or saw-cut ends; material
ordered to cut lengths will be furnished with square saw-cut or
machined ends.

7.6 Straightness— The permissible variations in straight-
ness of cold-worked rod and bar as determined by the departure
from straightness shall be as prescribed in Table 9.

7.6.1 The permissible variations in straightness of hot-
worked rod and bar as determined by the departure from
straightness shall be as specified in Table 10.

8. Workmanship, Finish, and Appearance
8.1 The material shall be uniform in quality and condition,

smooth, commercially straight or flat, and free of injurious
imperfections.

9. Sampling
9.1 Lot—Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.

TABLE 1 Chemical Requirements

Element
Composition Limits, %

Alloy N06600 Alloy N06601 Alloy N06617 Alloy N06690 Alloy N06693 Alloy N06025 Alloy N06045 Alloy N06603

Nickel 72.0 min 58.0–63.0 44.5 min 58.0 min remainderA remainderA 45.0 min remainderA

Chromium 14.0–17.0 21.0–25.0 20.0–24.0 27.0–31.0 27.0–31.0 24.0-26.0 26.0-29.0 24.0-26.0
Cobalt ... ... 10.0–15.0 ... ... ... ...
Molybdenum ... ... 8.0–10.0 ... ... ... ... ...
Iron 6.0–10.0 remainderA 3.0 max 7.0–11.0 2.5–6.0 8.0–11.0 21.0-25.0 8.0-11.0
Manganese 1.0 max 1.0 max 1.0 max 0.5 max 1.0 max 0.15 max 1.0 max 0.15 max
Aluminum ... 1.0–1.7 0.8–1.5 ... 2.5–4.0 1.8-2.4 ... 2.4-3.0
Carbon 0.15 max 0.10 max 0.05–0.15 0.05 max 0.15 max 0.15-0.25 0.05-0.12 0.20-0.40
Copper 0.5 max 1.0 max 0.5 max 0.5 max 0.5 max 0.1 max 0.3 max 0.50 max
Silicon 0.5 max 0.5 max 1.0 max 0.5 max 0.5 max 0.5 max 2.5-3.0 0.50 max
Sulfur 0.015 max 0.015 max 0.015 max 0.015 max 0.01 max 0.010 max 0.010 max 0.010 max
Titanium ... ... 0.6 max ... 1.0 max 0.1-0.2 ... 0.01-0.25
Phosphorus ... ... ... ... ... 0.020 max 0.020 max 0.20 max
Zirconium ... ... ... ... ... 0.01-0.10 ... 0.01-0.10
Yttrium ... ... ... ... ... 0.05-0.12 ... 0.01-0.15
Boron ... ... 0.006 max ... ... ... ... ...
Nitrogen ... ... ... ... ... ... ... ...
Niobium ... ... ... ... 0.5–2.5 ... ... ...
Cerium ... ... ... ... ... ... 0.03-0.09 ...

AElement shall be determined arithmetically by difference.
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TABLE 2 Mechanical Properties of Rods and Bars

Condition and Diameter or Distance
Between Parallel Surfaces, in. (mm)

Tensile Strength,
min, psi (MPa)

Yield Strength (0.2 %
offset), min, psi (MPa)

Elongation in 2 in. or
50 mm or 4D, min,%

UNS N06600:
Cold-worked (as worked):

Rounds:
Under 1⁄2 (12.7) 120 000 (825) 90 000 (620) 7A

1⁄2 to 1 (12.7 to 25.4), incl 110 000 (760) 85 000 (585) 10
Over 1 to 21⁄2 (25.4 to 63.5), incl 105 000 (725) 80 000 (550) 12

Squares, hexagons, and rectangles:
1⁄4 (6.4) and under
Over 1⁄4 to 1⁄2 (6.4 to 12.7), excl

100 000 (690)
95 000 (655)

80 000 (550)
70 000 (480)

5A

7
Hot worked (as worked):

Rounds:
1⁄4 to 1⁄2 (6.4 to 12.7), incl 95 000 (655) 45 000 (310) 20
Over 1⁄2 to 3 (12.7 to 76.2), incl 90 000 (620) 40 000 (275) 25
Over 3 (76.2) 85 000 (585) 35 000 (240) 30

Squares, hexagons, and rectangles:
All sizes
Rings and disksB

85 000 (585)
—

35 000 (240)
—

20
—

Cold-worked (annealed) or hot-worked (annealed):
Rods and bars, all sizes 80 000 (550) 35 000 (240) 30A

Rings and disksC — — —
Forging Quality:

All sizes D D D

UNS N06601:
Cold-worked (annealed) or hot-worked (annealed):

All products, all sizes 80 000 (550) 30 000 (205) 30
Forging Quality: D D D

UNS N06617:
Cold-worked (annealed) or hot-worked (annealed):

All products, all sizes 95 000 (655) 35 000 (240) 35
Forging Quality: D D D

UNS N06690:
Cold-worked (as worked):

Rounds:
Under 1⁄2 (12.7) 120 000 (825) 90 000 (620) 7A

1⁄2 to 1 (12.7 to 25.4), incl 110 000 (760) 85 000 (585) 10
Over 1 to 21⁄2 (25.4 to 63.5), incl 105 000 (725) 80 000 (550) 12

Squares, hexagons, and rectangles:
1⁄4 (6.4) and under
Over 1⁄4 to 1⁄2 (6.4 to 12.7), excl

100 000 (690)
95 000 (655)

80 000 (550)
70 000 (480)

5A

7
Hot worked (as worked):

Rounds:
1⁄4 to 1⁄2 (6.4 to 12.7), incl 95 000 (655) 45 000 (310) 20
Over 1⁄2 to 3 (12.7 to 76.2), incl 90 000 (620) 40 000 (275) 25
Over 3 (76.2) 85 000 (585) 35 000 (240) 30

Squares, hexagons, and rectangles:
All sizes 85 000 (585) 35 000 (240) 20
Rings and disksB — — —

Cold-worked (annealed) or hot-worked (annealed):
Rods and bars, all sizes 85 000 (586) 35 000 (240) 30A

Rings and disksC — — —
Forging Quality:

All sizes D D D

UNS N06693:
Cold-worked (annealed) or hot-worked (annealed):

Rods and bars, all sizes 85 000 (586) 40 000 (275) 30
Forging Quality:

All sizes

D D D

UNS N06603:
Cold-worked (annealed) or hot-worked (annealed):

All products, all sizes 94 000 (650) 43 000 (300) 25
Forging Quality:

All sizes D D D

UNS N06025:
Cold-worked (annealed) or hot-worked (annealed):

All products, all sizes 98 000 (680) 39 000 (270) 30
Forging Quality:

All sizes

D D D

UNS N06045:
Cold-worked (annealed) or hot-worked (annealed):

All products, all sizes 90 000 (620) 35 000 (240) 35
Hot-worked (Annealed):E

Rods and bars, all sizes 75 000 (517) 30 000 (207) 30
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9.1.2 A lot for mechanical properties testing shall consist of
all material from the same heat, nominal diameter or thickness,
and condition.

9.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material in the
same size and condition.

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

9.2.1.1 Product (check) analysis shall be wholly the respon-
sibility of the purchaser.

9.2.2 Mechanical Properties—Samples of the material to
provide test specimens for mechanical properties shall be taken
from such locations in each lot as to be representative of that
lot.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Tension—One test per lot.

TABLE 2 Continued

Condition and Diameter or Distance
Between Parallel Surfaces, in. (mm)

Tensile Strength,
min, psi (MPa)

Yield Strength (0.2 %
offset), min, psi (MPa)

Elongation in 2 in. or
50 mm or 4D, min,%

Forging Quality:
All sizes

D D D

ANot applicable to diameters or cross sections under 3⁄32 in. (2.4 mm).
BHardness B75 to B100, or equivalent.
CHardness B75 to B95, or equivalent.
DForging quality is furnished to chemical requirements and surface inspection only. No mechanical properties are required.
EHigh-temperature annealed condition.

TABLE 3 Mechanical Properties of Cold-Worked Wire in Coil (Alloys N06600 and N06690 Only) A

Condition and Size, in, (mm)
Tensile Strength, psi (MPa)

Wrapping Test
Min Max

Annealed
Under 0.032 (0.81) 80 000 (552) 115 000 (793) The wire shall be wrapped eight consecutive

turns in a closed helix (pitch approximately
equal to the diameter of the wire) around a
mandrel as follows:

0.032 (0.81) and over 80 000 (552) 105 000 (724) (1) For all annealed and regular temper wire
and for spring temper wire 0.229 in. (5.82
mm) and less: Same as diameter of wire.

Cold-worked, regular temper, all sizes 120 000 (827) (2) For spring temper wire over 0.229 in.
(5.82 mm): Twice the diameter of wire.

Cold-worked, spring temper 165 000 (1138) The wire shall withstand the wrapping test
without fracture or development of a pebbled
or orange-peel surface.

Up to 0.057 (1.45), incl 185 000 (1276) ...
Over 0.057 (1.45) to 0.114 (2.90), incl 175 000 (1207) ...
Over 0.114 (2.90) to 0.229 (5.82), incl 170 000 (1172) ...
Over 0.229 (5.82) to 0.329 (8.36), incl 165 000 (1138) ...
Over 0.329 (8.36) to 0.375 (9.53), incl 160 000 (1103) ...
Over 0.375 (9.53) to 0.500 (12.7), incl 155 000 (1069) ...
Over 0.500 (12.7) to 0.563 (14.3), incl 140 000 (965) ...

AProperties are not applicable to wire after straightening and cutting.

TABLE 4 Permissible Variations in Diameter or Distance
Between Parallel Surfaces of Cold-Worked Rod and Bar

Specified Dimension, in. (mm)A
Permissible Variations From

Specified Dimension, in. (mm)

+ −

Rounds:
1⁄16 (1.6) to 3⁄16 (4.8), excl 0 0.002 (0.05)
3⁄16 (4.8) to 1⁄2 (12.7), excl 0 0.003 (0.08)
1⁄2 (12.7) to 15⁄16 (23.8), incl 0.001 (0.03) 0.002 (0.05)
over 15⁄16 (23.8) to 115⁄16 (49.2),
incl

0.0015
(0.04)

0.003 (0.08)

over 115⁄16 (49.2) to 21⁄2 (63.5),
incl

0.002 (0.05) 0.004 (0.10)

Hexagons, squares, rectangles:
1⁄2 (12.7) and less
over 1⁄2 (12.7) to 7⁄8 (22.2), incl

0
0

0.004 (0.10)
0.005 (0.13)

over 7⁄8 (22.2) to 11⁄4 (31.8), incl 0 0.007 (0.18)
over 11⁄4 (31.8) to 2 (50.8), incl 0 0.009 (0.23)

Aimensions apply to diameter of rounds, to distance between parallel surfaces of
hexagons and squares, and separately to width and thickness of rectangles.

TABLE 5 Permissible Variations in Diameter or Distance
Between Parallel Surfaces of Hot-Worked Rod and Bar

Specified Dimension, in. (mm)A
Permissible Variations from Specified

Dimensions, in. (mm)

+ −

Rod and bar, hot-worked:
1 (25.4) and under

over 1 (25.4) to 2 (50.8), incl
0.016 (0.41)
0.031 (0.79)

0.016 (0.41)
0.016 (0.41)

over 2 (50.8) to 4 (101.6), incl 0.047 (1.19) 0.031 (0.79)
over 4 (101.6) 0.125 (3.18) 0.063 (1.60)

Rod, rough-turned or ground:
under 1 (25.4) 0.005 (0.13) 0.005 (0.13)

1 (25.4) and over 0.031 (0.79) 0
Forging quality rod:B

Under 1 (25.4)
1 (25.4) and over

0.005 (0.13)
0.031 (0.79)

0.005 (0.13)
0

ADimensions apply to diameter of rods, to distance between parallel surfaces of
hexagons and squares, and separately to width and thickness of rectangles.

BSpot grinding is permitted to remove minor surface imperfections. The depth of
these spot ground areas shall not exceed 3 % of the diameter of the rod.
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10.3 Hardness—One test per lot (when required by Foot-
notes B or C in Table 2).

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the final condition and tested in the direction of fabrication.

11.1.1 All rod, bar, and wire shall be tested in full cross-
section size when possible. When a full cross-section size test
cannot be performed, the largest possible round specimen
shown in Test Methods E 8 shall be used. Longitudinal strip
specimens shall be prepared in accordance with Test Methods
E 8 for rectangular bar up to1⁄2 in. (12.7 mm), inclusive, in
thicknesses that are too wide to be pulled full size.

11.2 Hardness test specimens shall be taken from material in
the final condition.

NOTE 1—In order that the hardness determinations may be in reason-
ably close agreement, the following procedure is suggested as follows:
( 1) For rod, under1⁄2 in. (12.7 mm) in diameter, hardness readings shall
be taken on a flat surface prepared by filing or grinding approximately1⁄16

in. (1.6 mm) from the outside surface of the rod.
(2) For rod,1⁄2 in. in diameter and larger, and for hexagonal, square, and
rectangular bar, all sizes, hardness readings shall be taken on a cross
section midway between the surface and center of the section.

12. Test Methods

12.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following methods:

Test ASTM Designation
Chemical Analysis E 38,A E 1473
Tension E 8
Rockwell Hardness E 18
Hardness Conversion E 140
Rounding Procedure E 29

AMethods E 38 are to be used only for elements not covered by Test Methods
E 1473.

12.2 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded in accordance with the rounding method of Practice
E 29 as follows:

Test Rounded Unit for Observed Or
Calculated Value

Chemical composition,
hard-
ness, and tolerances (when
expressed in decimals)

Nearest unit in the last righthand
place of figures of the specified
limit. If two choices are possible, as
when the digits dropped are exactly
a 5, or a 5 followed only by zeros,
choose the one ending in an even
digit, with zero defined as an even
digit.

Tensile strength and yield
strength

nearest 1000 psi (6.9 MPa)

Elongation nearest 1 %

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract,
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 The following shall be marked on the material or
included on the package, or on a label or tag attached thereto:
the name of the material or UNS Number, heat number,
condition (temper), this specification number, the size, gross,
tare, and net weight, consignor and consignee address, contract
or order number, or such other information as may be defined
in the contract or order.

TABLE 6 Permissible Variations in Diameter of Cold-Worked
Wire

Diameter, in. (mm)
Permissible Variations, in.

(mm)
+ or −

Up to 0.0044 (0.112), incl 0.0002 (0.005)
Over 0.0044 (0.112) to 0.0079 (0.201),
incl

0.00025 (0.006)

Over 0.0079 (0.201) to 0.0149 (0.378),
incl

0.0003 (0.008)

Over 0.0149 (0.378) to 0.0199 (0.505),
incl

0.0004 (0.010)

Over 0.0199 (0.505) to 0.031 (0.79),
incl

0.0005 (0.013)

Over 0.031 (0.79) to 0.045 (1.14), incl 0.0006 (0.015)
Over 0.045 (1.14) to 0.079 (2.01), incl 0.0007 (0.018)
Over 0.079 (2.01) to 0.1875 (4.76), incl 0.001 (0.025)
Over 0.1875 (4.76) to 0.3125 (7.93),
incl

0.002 (0.051)

Over 0.3125 (7.93) to 0.563 (14.3), incl 0.003 (0.076)
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TABLE 7 Normal Machining Allowances for Hot-Worked Material

Finished-Machined Dimensions for
Finishes as Indicated Below, in.

(mm)A

Normal Machining Allowance, in. (mm)

On Diameter,
for Rods

Distance Between
Parallel Surfaces

for Hexagonal and
Square Bar

For Rectangular Bar

On Thickness On Width

Hot-worked:B

Up to 7⁄8 (22.2), incl 1⁄8 (3.2) 1⁄8 (3.2) 1⁄8 (3.2) 3⁄16 (4.8)
Over 7⁄8 to 17⁄8 (22.2 to 47.6), incl 1⁄8 (3.2) 3⁄16 (4.8) 1⁄8 (3.2) 3⁄16 (4.8)
Over 1 7⁄8 to 27⁄8 (47.6 to 73.0), incl 3⁄16 (4.8) 1⁄4 (6.4) ... 3⁄16 (4.8)
Over 27⁄8 to 313⁄16 (73.0 to 96.8), incl 1⁄4 (6.4) ... ... 3⁄16 (4.8)
Over 313⁄16 (96.8) 1⁄4 (6.4) ... ... 3⁄8 (9.5)

Hot-worked rods:
Rough-turned or rough-ground:C

15⁄16 to 4 (23.8 to 101.6),
incl in diameter 1⁄16 (1.6) ... ... ...

Over 4 to 12 (101.6 to 304.8),
incl in diameter 1⁄8 (3.2) ... ... ...

ADimensions apply to diameter of rods, to distance between parallel surfaces of hexagonal and square bar, and separately to width and thickness of rectangular bar.
BThe allowances for hot-worked material in Table 5 are recommended for rods machined in lengths of 3 ft (0.91 m) or less and for bars machined in lengths of 2 ft (0.61

m) or less. Hot-worked material to be machined in longer lengths should be specified showing the finished cross-sectional dimension and the length in which the material
will be machined in order that the manufacturer may supply material with sufficient oversize, including allowance for out-of-straightness.

CApplicable to 3 ft (0.91 m) max length.

TABLE 8 Permissible Variations in Length of Rods and Bars

Random mill lengths:
Hot-worked 6 to 24 ft (1.83 to 7.31 m) long with not more than 25 weight % between 6 and 9 ft (1.83 and 2.74 m).A

Cold-worked 6 to 20 ft (1.83 to 6.1 m) long with not more than 25 weight % between 6 and 10 ft (1.83 and 3.05 m).
Multiple lengths Furnished in multiples of a specified unit length, within the length limits indicated above. For each multiple, an allowance of 1⁄4 in.

(6.4 mm) will be made for cutting, unless otherwise specified. At the manufacturer’s option, individual specified unit lengths may
be furnished.

Nominal lengths Specified nominal lengths having a range of not less than 2 ft (610 mm) with no short lengths allowed.B

Cut lengths A specified length to which all rods and bars will be cut with a permissible variation of plus 1⁄8 in. (3.2 mm), minus 0 for sizes 8 in.
(203 mm) and less in diameter or distance between parallel surfaces. For larger sizes, the permissible variation shall be + 1⁄4 in.
(6.4 mm), − 0.

AFor hot-worked sections weighing over 25 lb/ft (37 kg/m) and for smooth-forged products, all sections, short lengths down to 2 ft (610 mm) may be furnished.
BFor cold-worked rods and bars under1⁄2 in. (12.7 mm) in diameter or distance between parallel surfaces ordered to nominal or stock lengths with a 2-ft (610-mm) range,

at least 93 % of such material shall be within the range specified; the balance may be in shorter lengths but in no case shall lengths less than 4 ft (1220 mm) be furnished.

TABLE 9 Permissible Variations in Straightness of Cold-Worked
Rods and Bars

Specified Diameter or Distance Permissible Variations
Between Parallel Surfaces, in. in Lengths Indicated, in.
(mm)A (mm)

Rounds: Depth of Chord:
1⁄2 (12.7) to 21⁄2 (63.5), incl 0.030 (0.76) per ft (305 mm) of

length
Hexagons, squares,

rectangles:
1⁄2 (12.7) to 2 (50.8), incl 0.030 (0.76) per ft (305 mm) of

length
AMaterial under1⁄2 in. (12.7 mm) shall be reasonably straight and free of sharp

bends and kinks.
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SUPPLEMENTARY REQUIREMENTS

SUPPLEMENTARY REQUIREMENTS FOR SPECIAL END USES

S1. Special End Uses

S1.1 When material is intended for nuclear applications or
other critical end uses, or when any special requirements are to
apply, the manufacturer shall be notified at the time of
placement of the inquiry or order to determine if material of
quality and inspection procedures normally employed for

commercial material to this specification is adequate. In the
event that more critical quality or more rigid inspection
standards than those called out in this specification are indi-
cated, the manufacturer and the purchaser shall agree upon
such standards prior to production.

SUPPLEMENTARY REQUIREMENTS FOR U.S. GOVERNMENT

The following supplementary requirements shall apply only when specified by the purchaser in the inquiry, contract, or order for agencies of
the U.S. Government.

S2. Referenced Documents

S2.1 The following documents of the issue in effect on date
of material purchased form a part of this specification to the
extent referenced herein: Federal Standards 102, 123, and 182
and Military Standard MIL-STD-129.

S3. Quality Assurance

S3.1 Responsibility for Inspection:

S3.1.1 Unless otherwise specified in the contract or pur-
chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to ensure that the material conforms to
prescribed requirements.

S4. Identification Marking
S4.1 All material shall be properly marked for identification

in accordance with Fed. Std. No. 182, except that the ASTM
specification number and the alloy number shall be used.

S5. Preparation for Delivery
S5.1 Preservation, Packaging, Packing:
S5.1.1 Military Agencies—The material shall be separated

by size, composition, grade, or class and shall be preserved and
packaged, level A or C, packed level A, B, or C as specified in
the contract or purchase order.

S5.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S5.2 Marking:
S5.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S5.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

TABLE 10 Permissible Variations in Straightness of Hot-Worked
Rods and Bars A

Finish
Permissible
Variations,

in./ft (mm/m)B

Rods and bars, hot-worked 0.050 (4.2)C

Rounds hot-worked, rough-ground, or rough-
turned

0.050 (4.2)C

ANot applicable to forging quality.
BMaterial under 1⁄2 in. (12.7 mm) shall be reasonably straight and free of sharp

bends and kinks.
CThe maximum curvature (depth of chord) shall not exceed the values indicated

multiplied by the length in feet.
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APPENDIX

(Nonmandatory Information)

X1. PROCURABLE CONDITIONS AND FINISHES

X1.1 The various conditions and finishes in which rod and
bar are procurable are as follows:

X1.1.1 Hot-Worked— With a tightly adherent, dark oxide
surface.

X1.1.2 Hot-Worked, Rough-Ground—Similar to X1.1.1 ex-
cept rough-ground.

X1.1.3 Hot-Worked, Rough-Turned—Similar to X1.1.1 ex-
cept rough-turned with a broad-nosed tool similar to a bar
peeling operation and thus may not be straight. Intended
generally for machining where an overhauled surface is de-
sired, essentially for machined step down shafts or parts
machined in short lengths of 3 ft (0.91 m) or less.

X1.1.4 Hot-Worked, Forging Quality—Rough-turned and
spot-ground, as necessary, for sizes 1 in. (25.4 mm) in diameter
and over; rough ground and spot ground for sizes under 1 in. in
diameter. Material is selected from heats of known, good hot
malleability.

NOTE X1.1—For sizes 21⁄2 in. (63.5 mm) in diameter and less, cold-

worked rod may be used also for forging by virtue of the fact that such rod
has been overhauled for removal of mechanical surface defects prior to
cold-working. In such cases, the user should run pilot forging tests to
ensure himself that such material has the desired hot malleability range.

X1.1.5 Hot-Worked, Annealed—Soft, with a tightly adher-
ent dark oxide.

X1.1.6 Hot-Worked, Annealed, and Pickled—Same as
X1.1.5 except descaled for removal of mill oxide. Provides for
better surface inspection than does hot-worked material and
often employed where welding is involved where removal of
mill oxide is desired.

NOTE X1.2—Annealing prior to pickling may be required in order to
reduce the mill oxide since uniform pickling of an unreduced oxide is
difficult.

X1.1.7 Cold-Worked, As Worked—Hot-worked, overhauled,
cold-worked, and straightened with a smooth, bright finish.

X1.1.8 Cold-Worked, Annealed, and Pickled—Hot-worked,
overhauled, cold-worked, annealed, descaled, and straightened.
Annealed for softness and with a dull matte finish.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 167 – 01

Standard Specification for
Nickel-Chromium-Iron Alloys (UNS N06600, N06601, N06603,
N06690, N06693, N06025, and N06045)* and Nickel-
Chromium-Cobalt-Molybdenum Alloy (UNS N06617)
Seamless Pipe and Tube 1

This standard is issued under the fixed designation B 167; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification2 covers nickel-chromium-iron alloys
(UNS N06600, N06601, N06603, N06690, N06693, N06025,
and N06045)* and nickel-chromium-cobalt-molybdenum alloy
(UNS N06617) in cold-worked annealed, hot-worked an-
nealed, and hot-finished seamless pipe and tube intended for
general corrosion resistant and heat resistant applications.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 The following safety hazards caveat pertains only to the
test methods portion, Section 12, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 38 Methods for Chemical Analysis of Nickel-Chromium
and Nickel-Chromium-Iron Alloys6

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys7

2.2 Federal Standards:8

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 182 Continuous Identification Marking of

Nickel and Nickel-Base Alloys
2.3 Military Standard:7

MIL-STD-129 Marking for Shipment and Storage

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 average diameter—the average of the maximum and

minimum outside diameters, as determined at any one cross
section of the pipe or tube.

3.1.2 pipe—tube conforming to the particular dimensions
commercially known as pipe sizes. See Table X2.1.

3.1.3 seamless pipe or tube—a pipe or tube produced with
a continuous periphery in all stages of the operations.

3.1.4 tube—a hollow product of round or any other cross
section having a continuous periphery.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 Alloy Name or UNS Number—see Table 1,
4.1.2 ASTM Designation, including year of issue,

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Nov. 10, 2001. Published January 2002. Originally
published as B 167 – 41 T. Last previous edition B 167 – 00

* New designation established in accordance with Practice E 527 and SAE
J 1086, Practice for Numbering Metals and Alloys (UNS).

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-167 in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.

6 Discontinued; see1989 Annual Book of ASTM Standards, Vol 03.05.
7 Annual Book of ASTM Standards, Vol 03.05.
8 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

1
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4.1.3 Condition (see Appendix X3),
4.1.4 Finish (see Appendix X3),
4.1.5 Dimensions:
4.1.5.1 Tube—Specify outside diameter and nominal or

minimum wall,
4.1.5.2 Pipe—Specify standard pipe size and schedule,
4.1.5.3 Length—Cut to length or random,
4.1.6 Quantity—Feet or number of pieces,
4.1.7 Hydrostatic Pressure Requirements—Specify test

pressure if other than required by 12.3.1,
4.1.8 Certification— State if certification is required (Sec-

tion 15),
4.1.9 Samples for Product (Check) Analysis—State

whether samples for product (check) analysis should be fur-
nished (see 5.2),

4.1.10 Purchaser Inspection—If purchaser wishes to wit-
ness tests or inspection of material at place of manufacture, the
purchase order must so state indicating which tests or inspec-
tions are to be witnessed (Section 13), and

4.1.11 Small-Diameter and Light-Wall Tube (Converter
Sizes)—See Appendix X1.

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 1.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Specification B 880.

6. Mechanical Properties and Other Requirements

6.1 Tensile Test— The material shall conform to the tensile
properties specified in Table 2.

6.1.1 Tensile properties for material specified as small-
diameter and light-wall tube (converter sizes) shall be as
prescribed in Table X1.1.

6.2 Hydrostatic Test—If any pipe or tube shows leaks
during hydrostatic testing, it shall be rejected.

7. Dimensions and Permissible Variations

7.1 Diameter and Wall Thickness—The permissible varia-
tions in the outside diameter and wall thickness shall conform
to the permissible variations prescribed in Table 3 or Table 4,
as applicable.

7.2 Length—When material is ordered cut-to-length, the
length shall conform to the permissible variations prescribed in
Table 5.

7.3 Straightness—Material shall be reasonably straight
and free of bends and kinks.

7.4 Ends—Ends shall be plain cut and deburred.
7.5 Permissible variations for material specified as small-

diameter and light-wall tube (converter size) shall conform to
the permissible variations prescribed in Table X1.2.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and temper,
smooth, commercially straight, and free of injurious imperfec-
tions.

9. Sampling

9.1 Lot Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot for all other testing shall consist of all material

from the same heat, nominal size (excepting length), and
condition.

9.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material in the
same condition and nominal size (excepting length).

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

9.2.1.1 Product (check) analysis shall be wholly the respon-
sibility of the purchaser.

9.2.2 Mechanical and Other Properties—Samples of the
material to provide test specimens for mechanical and other

TABLE 1 Chemical Requirements

Element

Composition Limits, %

Alloy
N06600

Alloy
N06601

Alloy
N06617

Alloy
N06690

Alloy
N06693

Alloy
N06025

Alloy
N06045

Alloy
N06603

Nickel 72.0 min 58.0–63.0 44.5 min 58.0 min remainderA remainderA 45.0 min remainderA

Chromium 14.0–17.0 21.0–25.0 20.0-24.0 27.0–31.0 27.0–31.0 24.0–26.0 26.0–29.0 24.0–26.0
Iron 6.0–10.0 remainderA 3.0 max 7.0–11.0 2.5–6.0 8.0–11.0 21.0–25.0 8.0–11.0
Manganese 1.0 max 1.5 max 1.0 max 0.5 max 1.0 max 0.15 max 1.0 max 0.15 max
Molybdenum ... ... 8.0–10.0 ... ... ... ... ...
Cobalt ... ... 10.0–15.0 ... ... ... ... ...
Aluminum ... 1.0–1.7 0.8-1.5 ... 2.5–4.0 1.8–2.4 ... 2.4-3.0
Carbon 0.15 max 0.10 max 0.05-0.15 0.05 max 0.15 max 0.15–0.25 0.05–0.12 0.20-0.40
Copper 0.5 max 1.0 max 0.5 max 0.5 max 0.5 max 0.1 max 0.3 max 0.50 max
Boron ... ... 0.006 max ... ... ... ... ...
Silicon 0.5 max 0.5 max 1.0 max 0.5 max 0.5 max 0.5 max 2.5–3.0 0.50 max
Sulfur 0.015 max 0.015 max 0.015 max 0.015 max 0.01 max 0.010 max 0.010 max 0.010 max
Titanium ... ... 0.6 max ... 1.0 max 0.1–0.2 ... 0.1–0.25
Niobium ... ... ... ... 0.5–2.5 ... ... ...
Phosphorous ... ... ... ... ... 0.020 max 0.020 max 0.020 max
Zirconium ... ... ... ... ... 0.01–0.10 ... 0.01–0.10
Yttrium ... ... ... ... ... 0.05–0.12 ... 0.01–0.15
Cerium ... ... ... ... ... ... 0.03–0.09 ...

AElement shall be determined arithmetically by difference.
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properties shall be taken from such locations in each lot as to
be representative of that lot. Test specimens shall be taken from
material in the final condition.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Tension—One test per lot.

10.3 Hydrostatic— Each piece in each lot.

11. Specimen Preparation

11.1 Room-Temperature Tension Specimen—Material shall
be tested in the direction of fabrication. Whenever possible, all
pipe and tube shall be tested in full tubular size. When testing
in full tubular size is not possible, longitudinal strip specimens,
or the largest possible round specimen, shall be used. In the
event of disagreement when full tubular testing is not possible,
a longitudinal strip specimen with reduced gage length as
contained in Test Methods E 8 shall be used.

12. Test Methods

12.1 Chemical Composition—In case of disagreement, the
chemical composition shall be determined in accordance with
Test Methods E 1473 or Methods E 38. Methods E 38 is to be
used only for elements not covered by Test Methods E 1473.

12.2 Tension Test— Tension testing shall be conducted in
accordance with Test Methods E 8.

12.3 Hydrostatic Test— Each pipe or tube with an outside
diameter1⁄8 in. (3 mm) and larger and with wall thickness of
0.015 in. (0.38 mm) and over shall be tested by the manufac-
turer to an internal hydrostatic pressure of 1000 psi (6.9 MPa)
provided that the fiber stress calculated in accordance with the
following equation does not exceed the allowable fiber stress,
S, indicated below:

P 5 2St/D (1)

where:
P = hydrostatic test pressure, psi (or MPa),
S = allowable fiber stress, for material in the condition

(temper) furnished as follows:
Hot-worked or hot-worked annealed:

UNS N06600 20 000 (140 MPa)
UNS N06601 20 000 (140 MPa)
UNS N06603 24 000 (165 MPa)
UNS N06617 23 700 (163 MPa)
UNS N06690 21 200 (146 MPa)
UNS N06693 21 200 (146 MPa)
UNS N06025 24 000 (165 MPa)
UNS N06045 22 500 (155 MPa)

Over 5 in. outside diameter:
UNS N06600 16 700 (115 MPa)
UNS N06690 16 700 (115 MPa)

Cold-worked annealed—All sizes:
UNS N06600 20 000 (140 MPa)
UNS N06601 20 000 (140 MPa)
UNS N06690 21 200 (146 MPa)
UNS N06693 21 200 (146 MPa)
UNS N06025 24 500 (169 MPa)
UNS N06045 22 500 (155 MPa)

t = minimum wall thickness, in. (or mm), equal to the
specified nominal wall minus the permissible minus
wall tolerance, or the specified minimum wall thick-
ness, and,

D = outside diameter of the pipe or tube, in. (or mm).
12.3.1 When so agreed upon between the manufacturer and

purchaser, pipe or tube may be tested to 11⁄2 times the
allowable fiber stress given above.

12.4 Rounding Method— For purposes of determining com-
pliance with the specified limits for requirements of the
properties listed in the following table, an observed value, or a

TABLE 2 Mechanical Properties

Condition and Size
Tensile

Strength, min
psi (MPa)

Yield Strength
(0.2 % offset),
min, psi (MPa)

Elongation
in 2 in. or

50 mm
or 4D min,%

UNS N06600:
Hot-worked or hot-
worked annealed:

5 in. (127 mm) in
outside diameter
and under

80 000 (550) 30 000 (205) 35

Over 5 in. (127
mm) in outside
diameter

75 000 (515) 25 000 (170) 35

Cold-worked an-
nealed:

5 in. (127 mm) in
outside diameter
and under

80 000 (550) 35 000 (240) 30

Over 5 in. (127
mm) in outside
diameter

80 000 (550) 30 000 (205) 35

UNS N06601:
Cold-worked annealed
or hot-worked
annealed:

All sizes 80 000 (550) 30 000 (205) 30
UNS N06617:
Cold-worked annealed
or hot-worked
annealed: All sizes

95 000 (665) 35 000 (240) 35

UNS N06690:
Hot-worked or hot-
worked annealed:
5 in. (127 mm) in 85 000 (586) 30 000 (205) 35
outside diameter
and under

Over 5 in. (127
mm) in outside
diameter

75 000 (515) 25 000 (170) 35

Cold-worked an-
nealed:

5 in. (127 mm) in
outside diameter
and under

85 000 (586) 35 000 (240) 30

Over 5 in. (127
mm) in outside
diameter

85 000 (586) 30 000 (205) 35

UNS N06693:
Cold-worked annealed
or hot- worked
annealed: 5 in. (127
mm) in outside
diameter and under

85 000 (586) 40 000 (275) 30

UNS N06603:
Hot-worked annealed
or cold worked
annealed (all sizes)

94 000 (650) 43 000 (300) 25

UNS N06025:
Hot-worked annealed
or cold worked
annealed (all sizes)

98 000 (680) 39 000 (270) 30

UNS N06045:
Hot-worked annealed
or cold-worked
annealed (all sizes)

90 000 (620) 35 000 (240) 35
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calculated value, shall be rounded as indicated below, in
accordance with the rounding method of Practice E 29:

Test
Rounded Unit for Observed or

Calculated Value

Chemical composition and
tolerances (when ex-
pressed in
decimals)

nearest unit in the last right-hand
place of figures of the specified limit. If
two choices are possible, as when the
digits dropped are exactly a 5 or a 5
followed only by zeros, choose the
one ending in an even digit with zero
defined as an even digit.

Tensile strength, yield
strength

nearest 1000 psi (6.9 MPa)

Elongation nearest 1 %

13. Inspection

13.1 Inspection of the material shall be agreed upon be-
tween the purchaser and the supplier as part of the purchase
contract.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 The following information shall be marked on the
material or included on the package, or on a label or tag
attached thereto: The name of the material or UNS number,
heat number, condition (temper), this specification number, the
size, gross, tare and net weight, consignor and consignee
address, contract or order number, or such other information as
may be defined in the contract or order.

TABLE 3 Permissible Variations for Outside Diameter and Wall Thickness of Seamless Cold Worked Pipe and Tube A,B

Nominal Outside Diameter,
in. (mm)

Permissible Variations

Outside Diameter, in. (mm)
% of Thickness of
Specified Nominal

Wall

% of Thickness of
Specified Minimum

Wall

+ − + − + −

Over 0.400 (10) to 5⁄8 (16), excl 0.005(0.13) 0.005(0.13) 15.0 15.0 30 0
5⁄8(16) to 11⁄2 (38), incl 0.0075(0.19) 0.0075(0.19) 10.0 10.0 22 0
Over 11⁄2 (38) to 3 (76), incl 0.010(0.25) 0.010(0.25) 10.0 10.0 22 0
Over 3 (76) to 41⁄2 (114), incl 0.015(0.38) 0.015(0.38) 10.0 10.0 22 0
Over 41⁄2 (114) to 6 (152), incl 0.020(0.51) 0.020(0.51) 12.5 12.5 28 0
Over 6 (152) to 65⁄8 (168), incl 0.025(0.64) 0.025(0.64) 12.5 12.5 28 0

AOvality—The permissible variations in this table apply to individual measurements, including out-of-roundness (ovality) except for the following: For pipe and tube
having a nominal wall thickness of 3 % or less of the nominal outside diameter, the mean outside diameter shall conform to the permissible variations of this table and
individual measurements (including ovality) shall conform to the plus and minus values of the table, with the values increased by 0.5 % of the nominal outside diameter.
For pipe over 41⁄2 in. (114 mm) in outside diameter with a nominal wall thickness greater than 3 % of the nominal outside diameter, the mean outside diameter shall conform
to the permissible variations of this table and individual measurements shall not exceed twice the permissible variations of the table.

BEccentricity—The permissible variations in this table apply to individual measurements including eccentricity.

TABLE 4 Permissible Variations for Outside Diameter and Wall Thickness of Seamless Hot-Worked Pipe and Tube A,B

Nominal Outside Diameter, in. (mm)

Permissible Variations

Outside Diameter, in. (mm)
% of Thickness of
Specified Nominal

Wall

% of Thickness of
Specified Minimal

Wall
+ − + − + −

21⁄2(64) to 41⁄2(114), incl 0.031 (0.79) 0.031 (0.79) 16.0 12.5 28.5 0
over 41⁄2 (114) to 61⁄2(165), incl 0.047 (1.2) 0.047 (1.2) 16.0 12.5 28.5 0
over 61⁄2 (165) to 91⁄4 (235), incl 0.062 (1.6) 0.062 (1.6) 16.0 12.5 28.5 0

AOvality—Tube 5 in. (127 mm) and under in outside diameter the tolerance on the outside diameter applies for individual measurements and includes ovality. Tube over
5 in. (125 mm) in outside diameter the mean outside diameter shall conform to the permissible variations of this table and individual measurements shall not exceed twice
the permissible variations of this table.

BEccentricity—The permissible variations in the above table apply to individual measurements including eccentricity.

TABLE 5 Permissible Variations in Length A

Outside Diameter,
in. (mm)

Cut Length, in. (mm)
Over Under

Under 2 (50.8) 1⁄8(3.2) 0
2 (50.8) and over 3⁄16(4.8) 0

AThese permissible variations in length apply to pipe or tube in straight lengths.
They apply to cut lengths up to and including 24 ft (7.3 m). For lengths over 24 ft,
an additional over-tolerance of 1⁄8 in. (3.2 mm) for each 10 ft (3. m) or fraction
thereof shall be permissible up to a maximum additional over-tolerance of 1⁄2 in.
(12.7 mm).
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U. S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchased form a part of this specification to the
extent referenced herein: Federal Standards 102, 123, and 182
and Military Standard MIL-STD-129.

S2. Quality Assurance

S2.1 Responsibility for Inspection:

S2.1.1 Unless otherwise specified in the contract or pur-
chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified. Except
as otherwise specified in the contract or purchase order, the
manufacturer may use his own or any other suitable facilities
for the performance of the inspection and test requirements
unless disapproved by the purchaser at the time the order is
placed. The purchaser shall have the right to perform any of the
inspections or tests set forth when such inspections and tests
are deemed necessary to ensure that the material conforms to
prescribed requirements.

S3. Identification Marking
S3.1 All material shall be properly marked for identification

in accordance with Fed. Std. No. 182, except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery
S4.1 Preservation, Packaging, Packing:
S4.1.1 Military Agencies—The material shall be separated

by size, composition, grade, or class and shall be preserved and
packaged, level A or C, packed level A, B, or C as specified in
the contract or purchase order.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:
S4.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

APPENDIXES

(Nonmandatory Information)

X1. CONVERTER SIZES

X1.1 Small-diameter and light-wall tube in outside diam-
eters 11⁄4 in. (31.8 mm) and under may be furnished in the
conditions listed in Table X1.1 when so specified. The material
is furnished in a limited range of sizes and the manufacturer

shall be consulted as to the various outside diameters and wall
thicknesses that may be furnished. Material will have a bright
finish. Such material shall conform to the applicable require-
ments in Table X1.1 and Table X1.2. Table X1.3

B 167 – 01

5



TABLE X1.1 Mechanical Properties A of Small-Diameter and Light-Wall Tubing (Converter Sizes)

Condition
Tensile Strength,

psi (MPa)

Yield Strength
(0.2 % offset)

min, psi
(MPa)

Elonga-
tion

in 2 in.
or 50
mm,

min, %

UNS N06600:
AnnealedB,C 80 000 (550) to

110 000 (760)
35 000 (240) 30

Half-hardD 105 000 (725) min 55 000 (380) 13
Full-hardE 130 000 (895) min 105 000 (725) 4
UNS N06601:
AnnealedB,C 80 000 (550) to

110 000 (760)
30 000 (205) 30

UNS N06601:
UNS N06603:
AnnealedB,C 94 000 (650) to

140 000 (965)
43000 (300) 25

UNS N06617:
AnnealedB,C 95 000 (665) to

110 000 (760)
35 000 (240) 35

UNS N06690:
AnnealedB,C 85 000 (586) to

110 000 (760)
35 000 (240) 30

Half-hardD 105 000 (725) min 55 000 (380) 13
Full-hardE 130 000 (895) min 105 000 (725) 4
UNS N06025:
AnnealedB,C 98 000 (680) to

125 000 (860)
39 000 (270) 30

UNS N06045:
AnnealedB,C 90 000 (620) to

120 000 (830)
35 000 (240) 35

ANot applicable to outside diameters under 1⁄8 in. (3.2 mm) and wall thicknesses under 0.015 in. (0.38 mm).
BThis condition is sometimes designated as “No. 1 Temper.”
CThe minimum tensile strength value applies only to tubing in straight lengths.
D This condition is sometimes designated as “No. 2 Temper.”
EThis condition is sometimes designated as “No. 3 Temper.”

TABLE X1.2 Permissible Variations for Small-Diameter and Light-Wall Tube (Converter Sizes) A,B,C,D,E ,F,G

Specified Outside Diameter,
in. (mm)

Outside Diameter Inside Diameter
Wall

thickness, %

+
−
in.

(mm)
+ − + −

Under 3⁄32 (2.4) 0.002 (0.05) 0 0 0.002 (0.05) 10 10
3⁄32to 3⁄16 (2.4 to 4.8), excl 0.003 (0.08) 0 0 0.003 (0.08) 10 10
3⁄16to 1⁄2 (4.8 to 12.7), excl 0.004 (0.10) 0 0 0.004 (0.10) 10 10
1⁄2to 11⁄4 (12.7 to 31.8), incl 0.005 (0.13) 0 0 0.005 (0.13) 10 10
AOvality, Normal Wall Tube—As-Drawn (No. 2 and 3) Tempers—Ovality will be held within the outside diameter tolerances shown in the table.
Annealed (No. 1) Temper—Ovality will be held within 2 % of the theoretical average outside diameter.
B Ovality, Light Wall Tube—As-Drawn (No. 2 and 3) Tempers—Up to but not including 11⁄4 in. (31.8 mm) in outside diameter, ovality will be held within 2 % of the

theoretical average outside diameter.
Annealed (No. 1) Temper—Ovality will be held within 3 % of the theoretical average outside diameter.
C Wall Tolerances, Light Wall Tube—The plus and minus wall tolerance shown in the table shall apply down to and including 0.005 in. (0.13 mm) in wall thickness. For

wall thicknesses less than 0.005 in. (0.13 mm), the tolerance shall be 6 0.005 in. (0.013 mm).
DRandom Lengths:
Where nominal random lengths on tubing 1⁄8 in. (3.2 mm) and larger in outside diameter are specified, a length of 6 31⁄2 ft (1.06 m) applies to the nominal length. This

is a total spread of 7 ft (2.10 m).
Random lengths in sizes 1⁄8 in. (3.2 mm) and larger in outside diameter shall be subject to a length range of 5 to 24 ft (1.50 to 7.30 m). Long random lengths are subject

to a range of 15 to 22 ft (4.57 to 6.70 m).
Random lengths in sizes up to but not including 1⁄8 in. (3.2 mm) in outside diameter, and fragile light-wall tubes over this outside diameter are subject to the length range

of 1 to 15 ft (0.30 to 4.57 m).
E Cut Lengths—Tolerances on cut lengths shall be in accordance with Table X1.3.
F Straightness—Round tubing is subject to a straightness tolerance of one part in 600 [equivalent to a depth of arc of 0.030 in. (0.76 mm) in any 3 ft (0.91 m) of length].
GWhen specified, the tolerance spreads of this table may be applied as desired. However, when not specified, the tolerances in this table will apply. It should be noted

that inside diameter tolerances are based upon the outside diameter range.
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X2. PIPE SCHEDULES

X2.1 The schedules of pipe shown in Table X2.1 are
regularly available. Other schedules may be furnished, and the

manufacturer should be consulted. Table X2.1 is published for
information only.

TABLE X1.3 Tolerances on Cut Lengths of Light-Wall Tube

Length, ft (m) Tube Size, in. (mm) Permissible Variations, in. (mm)

Over Under

Under 1 (0.30) up to 1.250 (31.8), incl 1⁄32(0.8) 0 (0)
1 to 4 (0.30 to 1.22), incl up to 1.250 (31.8), incl 1⁄16(1.6) 0 (0)
Over 4 to 10 (1.22 to 3.0), incl up to 1.250 (31.8), incl 3⁄32(2.4) 0 (0)
Over 10 (3.0) up to 1.250 (31.8), incl 3⁄16(4.8) 0 (0)

TABLE X2.1 Pipe Schedules A

Nominal Pipe
Size, in.

Outside Diameter

Nominal Wall Thickness, in. (mm)

Schedule
No. 5

Schedule
No. 10

Schedule
No. 40

Schedule
No. 80

1⁄4 0.540(13.7) ... 0.065 (1.6) 0.088 (2.2) ...
3⁄8 0.675(17.1) ... 0.065 (1.6) 0.091 (2.3) 0.126 (3.2)
1⁄2 0.840(21.3) 0.065 (1.6) 0.083 (2.1) 0.109 (2.8) 0.147 (3.7)
3⁄4 1.050(26.7) 0.065 (1.6) 0.083 (2.1) 0.113 (2.8) 0.154 (3.9)
1 1.315(33.4) 0.065 (1.6) 0.109 (2.8) 0.133 (3.4) 0.179 (4.5)
11⁄4 1.660(42.2) 0.065 (1.6) 0.109 (2.8) 0.140 (3.6) 0.191 (4.8)
11⁄2 1.900(48.3) 0.065 (1.6) 0.109 (2.8) 0.145 (3.7) 0.200 (5.1)
2 2.375(60.3) 0.065 (1.6) 0.109 (2.8) 0.154 (3.9) 0.218 (5.5)
21⁄2 2.875(73.0) 0.083 (2.1) 0.120 (3.0) 0.203 (5.2) 0.276 (7.0)
3 3.500(88.9) 0.083 (2.1) 0.120 (3.0) 0.216 (5.5) 0.300 (7.6)
31⁄2 4.000(101.6) 0.083 (2.1) 0.120 (3.0) 0.226 (5.7) 0.318 (8.1)
4 4.500(114.3) 0.083 (2.1) 0.120 (3.0) 0.237 (6.0) 0.337 (8.6)
5 5.563(141.3) ... ... 0.258 (6.5) ...
6 6.625(168.3) ... ... 0.280 (7.1) ...

AThe pipe schedules shown above conform with standards adopted by the American National Standards Institute.
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X3. CONDITIONS AND FINISHES NORMALLY SUPPLIED

X3.1 Scope

X3.1.1 This appendix lists the conditions and finishes in
which pipe and tube (other than converter sizes) are normally
supplied. These are subject to change, and the manufacturer
should be consulted for the latest information available.

X3.2 Cold-Worked Tube and Pipe

X3.2.1 Cold-Worked, Annealed, with Ground Outside
Diameter—The inside diameter may have a bright finish when
material is annealed in a protective atmosphere; otherwise, the
inside diameter is supplied descaled as necessary. It is available
in sizes1⁄2 to 4 in. (12.7 to 102 mm), inclusive, in outside
diameter in both normal and heavy-wall tube, and pipe sizes,
all schedules, of corresponding outside-diameter dimensions.

X3.2.2 Cold-Worked, Annealed, and Pickled (Not
Ground)—Outside and inside diameter will have dull, matte
(pickled) surfaces. It is available in sizes1⁄2 to 65⁄8in. (12.7 to
168 mm), inclusive, in outside diameter in both normal and

heavy-wall tube, and pipe sizes, all schedules, of correspond-
ing outside-diameter dimensions.

X3.3 Hot-Worked Tube

X3.3.1 Hot-Worked or Hot-Worked-Annealed (Not Pickled)
Tube—Has an oxide surface resulting from the hot-working
operation. Intended generally for machined parts where the
oxide surface will be removed.

X3.3.2 Hot-Worked or Hot-Worked-Annealed (Pickled)
Tube—Has the oxide surface removed on both outside and
inside diameters by pickling. Surface may be spot ground for
removal of minor surface imperfections at the manufacturer’s
option.

X3.3.3 Hot-Worked or Hot-Worked-Annealed (Machined
Outside and Inside Diameters) Tubes—The outside and inside
diameter surfaces are machined to specified dimensions. Minor
surface imperfections may be spot ground for removal, at the
manufacturer’s option.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 168 – 01 Used in USDOE-NE Standards

Standard Specification
Nickel-Chromium-Iron Alloys (UNS N06600, N06601, N06603,
N06690, N06693, N06025, and N06045) and Nickel-
Chromium-Cobalt-Molybdenum Alloy (UNS N06617) Plate,
Sheet, and Strip 1

This standard is issued under the fixed designation B 168; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification2 covers rolled nickel-chromium-iron
alloys (UNS N06600, N06601, N06603, N06690, N06693,
N06025, and N06045)* and nickel-chromium-cobalt-
molybdenum alloy (UNS N06617) plate, sheet, and strip.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 The following precautionary caveat pertains only to the
test methods portion, Section 12, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 166 Specification for Nickel-Chromium-Iron Alloys

(UNS N06600, N06601, N06603, N06690, N06693,
N06025, and N06045) and Nickel-Chromium-Cobalt-
Molybdenum Alloy (UNS N06617) Rod, Bar, and Wire3

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 10 Test Method for Brinell Hardness of Metallic Materi-
als4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 38 Methods for Chemical Analysis of Nickel-Chromium
and Nickel-Chromium-Iron Alloys6

E 112 Test Methods for Determining the Average Grain
Size4

E 140 Hardness Conversion Tables for Metals4

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys7

F 155 Test Method for Temper of Strip and Sheet Metals for
Electronic Devices (Spring-Back Method)8

2.2 Federal Standards:9

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 182 Continuous Identification Marking of

Nickel and Nickel-Base Alloys
2.3 Military Standard:9

MIL-STD-129 Marking for Shipment and Storage

3. Terminology

3.1 Descriptions of Terms Specific to This Standard—The
terms given in Table 1 shall apply.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 Alloy —Name or UNS number (see Table 2),

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Nov. 10, 2001. Published January 2002. Originally
published as B 168 – 41. Last previous edition B 168 – 00.

2 For ASME Boiler and Pressure Code applications, see related Specification
SB-168 in Section II of that Code.

* New designation established in accordance with Practice E 527 and SAE
J1086, Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.

5 Annual Book of ASTM Standards, Vol 14.02.
6 Discontinued; see1989 Annual Book of ASTM Standards, Vol 03.05.
7 Annual Book of ASTM Standards, Vol 03.05.
8 Discontinued; see1983 Annual Book of ASTM Standards, Vol 10.04.
9 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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4.1.2 ASTM designation, including year of issue,
4.1.3 Condition—See 6.1 and 6.2 and Appendix X1,
4.1.4 Finish—Appendix X1,
4.1.5 Dimensions—Thickness, width, and length,
4.1.6 Quantity,
4.1.7 Optional Requirements:
4.1.7.1 Sheet and Strip— Whether to be furnished in coil, in

cut straight lengths, or in random straight lengths,
4.1.7.2 Strip—Whether to be furnished with commercial slit

edge, square edge, or round edge,
4.1.7.3 Plate—Whether to be furnished specially flattened

(see 7.7.2); also how plate is to be cut (see 7.2.1 and 7.3.2),
4.1.8 Certification— State if certification or a report of test

results is required (Section 15),
4.1.9 Samples for Product (Check) Analysis—Whether

samples for product (check) analysis should be furnished (see
5.2), and

4.1.10 Purchaser Inspection—If the purchaser wishes to
witness tests or inspection of material at the place of manu-
facture, the purchase order must so state indicating which tests
or inspections are to be witnessed (Section 13).

5. Chemical Composition

5.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 2.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations prescribed in Specification B 880.

6. Mechanical Properties and Other Requirements

6.1 Mechanical Properties—The material shall conform to
the mechanical properties prescribed in Table 3.

TABLE 3 Mechanical Properties for Plate, Sheet, and Strip (All Thicknesses and Sizes Unless Otherwise Indicated)

Condition (Temper) Tensile Strength, min, psi (MPa)
Yield StrengthA (0.2 % offset), min, psi

(MPa)

Elongation in 2 in. or 50 mm

(or 4D), min,%
Rockwell HardnessB,C

Hot-Rolled Plate

UNS N06600:
Annealed
As-rolledD,E

80 000 (550)
85 000 (586)

35 000 (240)
35 000 (240)

30
30

...

...
UNS N06601:

Annealed 80 000 (550) 30 000 (205) 30 ...

TABLE 1 Product Description

Product Thickness, in. (mm) Width, in. (mm)

Hot-rolled plateA 3⁄16 and over (Table 5 and Table 6) (Table 8)B

Hot-rolled sheetA 0.018 to 0.250 (0.46 to 6.4), incl (Table 7) (Table 10)
Cold-rolled sheetC 0.018 to 0.250 (0.46 to 6.4), incl (Table 7) (Table 10)
Cold-rolled stripC 0.005 to 0.250 (0.13 to 6.4), incl (Table 7) (Table 10)

A Material 3⁄16 to 1⁄4 in. (4.8 to 6.4 mm), incl, in thickness may be furnished as sheet or plate provided the material meets the specification requirements for the condition
ordered.

B Hot-rolled plate, in widths 10 in. (254 mm) and under, may be furnished as hot-finished rectangles with sheared or cut edges in accordance with Specification B 166,
provided the mechanical property requirements of this specification are met.

C Material under 48 in. (1219 mm) in width may be furnished as sheet or strip provided the material meets the specification requirements for the condition ordered.

TABLE 2 Chemical Requirements

Element
Composition Limits, %

Alloy N06600 Alloy N06601 Alloy N06617 Alloy N06690 Alloy N06693 Alloy N06025 Alloy N06045 Alloy N06603

Nickel 72.0 min 58.0–63.0 44.5 min 58.0 min remainderA remainderA 45.0 min remainderA

Chromium 14.0–17.0 21.0–25.0 20.0–24.0 27.0–31.0 27.0–31.0 24.0–26.0 26.0-29.0 24.0–26.0
Cobalt ... ... 10.0–15.0 ... ... ... ...
Molybdenum ... ... 8.0–10.0 ... ... ... ... ...
Niobium ... ... ... ... 0.5–2.5 ... ... ...
Iron 6.0–10.0 remainderA 3.0 max 7.0–11.0 2.5–6.0 8.0–11.0 21.0–25.0 8.0–11.0
Manganese 1.0 max 1.0 max 1.0 max 0.5 max 1.0 max 0.15 max 1.0 max 0.15 max
Aluminum ... 1.0–1.7 0.8–1.5 ... 2.5–4.0 1.8-2.4 ... 2.4-3.0
Carbon 0.15 max 0.10 max 0.05–0.15 0.05 max 0.15 max 0.15–0.25 0.05–0.12 0.20-0.40
Copper 0.5 max 1.0 max 0.5 max 0.5 max 0.5 max 0.1 max 0.3 max 0.50 max
Silicon 0.5 max 0.5 max 1.0 max 0.5 max 0.5 max 0.5 max 2.5-3.0 0.50 max
Sulfur 0.015 max 0.015 max 0.015 max 0.015 max 0.01 max 0.010 max 0.010 max 0.010 max
Titanium ... ... 0.6 max ... 1.0 max 0.1–0.2 0.01-0.25
Phosphorus ... ... ... ... 0.020 max 0.020 max 0.020 max
Zirconium ... ... ... ... 0.01–0.10 0.01–0.10
Yttrium ... ... .. ... 0.05–0.12 0.01–0.15
Boron ... ... 0.006 max ... ... ... ...
Nitrogen ... ... ... ... ... ... ...
Cerium ... ... ... ... ... 0.03–0.09 ...

A Element shall be determined arithmetically by difference.
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TABLE 3 Continued

Condition (Temper) Tensile Strength, min, psi (MPa)
Yield StrengthA (0.2 % offset), min, psi

(MPa)

Elongation in 2 in. or 50 mm

(or 4D), min,%
Rockwell HardnessB,C

UNS N06603:
Annealed 94 000 (650) 43 000 (300) 25 ...

UNS N06617:
Annealed 95 000 (655) 35 000 (240) 35 ...

UNS N06690:
Annealed 85 000 (586) 35 000 (240) 30 ...
As-rolledD,E 85 000 (586) 35 000 (240) 30 ...
AnnealedF 75 000 (514) 30 000 (206) 30 ...

UNS N06693
Annealed 85 000 (586) 40 000 (275) 30 ...

UNS N06025
Annealed 98 000 (680) 39 000 (270) 30 ...

UNS N06045
Annealed 90 000 (620) 35 000 (240) 35 ...

Hot-Rolled Sheet

UNS N06600:
Annealed 80 000 (550) 35 000 (240) 30 ...

UNS N06601:
Annealed 80 000 (550) 30 000 (205) 30 ...

UNS N06603:
Annealed 94 000 (650) 43 000 (300) 25 ...

UNS N06617:
Annealed 95 000 (655) 35 000 (240) 30 ...

UNS N06690:
Annealed 85 000 (586) 35 000 (240) 30 ...

UNS N06693
Annealed 85 000 (586) 40 000 (275) 30 ...

UNS N06025
Annealed 98 000 (680) 39 000 (270) 30 ...

UNS N06045
Annealed 90 000 (620) 35 000 (240) 35 ...

Cold-Rolled Plate

UNS N06603
Annealed 94 000 (650) 43 000 (300) 25 ...

UNS N06025
Annealed 98 000 (680) 39 000 (270) 30 ...

UNS N06045
Annealed 90 000 (620) 35 000 (240) 35 ...

Cold-Rolled Sheet

UNS N06600:
Annealed
Hard

80 000 (550)G

125 000 (860)G
35 000 (240)
90 000 (620)

30G

2G
...
...

UNS N06601:
Annealed 80 000 (550)G 30 000 (205) 30G ...

UNS N06603:
Annealed 94 000 (650) 43 000 (300) 25G ...

UNS N06617:
Annealed 95 000 (655)G 35 000 (240) 25G ...

UNS N06690:
Annealed
Hard

85 000 (586)G

125 000 (860)G
35 000 (240)
90 000 (620)

30G

2G
...
...

UNS N06693
Annealed 85 000 (586) 40 000 (275) 30 ...

UNS N06025
Annealed 98 000 (680) 39 000 (270) 30 ...

UNS N06045
Annealed 90 000 (620) 35 000 (240) 35 ...

Cold-Rolled Strip

UNS N06600:
Annealed 80 000 (550)G 35 000 (240) 30G ...
Skin-hard ... ... ... B 85 to B88
Quarter-hard ... ... ... B 88 to B94
Half-hard ... ... ... B 93 to B98
Three-quarter-hard ... ... ... B 97 to C25
Hard 125 000 (860)G 90 000 (620) 2G ...
Spring ... ... ... C 30 min

UNS N06601:
Annealed 80 000 (550)G 30 000 (205) 30G ...
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TABLE 3 Continued

Condition (Temper) Tensile Strength, min, psi (MPa)
Yield StrengthA (0.2 % offset), min, psi

(MPa)

Elongation in 2 in. or 50 mm

(or 4D), min,%
Rockwell HardnessB,C

UNS N06603:
Annealed 94 000 (650) 43 000 (300) 25G ...

UNS N06617:
Annealed 95 000 (655)G 35 000 (240) 30G ...

UNS N06690:
Annealed 85 000 (586)G 35 000 (240) 30G ...
Skin-hard ... ... ... B 85 to B88
Quarter-hard ... ... ... B 88 to B94
Half-hard ... ... ... B 93 to B98
Three-quarter-hard ... ... ... B 97 to C25
Hard 125 000 (860)G 90 000 (620) 2G ...
Spring ... ... ... C 30 min

UNS N06693
Annealed 85 000 (586) 40 000 (275) 30 ...

UNS N06025
Annealed 98 000 (680) 39 000 (270) 30 ...

UNS N06045
Annealed 90 000 (620) 35 000 (240) 35 ...
A Yield strength requirements do not apply to material under 0.020 in. (0.51 mm) in thickness.
B For Rockwell or equivalent hardness conversions, see Hardness Conversion Tables E140.
C Caution should be served in using the Rockwell test on thin material, as the results may be affected by specimen thickness. For thicknesses under 0.050 in. (1.3 mm),

the use of the Rockwell superficial or the Vickers hardness test is suggested.
D As-rolled plate may be given a stress relieving heat treatment subsequent to final rolling.
E As-rolled plate specified “suitable for hot forming” shall be furnished from heats of known good hot-malleability characteristics (see X1.2.2). There are no applicable

tensile or hardness requirements for such material.
F Annealed at 1850°F (1010°C) minimum.
G Not applicable for thickness under 0.010 in. (0.25 mm).

6.2 Deep Drawing and Spinning Quality Sheet and Strip—
The material shall conform to the grain size and hardness
requirements as prescribed in Table 4.

6.2.1 The mechanical properties of Table 3 do not apply to
deep drawing and spinning quality sheet and strip.

7. Dimensions and Permissible Variations

7.1 Thickness and Weight:

7.1.1 Plate—For plate up to 2 in. (50.8 mm), inclusive, in
thickness, the permissible variation under the specified thick-
ness and permissible excess in overweight shall not exceed the
amounts prescribed in Table 5.

7.1.1.1 For use with Table 5, plate shall be assumed to
weigh 0.304 lb/in.3(8.415 g/cm3).

7.1.2 Plate—For plate over 2 in. (50.8 mm) in thickness, the
permissible variations over the specified thickness shall not
exceed the amounts prescribed in Table 6.

7.1.3 Sheet and Strip— The permissible variations in thick-
ness of sheet and strip shall be as prescribed in Table 7. The
thickness of strip and sheet shall be measured with the
micrometer spindle3⁄8in. (9.5 mm) or more from either edge
for material 1 in. (25.4 mm) or over in width and at any place
on the strip under 1 in. in width.

7.2 Width or Diameter:
7.2.1 Plate—The permissible variations in width of rectan-

gular plates and diameter of circular plates shall be as
prescribed in Table 8 and Table 9.

7.2.2 Sheet and Strip— The permissible variations in width
for sheet and strip shall be as prescribed in Table 10.

7.3 Length:
7.3.1 Sheet and strip of all sizes may be ordered to cut

lengths, in which case a variation of1⁄8 in. (3.2 mm) over the
specified length shall be permitted.

7.3.2 Permissible variations in length of rectangular plate
shall be as prescribed in Table 11.

7.4 Straightness:
7.4.1 The edgewise curvature (depth of chord) of flat sheet,

strip, and plate shall not exceed 0.05 in. multiplied by the
length in feet (0.04 mm multiplied by the length in centime-
tres).

TABLE 4 Grain Size and Hardness for Cold-Rolled, Deep-
Drawing, and Spinning-Quality Sheet and Strip

Thickness, in.
(mm)

Calculated
Diameter of

Average Grain
Section, max, in.

(mm)

Corresponding
ASTM

MicroGrain
Size No.

Rockwell BA,B

Hardness, max

Sheet (56 in. (1.42 m) Wide and Under)
0.050 (1.3) and less 0.0030 (0.075) 4.5 86
Over 0.050 to 0.250

(1.3 to 6.4), incl
0.0043 (0.110) 3.5 86

Strip (12 in. (305 mm) Wide and Under)C

0.005D to 0.010
(0.13 to 0.25),
incl

0.0009 (0.022) 8E 88E

Over 0.010 to 0.125
(0.25 to 3.2), incl

0.0030 (0.075) 4.5 86

A For Rockwell or equivalent hardness conversions, see Hardness Conversion
Tables E140.

B Caution should be observed in using the Rockwell test on thin material, as the
results may be affected by specimen thickness. For thicknesses under 0.050 in.
(1.3 mm), the use of the Rockwell superficial or the Vickers hardness test is
suggested.

C Sheet requirements (above) apply to strip thicknessess over 0.125 in. (3.2
mm), and for all thicknessess of strip over 12 in. (305 mm) in width.

D For ductility evaluations for strip under 0.005 in. (0.13 mm) in thickness, the
springback test, such as described in Test Method F 155, is often used and the
manufacturer should be consulted.

E Accurate grain size and hardness determinations are difficult to make on strip
under 0.005 in. (0.13 mm) in thickness and are not recommended.
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7.4.2 Straightness for coiled material is subject to agree-
ment between the manufacturer and the purchaser.

7.5 Edges:
7.5.1 When finished edges of strip are specified in the

contract or order, the following descriptions shall apply:
7.5.1.1 Square-edge strip shall be supplied with finished

edges, with sharp, square corners, without bevel or rounding.
7.5.1.2 Round-edge strip shall be supplied with finished

edges, semicircular in form, the diameter of the circle forming
the edge being equal to the strip thickness.

7.5.1.3 When no description of any required form of strip
edge is given, it shall be understood that edges such as those
resulting from slitting or shearing will be acceptable.

7.5.1.4 Sheet shall have sheared or slit edges.
7.5.1.5 Plate shall have sheared or cut (machined, abrasive-

cut, powder-cut, or inert-arc cut) edges, as specified.
7.6 Squareness (Sheet)—For sheets of all thicknesses, the

angle between adjacent sides shall be 906 0.15° (1⁄16in. in 24
in. (1.6 mm in 610 mm)).

7.7 Flatness:
7.7.1 There shall be no flatness requirements for “deep-

drawing quality,” “spinning quality,” or “as rolled” sheet and
strip (see X1.4).

7.7.2 Standard flatness tolerances for plate shall conform to
the requirements of Table 12. “Specially flattened” plate, when
so specified, shall have permissible variations in flatness as
agreed upon between the manufacturer and the purchaser.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and temper,
smooth, commercially straight or flat, and free of injurious
imperfections.

8.2 Sheet, Strip, and Plate—Sheet, strip, and plate supplied
in the conditions and finishes as listed in the appendix may be
ground or machined to remove surface imperfections, provided
such removal does not reduce the material below the minimum
specified dimensions. Surface eliminated depressions shall be
faired smoothly into the surrounding material. The removal of
a surface imperfection shall be verified by the method origi-
nally used to detect the imperfection.

9. Sampling

9.1 Lot—Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot for mechanical properties, hardness, and grain

size testing shall consist of all material from the same heat,
nominal thickness, and condition.

9.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material in the
same thickness and condition, except for plates weighing over
500 lb, in which case only one specimen shall be taken.

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

TABLE 5 Permissible Variations in Thickness and Overweight of Rectangular Plates

NOTE 1—All plates shall be ordered to thickness and not to weight per square foot (cm). No plates shall vary more than 0.01 in. (0.3 mm) under the
thickness ordered, and the overweight of each lotA in each shipment shall not exceed the amount in the table. Spot grinding is permitted to remove surface
imperfections, such spots not to exceed 0.01 in. under the specified thickness.

Specified Thickness,
in. (mm)

Permissible Excess in Average WeightB,C per Square Foot of Plates for Widths Given in Inches (Millimetres) Expressed in
Percentage of Nominal Weights

Under 48
(1220)

48 to 60
(1220 to
1520),
excl

60 to 72
(1520 to
1830),
excl

72 to 84
(1830 to
2130),
excl

84 to 96
(2130 to
2440),
excl

96 to 108
(2440 to
2740),
excl

108 to
120

(2740 to
3050),
excl

120 to
132

(3050 to
3350),
excl

132 to
144

(3350 to
3660),
excl

144 to
160

(3660 to
4070),
excl

3⁄16 to 5⁄16 (4.8 to 7.9), excl 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ... ...
5⁄16 to 3⁄8 (7.9 to 9.5), excl 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ...
3⁄8 to 7⁄16 (9.5 to 11.1),excl 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 19.5
7⁄16 to 1⁄2 (11.1 to 12.7), excl 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0
1⁄2 to 5⁄8 (12.7 to 15.9), excl 5.0 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5
5⁄8 to 3⁄4 (15.9 to 19.1), excl 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0
3⁄4 to 1 (19.1 to 25.4), excl 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5
1 to 2 (25.4 to 50.8), incl 4.0 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0

A The term “lot” applied to this table means all of the plates of each group width and each group thickness.
B The permissible overweight for lots of circular and sketch plates shall be 25 % greater than the amounts given in this table.
C The weight of individual plates shall not exceed the nominal weight by more than 11⁄4 times the amount given in the table and Footnote B.

TABLE 6 Permissible Variations in Thickness for Rectangular Plates Over 2 in. (51 mm) in Thickness

NOTE 1—Permissible variation under specified thickness, 0.01 in. (0.3 mm)

Specified Thickness, in. (mm)

Permissible Variations, in. (mm), over Specified Thickness for Widths Given, in. (mm)

To 36 (915),
excl

36 to 60 (915
to 1520), excl

60 to 84
(1520 to

2130), excl

84 to 120
(2130 to

3050), excl

120 to 132
(3050 to

3350), excl

132 (3350)
and over

Over 2 to 3 (51 to 76), excl 1⁄16 (1.6) 3⁄32 (2.4) 7⁄64 (2.8) 1⁄8 (3.2) 1⁄8 (3.2) 9⁄64 (3.6)
3 to 4 (76 to 102), incl 5⁄64 (2.0) 3⁄32 (2.4) 7⁄64 (2.8) 1⁄8 (3.2) 1⁄8 (3.2) 9⁄64 (3.6)
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9.2.1.1 Product (Check) Analysisshall be wholly the re-
sponsibility of the purchaser.

9.2.2 Mechanical Properties, Hardness, and Grain Size—
Samples of the material to provide test specimens for mechani-
cal properties, hardness, and grain size shall be taken from such
locations in each lot as to be representative of that lot.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Mechanical Properties—One test per lot.
10.3 Hardness—One test per lot. (Required only as speci-

fied in Table 3 and Table 4.)
10.4 Grain Size—One test per lot. (Required only as speci-

fied in Table 4.)

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the final condition (temper) and tested transverse to the
direction of rolling when width will permit.

11.2 Tension test specimens shall be any of the standard or
subsize specimens shown in Test Methods E 8.

11.3 In the event of disagreement, referee specimens shall
be as follows:

11.3.1 Full thickness of the material, machined to the form
and dimensions shown for the sheet-type specimen in Test
Methods E 8 for material under1⁄2in. (12.7 mm) in thickness.

11.3.2 The largest possible round specimen shown in Test
Methods E 8 for material1⁄2 in. (12.7 mm) and over.

12. Test Methods

12.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following methods:

Test ASTM Designation

Chemical Analysis E 38,A E 1473
Tension E 8
Brinell hardness E 10
Rockwell hardness E 18
Hardness conversion E 140
Grain size E 112
Rounding procedure E 29
Spring-back F 155

A Methods E 38 are to be used only for elements not covered by Test Methods
E 1473.

12.2 The measurement of average grain size may be carried
out by the planimetric method, the comparison method, or the
intercept method described in Test Methods E 112. In case of
dispute, the referee method for determining average grain size
shall be the planimetric method.

12.3 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall

TABLE 7 Permissible Variations in Thickness of Sheet and Strip
(Permissible Variations, Plus and Minus, in Thickness, in. (mm), for Widths Given in in. (mm))

Specified Thickness, in. (mm)

SheetA

Hot-Rolled Cold-Rolled

48 (1220)
and Under

Over 48 to 60
(1220 to 1520),

incl

48 (1220)
and Under

Over 48 to 60
(1220 to 1520),

incl

0.018 to 0.025 (0.5 to 0.6), incl 0.003 (0.08) 0.004 (0.10) 0.002 (0.05) 0.003 (0.08)
Over 0.025 to 0.034 (0.6 to 0.9), incl 0.004 (0.10) 0.005 (0.13) 0.003 (0.08) 0.004 (0.10)
Over 0.034 to 0.043 (0.9 to 1.1), incl 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.043 to 0.056 (1.1 to 1.4), incl 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.056 to 0.070 (1.4 to 1.8), incl 0.006 (0.15) 0.007 (0.18) 0.005 (0.13) 0.006 (0.15)
Over 0.070 to 0.078 (1.8 to 1.9), incl 0.007 (0.18) 0.008 (0.20) 0.006 (0.15) 0.007 (0.18)
Over 0.078 to 0.093 (1.9 to 2.4), incl 0.008 (0.20) 0.009 (0.23) 0.007 (0.18) 0.008 (0.20)
Over 0.093 to 0.109 (2.4 to 2.8), incl 0.009 (0.23) 0.010 (0.25) 0.007 (0.18) 0.009 (0.23)
Over 0.109 to 0.125 (2.8 to 3.2), incl 0.010 (0.25) 0.012 (0.31) 0.008 (0.20) 0.010 (0.25)
Over 0.125 to 0.140 (3.2 to 3.6), incl 0.012 (0.31) 0.014 (0.36) 0.008 (0.20) 0.010 (0.25)
Over 0.140 to 0.171 (3.6 to 4.3), incl 0.014 (0.36) 0.016 (0.41) 0.009 (0.23) 0.012 (0.31)
Over 0.171 to 0.187 (4.3 to 4.8), incl 0.015 (0.38) 0.017 (0.43) 0.010 (0.25) 0.013 (0.33)
Over 0.187 to 0.218 (4.8 to 5.5), incl 0.017 (0.43) 0.019 (0.48) 0.011 (0.28) 0.015 (0.38)
Over 0.218 to 0.234 (5.5 to 5.9), incl 0.018 (0.46) 0.020 (0.51) 0.012 (0.31) 0.016 (0.41)
Over 0.234 to 0.250 (5.9 to 6.4), incl 0.020 (0.51) 0.022 (0.56) 0.013 (0.33) 0.018 (0.46)

Cold-Rolled StripA,B

Specified Thickness, in. (mm) Widths 12 in. (305 mm) and under, plus and minus

Up to 0.050 (1.27), incl 0.0015 (0.038)
Over 0.050 to 0.093 (1.27 to 2.39), incl 0.0025 (0.063)
Over 0.093 to 0.125 (2.39 to 3.18), incl 0.004 (0.11)

A Measured 3⁄8in. (9.5 mm) or more from either edge except for strip under 1 in. (25.4 mm) in width which is measured at any place.
B Standard sheet tolerances apply for thicknesses over 0.125 in. (3.2 mm) and for all thicknesses of strip over 12 in. (305 mm) wide.
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TABLE 8 Permissible variations A of Sheared, Plasma-Torch-Cut, and Abrasive-Cut Rectangular Plate B,C

Specified Thickness

Permissible Variations in Widths for Widths Given, in. (mm)

Up to 30 (760),
incl

Over 30 to 72
(760 to 1830),

incl

Over 72 to 108
(1830 to 2740),

incl

Over 108 to 144
(2740 to 3660),

incl

Over 144 to 160
(3660 to 4070),

incl

+ − + − + − + − + −

Inches

Sheared:D
3⁄16 to 5⁄16, excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 ... ...
5⁄16 to 1⁄2, excl 1⁄4 1⁄8 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8
1⁄2 to 3⁄4, excl 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8
3⁄4 to 1, excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8
1 to 11⁄4, incl 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 1 1⁄8

Abrasive cut:E,F

3⁄16 to 11⁄4, incl 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8
Over 11⁄4 to 23⁄4, incl 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8

Plasma-torch-cut:G
3⁄16 to 2, excl 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0
2 to 3, incl 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0

Millimetres

Sheared:D

4.8 to 7.9, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 ... ...
7.9 to 12.7, excl 6.4 3.2 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2
12.7 to 19.1, excl 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.1 3.2
19.1 to 25.4, excl 12.7 3.2 12.7 3.2 15.8 3.2 19.1 3.2 22.2 3.2
25.4 to 31.8, incl 15.9 3.2 15.9 3.2 19.1 3.2 22.2 3.2 25.4 3.2

Abrasive cut:E,F

4.8 to 31.8, incl 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2
Over 31.8 to

69.8, incl
4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2

Plasma-torch-cut:G

4.8 to 50.8, excl 12.7 0 12.7 0 12.7 0 12.7 0 12.7 0
50.8 to 76.2, incl 15.9 0 15.9 0 15.9 0 15.9 0 15.9 0

A Permissible variations in width for powder- or inert-arc-cut plate shall be as agreed upon between the manufacturer and the purchaser.
B Permissible variations in machined, powder-, or inert-arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
C Permissible variations in plasma-torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
D The minimum sheared width is 10 in. (254 mm) for material 3⁄4in. (19.1 mm) and under in thickness and 20 in. (508 mm) for material over 3⁄4 in. (19.1 mm) in thickness.
E The minimum abrasive-cut width is 2 in. (50.8 mm) and increases to 4 in. (101.6 mm) for thicker plates.
F These tolerances are applicable to lengths of 240 in. (6100 mm), max. For lengths over 240 in., an additional 1⁄16 in. (1.6 mm) is permitted, both plus and minus.
G The tolerance spread shown for plasma-torch cutting may be obtained all on the minus side, or divided between the plus and minus side if so specified by the

purchaser.

TABLE 9 Permissible Variations in Diameter for Circular Plates

Sheared Plate

Specified Diameter, in. (mm)
Permissible Variations over Specified Diameter for

Thickness Given, in. (mm)A

To 3⁄8 ( 9.5), incl
20 to 32 (508 to 813), excl 1⁄4 (6.4)
32 to 84 (813 to 2130), excl 5⁄16 (7.9)
84 to 108 (2130 to 2740), excl 3⁄8 (9.5)
108 to 140 (2740 to 3580), incl 7⁄16 (11.1)

Plasma-Torch-Cut PlateB

Specified Diameter, in. (mm)

Permissible Variations in Specified Diameter for Thickness Given, in. (mm)C

Thickness, max,
in. (mm)

3⁄16 to 2 (4.8 to 50.8), excl 2 to 3 (50.8 to 76.2), incl

+ − + −

19 to 20 (483 to 508), excl 3 (76.2) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
20 to 22 (508 to 559), excl 23⁄4 (69.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
22 to 24 (559 to 610), excl 21⁄2 (63.5) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
24 to 28 (610 to 711), excl 21⁄4 (57.3) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
28 to 32 (711 to 812), excl 2 (50.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
32 to 34 (812 to 864), excl 13⁄4 (44.5) 1⁄2 (12.7) 0 ... ...
34 to 38 (864 to 965), excl 11⁄2 (38.1) 1⁄2 (12.7) 0 ... ...
38 to 40 (965 to 1020), excl 11⁄4 (31.8) 1⁄2 (12.7) 0 ... ...
40 to 140 (1020 to 3560), incl 3 (76.2) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
A No permissible variations under.
B Permissible variations in plasma-torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
C The tolerance spread shown may also be obtained all on the minus side or divided between the plus and minus sides if so specified by the purchaser.
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TABLE 10 Permissible Variations in Width of Sheet and Strip

Specified Thickness, in. (mm) Specified Width, in. (mm)
Permissible Variations in Specified Width, in. (mm)

+ −

Sheet

Up to 0.250 (6.35) all 0.125 (3.18) 0

StripA

Under 0.075 (1.9) Up to 12 (305), incl 0.007 (0.18) 0.007 (0.18)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

0.075 to 0.100 (1.9 to 2.5), incl Up to 12 (305), incl 0.009 (0.23) 0.009 (0.23)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.100 to 0.125 (2.5 to 3.2), incl Up to 12 (305), incl 0.012 (0.30) 0.012 (0.30)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.125 to 0.160 (3.2 to 4.1), incl Up to 12 (305), incl 0.016 (0.41) 0.016 (0.41)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.160 to 0.187 (4.1 to 4.7), incl Up to 12 (305), incl 0.020 (0.51) 0.020 (0.51)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.187 to 0.250 (4.7 to 6.4), incl Up to 12 (305), incl 0.062 (1.6) 0.062 (1.6)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0.062 (1.6)

A Rolled round or square-edge strip in thicknesses of 0.071 to 0.125 in. (1.80 to 3.18 mm), incl, in widths 3 in. (76.2 mm) and under, shall have permissible width
variations of 60.005 in. (60.13 mm). Permissible variations for other sizes shall be as agreed upon between the manufacturer and the purchaser.

TABLE 11 Permissible Variations in Length A of Sheared, Plasma-Torch-Cut, B and Abrasive-Cut Rectangular Plate C

Specified Thickness

Permissible Variation in Length for Lengths Given, in. (mm)

Up to 60
(1520), incl

Over 60 to 96
(1520 to 2440),
incl

Over 96 to 120
(2440 to 3050),
incl

Over 120 to 240
(3050 to 6096),
incl

Over 240 to 360
(6096 to 9144),
incl

Over 360 to 450
(9144 to
11 430), incl

Over 450 to 540
(11 430 to
13 716), incl

Over 540
(13 716)

+ − + − + − + − + − + − + − + −

Inches

Sheared:D
3⁄16 to 5⁄16, excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 ... ...
5⁄16 to 1⁄2, excl 3⁄8 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 1 1⁄8
1⁄2 to 3⁄4, excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8
3⁄4 to 1, excl 5⁄8 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8

1 to 11⁄4, incl 3⁄4 1⁄8 3⁄4 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8 ... ...
Abrasive-cut:E

3⁄16 to 11⁄4, incl
Over 11⁄4 to 2
3⁄4, incl

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

...

...
...
...

...

...
...
...

Plasma torch-cut:F
3⁄16 to 2, excl
2 to 3, incl

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

Millimetres

Sheared:D

4.8 to 7.9, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 ... ...
7.94 to 12.7, excl 9.5 3.2 12.7 3.2 12.7 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 25.4 3.2
12.7 to 19.0, excl 12.7 3.2 12.7 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2
19.0 to 25.4, excl 15.9 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.3 3.2
25.4 to 31.8, incl 19.0 3.2 19.0 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.3 3.2 ... ...

Abrasive-cut:E

4.8 to 31.8, incl
Over 31.8 to 69.9,

incl

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

...

...
...
...

...

...
...
...

Plasma torch-cut:F

4.8 to 50.8, excl
50.8 to 76.2, incl

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

A Permissible variations in length for powder- or inert-arc-cut plate shall be agreed upon between the manufacturer and the purchaser.
B The tolerance spread shown for plasma-torch-cutting may be obtained all on the minus side, or divided between the plus and minus sides if so specified by the

purchaser.
C Permissible variations in machined, powder- or inert-arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
D The minimum sheared length is 10 in. (254 mm).
E Abrasive cut applicable to a maximum length of 144 to 400 in. (3658 to 10 160 mm) depending on the thickness and width ordered.
F The tolerance spread shown for plasma-torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
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be rounded as indicated in accordance with the rounding
method of Practice E 29.

Test Rounded Unit for Observed
Or Calculated Value

Chemical composition, nearest unit in the last right-
hardness, and toler- hand place of figures of the
ances (when ex- specified limit. If two choices
pressed in decimals) are possible, as when the digits

dropped are exactly a 5, or a
5 followed only by zeros,
choose the one ending in an
even digit, with zero defined
as an even digit.

Tensile strength and
yield strength

nearest 1000 psi (6.9 MPa)

Elongation nearest 1 %
Grain Size:

0.0024 in. (0.060 mm)
or larger

nearest multiple of 0.0002 in.
(0.005 mm)

less than 0.0024 in.
(0.060 mm)

nearest multiple of 0.0001
in. (0.002 mm)

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported

to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 Each bundle or shipping container shall be marked
with the name of the material or UNS number; condition
(temper); this specification number; the size; gross, tare, and
net weight; consignor and consignee address; contract or order
number; or such other information as may be defined in the
contract or order.

17. Keywords

17.1 plate; sheet; strip; UNS N06025; UNS N06045; UNS
N06600; UNS N06601; UNS N06603; UNS N06617; UNS
N06690; UNS N06693

TABLE 12 Permissible Variations from Flatness of Rectangular, Circular, and Sketch Plates

NOTE 1—Permissible variations apply to plates up to 12 ft (3660 mm) in length, or to any 12 ft (3660 mm) of longer plates.
NOTE 2—If the longer dimension is under 36 in. (914 mm), the permissible variation is not greater than1⁄4 in. (6.4 mm).
NOTE 3—The shorter dimension specified is considered the width, and the permissible variation in flatness across the width does not exceed the tabular

amount of that dimension.
NOTE 4—The maximum deviation from a flat surface does not customarily exceed the tabular tolerance for the longer dimension specified.

Specified Thickness

Permissible Variations from a Flat Surface for Thickness and Widths Given, in. (mm)

To 48
(1220),

excl

48 to 60
(1220 to
1520),
excl

60 to 72
(1520 to
1830),
excl

72 to 84
(1830 to
2130),
excl

84 to 96
(2130 to
2440),
excl

96 to 108
(2440 to
2740),
excl

108 to 120
(2740 to
3050),
excl

120 to 144
(3050 to
3660),
excl

144
(3660),
and over

Inches

3⁄16 to 1⁄4, excl 3⁄4 11⁄16 11⁄4 13⁄8 15⁄8 15⁄8 ... ... ...
1⁄4 to 3⁄8, excl 11⁄16 3⁄4 15⁄16 11⁄8 13⁄8 17⁄16 19⁄16 17⁄8 ...
3⁄8 to 1⁄2, excl 1⁄2 9⁄16 11⁄16 3⁄4 15⁄16 11⁄8 11⁄4 17⁄16 13⁄4
1⁄2 to 3⁄4, excl 1⁄2 9⁄16 5⁄8 5⁄8 13⁄16 11⁄8 11⁄8 11⁄8 13⁄8
3⁄4 to 1, excl 1⁄2 9⁄16 5⁄8 5⁄8 3⁄4 13⁄16 15⁄16 1 11⁄8
1 to 2, excl 1⁄2 9⁄16 9⁄16 9⁄16 11⁄16 11⁄16 11⁄16 3⁄4 1
2 to 4, incl 1⁄4 5⁄16 3⁄8 7⁄16 1⁄2 9⁄16 5⁄8 3⁄4 7⁄8

Millimetres

4.8 to 6.4, excl 19.0 27.0 31.8 34.9 41.3 41.3 ... ... ...
6.4 to 9.5, excl 17.5 19.0 23.8 28.6 34.9 36.5 39.7 47.6 ...
9.5 to 12.7, excl 12.7 14.3 17.5 19.0 23.8 28.6 31.8 36.5 44.4
12.7 to 19.0, excl 12.7 14.3 15.9 15.9 20.6 28.6 28.6 28.6 34.9
19.0 to 25.4, excl 12.7 14.3 15.9 15.9 19.0 20.6 23.8 25.4 28.6
25.4 to 50.8, excl 12.7 14.3 14.3 14.3 17.5 17.5 17.5 19.0 25.4
50.8 to 101.6, incl 6.4 7.9 9.5 11.1 12.7 14.3 15.9 19.0 22.2
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U. S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchased form a part of this specification to the
extent referenced herein: Federal Standards 102, 123, and 182
and Military Standard MIL-STD-129.

S2. Quality Assurance

S2.1. Responsibility for Inspection—Unless otherwise
specified in the contract or purchase order, the manufacturer is
responsible for the performance of all inspection and test
requirements specified. Except as otherwise specified in the
contract or purchase order, the manufacturer may use his own
or any other suitable facilities for the performance of the
inspection and test requirements unless disapproved by the
purchaser at the time the order is placed. The purchaser shall
have the right to perform any of the inspections or tests set
forth when such inspections and tests are deemed necessary to
ensure that the material conforms to prescribed requirements.

S3. Identification Marking

S3.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 182, except that the ASTM
specification number and the alloy number shall be used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:

S4.1.1 Military Agencies—The material shall be separated
by size, composition, grade, or class and shall be preserved and
packaged, Level A or C or packed, Level A, B, or C as specified
in the contract or purchase order.

S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:

S4.2.1 Military Agencies—In addition to any special mark-
ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

APPENDIX

(Nonmandatory Information)

X1. CONDITIONS AND FINISHES

X1.1 Scope

X1.1.1 This appendix lists the conditions and finishes in
which plate, sheet, and strip are normally supplied. These are
subject to change, and the manufacturer should be consulted
for the latest information available.

X1.2 Plate, Hot-Rolled

X1.2.1 Annealed—Soft with an oxide surface, and suitable
for heavy cold forming. Available with a descaled surface,
when so specified.

X1.2.2 As-Rolled—With an oxide surface. Available with a
descaled surface, when so specified. Suitable for flat work,
mild forming, or tube sheets. When intended for tube sheets,
specify that plates are to be specially flattened. When intended
for hot forming, this should be indicated on the purchase order
so that the manufacturer may select appropriate material.

X1.3 Plate, Cold–Rolled

X1.3.1 Annealed—Soft with an oxide surface; available in a
descaled surface when so specified.

X1.4 Sheet, Hot-Rolled

X1.4.1 Annealed and Pickled—Soft with a pickled matte
finish. Properties similar to X1.5.1 but with broader thickness
tolerances. Not suggested for applications where the finish of a
cold-rolled sheet is considered essential, or for deep drawing or
spinning.

X1.5 Sheet and Strip, Cold-Rolled

X1.5.1 Annealed—Soft with a pickled or bright annealed
finish.

X1.5.2 Deep-Drawing or Spinning Quality——Similar to
X1.5.1, except furnished to controlled hardness and grain size
and lightly leveled.

X1.5.3 Skin-Hard—Similar to X1.5.1, but given a light cold
reduction to hardness range shown in Table 3.

X1.5.4 Quarter-Hard— Cold rolled to the hardness range
indicated in Table 3, bright finish. Out-of-flatness must be
expected and will vary with temper and thickness.
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X1.5.5 Half-Hard—Cold rolled to the hardness range indi-
cated in Table 3, bright finish. Out-of-flatness must be expected
and will vary with temper and thickness.

X1.5.6 Three-Quarter Hard—Cold rolled to the hardness
range indicated in Table 3, bright finish. Out-of-flatness must
be expected and will vary with temper and thickness.

X1.5.7 Hard—Cold rolled to the tensile requirements indi-
cated in Table 3, bright finish. Out-of-flatness must be expected
and will vary with temper and thickness.

X1.5.8 Spring Temper— Cold rolled to the minimum hard-
ness indicated in Table 3, bright finish. Out-of-flatness must be
expected and will vary with temper and thickness.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 223 – 03

Standard Test Method for
Modulus of Elasticity of Thermostat Metals (Cantilever
Beam Method) 1

This standard is issued under the fixed designation B 223; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of the modu-
lus of elasticity of thermostat metals at any temperature
between − 300 and + 1000°F (−185 and 540°C) by mounting
the specimen as a cantilever beam and measuring the deflection
when subjected to a mechanical load.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 388 Specification for Thermostat Metal Sheet and Strip2

3. Terminology

3.1 Definitions:
3.1.1 thermostat metal—a composite material, usually in

the form of sheet or strip, comprising two or more materials of
any appropriate nature, metallic or otherwise, which, by virtue
of the differing expansivities of the components, tends to alter
its curvature when its temperature is changed.

3.1.2 modulus of elasticity—the ratio, within the elastic
limit of a material, of stress to corresponding strain. In this test
method the modulus of elasticity is calculated from the
expression for the deflection of a cantilever beam under
mechanical load which is transposed to read as follows:

E 5 4Pl 3/dbt 3

where:
E = modulus of elasticity, psi or MPa,
P = load, lbf or N,
l = gage length, in. or mm,
d = specimen deflection, in. or mm,
b = specimen width, in. or mm, and
t = specimen thickness, in. or mm.

4. Apparatus (Figs. 1-3)

4.1 Specimen Holderfor securely clamping the test speci-
men in a horizontal position as a cantilever beam when
immersed in a bath at the desired temperature. It shall carry a
micrometer depth gage for reading the deflection of the
specimen and a loading rod for loading the specimen. Both of
these shall extend sufficiently above the liquid level of the bath
to permit the operator to perform the test at the higher test
temperatures.

4.1.1 Specimen holder to be made sufficiently rigid to allow
normal handling without distortion.

4.2 Loading Rod, 1⁄8 in. (3.2 mm) or less in diameter, for
carrying the load and transmitting its weight vertically to the
free end of the cantilever specimen. It shall be made of material
the same as that of the tube which supports the specimen
mounting clamps in order to prevent a difference in expansion
rates from affecting the deflection readings. The bottom end
shall be conically shaped and shall rest in the conical punch
mark at the free end of the specimen. Any supports shall permit
free movement with specimen deflection and shall provide
electrical insulation from the micrometer depth gage. Near the
top shall be a holder for supporting the load. The weight of the
loading rod and holder shall be no greater than 1 oz (28 g).

4.3 Micrometer Depth Gage, for measuring the deflection of
the specimen to the nearest 0.0001 in. (0.002 mm). It shall be
mounted directly over the loading rod. The micrometer shaft
shall be in the same vertical line as the loading rod, so that
readings can be taken of the top of the loading rod for no-load
and full-load positions. The gage shall be insulated electrically
from the specimen holder and the loading rod.

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.10 on Thermostat Metals and Electrical Resistance Heating Materials.

Current edition approved June 10, 2003. Published August 2003. Originally
approved in 1948. Last previous edition approved in 1997 as B 223 - 97.

2 Annual Book of ASTM Standards, Vol. 02.04.
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4.4 Load, constructed so that when placed in the holder, its
center of gravity will coincide with the center of the loading
rod. It shall be readily detachable for the operator’s conve-
nience in taking no-load and full-load readings and shall not be
of sufficient weight to deflect the specimen more than 0.30 in.
(7.6 mm).

4.5 Bath—A stirred liquid so that the temperature shall be
substantially constant during the test.

4.6 Electronic Indicator, sensitive, low-current, to give a
signal when the micrometer depth gage shaft completes the
electrical circuit across the indicator terminals by touching the
top of the loading rod. The indicator sensitivity shall be such
that loading rod positions can be determined with a precision of
60.0001 in. (0.002 mm).

4.7 All metallic components of apparatus, excluding mi-
crometer and loads, should be made of very low coefficient of
thermal expansion materials. The recommended material is
invar.

5. Precautions

5.1 Load and no-load readings of the various trials will not
approximately duplicate each other in the event the load is
sufficiently great to overstress the specimen beyond its elastic
limit. In this case a new specimen shall be substituted and a
lighter load used which will not overstress the material.

5.2 Modulus of elasticity measurements to be within the
maximum recommended temperatures as stated in Specifica-
tion B 388.

6. Test Specimen

6.1 The test specimen shall be the form of a strip approxi-
mately 1 1⁄4 in. (31.8 mm) longer than the gage length. The
thickness may be any value between 0.015 and 0.055 in. (0.38

FIG. 1 Testing Machine for Determining Modulus of Elasticity of Thermostat Metal

FIG. 2 Specimen Mounting Clamp Assembly
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and 1.40 mm); however, corresponding width values shall
conform with those in Fig. 4. Width and thickness dimensions
shall be determined with a precision of60.0001 in. (0.002
mm).

7. Preparation of Specimen

7.1 Gage Length—The gage length shall be the distance on
the specimen between the center of the punch mark that
supports the loading rod and the edge of the specimen holder

clamps. This punch mark shall be approximately one half of the
thickness of the specimen deep and located on the center line
1⁄4 in. (6.4 mm) from the free end on low expansion side
surface. To obtain the necessary accuracy in gage length, the
specimen shall be made as shown in Fig. 5 which, when the
specimen is placed in the specimen mounting clamps, will
maintain the gage length with a tolerance of60.003 in. (0.08
mm). Table 1 gives the gage lengths for various specimen
thicknesses.

FIG. 3 Specimen Mounting Clamp Details

FIG. 4 Width of Test Specimen
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NOTE 1—For thicknesses, widths, and lengths not covered by this test
method, the procedure shall be agreed between the manufacturer and the
purchaser.

7.2 After being roughly cut, slit, or sheared from the sample,
the test specimen shall be finished to size by careful machining
or filing.

7.3 Preforming Operation—The specimen shall be pre-
formed into a shape approximating the segment of a circle. The
amount of this preforming shall be such that, when subjected to
the desired temperature, the specimen will take an upward
curvature sufficient to cause the no-load and full-load deflec-
tion positions to be approximately equally distant above and
below the straight position (Fig. 6).

7.4 Heat Treatment—After the preforming work has been
completed the specimen shall be heat treated to relieve all
internal stresses. This treatment shall consist of heating the
specimen while free to bend at a prescribed temperature and for
a prescribed time. Heat treatment shall be at least 50 °F higher
than the maximum tested temperature at a soak time of 1 h. The
details of this procedure will depend on the characteristics of

the thermostat metal and shall be mutually agreed upon by the
manufacturer and the purchaser.

7.5 Marking—Any identification marking shall be placed
on that part of the fixed end of the specimen not included in the
gage length.

8. Procedure

8.1 Cleaning—Carefully remove any oxide coating and
other foreign substances from all those surfaces which directly
affect the electrical resistance of the electronic indicator circuit
through the testing apparatus. This operation is necessary to
permit maximum sensitivity of the indicator. The top of the
loading rod which touches the micrometer depth gage shaft
may be ground to a point in order to further increase the
indicator sensitivity.

8.2 Test Routine—Clamp the specimen securely in the
specimen holder using the 0.125-in. (3.18-mm) dowel hole and
0.125-in. dowel pin for accurate positioning. Lower the bottom
part of the specimen holder with the specimen into the bath of
the desired temperature and support the apparatus rigidly. Place
the lower end of the loading rod in the punch mark at the free
end of the specimen. Connect the electronic indicator to
terminals on the specimen holder. When satisfactory initial
conditions have been established, adjust the micrometer depth
gage until the electronic indicator signals that the gage shaft is
touching the loading rod and record this position as the no-load
reading. Deflect the specimen by placing the load on the load
holder and record this position of the rod as the load reading.
The difference between these two readings will be the amount
of deflection. Obtain an average value of deflection from ten or
more trials.

8.3 Calculation of Modulus of Elasticity—Substituting the
specimen size and the average deflection for a known load in
the equation in 3.1.1, calculate the modulus of elasticity,E, as
in the following example:

E 5 4Pl 3/dbt 3

where:
P = 4.00 ozf = 0.250 lbf or 1.112 N,
l = 4.00 in. or 101.6 mm,
d = 0.1863 in. or 4.732 mm,
b = 0.5000 in. or 12.700 mm, and

FIG. 5 Specimen

TABLE 1 Gage Length of Test Specimen

Specimen Thickness Gage Length

in. mm in. mm

0.015 to 0.0199, incl 0.38 to 0.509, incl 2 1⁄2 6 1⁄2 63.5 6 1.3
0.020 to 0.0249, incl 0.51 to 0.639, incl 3 6 1⁄2 76.2 6 1.3
0.025 to 0.0299, incl 0.64 to 0.759, incl 31⁄2 6 1⁄2 88.9 6 1.3
0.030 to 0.0349, incl 0.76 to 0.889, incl 4 6 1⁄2 101.6 6 1.3
0.035 to 0.0449, incl 0.89 to 1.139, incl 41⁄2 6 1⁄2 114.3 6 1.3
0.045 to 0.055, incl 1.14 to 1.40, incl 5 6 1⁄2 127.0 6 1.3

FIG. 6 Relationship of Specimen No-Load, Straight, and Full-Load
Positions at Test Temperature
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t = 0.0301 in. or 0.765 mm.
Substituting the known values,
E = (4 3 0.250 lbf 3 (4.00 in.) 3)/0.1863 in. 3 0.500 in. 3 (0.0301 in.) 3)

E = 25 194 029 psi.

or

E = (4 3 1.112 N 3 (101.6 mm) 3)/(4.732 mm 3 12.700 mm 3 (0.765
mm) 3)

E = 173 386 MPa.

9. Report

9.1 The report shall include the following:
9.1.1 Type of thermostat metal,
9.1.2 Dimensions of specimen in inches or millimetres,
9.1.3 Temperature of test,

9.1.4 Direction of grain on specimen, and
9.1.5 Modulus of elasticity in pounds-force per square inch

or megapascals.

10. Precision and Bias

10.1 Precision—The precision of this test method was
performed in accordance with the test procedure and load
known to60.04 % results in a 2-sigma measurement precision
of 61.8 %.

10.2 Bias—Comparison to accepted reference values indi-
cates lack of bias.

11. Keywords

11.1 cantilever; loading rod; modulus of elasticity; thermo-
stat metal

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
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Designation: B 237 – 01

Standard Specification for
Refined Antimony 1

This standard is issued under the fixed designation B 237; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers refined antimony in ingot, pig,
or cake form.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on the
date of material purchase form a part of this specification to the
extent referenced herein.

2.2 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications2

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition3

3. Terminology

3.1 Definition of Term Specific to This Standard:
3.1.1 cake, n—the termcakeas used in this specification is

defined as a coalesced mass of antimony powder.

4. Ordering Information

4.1 Orders for refined antimony under this specification
shall include the following information:

4.1.1 ASTM designation and year of issue,
4.1.2 Quantity (weight),
4.1.3 Name of material (Refined Antimony),
4.1.4 Size and shape (Section 7),
4.1.5 Grade (Table 1), and
4.1.6 Certification or test report, if specified (Section 14).

5. Materials and Manufacture

5.1 Refined antimony shall be supplied in commercial
standard forms (for example, ingots, pigs, or cakes) in the
following grades:

5.1.1 Grade A
5.1.2 Grade B
5.2 The grades of refined antimony shall be produced by

any smelting and refining process from ore or recycled
materials to meet the chemical requirements of this specifica-
tion.

6. Composition

6.1 The refined antimony shall conform to the chemical
composition requirements prescribed in Table 1.

7. Sizes and Shapes

7.1 Ingots, cakes, or pigs shall weigh up to a nominal 100 lb
(45 kg).

8. Physical Appearance

8.1 The antimony shall be reasonably free from surface
corrosion or adherent foreign material.

9. Marking

9.1 A brand by which the manufacturer can be identified
shall be cast into each ingot.

10. Sampling for Chemical Analysis

10.1 Samples—Ten ingots shall constitute a representative
sample of any shipment lot up to 50 000 lb (18 700 kg) or

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.02 on Refined Lead, Tin, Antimony, and Their Alloys.

Current edition approved Nov. 10, 2001. Published January 2002. Originally
published as B 237 – 95. Last previous edition B 237 – 96.

2 Annual Book of ASTM Standards, Vol 14.02.
3 Annual Book of ASTM Standards, Vol 03.05.

TABLE 1 Chemical Composition Requirements A

Composition, weight, %

Element Grade A Grade B

UNS M00998 UNS M00995

Arsenic, max 0.05 0.10
Sulfur, max 0.10 0.10
Lead, max 0.15 0.20
Other elements (for example, iron, copper,
tin, silver, nickel) each, max

0.05 0.10

Antimony (by difference), min 99.80 99.50
AFor purposes of acceptance and rejection, the observed value or calculated

value obtained from analysis should be rounded to the nearest unit in the last
right-hand place of figures, used in expressing the specified limit, in accordance
with the rounding procedure prescribed in Practice E 29.

1
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fraction thereof. When a shipment exceeds 50 000 lb, an
additional ingot shall be added for each additional 5000 lb
(1870 kg) or fraction thereof. In the case of shipment lots of ten
ingots or less, each ingot shall be drilled once to provide a
sufficient sample for analysis.

10.2 Drilling —The ingots shall be sampled by drilling
through with a drill1⁄2 in. (2.7 mm) in diameter, in accordance
with Practice E 88. The drill shall be cleaned thoroughly before
use, and no lubricant shall be used in drilling. Each sample
ingot shall be drilled through once from top to bottom. One of
three ingots shall be drilled centrally, while the other two shall
be drilled midway between the center and a corner of the
bottom. The drillings shall be made fine, and stray large chips
or chunks created in starting a hole shall be discarded. The
drillings shall be gone over with a powerful magnet to remove
any iron introduced by sampling. The drilling shall be mixed
thoroughly.

11. Methods of Chemical Analysis

11.1 The chemical composition enumerated in Table 1 of
this specification shall, in case of disagreement, be determined
by wet chemical or spectrographic methods mutually agreed
upon between the supplier and the purchaser.

11.2 By agreement between the purchaser and the supplier,
analyses may be required and limits established for elements or
compounds not specified in Table 1.

12. Inspection

12.1 Inspection of the material shall be agreed upon be-
tween the purchaser and the supplier as part of the purchase
contract.

13. Rejection and Rehearing

13.1 Material that fails to conform to the requirements of
this specification shall be rejected. Rejection should be re-
ported to the supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the supplier may
make claim for a rehearing.

13.2 Rejection shall be considered as follows:
13.2.1 Variation of weight, quantity, or workmanship, or

13.2.2 Chemical composition.
13.2.2.1 In case of dispute, the material shall be sampled in

the presence of both parties in accordance with Section 10.
13.2.2.2 The resulting sample shall be mixed and separated

into three equal parts, each of which shall be placed in a sealed
package, one for the supplier, one for the purchaser, and one for
an umpire, if necessary. The manufacturer and the purchaser
each shall make an analysis, and if the results do not establish
or dismiss the claim to the satisfaction of both parties, the
sample shall be submitted to a mutually agreed-upon umpire.
The umpire shall determine the question of fact using an
analytical method agreed upon by both parties; the umpire’s
determination shall be final.

13.3 Where the antimony meets the requirements of these
specifications as to chemical composition, it shall not be
condemned for defects in manufacturing or for defects in the
products or alloys in which it is used.

14. Certification

14.1 When specified in the purchase order or contract, the
purchaser shall be furnished certification that samples repre-
senting each lot have been tested as directed in this specifica-
tion and the requirements have been met. When specified in the
purchase order or contract, a certified report of the test results
shall be furnished.

15. Marking and Special Requirements

15.1 A brand by which the supplier can be identified shall be
cast or marked legibly on each ingot. In addition, other
markings shall identify the material by grade and lot number.

15.2 Special markings, color code, and other quality re-
quirements not covered by this specification shall be agreed
upon between the supplier and the purchaser.

15.3 A Material Safety Data Sheet shall be supplied to the
purchaser by the producer or supplier.

16. Keywords

16.1 antimony; cake; chemical analysis; grades; ingot; pig;
sampling

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 240 – 03

Standard Specification for
Zinc and Zinc-Aluminum (ZA) Alloys in Ingot Form for
Foundry and Die Castings 1

This standard is issued under the fixed designation B 240; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification covers commercial zinc and zinc-
aluminum (ZA) alloys in ingot form for remelting for the
manufacture of pressure die castings and foundry castings as
designated and specified in Table 1. Seven alloy compositions
are specified, designated as follows:

UNSA ASTMA Common Traditional

Z33521 AG 40A Alloy 3 Zamak 3
Z33522 AG 40B Alloy 7 Zamak 7
Z35530 AC 41A Alloy 5 Zamak 5
Z35540 AC 43A Alloy 2 Zamak 2
Z35635 ZA-8
Z35630 ZA-12
Z35840 ZA-27

1.2 Zinc alloys Z33521, Z33522, Z35530, and Z35540 are
used primarily for remelting in the manufacture of pressure die
castings. Zinc-aluminum alloys Z35635, Z35630, and Z35840
are used for remelting in the manufacture of both foundry and
pressure die castings. Castings made from these ingots are
specified in Specification B 86, Standard Specification for Zinc
and Zinc-Aluminum Alloys for Foundry and Die Castings.

1.3 The values stated in inch-pound units are to be regarded
as standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on data
of order acceptance form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:

B 86 Specification for Zinc and Zinc-Aluminum (ZA) Alloy
Foundry and Die Castings2

B 275 Practice for Codification of Certain Nonferrous Met-
als and Alloys, Cast and Wrought3

B 899 Terminology Relating to Non-ferrous Metals and
Alloys2

B 908 Practice for the Use of Color Codes for Zinc Casting
Alloy Ingot2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 47 Test Methods for Chemical Analysis of Zinc Die-
Casting Alloys5

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition6

E 527 Practice for Numbering Metals and Alloys (UNS)7

E 536 Test Methods for Chemical Analysis of Zinc and Zinc
Alloys6

E 634 Practice for Sampling of Zinc and Zinc Alloys for
Optical Emission Spectrometric Analysis6

2.3 Other ASTM Document:
Methods for Emission Spectrochemical Analysis8

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 die casting, n—a casting process in which molten

metal is injected under high velocity and pressure into a metal
die and solidified, also a product produced by such a process.
Alternately known as pressure die casting.

4. Ordering Information

4.1 Orders for ingot under this specification shall include
the following information:

4.1.1 Quantity in pounds,

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.04 on Zinc and Cadmium.

Current edition approved June 10, 2003. Published August 2003. Originally
approved in 1949. Last previous edition approved in 2001 as B 240 - 01e1.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 02.02.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Withdrawn; see1997 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 03.05.
7 Annual Book of ASTM Standards, Vol 01.01.
8 Available from ASTM International Headquarters, 100 Barr Harbor Drive, PO

Box C700, West Conshohocken, PA 19428, PCN 03-502071-39.

1

*A Summary of Changes section appears at the end of this standard.
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4.1.2 Alloy (Table 1),
4.1.3 Size, if not manufacturer’s standard,
4.1.4 Specification number and date,
4.1.5 Source inspection (Section 9),
4.1.6 Marking (Section 11), and
4.1.7 Whether certification is required (Section 12).

5. Materials and Manufacturer

5.1 The material covered by this specification shall be of
uniform quality and reasonably free from dross, adhering
foreign matter, and surface oxide.

6. Chemical Requirements

6.1 The ingots shall conform to the requirements as to
chemical composition prescribed in Table 1. Conformance
shall be determined by the manufacturer by analyzing samples
taken at the time the ingots are poured or samples taken from
the ingots. Unless otherwise agreed in the contact or purchase
order, sampling procedure will be the manufacturer’s choice.

7. Sampling for Determination of Chemical Composition

7.1 In the event of a dispute, if the ingots are shipped in
carload lots of the same alloy, not less than five ingots shall be
taken at random from the carload for sampling. If the shipment
is less than a carload lot, one sample ingot shall be taken for
each 10,000 lb. (4500 kg) or fraction thereof. Either party may
request that a sample be taken from each melt of 1000 lb. (450
kg) or more.

7.2 The samples for chemical analysis shall be taken by
sawing, milling, or drilling in such a manner as to be
representative of the average cross section of the ingot. The
weight of a prepared sample shall be not less than 75 g in
accordance with Practice E 88.

7.3 The saw drill, or cutter used for taking the sample shall
be thoroughly cleaned. No lubricant shall be used in the
operation, and the sawings or metal chips shall be carefully
treated with a magnet to remove any particles or iron intro-
duced in taking the sample by the method prescribed in 7.2.

7.4 An optional method of sampling for analysis may be by
melting together representative portions of each ingot selected
and then sampling the liquid composite by casting suitable
specimens for either spectrographic or chemical analysis.

7.5 Samples for Spectrochemical and Other Methods of
Analysis—Samples for spectrochemical and other methods of
analysis shall be suitable for the form of material being
analyzed and the type of analytical method used.

8. Methods for Chemical Analysis
8.1 The determination of chemical composition shall be

made in accordance with suitable chemical (Test Methods
E 536 or E 47 for tin) or other methods. In case of dispute, the
results secured by Test Methods E 536 and Test Method E 47
for tin, or by a method agreed upon by both parties, shall be the
basis of acceptance.

8.2 For purposes of determining compliance with specified
composition limits as given in Table 1, an observed or
calculated value shall be rounded to the nearest unit in the last
right-hand place of figures shown in Table 1, in accordance
with the rounding method of Practice E 29.

9. Source Inspection
9.1 If the purchaser desires that his representative inspect or

witness the inspections and testing of the product prior to
shipment, such agreement shall be made by the purchaser and
producer or supplier as part of the contract or purchase order.

9.2 When such inspection or witness of inspection and
testing is agreed upon, the producer or supplier shall afford the

TABLE 1 Chemical and North American Color Code Requirements

Z33521 Z33522 Z35530 Z35540 Z35635 Z35630 Z35840
(AG40A)A,B,C,D (AG40B)A,B,C,D (AC41A)A,B,C,D (AC43A)A,B,C,D B,C,E B,C,E B,C,E

ALLOY 3
Zamak 3

ALLOY 7
Zamak 7

ALLOY 5
Zamak 5

ALLOY 2
Zamak 2

ZA-8 ZA-12 ZA-27

Color CodeF None Brown Black Green Blue Orange Purple

Element

Aluminum 3.9-4.3 3.9-4.3 3.9-4.3 3.9-4.3 8.2-8.8 10.8-11.5 25.5-28.0
Magnesium 0.025-0.05 0.010-0.020 0.03-0.06 0.025-0.05 0.020-0.030 0.020-0.030 0.012-0.020
Copper 0.10 max 0.10 max 0.75-1.25 2.6-2.9 0.8-1.3 0.5-1.2 2.0-2.5
Iron, Max 0.075 0.075 0.075 0.075 0.065 0.065 0.072
Lead, Max 0.004 0.0020 0.004 0.004 0.005 0.005 0.005
Cadmium, Max 0.003 0.0020 0.003 0.003 0.005 0.005 0.005
Tin, Max 0.002 0.0010 0.002 0.002 0.002 0.002 0.002
Nickel - - - 0.005-0.020 - - - - - - - - - - - - - - -
ZincG Remainder Remainder Remainder Remainder Remainder Remainder Remainder

AZinc alloy ingot for die casting may contain nickel, chromium, silicon, and manganese in amounts of up to 0.02, 0.02, 0.035 and 0.05 %, respectively. No harmful effects
have ever been noted due to the presence of these elements in up to these concentrations and, therefore, analyses are not required for these elements, except that nickel
analysis is required for Z33522.

BASTM alloy designations were established in accordance with Practice B 275. UNS assignations were established in accordance with Practice E 527. The last digit
of a UNS number differentiates between alloys of similar composition. UNS designations for ingot and casting versions of an alloy were not assigned in the same sequence
for all alloys.

CFor purposes of acceptance and rejection, the observed value or calculated value obtained from analysis should be rounded to the nearest unit in the last right-hand
place of figures, used in expressing the specified limit, in accordance with the rounding procedure prescribed in Practice E 29.

DWhen this material is required to conform to ISO Standard 301, the chemical limits for thallium and indium each shall not exceed 0.001 %.
EZinc-aluminum ingot for foundry and pressure die casting may contain nickel, chromium, and manganese in amounts of up to 0.01 % each or 0.03 % total. No harmful

effects have ever been noted due to the presence of these elements in up to these concentrations and, therefore, analyses are not required for these elements.
FRefer to Practice B 908. (Note: Colors indicated are for North American applications.)
GDetermined arithmetically by difference.
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purchaser’s representative all reasonable facilities to satisfy
him that the product meets the requirements of this specifica-
tion. Inspection and tests shall be conducted so there is no
unnecessary interference with the producer’s operations.

10. Rejection and Rehearing

10.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing. If the rehearing
establishes that the material does not conform to the require-
ments of this specification, as much of the rejected original
material as possible shall be returned to the producer or
supplier.

11. Identification Marking

11.1 All ingots shall be properly marked for identification
with the producer’s name or brand.

11.2 Each bundle or skid shall be identified with the
producer’s heat, lot, or other identification mark.

11.3 Each ingot, bundle or skid shall be marked with the
appropriate Color Code for the alloy as per North American
requirements in Practice B 908.

12. Certification
12.1 When specified in the purchase order or contract, a

producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled tested
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test result shall be
furnished.

13. Preparation for Delivery
13.1 Packaging—Unless otherwise specified, the ingot shall

be packaged to provide adequate protection during normal
handling and transportation. Each package shall contain only
one alloy unless otherwise agreed upon.

14. Keywords
14.1 casting alloys; die casting alloys; foundry alloys; ZA;

Zamak; zinc; zinc alloy ingots; zinc alloys; zinc aluminum
alloys

SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue
(B 240 - 01e1) that may impact the use of this standard.

(1) Traditional names Zamak 2, Zamak 3, Zamak 5, and Zamak
7 were added for the respective alloys.

(2) Definition of die casting was changed.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 265 – 03

Standard Specification for
Titanium and Titanium Alloy Strip, Sheet, and Plate 1

This standard is issued under the fixed designation B 265; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification2 covers annealed titanium and tita-
nium alloy strip, sheet, and plate as follows:

1.1.1 Grade 1—Unalloyed titanium,
1.1.2 Grade 2—Unalloyed titanium,
1.1.3 Grade 3—Unalloyed titanium,
1.1.4 Grade 4—Unalloyed titanium,
1.1.5 Grade 5—Titanium alloy (6 % aluminum, 4 % vana-

dium),
1.1.6 Grade 6—Titanium alloy (5 % aluminum, 2.5 % tin),
1.1.7 Grade 7—Unalloyed titanium plus 0.12 to 0.25 %

palladium,
1.1.8 Grade 9—Titanium alloy (3.0 % aluminum, 2.5 %

vanadium),
1.1.9 Grade 11—Unalloyed titanium plus 0.12 to 0.25 %

palladium,
1.1.10 Grade 12—Titanium alloy (0.3 % molybdenum,

0.8 % nickel),
1.1.11 Grade 13—Titanium alloy (0.5 % nickel, 0.05 %

ruthenium),
1.1.12 Grade 14—Titanium alloy (0.5 % nickel, 0.05 %

ruthenium),
1.1.13 Grade 15—Titanium alloy (0.5 % nickel, 0.05 %

ruthenium),
1.1.14 Grade 16—Unalloyed titanium plus 0.04 to 0.08 %

palladium,
1.1.15 Grade 17—Unalloyed titanium plus 0.04 to 0.08 %

palladium,
1.1.16 Grade 18—Titanium alloy (3 % aluminum, 2.5 %

vanadium) plus 0.04 to 0.08 % palladium.
1.1.17 Grade 19—Titanium alloy (3 % aluminum, 8 %

vanadium, 6 % chromium, 4 % zirconium, 4 % molybdenum),
1.1.18 Grade 20—Titanium alloy (3 % aluminum, 8 %

vanadium, 6 % chromium, 4 % zirconium, 4 % molybdenum)
plus 0.04 % to 0.08 % palladium,

1.1.19 Grade 21—Titanium alloy (15 % molybdenum, 3 %
aluminum, 2.7 % niobium, 0.25 % silicon),

1.1.20 Grade 23—Titanium alloy (6 % aluminum, 4 %
vanadium with extra low interstitial elements, ELI),

1.1.21 Grade 24—Titanium alloy (6 % aluminum, 4 %
vanadium) plus 0.04 % to 0.08 % palladium,

1.1.22 Grade 25—Titanium alloy (6 % aluminum, 4 %
vanadium) plus 0.3 % to 0.8 % nickel and 0.04 % to 0.08 %
palladium,

1.1.23 Grade 26—Unalloyed titanium plus 0.08 to 0.14 %
ruthenium,

1.1.24 Grade 27—Unalloyed titanium plus 0.08 to 0.14 %
ruthenium,

1.1.25 Grade 28—Titanium alloy (3 % aluminum, 2.5 %
vanadium) plus 0.08 to 0.14 % ruthenium,

1.1.26 Grade 29—Titanium alloy (6 % aluminum, 4 %
vanadium with extra low interstitial elements, ELI) plus 0.08 to
0.14 % ruthenium,

1.1.27 Grade 30—Titanium alloy (0.3 % cobalt, 0.05 %
palladium),

1.1.28 Grade 31—Titanium alloy (0.3 % cobalt, 0.05 %
palladium),

1.1.29 Grade 32—Titanium alloy (5 % aluminum, 1 % tin,
1 % zirconium, 1 % vanadium, 0.8 % molybdenum),

1.1.30 Grade 33—Titanium alloy (0.4 % nickel, 0.015 %
palladium, 0.02 5 % ruthenium, 0.15 % chromium),

1.1.31 Grade 34—Titanium alloy (0.4 % nickel, 0.015 %
palladium, 0.025 % ruthenium, 0.15 % chromium),

1.1.32 Grade 35—Titanium alloy (4.5 % aluminum, 2 %
molybdenum, 1.6 % vanadium, 0.5 % iron, 0.3 % silicon), and

1.1.33 Grade 36—Titanium alloy (45 % niobium).
1.2 The values stated in inch-pound units are to be regarded

as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:3

E 8 Test Methods for Tension Testing of Metallic Materials
1 This specification is under the jurisdiction of ASTM Committee B10 on

Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.01 on Titanium.

Current edition approved Nov. 1, 2003. Published November 2003. Originally
approved in 1952. Last previous edition approved in 2002 as B 265 – 02.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cations SB-265 in Section II of that Code.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E 120 Test Methods for Chemical Analysis of Titanium and
Titanium Alloys

E 190 Test Method for Guided Bend Test for Ductility of
Welds

E 1409 Test Method for Determination of Oxygen in Tita-
nium and Titanium Alloys by the Inert Gas Fusion Tech-
nique

E 1447 Test Method for Determination of Hydrogen in
Titanium and Titanium Alloys by the Inert Gas Fusion
Thermal Conductivity Method

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 Any product 0.187 in. (4.75 mm) and under in

thickness and less than 24 in. (610 mm) in width is classified
as strip; products 0.187 in. (4.75 mm) and under in thickness
and 24 in. (610 mm) or more in width are classified as sheet;

any product over 0.187 in. (4.75 mm) in thickness and over 10
in. (254 mm) in width is classified as plate.

4. Ordering Information

4.1 Orders for materials under this specification shall in-
clude the following information as applicable:

4.1.1 Grade number (Section 1),
4.1.2 Product limitations (Section 3),
4.1.3 Special mechanical properties (Table 1),
4.1.4 Marking (Section 16),
4.1.5 Finish (Section 8),
4.1.6 Packaging (Section 16),
4.1.7 Required reports (Section 15), and
4.1.8 Disposition of rejected material (Section 14).

5. Chemical Composition

5.1 The grades of titanium and titanium alloy metal covered
by this specification shall conform to the chemical composition
requirements prescribed in

TABLE 1 Tensile Requirements A

Grade

Tensile Strength, min Yield Strength, 0.2 % Offset
Elongation in

2 in. or 50 mm,
min, %

Bend TestB

ksi MPa
min max Under 0.070 in.

(1.8 mm) in
Thickness

0.070 to 0.187 in.
(1.8–4.75 mm) in

Thicknessksi MPa ksi MPa

1 35 240 25 170 45 310 24 3T 4T
2 50 345 40 275 65 450 20 4T 5T
3 65 450 55 380 80 550 18 4T 5T
4 80 550 70 483 95 655 15 5T 6T
5 130 895 120 828 ... ... 10C 9T 10T
6 120 828 115 793 ... ... 10C 8T 9T
7 50 345 40 275 65 450 20 4T 5T
9 90 620 70 483 ... ... 15D 5T 6T

11 35 240 25 170 45 310 24 3T 4T
12 70 483 50 345 ... ... 18 4T 5T
13 40 275 25 170 ... ... 24 3T 4T
14 60 410 40 275 ... ... 20 4T 5T
15 70 483 55 380 ... ... 18 4T 5T
16 50 345 40 275 65 450 20 4T 5T
17 35 240 25 170 45 310 24 3T 4T
18 90 620 70 483 ... ... 15D 5T 6T
19E,F 115 793 110 759 ... ... 15 6T 6T
20E,F 115 793 110 759 ... ... 15 6T 6T
21E,F 115 793 110 759 ... ... 15 6T 6T
23E,F 120 828 110 759 ... ... 10 9T 10T
24 130 895 120 828 ... ... 10 ... ...
25 130 895 120 828 ... ... 10 ... ...
26 50 345 40 275 65 450 20 4T 5T
27 35 240 25 170 45 310 24 3T 4T
28 90 620 70 483 ... ... 15 5T 6T
29 120 828 110 759 ... ... 10 9T 10T
30 50 345 40 275 65 450 20 4T 5T
31 65 450 55 380 80 550 18 4T 5T
32 100 689 85 586 ... ... 10C 7T 9T
33 50 345 40 275 65 450 20 4T 5T
34 65 450 55 380 80 550 18 4T 5T
35 130 895 120 828 ... ... 5 16T 16T
36 65 450 60 410 95 655 10 G G

AMinimum and maximum limits apply to tests taken both longitudinal and transverse to the direction of rolling. Mechanical properties for conditions other than annealed
or plate thickness over 1 in. (25 mm) may be established by agreement between the manufacturer and the purchaser.

BT equals the thickness of the bend test specimen. Bend tests are not applicable to material over 0.187 in. (4.75 mm) in thickness.
CFor Grades 5, 6 and 32 the elongation on materials under 0.025 in. (0.635 mm) in thickness may be obtained only by negotiation.
D Elongation for continuous rolled and annealed (strip product from coil) for Grade 9 and Grade 18 shall be 12 % minimum in the longitudinal direction and 8 % minimum

in the transverse direction.
EProperties for material in the solution treated condition.
FMaterial is normally purchased in the solution treated condition. Therefore, properties for aged material shall be negotiated between manufacturer and purchaser.
GAs agreed upon between purchaser and supplier.
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TABLE 2 Chemical Requirements A

Composition, %
Element

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6 Grade 7 Grade 9 Grade 11 Grade 12 Grade 13

Nitrogen, max 0.03 0.03 0.05 0.05 0.05 0.03 0.03 0.03 0.03 0.03 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Hydrogen,B,C max 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
Iron, max 0.20 0.30 0.30 0.50 0.40 0.50 0.30 0.25 0.20 0.30 0.20
Oxygen, max 0.18 0.25 0.35 0.40 0.20 0.20 0.25 0.15 0.18 0.25 0.10
Aluminum ... ... ... ... 5.5–6.75 4.0–6.0 ... 2.5–3.5 ... ... ...
Vanadium ... ... ... ... 3.5–4.5 ... ... 2.0–3.0 ... ... ...
Tin ... ... ... ... ... 2.0–3.0 ... ... ... ... ...
Ruthenium ... ... ... ... ... ... ... ... ... ... 0.04–0.06
Palladium ... ... ... ... ... ... 0.12–0.25 ... 0.12–0.25 ... ...
Cobalt ... ... ... ... ... ... ... ... ... ... ...
Molybdenum ... ... ... ... ... ... ... ... ... 0.2–0.4 ...
Chromium ... ... ... ... ... ... ... ... ... ... ...
Nickel ... ... ... ... ... ... ... ... ... 0.6–0.9 0.4–0.6
Niobium ... ... ... ... ... ... ... ... ... ... ...
Zirconium ... ... ... ... ... ... ... ... ... ... ...
Silicon ... ... ... ... ... ... ... ... ... ... ...
Residuals,D,E,F

max each
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Residuals,D,E,F

max total
0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance balance balance balance balance balance

Composition, %
Element

Grade 14 Grade 15 Grade 16 Grade 17 Grade 18 Grade 19 Grade 20 Grade 21 Grade 23 Grade 24 Grade 25

Nitrogen, max 0.03 0.05 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.05 0.05
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.05 0.05 0.05 0.08 0.08 0.08
Hydrogen,B,C max 0.015 0.015 0.015 0.015 0.015 0.02 0.02 0.015 0.0125 0.015 0.0125
Iron, max 0.30 0.30 0.30 0.20 0.25 0.30 0.30 0.40 0.25 0.40 0.40
Oxygen, max 0.15 0.25 0.25 0.18 0.15 0.12 0.12 0.17 0.13 0.20 0.20
Aluminum ... ... ... ... 2.5–3.5 3.0–4.0 3.0–4.0 2.5–3.5 5.5–6.5 5.5–6.75 5.6–6.75
Vanadium ... ... ... ... 2.0–3.0 7.5–8.5 7.5–8.5 ... 3.5–4.5 3.5–4.5 3.5–4.5
Tin ... ... ... ... ... ... ... ... ... ... ...
Ruthenium 0.04–0.06 0.04–0.06 ... ... ... ... ... ... ... ... ...
Palladium ... ... 0.04–0.08 0.04–0.08 0.04–0.08 ... 0.04–0.08 ... ... 0.04–0.08 0.04–0.08
Cobalt ... ... ... ... ... ... ... ... ... ... ...
Molybdenum ... ... ... ... ... 3.5–4.5 3.5–4.5 14.0–16.0 ... ... ...
Chromium ... ... ... ... ... 5.5–6.5 5.5–6.5 ... ... ... ...
Nickel 0.4–0.6 0.4–0.6 ... ... ... ... ... ... ... ... 0.3–0.8
Niobium ... ... ... ... ... ... ... 2.2–3.2 ... ... ...
Zirconium ... ... ... ... ... 3.5–4.5 3.5–4.5 ... ... ... ...
Silicon ... ... ... ... ... ... ... 0.15–0.25 ... ... ...
Residuals,D,E,F

max each
0.1 0.1 0.1 0.1 0.1 0.15 0.15 0.1 0.1 0.1 0.0

Residuals,D,E,F

max total
0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance balance balance balance balance balance
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TABLE 2 Continued

Element
Grade 26 Grade 27 Grade 28 Grade 29 Grade 30 Grade 31 Grade 32 Grade 33 Grade 34 Grade 35 Grade 36

Nitrogen, max 0.03 0.03 0.03 0.03 0.03 0.05 0.03 0.03 0.05 0.05 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.04
Hydrogen,B,C max 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.0035
Iron, max
or range

0.30 0.20 0.25 0.25 0.30 0.30 0.25 0.30 0.30 0.20-0.80 0.03

Oxygen, max 0.25 0.18 0.15 0.13 0.25 0.35 0.11 0.25 0.35 0.25 0.16
Aluminum ... ... 2.5-3.5 5.5-6.5 ... ... 4.5-5.5 ... ... 4.0-5.0 ...
Vanadium ... ... 2.0-3.0 3.5-4.5 ... ... 0.6-1.4 ... ... 1.1-2.1 ...
Tin ... ... ... ... ... ... 0.6-1.4 ... ... ... ...
Ruthenium 0.08-0.14 0.08-0.14 0.08-0.14 0.08-0.14 ... ... ... 0.02-0.04 0.02-0.04 ... ...
Palladium ... ... ... ... 0.04–0.08 0.04–0.08 ... 0.01-0.02 0.01-0.02 ... ...
Cobalt ... ... ... ... 0.20–0.80 0.20–0.80 ... ... ... ... ...
Molybdenum ... ... ... ... ... ... 0.6-1.2 ... ... 1.5-2.5 ...
Chromium ... ... ... ... ... ... ... 0.1-0.2 0.1-0.2 ... ...
Nickel ... ... ... ... ... ... ... 0.35-0.55 0.35-0.55 ... ...
Niobium ... ... ... ... ... ... ... ... ... ... 42.0-47.0
Zirconium ... ... ... ... ... ... 0.6-1.4 ... ... ... ...
Silicon ... ... ... ... ... ... 0.06-0.14 ... ... 0.20-0.40 ...
Residuals,D,E,F

max each
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Residuals,D,E,F

max total
0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance balance Remainder Remainder Remainder Remainder

A Analysis shall be completed for all elements listed in this table for each grade. The analysis results for the elements not quantified in the table need not be reported
unless the concentration level is greater than 0.1 % each or 0.4 % total.

B Lower hydrogen may be obtained by negotiation with the manufacturer.
C Final product analysis.
D Need not be reported.
E A residual is an element present in a metal or an alloy in small quantities and is inherent to the manufacturing process but not added intentionally. In titanium these

elements include aluminum, vanadium, tin, chromium, molybdenum, niobium, zirconium, hafnium, bismuth, ruthenium, palladium, yttrium, copper, silicon, cobalt, tantalum,
nickel, boron, manganese, and tungsten.

F The purchaser may, in his written purchase order, request analysis for specific residual elements not listed in this specification.
G The percentage of titanium is determined by difference.

5.1.1 The elements listed in Table 2 are intentional alloy
additions or elements which are inherent to the manufacture of
titanium sponge, ingot or mill product.

5.1.1.1 Elements other than those listed in Table 2 are
deemed to be capable of occurring in the grades listed in Table
2 by and only by way of unregulated or unanalyzed scrap
additions to the ingot melt. Therefore, product analysis for
elements not listed in Table 2 shall not be required unless
specified and shall be considered to be in excess of the intent
of this specification.

5.1.2 Elements intentionally added to the melt must be
identified, analyzed, and reported in the chemical analysis.

5.2 When agreed upon by producer and purchaser and
requested by the purchaser in his written purchase order,
chemical analysis shall be completed for specific residual
elements not listed in this specification.

5.3 Product Analysis— Product analysis tolerances do not
broaden the specified heat analysis requirements but cover
variations between laboratories in the measurement of chemi-
cal content. The manufacturer shall not ship material that is
outside the limits specified in Table 2 for the applicable grade.
Product analysis limits shall be as specified in Table 3.

5.4 At least two samples for chemical analysis shall be
tested to determine chemical composition. Samples shall be
taken from the ingot or the extremes of the product to be
analyzed.

6. Mechanical Properties

6.1 Material supplied under this specification shall conform
to the mechanical property requirements given in Table 1 for
the grade specified.

6.2 Tension testing specimens are to be machined and tested
in accordance with Test Methods E 8. Tensile properties shall
be determined using a strain rate of 0.003 to 0.007 in./in./min
through the specified yield strength, and then increasing the
rate so as to produce failure in approximately one additional
minute.

6.3 For sheet and strip, the bend test specimen shall stand
being bent cold through an angle of 105° without fracture in the
outside of the bent portion. The bend shall be made on a
diameter equal to that shown in Table 1 for the applicable
grade.

7. Permissible Variations in Dimensions

7.1 Dimensional tolerances on titanium and titanium alloy
material covered by this specification shall be as specified in
Tables 4-13, as applicable.

8. Finish

8.1 Titanium and titanium alloy sheet, strip, and plate shall
be free of injurious external and internal imperfections of a
nature that will interfere with the purpose for which it is
intended. Annealed material may be furnished as descaled, as
sandblasted, or as ground, or both sandblasted and ground. If
shipped as descaled, sandblasted, or ground, the manufacturer
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shall be permitted to remove minor surface imperfections by
spot grinding if such grinding does not reduce the thickness of
the material below the minimum permitted by the tolerance for
the thickness ordered.

9. Sampling for Chemical Analysis

9.1 Samples for chemical analysis shall be representative of
the material being tested. The utmost care must be used in
sampling titanium for chemical analysis because of its great
affinity for elements such as oxygen, nitrogen, and hydrogen.
Therefore, in cutting samples for analysis, the operation should
be carried out insofar as possible in a dust-free atmosphere.

Chips should be collected from clean metal and tools should be
clean and sharp. Samples for analysis should be stored in
suitable containers.

10. Methods of Chemical Analysis

10.1 The chemical analysis shall be conducted by the
standard techniques normally utilized by the manufacturer and
purchaser. In case of disagreement Test Methods E 120 shall be
used as the referee method except for carbon, oxygen, and
hydrogen which are not covered in Test Methods E 120. Test
Method E 1409 shall be used as a referee method for oxygen
and Test Method E 1447 shall be used as a referee method for
hydrogen.

11. Retests

11.1 If the results of any chemical or mechanical property
test lot are not in conformance with the requirements of this
specification, the lot may be retested at the option of the
manufacturer. The frequency of the retest will double the initial
number of tests. If the results of the retest conform to the
specification, then the retest values will become the test values
for certification. Only original conforming test results or the
conforming retest results shall be reported to the purchaser. If
the results for the retest fail to conform to the specification, the
material will be rejected in accordance with Section 14.

12. Referee Test and Analysis

12.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification, a mutually acceptable ref-
eree shall perform the tests in question. The referee’s testing
shall be used in determining conformance of the material to
this specification.

13. Rounding-Off Procedure

13.1 For purposes of determining conformance with this
specification, an observed or a calculated value shall be

TABLE 3 Permissible Variations in Product Analysis

Element
Product Analysis Limits,

max or Range, %
Permissible Variation in

Product Analysis

Aluminum 2.5 to 6.75 60.40
Carbon 0.10 +0.02
Chromium 0.1 to 0.2 60.02
Chromium 5.5 to 6.5 60.30
Cobalt 0.2 to 0.8 60.05
Hydrogen 0.02 +0.002
Iron 0.80 +0.15
Molybdenum 0.2 to 0.4 60.03
Molybdenum 0.6 to 1.2 60.15
Molybdenum 1.5 to 4.5 60.20
Molybdenum 14.0 to 16.0 60.50
Nickel 0.3 to 0.9 60.05
Niobium 2.2 to 3.2 60.15
Niobium >30 60.50
Nitrogen 0.05 +0.02
Oxygen 0.30 +0.03
Oxygen 0.31 to 0.40 60.04
Palladium 0.01 to 0.02 60.002
Palladium 0.04 to 0.08 60.005
Palladium 0.12 to 0.25 60.02
Ruthenium 0.02 to 0.04 60.005
Ruthenium 0.04 to 0.06 60.005
Ruthenium 0.08 to 0.14 60.01
Silicon 0.06 to 0.40 60.02
Tin 0.6 to 3.0 60.15
Vanadium 0.6 to 4.5 60.15
Vanadium 7.5 to 8.5 60.40
Zirconium 0.6 to 1.4 60.15
ResidualsA (each) 0.15 +0.02

AA residual is an element present in a metal or alloy in small quantities and is
inherent to the manufacturing process but not added intentionally. In titanium these
elements include aluminum, vanadium, tin, iron, chromium, molybdenum, niobium,
zirconium, hafnium, bismuth, ruthenium, palladium, yttrium, copper, silicon, cobalt,
tantalum, nickel, boron, manganese and tungsten.

TABLE 4 Permissible Variations in Thickness of Titanium Sheet

Specified Thickness, in. (mm)
Permissible Variations in Thickness,

plus and minus, in. (mm)

0.146 to 0.1875 (3.71 to 4.76), excl 0.014 (0.36)
0.131 to 0.145 (3.33 to 3.68) 0.012 (0.31)
0.115 to 0.130 (2.92 to 3.30) 0.010 (0.25)
0.099 to 0.114 (2.51 to 2.90) 0.009 (0.23)
0.084 to 0.098 (2.13 to 2.49) 0.008 (0.20)
0.073 to 0.083 (1.85 to 2.11) 0.007 (0.18)
0.059 to 0.072 (1.50 to 1.83) 0.006 (0.15)
0.041 to 0.058 (1.04 to 1.47) 0.005 (0.13)
0.027 to 0.040 (0.69 to 1.02) 0.004 (0.10)
0.017 to 0.026 (0.43 to 0.66) 0.003 (0.08)
0.008 to 0.016 (0.20 to 0.41) 0.002 (0.05)
0.006 to 0.007 (0.15 to 0.18) 0.0015 (0.04)
0.005 (0.13) 0.001 (0.03)

TABLE 5 Permissible Variations in Width and Length of
Titanium Sheet

Specified Width, in. (mm), for
Thicknesses Under 3⁄16 in.

Permissible Variations in
Width, in. (mm)

24 to 48 (610 to 1220), excl
48 (1220) and over

+1⁄16 (+1.60), −0
+1⁄8 (+3.20), −0

Specified Length, ft (m)
Permissible Variations

in Length, in. (mm)
Up to 10 (3)
Over 10 to 20 (3 to 6)

+1⁄4 (+6.35), −0
+1⁄2 (+12.7), −0

TABLE 6 Permissible Variations in Weight of Titanium Sheet

The actual weight of any one item of an ordered thickness and size in any
finish is limited in overweight by the following tolerance:

Any item of five sheets or less, or any item estimated to weigh 200 lb (91
kg) or less, may actually weigh as much as 10 % over the estimated
weight.
Any item of more than five sheets and estimated to weigh more than 200 lb
may actually weigh as much as 71⁄2 % over the estimated weight.

There is no under tolerance in weight for titanium sheets, under tolerance being
restricted by the permissible thickness variations.
Only random (or mill size) sheets may be ordered on a square foot basis, and
the number of square feet shipped may exceed the number ordered by as
much as 5 %.
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rounded off to the nearest“ unit” in the last right-hand signifi-
cant digit used in expressing the limiting value. This is in
accordance with the round-off method of Practice E 29.

14. Rejection

14.1 Material not conforming to the specification or to
authorized modifications shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the
manufacturer at the manufacturer’s expense, unless the pur-
chaser receives, within three weeks of notice of rejection, other
instructions for disposition.

15. Certification

15.1 If so requested by the purchaser, the manufacturer shall
supply at least one copy of his report certifying that the
material supplied has been inspected and tested in accordance
with the requirements of this specification and that the results
of chemical analysis and mechanical tests meet the require-
ments of this specification for the appropriate grade.

16. Marking and Packaging

16.1 Marking:

TABLE 7 Permissible Variations in Width A of Titanium Strip

Permissible Variations in Thickness, plus and minus, for Widths Given, in. (mm)

Specified Thickness, in.
(mm)

Under 1⁄2 to
3⁄16 (12.70 to

4.76), incl

1⁄2 to 6 (12.70
to 152.40),

incl

Over 6 to 9
(152.40 to

228.60), incl

Over 9 to 12
(228.60 to

304.80), incl

Over 12 to 20
(304.80 to
508.0), incl

Over 20 to 24
(508.0 to

609.6), excl

Under 3⁄16 to 0.161 (4.76
to 4.09), incl

... 0.016 (0.41) 0.020 (0.51) 0.020 (0.51) 0.031 (0.79) 0.031 (0.79)

0.160 to 0.100 (4.06 to
2.54), incl

0.010 (0.25) 0.010 (0.25) 0.016 (0.41) 0.016 (0.41) 0.020 (0.51) 0.020 (0.51)

0.099 to 0.069 (2.51 to
1.75), incl

0.008 (0.20) 0.008 (0.20) 0.010 (0.25) 0.010 (0.25) 0.016 (0.41) 0.020 (0.51)

0.068 (1.73) and under 0.005 (0.13) 0.005 (0.13) 0.005 (0.13) 0.010 (0.25) 0.016 (0.41) 0.020 (0.51)
AThese tolerances are applicable for a standard No. 3 edge.

TABLE 8 Permissible Variations in Length of Titanium Strip

Specified Length, ft (m)
Permissible Variations in

Length, in. (mm)

To 5 (1.524), incl +3⁄8 (+9.52), −0
Over 5 to 10 (1.524 to 3.048), incl +1⁄2 (+12.70), −0
Over 10 to 20 (3.048 to 6.096), incl +5⁄8 (+15.88), −0

TABLE 9 Permissible Variations in Thickness of Titanium Strip A

Specified Thickness,
in. (mm)

Permissible Variations in Thickness, plus and minus, for Widths Given, in. (mm)

Under 1 to 3⁄16

(25.4 to 4.76),
incl

Under 3 to 1
(76.2 to 25.4),

incl

3 to 6 (76.2 to
152.4), incl

Over 6 to 9
(152.4 to

228.6), incl

Over 9 to 12
(228.6 to

304.8), incl

Over 12 to 16
(304.8 to

406.4), incl

Over 16 to 20
(406.4 to

508.0), incl

Over 20 to 24
(508.0 to

609.6), incl

Under 3⁄16 to 0.161 (4.76 to 0.002 (0.05) 0.003 (0.08) 0.004 (0.10) 0.004 (0.10) 0.004 (0.10) 0.005 (0.13) 0.006 (0.16) 0.006 (0.16)
4.09), incl

0.160 to 0.100 (4.06 to 2.54), incl 0.002 (0.05) 0.002 (0.05) 0.003 (0.08) 0.004 (0.10) 0.004 (0.10) 0.004 (0.10) 0.005 (0.13) 0.005 (0.13)
0.099 to 0.069 (2.51 to 1.75), incl 0.002 (0.05) 0.002 (0.05) 0.003 (0.08) 0.003 (0.08) 0.003 (0.08) 0.004 (0.10) 0.004 (0.10) 0.004 (0.10)
0.068 to 0.050 (1.73 to 1.27), incl 0.002 (0.05) 0.002 (0.05) 0.003 (0.08) 0.003 (0.08) 0.003 (0.08) 0.003 (0.08) 0.004 (0.10) 0.004 (0.10)
0.049 to 0.040 (1.24 to 1.02), incl 0.002 (0.05) 0.002 (0.05) 0.0025 (0.06) 0.003 (0.08) 0.003 (0.08) 0.003 (0.08) 0.004 (0.10) 0.004 (0.10)
0.039 to 0.035 (0.99 to 0.89), incl 0.002 (0.05) 0.002 (0.05) 0.0025 (0.06) 0.003 (0.08) 0.003 (0.08) 0.003 (0.08) 0.003 (0.08) 0.003 (0.08)
0.034 to 0.029 (0.86 to 0.74), incl 0.0015 (0.04) 0.0015 (0.04) 0.002 (0.05) 0.0025 (0.06) 0.0025 (0.06) 0.0025 (0.06) 0.003 (0.08) 0.003 (0.08)
0.028 to 0.026 (0.71 to 0.66), incl 0.001 (0.03) 0.0015 (0.04) 0.0015 (0.04) 0.002 (0.05) 0.002 (0.05) 0.002 (0.05) 0.0025 (0.06) 0.003 (0.08)
0.025 to 0.020 (0.64 to 0.51), incl 0.001 (0.03) 0.001 (0.03) 0.0015 (0.04) 0.002 (0.05) 0.002 (0.05) 0.002 (0.05) 0.0025 (0.06) 0.0025 (0.06)
0.019 to 0.017 (0.48 to 0.43), incl 0.001 (0.03) 0.001 (0.03) 0.001 (0.03) 0.0015 (0.04) 0.0015 (0.04) 0.002 (0.05) 0.002 (0.05) 0.002 (0.05)
0.016 to 0.013 (0.41 to 0.33), incl 0.001 (0.03) 0.001 (0.03) 0.001 (0.03) 0.0015 (0.04) 0.0015 (0.04) 0.0015 (0.04) 0.002 (0.05) 0.002 (0.05)
0.02 (0.30) 0.001 (0.03) 0.001 (0.03) 0.001 (0.03) 0.001 (0.03) 0.001 (0.03) 0.0015 (0.04) 0.0015 (0.04) 0.0015 (0.04)
0.011 (0.28) 0.001 (0.03) 0.001 (0.03) 0.001 (0.03) 0.001 (0.03) 0.001 (0.03) 0.0015 (0.04) 0.0015 (0.04) 0.0015 (0.04)
0.010B (0.25) 0.001 (0.03) 0.001 (0.03) 0.001 (0.03) 0.001 (0.03) 0.001 (0.03) 0.0015 (0.04) 0.0015 (0.04)

AThickness measurements are taken 3⁄8 in. (9.5 mm) from the edge of the strip, except that on widths less than 1 in. (25.4 mm) the tolerances given are applicable for
measurements at all locations.

BFor thicknesses under 0.010 in. (0.25 mm), in widths to 16 in. (406 mm) a tolerance of 610 % of the thickness shall apply. In widths over 16 to 2315⁄16 in. (406 to 608
mm), incl, a tolerance of 615 % of the thickness shall apply.

TABLE 10 Permissible Variations in Weight of Titanium Strip

The actual shipping weight of any one item of an ordered thickness and width
in any finish may exceed estimated weight by as much as 10 %.

B 265 – 03

6



16.1.1 Identification— Unless otherwise specified, each
plate, sheet, and strip shall be marked in the respective location
indicated below, with the number of this specification, heat
number, manufacturer’s identification, and the nominal thick-
ness in inches. The characters shall be not less than3⁄8 in. (9.52
mm) in height, shall be applied using a suitable marking fluid,
and shall be capable of being removed with a hot alkaline
cleaning solution without rubbing. The markings shall have no
deleterious effect on the material or its performance. The
characters shall be sufficiently stable to withstand ordinary
handling.

16.1.2 Plate, flat sheet, and flat strip over 6 in. (152 mm) in
width shall be marked in lengthwise rows of characters

recurring at intervals not greater than 3 in. (76 mm), the rows
being spaced not more than 2 in. (51 mm) apart and alternately
staggered. Heat numbers shall occur at least 3 times across the
width of the sheet and at intervals not greater than 2 ft (0.610
m) along the length. As an option, when permitted, each plate,
sheet, or cut length strip may be marked in at least one corner
with the number of this specification, heat number, manufac-
turer’s identification, and the nominal thickness in inches or
millimetres as required.

16.1.3 Flat strip 6 in. (152 mm) and under in width shall be
marked near one end.

16.1.4 Coiled sheet and strip shall be marked near the
outside end of the coil.

TABLE 11 Permissible Variations in Width and Length A of Titanium Plate, Rectangular, Sheared

Specified Length, in. (mm) Specified Width, in. (mm)

Permissible Variations Over Specified Dimension for Thicknesses Given, in. (mm)

Under 3⁄8 (9.52) 3⁄8 to 5⁄8 (9.52 to 15.88), excl 5⁄8 (15.88) and over

Width Length Width Length Width Length

Under 120 (3048) Under 60 (1524) 3⁄8 (9.52) 1⁄2 (12.70) 7⁄16 (11.11) 5⁄8 (15.88) 1⁄2 (12.70) 3⁄4 (19.05)
60 to 84 (1524 to 2134), excl 7⁄16 (11.11) 5⁄8 (15.88) 1⁄2 (12.70) 11⁄16 (17.46) 5⁄8 (15.88) 7⁄8 (22.22)
84 to 108 (2134 to 2743), excl 1⁄2 (12.70) 3⁄4 (19.05) 5⁄8 (15.88) 7⁄8 (22.22) 3⁄4 (19.05) 1 (25.40)
108 (2743) or over 5⁄8 (15.88) 7⁄8 (22.22) 3⁄4 (19.05) 1 (25.40) 7⁄8 (22.22) 11⁄8 (28.58)

120 to 240 (3048 to 6096), excl Under 60 (1524) 3⁄8 (9.52) 3⁄4 (19.05) 1⁄2 (12.70) 7⁄8 (22.22) 5⁄8 (15.88) 1 (25.40)
60 to 84 (1524 to 2134), excl 1⁄2 (12.70) 3⁄4 (19.05) 5⁄8 (15.88) 7⁄8 (22.22) 3⁄4 (19.05) 1 (25.40)
84 to 108 (2134 to 2743), excl 9⁄16 (14.29) 7⁄8 (22.22) 11⁄16 (17.46) 15⁄16 (23.81) 13⁄16 (20.64) 11⁄8 (28.58)
108 (2743) or over 5⁄8 (15.88) 1 (25.40) 3⁄4 (19.05) 11⁄8 (28.58) 7⁄8 (22.22) 11⁄4 (31.75)

240 to 360 (6096 to 9144), excl Under 60 (1524) 3⁄8 (9.52) 1 (25.40) 1⁄2 (12.70) 11⁄8 (28.58) 5⁄8 (15.88) 11⁄4 (31.75)
60 to 84 (1524 to 2134), excl 1⁄2 (12.70) 1 (25.40) 5⁄8 (15.88) 11⁄8 (28.58) 3⁄4 (19.05) 11⁄4 (31.75)
84 to 108 (2134 to 2743), excl 9⁄16 (14.29) 1 (25.40) 11⁄16 (17.46) 11⁄8 (28.58) 7⁄8 (22.22) 13⁄8 (34.92)
108 (2743) or over 11⁄16 (17.46) 11⁄8 (28.58) 7⁄8 (22.22) 11⁄4 (31.75) 1 (25.40) 13⁄8 (34.92)

360 to 480 (9144 to 7112), excl Under 60 (1524) 7⁄16 (11.11) 11⁄8 (28.58) 1⁄2 (12.70) 11⁄4 (31.75) 5⁄8 (15.88) 11⁄2 (38.10)
60 to 84 (1524 to 2134), excl 1⁄2 (12.70) 11⁄4 (31.75) 5⁄8 (15.88) 1 3⁄8 (34.92) 3⁄4 (19.05) 11⁄2 (38.10)
84 to 108 (2134 to 2743), excl 9⁄16 (14.29) 11⁄4 (31.75) 3⁄4 (19.05) 13⁄8 (34.92) 7⁄8 (22.22) 11⁄2 (38.10)
108 (2743) or over 3⁄4 (19.05) 13⁄8 (34.92) 7⁄8 (22.22) 11⁄2 (38.10) 1 (25.40) 15⁄8 (41.28)

480 to 600 (7112 to 15 240), excl Under 60 (1524) 7⁄16 (11.11) 11⁄4 (31.75) 1⁄2 (12.70) 11⁄2 (38.10) 5⁄8 (15.88) 15⁄8 (41.28)
60 to 84 (1524 to 2134), excl 1⁄2 (12.70) 13⁄8 (34.92) 5⁄8 (15.88) 11⁄2 (38.10) 3⁄4 (19.05) 15⁄8 (41.28)
84 to 108 (2134 to 2743), excl 5⁄8 (15.88) 13⁄8 (34.92) 3⁄4 (19.05) 11⁄2 (38.10) 7⁄8 (22.22) 15⁄8 (41.28)
108 (2743) or over 3⁄4 (19.05) 11⁄2 (38.10) 7⁄8 (22.22) 15⁄8 (41.28) 1 (25.40) 13⁄4 (44.45)

600 (15 240) or over Under 60 (1524) 1⁄2 (12.70) 13⁄4 (44.45) 5⁄8 (15.88) 17⁄8 (47.62) 3⁄4 (19.05) 17⁄8 (47.62)
60 to 84 (1524 to 2134), excl 5⁄8 (15.88) 13⁄4 (44.45) 3⁄4 (19.05) 17⁄8 (47.62) 7⁄8 (22.22) 17⁄8 (47.62)
84 to 108 (2134 to 2743), excl 5⁄8 (15.88) 13⁄4 (44.45) 3⁄4 (19.05) 17⁄8 (47.62) 7⁄8 (22.22) 17⁄8 (47.62)
108 (2743) or over 7⁄8 (22.22) 13⁄4 (44.45) 1 (25.40) 2 (50.80) 11⁄8 (28.58) 21⁄4 (57.15)

A The tolerance under the specified width and length is 1⁄4 in. (6.35 mm).

TABLE 12 Permissible Variations from a Flat Surface for Titanium Plate, Annealed

NOTE 1—Variations in flatness apply to plates up to 15 ft (4.57 m) in length, or to any 15 ft of longer plates.
NOTE 2—If the longer dimension is under 36 in. (914 mm) the variation is not greater than1⁄4 in. (6.35 mm).
NOTE 3—The shorter dimension specified is considered the width and the variation in flatness across the width does not exceed the tabular amount for

that dimension.
NOTE 4—The maximum deviation from a flat surface does not customarily exceed the tabular tolerance for the longer dimension specified.

Specified Thickness, in. (mm)
48 (1219)
or Under

48, excl to 60
(1219 to

1524), excl

60 to 72
(1524 to

1829), excl

72 to 84
(1829 to

2134), excl

84 to 96
(2134 to

2438), excl

96 to 108
(2438 to

2743), excl

108 to 120
(2743 to

3048), excl

120 to 144
(3048 to

3658), excl

144 (3658)
and Over

3⁄16 to 1⁄4 (4.76 to 6.35), excl 3⁄4 (19.05) 11⁄16 (26.99) 11⁄4 (31.75) 13⁄8 (34.92) 15⁄8 (41.28) 15⁄8 (41.28) ... ... ...
1⁄4 to 3⁄8 (6.35 to 9.54), excl 11⁄16 (17.46) 3⁄4 (19.05) 15⁄16 (23.81) 11⁄8 (28.58) 13⁄8 (34.92) 17⁄16 (36.51) 19⁄16 (36.69) 17⁄8 (47.62) ...
3⁄8 to 1⁄2 (9.54 to 12.70), excl 1⁄2 (12.70) 9⁄16 (14.29) 11⁄16 (17.46) 3⁄4 (19.05) 15⁄16 (23.81) 11⁄8 (28.58) 11⁄4 (31.75) 17⁄16 (36.51) 13⁄4 (44.45)
1⁄2 to 3⁄4 (12.70 to 19.05), excl 1⁄2 (12.70) 9⁄16 (14.29) 5⁄8 (15.88) 5⁄8 (15.88) 13⁄16 (20.64) 11⁄8 (28.58) 11⁄8 (28.58) 11⁄8 (28.58) 13⁄8 (34.92)
3⁄4 to 1 (19.05 to 25.40), excl 1⁄2 (12.70) 9⁄16 (14.29) 5⁄8 (15.88) 5⁄8 (15.88) 3⁄4 (19.05) 13⁄16 (20.64) 15⁄16 (23.81) 1 (25.40) 11⁄8 (28.58)
1 to 11⁄2 (25.40 to 38.10), excl 1⁄2 (12.70) 9⁄16 (14.29) 9⁄16 (14.29) 9⁄16 (14.29) 11⁄16 (17.46) 11⁄16 (17.46) 11⁄16 (17.46) 3⁄4 (19.05) 1 (25.40)
Over 11⁄2 to 4 (38.10 to 101.6),

excl

3⁄16 (4.76) 5⁄16 (7.94) 3⁄8 (9.54) 7⁄16 (11.11) 1⁄2 (12.70) 9⁄16 (14.29) 5⁄8 (15.88) 3⁄4 (19.05) 7⁄8 (22.22)

Over 4 to 6 (101.6 to 152.4),
excl

1⁄4 (6.35) 3⁄8 (9.54) 1⁄2 (12.70) 9⁄16 (14.29) 5⁄8 (15.88) 3⁄4 (19.05) 7⁄8 (22.22) 1 (25.40) 11⁄8 (28.58)
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16.2 Packaging—Unless otherwise specified, material pur-
chased under this specification may be packaged for shipment
either by boxing, crating, single boarding, burlapping, or with
no protection in accordance with the manufacturer’s standard
practice.

17. Keywords

17.1 plate; sheet; strip; titanium; titanium alloys

SUPPLEMENTARY REQUIREMENTS

These requirements shall apply only when specified in the purchase order, in which event the
specified tests shall be made by the manufacturer before shipment of the plates.

S1. Surface Requirement Bend Tests

S1.1 The purpose of this test is to measure the cleanliness or
ductility, or both, of the metal surface.

S1.2 Two guided- or free-bend tests of sheet or plate
material limited to Grades 1, 2, and 3 shall be made. Each of
these bends will place opposite surfaces of the sheet or plate
material in tension.

S1.3 The bends are to be made in accordance with Test
Method E 190 or Method E 16, except that the welds men-
tioned in these standards are not required. The bend specimen

may be of less than full material thickness; however, the outer
surface of the specimen must be representative of the product
as supplied.

S1.4 The bend radius will be such to provide minimum
elongation of the outer fibers of the bent specimen as follows:
Grade 1—20 % equivalent to 2T bend radius at 180° bend,
Grade 2—20 % equivalent to 2T bend radius at 180° bend,
Grade 3—16 % equivalent to 21⁄2 T bend radius at 180° bend.

S1.5 Criteria for acceptance will be the absence of any
cracking or surface separations (not originating at the edge of
specimen).

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 13 Permissible Variations in Thickness for Titanium Plate

Specified Thickness, in. (mm)

Width, in. (mm)A

To 84 (2134), incl
Over 84 (2134) to 120

(3048), incl
Over 120 (3048) to 144

(3658), incl
Over 144 (3658)

Tolerances Over Specified Thickness, in. (mm)B

0.1875 (4.76) to 0.375 (9.52), excl 0.045 (1.14) 0.050 (1.27) ... ...
0.375 (9.52) to 0.750 (19.05), excl 0.055 (1.40) 0.060 (1.52) 0.075 (1.90) 0.090 (2.29)
0.750 (19.05) to 1.000 (25.40), excl 0.060 (1.52) 0.065 (1.65) 0.085 (2.16) 0.100 (2.54)
1.000 (25.40) to 2.000 (50.80), excl 0.070 (1.78) 0.075 (1.90) 0.095 (2.41) 0.115 (2.92)
2.000 (50.80) to 3.000 (76.20), excl 0.125 (3.18) 0.150 (3.81) 0.175 (4.44) 0.200 (5.08)
3.000 (76.20) to 4.000 (101.6), excl 0.175 (4.44) 0.210 (5.33) 0.245 (6.22) 0.280 (7.11)
4.000 (101.6) to 6.000 (152.4), excl 0.250 (6.35) 0.300 (7.62) 0.350 (8.89) 0.400 (10.16)
6.000 (152.4) to 8.000 (203.2), excl 0.350 (8.89) 0.420 (10.67) 0.490 (12.45) 0.560 (14.22)
8.000 (203.2) to 10.000 (254.0), incl 0.450 (11.43) 0.540 (13.72) 0.630 (16.00) ...

AThickness is measured along the longitudinal edges of the plate at least 3⁄8 in. (9.52 mm), but not more than 3 in. (76.20 mm), from the edge.
BFor circles, the over thickness tolerances in this table apply to the diameter of the circle corresponding to the width ranges shown. For plates of irregular shape, the

over thickness tolerances apply to the greatest width corresponding to the width ranges shown. For plates up to 10 in. (254.0 mm) incl. in thickness, the tolerance under
the specified thickness is 0.010 in. (0.25 mm).
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Designation: B 267 – 90 (Reapproved 2001)

Standard Specification for
Wire for Use In Wire-Wound Resistors 1

This standard is issued under the fixed designation B 267; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers round wire and ribbon with
controlled electrical properties for use in wire-wound resis-
tance units and similar applications, but not for use as electrical
heating elements.

2. Referenced Documents

2.1 ASTM Standards:
B 63 Test Method for Resistivity of Metallically Conduct-

ing Resistance and Contact Materials2

B 77 Test Method for Thermoelectric Power of Electrical-
Resistance Alloys2

B 84 Test Method for Temperature-Resistance Constants of
Alloy Wires for Precision Resistors2

3. Significance and Use

3.1 This specification on wire and ribbon contains the
generic chemistry and requirements for resistivity, temperature
coefficient of resistance, thermal emf versus copper resistance
tolerances, and mechanical properties of bare wire, as well as
the wire enamels and insulations of alloys normally used in the
manufacture of wound resistors.

4. Alloy Classes

4.1 Fifteen classes of alloys are covered by this specification
as listed in Table 1.

5. Elongation

5.1 The wire shall conform to the requirements for elonga-
tion as prescribed in Table 1, when tested on a 10-in. (254-mm)
length.

6. Resistivity

6.1 The bare wire shall conform to the requirements for
nominal resistivity as prescribed in Table 1.

6.2 Actual resistivity shall not vary from nominal resistivity
by more than65 % for Alloy Classes 1 to 4 inclusive, and
610 % for Alloy Classes 5 to 11 inclusive.

7. Nominal Electrical Resistance per Unit Length

7.1 The nominal resistance per unit length for round wire
shall be calculated from the nominal resistivity and the nominal
cross-sectional area.

NOTE 1—When ribbon or flat wire is produced by rolling from round
wire, the cross section departs from that of a true rectangle by an amount
depending on the width-to-thickness ratio and the specific manufacturing
practice. The conventional formula for computing ohms per foot and feet
per pound is to consider the cross section as 17 % less than a true rectangle
when width is more than 15 times the thickness and 6 % less than a true
rectangle in other cases. This is not valid in view of modern rolling
equipment and practices, but still is widely used as a basis of description.
Ribbon actually is made to a specified resistance per foot, and no tolerance
is specified for thickness. An alternative and a closer approximation would
be that for ribbon rolled round wire, the electrical resistance would be
calculated on a cross 6 % less than a true rectangle.

8. Temperature Coefficient of Resistance

8.1 The change in resistance with change in temperature,
expressed as the mean temperature coefficient of resistance
based on the reference temperature of 25°C, shall be within the
limits specified in Table 1, Columns 4 and 6, over the
corresponding temperature ranges specified in Columns 5 and
7. The mean temperature coefficient of resistance referred to
25°C is defined as the slope of a chord of an arc. This slope is
determined from the following equation:

a m 5 ~DR/R25DT! 3 10 6

where:
am = mean temperature coefficient of resistance, ppm/

°C, Table 1, Columns 4 and 6,
DR = change in resistance over temperature range indi-

cated in Table 1, Columns 5 and 7,
R25 = resistance at 25°C,
DT = temperature range indicated in Table 1, Columns 5

and 7.
8.2 For Alloy Classes 1, 2, and 5, the temperature coefficient

as specified in Table 1 of any 10-ft (3-m) length shall not vary
more than 3 ppm/°C from that of any other 10-ft length on the
same spool or coil.

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.10 on Thermostat Metals.

Current edition approved May 25, 1990. Published July 1990. Originally
published as B 267 – 52 T. Last previous edition B 267 – 83.

2 Annual Book of ASTM Standards, Vol 03.04.

1
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9. Thermal EMF with Respect to Copper

9.1 The thermal electromotive force (emf) with respect to
copper shall fall within the limits shown in Table 1, in the
corresponding temperature ranges.

10. Permissible Variations in Electrical Resistance

10.1 The actual resistance per unit length of any wire
furnished under these specifications shall not vary from the
nominal resistance by more than the following amounts:

Form Permissible
Variation, 6%

Over 0.005 in. (0.127 mm) in diameter 5
0.002 to 0.005 in. (0.051 to 0.127 mm) in diameter, incl 8
Under 0.002 in (0.051 mm) in diameter 10
Ribbon 5

10.2 For Alloy Classes 1 to 4 inclusive, the actual resistance
of any 1-ft length of wire in one spool or coil shall not vary by
more than 3 % from the actual resistance of any other 1 ft of
wire in the same spool or coil.

10.3 For Alloy Classes 5 to 11 inclusive, the actual resis-
tance of any 1-ft length of wire in one spool or coil shall not
vary by more than 5 % from the actual resistance of any other
1 ft of wire in the same spool or coil.

11. Permissible Variations in Dimensions

11.1 Permissible variations in dimensions of bare wire are
not specified, since these materials are used for resistance
purposes, in which the resistivity and the electrical resistance

per unit length, rather than the dimensions, are of prime
importance. The electrical resistance per unit length can be
determined more accurately than the dimensions of very small
wire.

12. Finish

12.1 The wire shall be as uniform and free from kinks, curls,
and surface defects such as seams, laminations, scale, and other
irregularities as the best commercial practice will permit.

13. Enamel Coatings

13.1 Enamel coatings shall include any baked-on film of
insulating material, such as varnish enamel, polyurethane,
vinyl acetal, etc. and shall conform to the requirements
prescribed in 13.2 to 13.7.

13.2 The physical dimensions of the enamel film shall
conform to the requirements specified in Table 2.

13.3 The continuity of dielectric strength of medium or
heavy enamel shall show a maximum of 10 breaks/100 ft when
tested with a potential of 150 V applied between a single
mercury cup and the bared end of the wire. In the dielectric
strength test, 100 ft of the wire shall be drawn through the
mercury or equivalent at a speed that will permit the recording
of 600 counts/min. The test circuit shall have a recording
sensitivity of 300 000V 6 20 % with 150 V across the coating.
The tension on the wire shall not exceed one half of its yield
strength. On agreement between the manufacturer and the

TABLE 1 Classes of Alloys and Requirements

Alloy
Class A

Alloy Composition,
approximate, %

Resistivity,
V·cmil/ft
(µV·m)

Mean Temperature Coefficient of Resistance, am ppm for
° C Over Temperature Range,D T

Maximum Thermal emf
versus Copper, mV/°C B Elongation in 10 in., min, %

DT am DT mV/°C
Temperature
Range, DT C

Over
0.002
in. D in

Diameter

0.002 to
0.001
in. D in

Diameter

0.0009
in. D in

Diameter
and Finer

1 2 3 4 5 6 7 8 9 10 11 12

1a nickel base, nonmagnetic 800 (1.330) 0, 620 + 25 to − 55 0, 620 + 25 to + 105 + 0.003 −65 to + 250 10 5 3
1b nickel base, nonmagnetic 800 (1.330) 0, 610 + 25 to − 55 0, 610 + 25 to + 105 + 0.003 −65 to + 150 10 5 3
1c nickel base, nonmagnetic 800 (1.330) 0, 65 + 25 to − 55 0, 65 + 25 to + 105 + 0.003 −65 to + 150 10 5 3
2a iron base, magnetic 800 (1.330) 0, 620 + 25 to − 55 0,6 20 + 25 to + 105 −0.004 −65 to + 200 10 5 3
2b iron base, magnetic 800 (1.330) 0, 610 + 25 to − 55 0, 610 + 25 to + 105 −0.004 −65 to + 150 10 5 3
3a 80 nickel, 20 chromium 650 (1.081) + 80, 620 + 25 to − 55 + 80, 620 + 25 to + 105 + 0.006 −65 to + 250 15 5 3
3b 80 nickel, 20 chromium,

stabilized
675 (1.122) + 60,6 20 + 25 to − 55 + 60, 620 + 25 to + 105 + 0.006 −65 to + 250 15 5 3

4 60 nickel, 16 chromium,
balance iron

675 (1.122) + 140, 630 + 25 to − 55 + 140, 630 + 25 to + 105 + 0.002 −65 to + 200 15 5 3

5a 55 copper, 45 nickel 300 (0.499) 0, 620 + 25 to − 55 0, 620 + 25 to + 105 −0.045 −65 to + 150 15 5 3
5b 55 copper, 45 nickel 300 (0.499) 0, 640 + 25 to − 55 0, 640 + 25 to + 105 −0.045 −65 to + 150 15 5 3
6 manganin type 290 (0.482) 0, 615 E E 0, 615 E E −0.003 + 15 to + 35 15 5 3
7 77 copper, 23 nickel 180 (0.299) + 180, 630 + 25 to − 55 + 180,6 30 + 25 to + 105 −0.037 −65 to + 150 15 5 3
8 70 nickel, 30 iron 125 (0.199) + 3600, 6400 + 25 to − 50 + 4300, 6400 + 25 to + 104 −0.040 −50 to + 100 15 5 3
9 90 copper, 10 nickel 90 (0.150) + 450, 650 + 25 to − 55 + 450, 650 + 25 to + 105 −0.026 −65 to + 150 15 5 3

10 94 copper, 6 nickel 60 (0.100) + 700, 6200 + 25 to − 55 + 700,6 200 + 25 to + 105 −0.022 −65 to + 150 15 5 3
11 98 copper, 2 nickel 30 (0.050) + 1400, 6300 + 25 to − 55 + 1400, 6300 + 25 to + 105 0.014 −65 to + 150 15 5 3

A Alloy Classes 1a to 8 inclusive are designed to provide controlled temperature coefficients. Values shown for other classes are for information only. All values are based
on a reference temperature of 25°C.

B Alloy Classes 1a, 1b, 1c, 2a, 2b, 3a, 4, and 6 are designed to give a low emf versus copper. Values shown for other classes are for information only. Maximum indicates
the maximum deviation from zero and the plus or minus sign the polarity of the couple.

C The maximum temperature values listed apply to the alloy wire only. Caution should be exercised pending knowledge of the maximum temperature of use for the
coating material involved.

D If metric sizes are desired, 1 in. = 25.4 mm.
E Alloy Class 6 (manganin type for resistors), has a temperature-resistance curve of parabolic shape with the maximum resistance normally located between 25 and

30°C. Thus, Columns 5 and 7 cannot indicate 25°C as a limit but a m may be expressed as a maximum of + 15 ppm for 15°C to the temperature of maximum resistance
and a maximum of − 15 ppm from the temperature of maximum resistance to 35°C. All of the information included in this note is based on measurements made in
accordance with Test Method B 84.
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purchaser, water or other electrolytes may be substituted for
mercury with appropriate voltages applied for the electrolyte
being used.

13.4 The coating shall have excellent adherence to the wire
on which it is applied, allowing elongation until the wire
breaks without rupture of the coating or loosening of its bond.
The surface of the coating shall be smooth and uniform. The
enamel shall not be underbaked so that one turn adheres to the
next on a spool.

13.5 The recommended maximum temperature of use of
wire coated with various materials shall be approximately as
listed in Table 3.

13.6 The nominal temperatures specified in 13.5 do not
restrict the use of materials at other temperatures when
combined with insulation systems and proven by system test
procedures.

13.7 Enameled wire shall withstand the following solubility
test: Immerse a sample of the enameled wire in neutral mineral

transformer oil for 48 h at 100°C, after which the enamel shall
not be sufficiently softened so that it can be rubbed off with
cheese cloth. The rubbing action shall be sufficiently slow so
that the coating is not heated by friction. The test shall be made
2 to 10 min after removal of the wire from the oil, lightly
wiping off the excess oil.

14. Insulated Coverings

14.1 Insulated coverings on wire shall include any wrapped
textile covering such as cotton, silk, nylon, glass, etc. It shall
include both single and double coverings. The second covering
shall be wrapped in the opposite direction from the first.

14.2 The insulating covering shall be wrapped firmly,
closely, evenly, and continuously around the wire. It shall be
free from voids or bare spots and have a minimum of back
twist. The covering shall be sufficiently closely wrapped so
that, when the wire is bent around a mandrel having a diameter
ten times the overall diameter of the covered wire, using only
enough tension to give an even compact layer, the wrappings
will not open enough to make the wire underneath visible to the
unaided eye.

14.3 The nominal outside diameters (over insulation) shall
be as shown in Table 4.

14.4 The recommended maximum temperatures of use of
wire covered with various materials are shown in Table 5.

15. Test Methods

15.1 Resistivity—Test Method B 63.
15.2 Temperature Coeffıcient of Resistance—The change in

resistance with change in temperature shall be measured in
accordance with Test Method B 84.

TABLE 2 Dimensions of Enamel Coated Wire A

Nominal Bare Wire Size Light Coated Wire Medium Coated Wire Heavy Coated Wire

B&S Gage No. Diameter, in.
Outside Diameter,

min, in.
Outside Diameter,

max, in.
Outside Diameter,

min, in.
Outside Diameter,

max, in.
Outside Diameter,

min, in.
Outside Diameter,

max, in.

28 0.0126 0.0130 0.0134 0.0134 0.0139 0.0139 0.0144
29 0.0113 0.0116 0.0120 0.0120 0.0125 0.0125 0.0130
30 0.010 0.0103 0.0107 0.0107 0.0112 0.0112 0.0116
31 0.0089 0.0092 0.0096 0.0096 0.0100 0.0100 0.0103
32 0.008 0.0083 0.0086 0.0086 0.0090 0.0090 0.0093
33 0.0071 0.0073 0.0076 0.0076 0.0080 0.0080 0.0083
34 0.0063 0.0064 0.0067 0.0067 0.0071 0.0071 0.0074
35 0.0056 0.0057 0.0060 0.0060 0.0064 0.0064 0.0067
36 0.005 0.0051 0.0054 0.0054 0.0057 0.0057 0.0060
37 0.0045 0.0046 0.0049 0.0049 0.0052 0.0052 0.0055
38 0.004 0.0041 0.0043 0.0043 0.0046 0.0046 0.0049
39 0.0035 0.0036 0.0038 0.0038 0.0041 0.0041 0.0043
40 0.0031 0.0032 0.0034 0.0034 0.0037 0.0037 0.0039

0.00275 0.0029 0.0031 0.0031 0.0033 0.0033 0.0035
0.0025 0.0026 0.0028 0.0028 0.0030 0.0030 0.0032

0.00225 0.00235 0.0025 0.0025 0.0027 0.0027 0.0029
0.002 0.0021 0.0022 0.0022 0.0024 0.0024 0.0026

0.00175 ... 0.0019 0.0019 0.0021 0.0021 0.0023
0.0015 ... 0.0016 0.0016 0.0018 0.0018 0.0020
0.0014 ... 0.0015 0.0015 0.0017 0.0017 0.0019
0.0013 ... 0.0014 0.0014 0.0016 0.0016 0.0018
0.0012 ... 0.0013 0.0013 0.0015 0.0015 0.0017
0.0011 ... 0.0012 0.0012 0.0014 0.0014 0.0016
0.001 ... 0.0011 0.0011 0.0013 0.0013 0.0015
0.0009 ... 0.0010 0.0010 0.0012 0.0012 0.0014
0.0008 ... 0.0009 0.0009 0.0010 0.0010 0.0012
0.0007 ... 0.0008 0.0008 0.0009 0.0009 0.0010
0.0006 ... 0.0007 0.0007 0.0008 0.0008 0.0009
0.0005 ... 0.0006 0.0006 0.0007 0.0007 0.0008

A To convert from inches to millimetres multiply by 25.4.

TABLE 3 Recommended Maximum Temperatures

Coating Temperature, max,° C

Poly(vinyl formal)-phenolic 105
Poly(vinyl formal)-urethane 105
Polyurethane 105
Nylon 105
Epoxy 105
Terephthalate-polyester 130
Polyurethane-polyester 155
Modified silicones 155
Tetrafluorethylene 180
Polyester-imide 180
Polyimide 220
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15.3 Thermal EMF—The thermal emf with respect to cop-
per shall be determined in accordance with Test Method B 77.

16. Packaging

16.1 Bare, enameled, and insulated wire shall be supplied
on spools and in quantities in accordance with Table 6. Ten
percent of any order may be 75 % of the spool weight. Wire
larger in diameter than sizes listed in Table 6 may be supplied
on spools (Table 7) or in coils depending on agreement

between the manufacturer and the purchaser. All alloys covered
by these specifications are not available in all of the indicated
sizes.

16.2 There shall be no splices or welds in coils or spools of
wire.

16.3 All wire finer than 0.0035 in. (0.0889 mm) in diameter
shall be shipped with each spool in an individual carton.

17. Marking
17.1 Coils or spools shall be tagged or marked to show the

size, alloy class, resistance per foot, coating or insulation if
any, and date.

17.2 The mean temperature coefficient of resistance from 25
to 150°C and 25 to − 65°C shall be marked on the labels for
Alloy Classes 1 and 2.

17.3 The alloy classes shall be identified with a tag or label
of a specified color as follows:

Alloy Class Color
1 purple
3 yellow
4 red
5 pink
6 ivory

18. Keywords
18.1 precision resistors; resistivity; resistor alloys; resistors;

wire wound

TABLE 4 Nominal Outside Diameters of Insulated Coverings A

Nominal
Bare Wire
Diameter,
in. (mm)

Nominal
Diameter
Over Sin-
gle Silk or

Single Nylon,
in. (mm)

Nominal
Diameter

Over
Double
Silk or
Double
Nylon

in. (mm)

Nominal
Diameter
Over Sin-
gle Cotton
or Single

Glass,
in. (mm)

Nominal
Diameter

Over
Double

Cotton or
Double
Glass,

in. (mm)

0.0253 0.027 0.0288 0.0300 0.0338
0.0226 0.024 0.0261 0.0273 0.0311
0.0201 0.022 0.0236 0.0248 0.0286
0.0179 0.0197 0.0214 0.0224 0.0264
0.0159 0.0177 0.0194 0.0204 0.0244
0.0142 0.0160 0.0177 0.0187 0.0227
0.0126 0.0144 0.0161 0.0171 0.0211
0.0113 0.0131 0.0148 0.0158 0.0198
0.010 0.0118 0.0135 0.0145 0.0185
0.0089 0.0107 0.0124 0.0134 0.0174
0.008 0.0098 0.0115 0.0125 0.0165
0.0071 0.0089 0.0106 0.0116 0.0156
0.0063 0.0081 0.0098 0.0108 0.0148
0.0056 0.0074 0.0091 0.0101 0.0141
0.005 0.0068 0.0085 0.0090 0.0130
0.0045 0.0063 0.008 0.0085 0.0125
0.004 0.0058 0.0075 0.0080 0.0120
0.0035 0.0053 0.007 0.0075 0.0115
0.0031 0.0049 0.0066 0.0071 0.0111
0.00275 0.0043 0.0058 ... ...
0.0025 0.0041 0.0055 ... ...
0.00225 0.0038 0.0053 ... ...
0.002 0.0036 0.005 ... ...
0.00175 0.0033 0.0048 ... ...
0.0015 0.003 0.0045 ... ...
0.0014 0.003 0.0044 ... ...
0.0013 0.0029 0.0043 ... ...
0.0012 0.0028 0.0042 ... ...
0.0011 0.0027 0.0041 ... ...
0.001 0.0026 0.0040 ... ...

A To convert from inches to millimetres multiply by 25.4.

TABLE 5 Recommended Maximum Temperatures of Use for
Covered Wire

Material Temperature of Use, max, °C

Uncoated Varnish Coated

Silk 90 105
Nylon 90 105
Cotton 90 105
Glass 400 A 220

(polyimide)
A The purchaser should investigate the stability of the wire alloy under the

temperature condition indicated.

TABLE 6 Quantities of Wire and Capacities of Spools

Diameter of Wire, in. (mm) A Weight per Spool,
min, lb (kg) B

Capacity of Spool,
lb (kg) B

0.0005 0.004 1
0.0006 0.01 1
0.0007 0.015 1
0.0008 0.025 1
0.0009 0.035 1
0.001 0.04 1
0.0011 0.05 1
0.0012 0.06 1
0.0013 0.07 1
0.0014 0.08 1
0.0015 0.09 1
0.00175 to 0.00225 0.10 1
0.0025 to 0.0031 0.15 1
0.0035 to 0.0056 0.25 1
0.0063 to 0.010 0.50 2
0.0113 to 0.0226 2.50 5

A To convert from inches to millimetres multiply by 25.4.
B To convert from pounds to kilograms multiply by 0.453.

TABLE 7 Types and Sizes of Spools

Capacity of
Spool, lb (kg) A

Spool Dimensions, in. (mm) B

Diameter of
Flange

Tra-
verse

Diameter of Hole
Diameter of

Barrel

1 21⁄2 3 0.635 11⁄4to 13⁄4
2 3 3 0.635 11⁄2 to 2
5 4 to 41⁄2 3 0.635 11⁄2to 3

A To convert from pounds to kilograms multiply by 0.453.
B To convert from inches to millimetres multiply by 25.4.
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Designation: B 277 – 95 (Reapproved 2001)

Standard Test Method for
Hardness of Electrical Contact Materials 1

This standard is issued under the fixed designation B 277; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of the hard-
ness of metallic materials used for electrical contacts. Rock-
well, Rockwell superficial, Brinell, and microhardness tests are
included, along with information on the limitations and use of
these tests.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The SI units in parentheses are for information
only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 10 Test Method for Brinell Hardness of Metallic Materi-

als2

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials2

E 384 Test Method for Microhardness of Materials2

3. Significance and Use

3.1 The Rockwell hardness and Rockwell superficial tests
are useful when the test specimens are sufficiently thick (in
relation to the indentor load) to ensure that the results are not
affected by the flow of metal on the surface of the anvil. On a
solid piece the flow of metal on the under surface may be
detected by a bulge or marking. On composite pieces where the
contact materials are attached to backings of a different
material, the thickness limitations imposed for a solid piece
shall apply to the contact material portion of such composite
pieces.

NOTE 1—As a matter of information, it may be stated that tests on fine

silver showed that on annealed samples having a Rockwell 15T hardness
of 27, the readings were not affected on thicknesses1⁄16 in. (1.6 mm) or
over. On thicknesses of1⁄32 in. (0.8 mm) Rockwell 15T scale readings of
72 and higher were not affected.

3.2 The microhardness test is of questionable significance
when the metallic phases in a material are so large that the
indentation does not represent an accurate average hardness.
Sintered contact materials usually contain segregates differing
greatly in hardness from the matrix hardness and may destroy
the validity of microhardness readings.

3.3 Other aspects of significance and use shall be as
described in the particular ASTM test method used, as listed in
Section 2.

4. Sampling

4.1 Prepare test samples in accordance with the method
selected from those listed in Section 2 and, where applicable,
supplemented with the requirements in 5.3.

5. Procedure

5.1 Determine the hardness in accordance with one of the
following:

5.1.1 Test Methods E 18 subject to the additional require-
ments and precautions in 3.1, 5.2, and 5.3.

5.1.2 Test Method E 384 subject to the additional require-
ments and precautions in 3.2 and 5.4.

5.1.3 Test Method E 10.
5.2 When employing the Rockwell superficial hardness test

(Test Methods E 18) the specimen hardness shall be within the
range of the selected scale, as shown in Table 1.

5.3 When using the Rockwell or Rockwell superficial hard-
ness tests on contacts which are in rivet form, the shanks of
such rivets may have insufficient cross-sectional area to sup-
port the test pressure. In such cases the shank shall be removed
to form a flat surface for placement against the anvil. The
welding projection on contacts designed for assembly by
projection welding shall also be removed. Some rivet contacts
are too small for the use of Rockwell superficial hardness
testing, in which case the microhardness tests may be used.

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals.

Current edition approved Aug. 15, 1995. Published October 1995. Originally
published as B 277 – 52 T. Last previous edition B 277 – 89.

2 Annual Book of ASTM Standards, Vol 03.01.
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5.4 When employing the microhardness test (Test Method
E 384) the minimum indentor load shall be 100 gf, except for
specimens that have a thickness or diameter less than 0.005 in.
(0.13 mm) in which case a 25 or 50 gf load shall be used.

5.4.1 When microhardness tests (Test Method E 384) are
employed at 100 gf or less load, make a minimum of five
indentations. Obtain the reported microhardness value by
averaging these indentations.

6. Reports

6.1 In addition to the requirements of the applicable hard-
ness method used, the report shall include the following:

6.1.1 When it is necessary to make measurements on thin
sections of material where results will be affected, this fact
shall be stated in reporting the results, stating the thickness of
the material tested.

6.1.2 When tests are made on surfaces having a spherical or
cylindrical curvature, the radius of curvature shall be given in
the report.

7. Precision and Bias

The precision and bias of this test method are as stated in the
particular ASTM Test Method used (see 2.1 and Note 1).

NOTE 2—Interlaboratory Knoop hardness tests at 100 gf on noble alloys
in the range of approximately 170 to 230 HK indicate that measured
diagonal lengths have a standard deviation of approximately 1.4 µm that
corresponds to 5.3 to 7.5 Knoop numbers respectively.

8. Keywords

8.1 contacts; electrical contact materials; hardness;
microhardness

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Permissible Hardness Ranges

Scale Permitted Range

15T 20–90
30T 20–90
45T 10–90
15N 70–100
30N 40–100
45N 20–100
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Designation: B 299 – 01

Standard Specification for
Titanium Sponge 1

This standard is issued under the fixed designation B 299; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers virgin titanium metal melting
stock. This virgin metal is commonly designated as sponge
titanium because it is most commonly porous and spongelike in
texture, although metal produced electrolytically is granular
and is essentially nonporous.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:
E 10 Test Method for Brinell Hardness of Metallic Materi-

als2

E 120 Test Methods for Chemical Analysis of Titanium and
Titanium Alloys3

3. Terminology

3.1 Lot Definitions:
3.1.1 castings—a lot shall consist of all castings produced

from the same pour.
3.1.2 ingot—no definition required.
3.1.3 rounds, flats, tubes, and wrought powder metallurgical

products (single definition, common to nuclear and non-
nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same
ingot or powder blend by the same reduction schedule and the
same heat treatment parameters. Unless otherwise agreed
between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace load for final batch anneal.

3.1.4 sponge—a lot shall consist of a single blend produced
at one time.

3.1.5 weld fittings—definitions is to be mutually agreed
upon between manufacturer and the purchaser.

4. Materials and Manufacture

4.1 Sponge titanium is usually prepared by reduction of
titanium tetrachloride and gets its spongelike character from
the processes involved in production. This spongy character-
istic, however, is not considered essential and may be expected
to vary greatly with manufacturing methods. For example,
virgin titanium produced electrolytically is crystalline or
granular in character and is essentially nonporous. The metal is
usually supplied in lump or granular form. This specification,
however, is not limited to metal prepared by reduction of the
tetrachloride.

4.2 Only virgin titanium, free of scrap and intentionally
added contaminants, shall be supplied under this specification.
It shall be supplied in uniform, well-mixed blends, each of
which shall be clearly designated.

5. Chemical Composition

5.1 The titanium metal supplied under this specification
shall conform to the chemical composition requirements pre-
scribed in Table 1.

6. Hardness

6.1 The Brinell Hardness of a lot shall be the average of the
hardness determinations on each button prepared as described
in Section 5. The average hardness of each button for the lot
shall not exceed the values specified in Table 1. Measurement
shall be in accordance with Test Method E 10, using a 0.394 in.
(10-mm) ball, 3307-lbf (1500-kgf) load, and 30-s dwell.

7. Sampling

7.1 The sampling method used shall be a matter of agree-
ment between the manufacturer and the purchaser. The follow-
ing are acceptable industrial practices:

7.1.1 The blend shall be sampled as required in 7.1.2 and
7.1.3 unless otherwise agreed upon between the manufacturer
and the purchaser.

7.1.2 The sample for determining the conformance of the lot
to the chemical and physical requirements shall be obtained by
sampling the lot to produce a 0.25 % sample but not less than
30 lb (14 kg) providing the lot is crushed to a particle size of
1 in. (25.4 mm) or less in size. The blended evaluation sample

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloysand is the direct responsibility of
Subcommittee B10.01on Titanium.

Current edition approved Nov. 10, 2001. Published January 2002. Originally
published as B 299 - 55 T. Last previous edition B 299 - 99.

2 Annual Book of ASTM Standards,Vol 03.01.
3 Annual Book of ASTM Standards,Vol 03.05.
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shall be split to produce two or more samples 0.1 lb (45 g) or
more each, to be melted into buttons, and one sample of at least
0.5 lb (227 g).

7.1.3 The buttons shall be melted in a furnace under an
inert-gas atmosphere. The resulting 0.1-lb (45-g) buttons shall
be checked for Brinell hardness and samples shall be taken
from each button for the required chemical analysis. The 0.5-lb
(227-g) sample shall be used for the metal, chlorine, hydrogen,
and moisture analysis.

8. Retests

8.1 If the results of any test lot are not in conformance with
the requirements of this specification, the lot may be retested at
the option of the manufacturer. The frequency of the retest will
double the initial number of tests. If the results of the retest
conform to this specification, then the retest values will
become the test values for certification. If the results of the
retest fail to conform to this specification, the material will be
rejected in accordance with Section 9. All test values, original
and retest, shall be reported to the purchaser.

9. Report of Analysis

9.1 The manufacturer shall supply at least one copy of the
report showing the results of chemical analysis and hardness
tests on the material supplied.

10. Methods of Chemical Analysis

10.1 The methods of analysis shall be in accordance with
Test Methods E 120 or as agreed upon between the manufac-
turer and the purchaser. Moisture content shall be determined
by any current acceptable industrial practice.

11. Rejection

11.1 Material not conforming to this specification or to
authorized modifications shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the
manufacturer at the manufacturer’s expense, unless the pur-
chaser receives, within 3 weeks of the notice of rejection, other
instructions for disposition.

12. Referee Test and Analysis

12.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification, a mutually acceptable ref-
eree shall perform the tests in question. The referee’s testing
shall be used in determining conformance of the material to
this specification.

13. Packaging and Package Marking

13.1 The method of packaging shall be agreed upon be-
tween the manufacturer and the purchaser. The size and nature
of the containers used are generally determined by the time and
length of storage and the amount of handling involved. Where
a fire hazard or sponge deterioration during prolonged storage
are primary considerations, titanium sponge should be packed
in air-tight, moisture-proof, sealed metal cans or drums of a
type suitable for shipment at the lowest rate by common
carrier. Tightly sealed fiber drums are considered adequate
where handling is at a minimum and usage is rather prompt.

14. Keywords

14.1 titanium; titanium sponge

TABLE 1 Chemical Requirements

Element
Weight by % (Dry Basis)

GPA ELB SLC MLD MDE

Nitrogen, max 0.02 0.008 0.015 0.015 0.015
Carbon, max 0.03 0.02 0.02 0.02 0.02
Sodium, max F 0.10 0.19 ... ...
Magnesium, max F 0.08 ... 0.50 0.08
Aluminum, max 0.05 0.03 0.05 0.05 ...
Chloride, max 0.20 0.10 0.20 0.20 0.12
Iron, max 0.15 0.05 0.05 0.15 0.12
Silicon, max 0.04 0.04 0.04 0.04 0.04
Hydrogen, max 0.03 0.02 0.05 0.03 0.010
Water, max 0.02 0.02 0.02 0.02 0.02
Oxygen, max 0.15 0.08 0.10 0.10 0.10
Chromium, max ... ... ... ... 0.06G

Nickel, max ... ... ... ... 0.05G

All other impurities (total), max
Titanium, balance (nominal)

0.05
remainder

0.05
remainder

0.05
remainder

0.05
remainder

0.05
remainder

Brinell hardness, max 140 110 120 140 140
A GP—A general purpose grade, either magnesium or sodium reduced and finished by leaching or inert gas sweep, or both.
B EL—Electrolytic produced.
C SL—Sodium reduced and finished by leaching.
D ML—Magnesium reduced and finished by leaching or inert gas sweep.
E MD—Magnesium reduced and finished by distillation.
F Sodium or magnesium, max 0.50 %.
G The chemical requirements for grade MD sponge have been modified to reflect the use of stainless steel production vessels, which are the norm for this grade of

sponge. The use of stainless steel necessarily now incorporates unavoidable chromium and nickel contaminants. These contaminants do not alter the basic property
requirements of the sponge. However, it is necessary to incorporate these two unavoidable contaminants into the chemical requirements for this grade, just as the other
unavoidable contaminants have been assigned maximum permissible levels.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
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Designation: B 327 – 01 e2

Standard Specification for
Master Alloys Used in Making Zinc Die Casting Alloys 1

This standard is issued under the fixed designation B 327; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Paragraph 10.3 was editorially corrected and a Summary of Changes section was added in July 2001.
e2 NOTE—Table 1 and Table 2 were editorially corrected in March 2004.

1. Scope*

1.1 This specification covers aluminum–base and zinc–
base master alloys used to make zinc die-casting alloys. Alloy
compositions specified for aluminum–base master alloys (hard-
eners) are designated as shown in Table 1. Alloy composition
specified for the zinc-base master alloy is designated as shown
in Table 2.

1.2 Aluminum alloy hardeners are added to Special High
Grade zinc (per Specification B 6) in the proper alloying ratios,
as shown in Table 1, to produce zinc alloys for die casting.

1.3 Zinc-base master alloy is added to Special High Grade
zinc (per Specification B 6) in the proper alloying ratio, as
shown in Table 3, to produce zinc alloy for die casting.

1.4 Master alloys may be supplied in the form of shot, bar,
ingot or jumbo ingot as specified by the purchaser.

1.5 The values stated in inch-pound units are standard. The
SI equivalents of inch-pound units are for information only.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of order acceptance form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 6 Specification for Zinc2

B 899 Terminology Relating to Non-ferrous Metals and
Alloys2

B 908 Practice for the Use of Color Codes for Zinc Casting
Alloy Ingot2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications3

E 34 Test Methods for Chemical Analysis of Aluminum and
Aluminum–Base Alloys4

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition4

E 101 Test Method for Spectrographic Analysis of Alumi-
num and Aluminum Alloys by the Point-to-Plane Tech-
nique5

E 227 Test Method for Optical Emission Spectrometric
Analysis of Aluminum and Aluminum Alloys by the
Point-to-Plane Technique4

E 527 Practice for Numbering Metals and Alloys (UNS)6

E 536 Test Method for Chemical Analysis of Zinc and Zinc
Alloys7

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

4. Ordering Information

4.1 Orders for master alloys under this specification shall
include the following information:

4.1.1 Quantity,
4.1.2 Alloy (Table 1 or Table 2),
4.1.3 Form: that is, shot, bar, ingot or jumbo ingot,
4.1.4 Size: that is, maximum shot size or size of bar, ingot,

or jumbo ingot,
4.1.5 Unit weight: that is, nominal weight of shot per bag or

nominal weight of each bar, ingot, or jumbo ingot,
4.1.6 Markings on shot bags, bars, ingot or jumbo ingot,
4.1.7 Palletizing, if required: means of palletizing and

maximum weight per pallet load,

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.04 on Zinc and Cadmium.

Current edition approved May 10, 2001. Published July 2001. Originally
published as B 327 – 58. Last previous edition B 327 – 98e1.

2 Annual Book of ASTM Standards, Vol 02.04.

3 Annual Book of ASTM Standards, Vol 14.02.
4 Annual Book of ASTM Standards, Vol 03.05.
5 Discontinued; see1995 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 01.01.
7 Annual Book of ASTM Standards, Vol 03.06.

1

*A Summary of Changes section appears at the end of this standard.
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4.1.8 Place of inspection (Section 8), and
4.1.9 Specification number and date.

5. Materials and Manufacture

5.1 The material may be made by any suitable process.
5.2 The material covered by this specification shall be of

uniform quality and shall be free of dross, flux, or other
harmful contamination. Also, if the material is in shot form, it
shall be sound, uniform in size, and free of a heavily oxidized
surface coating, stringers, and moisture.

6. Chemical Requirements

6.1 Limits—The material shall conform to the requirements
as to chemical composition prescribed in Table 1 or Table 2. In
addition there are weight limits for zinc-base master alloys
when supplied in jumbo ingot form. The weight of jumbo
ingots shall conform to the requirements as prescribed in Table
3.

6.2 In case of dispute the following requirements shall
apply:

6.2.1 Number of samples—Samples for verification of
chemical composition shall be taken as follows:

6.2.2 If the master alloys are shipped in carload lots of the
same alloy, not less than five samples shall be taken at random
from the carload for sampling. If the shipment is in less than
carload lots, the following shall apply:

6.2.2.1 Aluminum-base master alloys—One sample shall be
taken for each 6000 lb (2722 kg) or fraction thereof. When it
is deemed necessary, a sample may be taken from each melt of
500 lb (227 kg) or more of the alloy.

6.2.2.2 Zinc-base master alloys—One sample shall be taken
for each 10 000 lb (4536 kg) or fraction thereof. When
necessary, a sample may be taken from each melt of 1000 lb
(454 kg) or more.

6.2.3 A sample may consist of an ingot or bar. In the case of
metal in shot form, a small representative lot of the shot may
be melted and poured to form a thin chill-cast bar approxi-
mately1⁄4 in. (6.4 mm) thick or a suitable spectrographic mold
sample. In the case of a jumbo ingot, the sample may be a cast
spectrographic specimen taken from the same pour used to cast
the jumbo ingots.

6.3 Methods of Sampling—Samples for determination of
chemical composition shall be taken in accordance with one of
the following methods:

6.3.1 Samples for chemical analysis shall be taken from the
material by drilling, sawing, milling, turning, or clipping a
representative piece or pieces to obtain a weight of prepared
sample not less than 100 g. Sampling shall be in accordance
with Practice E 88.

6.3.2 By agreement between the producer and the purchaser,
other methods of sampling cast products for spectrochemical

TABLE 1 Chemical Requirements for Aluminum-Base Master Alloys

NOTE 1—The following applies to all specified limits in this table: For purposes of determining conformance with this specification, the observed value
or calculated value obtained from analysis shall be rounded off “to the nearest unit” in the last right hand place of figures used in expressing the specified
limit, in accordance with the rounding method of Practice E 29.

ASTM
Alloy

(UNS)A

Composition, percent

Usage
Alu-

minum,
min

Copper
Iron,
max

Silicon,
max

Manga-
nese,
max

MagnesiumB Zinc
Chro-
mium,
max

Nickel,
max

Tin,
max

Lead,
maxB

Cad-
mium,
maxB

ZG71A
(A07131)

87.0 1.7 max 0.8 0.7 0.50 0.65–1.05 6.5–7.5 0.20 0.20 0.02 0.020 0.010 1 part by weight of ZG71A, 21
parts by weight of Special High
Grade zincC to make ASTM
zinc Alloy Z33520 (AG40A)

AUNS designations were established in accordance with Recommended Practice E 527.
BCarried to one additional decimal place to ensure proper control in the final alloy.
CASTM Specification B 6, for Zinc.

TABLE 2 Chemical and Color Code Requirements for Zinc-Base Master Alloys A,B,C

Common
(UNS)

Color
CodeD

Composition, percent
Alum-
inum

Mag-
nesium

Iron,
max

Copper,
max

Lead,
max

Cadmium,
max

Tin,
max

Zinc

V12
(Z33730)

Pink 11.7–
12.6

0.075–
0.12

0.070 0.25 0.005 0.004 0.003 remain-
der

AZinc-base master alloy Z33730 used for producing die casting alloys may contain nickel, chromium, silicon, and manganese up to 0.02, 0.02, 0.035 and 0.05 %,
respectively. No harmful effects have ever been noted due to the presence of these elements in up to these concentrations in die casting alloys and, therefore, analyses
are not required for these elements, except that nickel analysis is required when producing die casting alloy Z33522.

BThe UNS assignations were established in accordance with Practice E 527.
CFor purposes of determining conformance with this specification, the observed value or calculated value obtained from analysis shall be rounded off “to the nearest

unit” in the last right hand place of figures used in expressing the specified limit, in accordance with the rounding method of Practice E 29.
DRefer to Practice B 908. (Note: Colors indicated are for North American applications.)

TABLE 3 Weight Requirements for Zinc-Base Master Alloy
Jumbo Ingots

NOTE 1—These requirements are based on the use of nominal 2400 lb
or 1200 lb jumbo ingots of V12 (Z33730).

Nominal
Weight, lb

Weight Range, lbA

Usage
Minimum Maximum

2400 2325 2475 1 part by weight of V12 (one 2400 lb jumbo
ingot), 2 parts by weight (two 2400 lb jumbo
ingots) of Special High Grade zinc to make
ASTM zinc alloy Z33520 (AG40A).

1200 1150 1250 1 part by weight of V12 (one 1200 lb jumbo
ingot), 2 parts by weight (one 2400 lb
jumbo ingot) of Special High Grade zinc to
make ASTM zinc alloy Z33520 (AG40A).

A Jumbo ingots outside the above weight limits may be acceptable depending
upon the chemistry, if mutually agreed upon between the producer and purchaser.
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and other methods of analysis may be used. Such methods shall
be suitable for the form of material being analyzed and the type
of analytical method used.

6.3.2.1 An optional method of sampling for analysis may be
to melt together representative portions of each ingot selected,
and then sample the liquid composite by casting suitable
specimens for spectrographic and/or chemical analysis.

6.3.2.2 Samples may also be in the form of separately cast
spectrographic specimens taken from the same pour used to
cast the ingot.

6.3.3 As there is no generally accepted method for obtaining
a representative sample from a jumbo ingot, the method of
choice will be as described in 6.3.2.2.

6.4 Method of Analysis—The determination of chemical
composition shall be in accordance with suitable methods.

6.4.1 For aluminum-base master alloys—The determina-
tion of chemical composition shall be in accordance with
suitable chemical (Test Method E 34), spectrochemical (Test
Methods E 101 and E 227) or other methods. In case of
dispute, the results of Test Method E 34 shall be the basis of
acceptance.

6.4.2 For zinc-base master alloys—The determination of
chemical composition shall be in accordance with suitable
chemical (Test Method E 536), or other methods. Because
there is no ASTM method covering the composition of this
zinc-base master alloy, the test method used as the basis of
acceptance shall be as agreed upon between the producer and
purchaser.

7. Size and Shape

7.1 Aluminum alloy hardener may be supplied in the form
of shot, bar or ingot but typically is supplied as shot.

7.2 Zinc-base master alloy may be supplied as ingot or
jumbo ingot but is typically supplied as jumbo ingot.

7.2.1 The weight of zinc master alloy jumbo ingots is
important because they are added in a fixed ratio to Special
High Grade zinc jumbo ingots. The weight of jumbo ingots
shall be 12006 50 lbs or 24006 75 lbs. Other sizes or weight
limits, or both, may be as agreed upon by the producer and
customer.

8. Source Inspection

8.1 If the purchaser desires that his representative inspect or
witness the inspection and testing of the product prior to

shipment, such agreement shall be made by the purchaser and
producer or supplier as part of the contract or purchase order.

8.2 When such inspection or witness of inspection and
testing is agreed upon, the producer or supplier shall afford the
purchaser’s representative all reasonable facilities to satisfy
him that the product meets the requirements of this specifica-
tion. Inspection and tests shall be conducted so there is no
unnecessary interference with the producer’s operations.

9. Rejection and Rehearing

9.1 Material that fails to conform to the requirements of this
specification may be rejected. Rejection should be reported to
the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing. If the rehearing
establishes that the material does not conform to the require-
ments of this specification, as much of the rejected original
material as possible shall be returned to the producer or
supplier.

10. Identification Marking

10.1 All shot bags, bars, ingots, or jumbo ingots shall be
properly marked for identification with the producer’s name or
brand.

10.2 Each bundle or skid shall be identified with the
producer’s heat, lot, or other identification mark.

10.3 Each ingot, bundle or skid shall be marked with the
pink Color Code for alloy V12 as per North American
requirements in Practice B 908.

11. Preparation for Delivery

11.1 Packaging—Unless otherwise specified the material
shall be packaged to provide adequate protection during
normal handling and transportation. Each package shall con-
tain only one alloy unless otherwise agreed upon.

11.2 Marking—Each shipping container shall be legibly
marked with the supplier’s name or trademark.

12. Keywords

12.1 aluminum alloy hardener; aluminum-base master al-
loy; master alloy; V12; zinc-base master alloy; zinc die casting
alloy
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SUMMARY OF CHANGES

This section contains the principal changes to the standard that have been incorporated since the last issue.

(1) Practice B 908 was added to Referenced Documents.
(2) North American Color Code Requirements added to
Table 1.

(3) Color Code requirement added to Identification Marking.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 333 – 03

Standard Specification for
Nickel-Molybdenum Alloy Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 333; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification2 covers plate, sheet, and strip of
nickel-molybdenum alloys (UNS N10001, N10665, N10675,
N10629, and N10624)* as shown in Table 1, for use in general
corrosive service.

1.2 The following products are covered under this specifi-
cation:

1.2.1 Sheet and Strip—Hot or cold rolled, solution an-
nealed, and descaled unless solution anneal is performed in an
atmosphere yielding a bright finish.

1.2.2 Plate—Hot or cold rolled, solution annealed, and
descaled.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 906 Specification for General Requirements for Flat-

Rolled Nickel and Nickel Alloys Plate, Sheet, and Strip3

E 112 Test Methods for Determining the Average Grain
Size4 3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 cold-rolled plate—material3⁄16 to 3⁄8 in. (4.76 to 9.52

mm), inclusive, in thickness.
3.1.2 hot-rolled plate—material3⁄16 in. (4.76 mm) and over

in thickness.
3.1.3 plate—material3⁄16 in. (4.76 mm) and over in thick-

ness.
3.1.4 sheet and strip—material under3⁄16 in. (4.76 mm) in

thickness.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1958. Last previous edition approved in 1998 as B 333 – 98.

* New designation established in accordance with ASTM E 527 and SAE J 1086,
Practice for Numbering Metals and Alloys (UNS).

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-333 in Section II of that Code.

3 Annual Book of ASTM Standards,Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.

TABLE 1 Chemical Requirements

Element

Composition Limits, %

Alloy
N10001

Alloy
N10665

Alloy
N10675

Alloy
N10629

Alloy
N10624

Nickel remainderA remainderA 65.0 min remainderA Bal
Molybdenum 26.0–30.0 26.0–30.0 27.0–32.0 26.0–30.0 21.0-25.0
Iron 4.0–6.0 2.0 max 1.0–3.0 1.0–6.0 5.0-8.0
Chromium 1.0 max 1.0 max 1.0–3.0 0.5–1.5 6.0-10.0
Carbon, max 0.05 0.02 0.01 0.01 0.01
Silicon, max 1.0 0.10 0.10 0.05 0.10
Cobalt, max 2.5 1.00 3.0 2.5 1.0
Manganese,
max

1.0 1.0 3.0 1.5 1.0

Phosphorus,
max

0.04 0.04 0.030 0.04 0.025

Sulfur, max 0.03 0.03 0.010 0.01 0.01
Vanadium 0.2–0.4 ... 0.20 max ... ...
Nickel plus
Molybdenum

... ... 94.0–98.0 ...

Aluminum ... ... 0.50 max 0.1–0.5 0.5
Columbium
(Nb), max

... ... 0.20 ...

Copper, max ... ... 0.20 0.5 0.5
Tantalum,
max

... ... 0.20 ...

Titanium,
max

... ... 0.20 ...

Tungsten,
max

... ... 3.0 ...

Zirconium,
max

... ... 0.10 ...

Magnesium,
max

... ... ... ... ...

ASee Specification B 906.

1
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4. General Requirements

4.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 906
unless otherwise provided herein.

5. Ordering Information

5.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to the following:

5.1.1 Alloy—Table 1,
5.1.2 Dimensions—Thickness (in decimals of an inch),

width, and length (inch or fractions of an inch),
5.1.3 Optional Requirement—Plate; how the plate is to be

cut (Specification B 906, Table A2.3)
5.1.4 Certification—State if certification or a report of test

results is required (Specification B 906, Section 21),
5.1.5 Purchase Inspection—State which tests or inspections

are to be witnessed (Specification B 906, Section 18), and
5.1.6 Samples for Product (Check) Analysis—State whether

samples should be furnished (Specification B 906, Section
7.2.2).

6. Chemical Composition

6.1 The material shall conform to the composition limits
specified in Table 1.

6.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the requirements specified in
Table 1 and Specification B 906.

7. Mechanical Properties and Other Requirements

7.1 Tensile Properties—The material shall conform to the
room temperature tensile properties prescribed in Table 2.

7.2 Hardness—The hardness values given in Table 2 are
informative only.

7.3 Grain Size for Sheet and Strip—Sheet and strip shall
conform to the grain sizes as illustrated in Plate 1 of Test
Methods E 112. The requirements shall be as indicated in Table
3.

8. Dimensions, Mass, and Permissible Variations

8.1 Weight—For calculations of mass or weight, the follow-
ing densities shall be used:

Density
Alloy lb/in.3 (g/cm3)

N10001 0.334 (9.24)
N10665 0.333 (9.22)
N10675 0.333 (9.22)
N10629 0.333 (9.22)
N10624 0.322 (8.9)

8.2 Thickness:
8.2.1 Sheet and Strip—The thickness shall be measured

with the micrometer spindle3⁄8 in. (9.525 mm) or more from
any edge for material 1 in. (25.4 mm) or over in width and at
any place on material under 1 in. (25.4 mm) in width.

8.3 Length:
8.3.1 Sheet and Strip—Sheet and strip may be ordered to cut

lengths, in which case a variation of1⁄8 in. (3.175 mm) over the
specified length shall be permitted, with a 0 minus tolerance.

8.4 Straightness:
8.4.1 The edgewise curvature (depth of chord) of flat sheet,

strip, and plate shall not exceed 0.05 in. (1.27 mm) multiplied
by the length in feet or 0.04 mm multiplied by the length in
centimetres.

8.4.2 Straightness for coiled strip is subject to agreement
between the manufacturer and the purchaser.

8.5 Squareness (Sheet)—For sheets of all thicknesses and
widths of 6 in. (152.4 mm) or more, the angle between adjacent
sides shall be 906 0.15 degrees (1⁄16 in. in 24 in. or 2.6
mm/m).

8.6 Flatness—Plate, sheet, and strip shall be commercially
flat.

8.7 Edges:

TABLE 2 Mechanical Property Requirements

Alloy
Thickness,
in. (mm)

Tensile Strength,
min, psi (MPa)

Yield Strength
(0.2 % Offset),
min, psi (MPa)

Elongation
in 2 in.

(50.8 mm)
or 4DA

min, %

Rockwell
Hardness,B

max

Sheet and Strip
N10001 Under 3⁄16 (4.76) 115 000 (795) 50 000 (345) 45 100 HRB
N10665 Under 3⁄16 (4.76) 110 000 (760) 51 000 (350) 40 100 HRB
N10675 Under 3⁄16 (4.76) 110 000 (760) 51 000 (350) 40 100 HRB
N10629 Under 3⁄16 (4.76) 110 000 (760) 51 000 (350) 40 100 HRB
N10624 Under 3⁄16 (4.76) 104 000 (720) 46 000 (320) 40 100 HRB

Plate
N10001 3⁄16 to 21⁄2 in. (4.76 to 63.5 mm), incl 100 000 (690) 45 000 (310) 40 100 HRB
N10665 3⁄16 to 21⁄2 in. (4.76 to 63.5 mm), incl 110 000 (760) 51 000 (350) 40 100 HRB
N10675 3⁄16 to 21⁄2 in. (4.76 to 63.5 mm), incl 110 000 (760) 51 000 (350) 40 100 HRB
N10629 3⁄16 to 21⁄2 in. (4.76 to 63.5 mm), incl 110 000 (760) 51 000 (350) 40 100 HRB
N10624 3⁄16 to 21⁄2 in. (4.76 to 63.5 mm), incl 104 000 (720) 46 000 (320) 40 100 HRB

AD refers to the diameter of the tension specimen.
BHardness values are shown for information purposes only and are not to be used as a basis for rejection or acceptance. For approximate hardness conversions, see

Hardness Conversion Tables E 140.

TABLE 3 Grain Size for Annealed Sheet

Thickness,
in. (mm)

ASTM Micrograin
Size Number,

max

Average Grain
Diameter, max,

mm (in.)
0.125 (3.175) and under 3.0 0.127 (0.0050)
Over 0.125 (3.175) 1.5 0.214 (0.0084)

B 333 – 03
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8.7.1 Plates shall have sheared, abrasive cut, or plasma-
torch-cut edges as specified.

8.7.2 Sheet and strip shall have sheared or slit edges.

9. Product Marking

9.1 Each plate, sheet, or strip shall be marked on one face
with the specification number, alloy, heat number, manufactur-
er’s identification, and size. The markings shall have no
deleterious effect on the material or its performance and shall
be sufficiently stable to withstand normal handling.

9.2 Each bundle or shipping container shall be marked with
the name of the material; this specification number; alloy; the
size; gross, tare, and net weight; consignor and consignee
address; contract or order number; and such other information
as may be defined in the contract or order.

10. Keywords

10.1 plate; sheet; strip; UNS N10001; UNS N10629; UNS
N10665; UNS N10675; UNS N10624

APPENDIX

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary for optimum performance, and the

manufacturer shall be consulted for details.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 335 – 03

Standard Specification for
Nickel-Molybdenum Alloy Rod 1

This standard is issued under the fixed designation B 335; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification2 covers rod of nickel-molybdenum
alloys (UNS N10001, N10665, N10675, N10629, and
N10624)* as shown in Table 1, for use in general corrosive
service.

1.2 The following products are covered under this specifi-
cation:

1.2.1 Rods5⁄16 to 3⁄4 in. (7.94 to 19.05 mm) excl in diameter,
hot or cold finished, solution annealed and pickled or mechani-
cally descaled.

1.2.2 Rods3⁄4 to 31⁄2 in. (19.05 to 88.9 mm) incl in diameter,
hot or cold finished, solution annealed, ground or turned.

1.3 The values stated in inch-pound units are to be regarded
as the standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 55 Practice for Sampling Wrought Nonferrous Metals and

Alloys for Determination of Chemical Composition6

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 rod—a product of round solid section furnished in

straight lengths.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1958. Last previous edition approved in 1998 as B 335 - 98.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-335 in Section II of that Code.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Recommended Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards,Vol 02.04.
4 Annual Book of ASTM Standards,Vol 03.01.
5 Annual Book of ASTM Standards,Vol 14.02. 6 Annual Book of ASTM Standards,Vol 03.05.

TABLE 1 Chemical Requirements

Element

Composition Limits, %

Alloy
N10001

Alloy
N10665

Alloy
N10675

Alloy
N10629

Alloy
N10624

Nickel remainderA remainderA 65.0 min remainderA Bal
Molybdenum 26.0–30.0 26.0–30.0 27.0–32.0 26.0–30.0 21.0-25.0
Iron 4.0–6.0 2.0 max 1.0–3.0 1.0–6.0 5.0-8.0
Chromium 1.0 max 1.0 max 1.0–3.0 0.5–1.5 6.0-10.0
Carbon,
max

0.05 0.02 0.01 0.01 0.01

Silicon, max 1.0 0.10 0.10 0.05 0.10
Cobalt, max 2.5 1.00 3.0 2.5 1.0
Manganese,
max

1.0 1.0 3.0 1.5 1.0

Phosphorus,
max

0.04 0.04 0.030 0.04 0.025

Sulfur, max 0.03 0.03 0.010 0.01 0.01
Vanadium 0.2–0.4 ... 0.20 max ... ...
Nickel plus
Molybdenum

... ... 94.0–98.0 ...

Aluminum ... ... 0.50 max 0.1–0.5 0.5
Columbium
(Nb), max

... ... 0.20 ...

Copper, max ... ... 0.20 0.5 0.5
Tantalum,
max

... ... 0.20 ...

Titanium,
max

... ... 0.20 ...

Tungsten,
max

... ... 3.0 ...

Zirconium,
max

... ... 0.10 ...

Magnesium,
max

... ... ... ... ...

ASee 12.1

1
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specification. Examples of such requirements include, but are
not limited to the following:

4.1.1 Alloy—Table 1.
4.1.2 Dimensions—Nominal diameter and length. The

shortest usable multiple length shall be specified (Table 2).
4.1.3 Certification—State if certification or a report of test

results is required (Section 16).
4.1.4 Purchaser Inspection—State which tests or inspec-

tions are to be witnessed (Section 13).
4.1.5 Samples for Product (Check) Analysis—State whether

samples should be furnished (9.2.2).

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 1.

5.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the requirements specified in
Table 1 subject to the permissible tolerances in B 880.

6. Mechanical Properties and Other Requirements

6.1 The mechanical properties of the material at room
temperature shall conform to those shown in Table 3.

7. Dimensions and Permissible Variations

7.1 Diameter—The permissible variations from the speci-
fied diameter shall be as prescribed in Table 2.

7.2 Out of Roundness—The permissible variation in round-
ness shall be as prescribed in Table 2.

7.3 Machining Allowances—When the surfaces of finished
material are to be machined, the following allowances are
suggested for normal machining operations.

7.3.1 As-finished (Annealed and Descaled)—For diameters
of 5⁄16 to 11⁄16 in. (7.94 to 17.46 mm) incl., an allowance of1⁄16

in. (1.59 mm) on the diameter should be made for finish
machining.

7.4 Length:
7.4.1 Unless multiple, nominal, or cut lengths are specified,

random mill lengths shall be furnished.
7.4.2 The permissible variations in length of multiple,

nominal, or cut length rod shall be as prescribed in Table 4.
Where rods are ordered in multiple lengths, a1⁄4-in. (6.35-mm)
length addition shall be allowed for each uncut multiple length.

7.5 Ends:
7.5.1 Rods ordered to random or nominal lengths shall be

furnished with either cropped or sawed ends.
7.5.2 Rods ordered to cut lengths shall be furnished with

square saw-cut or machined ends.
7.6 Weight—For calculations of mass or weight, the follow-

ing densities shall be used:

Density
Alloy lb/in3 g/cm3

N10001 0.334 9.24
N10665 0.333 9.22
N10675 0.333 9.22
N10629 0.333 9.22
N10624 0.322 8.9

7.7 Straightness—The maximum curvature (depth of chord)
shall not exceed 0.050 in. multiplied by the length of the chord
in feet (0.04 mm multiplied by the length in centimetres).

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, and free of injurious imperfections.

9. Sampling

9.1 Lots for Chemical Analysis and Mechanical Testing:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot of bar for mechanical testing shall be defined as

the material from one heat in the same condition and specified
diameter.

9.2 Sampling for Chemical Analysis:
9.2.1 A representative sample shall be obtained from each

heat during pouring or subsequent processing.
9.2.2 Product (check) analysis shall be wholly the respon-

sibility of the purchaser.
9.3 Sampling for Mechanical Testing:
9.3.1 A representative sample shall be taken from each lot of

finished material.

10. Number of Tests and Retests

10.1 Chemical Analysis—One test per heat.
10.2 Tension Tests—One test per lot.
10.3 Retests—If the specimen used in the mechanical test of

any lot fails to meet the specified requirements, two additional
specimens shall be taken from different sample pieces and
tested. The results of the tests on both of these specimens shall
meet the specified requirements.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material
after final heat-treatment and tested in the direction of fabri-
cation.

11.2 Tension test specimens shall be any of the standard or
subsized specimens shown in Test Methods E 8.

11.3 In the event of disagreement, the referee specimen
shall be the largest possible round specimen shown in Test
Methods E 8.

TABLE 2 Permissible Variations in Diameter and Out-of-Roundness of Finished Rods

Specified Diameter,
in. (mm)

Permissible Variations, in. (mm)
Diameter Out of Roundness,

maxPlus Minus
Hot-Finished, Annealed, and Descaled Rods

5⁄16 to 7⁄16 (7.94–11.11), incl 0.012 (0.30) 0.012 (0.30) 0.018 (0.46)
Over 7⁄16 to 5⁄8 (11.11–15.87), incl 0.014 (0.36) 0.014 (0.36) 0.020 (0.51)
Over 5⁄8 to 3⁄4 (15.87–19.05), excl 0.016 (0.41) 0.016 (0.41) 0.024 (0.61)

Hot-Finished, Annealed, and Ground or Turned Rods
3⁄4 to 31⁄2 (19.05–88.9), incl 0.010 (0.25) 0 0.008 (0.20)
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12. Test Methods

12.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall be
determined, in case of disagreement, in accordance with the
following ASTM methods:

12.1.1 Chemical Analysis—Test Methods E 1473. For ele-
ments not covered by Test Methods E 1473, the referee method
shall be as agreed upon between the manufacturer and the
purchaser. The nickel composition shall be determined arith-
metically by difference.

12.1.2 Tension Test—Test Methods E 8.
12.1.3 Method of Sampling—Practice E 55.
12.1.4 Determining Significant Places—Practice E 29.
12.2 For purposes of determining compliance with the

limits in this specification, an observed value or a calculated
value shall be rounded as indicated below, in accordance with
the rounding method of Practice E 29:

Requirements
Rounded Unit for Observed or

Calculated Value
Chemical composition and tolerance Nearest unit in the last right-hand

place of figures of the specified
limit

Tensile strength and yield strength nearest 1000 psi (7 MPa)
Elongation nearest 1 %

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
by the manufacturer and the purchaser as part of the purchase
contract.

14. Rejection and Rehearing

14.1 Material tested by the purchaser that fails to conform to
the requirements of this specification may be rejected. Rejec-
tion should be reported to the producer or supplier promptly
and in writing. In case of dissatisfaction with the results of the
test, the producer or supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 Each piece of material1⁄2 in. (12.7 mm) and over in
diameter shall be marked with the specification number, alloy,
heat number, manufacturer’s identification, and size. The
markings shall have no deleterious effect on the material or its
performance and shall be sufficiently stable to withstand
normal handling.

16.2 Each bundle or shipping container shall be marked
with the name of the material; this specification number; alloy;
the size; gross, tare, and net weight; consignor and consignee
address; contract or order number; and such other information
as may be defined in the contract or order.

17. Keywords

17.1 rod; N10001; N10624; N10629; N10665; N10675

TABLE 3 Mechanical Properties

Alloy Thickness, in. (mm)
Tensile Strength,
min, psi (MPa)

Yield Strength
(0.2 % Offset),
min, psi (MPa)

Elongation in 2
in. (50 mm) or

4DA, min %

Rockwell Hardness,
max

N10001 5⁄16 to 11⁄2 (7.94 to 38.1) incl 115 000 (795) 46 000 (315) 35
Over 11⁄2 to 31⁄2 (38.1 to 88.9) incl 100 000 (690) 46 000 (315) 30

N10665 5⁄16 to 31⁄2 (7.94 to 88.9) incl 110 000 (760) 51 000 (350) 40
N10675 5⁄16 to 31⁄2 (7.94 to 88.9) incl 110 000 (760) 51 000 (350) 40
N10629 5⁄16 to 31⁄2 (7.94 to 88.9) incl 110 000 (760) 51 000 (350) 40 100 HRB
N10624 5⁄16 to 31⁄2 in. (7.94 to 88.9 mm), incl 104 000 (720) 46 000 (320) 40 100 HRB

AD refers to the diameter of the tension specimen.

TABLE 4 Permissible Variations in Length of Rods

Random mill
lengths

2 to 12 ft (610 to 3660 mm) long with not more than 25
weight % under 4 ft (1.22 m).

Multiple lengths Furnished in multiples of a specified unit length, within the
length limits indicated above. For each multiple, an
allowance of 1⁄4 in. (6.35 mm) shall be made for cutting,
unless otherwise specified. At the manufacturer’s option,
individual specified unit lengths may be furnished.

Nominal lengths Specified nominal lengths having a range of not less than
2 ft (610 mm) with no short lengths allowed.

Cut lengths A specified length to which all rods shall be cut with a
permissible variation of + 1⁄8 in. (3.17 mm) − 0.
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APPENDIX

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary for optimum performance, and the

manufacturer shall be consulted for details.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 338 – 03

Standard Specification for
Seamless and Welded Titanium and Titanium Alloy Tubes
for Condensers and Heat Exchangers 1

This standard is issued under the fixed designation B 338; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification2 covers the requirements for 22
grades of titanium and titanium alloy tubing intended for
surface condensers, evaporators, and heat exchangers, as fol-
lows:

1.1.1 Grade 1—Unalloyed titanium,
1.1.2 Grade 2—Unalloyed titanium,
1.1.3 Grade 3—Unalloyed titanium,
1.1.4 Grade 7—Unalloyed titanium plus 0.12 to 0.25 %

palladium,
1.1.5 Grade 9—Titanium alloy (3 % aluminum, 2.5 % va-

nadium),
1.1.6 Grade 11—Unalloyed titanium plus 0.12 to 0.25 %

palladium,
1.1.7 Grade 12—Titanium alloy (0.3 % molybdenum,

0.8 % nickel),
1.1.8 Grade 13—Titanium alloy (0.5 % nickel, 0.05 % ru-

thenium),
1.1.9 Grade 14—Titanium alloy (0.5 % nickel, 0.05 % ru-

thenium),
1.1.10 Grade 15—Titanium alloy (0.5 % nickel, 0.05 %

ruthenium),
1.1.11 Grade 16—Unalloyed titanium plus 0.04 to 0.08 %

palladium,
1.1.12 Grade 17—Unalloyed titanium plus 0.04 to 0.08 %

palladium,
1.1.13 Grade 18—Titanium alloy (3 % aluminum, 2.5 %

vanadium) plus 0.04 to 0.08 % palladium,
1.1.14 Grade 26—Unalloyed titanium plus 0.08 to 0.14 %

ruthenium,
1.1.15 Grade 27—Unalloyed titanium plus 0.08 to 0.14 %

ruthenium,
1.1.16 Grade 28—Titanium alloy (3 % aluminum, 2.5 %

vanadium) plus 0.08 to 0.14 % ruthenium,

1.1.17 Grade 30—Titanium alloy (0.3 % cobalt, 0.05 %
palladium),

1.1.18 Grade 31—Titanium alloy (0.3 % cobalt, 0.05 %
palladium),

1.1.19 Grade 33—Titanium alloy (0.4 % nickel, 0.015 %
palladium, 0.025 % ruthenium, 0.15 % chromium),

1.1.20 Grade 34—Titanium alloy (0.4 % nickel, 0.015 %
palladium, 0.025 % ruthenium, 0.15 % chromium),

1.1.21 Grade 35—Titanium alloy (4.5 % aluminum, 2 %
molybdenum, 1.6 % vanadium, 0.5 % iron, 0.3 % silicon), and

1.1.22 Grade 36—Titanium alloy (45 % niobium).
1.2 Tubing covered by this specification shall be heat treated

by at least a stress relief as defined in 5.3.
1.3 The values stated in inch-pound units are to be regarded

as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:3

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 120 Test Methods for Chemical Analysis of Titanium and

Titanium Alloys
E 1409 Test Method for Determination of Oxygen in Tita-

nium and Titanium Alloys by the Inert Gas Fusion Tech-
nique

E 1447 Test Method for Determination of Hydrogen in
Titanium and Titanium Alloys by the Inert Gas Fusion
Thermal Conductivity Method

3. Terminology

3.1 Lot Definitions:
3.1.1 castings—a lot shall consist of all castings produced

from the same pour.
1 This specification is under the jurisdiction of ASTM Committee B10 on

Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.01 on Titanium.

Current edition approved Nov. 1, 2003. Published November 2003. Originally
approved in 1958. Last previous edition approved in 2002 as B 338 – 02.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-338 in Section II of that Code.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1
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3.1.2 ingot—no definition required.
3.1.3 rounds, flats, tubes, and wrought powder metallurgical

products (single definition, common to nuclear and non-
nuclear standards.)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same
ingot or powder blend by the same reduction schedule and the
same heat treatment parameters. Unless otherwise agreed

between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace load for final batch anneal.

3.1.4 sponge—a lot shall consist of a single blend produced
at one time.

3.1.5 weld fittings—definition is to be mutually agreed upon
between manufacturer and the purchaser.

TABLE 1 Chemical Requirements A

Composition, %
Element

Grade 1 Grade 2 Grade 3 Grade 7 Grade 9 Grade 11 Grade 12

Nitrogen, max 0.03 0.03 0.05 0.03 0.03 0.03 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Hydrogen,B,C max 0.015 0.015 0.015 0.015 0.015 0.015 0.015
Iron, max 0.20 0.30 0.30 0.30 0.25 0.20 0.30
Oxygen, max 0.18 0.25 0.35 0.25 0.15 0.18 0.25
Aluminum ... ... ... ... 2.5–3.5 ... ...
Vanadium ... ... ... ... 2.0–3.0 ... ...
Tin ... ... ... ... ... ... ...
Ruthenium ... ... ... ... ... ... ...
Palladium ... ... ... 0.12–0.25 ... 0.12–0.25 ...
Cobalt ... ... ... ... ... ... ...
Molybdenum ... ... ... ... ... ... 0.2–0.4
Chromium ... ... ... ... ... ... ...
Nickel ... ... ... ... ... ... 0.6–0.9
Niobium ... ... ... ... ... ... ...
Zirconium ... ... ... ... ... ... ...
Silicon ... ... ... ... ... ... ...
Residuals,D,E,F

max each
0.1 0.1 0.1 0.1 0.1 0.1 0.1

Residuals,D,E,F

max total
0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance balance

Composition, %
Element

Grade 13 Grade 14 Grade 15 Grade 16 Grade 17 Grade 18 Grade 26

Nitrogen, max 0.03 0.03 0.05 0.03 0.03 0.03 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Hydrogen,B,C max 0.015 0.015 0.015 0.015 0.015 0.015 0.015
Iron, max 0.20 0.30 0.30 0.30 0.20 0.25 0.30
Oxygen, max 0.10 0.15 0.25 0.25 0.18 0.15 0.25
Aluminum ... ... ... ... ... 2.5–3.5 ...
Vanadium ... ... ... ... ... 2.0–3.0 ...
Tin ... ... ... ... ... ... ...
Ruthenium 0.04–0.06 0.04–0.06 0.04–0.06 ... ... ... 0.08–0.14
Palladium ... ... ... 0.04–0.08 0.04–0.08 0.04–0.08 ...
Cobalt ... ... ... ... ... ... ...
Molybdenum ... ... ... ... ... ... ...
Chromium ... ... ... ... ... ... ...
Nickel 0.4–0.6 0.4–0.6 0.4–0.6 ... ... ... ...
Niobium ... ... ... ... ... ... ...
Zirconium ... ... ... ... ... ... ...
Silicon ... ... ... ... ... ... ...
Residuals,D,E,F max
each

0.1 0.1 0.1 0.1 0.1 0.1 0.1

Residuals,D,E,F max
total

0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance balance
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TABLE 1 Continued

Element
Grade 27 Grade 28 Grade 30 Grade 31 Grade 33 Grade 34 Grade 35 Grade 36

Nitrogen, max 0.03 0.03 0.03 0.05 0.03 0.05 0.05 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.04
Hydrogen,B,C max 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.0035
Iron, max or range 0.20 0.25 0.30 0.30 0.30 0.30 0.20-0.80 0.03
Oxygen, max 0.18 0.15 0.25 0.35 0.25 0.35 0.25 0.16
Aluminum ... 2.5–3.5 ... ... ... ... 4.0-5.0 ...
Vanadium ... 2.0–3.0 ... ... ... ... 1.1-2.1 ...
Tin ... ... ... ... ... ... ... ...
Ruthenium 0.08–0.14 0.08–0.14 ... ... 0.02-0.04 0.02-0.04 ... ...
Palladium ... ... 0.04–0.08 0.04–0.08 0.01-0.02 0.01-0.02 ... ...
Cobalt ... ... 0.20–0.80 0.20–0.80 ... ... ... ...
Molybdenum ... ... ... ... ... ... 1.5-2.5 ...
Chromium ... ... ... ... 0.1-0.2 0.1-0.2 ... ...
Nickel ... ... ... ... 0.35-0.55 0.35-0.55 ... ...
Niobium ... ... ... ... ... ... ... 42.0–47.0
Zirconium ... ... ... ... ... ... ... ...
Silicon ... ... ... ... ... ... 0.20-0.40 ...
Residuals,D,E,F max
each

0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Residuals,D,E,F max
total

0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance Remainder Remainder Remainder Remainder

A Analysis shall be completed for all elements listed in this table for each grade. The analysis results for the elements not quantified in the table need not be reported
unless the concentration level is greater than 0.1 % each or 0.4 % total.

B Lower hydrogen may be obtained by negotiation with the manufacturer.
C Final product analysis.
D Need not be reported.
E A residual is an element present in a metal or an alloy in small quantities and is inherent to the manufacturing process but not added intentionally. In titanium these

elements include aluminum, vanadium, tin, chromium, molybdenum, niobium, zirconium, hafnium, bismuth, ruthenium, palladium, yttrium, copper, silicon, cobalt, tantalum,
nickel, boron, manganese, and tungsten.

F The purchaser may, in his written purchase order, request analysis for specific residual elements not listed in this specification.
G The percentage of titanium is determined by difference.

4. Ordering Information

4.1 Orders for material to this specification shall include the
following information, as required:

4.1.1 Quantity,
4.1.2 Grade number (Section 1),
4.1.3 Diameter and wall thickness (Section 12) (Note 1),
4.1.4 Length (Section 12),
4.1.5 Method of manufacture and finish (Sections 5 and 13),
4.1.6 Restrictive chemistry, if desired (Section 6 and Table

1),
4.1.7 Product analysis, if desired (Section 7 and Table 2),
4.1.8 Special mechanical properties, if desired (Section 8

and Table 3),
4.1.9 Nondestructive tests (Section 11),
4.1.10 Packaging (Section 23),
4.1.11 Inspection (Section 17), and
4.1.12 Certification (Section 21).

NOTE 1—Tube is available to specified outside diameter and wall
thickness (state minimum or average wall).

5. Materials and Manufacture

5.1 Seamless tube shall be made from hollow billet by any
cold reducing or cold drawing process that will yield a product

TABLE 2 Permissible Variations in Product Analysis

Element

%

Maximum or
Specified Range

Permissible Variation
in Product Analysis

Aluminum 2.5 to 3.5 60.40
Carbon 0.10 +0.02
Chromium 0.1 to 0.2 60.02
30Cobalt 0.2 to 0.8 60.05
Hydrogen 0.015 +0.002
Iron 0.80 +0.15
Molybdenum 0.2 to 0.4 60.03
Molybdenum 1.5 to 4.5 60.20
Nickel 0.3 to 0.9 60.05
Niobium >30 60.50
Nitrogen 0.05 +0.02
Oxygen 0.30 +0.03
Oxygen 0.31 to 0.40 60.04
Palladium 0.01 to 0.02 60.002
Palladium 0.04 to 0.25 60.02
Ruthenium 0.02 to 0.04 60.005
Ruthenium 0.04 to 0.06 60.005
Ruthenium 0.08 to 0.14 60.01
Silicon 0.06 to 0.40 60.02
Vanadium 2.0 to 3.0 60.15
ResidualsA (each) 0.1 +0.02

A A residual is an element present in a metal or an alloy in small quantities
inherent to the manufacturing process but not added intentionally. In titanium these
elements include aluminum, vanadium, tin, iron, chromium, molybdenum, niobium,
zirconium, hafnium, bismuth, ruthenium, palladium, yttrium, copper, silicon, cobalt,
tantalum, nickel, boron, manganese, and tungsten.
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meeting the requirements of this specification. Seamless tube is
produced with a continuous periphery in all stages of manu-
facturing operations.

5.2 Welded tube shall be made from flat-rolled product by
an automatic arc-welding process or other method of welding
that will yield a product meeting the requirements of this
specification. Use of a filler material is not permitted.

5.3 Welded/cold worked tube (WCS) shall be made from
welded tube manufactured as specified in 5.2. The welded tube
shall be sufficiently cold worked to final size in order to
transform the cast weld microstructure into a typical equiaxed
microstructure in the weld upon subsequent heat treatment.
The product shall meet the requirements for seamless tube of
this specification.

5.4 The tube shall be furnished in the annealed condition
with the exception of Grades 9, 18 and 28, which, at the option
of the purchaser, can be furnished in either the annealed or the
cold worked and stress relieved condition, defined as at a
minimum temperature of 600°F (316°C) for not less than 30
min.

6. Chemical Requirements

6.1 The titanium shall conform to the chemical require-
ments prescribed in Table 1.

6.1.1 The elements listed in Table 1 are intentional alloy
additions or elements that are inherent to the manufacture of
titanium sponge, ingot, or mill product.

6.1.2 Elements intentionally added to the melt must be
identified, analyzed, and reported in the chemical analysis.

6.2 When agreed upon by the producer and the purchaser
and requested by the purchaser in the written purchase order,

chemical analysis shall be completed for specific residual
elements not listed in this specification.

7. Product Analysis

7.1 When requested by the purchaser and stated in the
purchase order, product analysis for any elements listed in
Table 1 shall be made on the completed product.

7.1.1 Elements other than those listed in Table 1 are deemed
to be capable of occurring in the grades listed in Table 1 by, and
only by way of, unregulated or unanalyzed scrap additions to
the ingot melt. Therefore, product analysis for elements not
listed in Table 1 shall not be required unless specified and shall
be considered to be in excess of the intent of this specification.

7.2 Product analysis tolerances, listed in Table 2, do not
broaden the specified heat analysis requirements, but cover
variations between different laboratories in the measurement of
chemical content. The manufacturer shall not ship the finished
product that is outside the limits specified in Table 1 for the
applicable grade.

8. Tensile Requirements

8.1 The room temperature tensile properties of the tube in
the condition normally supplied shall conform to the require-
ments prescribed in Table 3. Mechanical properties for condi-
tions other than those given in this table may be established by
agreement between the manufacturer and the purchaser. (See
Test Methods E 8.)

9. Flattening Test

9.1 Tubing shall withstand, without cracking, flattening
under a load applied gradually at room temperature until the

TABLE 3 Tensile Requirements

Grade

Tensile Strength, min Yield Strength, 0.2% Offset Elongation
in

2 in. or 50
mm,

min, %
ksi MPa

min max

ksi MPa ksi MPa

1A 35 240 25 170 45 310 24
2A 50 345 40 275 65 450 20
3A 65 450 55 380 80 550 18
7A 50 345 40 275 65 450 20
9B 125 860 105 725 ... ... 10
9A 90 620 70 483 ... ... 15C

11A 35 240 25 170 45 310 24
12A 70 483 50 345 ... ... 18C

13A 40 275 25 170 ... ... 24
14A 60 410 40 275 ... ... 20
15A 70 483 55 380 ... ... 18
16A 50 345 40 275 65 450 20
17A 35 240 25 170 45 310 24
18B 125 860 105 725 ... ... 10
18A 90 620 70 483 ... ... 15C

26 50 345 40 275 65 450 20
27 35 240 25 170 45 310 24
28 90 620 70 483 ... ... 15
30 50 345 40 275 65 450 20
31 65 450 55 380 80 550 18
33 50 345 40 275 65 450 20
34 65 450 55 380 80 550 18
35 130 895 120 828 ... ... 5
36 65 450 60 410 95 655 10

A Properties for material in the annealed condition.
B Properties for cold-worked and stress-relieved material.
C Elongation for welded tubing manufactured from continuously cold rolled and annealed strip from coils for Grades 9, 12, and 18 will be 12 %.
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distance between the load platens is not more thanH in. H is
calculated as follows:

H, in. ~mm! 5
~1 1 e!t
e1 t/D (1)

where:
H = the minimum flattened height, in. (mm),
t = the nominal wall thickness, in. (mm), and
D = the nominal tube diameter, in. (mm).

For Grades 1, 2, 7, 11, 13, 14, 16, 17, 26, 27, 30, and 33:

e5 0.07 in. for all diameters (2)

For Grade 3, 31, and 34:

e5 0.04 through 1 in. diameter (3)

e5 0.06 over 1 in. diameter (4)

For Grades 9, 12, 15, 18, 28, 35, and 36:

eshall be negotiated between the producer and the purchaser

9.1.1 For welded tubing, the weld shall be positioned on the
90 or 270° centerline during loading so as to be subjected to a
maximum stress.

9.1.2 When low D-to-t ratio tubular products are tested,
because the strain imposed due to geometry is unreasonably
high on the inside surface at the six and twelve o’clock
locations, cracks at these locations shall not be cause for
rejection if the D-to-t ratio is less than ten (10).

9.2 The results from all calculations are to be rounded to
two decimal places. Examination for cracking shall be by the
unaided eye.

9.3 Welded tube shall be subjected to a reverse flattening
test in accordance with Supplement II of Test Methods and
Definitions A 370. A section of the tube, approximately 4 in.
(102 mm) long, that is slit longitudinally 90° either side of the
weld, shall be opened and flattened with the weld at the point
of maximum bend. No cracking is permitted.

10. Flaring Test

10.1 For tube 31⁄2 in. (88 mm) in outside diameter and
smaller, and 0.134 in. (3.4 mm) in wall thickness and thinner,
a section of tube approximately 4 in. (102 mm) in length shall
withstand being flared with a tool having a 60° included angle
until the tube at the mouth of the flare has been expanded in
accordance with Table 4. The flared end shall show no cracking
or rupture visible to the unaided eye. Flaring tests on larger
diameter tube or tubing outside the range of Table 4 shall be as
agreed upon between the manufacturer and the purchaser.

11. Nondestructive Tests

11.1 Welded tubing shall be tested using both a nondestruc-
tive electromagnetic test and an ultrasonic test as described in
11.2.1 and 11.2.2. Seamless and welded/cold worked tubing
shall be tested using an ultrasonic test as described in 11.2.1.3.

11.1.1 Welded or seamless tubing shall be tested with a
hydrostatic or pneumatic test as described in 11.3 or 11.4.

11.2 Nondestructive Electric or Ultrasonic Testing:
11.2.1 In order to accommodate the various types of non-

destructive testing equipment and techniques in use, and the
manufacturing methods employed, the following calibration

standards shall be used to establish the minimum sensitivity
level for rejection. For welded tubing, the artificial defects shall
be placed in the parent metal.

11.2.1.1Electromagnetic Testing—A drilled hole not larger
than 0.031 in. (0.787 mm) in diameter shall be drilled com-
pletely through the skelp (for welded tube) or radially and
completely through the tube wall (welded tube), with care
being taken to avoid distortion of the tube while drilling.

11.2.1.2Ultrasonic Testing (Welded Tubing)—A longitudi-
nal notch 0.031 in. (0.787 mm) or less in width and 0.5 in.
(12.7 mm) or less in length shall be machined on a radial
parallel to the tube axis on the outside and inside of the tube.
The notch depth shall not exceed 10 % of the nominal wall of
the tube or 0.004 in. (0.102 mm), whichever is greater. The
length of the notch shall be compatible with the testing method,
and the notches shall be located 180 degrees from the weld.

11.2.1.3 Ultrasonic Testing (Seamless and Welded/Cold
Worked Tubing), Longitudinal and transverse notches not
exceeding 0.010 in. (0.25 mm) in width and 10 % of the
nominal tube wall or 0.004 in. (0.102 mm), whichever is
greater, in depth shall be machined on the inner and outer
surfaces of the tube. The length of the notches shall not exceed
0.125 in. (3.18 mm).

11.2.2 Any tubes showing an indication in excess of that
obtained from the calibration standard shall be set aside and be
subject to rework, retest, or rejection. A tube thus set aside may
be examined further for confirmation of the presence of a
defect and may be resubmitted for inspection if no defect is
found. Any tube may also be resubmitted for inspection if
reworked so as to remove the defect within the specified
diameter, and wall thickness tolerances are established from
Table 5 (rework by weld repair is not permitted).

11.3 Hydrostatic Test:
11.3.1 Each tube so tested shall withstand, without showing

bulges, leaks, or other defects, an internal hydrostatic pressure
that will produce in the tube wall a stress of 50 % of the
minimum specified yield strength at room temperature. This
pressure shall be determined by the equation:

TABLE 4 Flaring Requirements

Grade
Expansion of Inside Diameter,

min, %

1 22
2 20
3 17
7 20
9A 20

11 22
12 17
13 22
14 20
15 17
16 20
17 22
18A 20
26 20
27 22
28A 20
30 20
31 17
33 20
34 17
35 10

A Annealed.
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P 5
SEt

Ro 2 0.4t (5)

where:
P = minimum hydrostatic test pressure, psi (or MPa),
S = allowable fiber stress of one half the minimum yield

strength, psi (or MPa),
t = wall thickness, in. (or mm),
Ro = outside tube radius, in. (or mm),
E = 0.85 welded tube, and
E = 1.0 seamless and welded/cold worked tube.

11.3.2 The maximum hydrostatic test pressure shall not
exceed 2500 psi (17.2 MPa) for sizes 3 in. (76 mm) and under,
or 2800 psi (19.3 MPa) for sizes over 3 in. Hydrostatic pressure
shall be maintained for not less than 5 s. When requested by the
purchaser and so stated in the order, tube in sizes 14 in. (356
mm) in diameter and smaller shall be tested to one and one half
times the specified working pressure, provided the fiber stress
corresponding to those test pressures does not exceed one half
the minimum specified yield strength of the material as
determined by the equation given in 11.3. When one and one
half times the working pressure exceeds 2800 psi (19.3 MPa),
the hydrostatic test pressure shall be a matter of agreement
between the manufacturer and purchaser.

11.4 Pneumatic Test— Each tube so tested shall withstand
an internal air pressure of 100 psi (0.69 MPa), minimum, for 5
s, minimum, without showing evidence of leakage. The test
method used shall permit easy detection of any leakage by
using the pressure differential method or by placing the tube
under water. Any evidence of leakage shall be cause for
rejection of that tube.

12. Permissible Variation in Dimensions

12.1 Variations in dimensions from those specified shall not
exceed the amounts prescribed in Table 5.

12.2 Length—When tube is ordered cut to length, the length
shall not be less than that specified, but a variation of1⁄8 in.
(3.2 mm) will be permitted on tube up to 24 ft (7.3 m)
inclusive. For lengths over 24 ft (7.3 m), an additional over
tolerance of1⁄8 in. (3.2 mm) for each 10 ft (3.05 m) or fraction
thereof shall be permissible up to1⁄2 in. (13 mm) maximum.

12.3 Straightness— The tube shall be free of bends or kinks,
and the maximum uniform bow shall not exceed the values
given in Table 6.

12.4 Squareness of Cut—The angle of cut of the end of any
tube may depart from square by not more than 0.016 in./in. of
diameter.

12.5 Outside Diameter:
12.5.1 Welded Tubes— The outside diameter of welded

tubes shall not vary from that specified by more than the
amounts given in Table 5 as measured by “go” and “no go”
ring gages. The dimensions of the ring gage shall be as
described in 12.5.1.1. For tube diameters not listed in Table 5,
the dimensional tolerances shall be as agreed upon by the
purchaser and the manufacturer or supplier.

12.5.1.1 The inside diameter dimension of the “go” ring
gage shall be equal to the nominal tube diameter plus the plus
tolerance plus 0.002 in. The length of the “go” ring gage shall
be the larger of 1 in. (25.4 mm) or the tube diameter.

12.5.1.2 The inside diameter dimension of the “no go” ring
gage shall be equal to the nominal tube diameter minus the
minus tolerance. The length of the “no go” ring gage shall be
the larger of 1 in. or the nominal tube diameter.

12.5.2 Seamless and Welded/Cold Worked Tubes—The out-
side diameter of seamless and welded/cold worked tubes shall
not vary from that specified by more than the amounts given in
Table 5 as measured by any method agreed upon between the
purchaser and the manufacturer or supplier. For tube diameters
not listed in Table 5, the dimensional tolerances shall be as
agreed upon by the purchaser and the manufacturer or supplier.

13. Finish

13.1 The finished tube shall be clean and free of foreign
material, shall have smooth ends free of burrs, and shall be free
of injurious external and internal imperfections. Minor defects
may be removed, provided the dimensional tolerances of
Section 12 are not exceeded.

14. Number of Tests

14.1 One sample shall be selected from lots of 5000 ft (1600
m) or less. For lots greater than 5000 ft (1600 m), one sample
shall be selected from the first 5000 ft (1600 m), and one
additional sample shall be selected from each additional 5000
ft (1600 m) or less in the lot. Samples are to be selected at
random, and in no case shall more than one sample be taken
from a single tube length. The size of the lot may be either the
manufactured lot or the purchased lot at the manufacturer’s
option.

14.1.1 Chemical composition of the lot shall be the ingot
manufacturer’s analysis, except for hydrogen, which shall be
determined on each sample from the lot.

14.1.2 One tension test shall be made on each sample.
14.1.3 One flattening test in accordance with 9.1 shall be

made on each sample.

TABLE 5 Permissible Variations in Outside Dimensions Based
on Individual Measurements

Outside Diameter, in. (mm)
Diameter

Tolerance,
in. (mm)A

Permissible
VariationsB in

Wall Thickness, t, %

Under 1 (25.4), excl 60.004 (60.102) 610
1 to 11⁄2 (25.4 to 38.1), excl 60.005 (60.127) 610
11⁄2 to 2 (38.1 to 50.8), excl 60.006 (60.152) 610
2 to 21⁄2 (50.8 to 63.5), excl 60.007 (60.178) 610
21⁄2 to 31⁄2 (63.5 to 88.9), excl 60.010 (60.254) 610

A These permissible variations in outside diameter apply only to tubes as
finished at the mill before subsequent swaging, expanding, bending, polishing, or
other fabricating operations.

B When minimum wall tubes are ordered, tolerances are all plus and shall be
double the values shown.

TABLE 6 Straightness

Length, ft (m)
Maximum Curvature

Depth of Arc

Over 3 to 6 (0.91 to 1.83), incl 1⁄8 in. (3.2 mm)
Over 6 to 8 (1.83 to 2.44), incl 3⁄16 in. (4.8 mm)
Over 8 to 10 (2.44 to 3.05), incl 1⁄4 in. (6.4 mm)
Over 10 (3.05) 1⁄4 in./any 10 ft (2.1 mm/m)
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14.1.4 One reverse flattening test in accordance with 9.3
shall be made on each sample.

14.1.5 One flaring test in accordance with 10.1 shall be
made on each sample.

14.2 If any test specimen shows defective machining or
develops flaws due to preparation, the specimen may be
discarded and another substituted.

14.3 If the percent of elongation of any tension test speci-
men is less than that specified in 8.1, and any part of the
fracture is more than3⁄4 in. (19 mm) from the center of the
gage length as indicated by scratches marked on the specimen
before testing, the specimen may be discarded and another
substituted.

14.4 Each length of finished tube shall be examined by the
nondestructive test specified in 11.1.

15. Retests

15.1 If the results of any chemical or mechanical property
test lot are not in conformance with the requirements of this
specification, the lot may be retested at the option of the
manufacturer. The frequency of the retest will double the initial
number of tests. If the results of the retest conform to the
specification, the retest values will become the test values for
certification. Only original conforming test results or the
conforming retest results shall be reported to the purchaser. If
the results for the retest fail to conform to the specification, the
material will be rejected in accordance with Section 20.

16. Test Specimens and Methods of Testing

16.1 The test specimens and the tests required by this
specification shall conform to those described in Test Methods
and Definitions A 370.

16.2 All routine mechanical tests shall be made at room
temperature.

16.3 The chemical analysis shall be conducted by the
standard techniques normally utilized by the manufacturer and
the purchaser. In case of disagreement, Test Methods E 120
shall be used as the referee method except for carbon, oxygen
and hydrogen, which are not covered in Test Methods E 120.
Test Method E 1409 shall be used as a referee method for
oxygen, and Test Method E 1447 shall be used as a referee
method for hydrogen.

17. Inspection

17.1 All tests and inspection required by this specification
shall be made at the place of manufacture prior to shipment and
at the manufacturer’s expense unless otherwise specified, and
shall be so conducted as not to interfere unnecessarily with the
operation of the works. When specified in the order, the
manufacturer shall notify the purchaser in time so that the
purchaser may have his inspector present to witness any part of
the tests that may be desired.

17.2 When agreed upon in writing between the manufac-
turer and the purchaser, a certification that the material con-
forms to the requirements of this specification shall be the basis

for acceptance of the material. Otherwise, the manufacturer
shall report to the purchaser or his representative the results of
the chemical analyses and mechanical tests made in accordance
with this specification.

18. Rounding-Off Procedure

18.1 For purposes of determining conformance with the
specifications contained herein, an observed or calculated
value shall be rounded off to the nearest “unit” in the last
right-hand significant digit used in expressing the limiting
value. This is in accordance with the round-off method of
Practice E 29.

19. Referee Test and Analysis

19.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification, a mutually acceptable ref-
eree shall perform the tests in question. The referee’s testing
shall be used in determining conformance of the material to
this specification.

20. Rejection

20.1 Material not conforming to this specification or to
authorized modifications shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the
manufacturer at the manufacturer’s expense, unless the pur-
chaser receives within 3 weeks of notice of rejection other
instructions for disposition.

21. Certification

21.1 If so requested by the purchaser, the manufacturer shall
supply at least one copy of his report certifying that the
material supplied has been inspected and tested in accordance
with the requirements of this specification and that the results
of chemical analysis and mechanical tests meet the require-
ments of this specification for the appropriate grade.

22. Product Marking

22.1 Each length of tube1⁄2 in. (13 mm) in outside diameter
and larger, manufactured in accordance with this specification,
shall be legibly marked, either by stenciling, stamping, or
rolling, with the manufacturer’s private identifying mark, the
ASTM designation, the tube class, the grade, and heat number.
On smaller than1⁄2 in. outside diameter tubing that is bundled,
the same information may be legibly stamped on a metal tag
securely attached to each bundle.

23. Packaging and Package Marking

23.1 The tube shall be packaged in accordance with the
manufacturer’s standard practice, unless otherwise agreed
upon between the manufacturer and the purchaser and so stated
in the purchase order.

24. Keywords

24.1 seamless tubing; titanium; titanium alloy; tubing;
welded/cold worked tubing; welded tubing
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
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Designation: B 339 – 00

Standard Specification for
Pig Tin 1

This standard is issued under the fixed designation B 339; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers refined tin in pig form recov-
ered and cast from primary and secondary tin-bearing materi-
als. One grade of tin metal is specified and is designated by the
grade letter shown in Table 1.

1.2 The percent values of tin contained are to be regarded as
the standard.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications2

E 46 Test Methods for Chemical Analysis of Lead- and
Tin-Base Solder3

E 51 Method for Spectrographic Analysis of Tin Alloys by
the Powder Technique4

E 57 Method for Chemical Analysis of White Metal Bear-
ing Alloys5

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 pig—an oblong or square mass of metal that has been

cast while still molten into a mold that gives the metal its
particular shape.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information:

4.1.1 ASTM designation and year of issue,
4.1.2 Quantity in weight, metric tons or kilograms,
4.1.3 Shape and size,
4.1.4 Method of manufacturing (Section 5),
4.1.5 Chemistry (Section 6),
4.1.6 Product marking (Section 16), and
4.1.7 Packaging (Section 17).

5. Materials and Manufacture

5.1 The refined tin shall be produced from primary, second-
ary, or a combination of tin-bearing materials to obtain the
requirements of this specification.

5.2 The refined metal for Grade A tin may be manufactured
by fire refining, vacuum refining, electrolytic or electrowinning
refining methods, or a combination of these methods.

6. Chemical Composition

6.1 The tin shall conform to the requirements as to chemical
composition prescribed in Table 1.

7. Methods of Chemical Analysis

7.1 An analysis of each lot shall be made by the supplier.
The analysis shall be made from representative test samples

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.02 on Refined Lead, Tin, Antimony, and Their Alloys.

Current edition approved Oct. 10, 2000. Published November 2000. Originally
published as B 339-67. Last previous edition B 339-95.

2 Annual Book of ASTM Standards, Vol 14.02.
3 Discontinued—See 1994 Annual Book of ASTM Standards, Vol 03.05.
4 Discontinued—See 1984 Annual Book of ASTM Standards, Vol 03.06.
5 Discontinued—See 1987 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 03.05.

TABLE 1 Chemical Composition and Impurity Contents

Element

Composition, - wt%

Grade“ A”
Grade “A” for

the Manufacture
of Tinplate

Ultra Pure
Grade

Tin, min 99.85 99.85 99.95
Antimony, max 0.04 0.04 0.005
Arsenic, max 0.05 0.05 0.005
Bismuth, max 0.030 0.030 0.015
Cadmium, max 0.001 0.001 0.001
Copper, max 0.04 0.04 0.005
Iron, max 0.010 0.010 0.010
Lead, max 0.05 0.010 0.001
Ni + Co, max 0.01 0.01 0.010
Sulfur, max 0.01 0.01 0.010
Zinc, max 0.005 0.005 0.005
Silver, max 0.01 0.01 0.010
Other impuritiesA 0.010 0.010

A Maximum per impurity not listed above.

1
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obtained from the lot during pouring or from the final pig
product. The chemical composition determined shall conform
to the requirements of Table 1.

7.2 If a product analysis is desired by the purchaser, it shall
be made in the purchaser’s laboratory or elsewhere. Such
analysis may be made by various methods including, but not
limited to, wet chemical or spectrographic techniques.

8. Lot

8.1 All tin of Grade A produced and cast at one time shall
constitute a lot for chemical analysis. Each pig of the lot shall
bear a single identifying number that can be related to the
manufacturing lot. This lot number can be cast, metal die
stamped, or marked legibly upon each pig.

9. Workmanship, Finish, and Appearance

9.1 The manufacturer shall use care to have each lot of tin
material as uniform in quality as possible.

9.2 The pigs shall be clean and reasonably free of adhering
foreign material.

10. Sampling for Chemical Analysis

10.1 Care must be taken to ensure that the sample selected
for testing is representative of the material. The method of
sampling for chemical analysis shall be agreed upon mutually
between the supplier and the purchaser and shall consist of one
of the following methods:

10.1.1 Test samples taken from the lot during casting or
10.1.2 Test samples taken from the final solidified cast pig

product.
10.2 Sampling From the Lot During Casting—The supplier

may obtain representative chill cast samples from the lot of
molten metal during casting. The shape of the cast sample shall
be agreed upon by all parties concerned. The molten metal
shall be mechanically stirred and dip samples taken. If the
material is produced in a pot or kettle, the material shall be
drossed, stirred, and dip samples taken. If the facility does not
allow for dip sampling, the samples shall be taken at the
beginning, at the middle, and at the end of the pour. The
sampling ladle must be clean and heated and the molten metal
cast into chilled molds which produce forms suitable for
instrument use, drilling of cast sample, or sawing of cast
sample. Samples drawn at the producers plant shall be from a
clean bath of metal with all dross having been removed.

10.3 Sampling of Cast Pig Product:
10.3.1 If the pigs are of standard form (see Fig. 1), the

sample for chemical analysis shall be taken in accordance with
10.3.3.1, 10.3.3.2, or 10.3.3.4. If the pigs differ in shape and
size from those shown in Fig. 1, the supplier and purchaser
should agree mutually as to the method to follow in sampling
such pigs.

10.3.2 Sampling—A portion representative of the total ship-
ment shall be selected at random for the final sample. For lots
containing at least 55 115 lb (25 000 kg) of pig tin, one pig
shall be taken for every 10 000 lb (4530 kg) or part thereof. For
smaller lots, five pigs shall be taken at random. In case of
shipment lots less than five pigs, each pig shall be sampled at
least once or as many times as may be necessary to provide a

sufficient sample for analysis. A minimum of five pigs is
preferred for sampling. If a shipment is comprised of batches
identified by heat numbers, each heat should be sampled as a
separate lot.

10.3.3 Sample Preparation—Each pig should be cleaned
thoroughly to rid the surface of dirt or adhering foreign
material prior to sampling by one of the following methods:
sawing, drilling, or melting.

10.3.3.1Sawing—The pigs selected shall be sawed com-
pletely through as illustrated in Fig. 1 (one cut per pig) or shall
be sawed half way across from both sides as illustrated in Fig.
2 and Fig. 3 (two cuts on each pig). The sawings from all the
pigs shall be mixed thoroughly and quartered, and the samples
for analysis taken from the mixed material. The sawings must
be free of extraneous material introduced from the saw blade.
All sawings should be screened to remove any coagulated saw
chips and treated with a strong magnet to remove iron
introduced by sawing. No lubricant shall be used when sawing.

10.3.3.2Drilling —The pigs shall be drilled all the way
through the depth of pig as shown in Fig. 4 (one hole per pig)
or drilled half way through the depth of pig from top and
bottom as shown in Fig. 5 (two holes1⁄2 depth per pig). A drill
size of about1⁄2 in. (12.7 mm) in diameter is preferred and in
no instance shall the drill size be less than3⁄8in. (9.5 mm) in
diameter. A standing drill or bench drill should be used
whenever possible, as hand held drills are normally high speed,
therefore creating problems with drill breakage. In drilling, the
holes shall be spaced along a diagonal line from one corner of

FIG. 1 Pig Tin Sampling Methods

FIG. 2 Pigs Sampled in Sets of Five According to Template as
Shown Above
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the pig to the opposite corner. No lubricant shall be used in
drilling. The drillings shall be clipped into pieces not over1⁄2
in. in length, mixed thoroughly, quartered, and treated with a
strong magnet to remove iron introduced by the drilling.

10.3.3.3 The saws, drills, cutter, or other tools used for
sampling shall be thoroughly cleaned prior to use. The cleaning
of the test samples shall include machining the test pieces in
several positions to remove oxidized surfaces not as specified
in Fig. 1. Metal pieces so produced are not to be included in
any sample. Whenever possible, it is preferred that the sam-
pling tools used are not composed of material that could cause
contamination. Tools made of iron may contaminate the tin
sample if the iron particles embedded in the soft tin are not
completely removed by magnetic separation.

10.3.3.4Melting—Whole pigs or portions of pigs produced
by sawing or drilling shall be melted under palm oil in a clean
vessel and heated to the auto ignition point (600°F (316°C)) of
palm oil, and must be stirred immediately prior to sampling.
The molten tin shall be chill cast into shapes for use in the
spectrographic analysis, or chill cast into thin sample bars not
to exceed3⁄8 in. (9.5 mm) thick for sawing. Residual palm oil
in the surface should be removed in hot distilled water with a
suitable detergent. For sample bars, saw cuts shall be made
halfway across the bar from each side and staggered so they are
31⁄64 in. (12.5 mm) apart; the sawings so produced are treated in
accordance with 10.3.3.1.

10.3.4 Sample Size:
10.3.4.1 For spectrographic analysis, three samples shall be

prepared of a size and shape satisfactory for use by the
laboratory at which the analysis is to be made.

10.3.4.2 For wet chemical analysis, each prepared sample
(sawings or drillings) shall weigh at least 11⁄3 lb (600 g).

10.3.5 Aspects of sampling and sample preparation not
specifically covered in this specification shall be carried out in
accordance with Practice E 88.

11. Significance of Numerical Limits

11.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in
Table 1, an observed value or a calculated value shall be
rounded as indicated in accordance with the rounding method
of Practice E 29.

12. Test Method

12.1 Analyze the sample of tin for impurities in accordance
with Test Methods E 46 or Methods E 51 or E 57.

12.2 An alternative method that may be used by the pur-
chaser is the wet chemical method; however, this method is not
acceptable in the case of disagreement.

13. Inspection

13.1 Inspection may be made at the manufacturer’s factory
where the material is made, or at the point where it is received,
at the option of the purchaser.

13.2 If the purchaser elects to have inspection made at the
manufacturer’s factory or at a public warehouse, the manufac-
turer shall afford the inspector representing the purchaser all
reasonable facilities to satisfy him that the material is being
furnished in accordance with this specification. All tests and
inspection shall be so conducted as not to interfere with the
operation of the factory.

14. Rejection and Rehearing

14.1 Rejection—Material that fails to conform to the re-
quirements of this specification may be rejected. Rejection
should be reported to the supplier promptly and in writing. In
case of dissatisfaction with the results of the test, the supplier
may make claim for a rehearing.

14.2 Rejection shall be considered as follows:
14.2.1 Variation in weight, quantity, dimensions, or quality.
14.2.2 Chemical Composition:
14.2.2.1 In case of dispute, the pigs shall be sampled in the

presence of both parties in accordance with 10.3.

FIG. 3 Method of Sampling Tin by Sawing

FIG. 4 Template

NOTE 1—Pigs selected for sampling shall be placed side by side, every
other pig bottom up and sampled according to template in sets of five pigs
each as indicated above. The pigs shall be drilled at least halfway through.
When a larger sample is desired the pigs shall be turned over and sampled
on the other side.

FIG. 5 Template—Method of Sampling Tin by Drilling
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14.2.2.2 The resulting sample (at least 4 lb (1800 g)) shall
be mixed and separated into three equal parts, each of which
shall be placed in a sealed package, one for the supplier, one for
the purchaser, and one for the umpire, if necessary. The
manufacturer and purchaser shall each make an analysis, and if
the results do not establish or dismiss the claim to the
satisfaction of both parties, the sample shall be submitted to a
mutually agreed upon umpire, who shall determine the ques-
tion of fact, and whose determination shall be final.

14.3 Rehearing—In the event of disagreement between the
supplier and the purchaser on the conformance of the material
to the requirements of this specification, a mutually acceptable
umpire shall perform the test in accordance with an agreed
upon method. The results of the umpire’s testing shall be used
in determining conformance of the material to this specifica-
tion.

14.4 The expenses of the umpire shall be paid by the loser
or divided in proportion to the concession made in the case of
a compromise. In case of rejection being established, the
damages shall be limited to the payment of freight both ways
by the supplier for substitution of an equivalent weight of
material conforming to this specification.

15. Certification

15.1 When specified in the purchase order or contract, a
supplier’s certificate of analysis and weight certificate shall be

furnished to the purchaser that the material was manufactured
and inspected in accordance with this specification and has
been found to meet the requirements.

16. Product Marking

16.1 A brand or trademark by which the supplier can be
identified shall be cast upon each pig.

17. Packaging and Package Marking

17.1 Unless otherwise specified, pig tin purchased under
this specification shall be stacked in a self-palletizing secure
bundle or double strapped with steel bands to ensure safe
delivery to their destination when properly transported by any
common carrier.

18. Special Requirements

18.1 By agreement between the purchaser and the supplier,
analysis may be required and limits established for elements or
compounds not specified in Table 1.

18.2 Special sampling, marking, color coding, and other
quality requirements not covered by this specification shall be
as agreed upon between the supplier and the purchaser.

19. Keywords

19.1 chemical composition; lot; metal; pig; refined; sam-
pling; tin
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Designation: B 344 – 01

Standard Specification for
Drawn or Rolled Nickel-Chromium and Nickel-Chromium-
Iron Alloys for Electrical Heating Elements 1

This standard is issued under the fixed designation B 344; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers annealed, drawn, or rolled
shapes for electrical heating purposes, of alloys having the
nominal compositions of 80 % nickel and 20 % chromium;
60 % nickel, 16 % chromium, and remainder iron; and 35 %
nickel, 20 % chromium, and remainder iron.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:
A 751 Test Methods, Practices, and Terminology for

Chemical Analysis of Steel Products2

B 63 Test Method for Resistivity of Metallically Conduct-
ing Resistance and Contact Materials3

B 70 Test Method for Change of Resistance with Tempera-
ture of Metallic Materials for Electrical Heating3

B 76 Test Method of Accelerated Life Test of Nickel-
Chromium and Nickel-Chromium-Iron Alloys for Electri-
cal Heating3

3. Significance and Use

3.1 This specification on nickel-chromium and nickel-
chromium-iron alloys contains the requirements for chemistry,
electrical resistance, mechanical properties, and packaging.

4. Chemical Requirements

4.1 The alloys shall conform to the requirements as to
chemical composition prescribed in Table 1.

4.2 Samples for Chemical Analysis—Specimens for chemi-
cal analysis may be taken from either the melt or from a sample
of finished wire that is representative of the lot.

4.2.1 The lot size for determining compliance with the
requirements of this specification shall be one heat.

4.3 Chemical Analysis—The chemical analysis shall be
made in accordance with Test Methods A 751, or by other
analytical methods approved by the purchaser.

4.4 Actual chemical analysis is not required for routine
acceptance.

5. Physical Requirements

5.1 The material shall be thoroughly and uniformly an-
nealed.

5.2 Wire shall conform to the following elongation require-
ments:

Size Elongation in 10 in.,
min, %

0.0035 in. (0.0889 mm) (No. 39 Awg) and larger 20
0.0031 in. (0.0787 mm) to 0.002 in.

(0.0508 mm) (Nos. 40 to 44 Awg)
10

5.3 Determination is not required for routine acceptance.

6. Nominal Resistivity

6.1 The nominal resistivity (Note 1) shall be the resistivity
of the wire as quenched from a temperature above 1450°F
(788°C). The numerical value of the nominal resistivity shall
be as shown in Table 2.

6.2 Determination is not required for routine acceptance.

NOTE 1—The characteristics of these alloys are such that the actual
resistivity of annealed wire may be as much as 6 % higher than the
nominal, depending on its method of manufacture.

7. Test for Resistivity

7.1 The resistivity shall be determined in accordance with
Test Method B 63.

7.2 Determination is not required for routine acceptance.

8. Nominal Electrical Resistance for Unit Length

8.1 The nominal resistance per unit length for round wire
shall be calculated from the nominal resistivity and the nominal
cross-sectional area.

NOTE 2—When ribbon or flat wire is produced by rolling from round
wire, the cross section departs from that of a true rectangle by an amount
depending on the width-to-thickness ratio and the specific manufacturing
practice. The conventional formula for computing ohms per foot and feet
per pound is to consider the cross section as 17 % less than a true rectangle
when width is more than 15 times the thickness and 6 % less than a true

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.08 on Electrical Resistance Heating Materials.

Current edition approved Dec. 10, 2001. Published February 2002. Originally
published as B 344 – 59. Discontinued January 2001 and reinstated as B 344 - 01.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 03.04.
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rectangle in other cases. This is not valid in view of modern rolling
equipment and practices, but still is widely used as a basis of description.
Ribbon actually is made to a specified resistance per foot, and no tolerance
is specified for thickness. An alternative and a closer approximation would
be that for ribbon rolled from round wire, the electrical resistance would
be calculated on a cross 6 % less than a true rectangle.

9. Tolerance on Electrical Resistance per Unit Length

9.1 The actual resistance per unit length shall not vary from
the nominal resistance by more than the amounts shown in
Table 3.

NOTE 3—Dimensional Tolerances—Tolerances on dimensions are not
specified since the material is used for resistance purposes in which the
resistivity and the electrical resistance per unit length rather than the
dimensions are of prime importance. The electrical resistance per unit
length can be determined more accurately than the dimensions of very
small sizes of wire or strip.

10. Resistance Change with Temperature

10.1 Nominal values for resistance change with temperature
are contained in Appendix X1.

10.2 The change in resistance with change in temperature
shall be measured in accordance with Test Method B 70.

11. Durability

11.1 When it is desired to determine the durability of the
material at high temperatures, life tests shall be made in
accordance with Test Method B 76. Test results may be
reported either in hours or in percentage of an accepted
standard. The temperature of the life tests for the three alloys
shall be as follows:

80 Nickel-20 Chromium Alloy 2175°F (1190°C)
60 Nickel-16 Chromium Alloy 2100°F (1150°C)
35 Nickel-20 Chromium Alloy 2025°F (1105°C)

11.2 The life or durability value shall be the average of at
least three simultaneous determinations each, on wire speci-
mens of the material and on the reference standard. If any test
result varies more than 10 % from the average of the three
determinations, that group shall be discarded and the test
repeated.

11.3 Determination is not required for routine acceptance.

12. Finish

12.1 The material shall be as uniform and free from surface
defects such as splits, kinks, laminations, scale, and other
irregularities as the best commercial practice will permit. The
finish shall be either bright annealed or oxidized, as specified.

13. Packaging and Marking

13.1 Packaging shall be subject to agreement between the
manufacturer and the purchaser.

13.2 The material as furnished under this specification shall
be identified by the name or symbol and color code of the
manufacturer and by melt number.

14. Precision and Bias

14.1 Precision and bias on chemistry, electrical resistance,
and resistance change with temperature are contained in Test
Methods A 751, B 63, and B 70. The precision and bias on the
test method for durability is contained in Test Method B 76.

TABLE 1 Chemical Requirements

Element
Composition, %

80 Nickel-20 Chromium Alloy 60 Nickel-16 Chromium Alloy 35 Nickel-20 Chromium Alloy

Nickel A remainder 57 min 34 to 37
Chromium 19 to 21 14 to 18 18 to 21
Manganese 1.0 max 1.0 max 1.0 max
Carbon 0.15 max 0.15 max 0.15 max
Silicon 0.75 to 1.75 0.75 to 1.75 1.0 to 3.0
Sulfur 0.01 max 0.01 max 0.01 max
Iron 1.0 max remainder remainder

A Quantities of less than 1 % cobalt included shall be reported as nickel.

TABLE 2 Specific Resistance

Alloy Specific Resistance

80 Nickel-20 Chromium 650V· cm/ft
510 V·mil 2/ft

1.081µV· M
1.081 µV·M

60 Nickel-16 Chromium 675 V·cm/ft
530 V·mil 2/ft

1.122µV· M
1.122 µV·M

35 Nickel-20 Chromium 610 V·cm/ft
479 V·mil 2/ft

1.014µV· M
1.014 µV·M

TABLE 3 Electrical Resistance Tolerance

Tolerance,
%

Round Wire:
0.005-in. (0.127-mm) diameter and larger 65
Finer than 0.005 in. to 0.002-in. 68

(0.014-mm) diameter, incl
Finer than 0.002-in. diameter 610

Strip:
Cold rolled 65
Hot rolled 68
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APPENDIX

(Nonmandatory Information)

X1. BASIS FOR ESTABLISHMENT OF PERCENT CHANGE IN RESISTANCE WITH TEMPERATURE

X1.1 The conditions of test, wire or strip size, chemistry of
heats, and the environment are so varied it is not possible to
accurately specify the resistance change versus temperature for
nickel-chromium and nickel-chromium-iron alloys.

X1.2 Since this information is of general value to those
designing appliances, furnaces, or other apparatus, the data in
Table X1.1 is included for general guidance only. See also Fig.
X1.1. The change in resistance values in this table were
obtained using free coils of wire tested in accordance with Test
Method B 70.

X1.3 The electrical properties of 80 nickel-20 chromium
alloys can be changed by heat treatment in the temperature
range from 500 to 1450°F (260 to 788°C). The wire as supplied
by the manufacturer will normally have been strand annealed at

temperatures higher than 1450°F. This results in rapid cooling
of the alloy. It will therefore have a resistivity near the
minimum for the alloy. After heating or slow cooling in the
range from 500 to1450°F the resistivity may increase as much
as 6 %. The resistivity above 1450°F is reproducible regardless
of previous treatment below this temperature. (The 60
nickel-16 chromium alloy may change up to 2 % under similar
treatment while the change for 35 nickel-20 chromium will be
insignificant.)

X1.4 The minimum resistance change with temperature
will be obtained for heavy sizes while the maximum change
will occur for small sizes. Therefore, for extreme accuracy it is
advisable to run tests on a protype to determine the resistance
change with temperature.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X1.1 Nominal Percent Change in Resistance with
Temperature

Temperature
80 Nickel-20

Chromium Alloy
60 Nickel-16

Chromium Alloy
35 Nickel-20

Chromium Alloy

2000°F 1.66 8.66 23.5
1800°F 1.18 8.00 22.5
1600°F 0.79 7.35 21.4
1400°F 0.71 6.70 19.6
1200°F 1.04 6.15 17.8
1000°F 1.90 5.77 15.6
900°F 1.88 5.52 14.4
800°F 1.94 5.03 13.0
600°F 1.46 3.67 10.0
400°F 0.93 2.32 6.5
200°F 0.43 0.78 2.6
77°F 0.0 0.0 0.0

FIG. X1.1 Nominal Percent Change in Resistance with
Temperature
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Designation: B 348 – 03

Standard Specification for
Titanium and Titanium Alloy
Bars and Billets 1

This standard is issued under the fixed designation B 348; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification2 covers annealed titanium and tita-
nium alloy bars and billets as follows:

1.1.1 Grade 1—Unalloyed titanium.
1.1.2 Grade 2—Unalloyed titanium.
1.1.3 Grade 3—Unalloyed titanium.
1.1.4 Grade 4—Unalloyed titanium.
1.1.5 Grade 5—Titanium alloy (6 % aluminum, 4 % vana-

dium).
1.1.6 Grade 6—Titanium alloy (5 % aluminum, 2.5 % tin).
1.1.7 Grade 7—Unalloyed titanium plus 0.12 to 0.25 %

palladium.
1.1.8 Grade 9—Titanium alloy (3 % aluminum, 2.5 % va-

nadium).
1.1.9 Grade 11—Unalloyed titanium plus 0.12 to 0.25 %

palladium.
1.1.10 Grade 12—Titanium alloy (0.3 % molybdenum,

0.8 % nickel).
1.1.11 Grade 13—Titanium alloy (0.5 % nickel, 0.05 %

ruthenium),
1.1.12 Grade 14—Titanium alloy (0.5 % nickel, 0.05 %

ruthenium),
1.1.13 Grade 15—Titanium alloy (0.5 % nickel, 0.05 %

ruthenium),
1.1.14 Grade 16—Unalloyed titanium plus 0.04 to 0.08 %

palladium,
1.1.15 Grade 17—Unalloyed titanium plus 0.04 to 0.08 %

palladium,
1.1.16 Grade 18—Titanium alloy (3 % aluminum, 2.5 %

vanadium) plus 0.04 to 0.08 % palladium,

1.1.17 Grade 19—Titanium alloy (3 % aluminum, 8 %
vanadium, 6 % chromium, 4 % zirconium, 4 % molybdenum),

1.1.18 Grade 20—Titanium alloy (3 % aluminum, 8 %
vanadium, 6 % chromium, 4 % zirconium, 4 % molybdenum)
plus 0.04 %–0.08 % palladium,

1.1.19 Grade 21—Titanium alloy (15 % molybdenum, 3 %
aluminum, 2.7 % niobium, 0.25 % silicon),

1.1.20 Grade 23—Titanium alloy (6 % aluminum, 4 %
vanadium with extra low interstitial elements, ELI),

1.1.21 Grade 24—Titanium alloy (6 % aluminum, 4 %
vanadium) plus 0.04 % to 0.08 % palladium,

1.1.22 Grade 25—Titanium alloy (6 % aluminum, 4 %
vanadium) plus 0.3 % to 0.8 % nickel and 0.04 % to 0.08 %
palladium,

1.1.23 Grade 26—Unalloyed titanium plus 0.08 to 0.14 %
ruthenium,

1.1.24 Grade 27—Unalloyed titanium plus 0.08 to 0.14 %
ruthenium,

1.1.25 Grade 28—Titanium alloy (3 % aluminum, 2.5 %
vanadium plus 0.08–0.14 % ruthenium),

1.1.26 Grade 29—Titanium alloy (6 % aluminum, 4 %
vanadium, extra low interstitial, ELI plus 0.08–0.14 % ruthe-
nium),

1.1.27 Grade 30—Titanium alloy (0.3 % cobalt, 0.05 %
palladium),

1.1.28 Grade 31—Titanium alloy (0.3 % cobalt, 0.05 %
palladium),

1.1.29 Grade 32—Titanium alloy (5 % aluminum, 1 % tin,
1 % zirconium, 1 % vanadium, 0.8 % molybdenum),

1.1.30 Grade 33—Titanium alloy (0.4 % nickel, 0.015 %
palladium, 0.025 % ruthenium, 0.15 % chromium),

1.1.31 Grade 34—Titanium alloy (0.4 % nickel, 0.015 %
palladium, 0.025 % ruthenium, 0.15 % chromium),

1.1.32 Grade 35—Titanium alloy (4.5 % aluminum, 2 %
molybdenum, 1.6 % vanadium, 0.5 % iron, 0.3 % silicon), and

1.1.33 Grade 36—Titanium alloy (45 % niobium).

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.01 on Titanium.

Current edition approved Nov. 1, 2003. Published November 2003. Originally
approved in 1959. Last previous edition approved in 2002 as B 348 – 02.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-348 in Section II of that Code.
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1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:3

E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 120 Test Methods for Chemical Analysis of Titanium and

Titanium Alloys
E 1409 Test Method for Determination of Oxygen in Tita-

nium and Titanium Alloys by the Inert Gas Fusion Tech-
nique

E 1447 Test Method for Determination of Hydrogen in
Titanium and Titanium Alloys by the Inert Gas Fusion
Thermal Conductivity Method

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 bar, n—a hot rolled, forged, or cold worked semifin-

ished solid section product whose cross sectional area is equal
to or less than 16 in.2(10 323 mm2); rectangular bar must be
less than or equal to 10 in. (254 mm) in width and greater than
0.1875 in. (4.8 mm) in thickness.

3.1.2 billet, n—a solid semifinished section hot rolled or
forged from an ingot, with a cross sectional area greater than 16
in.2(10 323 mm2) whose width is less than five times its
thickness.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information as applicable:

4.1.1 Grade number (Section 1),
4.1.2 Product classification (Section 3),
4.1.3 Chemistry (Table 1),
4.1.4 Mechanical properties (Table 3),
4.1.5 Marking (Section 16),
4.1.6 Finish (Section 8),
4.1.7 Packaging (Section 16),
4.1.8 Required reports (Section 15), and
4.1.9 Disposition of rejected material (Section 14).

5. Chemical Composition

5.1 The grades of titanium and titanium alloy metal covered
by this specification shall conform to the requirements as to
chemical composition prescribed in Table 1.

5.1.1 The elements listed in Table 1 are intentional alloy
additions or elements which are inherent to the manufacture of
titanium sponge, ingot or mill product.

5.1.1.1 Elements other than those listed in Table 1 are
deemed to be capable of occurring in the grades listed in Table
1 by and only by way of unregulated or unanalyzed scrap

additions to the ingot melt. Therefore, product analysis for
elements not listed in Table 1 shall not be required unless
specified and shall be considered to be in excess of the intent
of this specification.

5.1.2 Elements intentionally added to the melt must be
identified, analyzed and reported in the chemical analysis.

5.2 When agreed upon by the producer and purchaser and
requested by the purchaser in his written purchase order,
chemical analysis shall be completed for specific residual
elements not listed in this specification.

5.3 Product Analysis— Product analysis tolerances do not
broaden the specified heat analysis requirements, but cover
variations between laboratories in the measurement of chemi-
cal content. The manufacturer shall not ship material which is
outside the limits specified in Table 1 for the applicable grade.
Product analysis limits shall be as specified in Table 2.

6. Mechanical Properties

6.1 Material supplied under this specification shall conform
to the mechanical property requirements given in Table 3, as
applicable.

6.2 Tension testing specimens are to be machined and tested
in accordance with Test Methods E 8. Tensile properties shall
be determined using a strain rate of 0.003 to 0.007 in./in./min
through the specified yield strength, and then increasing the
rate so as to produce failure in approximately one additional
minute.

7. Dimensions, Weight, and Permissible Variations

7.1 Size—Tolerances on titanium and titanium alloy mate-
rial covered by this specification shall be as specified in Tables
4-11, as applicable.

7.2 Weight—Quantity extras are applicable to individual
items of a grade, thickness, width, and length ordered at one
time for shipment at one time to one destination. Different
lengths of the same size and grade may be combined for
quantity extra. The shipping weight of any item of an ordered
size in any finish may exceed the theoretical weight by as much
as 10 %.

8. Workmanship, Finish, and Appearance

8.1 Titanium and titanium alloy bar and billet shall be free
of injurious external and internal imperfections of a nature that
will interfere with the purpose for which it is intended.
Annealed material may be furnished as descaled, sandblasted,
ground, or rough turned. The manufacturer shall be permitted
to remove minor surface imperfections by spot grinding if such
grinding does not reduce the thickness of the material below
the minimum permitted by the tolerance for the thickness
ordered.

9. Sampling

9.1 Samples for chemical analyses shall be representative of
the material being tested. The utmost care must be used in
sampling titanium for chemical analysis because of its great
affinity for elements such as oxygen, nitrogen, and hydrogen.
Therefore, in cutting samples for analysis, the operation should
be carried out insofar as possible in a dust-free atmosphere.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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TABLE 1 Chemical Requirements A

Composition, %
Element

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6 Grade 7 Grade 9 Grade 11 Grade 12

Nitrogen, max 0.03 0.03 0.05 0.05 0.05 0.03 0.03 0.03 0.03 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Hydrogen,B,C max 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
Iron, max 0.20 0.30 0.30 0.50 0.40 0.50 0.30 0.25 0.20 0.30
Oxygen, max 0.18 0.25 0.35 0.40 0.20 0.20 0.25 0.15 0.18 0.25
Aluminum ... ... ... ... 5.5–6.75 4.0–6.0 ... 2.5–3.5 ... ...
Vanadium ... ... ... ... 3.5–4.5 ... ... 2.0–3.0 ... ...
Tin ... ... ... ... ... 2.0–3.0 ... ... ... ...
Ruthenium ... ... ... ... ... ... ... ... ... ...
Palladium ... ... ... ... ... ... 0.12–0.25 ... 0.12–0.25 ...
Cobalt ... ... ... ... ... ... ... ... ... ...
Molybdenum ... ... ... ... ... ... ... ... ... 0.2–0.4
Chromium ... ... ... ... ... ... ... ... ... ...
Nickel ... ... ... ... ... ... ... ... ... 0.6–0.9
Niobium ... ... ... ... ... ... ... ... ... ...
Zirconium ... ... ... ... ... ... ... ... ... ...
Silicon ... ... ... ... ... ... ... ... ... ...
Residuals,D,E,F

max each
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Residuals,D,E,F

max total
0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance balance balance balance balance

Composition, %
Element

Grade 13 Grade 14 Grade 15 Grade 16 Grade 17 Grade 18 Grade 19 Grade 20 Grade 21 Grade 23

Nitrogen, max 0.03 0.03 0.05 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.05 0.05 0.05 0.08
Hydrogen,B,C max 0.015 0.015 0.015 0.015 0.015 0.015 0.02 0.02 0.015 0.0125
Iron, max 0.20 0.30 0.30 0.30 0.20 0.25 0.30 0.30 0.40 0.25
Oxygen, max 0.10 0.15 0.25 0.25 0.18 0.15 0.12 0.12 0.17 0.13
Aluminum ... ... ... ... ... 2.5–3.5 3.0–4.0 3.0–4.0 2.5–3.5 5.5–6.5
Vanadium ... ... ... ... ... 2.0–3.0 7.5–8.5 7.5–8.5 ... 3.5–4.5
Tin ... ... ... ... ... ... ... ... ... ...
Ruthenium 0.04–0.06 0.04–0.06 0.04–0.06 ... ... ... ... ... ... ...
Palladium ... ... ... 0.04–0.08 0.04–0.08 0.04–0.08 ... 0.04–0.08 ... ...
Cobalt ... ... ... ... ... ... ... ... ... ...
Molybdenum ... ... ... ... ... ... 3.5–4.5 3.5–4.5 14.0–16.0 ...
Chromium ... ... ... ... ... ... 5.5–6.5 5.5–6.5 ... ...
Nickel 0.4–0.6 0.4–0.6 0.4–0.6 ... ... ... ... ... ... ...
Niobium ... ... ... ... ... ... ... ... 2.2–3.2 ...
Zirconium ... ... ... ... ... ... 3.5–4.5 3.5–4.5 ... ...
Silicon ... ... ... ... ... ... ... ... 0.15–0.25 ...
Residuals,D,E,F max
each

0.1 0.1 0.1 0.1 0.1 0.1 0.15 0.15 0.1 0.1

Residuals,D,E,F max
total

0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance balance balance balance balance

Composition, %
Element

Grade 24 Grade 25 Grade 26 Grade 27 Grade 28 Grade 29 Grade 30

Nitrogen, max 0.05 0.05 0.03 0.03 0.03 0.03 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Hydrogen,B,C max 0.015 0.0125 0.015 0.015 0.015 0.015 0.015
Iron, max 0.40 0.40 0.30 0.20 0.25 0.25 0.30
Oxygen, max 0.20 0.20 0.25 0.18 0.15 0.13 0.25
Aluminum 5.5–6.75 5.5–6.75 ... ... 2.5–3.5 5.5–6.5 ...
Vanadium 3.5–4.5 3.5–4.5 ... ... 2.0–3.0 3.5–4.5 ...
Tin ... ... ... ... ...
Ruthenium ... ... 0.08–0.14 0.08–0.14 0.08–0.14 0.08–0.14 ...
Palladium 0.04–0.08 0.04–0.08 ... ... ... ... 0.04–0.08
Cobalt ... ... ... ... 0.20–0.80
Molybdenum ... ... ... ... ... ... ...
Chromium ... ... ... ... ... ... ...
Nickel ... 0.3–0.8 ... ... ... ... ...
Niobium ... ... ... ... ... ... ...
Zirconium ... ... ... ... ... ... ...
Silicon ... ... ... ... ... ... ...
Residuals,D,E,F max
each

0.1 0.1 0.1 0.1 0.1 0.1 0.1
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Chips should be collected from clean metal and tools should be
clean and sharp. Samples for analysis should be stored in
suitable containers.

9.2 At least two samples for chemical analysis shall be
tested to determine chemical composition. Samples shall be
taken from the ingot or from the opposite extremes of the
product to be analyzed.

10. Methods of Chemical Analysis

10.1 The chemical analysis shall be conducted by the
standard techniques normally utilized by the manufacturer and
the purchaser. In case of disagreement Test Methods E 120
shall be used as the referee method except for carbon, oxygen,
and hydrogen which are not covered in Test Methods E 120.
Test Method E 1409 shall be used as a referee method for
oxygen and Test E 1447 shall be used as a referee method for
hydrogen.

11. Retests

11.1 If the results of any chemical or mechanical property
test lot are not in conformance with the requirements of this
specification, the lot may be retested at the option of the
manufacturer. The frequency of the retest will double the initial

number of tests. If the results of the retest conform to the
specification, then the retest values will become the test values
for certification. Only original conforming test results or the
conforming retest results shall be reported to the purchaser. If
the results for the retest fail to conform to the specification, the
material will be rejected in accordance with Section 14.

12. Referee Test and Analysis

12.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification, a mutually acceptable ref-
eree shall perform the tests in question. The referee’s testing
shall be used in determining conformance of the material to
this specification.

13. Rounding-Off Procedure

13.1 For purposes of determining conformance with the
specifications contained herein, an observed or a calculated
value shall be rounded off to the nearest “unit” in the last
right-hand significant digit used in expressing the limiting
value. This is in accordance with the round-off method of
Practice E 29.

TABLE 1 Continued

Composition, %
Element

Grade 24 Grade 25 Grade 26 Grade 27 Grade 28 Grade 29 Grade 30

Residuals,D,E,F max
total

0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance balance

Composition, %
Element

Grade 31 Grade 32 Grade 33 Grade 34 Grade 35 Grade 36

Nitrogen, max 0.05 0.03 0.03 0.05 0.05 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.04
Hydrogen,B,C max 0.015 0.015 0.015 0.015 0.015 0.0035
Iron, max or range 0.30 0.25 0.30 0.30 0.20–0.80 0.03
Oxygen, max 0.35 0.11 0.25 0.35 0.25 0.16
Aluminum ... 4.5–5.5 ... ... 4.0-5.0 ...
Vanadium ... 0.6–1.4 ... ... 1.1–2.1 ...
Tin ... 0.6–1.4 ... ... ... ...
Ruthenium ... ... 0.02-0.04 0.02-0.04 ... ...
Palladium 0.04–0.08 ... 0.01-0.02 0.01-0.02 ... ...
Cobalt 0.20–0.80 ... ... ... ... ...
Molybdenum ... 0.6–1.2 ... ... 1.5–2.5 ...
Chromium ... ... 0.1-0.2 0.1-0.2 ... ...
Nickel ... ... 0.35-0.55 0.35-0.55 ... ...
Niobium ... ... ... ... ... 42.0–47.0
Zirconium ... 0.6–1.4 ... ... ... ...
Silicon ... 0.06–0.14 ... ... 0.20–0.40 ...
Residuals,D,E,F max
each

0.1 0.1 0.1 0.1 0.1 0.1

Residuals,D,E,F max
total

0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance Remainder Remainder Remainder Remainder
A Analysis shall be completed for all elements listed in this table for each grade. The analysis results for the elements not quantified in the table need not be reported

unless the concentration level is greater than 0.1 % each or 0.4 % total.
B Lower hydrogen may be obtained by negotiation with the manufacturer.
C Final product analysis.
D Need not be reported.
E A residual is an element present in a metal or an alloy in small quantities and is inherent to the manufacturing process but not added intentionally. In titanium these

elements include aluminum, vanadium, tin, chromium, molybdenum, niobium, zirconium, hafnium, bismuth, ruthenium, palladium, yttrium, copper, silicon, cobalt, tantalum,
nickel, boron, manganese, and tungsten.

F The purchaser may, in his written purchase order, request analysis for specific residual elements not listed in this specification.
G The percentage of titanium is determined by difference.
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14. Rejection

14.1 Material not conforming to this specification or to
authorized modifications shall be subject to rejection. Unless

otherwise specified, rejected material may be returned to the
manufacturer at the manufacturer’s expense, unless the pur-
chaser receives, within three weeks of notice of rejection, other
instructions for disposition.

15. Certification

15.1 If so requested by the purchaser, the manufacturer shall
supply at least one copy of his report certifying that the
material supplied has been inspected and tested in accordance
with the requirements of this specification and that the results
of chemical analysis and mechanical tests meet the require-
ments of this specification for the appropriate grade.

16. Packaging and Package Marking

16.1 Marking—Unless otherwise specified, individual
pieces or bundles shall have attached a metal tag stamped with
the purchase order number, the specification number, the
nominal size and manufacturer’s heat number, or shall be
boxed and the box marked with the same information. In
addition to the above identification, bars 1 in. (25.4 mm) and
over in diameter or distance between parallel sides shall be
stamped with the heat number within 2 in. (50.8 mm) of one
end.

16.2 Packaging—Unless otherwise specified, material pur-
chased under this specification may be packaged for shipment
either by boxing, crating, single boarding, burlapping, or with
no protection in accordance with the manufacturer’s standard
practice.

17. Keywords

17.1 bar; billet; titanium; titanium alloy

TABLE 2 Permissible Variations in Product Analysis

Element
Product Analysis
Limits, max or
Range, %

Permissible Variation
in Product
Analysis

Aluminum 2.5 to 6.75 60.40
Carbon 0.10 + 0.02
Chromium 0.1 to 0.2 60.02
Chromium 5.5 to 6.5 60.30
Cobalt 0.2 to 0.8 60.05
Hydrogen 0.02 + 0.002
Iron30 0.80 + 0.15
Molybdenum 0.2 to 0.4 60.03
Molybdenum 0.6 to 1.2 60.15
Molybdenum 1.5 to 4.5 60.20
Molybdenum 14.0 to 16.0 60.50
Nickel 0.3 to 0.9 60.05
Niobium 2.2 to 3.2 60.15
Niobium >30 60.50
Nitrogen 0.05 + 0.02
Oxygen 0.30 + 0.03
Oxygen 0.31 to 0.40 60.04
Palladium 0.01 to 0.02 60.002
Palladium 0.04 to 0.08 60.005
Palladium 0.12 to 0.25 60.02
Ruthenium 0.02 to 0.04 60.005
Ruthenium 0.04 to 0.06 60.005
Ruthenium 0.08 to 0.14 60.01
Silicon 0.06 to 0.40 60.02
Tin 0.62.0 to 3.0 60.15
Vanadium 0.6 to 4.5 60.15
Vanadium 7.5 to 8.5 60.40
Zirconium 0.6 to 1.4 60.15
ResidualsA (each) 0.15 + 0.02

A A residual is an element present in a metal or alloy in small quantities and is
inherent to the manufacturing process but not added intentionally. In titanium these
elements include aluminum, vanadium, tin, iron, chromium, molybdenum, niobium,
zirconium, hafnium, bismuth, ruthenium, palladium, yttrium, copper, silicon, cobalt,
tantalum, nickel, boron, manganese, and tungsten.
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TABLE 3 Tensile Requirements A

Grade
Tensile Strength, min Yield Strength (0.2 % Offset) min or range Elongation in 4D,

min, %
Reduction of Area,

min %
ksi MPa ksi MPa

1 35 240 25 170 24 30
2 50 345 40 275 20 30
3 65 450 55 380 18 30
4 80 550 70 483 15 25
5 130 895 120 828 10 25
6 120 828 115 795 10 25
7 50 345 40 275 20 30
9 90 620 70 483 15 25
9B 90 620 70 483 12 25
11 35 240 25 170 24 30
12 70 483 50 345 18 25
13 40 275 25 170 24 30
14 60 410 40 275 20 30
15 70 483 55 380 18 25
16 50 345 40 275 20 30
17 35 240 25 170 24 30
18 90 620 70 483 15 25
18B 90 620 70 483 12 20
19C 115 793 110 759 15 25
19D 135 930 130 to 159 897 to 1096 10 20
19E 165 1138 160 to 185 1104 to 1276 5 20
20C 115 793 110 759 15 25
20D 135 930 130 to 159 897 to 1096 10 20
20E 165 1138 160 to 185 1104 to 1276 5 20
21C 115 793 110 759 15 35
21D 140 966 130 to 159 897 to 1096 10 30
21E 170 1172 160 to 185 1104 to 1276 8 20
23 120 828 110 759 10 15
23B 120 828 110 759 7.5F, 6.0G 25
24 130 895 120 828 10 25
25 130 895 120 828 10 25
26 50 345 40 275 20 30
27 35 240 25 170 24 30
28 90 620 70 483 15 25
28B 90 620 70 483 12 20
29 120 828 110 759 10 25
29B 120 828 110 759 7.5F, 6.0G 15
30 50 345 40 275 20 30
31 65 450 55 380 18 30
32 100 689 85 586 10 25
33 50 345 40 275 20 30
34 65 450 55 380 18 30
35 130 895 120 828 5 20
36 65 450 60 to 95 410 to 655 10 ...

AThese properties apply to longitudinal sections up to 3 in. (76 mm) in thickness with a maximum of 10 in.2(64.5 cm2). Mechanical properties of larger sections shall
be negotiated between the manufacturer and purchaser.

BProperties for material in transformed-beta condition.
CProperties for solution treated condition.
DProperties for solution treated and aged condition–Moderate strength (determined by aging temperature).
EProperties for solution treated and aged condition–High strength (determined by aging temperature).
FFor product section or wall thickness values <1.0 in.
GFor product section or wall thickness values $1.0 in.
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TABLE 4 Permissible Variations in Size for Titanium Bars—Hot-Rolled Rounds and Squares

Specified Size, in. (mm)
Size Variations,
in. (mm)

Out-of-RoundA or Out-of-Square,B

in. (mm)

1⁄4 to 5⁄16 (6.35 to 7.94), incl 60.005 (0.13) 0.008 (0.20)
Over 5⁄16 to 7⁄16 (7.94 to 11.11), incl 60.006 (0.15) 0.009 (0.23)
Over 7⁄16 to 5⁄8 (11.11 to 15.88), incl 60.007 (0.18) 0.010 (0.25)
Over 5⁄8 to 7⁄8 (15.88 to 22.22), incl 60.008 (0.20) 0.012 (0.30)
Over 7⁄8 to 1 (22.22 to 25.40), incl 60.009 (0.23) 0.013 (0.33)
Over 1 to 11⁄8 (25.40 to 28.58), incl 60.010 (0.25) 0.015 (0.38)
Over 11⁄8 to 11⁄4 (28.58 to 31.75), incl 60.011 (0.28) 0.016 (0.41)
Over 11⁄4 to 13⁄8 (31.75 to 34.92), incl 60.012 (0.30) 0.018 (0.46)
Over 13⁄8 to 11⁄2 (34.92 to 38.10), incl 60.014 (0.36) 0.021 (0.53)
Over 11⁄2 to 2 (38.10 to 50.80), incl 61⁄64 (0.40) 0.023 (0.58)
Over 2 to 21⁄2 (50.80 to 63.50), incl + 1⁄32 , − 0 (0.79) 0.023 (0.58)
Over 21⁄2 to 31⁄2 (63.50 to 88.90), incl + 3⁄64 , − 0 (1.19) 0.035 (0.89)
Over 31⁄2 to 41⁄2 (88.90 to 114.30), incl + 1⁄16 , − 0 (1.59) 0.046 (1.17)
AOut-of-round is the difference between the maximum and minimum diameters of the bar, measured at the same cross section.
BOut-of-square section is the difference in the two dimensions at the same cross section of a square bar, each dimension being the distance between opposite faces.

TABLE 5 Permissible Variations in Size for Titanium Bars—Hot-Rolled Hexagons and Octagons

Specified Sizes Between Opposite Sides, in. (mm)
Size Variation,
in. (mm)

Maximum Difference, 3 Measurements,
in. (mm)

1⁄4 to 1⁄2 (6.35 to 12.70), incl 60.007 (0.18) 0.011 (0.28)
Over 1⁄2 to 1 (12.70 to 25.40), incl 60.010 (0.25) 0.015 (0.38)
Over 1 to 11⁄2 (25.40 to 38.10), incl 60.021 (0.53) 0.025 (0.64)
Over 11⁄2 to 2 (38.10 to 50.80), incl 61⁄32 (0.79) 1⁄32 (0.79)
Over 2 to 21⁄2 (50.80 to 63.50), incl 63⁄64 (1.19) 3⁄64 (1.19)
Over 21⁄2 to 31⁄2 (63.50 to 88.90), incl 61⁄16 (1.59) 1⁄16 (1.59)

TABLE 6 Permissible Variations in Size for Titanium Bars—Hot-Rolled Flats

Specified Widths, in. (mm)

Thickness Variation from Specified Thickness, in. (mm)

1⁄8 to 1⁄2 in. (3.18 to 12.70
mm), incl

Over 1⁄2 to 1 in. (12.70 to
25.40 mm), incl

Over 1 to 2 in. (25.40 to
50.80 mm), incl

Width Variation, in. (mm)

To 1 (25.40), incl 60.008 (0.20) 60.010 (0.25) ... + 1⁄64 , − 1⁄64 ( + 0.40, − 0.40)
Over 1 to 2 (25.40 to 50.80), incl 60.012 (0.30) 60.015 (0.38) 61⁄32 (0.79) + 1⁄32 , − 1⁄32 ( + 0.79, − 0.79)
Over 2 to 4 (50.80 to 101.60), incl 60.015 (0.38) 60.020 (0.51) 61⁄32 (0.79) + 1⁄16 , − 1⁄32 ( + 1.59, − 0.79)
Over 4 to 6 (101.60 to 152.40), incl 60.015 (0.38) 60.020 (0.51) 61⁄32 (0.79) + 3⁄32 , − 1⁄16 ( + 2.38, − 1.59)
Over 6 to 8 (152.40 to 203.20), incl 60.016 (0.41) 60.025 (0.64) 61⁄32 (0.79) + 1⁄8 , − 5⁄32 ( + 3.18, − 3.97)
Over 8 to 10 (203.20 to 254.0), incl 60.021 (0.53) 60.031 (0.79) 61⁄32 (0.79) + 5⁄32 , − 3⁄16 ( + 3.97,−4.76)

TABLE 7 Permissible Variations in Size for Titanium
Bars—Cold-Finished Rounds

Specified Size, in. (mm) Size Variation,A in. (mm)

Over 1⁄2 to 1 (12.70 to 25.40), excl 60.002 (0.05)
1 to 11⁄2 (25.40 to 38.10), excl 60.0025 (0.06)
11⁄2 to 4 (38.10 to 101.60), incl 60.003 (0.08)

A When it is necessary to heat treat or heat treat and pickle after cold finishing,
because of special hardness or mechanical property requirements, tolerances are
commonly double those shown in this table.

TABLE 8 Permissible Variations in Size for Titanium
Bars—Cold-Finished Hexagons, Octagons, and Squares

Specified Size, in. (mm) Size Variation,A in. (mm)

Over 1⁄2 to 1 (12.70 to 25.40), incl + 0, − 0.004 (−0.10)
Over 1 to 2 (25.40 to 50.80), incl + 0, − 0.006 (−0.16)
Over 2 to 3 (50.80 to 76.20), incl + 0, − 0.008 (−0.20)
Over 3 (76.20) + 0, − 0.010 (−0.25)
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TABLE 9 Permissible Variations in Size for Titanium Bars—Cold-Finished Flats

Size Width or Thickness, in. (mm)
Width VariationsA from Specified Thicknesses, in. (mm)

Thickness Variation,A in. (mm)
1⁄4 in. (6.35 mm) and under Over 1⁄4 in. (6.35 mm)

Over 3⁄8 to 1 (9.54 to 25.40), incl 60.004 (0.10) 60.002 (0.05) 60.002 (0.05)
Over 1 to 2 (25.40 to 50.80), incl 60.006 (0.15) 60.003 (0.08) 60.003 (0.08)
Over 2 to 3 (50.80 to 76.20), incl 60.008 (0.20) 60.004 (0.10) 60.004 (0.10)
Over 3 to 41⁄2 (76.20 to 114.30), incl 60.010 (0.25) 60.005 (0.13) 60.005 (0.13)

AWhen it is necessary to heat treat or heat treat and pickle after cold finishing, because of special hardness or mechanical property requirements, tolerances are
commonly double those shown in this table.

TABLE 10 Permissible Variations in Length for Titanium Bars—Hot Rolled and Cold Finished

Specified Sizes, all Shapes, in. (mm)
Length Variations, in. (mm)

To 12 ft (3.66 m), incl Over 12 to 25 ft (3.66 to 7.62 m), incl

To 2 (50.80), incl + 1⁄2 , − 0 ( + 12.70) + 3⁄4 , − 0 ( + 19.05)
Over 2 to 4 (50.80 to 101.60), incl + 3⁄4 , − 0 ( + 19.05) + 1, − 0 ( + 25.40)
Over 4 to 6 (101.60 to 152.40), incl + 1, − 0 ( + 25.40) + 11⁄4 , − 0 ( + 31.75)
Over 6 to 9 (152.40 to 228.60), incl + 11⁄4 , − 0 ( + 31.75) + 11⁄2 , − 0 ( + 38.10)
Over 9 to 12 (228.60 to 304.80), incl + 11⁄2 , − 0 ( + 38.10) + 2, − 0 ( + 50.80)

Machine Cut After Machine Straightening

To 3 (76.20), incl + 1⁄8 , − 0 ( + 3.18) + 3⁄16 , − 0 ( + 4.76)
Over 3 to 6 (76.20 to 152.40), incl + 3⁄16 , − 0 ( + 4.76) + 1⁄4 , − 0 ( + 6.35)
Over 6 to 9 (152.40 to 228.60), incl + 1⁄4 , − 0 ( + 6.35) + 5⁄16 , − 0 ( + 7.94)
Over 9 to 12 (228.60 to 304.80), incl + 1⁄2 , − 0 ( + 12.70) + 1⁄2 , − 0 ( + 12.70)
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 11 Camber for Hot-Rolled and Cold-Finished Titanium
Bars for Machining

NOTE 1—Camber is the greatest deviation of a side from a straight line.
Measurement is taken on the concave side of the bar with a straightedge.
Unless otherwise specified, hot-rolled and cold-finished bars for machin-
ing purposes are furnished machine straightened to the tolerances speci-
fied in this table.

Tolerance
Hot rolled 1⁄8 in. (3.18 mm) in any 5 ft (1524 mm), but may not exceed

1⁄8 3 No. of ft in length
5

Cold finished 1⁄16 in. (1.59 mm) in any 5 ft (1524 mm), but may not exceed
1⁄16 3 No. of ft in length

5
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Designation: B 349/B 349M – 03

Standard Specification for
Zirconium Sponge and Other Forms of Virgin Metal for
Nuclear Application 1

This standard is issued under the fixed designation B 349/B 349M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers one grade of virgin zirconium
metal commonly designated as sponge because of its porous,
sponge-like texture, but it may also take other forms such as
chunklets.

1.2 The one grade described is designated as Reactor Grade
R60001, suitable for use in nuclear applications. The main
characteristic of the reactor grade is its low nuclear cross
section as achieved by removal of hafnium. The manufacturer
must use procedures to prevent contamination with other high
cross-section materials.

1.3 Unless a single unit is used, for example corrosion mass
gain in mg/dm2, the values stated in either inch-pound or SI
units are to be regarded separately as standard. The values
stated in each system are not exact equivalents; therefore each
system must be used independently of the other. SI values
cannot be mixed with inch-pound values.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications2

3. Terminology

3.1 Lot Definitions:
3.1.1 castings—a lot shall consist of all castings produced

from the same pour.
3.1.2 ingot—no definition required.

3.1.3 rounds, flats, tubes, and wrought powder metallurgical
products (single definition, common to nuclear and non-
nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same
ingot or powder blend by the same reduction schedule and the
same heat treatment parameters. Unless otherwise agreed
between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace load for final batch anneal.

3.1.4 sponge—a lot shall consist of a single blend produced
at one time.

3.1.5 weld fittings—definition is to be mutually agreed upon
between manufacturer and the purchaser.

4. Ordering Information

4.1 Purchase orders for material under this specification
shall include the following information, as required, to describe
adequately the desired material:

4.1.1 Quantity,
4.1.2 Name of material,
4.1.3 Grade designation, and
4.1.4 ASTM designation and year of issue.

NOTE 1—A typical ordering description is as follows: 5000 lb (2000 kg)
reactor grade zirconium, Grade R60001, ASTM Specification B 349 - 01.

4.2 In addition to the data specified in 4.1, the following
options and points of agreement between the manufacturer and
the purchaser shall be specified in the purchase order, as
required.

4.2.1 Sampling and duplicate samples (see 7.1 and 7.2).
4.2.2 Certification reports (Section 13), and
4.2.3 Packaging (Section 15).

5. Materials and Manufacture

5.1 Zirconium metal is usually prepared by reduction of
zirconium tetrachloride, and gets its physical characteristics
from the processes involved in production. These characteris-
tics may be expected to vary greatly with manufacturing
methods. This specification, however, is not limited to material
prepared by reduction of tetrachloride or to material of any
specific physical form.

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.02 on Zirconium and Hafnium.

Current edition approved May 10, 2003. Published May 2003. Originally
approved in 1960. Last previous edition approved in 2001 as B 349 – 01.

2 Annual Book of ASTM Standards, Vol 14.02.
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5.2 Only virgin zirconium metal, in identified, uniform,
well-mixed blends, shall be supplied under this specification.

6. Chemical Composition

6.1 The zirconium metal supplied under this specification
shall conform to the requirements for chemical composition
prescribed in Table 1.

7. Sampling

7.1 A blend of sponge shall be sampled by running a full
quantity through a proportioner or splitter to obtain a repre-
sentative sample of at least 1 % of the blend weight. The
samples for chemical analyses shall be made on a compacted
briquette and an evaluation ingot. The method for splitting this
sample and preparing an evaluation ingot and compacted
briquette shall be agreed upon between the manufacturer and
the purchaser.

7.1.1 The evaluation ingot shall be greater than 30 lb (14
kg).

7.1.2 The compacted briquette shall be at least 1 lb (0.5 kg).
7.2 When specified in the purchase order, a duplicate

sample or portions of the briquette and evaluation ingot shall
be supplied to the purchaser.

7.3 For metal forms other than sponge, such as chunklets,
the sampling procedures shall be as agreed upon between
purchaser and manufacturer.

8. Methods of Chemical Analysis

8.1 Preparation of Sample:
8.1.1 Compact the sponge sample taken in accordance with

Section 7 into a consumable electrode and melt to ingot form
in an arc furnace of a type conventionally used for reactive
metals. The ingot shall be prepared for analysis by either of the
following two methods:

8.1.1.1 Take a longitudinal section through the center of the
ingot. Sample this section and analyze by appropriate means at
a minimum of three places at approximately equal intervals
diagonally from the top to the bottom of the section.

8.1.1.2 Samples for chemical tests shall be taken from solid
metal below the surface porosity of the as-cast ingot. The
samples shall be taken from a minimum of three places equally
spaced along the axial length of the ingot.

8.2 Analytical samples for the determination of chlorine
must be taken from the sponge, since this element is volatilized
in melting. Obtain this sample by drilling a compacted sample
of the sponge or chunklets. Sample the briquette by drilling,
without water or other lubricant, a minimum of three holes,
each3⁄8 in. (9.5 mm) or larger in diameter, at equal intervals on
a circle, concentric with the rounded surface of the briquette.
Reject chips until the flutes of the drill are1⁄4 in. (6 mm) below
the surface of the briquette. Take the sample chips from this
point until the point of the drill is within1⁄4in. (6 mm) of the
opposite surface of the briquettes. Crush chips taken in this
manner to pass a No. 4 (4760-µm) sieve and thoroughly mix.

8.3 Analyze one of the samples taken in accordance with
8.1.1 for its uranium content. Analyze all samples taken in
accordance with 8.1.1 for all elements listed in Table 1 except
for chlorine and uranium.

8.4 Analysis—Analysis shall be made using the manufac-
turer’s standard methods. In the event of disagreement as to the
chemical composition of the metal, chemical analysis for
referee purposes shall be determined by a mutually acceptable
laboratory. The average of the analyses for each impurity shall
conform to the requirements of this specification, with no
individual value greater than 30 % above the maximum speci-
fied limit for that impurity. Practice E 29 shall be used to
establish significant digits.

9. Particle Size

9.1 Zirconium sponge supplied under this specification shall
pass a 1 in. (25 mm) screen and shall contain less than 2 %
minus 20 mesh particles.

10. Retest

10.1 If any sample or specimen exhibits obvious contami-
nation, or improper preparation, or flaws which disqualify it as
a representative sample, the sample shall be discarded and a
new sample or specimen substituted.

11. Rejection

11.1 Rejection for failure of the material to meet the
requirements of this specification shall be reported to the
manufacturer within 60 calendar days from the receipt of the
material by the purchaser. Unless otherwise specified, rejected
material may be returned to the manufacturer at the manufac-
turer’s expense, unless the purchaser receives, within three
weeks of the notice of rejection, other instructions for dispo-
sition.

12. Referee

12.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

TABLE 1 Chemical Requirements of Zirconium Sponge, Reactor
Grade R60001

Element PermissibleImpurities,max,ppm

Aluminum 75
Boron 0.5
Cadmium 0.5
Carbon 250
Chlorine 1300
Chromium 200
Cobalt 20
Copper 30
Hafnium 100
Iron 1500
Manganese 50
Molybdenum 50
Nickel 70
Nitrogen 50
Oxygen 1400
Silicon 120
Titanium 50
Tungsten 50
Uranium (total) 3.0

B 349/B 349M – 03

2



13. Certification

13.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

14. Product Marking

14.1 The containers shall be legibly and permanently
marked with the following information:

14.1.1 Purchase order number,
14.1.2 Name of material,
14.1.3 Particle size range,
14.1.4 Net weight,

14.1.5 ASTM designation, and
14.1.6 Date packed.

15. Packaging and Package Marking

15.1 The method of packaging shall be as agreed upon by
the manufacturer and the purchaser. Packaging shall be such as
to assure safe delivery when shipped by any common carrier.
The size and nature of the containers used are generally
determined by the time and length of storage and the amount of
handling involved. Where fire hazards or sponge deterioration
during prolonged storage are primary considerations, zirco-
nium sponge should be packed in airtight, moisture-proof,
sealed metal cans or drums which have been backfilled with
argon.

16. Keywords

16.1 nuclear; virgin zirconium metal; zirconium sponge

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 350/B 350M – 02 Used in USNRC-RDT standards

Standard Specification for
Zirconium and Zirconium Alloy Ingots for Nuclear
Application 1

This standard is issued under the fixed designation B 350/B 350M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers vacuum-melted zirconium and
zirconium alloy ingots for nuclear application.

1.2 The values stated in either inch-pound units or SI units
are to be regarded separately as standard. Within the text, the
SI units are shown in brackets. The values stated in each
system are not exact equivalents; therefore, each system shall
be used independently of the other. Combining values from the
two systems may result in nonconformance with the specifi-
cation.

1.3 The following precautionary caveat pertains only to the
test method portions of this specification:This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications2

E 114 Practice for Ultrasonic Pulse-Echo Straight-Beam
Examination by the Contact Method3

3. Terminology

3.1 Lot Definitions:
3.1.1 castings—a lot shall consist of all castings produced

from the same pour.
3.1.2 ingot—no definition required.
3.1.3 rounds, flats, tubes, and wrought powder metallurgical

products (single definition, common to nuclear and non-
nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same
ingot or powder blend by the same reduction schedule and the

same heat treatment parameters. Unless otherwise agreed
between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace load for final batch anneal.

3.1.4 sponge—a lot shall consist of a single blend produced
at one time.

3.1.5 weld fittings—definition is to be mutually agreed upon
between manufacturer and the purchaser.

4. Classification

4.1 Ingots are furnished in five grades as follows:
4.1.1 R60001 Unalloyed Zirconium,
4.1.2 R60802 Zirconium-Tin Alloy,
4.1.3 R60804 Zirconium-Tin Alloy,
4.1.4 R60901 Zirconium-Niobium Alloy, and
4.1.5 R60904 Zirconium-Niobium Alloy.

5. Ordering Information

5.1 Orders for material under this specification should
include the following information as required to describe
adequately the desired material:

5.1.1 Quantity in weight or pieces,
5.1.2 Name of material,
5.1.3 Grade (Table 1),
5.1.4 Size (diameter, length, or weight), in the unit system

regarded as standard (inch-pound or SI), and
5.1.5 ASTM designation and year of issue.

NOTE 1—A typical ordering description is as follows: two each zirco-
nium ingots, Grade R60001, 12 in. diameter by 1000 lb each, ASTM
Specification: B 350 – 01.

5.2 In addition to the data specified in 5.1, the following
options and points of agreement between the manufacturer and
the purchaser should be specified in the purchase order if
required:

5.2.1 Inspection (Section 12), and
5.2.2 Oxygen analysis requirements (Table 1).

6. Materials and Manufacture

6.1 Materials covered by this specification shall be pro-
duced by multiple vacuum arc melting, or electron beam
melting, or other melting processes conventionally used for
reactive metals; all melting is to be carried out in furnaces

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.02 on Zirconium and Hafnium.

Current edition approved June 10, 2002. Published August 2002. Originally
published as B 350 – 60 T. Last previous edition B 350/B 350M – 01a.

2 Annual Book of ASTM Standards, Vol 14.02.
3 Annual Book of ASTM Standards, Vol 03.03.
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usually used for reactive metals.

7. Condition

7.1 Unless otherwise specified, ingots shall be conditioned
by machining or grinding or both to remove surface and
subsurface defects detrimental to subsequent fabrication.

7.2 After conditioning has been completed, no abrupt
changes in diameter or local depression that will impair
subsequent fabrication shall be permitted. The difference
between the maximum and minimum radii of the conditioned
ingot shall not exceed 20 % of the maximum radius. Lands,
grooves, and local depressions shall be blended to a maximum
angle of 30° to the axis of the ingot. Each end of the ingot shall
be chamfered or radiused. The minimum chamfer or radius
shall be1⁄2 in. [12 mm].

8. Chemical Requirements

8.1 The ingot shall conform to the requirements for chemi-
cal composition as prescribed in Table 1.

8.2 The ingot shall be sampled in sufficient places along the
side wall so that the top sample is within 5 in. [125 mm] of the
top face and the distance between samples or between the
bottom face and a sample does not exceed one ingot diameter.
A minimum of three samples per ingot is required.

8.3 These samples shall be analyzed for the alloying and
impurity elements given in Table 1.

8.4 Analysis shall be made using the manufacturer’s stan-
dard methods. In the event of disagreement as to the chemical

composition of the metal, methods of chemical analysis for
reference purposes shall be determined by a mutually accept-
able laboratory.

8.5 Product Check Analysis—Product check analysis is an
analysis made by or for the purchaser for the purpose of
verifying the composition of the ingot. The check analysis
tolerances reflect the variation between laboratories in the
measurement of chemical composition. The permissible varia-
tion in the product check analysis from the specified range is as
prescribed in Table 2.

9. Retest

9.1 If any sample or specimen exhibits obvious contamina-
tion, improper preparation, or flaws disqualifying it as a

TABLE 1 Chemical Requirements

Element
Composition, Weight %

UNS R60001 UNS R60802 UNS R60804 UNS R60901 UNS R60904

Tin ... 1.20–1.70 1.20–1.70 ... ...
Iron ... 0.07–0.20 0.18–0.24 ... ...
Chromium ... 0.05–0.15 0.07–0.13 ... ...
Nickel ... 0.03–0.08 ... ... ...
Niobium (columbium) ... ... ... 2.40–2.80 2.50–2.80
Oxygen A A A 0.09–0.15 A

Iron + chromium + nickel ... 0.18–0.38 ... ... ...
Iron + chromium ... ... 0.28–0.37 ... ...

Maximum Impurities, Weight %

Aluminum 0.0075 0.0075 0.0075 0.0075 0.0075
Boron 0.00005 0.00005 0.00005 0.00005 0.00005
Cadmium 0.00005 0.00005 0.00005 0.00005 0.00005
Calcium ... 0.0030 0.0030 ... ...
Carbon 0.027 0.027 0.027 0.027 0.027
Chromium 0.020 ... ... 0.020 0.020
Cobalt 0.0020 0.0020 0.0020 0.0020 0.0020
Copper 0.0050 0.0050 0.0050 0.0050 0.0050
Hafnium 0.010 0.010 0.010 0.010 0.010
Hydrogen 0.0025 0.0025 0.0025 0.0025 0.0010
Iron 0.150 ... ... 0.150 0.150
Magnesium 0.0020 0.0020 0.0020 0.0020 0.0020
Manganese 0.0050 0.0050 0.0050 0.0050 0.0050
Molybdenum 0.0050 0.0050 0.0050 0.0050 0.0050
Nickel 0.0070 ... 0.0070 0.0070 0.0070
Niobium ... 0.0100 0.0100 ... ...
Nitrogen 0.0080 0.0080 0.0080 0.0080 0.0080
Phosphorus ... ... ... 0.0020 0.0020
Silicon 0.0120 0.0120 0.0120 0.0120 0.012
Tin 0.0050 ... ... 0.010 0.010
Tungsten 0.010 0.010 0.010 0.010 0.010
Titanium 0.0050 0.0050 0.0050 0.0050 0.0050
Uranium (total) 0.00035 0.00035 0.00035 0.00035 0.00035
A When so specified in the purchase order, oxygen shall be determined and reported. Maximum, minimum, or both, permissible values should be specified in the

purchase order.

TABLE 2 Permissible Variations in Product Analysis

Alloying
Elements

Permissible Variation from
the Specified Range

(Table 1), %

Tin 0.050
Iron 0.020
Chromium 0.010
Nickel 0.010
Iron + chromium 0.020
Iron + chromium + nickel 0.020
Niobium
Oxygen

0.050
0.020

Each impurity element
20 ppm or 20 % of the specified

limit, whichever is smaller
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representative sample, it shall be discarded and a new sample
or specimen substituted.

9.2 If the results of any test are not in conformance with the
requirements of this specification, the ingot may be retested at
the option of the manufacturer. The manufacturer may scalp or
crop the ingot to remove nonconforming material then resa-
mple remaining ingot position(s). The ingot shall be acceptable
if all results of retests following the initial test(s) conform to
this specification.

10. Significance of Numerical Limits

10.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in
Table 1 and Table 2, an observed value or a calculated value
shall be rounded as indicated in accordance with the rounding
method of Practice E 29.

11. Ultrasonic Test

11.1 Ingots shall be inspected ultrasonically by the methods
described in 11.1.1 and 11.1.2 unless otherwise agreed upon
between the manufacturer and the purchaser.

11.1.1 Standardization—The test shall be conducted in
accordance with Practice E 114. The search unit shall be a
longitudinal beam transducer, operated at a maximum fre-
quency of 21⁄4 MHz using a suitable couplant with the piece
being tested. The search unit shall be standardized on a test
block, setting the back reflection equal to 100 %. The test block
shall be of the same approximate diameter and surface condi-
tion as the ingot. Standardization is required before the
inspection begins on the ingot.

11.1.2 Unless otherwise approved by the purchaser, the
reference standard shall consist of an ingot section containing
two 0.093-in. [2.4-mm] diameter holes, one of which shall be
radially located at the approximate ingot center, the other at the
approximate mid-radius position. These drilled holes shall
terminate at a plane (normal to the longitudinal ingot axis)
located 0.5 in. [12 mm] below the ingot end face. During
calibration, the two reference holes should line up with the
beam, with the mid-radius hole farthest from the search unit.
Then the complete length of the ingot shall be inspected. Two
traverses shall be made along the length of the cylindrical ingot
surface 90 degrees apart. Additional traverses shall be made if
the entire ingot is not adequately inspected by this procedure.
Remove defect indications observed that exceed that of the
reference standard. If the back reflection is between 50 and
95 %, increase the gain to bring back reflection up to 100 %
and inspect the trace indication to observe any internal reflec-
tions greater than the indication from the reference standard.
Again, remove any such defects. Following such amplitude
adjustment and inspection, recalibrate the search unit on the
test block. Note the position of all lesser defects and report
them to the purchaser along with the ingot number.

12. Inspection

12.1 The manufacturer shall inspect the material covered by
this specification prior to shipment. If so specified on the
purchase order, the purchaser or his representative may witness

the testing and inspection of the material at the place of
manufacture. In such cases, the purchaser shall state in his
purchase order which tests he desires to witness. The manu-
facturer shall give ample notice to the purchaser as to the time
and place of the designated tests. If the purchaser’s represen-
tative is not present at the time agreed upon for the testing, the
manufacturer shall consider the requirement for purchaser’s
inspection at place of manufacture to be waived.

12.2 The manufacturer shall afford the inspector represent-
ing the purchaser, without charge, all reasonable facilities to
satisfy him that the material is being furnished in accordance
with this specification. This inspection shall be conducted so as
not to interfere unnecessarily with the operation of the works.

13. Rejection

13.1 Rejection for failure of the material to meet this
specification shall be reported to the manufacturer within 60
calendar days from the receipt of the material by the purchaser.
Unless otherwise specified, rejected material may be returned
to the manufacturer at the manufacturer’s expense, unless the
purchaser receives, within three weeks of the notice of rejec-
tion, other instructions for disposition.

14. Referee

14.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

15. Certification

15.1 The manufacturer shall, on request, furnish to the
purchaser a certificate of test showing the results of testing and
inspection performed on each ingot ordered.

16. Packaging and Marking

16.1 Each ingot shall be metal die stamped on the top with
the manufacturer’s ingot number. Each box or skid shall be
legibly and conspicuously marked or tagged with the following
information:

16.1.1 Order or contract number,
16.1.2 Name of material,
16.1.3 Grade,
16.1.4 Ingot number,
16.1.5 Nominal diameter,
16.1.6 Gross, net, and tare weights, and
16.1.7 ASTM specification number.
16.2 Ingots shall be boxed or banded on skids in such a

manner as to assure safe delivery to their destination when
properly transported by any common carrier.

17. Keywords

17.1 ingot; nuclear reactor; reactor grade; zirconium; zir-
conium alloy
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
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(www.astm.org).

B 350/B 350M

4



Designation: B 351/B 351M – 02 Used in USDOE-NE standards

Standard Specification for
Hot-Rolled and Cold-Finished Zirconium and Zirconium
Alloy Bars, Rod, and Wire for Nuclear Application 1

This standard is issued under the fixed designation B 351/B 351M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers hot- and cold-finished zirco-
nium and zirconium alloy bars, rod, and wire, other than those
required for reforging, including rounds, squares, and shapes.

1.2 One unalloyed grade and three alloy grades for use in
nuclear applications are described.

1.3 The products covered include the following sections and
sizes:
Bars:

Rounds, squares and hexagons 3⁄8 in. (9.5 mm) and over in diameter or size
Flats 1⁄4 to 10 in. (6.4 to 250 mm) incl in width

and 1⁄8 in. (3.2 mm) and over in thick-
nessA

Rod:
Rounds in coils for subsequent

reworking

1⁄4 to 3⁄4 in. (6.4 to 19 mm) in diameter

Wire less than 3⁄8 in. (9.5 mm) in diameter or size
AThickness 1⁄8 in. (3.2 mm) to under 3⁄16 in. (4.8 m) can be cold-rolled strip as well

as bar.

1.4 Unless a single unit is used, for example corrosion mass
gain in mg/dm2, the values stated in either inch-pound or SI
units are to be regarded separately as standard. The values
stated in each system are not exact equivalents; therefore each
system must be used independently of the other. SI values
cannot be mixed with inch-pound values.

1.5 The following precautionary caveat pertains only to the
test method portions of this specification.This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ASTM Standards:
B 350/B 350M Specification for Zirconium and Zirconium

Alloy Ingots for Nuclear Application2

E 8 Test Methods of Tension Testing of Metallic Materials3

E 21 Test Methods for Elevated Temperature Tension Tests
of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 114 Practice for Ultrasonic Pulse-Echo Straight—Beam
Examination by the Contact Method5

E 214 Practice for Immersed Ultrasonic Examination by the
Reflection Method Using Pulsed Longitudinal Waves5

G 2 Test Method for Corrosion Testing of Products of
Zirconium, Hafnium, and Their Alloys in Water at 680°F
or in Steam at 750°F6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 annealed—denotes material that exhibits a recrystal-

lized grain structure.
3.2 Lot Definitions:
3.2.1 castings—a lot shall consist of all castings produced

from the same pour.
3.2.2 ingot—no definition required.
3.2.3 rounds, flats, tubes, and wrought powder metallurgical

products (single definition, common to nuclear and non-
nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same
ingot or powder blend by the same reduction schedule and the
same heat treatment parameters. Unless otherwise agreed
between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace load for final batch anneal.

3.2.4 sponge—a lot shall consist of a single blend produced
at one time.

3.2.5 weld fittings—definition is to be mutually agreed upon
between manufacturer and the purchaser.

4. Ordering Information

4.1 Purchase orders for material under this specification
should include the following information as required to ad-
equately describe the desired material:

4.1.1 Quantity (weight or number of pieces),1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.02 on Zirconium and Hafnium.

Current edition approved June 10, 2002. Published August 2002. Originally
published as B 351 – 60 T. Last previous edition B 351 – 01.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.

4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.03.
6 Annual Book of ASTM Standards, Vol 03.02.

1
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4.1.2 Name of material,
4.1.3 Condition (Section 6),
4.1.4 Finish (Section 14),
4.1.5 Cross section (round, square, etc.),
4.1.6 Form (bar, rod, wire),
4.1.7 Dimensions (size, thickness, width and length),
4.1.8 Grade (Table 1), and
4.1.9 ASTM designation and year of issue.

NOTE 1—A typical ordering description is as follows: 250 lb (100 kgs)
zirconium alloy bar; hot rolled, annealed; mechanically descaled and
pickled; 3⁄4 in. (19 mm) by 4 in. (100 mm) by 144 in. (3.6 m), ASTM
Specification B 351 - 01, Grade R60802.

4.2 In addition to the data specified in 4.1, the following
options and points of agreement between the manufacturer and
the purchaser should be specified on the purchase order as
required:

4.2.1 Mechanical test temperature (see 8.1),
4.2.2 Tolerances (Section 10),
4.2.3 Workmanship standards (Section 13),
4.2.4 Special tests (Section 12),
4.2.5 Inspection (Section 16), and
4.2.6 Corrosion visual standards (Section 9).
4.2.7 Oxygen limits (see footnote A, Table 1).

5. Materials and Manufacture

5.1 Materials covered by this specification shall be pro-
duced by multiple vacuum melting in arc furnaces, electron

beam melting, or other melting processes conventionally used
for reactive metals; all processes to be done in furnaces usually
used for reactive metals.

6. Condition

6.1 Grades R60001, R60802, and R60804 furnished under
this specification shall be in the annealed condition unless
otherwise specified.

6.2 Grade R60901 in sizes under 1 in. (25 mm) in minimum
dimension furnished under this specification shall be in the
cold-worked condition unless otherwise specified. Sizes 1 in.
(25 mm) and over in minimum dimension shall be furnished in
the annealed condition unless otherwise specified.

7. Chemical Composition

7.1 The material shall conform to the requirements for
chemical composition as prescribed in Table 1.

7.2 The manufacturer’s ingot analysis made in accordance
with Specification B 350/B 350M shall be considered the
chemical analysis for material produced to this specification
except for hydrogen, oxygen, and nitrogen content, which shall
be determined on the finished product. Alternatively, the
manufacturer may sample an intermediate or final size during
processing with the same frequency and in the same positions
relative to the ingot, as specified in Specification B 350/
B 350M, to determine the composition, except for hydrogen,
oxygen, and nitrogen, which shall be determined on the
finished product.

TABLE 1 Chemical Requirements

Element
Composition, Weight %

UNS R60001 UNS R60802 UNS R60804 UNS R60901

Tin . . . 1.20–1.70 1.20–1.70 . . .
Iron . . . 0.07–0.20 0.18–0.24 . . .
Chromium . . . 0.05–0.15 0.07–0.13 . . .
Nickel . . . 0.03–0.08 . . . . . .
Niobium (columbium) . . . . . . . . . 2.40–2.80
Oxygen A A A 0.09–0.15
Iron + chromium + nickel . . . 0.18–0.38 . . . . . .
Iron + chromium . . . . . . 0.28–0.37 . . .

Maximum Impurities, Weight %

Aluminum 0.0075 0.0075 0.0075 0.0075
Boron 0.00005 0.00005 0.00005 0.00005
Cadmium 0.00005 0.00005 0.00005 0.00005
Calcium ... 0.0030 0.0030 ...
Carbon 0.027 0.027 0.027 0.027
Chromium 0.020 . . . . . . 0.020
Cobalt 0.0020 0.0020 0.0020 0.0020
Copper 0.0050 0.0050 0.0050 0.0050
Hafnium 0.010 0.010 0.010 0.010
Hydrogen 0.0025 0.0025 0.0025 0.0025
Iron 0.150 . . . . . . 0.150
Magnesium 0.0020 0.0020 0.0020 0.0020
Manganese 0.0050 0.0050 0.0050 0.0050
Molybdenum 0.0050 0.0050 0.0050 0.0050
Nickel 0.0070 . . . 0.0070 0.0070
Niobium ... 0.0100 0.0100 ...
Nitrogen 0.0080 0.0080 0.0080 0.0080
Phosphorus . . . . . . . . . 0.0020
Silicon 0.0120 0.0120 0.0120 0.0120
Tin 0.0050 . . . . . . 0.010
Tungsten 0.010 0.010 0.010 0.010
Titanium 0.0050 0.0050 0.0050 0.0050
Uranium (total) 0.00035 0.00035 0.00035 0.00035
AWhen so specified in the purchase order, oxygen shall be determined and reported. Maximum, minimum, or both, permissible values should be specified in the purchase

order.
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7.3 Analysis shall be made using the manufacturer’s stan-
dard methods. In the event of disagreement as to the chemical
composition of the metal, methods of chemical analysis for
reference purposes shall be determined by a mutually accept-
able laboratory.

7.4 Product Analysis—Product analysis is an analysis made
by the purchaser or the manufacturer for the purpose of
verifying the composition of the lot. The product analysis
tolerances reflect the variation between laboratories in the
measurement of chemical composition. The permissible varia-
tion in the product analysis from the specified range is as
prescribed in Table 2.

7.5 Number of Tests—Two random samples for each 4000
lb (1800 kg) or fraction thereof shall be analyzed for hydrogen,
nitrogen, and oxygen.

8. Mechanical Properties

8.1 The material shall conform to the requirements pre-
scribed in Table 3 for room temperature mechanical properties.
Elevated temperature properties shall be used to determine
compliance only when specified in the purchase order.

8.2 The yield strength shall be determined by the offset
(0.2 % method) as prescribed in Test Methods E 8.

8.3 The tensile properties shall be determined using a strain
rate of 0.003 to 0.007 in./in. (mm/mm)/min through the yield
strength. After the yield strength has been exceeded, the cross
head speed may be increased to approximately 0.05 in./in.
(mm/mm)/min to failure.

8.4 Requirements for mechanical properties do not apply to
wire.

8.5 The tensile properties enumerated in this specification
shall be determined in accordance with Test Methods E 8 or
E 21.

8.6 Number of Tests—Two random samples for each 4000
lb (1800 kg) or fraction thereof shall be tested for mechanical
properties in the longitudinal direction.

9. Corrosion Properties

9.1 Two samples chosen at random from each 4000 lb (1800
kg, a hard conversion) or fraction thereof shall be corrosion
tested in steam at 750°F (400°C), 1500 psi (10.3 MPa), for 72
h or 336 h at the option of the manufacturer in accordance with
Test Method G 2.

9.2 Acceptance Criterion:
9.2.1 Grades R60802 and R60804—All coupons thus tested

shall exhibit a continuous, black, lustrous oxide film and be
free of white or brown corrosion product in excess of standards
previously agreed upon between manufacturer and purchaser.
Coupons shall exhibit a weight gain of not more than 22
mg/dm

2

in a 72-h test or 38 mg/dm2 in a 336-h test.
9.2.2 Grade R60901—All coupons shall exhibit a continu-

ous, uniform, dark gray oxide film. Coupons shall exhibit a
weight gain of not more than 35 mg/dm2 in a 72-h test or 60
mg/dm

2

in a 336-h test.

10. Permissible Variations in Dimensions

10.1 Bars, rod, and wire shall conform to the dimensional
requirements for the specified product as prescribed in Tables
5-10.

11. Significance of Numerical Limits

11.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
methods of Practice E 29.

Property
Rounded Unit for Observed

or Calculated Value
Chemical composition, and toler-
ances (when expressed as decimals)

nearest unit in the last right-hand
place of figures of the specified limit

Tensile strength and yield strength nearest 1000 psi (10 MPa)
Elongation nearest 1 %

12. Special Tests

12.1 Ultrasonic Inspection:
12.1.1 In lieu of the ultrasonic test of the ingot as specified

in Specification B 350/B 350M, the manufacturer may alterna-
tively perform ultrasonic inspection at an intermediate size in
accordance with Practices E 114 or E 214, with the approval of
the purchaser.

12.1.2 Unless otherwise approved by the purchaser, the
reference standard shall consist of a 0.06 in. (1.5 mm) flat
bottom hole drilled perpendicular to the longitudinal product
axis to a depth of 0.5 in. (13 mm).

12.1.3 Any defect reflections greater than the indication
from the reference standard should be rejected.

12.2 Additional tests may be specified in the purchase order.
The test method and standards shall be agreed upon in advance
between manufacturer and purchaser.

13. Workmanship and Appearance

13.1 Bars, rod, or wire shall be free of cracks, seams,
slivers, blisters, burrs, and other injurious imperfections in
accordance with standards of acceptability agreed upon be-
tween the manufacturer and the purchaser.

14. Finish

14.1 Bars or rod in the hot-finished condition shall be
furnished with one of the following finishes as designated in
the purchase order:

14.1.1 Not descaled,
14.1.2 Mechanically descaled,
14.1.3 Mechanically descaled and pickled,
14.1.4 Rough machined 500 µin. (13 µm) or better,
14.1.5 Turned (round bars only) 500 µin. (13 µm) or better,

TABLE 2 Permissible Variations in Product Analysis

Alloying Elements
Permissible Variation from the
Specified Range (Table 1), %

Tin 0.050
Iron 0.020
Chromium 0.010
Nickel 0.010
Iron + chromium 0.020
Iron + chromium + nickel 0.020
Niobium 0.050
Oxygen 0.020

Each Impurity Element 20 ppm or 20 % of the specified
limit, whichever is smaller
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14.1.6 Ground (round bars 2 in. (50 mm) and under only)
125 µin. (3 µm) or better, or

14.1.7 Ground and polished 32 µin. (0.8 µm) or better.
14.2 Cold-reduced bars and wire shall be furnished with one

of the following finishes as designated in the purchase order:
14.2.1 As cold reduced,
14.2.2 Pickled,
14.2.3 Ground 63 µin. (1.6 µm) or better, or
14.2.4 Polished 32 µin. (0.8 µm) or better.

15. Retests

15.1 If any sample or specimen exhibits obvious surface
contamination or improper preparation disqualifying it as a
truly representative sample, it shall be discarded and replaced
by a new sample or specimen.

15.2 If the results of the inspection of a lot are not in
conformance with the requirements of this specification, the lot
may be reworked at the option of the manufacturer, providing
the rework steps are within the previously approved specifica-
tions and procedures used for the original fabrication. Devia-
tions must be approved by the purchaser.

15.3 If the result of any test does not meet the specification
requirements, retests may be performed on twice as many
samples as originally tested for the characteristic, or using
retest procedures mutually agreed upon between the manufac-
turer and the purchaser.

15.3.1 All test results including the original test results shall
be reported to the purchaser. Retest results shall be indicated
with the suffix “R”.

15.3.2 Only one set of retests is permitted and all retest
results shall conform to the specification requirements for the
retested characteristic. Following a failed test, 100 % testing is
not considered to be a retest.

16. Inspection

16.1 The manufacturer shall inspect the material covered by
this specification prior to shipment. If so specified in the
purchase order, the purchaser or his representative may witness
the testing and inspection of the material at the place of
manufacture. In such cases, the purchaser shall state in his
purchase order which tests he desires to witness. The manu-
facturer shall give ample notice to the purchaser as to the time
and place of the designated tests. If the purchaser’s represen-
tative does not present himself at the time agreed upon for the
testing, the manufacturer shall consider the requirement for
purchaser’s inspection at place of manufacture to be waived.

16.2 The manufacturer shall afford the inspector represent-
ing the purchaser, without charge, all reasonable facilities to
satisfy him that the material is being furnished in accordance
with this specification. This inspection shall be so conducted as
not to interfere unnecessarily with the operation of the works.

17. Rejection

17.1 Rejection for failure of the material to meet the
requirements of this specification shall be reported to the
manufacturer within 60 calendar days from the receipt of the
material by the purchaser. Unless otherwise specified, rejected
material may be returned to the manufacturer at the manufac-
turer’s expense, unless the purchaser receives, within three
weeks of the notice of rejection, other instructions for dispo-
sition.

TABLE 3 Mechanical Properties of Annealed Material, Tested in the Longitudinal Direction

Grade Condition Temperature
Tensile Strength,

min ksi (MPa)

Yield Strength
(0.2 % offset), min

ksi (MPa)

Elongation in 2 in.
or 50 mm, min %A

R60001 annealed RTB 42 (290) 20 (140) 18
R60802 annealed RT 60 (415) 35 (240) 14
R60802 annealed 600°F (316°C) 31 (215) 15 (105) 24
R60804 annealed RT 60 (415) 35 (240) 14
R60804 annealed 600°F (316°C) 31 (215) 15 (105) 24
R60901 cold worked RT 74 (510) 50 (345) 10
R60901 annealed RT 65 (450) 45 (310) 15

AWhen a sub-size specimen is used, the gage length shall be as specified in Test Methods E 8 for that specimen.
B“RT” represents room temperature; Note 4 in Test Methods E 8 and E 8M indicates that RT shall be considered to be 50 to 100°F (10 to 38°C) unless otherwise

specified. Paragraph 9.4.4 in Test Methods E 21 states that for the duration of the test, the difference between the indicated temperature and the nominal test temperature
is not to exceed6 5°F (3°C) for tests at 1800°F (1000°C) and lower, and 610°F (6°C) for tests at higher temperatures.

TABLE 4 Permissible Variations in Sectional Dimensions for Hot-
Worked Bars in Rounds A and Squares

Specified Size, in. (mm)
Permissible Variation in

Size, in. (mm)

Maximum
Permissible

Out-of-RoundB or
Out-of-SquareC

Section, in. (mm)

0.375–1.0 (9.5–25, incl –0 + 0.020 (–0 + 0.5) 0.013 (0.35)
Over 1.0–2.0 (25–50), excl –0 + 0.030 (–0 + 0.75) 0.021 (0.55)
Over 2.0–4.0 (50–101.0), incl –0 + 0.060 (–0 + 1.5) 0.050 (1.3)
Over 4.0–6.5 (101.0–165.0), excl –0 + 0.125 (–0 + 3.2) 0.070 (1.8)

ARound sections ranging from 1⁄4 in. (6.4 mm) to approximately 5⁄8 in. (16 mm)
in diameter are commonly produced on rod mills in coils. Permissible variations on
the product made this way have not been established; for such variations the
producer should be consulted. Variations in size of coiled products made on rod
mills are greater than size tolerances for products made on bar mills.

BOut-of-round is the difference between the maximum and minimum diameters
of the bar, measured at the same cross section.

COut-of-square section is the difference in the two dimensions at the same cross
section of a square bar, each dimension being the distance between opposite
corners.

TABLE 5 Permissible Variations in Hot-Rolled Flat Bars or Bars
Sheared from Plate

Thickness, in. (mm)
Permissible Variations

in Thickness,
in. (mm)

Permissible Variations
in Width, in. (mm)

Up–0.15 (3.8) +0.020–0 (+0.5–0) +1⁄8–0 (+3.2–0)
Over 0.15–0.25 (3.8–6.4) +0.030–0 (+0.75–0) +5⁄32–0 (+4.0–0)
Over 0.25–0.35 (6.4–9) +0.040–0 (+1.0–0) +3⁄16–0 (+4.8–0)
Over 0.35–0.45 (9–11.4) +0.050–0 (+1.3–0) +7⁄32–0 (+5.6–0)
Over 0.45–0.55 (11.4–14.0) +0.070–0 (+1.8–0) A

Over 0.55–1.500 (14.0–38.0) +0.080–0 (+2.0–0) A

Over 1.500 (38.0) A A

AConsult manufacturer.
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18. Referee

18.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

19. Certification

19.1 A producer or supplier shall furnish the purchaser with
a certificate that the material was manufactured, sampled,

tested, and inspected in accordance with this specification and
has been found to meet the requirements. The certificate shall
include a report of the test results.

20. Packaging and Package Marking

20.1 Each bundle, box, coil, or spool shall be legibly and
conspicuously marked or tagged with the following informa-
tion:

20.1.1 Purchase order or contract number,

20.1.2 Name of material,

20.1.3 Grade,

20.1.4 Size,

20.1.5 Lot, heat or ingot number,

20.1.6 Condition,

20.1.7 Gross, net and tare weights, and

20.1.8 ASTM specification number.

20.2 All material shall be packaged in such a manner as to
assure safe delivery to its destination when properly trans-
ported by any common carrier.

21. Keywords

21.1 bar; nuclear application; rod; wire; zirconium; zirco-
nium alloy

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

TABLE 6 Permissible Variations in Forged Bars

Size, in. (mm)A
Permissible Variations in Size, in. (mm) Permissible Variations in Squareness in. (mm)

Permissible Variations in
Length, in. (mm)

Forged Machined Forged Machined Forged or Machined
Up–4 (100) +0.25–0 (6.5–0) +0.05–0 (1.3–0) 0.125 (3.2–0) 0.03 (0.75–0) +0.25–0 (6.5–0)
Over 4–8 (100–200) +0.38–0 (10–0) +0.07–0 (1.8–0) 0.25 (6.5–0) 0.05 (1.3–0) +0.38–0 (10–0)
Over 8–16 (200–410) +0.5–0 (13–0) +0.10–0 (2.5–0) 0.4 (10–0) 0.5 (1.3–0) +0.5–0 (13–0)

AFor rectangular forgings the tolerances shall be applied depending on the size of the dimension specified. Length tolerance shall be based on largest dimension.

TABLE 7 Permissible Variations in Diameter for Cold-Finished
Bars

Size, in. (mm)
Permissible Variations, in. (mm)

Turned Centerless Ground

Over 3⁄8–1 (10–25) . . . 60.002 (60.05)
Over 1–2 (25–50) . . . 60.004 (60.10)
Over 2–4 (50.8–100) +0.015–0 (+0.40–0) 60.005 (60.13)
Over 4–6 (100–152) +0.030–0 (+0.75–0) . . .

TABLE 8 Permissible Variations in Diameter for Round Wire

Diameter, in. (mm)
Permissible Variations, in. (mm)

Pickled Centerless Ground
Up–0.100 (2.5) 60.002 (60.05) . . .
0.100–0.199 (2.5–5.0) 60.003 (60.10) 60.001 (60.03)
0.200–0.375 (5.1–9.6) 60.005 (60.13) 60.002 (60.05)

TABLE 9 Permissible Variations in Length for Hot- or Cold-
Finished Bars

Specified Size of
Rounds, Shapes, or

Widths of Flats, in. (mm)

Permissible Variations, in. (mm)

Under 3 ft (1 m) 3-12 ft (1-4 m) Over 12 ft (4 m)

Over Under Over Under Over Under
To 2 (50), incl 1⁄4 (6.5) 0 1⁄2 (13) 0 3⁄4 (20) 0
Over 2–4 (50–100) 3⁄8 (10) 0 3⁄4 (20) 0 1 (25) 0
Over 4–6 (100–150) 1⁄2 (13.0) 0 1 (25) 0 11⁄4 (30) 0
Over 6–8 (150–200) 5⁄8 (16.0) 0 11⁄4 (30) 0 11⁄2 (40) 0
Over 8–10 (200–250) 3⁄4 (20.0) 0 11⁄2 (40) 0 2 (50) 0

TABLE 10 Permissible Variations in Straightness for Hot- or
Cold-Finished Bars A

Bars Permissible Variation
Hot finished 1⁄8 in. (3.2 mm) in any 5 ft (1.5 m), but may not exceed 1⁄8

(0.4) 3 (number of feet (meters) in length/5)
Cold finished 1⁄16 in. (1.6 mm) in any 5 ft, but may not exceed 1⁄16 (0.2)3

(number of feet (meters) in length/5)
AThe measurement is taken on the concave side of the bar with a straight-edge.

Unless otherwise specified, hot- or cold-finished bars for machining purposes are
furnished machine straightened to the tolerances specified in the table.
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Designation: B 352/B 352M – 02

Standard Specification for
Zirconium and Zirconium Alloy Sheet, Strip, and Plate for
Nuclear Application 1

This standard is issued under the fixed designation B 352/B 352M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers hot- and cold-rolled zirconium
and zirconium alloy sheet, strip, and plate.

1.2 One unalloyed and three alloys for use in nuclear
applications are described.

1.3 The products covered in this specification include the
following forms and sizes:

1.3.1 Sheet, 24 in. (600 mm) or more in width; under 0.187
in. (4.8 mm) in thickness,

1.3.2 Strip, less than 24 in. (600 mm) in width; under 0.187
in. (4.8 mm) in thickness, and

1.3.3 Plate, over 10 in. (250 mm) in width; 0.187 in. (4.8
mm) and over in thickness.

NOTE 1—Material over 0.187 in. (4.8 mm) in thickness and less than 10
in. (250 mm) wide is covered as bar in Specification B 351.

1.4 Unless a single unit is used, for example corrosion mass
gain in mg/dm2, the values stated in either inch-pound or SI
units are to be regarded separately as standard. The values
stated in each system are not exact equivalents; therefore each
system must be used independently of the other. SI values
cannot be mixed with inch-pound values.

1.5 The following precautionary caveat pertains only to the
test method portions of this specification.This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ASTM Standards:
B 350/B 350M Specification for Zirconium and Zirconium

Alloy Ingots for Nuclear Application2

B 351 Specification for Hot-Rolled and Cold-Finished Zir-
conium and Zirconium Alloy Bars, Rod, and Wire for
Nuclear Application2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 21 Test Methods for Elevated Temperature Tension Tests
of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 114 Practice for Ultrasonic Pulse-Echo Straight—Beam
Examination by the Contact Method5

E 214 Practice for Immersed Ultrasonic Examination by the
Reflection Method Using Pulsed Longitudinal Waves5

G 2 Test Method for Corrosion Testing of Products of
Zirconium, Hafnium, and Their Alloys in Water at 680°F
or in Steam at 750°F6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 annealed—denotes material that exhibits a recrystal-

lized grain structure.
3.2 Lot Definitions:
3.2.1 castings—a lot shall consist of all castings produced

from the same pour.
3.2.2 ingot—no definition required.
3.2.3 rounds, flats, tubes, and wrought powder metallurgical

products (single definition, common to nuclear and non-
nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same
ingot or powder blend by the same reduction schedule and the
same heat treatment parameters. Unless otherwise agreed
between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace load for final batch anneal.

3.2.4 sponge—a lot shall consist of a single blend produced
at one time.

3.2.5 weld fittings—definition is to be mutually agreed upon
between manufacturer and the purchaser.

4. Ordering Information

4.1 Purchase orders for material under this specification
should include the following information as required to ad-
equately describe the desired material:

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.02 on Zirconium and Hafnium.

Current edition approved June 10, 2002. Published August 2002. Originally
published as B 352 – 60 T. Last previous edition B 352 – 01.

2 Annual Book of ASTM Standards, Vol 02.04.

3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.03
6 Annual Book of ASTM Standards, Vol 03.02
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4.1.1 Quantity (weight or number of pieces),
4.1.2 Name of material,
4.1.3 Condition (Section 6),
4.1.4 Finish (Section 14),
4.1.5 Form (Sheet, strip, plate,)
4.1.6 Edge (Section 15),
4.1.7 Dimensions (size, thickness, width and length),
4.1.8 Grade designation (Table 1), and
4.1.9 ASTM designation and year of issue.

NOTE 2—A typical ordering description is as follows: _ 5000 lb reactor
grade zirconium alloy, cold-rolled, vacuum annealed strip, 4.750 by 0.065
by 72 in., ASTM Specification B 352 - 01, Grade R60804.

4.2 In addition to the data specified in 4.1, the following
options and points of agreement between the manufacturer and
the purchaser should be specified on the purchase order as
required:

4.2.1 Temperature and direction of mechanical testing (see 8
and Table 2),

4.2.2 Workmanship standards (Section 13),
4.2.3 Special tests (Section 12),
4.2.4 Inspection (Section 17), and
4.2.5 Corrosion visual standards (Section 9).
4.2.6 Oxygen limits (see footnote A, Table 1).

5. Materials and Manufacture

5.1 Materials covered by this specification shall be pro-
duced by multiple vacuum melting in arc furnaces, electron

beam melting, or other melting processes conventionally used
for reactive metals; all processes to be done in furnaces usually
used for reactive metals.

6. Condition

6.1 Sheet, strip, or plate shall be furnished in one of the
following conditions as designated on the purchase order:

Form Condition
Sheet hot-rolled

hot-rolled, annealed
cold-rolled, annealed
cold-rolled, annealed, followed by a final light cold-

rolled pass, generally on polished rolls.
Strip hot-rolled

hot-rolled, annealed
cold-rolled
cold-rolled, annealed
cold-rolled, annealed, followed by a final light cold-

rolled pass, generally on polished rolls.
Plate hot-rolled

hot-rolled, annealed

7. Chemical Composition

7.1 The material shall conform to the requirement for
chemical composition as prescribed in Table 1

7.2 The manufacturer’s ingot analysis made in accordance
with Specification B 350/B 350M shall be considered the
chemical analysis for material produced to this specification
except for hydrogen, oxygen, and nitrogen content, which shall
be determined on the finished product. Alternatively, the
manufacturer may sample an intermediate or final size during

TABLE 1 Chemical Requirements

Composition, Weight %

Element UNS R60001 UNS R60802 UNS R60804 UNS R60901

Tin . . . 1.20–1.70 1.20–1.70 . . .
Iron . . . 0.07–0.20 0.18–0.24 . . .
Chromium . . . 0.05–0.15 0.07–0.13 . . .
Nickel . . . 0.03–0.08 . . . . . .
Niobium (columbium) . . . . . . . . . 2.40–2.80
Oxygen A A A 0.09–0.15
Iron + chromium + nickel . . . 0.18–0.38 . . . . . .
Iron + chromium . . . . . . 0.28–0.37 . . .

Maximum Impurities, Weight %

Aluminum 0.0075 0.0075 0.0075 0.0075
Boron 0.00005 0.00005 0.00005 0.00005
Cadmium 0.00005 0.00005 0.00005 0.00005
Calcium ... 0.0030 0.0030 ...
Carbon 0.027 0.027 0.027 0.027
Chromium 0.020 . . . . . . 0.020
Cobalt 0.0020 0.0020 0.0020 0.0020
Copper 0.0050 0.0050 0.0050 0.0050
Hafnium 0.010 0.010 0.010 0.010
Hydrogen 0.0025 0.0025 0.0025 0.0025
Iron 0.150 . . . . . . 0.150
Magnesium 0.0020 0.0020 0.0020 0.0020
Manganese 0.0050 0.0050 0.0050 0.0050
Molybdenum 0.0050 0.0050 0.0050 0.0050
Nickel 0.0070 . . . 0.0070 0.0070
Niobium ... 0.0100 0.0100 ...
Nitrogen 0.0080 0.0080 0.0080 0.0080
Phosphorus . . . . . . . . . 0.0020
Silicon 0.0120 0.0120 0.0120 0.0120
Tin 0.0050 . . . . . . 0.010
Tungsten 0.010 0.010 0.010 0.010
Titanium 0.0050 0.0050 0.0050 0.0050
Uranium 0.00035 0.00035 0.00035 0.00035

AWhen so specified in the purchase order, oxygen shall be determined and reported. Maximum, minimum, or both, permissible values should be specified in the purchase
order.
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processing with the same frequency and in the same positions
relative to the ingot as specified in Specification B 350/B 350M
to determine the composition, except for hydrogen, oxygen,
and nitrogen, which shall be determined on the finished
product.

7.3 Analysis shall be made using the manufacturer’s stan-
dard methods. In the event of disagreement as to the chemical
composition of the metal, methods of chemical analysis for
reference purposes shall be determined by a mutually accept-
able laboratory.

7.4 Product Analysis—Product analysis is an analysis made
by the purchaser or the manufacturer for the purpose of
verifying the composition of the lot. The product analysis
tolerances reflect the variation between laboratories in the
measurement of chemical composition. The permissible varia-
tion of the product analysis from the specified range is as
prescribed in Table 3.

7.5 Number of Tests—Two random samples for each 4000
lb (1800 kg) or fraction thereof shall be analyzed for hydrogen,
nitrogen, and oxygen.

8. Mechanical Properties

8.1 The material shall conform to the requirements pre-
scribed in Table 2 for longitudinal room-temperature mechani-
cal properties. Transverse and elevated temperature properties
shall be used to determine compliance only when specified in
the purchase order. When material is ordered in a condition
other than those given in Table 2, the specimens shall be heat
treated as referenced in Table 2 prior to test.

8.2 The yield strength shall be determined by the offset
(0.2 %) method as prescribed in Test Methods E 8.

8.3 The tensile properties shall be determined using a strain
rate of 0.003 to 0.007 in./in. (mm/mm)/min through the yield
strength. After the yield strength has be exceeded, the cross
head speed should be increased to approximately 0.05 in./in.
(mm/mm)/min to failure.

8.4 The tensile properties enumerated in this specification
shall be determined in accordance with Test Methods E 8 or
E 21.

8.5 Number of Tests—For each lot, two random samples for
each 4000 lb (1800 kg) or fraction thereof shall be tested for
mechanical properties.

9. Corrosion Properties

9.1 Two samples chosen at random from each 4000 lb (1800
kg) or fraction thereof shall be corrosion tested in steam at
750°F (399°C), 1500 psi (10.3 MPa) for 72 h or 336 h at the
option of the manufacturer in accordance with Test Method
G 2.

9.2 Acceptance Criterion:
9.2.1 Grades R60802 and R60804—All coupons thus tested

shall exhibit a continuous, black, lustrous oxide film and be
free of white or brown corrosion product in excess of standards
previously agreed upon between manufacturer and purchaser.
Coupons shall exhibit a weight gain or not more than 22
mg/dm2 in a 72-h test or 38 mg/dm2 in a 336-h test.

9.2.2 Grade R60901—All coupons shall exhibit a continu-
ous, uniform, dark gray oxide film. Coupons shall exhibit a
weight gain of not more than 35 mg/dm2 in a 72-h test or 60
mg/dm2 in a 336-h test.

10. Permissible Variations in Dimensions

10.1 Sheet, strip, or plate shall conform to the permissible
variations in dimensions prescribed in the applicable Tables
4-12, incl.

11. Significance of Numerical Limits

11.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall

TABLE 2 Mechanical Properties A

Grade Condition Direction of Test Test TemperatureB Tensile Strength, min,
ksi (MPa)

Yield Strength
(0.2 % Offset),

min, ksi
(MPa)

Elongation in
2 in. or 50 mm, min, %

R6001 annealed longitudinal RT 42 (290) 20 (140) 18
transverse RT 42 (290) 30 (205) 18

R60802 longitudinal RT 58 (400) 35 (240) 25
or annealed transverse RT 56 (385) 44 (300) 25
R60804
R60802 longitudinal 550°F (290°C) 27 (185) 15 (100) 30
or annealed transverse 550°F (290°C) 26 (180) 17.5 (120) 30
R60804
R60901 cold worked longitudinal RT 74 (510) 50 (345) 15

transverse RT 74 (510) 56 (385) 15
R60901 annealed longitudinal RT 65 (450) 45 (310) 20

transverse RT 65 (450) 50 (345) 20
AWhen a sub-size specimen is used, the gage length shall be as specified in Test Methods E 8 for that specimen.
B“RT” represents room temperature; Note 4 in Test Methods E 8 and E 8M indicates that RT shall be considered to be 50 to 100°F (10 to 38°C) unless otherwise

specified. Paragraph 9.4.4 in Test Methods E 21 states that for the duration of the test, the difference between the indicated temperature and the nominal test temperature
is not to exceed 65°F (3°C) for tests at 1800°F (1000°C) and lower, and 610°F (6°C) for tests at higher temperatures.

TABLE 3 Permissible Variations in Product Analysis

Alloying Elements
Permissible Variation from the Specified

Range (Table 1), %

Tin 0.050
Iron 0.020
Chromium 0.010
Nickel 0.010
Iron + chromium 0.020
Iron + chromium + nickel 0.020
Niobium 0.050
Oxygen 0.020
Each Impurity Element 20 ppm or 20 % of the specified

limit, whichever is smaller
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be rounded as indicated in accordance with the rounding
methods of Practice E 29.

Property Rounded Unit for Observed or Calculated
Value

Chemical composition, and tol-
erances (when expressed as
decimals)

nearest unit in the last righthand place of
figures of the specified limit

Tensile strength and yield
strength

nearest 1000 psi (10 MPa)

Elongation nearest 1 %

12. Special Tests

12.1 Ultrasonic Inspection:
12.1.1 In lieu of the ultrasonic test of the ingot as specified

in B 350/B 350M, the manufacturer may alternatively perform
ultrasonic inspection at an intermediate size in accordance with
Practices E 114 and E 214, with the approval of the purchaser.

12.1.2 Unless otherwise approved by the purchaser, the
reference standard shall consist of a 0.06 in. (1.5 mm) flat
bottom hole drilled perpendicular to the longitudinal product
axis to a depth of 0.5 in. (13 mm).

12.1.3 Any defect reflections greater than the indication
from the reference standard should be rejected.

12.2 Additional tests may be specified in the purchase order.
The test method and standards shall be agreed upon in advance
between manufacturer and purchaser.

13. Workmanship and Appearance

13.1 Sheet, strip, or plate shall be free of cracks, seams,
slivers, blisters, and other injurious imperfections in accor-
dance with standards of acceptability agreed upon between the
manufacturer and the purchaser.

14. Finish

14.1 Hot-rolled sheet, strip, or plate shall be furnished with
one of the following finishes as designated in the purchase
order:

14.1.1 Not descaled,
14.1.2 Mechanically descaled, or
14.1.3 Mechanically descaled and pickled.
14.2 Cold-rolled sheet or strip shall be furnished with one of

the following as designated in the purchase order:
14.2.1 Cold-rolled,
14.2.2 Ground 32 µin. (0.8 µm) rms or better, or
14.2.3 Pickled.

15. Edge

15.1 Hot-Rolled Strip—The following types of edges are
available on hot-rolled strip:

15.1.1 Mill edge,
15.1.2 Slit edge, and
15.1.3 Sheared edge.
15.2 Cold-Rolled Strip—A slit edge is normally furnished

on cold-rolled strip. A machined edge is available for weld
preparation.

15.3 Sheet and Plate—Both hot- and cold-rolled sheet and
plate are furnished with a sheared edge.

16. Retests

16.1 If any sample or specimen exhibits obvious surface
contamination or improper preparation disqualifying it as a
truly representative sample, it shall be discarded and replaced
by a new sample or specimen.

16.2 If the results of the inspection of a lot are not in
conformance with the requirements of this specification, the lot
may be reworked at the option of the manufacturer, providing
the rework steps are within the previously approved specifica-
tions and procedures used for the original fabrication. Devia-
tions must be approved by the purchaser.

16.3 If the result of any test does not meet the specification
requirements, retests may by performed on twice as many
samples as originally tested for the characteristic, or using
retest procedures mutually agreed upon between the manufac-
turer and the purchaser.

16.3.1 All test results including the original test results shall
be reported to the purchaser. Retest results shall be indicated
with the suffix “R”.

16.3.2 Only one set of retests is permitted and all retest
results shall conform to the specification requirements for the
retested characteristic. Following a failed test, 100 % testing is
not considered to be a retest.

17. Inspection

17.1 The manufacturer shall inspect the material covered by
this specification prior to shipment. If so specified in the
purchase order, the purchaser or his representative may witness
the testing and inspection of the material at the place of
manufacture. In such cases the purchaser shall state in his
purchase order which tests he desires to witness. The manu-
facturer shall give ample notice to the purchaser as to the time
and place of the designated tests. If the purchaser’s represen-
tative does not present himself at the time agreed upon for the

TABLE 4 Permissible Variations in Thickness of Hot-Rolled
Zirconium Sheet A

Specified Thickness, in. (mm)
Permissible Variations in

Thickness, plus and
minus, in. (mm)

0.145–0.188 (3.7–5), incl 0.014 (0.35)
0.130–0.145 (3.3–3.7), excl 0.012 (0.30)
0.115–0.130 (2.9–3.3), incl 0.010 (0.25)
0.1–0.115 (2.5–2.9), excl 0.009 (0.23)
0.084–0.098 (2.13–2.5), incl 0.008 (0.20)

AThickness measurements are taken at least 3⁄8 in. (10 mm) in from edge.

TABLE 5 Permissible Variations in Length of Hot- and Cold-
Rolled Zirconium Sheet

Specified Length, ft (m)
Permissible Variations in Length, in.

(mm)
Up to 10 (3) +1⁄2 (+13), –0
Over 10 to 20 (3 to 6) +1 (+25), –0

TABLE 6 Permissible Variations in Thickness of Hot-Rolled
Zirconium Strip

Specified Width, in. (mm)

Variation from Specified Thickness for
Widths Given, Over and Under, in. (mm)

0.187–0.1180
(4.8–3.0), incl.

0.1197–0.0830
(3.0–2.1), incl

To 31⁄2 (90) 0.006 (0.15) 0.005 (0.13)
Over 31⁄2–12 (90–300) 0.007 (0.18) 0.006 (0.15)
Over 12–18 (300–460) 0.008 (0.20) 0.008 (0.20)
Over 18–24 (460–610) 0.010 (0.25) 0.010 (0.25)
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testing, the manufacturer shall consider the requirement for
purchaser’s inspection at place of manufacture to be waived.

17.2 The manufacturer shall afford the inspector represent-
ing the purchaser, without charge, all reasonable facilities to
satisfy him that the material is being furnished in accordance
with this specification. This inspection shall be so conducted as
not to interfere unnecessarily with the operation of the works.

18. Rejection

18.1 Rejection for failure of the material to meet the
requirements of this specification shall be reported to the
manufacturer within 60 calendar days from the receipt of the
material by the purchaser. Unless otherwise specified, rejected
material may be returned to the manufacturer at the manufac-
turer’s expense, unless the purchaser receives, within three
weeks of the notice of rejection, other instructions for dispo-
sition.

19. Referee

19.1 In the event of disagreement between the manufacturer

and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified
by the purchase, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

20. Certification

20.1 A producer or supplier shall furnish the purchaser with
a certificate that the material was manufactured, sampled,
tested, and inspected in accordance with this specification and
has been found to meet the requirements. The certificate shall
include a report of the test results.

21. Packaging and Package Marking

21.1 Each bundle, box, or coil shall be legibly and conspicu-
ously marked or tagged with the following information:

21.1.1 Purchase order or contract number,
21.1.2 Name of material,
21.1.3 Grade,
21.1.4 Size,
21.1.5 Lot, heat, or ingot number,
21.1.6 Condition,
21.1.7 Gross, net and tare weights, and
21.1.8 ASTM specification number.
21.2 All material shall be packaged in such a manner as to

TABLE 7 Permissible Variations in Width of Hot-Rolled Zirconium Strip

Permissible Variations in Width, in. (mm)
Specified Width, in. (mm) Mill Edge Slit Edge Sheared Edge

Plus Minus Plus Minus Plus Minus
To 31⁄2 (90) 1⁄8 (3.2) 0 1⁄32 (.8) 1⁄32 (.8) 1⁄16 (1.6) 1⁄16 (1.6)
Over 31⁄2–12 (90–300) 1⁄4 (6.4) 1⁄8 (3.2) 1⁄32 (.8) 1⁄32 (.8) 1⁄8 (3.2) 0
Over 12–18 (300–460) 3⁄8 (9.5) 1⁄8 (3.2) 3⁄64 (1.2) 3⁄64 (1.2) 1⁄8 (3.2) 0
Over 18–24 (460–610) 1⁄2 (12.7) 1⁄4 (6.4) 3⁄64 (1.2) 3⁄64 (1.2) 3⁄16 (4.8) 0

TABLE 8 Permissible Variations in Thickness of Cold-Rolled Zirconium Strip

NOTE 1—For thicknesses under 0.010 in. (0.25 mm): in widths to 16 in. (400 mm) a tolerance of610 % of the thickness shall apply; in widths over
16 to 24 in. (400 to 610 mm) incl, a tolerance of615 % of the thickness shall apply.

NOTE 2—Thickness measurements shall be taken3⁄8 in. (9.5 mm) in from the edge of the strip, except on widths less than 1 in. (25 mm) where
tolerances are applicable for measurements at all locations.

Specified Thickness, in. (mm)

Permissible Variations in Thickness, for Widths Given, plus and minus in. (mm)

3⁄16 to 3 in.
(4.8 to 75 mm)

Over 3 to 12 in.
(75 to 300 mm)

Over 12 to 24 in.
(300 to 610 mm)

Under 3⁄16–0.160 (4.75–4.01), incl 0.003 (0.08) 0.004 (0.10) 0.006 (0.15)
0.160–0.100 (4.0–2.5), incl 0.002 (0.05) 0.004 (0.10) 0.005 (0.13)
0.099–0.069 (2.5–1.71), incl 0.002 (0.05) 0.003 (0.08) 0.004 (0.10)
0.068–0.035 (1.7–0.91), incl 0.002 (0.05) 0.003 (0.08) 0.004 (0.10)
0.034–0.020 (0.9–0.51), incl 0.0015 (0.04) 0.002 (0.05) 0.0025 (0.06)
0.019–0.010 (0.5–0.25), incl 0.001 (0.02) 0.0015 (0.02) 0.002 (0.05)

TABLE 9 Permissible Variations in Width of Cold-Rolled Zirconium Strip (Slit Edge)

Specified Thickness, in. (mm)

Permissible Variations in Width, for Widths Given, plus and minus in. (mm)

1⁄2 to 6 in.
(12.7 to 152 mm), incl

Over 6 to 12 in.
(152 to 305 mm), incl

Over 12 to 24 in.
(305 to 610 mm), excl

Under 3⁄16–0.161 (4.75–4.01), incl 0.016 (0.41) 0.020 (0.5) 0.031 (0.8)
0.160–0.100 (4.01–2.5), incl 0.010 (0.25) 0.016 (0.4) 0.020 (0.5)
0.099–0.069 (2.50–1.71), incl 0.008 (0.20) 0.010 (0.25) 0.020 (0.5)
0.068 (1.7) and under 0.005 (0.13) 0.010 (0.25) 0.020 (0.5)

TABLE 10 Permissible Variations in Length of Hot- and Cold-
Rolled Zirconium Strip

Specified Length, ft (m) Permissible Variations in Length, in.
(mm)

To 5 (1.5) incl +3⁄8 (9.5), −0
Over 5–10 (1.5–3.0), excl +1⁄2 (13), −0
Over 10–20 (3.0–6.1), incl +5⁄8 (16), −0
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assure safe delivery to its destination when properly trans-
ported by any common carrier.

22. Keywords

22.1 nuclear application; plate; sheet; strip; zirconium; zir-
conium alloy

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
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TABLE 11 Permissible Variations from a Flat Surface for Annealed Zirconium Plate

NOTE 1—Variations in flatness apply to plates up to 15 ft (4.5 m) in length, or to any 15 ft (4.5 m) of longer plates.
NOTE 2—If the longer dimension is under 36 in. (0.9 m), the variation is not greater than1⁄4 in. (6.4 mm).
NOTE 3—The shorter dimension specified is considered the width and the variation in flatness across the width does not exceed the tabular amount for

that dimension.
NOTE 4—The maximum deviation from a flat surface does not customarily exceed the tabular tolerance for the longer dimension specified.

Specified Thickness, in. (mm) 48 in. or
Under (120 cm)

48-60 in., excl
(120–150 cm)

60-72 in., incl
(150–180 cm)

Over 72 in.
(180 cm)

3⁄16–1⁄4 (4.75–6.4), incl 3⁄4 (19.0) 11⁄16 (27.0) 11⁄4 (32) 13⁄8 (35)
1⁄4–3⁄8 (6.4–9.5), excl 11⁄16 (18) 3⁄4(19.0) 15⁄16 (25) 11⁄8 (29)
3⁄8–1⁄2 (9.5–13), incl 1⁄2 (13) 9⁄16(14) 11⁄16 (18) 3⁄4 (19)
1⁄2–3⁄4 (13–19.0), excl 1⁄2 (13) 9⁄16 (14) 5⁄8 (16) 5⁄8 (16)
3⁄4–1 (19.0–25), excl 1⁄2 (13) 9⁄16 (14) 5⁄8 (16) 5⁄8 (16)
Over 1 (25) 1⁄2 (13) 9⁄16 (14) 9⁄16 (14) 9⁄16 (14)

TABLE 12 Camber Tolerance for Zirconium Sheet And Plate A

Tolerance:

1⁄8 3
Length in Feet

5
(result in inch)

3.2 3
Length in Meters

1.5
(result in mm)

ACamber is the greatest deviation of a side edge from a straight line. The
measurement is taken by placing a straightedge on the concave side and
measuring the greatest distance between the plate edge and the straightedge.
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Designation: B 353 – 02

Standard Specification for
Wrought Zirconium and Zirconium Alloy Seamless and
Welded Tubes for Nuclear Service (Except Nuclear Fuel
Cladding) 1

This standard is issued under the fixed designation B 353; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers seamless and welded wrought
zirconium and zirconium-alloy tubes for nuclear application.
Nuclear fuel cladding is covered in Specification B 811.

1.2 Five grades of reactor grade zirconium and zirconium
alloys suitable for nuclear application are described.

1.2.1 The present UNS numbers designated for the five
grades are given in Table 1.

1.3 Unless a single unit is used, for example corrosion mass
gain in mg/dm2, the values stated in either inch-pound or SI
units are to be regarded separately as standard. The values
stated in each system are not exact equivalents; therefore each
system must be used independently of the other. SI values
cannot be mixed with inch-pound values.

1.4 The following precautionary caveat pertains only to the
test method portions of this specification.This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ASTM Standards:
B 350 Specification for Zirconium and Zirconium Alloy

Ingots for Nuclear Application2

B 811 Specification for Wrought Zirconium Alloy Seamless
Tubes for Nuclear Reactor Fuel Cladding2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 21 Test Methods for Elevated Temperature Tension Tests
of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 112 Test Methods for Determining the Average Grain
Size3

G 2 Test Method for Corrosion Testing of Products of
Zirconium, Hafnium, and Their Alloys in Water at 680°F
or in Steam at 750°F5

G 2M Test Method for Corrosion Testing of Products of
Zirconium, Hafnium and Their Alloys in Water at 633K or
in Steam at 673K [Metric]5

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 dimensions, n—tube dimensions are outside diameter,

inside diameter, and wall thickness. Only two of these param-
eters may be specified in addition to length, except minimum
wall may be specified with outside and inside diameter. In each
case, ovality and wall thickness variation (WTV) may be
specified as additional requirements.

3.1.2 hydride orientation fraction, Fn, n—the ratio of hy-
dride platelets oriented in the radial direction to the total
hydride platelets in the field examined.

3.1.3 Lot Definitions:
3.1.3.1 castings—a lot shall consist of all castings produced

from the same pour.
3.1.3.2 ingot—no definition required.
3.1.3.3 rounds, flats, tubes, and wrought powder metallur-

gical products (single definition, common to nuclear and
non-nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same
ingot or powder blend by the same reduction schedule and the
same heat treatment parameters. Unless otherwise agreed

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.02 on Zirconium and Hafnium.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 353 – 60 T. Last previous edition B 353 – 01e1.

2 Annual Book of ASTM Standards,Vol 02.04.
3 Annual Book of ASTM Standards,Vol 03.01.
4 Annual Book of ASTM Standards,Vol 14.02. 5 Annual Book of ASTM Standards,Vol 03.02.

TABLE 1 ASTM and UNS Number Designations for
Reactor Grade Zirconium and Zirconium Alloys

Grade UNS Number

Reactor-grade zirconium R60001
Zirconium-tin alloy R60802
Zirconium-tin alloy R60804
Zirconium-niobium alloy R60901
Zirconium-niobium alloy R60904

1
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between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace load for final batch anneal.

3.1.3.4 sponge—a lot shall consist of a single blend pro-
duced at one time.

3.1.3.5 weld fittings—definition is to be mutually agreed
upon between manufacturer and the purchaser.

3.1.4 mill finish tubes, n—tubes that have received all
finishing operations subsequent to final anneal, which poten-
tially affects tube mechanical, dimensional, or surface condi-
tion. These operations include, but are not limited to, pickling,
cleaning, outer and inner surface abrasive conditioning, and
straightening.

3.1.5 ovality, n—the difference between the maximum and
minimum diameter, either outer or inner, as determined at any
one transverse cross section of the tube.

3.1.6 wall thickness variation (WTV), n—the difference
between maximum and minimum wall thickness measured at
any one transverse cross section of the tube.

3.1.6.1 Discussion—Measurement of ovality and WTV
made by a helical scan with a pitch not exceeding 0.25 in. (6.5
mm) shall be considered as equivalent to “at any one cross
section of the tube.”

4. Ordering Information

4.1 Purchase orders for material covered in this specifica-
tion should include the following information to describe
adequately the desired material:

4.1.1 Quantity,
4.1.2 Grade (see Table 1), and name of material,
4.1.3 Condition (recrystallized or stress relieved),
4.1.4 Dimensions, length, and tolerance,
4.1.5 Method of manufacture (seamless or welded),
4.1.6 ASTM designation and year of issue,
4.1.7 Surface finish on the inside (ID) and the outside (OD)

surfaces (Ra (in micro-inches or micrometres), unless other-
wise stated),

4.1.8 Surface condition on the inside (ID) and outside (OD)
surfaces (as pickled, abraded, etc.), and ends (as-saw cut,
machined/chamfered, sheared, etc.), and

4.1.9 Mutually agreed-upon inspection standards in accor-
dance with 8.2, 9.2, 9.4, 9.5, 10.1.1.2, 10.1.2.2, and 10.1.2.3.

NOTE 1—A typical order description may read as follows: 1000 pieces
of seamless zirconium-alloy tube OD abraded and ID pickled, Grade
R60804, recrystallized,3⁄4 in. outside diameter by 0.035 in. wall by 10-ft
lengths in accordance with ASTM B 353-02. Surface finish to be__ OD,
__ ID.

4.2 In addition to the information in 4.1, the following
points of agreement between the manufacturer and purchaser
should be specified in the purchase order as required:

4.2.1 Filler metal requirements for welded tubes (Paragraph
5.4),

4.2.2 Oxygen concentration limits in R60001, R60802,
R60804, and R60904 (Section 6),

4.2.3 Specimen temperature(s) during mechanical testing
(Section 7),

4.2.4 Method of determining yield strength if other than
0.2 % offset method (Section 7),

4.2.5 Initial gage length of mechanical test samples for
determining elongation after rupture (Table 2, FootnoteD),

4.2.6 Tensile property requirements for conditions or tem-
peratures not listed in Table 2 (Section 7),

4.2.7 Location of the inside diameter plugs in elevated
temperature short-time tension test, when specified (see Table
2, FootnoteD, and Paragraph 7.1.3),

4.2.8 Burst properties (Paragraph 7.2),
4.2.9 Post burst test measurement technique (Annex A1),
4.2.10 Sample condition and visual standards for corrosion

test when specified (Section 9),

TABLE 2 Minimum Tensile Properties of Tubing Tested in the Longitudinal Direction A,B,C,D,E,F

Material Condition
Test TemperatureC,F Minimum Ultimate Tensile Strength Minimum 0.2 % Yield Strength Minimum

Elongation, %°F (°C) psi (MPa) psi (MPa)

R60001 RT RT 42 000 (290) 20 000 (140) 25
Recrystallized 572 (300) B B B B B

R60802, R60804 RT RT 60 000 (415) 35 000 (240) 20
Recrystallized 572 (300) B B B B B

R60802, R60804 RT (RT) B B B B B

Cold-worked and Stress-relieved 572 (300) B B B B B

R60901, R60904 RT (RT) 65 000 (450) 45 000 (310) 20
Recrystallized 572 (300) B B B B B

R60901, R60904 RT (RT) 103 000 (710) 70 000 (485) 12
Cold-worked and Stress-relieved 572 (300) 69 500 (480) 48 000 (330) 12
A The strength of zirconium alloys is a function of their metallurgical condition, alloy content, and impurity level, especially oxygen. The strength values listed above are

for alloys that contain oxygen concentrations in the range 900 to 1400 ppm. For alloys with other oxygen concentrations, the tensile properties are to be agreed upon
between the manufacturer and the purchaser.

B To be agreed upon between the manufacturer and the purchaser.
C The tensile test is to be carried out at one or more of the temperatures listed in Table 2 (or at another temperature) as agreed upon between the manufacturer and

purchaser. If one of the above temperatures is selected, the minimum properties shall be as listed for that temperature. If a different temperature is selected, the minimum
properties shall be agreed upon between the manufacturer and purchaser.

D Paragraph 6.9.1 in Test Methods E 8 allows small diameter tubes to be tested as full size tubular sections with snug-fitting metal plugs inserted into the ends of the
tube to permit proper gripping by the test machine jaws, as shown in Fig. 11 in Test Methods E 8. Specimens for the testing of large diameter tubes are cut from the wall
of the tube and are to satisfy the requirements of Figs. 12 and 13 in Test Methods E 8.

E The properties in this table apply to tubes 0.125 in. (3.2 mm) outside diameter and larger, and 0.015 in. (0.38 mm) wall and thicker. Mechanical properties of tubes
outside these limits are to be agreed upon between the manufacturer and purchaser.

F “RT” represents room temperature; Note 4 in Test Methods E 8 and E 8M indicates that RT shall be considered to be 50 to 100°F (10 to 38°C) unless otherwise
specified. Paragraph 9.4.4 in Test Methods E 21 states that for the duration of the test, the difference between the indicated temperature and the nominal test temperature
is not to exceed 65°F (3°C) for tests at 1800°F (1000°C) and lower, and 610°F (6°C) for tests at higher temperatures.
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4.2.11 Hydride orientation test procedure, measurement
technique, magnification of photomicrograph, and limiting
values forFn (Section 11 and Annex A2),

4.2.12 For hydride orientation, angle theta (u) for determin-
ing radial platelets (Section 11 and Annex A2).

4.2.13 General test requirements and test plan for samples
(Section 13),

4.2.14 Hydrostatic test requirements (Section 12),
4.2.15 Contractile strain ratio acceptance criteria, when

specified (Paragraph 7.3 and Annex A4),
4.2.16 Retest sampling plan and requirements (Section 14),
4.2.17 Quantity variance (Section 16),
4.2.18 Certificate of test (Section 18), and
4.2.19 Special packing instructions (Section 19).

5. Materials and Manufacture

5.1 Material covered by this specification shall be made
from ingots produced by multiple vacuum arc melting, electron
beam melting or other melting processes conventionally used
for reactive metals; all melting is to be carried out in furnaces
usually used for reactive metals.

5.2 The tubes shall be made by a process approved by the
purchaser.

5.3 Seamless tubes may be made by any method that will
yield a seamless product that meets the requirements of this
specification. One such method is extrusion of billets with
subsequent cold working, by drawing, swaging, or rocking,

with intermediate anneals until the final dimensions are
reached.

5.4 Unless otherwise agreed upon between the manufacturer
and purchaser, welded tubing shall be made from flat-rolled
products by an automatic or semiautomatic welding process
with no addition of filler metal in the welding operation. Other
methods of welding, such as the addition of filler metal or hand
welding, may be employed if approved by the purchaser and
tested by methods agreed upon between the manufacturer and
the purchaser. If filler wire is used, it must meet the chemical
requirements of the appropriate grade as shown in Table 3.
Welded tube is normally cold reduced to the desired dimen-
sions by such methods as drawing, swaging, or rocking. The
manufacturer must prevent contamination during welding by
use of proper precautions.

6. Chemical Composition

6.1 The material shall conform to the requirements for
chemical composition prescribed in Table 3. The purchaser
shall specify the grade desired.

6.2 Analysis shall be made using standard methods. In the
event of disagreement as to the chemical composition of the
metal, methods of chemical analysis for referee purposes shall
be determined by a mutually acceptable laboratory.

6.3 The ingot analysis made in accordance with Specifica-
tion B 350 shall be considered the chemical analysis for
material produced to this specification except for oxygen,

TABLE 3 Chemical Requirements

Element
Composition, Weight %

UNS R60001 UNS R60802 UNS R60804 UNS R60901 UNS R60904

Tin ... 1.20–1.70 1.20–1.70 ... ...
Iron ... 0.07–0.20 0.18–0.24 ... ...
Chromium ... 0.05–0.15 0.07–0.13 ... ...
Nickel ... 0.03–0.08 ... ... ...
Niobium (columbium) ... ... ... 2.40–2.80 2.50–2.80
Oxygen A A A 0.09–0.15 A

Iron + chromium + nickel ... 0.18–0.38 ... ... ...
Iron + chromium ... ... 0.28–0.37 ... ...

Maximum Impurities, Weight %

Aluminum 0.0075 0.0075 0.0075 0.0075 0.0075
Boron 0.00005 0.00005 0.00005 0.00005 0.00005
Cadmium 0.00005 0.00005 0.00005 0.00005 0.00005
Calcium ... 0.0030 0.0030 ... ...
Carbon 0.027 0.027 0.027 0.027 0.027
Chromium 0.020 ... ... 0.020 0.020
Cobalt 0.0020 0.0020 0.0020 0.0020 0.0020
Copper 0.0050 0.0050 0.0050 0.0050 0.0050
Hafnium 0.010 0.010 0.010 0.010 0.010
Hydrogen 0.0025 0.0025 0.0025 0.0025 0.0010
Iron 0.150 ... ... 0.150 0.150
Magnesium 0.0020 0.0020 0.0020 0.0020 0.0020
Manganese 0.0050 0.0050 0.0050 0.0050 0.0050
Molybdenum 0.0050 0.0050 0.0050 0.0050 0.0050
Nickel 0.0070 ... 0.0070 0.0070 0.0070
Niobium ... 0.0100 0.0100 ... ...
Nitrogen 0.0080 0.0080 0.0080 0.0080 0.0080
Phosphorus ... ... ... 0.0020 0.0020
Silicon 0.0120 0.0120 0.0120 0.0120 0.012
Tin 0.0050 ... ... 0.010 0.010
Tungsten 0.010 0.010 0.010 0.010 0.010
Titanium 0.0050 0.0050 0.0050 0.0050 0.0050
Uranium (total) 0.00035 0.00035 0.00035 0.00035 0.00035

A When so specified in the purchase order, oxygen shall be determined and reported. Maximum, minimum, or both, permissible values should be specified in the
purchase order.
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hydrogen, and nitrogen content which shall be determined on
the finished product. Alternatively, the material may be
sampled at an intermediate or final size during processing with
the same frequency and in the same positions relative to the
ingot as specified in Specification B 350 to determine the
composition, except for hydrogen, oxygen, and nitrogen, which
shall be determined on the final product.

6.4 Product Analysis—Product analysis is an analysis made
for the purpose of verifying the composition of the lot. The
product analysis tolerances reflect the variation between labo-
ratories in the measurement of chemical composition. The
permissible variation in the product analysis from the specifi-
cation range is as listed in Table 4 .

6.4.1 Number of Tests—Two samples for each 4000 lb
(1800 kg) or fraction thereof of the product shall be analyzed
for hydrogen, nitrogen and oxygen. The location of the samples
may be random, or as agreed between the manufacturer and
purchaser.

7. Mechanical Properties

7.1 Tensile Properties
7.1.1 The tensile properties of the material shall be deter-

mined at one or more of the following temperatures as agreed
upon between the manufacturer and purchaser: at room tem-
perature, at 572°F (300°C), at another agreed-upon tempera-
ture, or at a combination thereof.

7.1.2 For tensile tests carried out at room temperature, the
properties shall conform to the limits listed in Table 2. For
tensile tests carried out at other temperatures, the properties
shall conform to the values listed in Table 2 for that tempera-
ture, or, for conditions not listed in Table 2, the properties shall
conform to those agreed upon between the manufacturer and
purchaser.

7.1.3 The tension test shall be conducted in accordance with
Test Methods E 8 or E 21. Yield strength shall be determined
by the 0.2 % offset method. The tensile properties shall be
determined using a strain rate of 0.003 to 0.007 in./in. · min
(mm/mm · min) through the yield strength. After the yield
strength has been exceeded, the cross head speed may be
increased to approximately 0.05 in./in. · min (mm/mm · min) to
failure. When an elevated temperature tension test is specified,
the positioning of inside diameter plugs shall be mutually
agreed upon between the manufacturer and the purchaser.

7.1.4 Number of Tests—For each lot, two samples for each
4000 lb (1800 kg) or fraction thereof shall be tested for tensile
properties. The location of the samples may be random or as
agreed between the manufacturer and purchaser.

7.2 Burst Properties:
7.2.1 Burst testing, when specified, shall be performed at

room temperature on finished tubing. The burst properties shall
conform to the values agreed upon between the manufacturer
and purchaser.

NOTE 2—In setting values for burst properties, cognizance should be
taken of the variability of this test. Standard deviations of 4.4 % were
encountered in the ASTM round robin in tubing with diameter approxi-
mately 0.4 in. (10 mm) used to confirm the recommended procedure.

7.2.2 The room temperature burst test shall be conducted in
accordance with Annex A1.

7.2.3 Number of Tests—For each lot, two samples for each
4000 lb (1800 kg) or fraction thereof shall be tested for tensile
properties. The location of the samples may be random or as
agreed between the manufacturer and purchaser.

7.3 Contractile Strain Ratio (CSR):
7.3.1 When so specified by the purchaser, the contractile

strain ratio (CSR) shall be determined at room temperature and
shall conform to limits that are to be mutually agreed upon
between the manufacturer and purchaser.

NOTE 3—Contractile strain ratio testing was the subject of a 1993 round
robin conducted by ASTM Subcommittee B10.02 using specimens with
diameter approximately 0.4 in. (10 mm). The variability was relatively
large and should be considered in setting specific limits. The following
two-sigma limits were determined as an estimate of the test precision:
60.16 for samples with a CSR of 1.68, and60.22 for samples with a CSR
of 2.53.

7.3.2 Contractile strain ratio testing shall be conducted in
accordance with Annex A4.

7.3.3 Number of Tests—For each lot, two samples for each
4000 lb (1800 kg) or fraction thereof shall be tested for CSR
properties. The location of the samples may be random or as
agreed between the manufacturer and purchaser.

8. Grain Size

8.1 The average grain size of recrystallized tubes shall be
equal to ASTM micrograin Size No. 7 or finer when deter-
mined in accordance with Test Methods E 112. The test shall
be performed on a longitudinal section.

8.2 If specified, the grain size in the welded and heat
affected zones of welded tubes shall be examined in sections
that are transverse to the weld. The grain sizes in the weld and
heat affected zones shall be smaller than those found in the
corresponding regions of a standard that is acceptable to the
manufacturer and purchaser.

8.3 Number of Samples—For each lot, the grain size shall be
determined for two samples for each 4000 lb (1800 kg) or
fraction thereof. The location of the samples may be random or
as agreed between the manufacturer and purchaser.

9. Corrosion Properties

9.1 When specified, a corrosion test in steam at 750°F
(400°C) and 1500 psi (10.3 MPa) may be performed on Grades
R60802, R60804, R60901, and R60904. If specified, the test
may be performed in water at 680°F (360°C). The tests shall be

TABLE 4 Permissible Variations in Product Analysis

Alloying Elements
Permissible Variation from
the Specification Range

(Table 3), wt %

Tin 0.050
Iron 0.020
Chromium 0.010
Nickel 0.010
Iron plus chromium 0.020
Iron plus chromium plus nickel 0.020
Niobium 0.050
Oxygen 0.020

Impurity Elements

All 20 ppm or 20 %, of the specified limit
whichever is smaller

B 353 – 02

4



conducted in accordance with Test Methods G 2 or G 2M.
9.2 When specified in the purchase order, the samples may

be tested in a mill finished condition. In this case, visual
acceptance standards shall be agreed upon between the manu-
facturer and the purchaser and the mass gain limits of 9.5.1,
9.5.2, or 9.6 shall apply.

9.3 Number of samples—For each lot, the specified corro-
sion test shall be carried out on two samples for each 4000 lb
(1800 kg) or fraction thereof. The location of the samples may
be random, or as agreed between the manufacturer and
purchaser.

9.4 Post-test Examination—After the test, all specimens
shall be examined for color, lustre, surface irregularities, and
corrosion products, and compared against visual standards
previously agreed upon between the purchaser and the manu-
facturer. The mass gain shall be determined using the method
prescribed in Test Methods G 2 or G 2M.

9.5 Acceptance Criteria for Steam Test:
9.5.1 Grades UNS R60802 and UNS R60804—The speci-

mens shall have a continuous black oxide film and be free of
white and brown corrosion product in excess of the standards.
The specimens shall exhibit a mass gain of not more than 22
mg/dm2 in a 72-h test or 38 mg/dm2 in a 336-h test.

9.5.2 Grades UNS R60901 and UNS R60904—The speci-
mens shall have a continuous uniform dark gray oxide film,
and shall exhibit a mass gain of not more than 35 mg/dm2 in a
72-h test, or 60 mg/dm2 in a 336-h test.

9.5.3 If the mass gain of a specimen from any lot exceeds
the 72-h test limits, the manufacturer has two options: (1)
Continue the corrosion test on the lot that failed the test to a
total of 336 h with the same specimens at the same prescribed
temperature and pressure, or (2) Resample the lot that failed for
twice the original number of specimens and conduct a 336-h
corrosion test. In either case, if the specimens from the lot
being retested pass the 336-h test requirements (mass gain and
visual), the lot shall be acceptable.

9.6 Acceptance Criteria for Water Test—The acceptance
criteria for the water corrosion test shall be agreed upon
between the manufacturer and purchaser.

10. Inspection

10.1 The manufacturer shall inspect the entire length of the
mill finished tubes covered by this specification, prior to
shipment, for dimensions, outer and inner surfaces, straight-
ness, and surface and internal flaws as follows:

10.1.1 Surface and Internal Flaw Inspection:
10.1.1.1Ultrasonic Inspection Test Methods—Each tube

shall be inspected by the ultrasonic test method in accordance
with Annex A3.

10.1.1.2Ultrasonic Reference Standard—The test equip-
ment shall be calibrated with an artificially defected standard
tube of the same nominal material, diameter, wall thickness,
surface finish, fabrication process, and final thermal treatment
as the lot being tested. The standard shall contain not less than
four defects oriented as follows: (1) outer tube surface, parallel
to tube axis; (2) outer tube surface, transverse to tube axis; (3)
inner tube surface, parallel to tube axis; and (4) inner tube
surface, transverse to tube axis. The defects shall be notches
with a depth to be agreed upon between the manufacturer and

purchaser. The minimum dimensions of the artificial defect
shall be 0.0015 in. (0.038 mm) deep and 0.065 in. (1.65 mm)
long.

10.1.1.3Rejection—Any tube showing an ultrasonic indi-
cation equal to or greater than the standard in 10.1.1.2 shall be
rejected.

10.1.2 Outer and Inner Surfaces, Visual Inspection:
10.1.2.1Test Method—Each tube shall be inspected over its

entire length. The outside surface shall be inspected under a
minimum light intensity of 100 fc (1100 lux). The inner surface
shall be inspected from each end against a suitable light
background.

10.1.2.2Acceptance Criteria—The tubes shall not contain
oxides, cracks, seams, slivers, blisters, pits, laps, foreign
particles, or scratches exceeding the mutually agreed-upon
inspection standard.

10.1.2.3 The finished tubes shall be visibly free of all
grease, oil, residual lubricants, and other extraneous materials,
as determined by mutually agreed-upon standards.

10.1.3 Straightness:
10.1.3.1Test Method—Each tube shall be inspected for

straightness by rolling on a surface plate and observing for the
maximum deflection (bow) in the vertical plane between two
points of contact, or by another method acceptable to the
purchaser.

10.1.3.2Acceptance Criteria—The tubes shall be free of
bends or kinks, and the maximum bow of lengths up to 10 ft
(3.0 m) shall not exceed 1 part in 1200. For lengths greater than
10 ft, the maximum bow shall not exceed 1 part in 800.

10.1.4 Dimensional Inspection:
10.1.4.1Test Method—Each tube shall be inspected over its

entire length by using a method agreed upon between the
manufacturer and purchaser.

10.1.4.2Acceptance Criteria—The tubes shall meet the
dimensional requirements of Table 5.

10.1.5 Length—When tubing is ordered cut to length, the
usable length shall be not less than that specified; but a
variation of 0.125 in. (3.0 mm) will be permitted for lengths up
to 6 ft (2.0 m). In lengths over 6 ft (2.0 m), a variation of 0.25
in. (6 mm) will be permissible.

10.1.6 Purchaser Inspection:
10.1.6.1 The manufacturer shall inspect tubes covered by

this specification prior to shipment and, on request, shall
furnish the purchaser with certificates of test. If so specified on
the purchase order, the purchaser or his representative may
witness the testing and inspection of the tubes at the place of
manufacture. In such cases, the purchaser shall state in his
purchase order which tests he desires to witness. The manu-
facturer shall give ample notice to the purchaser as to the time
and place of the designated tests. If the purchaser’s represen-
tative is not present at the time agreed upon for the testing and
if no new date is agreed upon, the manufacturer shall consider
the requirement for purchaser’s inspection at place of manu-
facture to be waived.

10.1.6.2 When the inspector representing the purchaser
appears at the appointed time and place, the manufacturer shall
afford him all reasonable facilities to see that the material is
being furnished in accordance with this specification. This
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inspection shall be so conducted as not to interfere unneces-
sarily with production operations.

11. Hydride Orientation

11.1 Hydride orientation,Fn, when specified, shall be de-
termined on finished tubing and shall conform to the values
agreed upon between the manufacturer and the purchaser.

11.2 Number of Samples—For each lot, the hydride orien-
tation shall be determined for two samples for each 4000 lb
(1800 kg) or fraction thereof. The location of the samples may
be random or as agreed between the manufacturer and pur-
chaser.

11.3 The hydride orientation shall be determined in accor-
dance with Annex A2.

12. Hydrostatic Test

12.1 When so specified in the purchase order, each tube
shall withstand, without showing bulges, leaks, or other de-
fects, an internal hydrostatic pressure that will produce in the
tube wall a stress of 50 % of the minimum specified yield
strength at room temperature. The pressure shall be determined
by the equation:

P 5 2St/D
(1)

where:
P = minimum hydrostatic test pressure (psi or MPa),
S = allowable fiber stress of one half of the minimum yield

strength (psi or MPa),
t = wall thickness (in. or mm), and
D = outside diameter (in. or mm).

12.2 The maximum hydrostatic test pressure shall not ex-
ceed 2500 psi (17.0 MPa) for size 3 in. (75 mm) and under, or
4000 psi (28 MPa) for sizes over 3 in. (75 mm). Hydrostatic
pressure shall be maintained for not less than 15 s.

13. Number of Tests

13.1 Sampling—Samples shall be taken for each of the tests
specified in 13.2. The minimum sampling frequency shall be in

accordance with the number of samples given in the appropri-
ate paragraphs.

13.2 Each sample chosen in accordance with 13.1 shall be
tested as follows: (1) product chemistry (Section 6), (2) tension
test, at a temperature and using specimens as mutually agreed
upon (Section 7.1), (3) burst test when specified (Section 7.2),
(4) grain size (Section 8), (5) corrosion test when specified
(Section 9), and (6) hydride orientation when specified and as
mutually agreed upon (Section 11).

14. Retest

14.1 If any sample or specimen exhibits obvious surface
contamination or improper preparation disqualifying it as a
truly representative sample, it shall be discarded and replaced
by a new sample or specimen.

14.2 If the results of the tube inspection of a lot are not in
conformance with the requirements of this specification, the lot
may be reworked at the option of the manufacturer, providing
the rework steps are within the previously approved specifica-
tions and procedures used for the original fabrication. Devia-
tions must be approved by the purchaser.

14.3 If the result of any test in Section 13.2 does not meet
the specification requirements, retests shall be performed on
twice as many samples as originally tested for the character-
istic, or using retest procedures mutually agreed upon between
the manufacturer and the purchaser.

14.3.1 All test results including the original test results shall
be reported to the purchaser. Retest results shall be indicated
with the suffix “R”.

14.3.2 Only one set of retests is permitted and all retest
results shall conform to the specification requirements for the
retested characteristic. Following a failed test, 100 % testing is
not considered to be a retest.

15. Significance of Numerical Limits

15.1 For the purpose of determining compliance with the
specified limits of property requirements, an observed value or
a calculated value shall be rounded in accordance with the
rounding method of Practice E 29.

TABLE 5 Permissible Variations in Diameter, Wall Thickness, and Ovality Measured at Any Location

NOTE 1—The tolerances in this table are applicable to only two of the three following dimensions: outside diameter, inside diameter, and wall thickness.
NOTE 2—The manufacturer should be consulted for applicable tolerances in small tubes (less than 0.187 in. (5 mm) in diameter) or tubes with wall

thickness less than 0.010 in. (0.25 mm).
NOTE 3—A wider variation of612.5 % of wall thickness is permitted for extra-thick walled tubes having wall thicknesses of 0.75 in. (19 mm) (or

greater) or inside diameter 60 % (or less) of the outside diameter.
NOTE 4—Ovality is the difference between maximum and minimum outside diameters measured at any one cross section.
NOTE 5—In tubes with nominal wall thickness less than 3 % of nominal outside diameter, the ovality tolerance is twice the tolerance shown for outside

or inside diameter (columns 3 and 4), but the average outside or inside diameter must fall within the tolerance given in columns 3 and 4 of the table.
NOTE 6—The manufacturer should be consulted for ovality tolerances in tubes with wall thickness less than 2 % of nominal outside diameter.

Nominal Outside Diameter
Variation in Diameter Outside or

Inside
Ovality See Note 5 Variation in

Wall Thickness

in. mm in. mm in. mm %

0.187–0.625, excl 5–16, excl 60.002 60.05 0.004 0.10 610
0.625–1.000, excl 16–25, excl 60.0025 60.06 0.005 0.12 610
1.000–2.000, excl 25–50, excl 60.004 60.10 0.008 0.20 610
2.000–3.000, excl 50–75, excl 60.005 60.13 0.010 0.26 610
3.000–4.000, excl 75–100, excl 60.007 60.18 0.014 0.36 610
4.000–5.000, excl 100–125, excl 60.010 60.25 0.020 0.50 610
5.000–6.000, excl 125–150, excl 60.015 60.40 0.030 0.80 610
6.000–8.000, excl 150–200, excl 60.020 60.50 0.040 1.00 610
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Test
Rounded Units for Observed

or Calculated Value

Chemical composition, tolerance
(when expressed in decimals)

nearest unit in the last right hand place
of figures of the specified limit

Tensile strength and yield strength nearest 1000 psi (10 MPa)
Elongation nearest 1 %

16. Quantity Variance

16.1 The manufacturer may overship an order by up to 10 %
when the order calls for 1000 lb (450 kg) or less. For larger
quantities, the permissible overshipment shall be agreed upon
between the manufacturer and the purchaser.

17. Rejection

17.1 Rejection for failure of the material to meet this
specification shall be reported to the manufacturer within 60
calendar days from the receipt of the material by the purchaser
unless otherwise agreed upon. Rejected material may be
returned to the manufacturer at the manufacturer’s expense,
unless the purchaser receives, within three weeks of the notice
of rejection, other instructions for disposition.

18. Certification

18.1 On request, the producer or supplier shall furnish the
purchaser with a certificate that the material was manufactured,
sampled, tested, and inspected in accordance with this speci-
fication and order, and has been found to meet the require-
ments. The certificate shall be supplied at the time of shipment
unless otherwise agreed upon, and shall, on request, include a
report of the test results.

19. Packaging and Package Marking

19.1 Each bundle, box, or carton shall be legibly and
conspicuously marked or tagged with the following informa-
tion:

19.1.1 Purchase order or contract number,
19.1.2 Name of manufacturer,
19.1.3 Grade,
19.1.4 Size,
19.1.5 Lot or ingot number,
19.1.6 Gross, net and tare weights, and
19.1.7 ASTM Standard Number.
19.2 All material shall be packed in such a manner as to

ensure safe delivery to its destination when properly trans-
ported by any common carrier. Any special requirements or
instructions must be specified by the customer.

20. Referee

20.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

21. Keywords

21.1 nuclear application; seamless tubing; welded tubing;
zirconium; zirconium alloy

ANNEXES

(Mandatory Information)

A1. RECOMMENDED CLOSED-END BURST TESTING PROCEDURE FOR ZIRCONIUM ALLOY TUBING

A1.1 Scope

A1.1.1 This annex covers the determination of burst test
mechanical properties of zirconium-base alloy tubing.

A1.1.2 Burst test results are affected by very small changes
in procedure. The following items are identified and defined to
minimize variation in testing procedures and to obtain repro-
ducibility of test results.

A1.2 Apparatus

A1.2.1 The test system shall be designed with adequate
capacity to test at the stress levels and temperatures needed. If
elevated temperature tests are to be performed on the same
equipment used for room temperature tests, it is essential that
special fluids be used which are stable at the elevated test
temperatures. Special consideration should be given to the
following system items:

A1.2.1.1 Pump—The pump should be capable of increasing
system pressure at a steady rate. The pressurization rate during
elastic loading shall be 20006 200 psi/min (14.06 1.4
MPa/min), and the same initial fluid volume pumping rate shall
be maintained for the duration of the test. The pump should not

produce a pressure surge with each stroke. The system should
be “stiff,” that is, its stored energy should be as low as
practical.

A1.2.1.2 Valves—Suitable valving shall be included for the
following functions: control, regulation, and safety.

A1.2.1.3 Gages—Suitable gages of adequate capacity shall
be used to monitor system pressure and to record the maximum
fluid pressure attained.

A1.3 Preparation of Specimen

A1.3.1 The sample shall be selected and tested in the mill
finished condition.

A1.3.2 Minimum unsupported length shall be 10 times the
average outside diameter.

A1.3.3 End fittings must be such as to produce a 2:1
circumferential to axial stress ratio.

A1.3.4 Use of a mandrel inside the test specimen shall be on
agreement between the manufacturer and the purchaser and
shall be noted on test reports.

A1.3.5 Mandrels shall meet the following requirements:
A1.3.5.1 Mandrel outside diameter = mean inside diameter
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of tubing minus 0.0106 0.002 in. (0.256 0.05 mm), except
an axial relief groove may be cut in the mandrel to facilitate
movement of the fluid within the specimen.

A1.3.5.2 The ends of the mandrel shall be tapered or
otherwise shaped so as not to restrict axial deformation of
tubing during test.

A1.3.6 All free gases shall be vented from the specimen
prior to test.

A1.4 Procedure

A1.4.1 Measurements shall be made of the outside diameter
and wall thickness of the specimen such that the mean average
diameter and minimum wall thickness can be determined to an
accuracy of 0.0005 in. (0.013 mm). Recommended measure-
ments are as follows:

A1.4.1.1 Pretest the measurements of the outside diameter
at three equally spaced locations around the circumference at
each end of the specimen and at the center. Pretest the
measurement of the wall thickness at six equally spaced
locations at each end of the specimen.

A1.4.1.2 Individual pretest measurements shall be to an
accuracy of60.0002 in. (0.005 mm).

A1.4.1.3 Post-test circumferential elongation shall be deter-

mined at the point of maximum bulge, excluding the opening
of the rupture, and to an accuracy of60.005 in. (0.13 mm).
The measurement technique is to be mutually agreed upon
between the manufacturer and the purchaser.

A1.5 Report

A1.5.1 The following data should be reported:
A1.5.1.1 Measurements taken from test specimens.
A1.5.1.2 Maximum fluid pressure.
A1.5.1.3 Ultimate hoop strength, calculated as follows:

s5
PD
2t (A1.1)

where:
s = ultimate hoop strength, psi or MPa,
p = maximum fluid pressure, psi or MPa,
D = average outside diameter minus average wall thick-

ness, in. or mm, and
t = minimum pretest wall thickness, in. or mm.

NOTE A1.1—For thick-wall tubes, consideration should be given to
using the more general thick-wall formula.

A1.5.1.4 Total circumferential elongation.

A2. RECOMMENDED PROCEDURE FOR DETERMINATION OF HYDRIDE ORIENTATION IN
ZIRCONIUM-ALLOY TUBING

A2.1 Test Criteria

A2.1.1 The following test criteria shall be mutually agreed
upon between the manufacturer and the purchaser:

A2.1.1.1 Number of specimens per lot,
A2.1.1.2 Number of determinations per specimen,
A2.1.1.3 Magnification of photomicrographs,
A2.1.1.4 Number and description of layers across the wall

thickness,
A2.1.1.5 Definition of typical hydride microstructure,
A2.1.1.6 Value of theta (u), the angle from radial direction,

and
A2.1.1.7 Hydride fraction value,Fn.

A2.2 Procedure

A2.2.1 Inoculate specimens from each lot of finished tubing
with about 100 ppm hydrogen to produce uniformly distributed
hydride platelets as follows:

A2.2.1.1 Introduce hydrogen into the specimens by methods
such as autoclaving in steam or lithium hydroxide, electrolytic
deposition, or absorption of hydrogen gas. The treatment
temperature shall not exceed 775°F (414°C). The method of
hydriding shall not result in excessive hydride concentration on
the surface. Such concentration would obscure the determina-
tion of hydride orientation. No surface removal is allowed after
hydriding.

A2.2.1.2 When agreed upon, heat treat the specimen at
7506 25°F (3996 14°C) for 56 1 h in an inert atmosphere
either during or after hydriding. If vacuum heat treatment is
used, the pressure shall not be less than 10−5 torr (1.33 mPa) to

prevent dehydriding. The cooling rate from temperature shall
be less than 25°F (14°C)/min.

A2.3 Measurement

A2.3.1 Cut transverse metallographic sections from each
hydrided specimen and prepare for microscopical examination.
Do not use either heat or pressure in preparation. The final etch
or chemical polish shall be capable of delineating the hydride
platelets. An anodizing procedure is recommended following
the etch or polish.

A2.3.2 Make determinations, as agreed upon between the
manufacturer and the purchaser, on the entire wall thickness. A
suitable magnification in the range 1003 to 5003 shall be used
for the measurement, and the measured area shall be typical of
the hydride microstructure.

A2.3.3 From the micrograph of each layer, count all hydride
platelets equal to or longer than 0.000625 in. (0.015 mm) at 13
magnification (1⁄16 in. or 1.5 mm at 1003 magnification). Also
count each platelet segment that extends in a secondary
direction longer than 0.000625 in. (0.015 mm) at 13 magni-
fication as a separate platelet.

A2.3.4 For each layer count all radial platelets. A radial
platelet is defined as one oriented within theta (u) degrees of
the radial direction of the tube and meeting the requirements of
A2.3.3.

A2.3.5 Calculate the value of the hydride fraction,Fn, as the
ratio of radial platelets to total platelets in a given layer. It shall
conform to the value mutually agreed upon between the
manufacturer and the purchaser.
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A3. RECOMMENDED PROCEDURE FOR ULTRASONIC TESTING OF ZIRCONIUM AND
ZIRCONIUM ALLOY TUBING FOR NUCLEAR SERVICE

A3.1 Scope

A3.1.1 This annex covers procedures for detecting discon-
tinuities in zirconium alloy nuclear tubing. Guides for the
selection and positioning of transducers for shear-wave and
Lamb-wave procedures are included in Appendix X1 and
Appendix X2.

A3.1.2 The immersed ultrasonic pulse-echo technique is
employed.

A3.1.3 Artificial longitudinal and transverse reference
notches are employed as the means of calibrating the ultrasonic
system.

A3.2 Terminology

A3.2.1 Definitions:
A3.2.1.1 relevant indication of a discontinuity—a repeat-

able rejectable indication.
A3.2.1.2 Definitions of additional terms and formulae are

given in A3.8.2.3.

A3.3 Surface Condition

A3.3.1 All surfaces shall be clean and free of scale, dirt,
grease, paint, or other foreign material that will interfere with
the interpretation of the test results. The methods used for
cleaning and preparing the surfaces for ultrasonic inspection
shall not be detrimental to the base metal or the surface finish.
The surface finish may be specified by contractual agreement
between the purchaser and supplier.

NOTE A3.1—Excessive surface roughness or scratches provide signals

(noise) that interfere with the test.

A3.3.2 The tubes shall be within the requirements of Speci-
fication B 353 for dimensions at time of test. Straightening
operations shall be performed prior to ultrasonic testing.

A3.4 Apparatus

A3.4.1 The instruments and accessory equipment shall be of
the pulse-echo type and shall be capable of distinguishing the
reference notches to the extent required in the calibration
procedure. Fig. A3.1(a) illustrates the characteristic oblique
entry of sound into the tube wall and the circumferential
direction of ultrasonic energy propagation used to detect
longitudinal notches. Fig. A3.1(b) illustrates the characteristic
oblique angle and the longitudinal direction of ultrasonic
energy propagation used to detect circumferential notches.

A3.4.1.1 The practice for a refracted shear wave in a tube
wall is with the effective beam width of the transducer within
the tube wall in the range of1⁄2 to 11⁄2 of the tube wall
thickness.

A3.4.2 The test system shall consist of two- or four-channel
pulse-echo flaw detection equipment, one or two two-channel
strip chart recorders or equivalent, tubing transport system
(handling equipment), immersion tank, two to four search
units, and assorted coaxial cables and connectors. The test
system may have a water heater and water filter as optional
equipment. Commercially available electronic equipment,
when used with applicable search units, shall be capable of
producing ultrasonic test frequencies of at least 5 MHz.

(a) Transducer set up for Longitudinal Defect; Offset ' 0.233 3 Outer Diameter, for 45 deg Shear Wave in Zr Alloys.

(b) Transducer set up for Transverse Defect; Incident Angle f ' 28 deg, for 45 deg Shear Wave in Zr Alloys.

FIG. A3.1 Shear Wave Test for Longitudinal and Transverse Defects
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A3.4.2.1 The method of plugging ends of product is to be
mutually agreed upon between the manufacturer and the
purchaser.

A3.4.3 The ultrasonic test shall be monitored automatically
by one or more of the following: (1) a chart recorder, (2)
magnetic tape, (3) electronically shutting down and stopping
the handling equipment, or (4) a paint or ink marking system.

A3.4.3.1 The test-monitoring system shall have the capabil-
ity to pick up the standard notch and defect indications.

A3.4.3.2 The automatic gating system must be equipped
with an electronic circuit that will make it impossible for more
than one pulse to remain unrecorded. The system used shall
contain one of the following: (1) a pulse stretcher, (2) a
one-shot multivibrator, (3) a pulse counter-recorder combina-
tion, or (4) equivalent devices.

A3.4.4 An advisory guide to transducer selection is given in
Appendix X1. Transducers other than those described in
Appendix X1 that produce the response required in A3.7 may
be used, provided their use is mutually agreed upon between
the manufacturer and the purchaser.

A3.4.5 Types of Transducers:
A3.4.5.1 Line Focus Transducer (or Cylindrically Focus

Transducer)—This type of transducer transmits a wedge of
energy that is distributed along a line. To calculate the
maximum revolutions per minute (rpm), two dimensions will
be required: (1) the effective beam length (EBL) and (2) the
effective beam width (EBW), at the focal point (sometimes
referred to as the Y0

+ point). See Fig. A3.2.
A3.4.5.2 Spot Focus Transducer—This type of transducer

transmits a cone of energy. To calculate the maximum revolu-
tions per minute, only one dimension (EBW) will be required:
the diameter of the beam (or the beam width or the focal
diameter) at the focal point (Y0

+). See Fig. A3.3.

A3.5 Couplant

A3.5.1 Water shall be used as the couplant conducting
ultrasonic energy between the transducer and the tube. Rust
and algae inhibitors, softeners, and wetting agents approved by

the purchaser may be added to the water. The couplant with all
additives shall wet the tube’s outside surface to provide
adequate coupling efficiency.

A3.5.2 The inside surface of the tube must be kept dry and
free of couplant to avoid misleading signals.

A3.5.3 The water must be kept free of debris and visible air
bubbles that interfere with the ultrasonic inspection.

A3.6 Calibration Standards

A3.6.1 This section describes the size, shape, preparation,
and positioning of artificial defects to be employed as calibra-
tion standards for use in testing with this procedure.

A3.6.2 A calibration (reference) standard of a convenient
length shall be prepared from a length of tube of the same
nominal material, diameter, wall thickness, surface finish,
fabrication process, and final thermal treatment as the tubes to
be inspected. The calibration tube shall be inspected prior to
manufacture of notches to ensure freedom from discontinuities
or other conditions producing indications that can interfere
with or be confused with detection of the reference notches.

A3.6.3 Unless otherwise specified by the purchaser, four
notches shall be required: one each on the inner and outer
surfaces aligned in the longitudinal direction, and one each on
the inner and outer surfaces aligned in the transverse (circum-
ferential) direction.

A3.6.4 Reference notches shall be sufficiently distant from
one another and from the end of the tube to avoid interference
or interpretation difficulty during the test.

A3.6.5 The notch dimensions, which are length, depth,
width (and for V-notches, the included angle) and the relation-
ship to sound beam dimensions shall be mutually agreed upon
between the purchaser and the producer. Fig. A3.4 illustrates
the common notch configurations and the dimension to be
measured (Note A3.2). Reflections from V-, buttress-, and
U-shaped notches of equal dimensions may vary widely
depending on the angle and vibrational mode of the interro-
gating beam.

NOTE A3.2—In Fig. A3.4(a) and Fig. A3.4(d), the sharp corners are for
ease of illustration. It is recognized that in normal machining practice, a
radius will be generated. Notches produced by electro-machining typically

FIG. A3.2 Description of EBL and EBW for a Line Focus
Transducer

FIG. A3.3 Description of EBW for a Spot Focus Transducer
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will have a radius at the bottom of the notch that increases with the depth
of the notch. For example, a 0.001-in. (0.025-mm) deep notch will have a
0.0002-in. (0.005-mm) radius, while a 0.004 in. (0.10-mm) deep notch
might have a 0.0005-in. (0.013-mm) radius.

NOTE A3.3—The length of the calibration notch should be chosen with
some care, especially when line focus transducers are employed. If a notch
is short with respect to the transducer beam length along its (the notch’s)
long axis, the test will be unnecessarily sensitive to long shallow defects.
Conversely, if the calibration standard is long compared with the beam
length, then the test will be insensitive to defects that are short compared
with the beam length. The best compromise is a notch/beam length ratio
between 0.3 and 1.

A3.6.6 All upset metal and burrs associated with the refer-
ence notches shall be removed.

A3.6.7 The notch depth shall be an average measured from
the tube surface to the maximum and minimum penetration of
the notch. Measurements may be made by optical, replicating,
or other mutually agreed upon techniques. Destructive means
may be used on duplicate notches that produce identical
(within 5 %) ultrasonic response. Notch depth shall be within
60.0005 in. (0.013 mm) of the specified value for notches
0.004 in. (0.10 mm) or less in depth, and within615 % of the
specified value or60.004 in. (60.1 mm) (whichever is
smaller) for deeper notches.

A3.6.8 The width of the notches should be as small as
possible, but shall not exceed twice the depth or 0.005 in. (0.13
mm), whichever is larger.

A3.6.9 Other types and orientations of reference disconti-
nuities may be specified upon contractual agreement between
the purchaser and the supplier.

A3.6.10 All calibration notch standards shall be given a
permanent identification marking and shall be traceable as to
material composition, heat treatment, location and positioning
of notches, and methods and results of each notch measure-
ment.

A3.7 Calibration of the Apparatus

A3.7.1 Static Calibration—Using the calibration standard
specified in A3.6, adjust the equipment statically to produce
clearly identifiable indications from both the inner and outer
surface notches. An advisory guide to transducer positioning is
given in Appendix X2. The relative response from the inner
and outer surface notches shall be as nearly equal as possible.
If the responses are not equal, the smaller response shall be the
reject level. It is recommended that the smaller response be not
less than 80 % of the larger response. The actual rejection level
as a percent of standard notch amplitude response can be
mutually agreed upon between the manufacturer and the
purchaser.

A3.7.1.1 The amplitude of the indication from the inside
diameter and outside diameter notches must be 50 to 90 % of
the full screen amplitude.

A3.7.1.2 On large diameter or heavy wall tubing, when the
responses from the inner and outer surface notches cannot be
made equal because of tube wall thickness and inside diameter
curvature, the rejection level for inside diameter and outside
diameter defects shall be equal to the notch responses from the
inside diameter and outside diameter notches, respectively.

A3.7.2 Dynamically calibrate the system with the reference
standard moving in the same manner, in the same direction,
and at the same speed as will be used during the inspection of
tubing.

A3.7.3 Make a minimum of three dynamic calibration runs
before beginning production testing and after any adjustment
or setup change, and detect each reference notch above the
reject level at least one time on each run.

A3.8 Inspection Procedure

A3.8.1 The tubing to be inspected or the search unit
assembly shall have a rotating motion and translation relative
to each other such that a helical scan of the tubing surface will
be described. Maintain the speed of rotation and translation
constant within610 %.

A3.8.2 Determine the pitch of the helix and the number of
tests per rotation by one of the following considerations:

A3.8.2.1 Criteria agreed upon between manufacturer and
the purchaser.

A3.8.2.2 Purchase transducers certified as to EBW and EBL
and use the certified values in the formulae.

A3.8.2.3 Establish the effective beam width (EBW) (and the
effective beam length (EBL), if it is a line focus transducer) by
passing the ultrasonic beam over a standard or reference notch
with the notch 90° to the beam while maintaining a signal
strength of 70 % of the maximum signal and a minimum
overlap of 25 %. This measurement should be performed from
a longitudinal notch if the transducer is used to detect longi-
tudinal (L) defects, and it should be performed on a transverse
notch if the transducer is used for transverse (T) defects, as
shown in Fig. A3.5.

A3.8.2.4 The surface speed, revolution per minute, feed
rate, and test time are given by the following equations:

Surface Speed~mm/s! 5 ~1 2 y! 3 P.R.R.3 ~EBW! (A3.1)

where:
EBW = effective beam width, mm,
P.R.R. = pulse repetition rate of ultrasonic equipment,

pulses/s, and
y = fraction of overlap required, fory = o the surface

speed is maximum.

Revolution Per Minute~r/min! 5
193 ~EBW!

OD 3 P.R.R. ~1 2 y!

(A3.2)

Feed Rate~mm/min! 5 ~EBL!~1 2 y! 3 r/min, for line focus
transducer

5 ~EBW!~1 2 y! 3 r/min, for spot focus
transducer (A3.3)

FIG. A3.4 Common Notch Shapes
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Total Inspection Time5
tube length

feed (A3.4)

A3.8.2.5 In the Lamb-wave technique test, the revolution
speed shall allow for a minimum of 120 pulses per revolution.

A3.8.3 Unless otherwise specified, inspect the tubing in
both circumferential and both longitudinal directions under the
identical conditions to those used in calibration under A3.7.
The method used by the manufacturer may be either two
transducers with reversing the tube end-for-end and testing a
second time or four transducers for a single bidirectional test.

NOTE A3.4—Identical conditions shall include all instrument settings,
mechanical motions, transducer attitude, and positions that are relative to
the tube, liquid couplant, and any other factor that may affect the validity
of the technique.

A3.8.4 During a continuous inspection run, verify the
equipment calibration by passing the calibration standard
through the inspection system once, at a frequency mutually
agreed upon between the manufacturer and the purchaser. Any
time the equipment does not present a clearly defined, reject-
able signal from both the inner and outer surface notches of the
calibration standard, recalibrate the equipment in accordance
with A3.7.

A3.8.5 In the event the equipment does not present signals
as outlined in A3.8.4, retest all tubing inspected subsequent to
the last preceding acceptable calibration after recalibration has
been accomplished.

A3.8.6 Equipment adjustments are permissible only at the
time of calibration as noted in A3.7 and A3.8.4.

A3.9 Interpretation of Results

A3.9.1 Any relevant indication of a discontinuity (A3.2.1.1)
that is equal to or greater than the reject level described in
A3.7.1 shall be cause for rejection of the tube being tested.

A3.9.2 Any tube not showing a relevant indication shall be
considered as having passed this ultrasonic inspection except
as noted in A3.8.5.

A3.10 Report

A3.10.1 The seller shall certify the results of tube inspec-
tions to the above procedure and shall maintain records of the
inspection that will include the following:

A3.10.1.1 Identification of the material by process lot,
A3.10.1.2 Identification of the inspection equipment and

accessories,
A3.10.1.3 Description of the inspection technique including

transducer details, inspection speed, sound frequency, helical
pitch, and calibration details,

A3.10.1.4 Description of the calibration standard and its
contained notches together with notch measurements and
method of measurement, and

A3.10.1.5 Results of the inspection.

FIG. A3.5 Determination of the Ultrasonic Beam. The Arrows Indicate the Movement of the Transducer Relative to the Notch
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A4. RECOMMENDED PROCEDURE FOR CONTRACTILE STRAIN RATIO TESTING OF ZIRCONIUM ALLOY TUBING

A4.1 Scope

A4.1.1 This annex covers the determination of the contrac-
tile strain ratio at room temperature of zirconium alloy tubing.

A4.1.2 Contractile strain ratio test results are affected by
small changes in procedure. The following items are identified
and defined to minimize variation in testing procedures and to
obtain reproducibility of test results.

A4.2 Apparatus

A4.2.1 Apparatus for the straining of the contractile strain
ratio specimen shall be in accordance with Test Methods E 8.

A4.3 Preparation of Specimen

A4.3.1 Select and test the sample in the mill finished
condition.

A4.3.2 Lightly scribe, prick punch, or otherwise mark the
intersections of a grid to a maximum depth of 0.0005 in. (0.013
mm) over a 2 in. (50 mm) gage length in the center of the tube
specimen. The grid is described by longitudinal lines located at
0, 90, 180, and 270° positions around the tube, and by
circumferential lines located at 1 in. (25 mm) intervals along
the 2 in. (50 mm) gage length. Fig. A4.1 illustrates this type of
grid. The longitudinal grid lines shall be located with a
tolerance of62°.

A4.3.2.1 Grid marks must be reproducibly locatable both
before and after specimen straining. A stylus or needle may be
used for this purpose.

A4.3.2.2 Circumferential scribe marks must be at right
angles to the tube axis with no evidence of spiraling.

A4.3.2.3 Axial lines must be parallel to the tube axis.
A4.3.2.4 To enhance the readability of the scribe marks and

to minimize the scribe mark depth, the area covered by the
scribe marks may be first coated with ink or layout dye prior to
scribing the gage lines.

A4.3.2.5 Since the measuring locations before and after
straining must be at the same locations, it is recommended that
the grid be labeled in some fashion similar to Fig. A4.1.

A4.4 Procedure

A4.4.1 Make pretest measurements of the outside diameter
at 1 in. (25 mm) intervals along one of the axial gage lengths
at locations next to the circumferential scribe lines. Then rotate
the specimen 90° and repeat the pretest measurements of the
outside diameter. Record a total of six pretest outside diameter
measurements, along with the precise location at which each
diameter was measured.

A4.4.1.1 Make pretest measurements of the length of each
axial scribe line between the two outermost circumferential
scribe lines for a total of four values.

A4.4.1.2 Pretest measurements of the outside diameter shall
be to an accuracy of60.0002 in. (0.005 mm). Individual
pretest measurements of the axial scribe line lengths shall be to
an accuracy of60.0005 in. (0.013 mm).

A4.4.2 Strain the specimen in a room temperature axial test
in accordance with Test Methods E 8, except as follows:

A4.4.2.1 Tight-fitting end plugs shall be installed into the
specimen ends to minimize distortion or ovalization during
testing,

A4.4.2.2 The strain rate shall be 0.003 to 0.007 in./in. - min
(mm/mm - min),

A4.4.2.3 The specimen shall be strained to a total plastic
axial strain of 3 to 6 %.

NOTE A4.1—Contractile strain ratio testing was the subject of a 1993
round robin conducted by ASTM Committee B10.02. It was determined
that variability in contractile strain ratio values was minimized when test
conditions were performed at the low end of the allowable range for strain
rate, and at the high end of the allowable range for strain level. It was also
concluded that although hold time after straining was not a significant
factor, the majority of the participants observed some increase in the
contractile strain ratio value after a specified hold time.

A4.4.3 Post-test measurements of the outside diameter and
axial scribe line lengths shall be made at the same locations
that were used for the pretest measurements as described in
A4.4.1 and A4.4.1.1, and to the same accuracy specified for the
pretest measurements as specified in A4.4.1.2.

A4.5 Calculation

A4.5.1 Calculate the average prestrain outside diameter
using the six diameter measurements from A4.4.1.

A4.5.2 Calculate the average prestrain axial length using the
four length measurements from A4.4.1.1.

A4.5.3 Calculate the average post strain outside diameter
using the six diameter measurements from A4.4.3.

A4.5.4 Calculate the average post strain axial length using
the four length measurements from A4.4.3.

A4.5.5 Calculate the true circumferential strain,Ec, as
follows:

Ec5 1n Faverage post strain diameter
average prestrain diameterG (A4.1)

A4.5.6 Calculate the true axial strain,Ea, as follows:

Ea 5 1nFaverage post strain gage length
average prestrain gage lengthG (A4.2)

A4.5.7 Calculate the true radial strain,Er, as follows:

Er 5 2 Ea2 Ec
(A4.3)

A4.5.8 Calculate the contractile strain ratio (CSR) as fol-
lows:

CSR5 FEc
ErG (A4.4)

FIG. A4.1 Circumferential and Axial Scribe Lines for the
Determination of Contractile Strain Ratio
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APPENDIXES

(Nonmandatory Information)

X1. AN ADVISORY GUIDE TO TRANSDUCER SELECTION

X1.1 This supplement is only an advisory guide and not a
mandatory requirement for selection of transducers.

X1.2 Focused immersion transducers can be classified in
spot focus and line focus.

X1.3 The four most important characteristics of a focused
transducer are as follows:

X1.3.1 The apex angle of the cone,
X1.3.2 The dimension of the focal spot,
X1.3.3 The frequency, and
X1.3.4 The damping coefficient,d.

X1.4 Transducers for Shear-Wave Inspection

X1.4.1 The apex angle of the cone can be expressed as the
ratio of transducer focal length to the diameter of the trans-
ducer. The transducer is assigned an “F-number” based on the
aforementioned ratio; for example, a focal length of 13 mm
from a 6.5-mm element has the designationF = 2, a 25-mm
focal length from a 12.5-mm element is alsoF = 2, but a
25-mm focal length from a 6.25-mm element is designatedF =
4 (see Fig. X1.1). Most precision testing is carried out with
transducer assemblies betweenF = 2 andF = 5. Inside the
material the cone shortens at approximately the velocity ratio
between the longitudinal wave in water and the shearwave in
the metal. Thick walls cannot be tested withF = 2 transducers
but require a longer, narrow cone, for example,F = 4.

X1.4.2 The focal spot size is chosen on the basis of the
type of defect to be detected. To resolve very small defects (for
example, pinholes in tubing), and to make the system more
sensitive to defect depth as a percentage of wall thickness, the
spot size should be as small as possible. The diameter of the
focal spot of a point focus transducer,d, is the effective
diameter of the transducer. The diameter of the focal spot in
water of a point focus transducer may be calculated from

D 5
1.03l f

d ~or! 1.03l ~F2number! (X1.1)

where:
D = the focal spot diameter to the − 3 dBpoint,
l = the wavelength (in water),
f = the focal length (in water),
d = the effective diameter of the transducer, and
F-number = f/d

The diameter for the focal spot shall not exceed 0.5 mm
(0.020 in.). For a rectangular line focus transducer, the width of
the focal line is given by

W5
0.88l f

w ~or! 0.88l ~F2number! (X1.2)

where:
W = the width of the focal line to the − 3 dBpoint,
l = the wavelength,
f = the focal length,
w = the effective width of the transducer in the

plane in which focusing occurs, and
F-number = f/w

X1.4.3 High frequency transducers can be manufactured
with good quality focal length and diameter, even with small
elements and lenses. Low frequency transducers cannot be
focused as sharp as the high frequency ones.

X1.4.4 For damping, it is recommended that crystals be
used that oscillate less than two cycles before the amplitude is
reduced to half.

X1.4.5 Dimensions of the stuffing box, requirements of
resolution, pulse strength of electronic equipment, tube wall
thickness, etc., eventually determine the required transducer
characteristics. An example of a compromise of transducer
characteristics for inspection of nuclear fuel clad tubing might
be as follows:
Apex cone F = 4
Frequency 10 MHz
Damping coefficient 2.0
Focal dimension 0.4-mm diameter (for Spot Focus) or width

(for Line Focus)

X1.4.6 Transducers with a line focus can also be classed
with anF-number, but the length of the line is important in that
it covers a larger area that results in a substantially reduced
reflection of a smaller defect or a reference notch.

X1.4.7 Line focus transducers may be used for the detection
of longitudinal or transverse defects, or both. The line of the
focus should be parallel with the length of the reference notch.
Other parameters such as off-set, frequency, sensitivity, damp-
ing, etc., are similar as for W-spot focus transducers, but it
should be possible to increase the helical pitch testing with a
line focus transducer.

X1.5 Transducers for Lamb-Wave Inspection

X1.5.1 Line focus or spot focus transducers may be used.
X1.5.2 A focal length of 20 mm (0.8 in.) is recommended,

although a focal length of 15 to 40 mm (0.6 to 1.6 in.) may beFIG. X1.1 Examples of Transducer Designations
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used. The actual focal length should be known within6 10 %.
X1.5.3 The sound beam of the transducers used must be

symmetrical. Maximum permissible variation within the theo-
retical width of the sound beam shall be63 dB. The sound
beam is allowed to deflect by a maximum of 2° from the axis
of the transducer in any of the main directions of testing. For
line focused transducers the length of the sound beam at the
focal plane shall not be greater than 7 mm (0.280 in.) and the

width a maximum of 1.9 mm (0.075 in.). For spot focused
transducers the maximum size of the focal point shall be 1.9
mm (0.075 in.).

X1.5.4 A damping factor of 3 is recommended. The damp-
ing factor must not be greater than 5.

X1.5.5 Transducer frequency chosen according to Fig.
X1.2.

X2. AN ADVISORY GUIDE TO TRANSDUCER POSITIONING

X2.1 This supplement is only an advisory guide and not a
mandatory requirement to transducer positioning.

X2.2 Transducer Positioning for Shear Wave Testing

X2.2.1 For Longitudinal Defects—Positioning an inspec-
tion transducer for the detection of longitudinal defects using a
refracted shear wave test with a spot or line focused beam is
accomplished as follows (see Fig. A3.1(a)):

X2.2.1.1 If a line focused transducer is used, adjust the
transducer so that the major dimension of the beam is parallel
to the axis of the tube.

X2.2.1.2 Normalize the transducer to the top surface of the
reference standard tube from a position directly above the tube.
Normalization should be performed at a water distance equal to
or greater than focal length in order to produce the maximum
surface signal.

X2.2.1.3 Set the transducer water path at its specified focal
distance directly above the reference tube’s top surface by
adjusting for a maximum surface signal.

X2.2.1.4 The refracted shear wave is achieved by moving
the transducer a specified offset distance perpendicular to the
tube axis from the transducer’s top dead center position. The
specified offset distance is calculated by the following equa-
tion:

Offset5 H velocity of sound in water
velocity of shear wave in tube materialJ

3 tube radius3 Sinu (X2.1)

For Zircaloy tubes, offset
' 0.3253 O.D. for u = 80°
' 0.2853 O.D. for u = 60°
' 0.2333 O.D. for u = 45°

whereu is the refracted angle in the tube.
The following steps provide nearly equal response from the
inner and outer surface notches (inside diameter and outside
diameter notches, respectively). This is achieved by adjusting

the transducer to place the focal point within the tube wall.
X2.2.1.5 Translate the standard tube (or the transducer) so

that the longitudinal outside diameter (OD) notch is directly
across the transducer; a large OD1 multiple is obtained. Rotate
the standard slightly to observe successive appearance and
disappearance of OD2, OD3, etc., multiples produced by the
shear wave response from the outside diameter notch (see Fig.
X2.1).

X2.2.1.6 At the location of the OD2 multiple, adjust the
focal distance so that a maximum OD2 multiple is obtained.

X2.2.1.7 Repeat steps X2.2.1.5 and X2.2.1.6 for the lon-
gitudinal inside diameter notch to observe ID1, ID2, etc.,
multiples. If necessary, readjust the transducer focal distance to
obtain nearly equal amplitudes of OD2 and ID1 multiples. The
same procedure may also be used to obtain nearly equal
amplitudes of OD2 and ID2 multiples. The flaw gate is
positioned to include either OD2, ID1 multiples or OD2, ID2

multiples, whichever gives the best indication. Do not gate
OD1.

X2.2.1.8 For bidirectional testing, the two transducers
should be positioned equal distance away from the tube center
line and on opposite sides of the tube center line.

X2.2.2 For Transverse Defects—Positioning an inspection
transducer for the detection of transverse defects using a
refracted shear wave test with a spot or line focused beam is
accomplished as follows (see Fig. A3.1(b)):

X2.2.2.1 Same as X2.2.1.1.
X2.2.2.2 Same as X2.2.1.2.
X2.2.2.3 Same as X2.2.1.3.
X2.2.2.4 The refracted shear wave is obtained by setting

the incident angle calculated by the following equation:

Incident angle,f

5Sin21H velocity of sound in water
velocity of shear wave in tube materialJ 3Sin

(X2.2)

FIG. X1.2 Recommended Frequency Interval for Different Tube
Wall Thicknesses
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For Zircaloy tubes, incident angle'28°.
X2.2.2.5 Translate the standard tube (or the transducer) so

that the transverse outside diameter notch is directly across the
transducer; a large OD1 multiple is obtained. Translate the
standard (or the transducer) slightly to observe OD2, OD3, etc.,
multiples (similar to Fig. X2.1).

X2.2.2.6 At the location of the OD2 multiple, adjust the
focal distance so that a maximum OD2 multiple is obtained.
Tube or transducer translation may be necessary to maintain
the notch signal at its maximum.

X2.2.2.7 Repeat steps X2.2.2.5 and X2.2.2.6 for the trans-
verse inside diameter notch to observe ID1, ID2, etc., multiples.
If necessary, readjust the transducer focal distance to obtain
near equal amplitudes of OD2 and ID1 multiples. The same
procedure may also be used to obtain equal amplitudes of OD2

and ID2 multiples. The flaw gate is positioned to include either
OD2, ID1 multiples or OD2, ID2 multiples, whichever gives the
best indication.

X2.3 Transducer Positioning for Lamb Wave Inspection

X2.3.1 Guide to Transducer Positioning for a Lamb-Wave,
Line Focus Test for Longitudinal Defects:

X2.3.1.1 Normalize the transducer to the top surface of the
reference standard tube from a position directly above the tube.

X2.3.1.2 Set the transducer water path at its specified
distance directly above the reference tube top surface. The
specified water path is the transducer focal length minus the
water path correction,D WP.

D WP5 tube OD3 0.117 (X2.3)

X2.3.1.3 A Lamb-wave is achieved by moving the trans-
ducer a specified offset distance perpendicular to the tube axis
from the transducer’s top dead center position. The specified
offset distance is adjusted within the values recommended in
Fig. X2.2 for highest possible sensitivity.

X2.3.2 Guide to Transducer Positioning for a Longitudinal
Lamb-Wave Search for Circumferential (Transverse) Defects:

X2.3.2.1 Normalize the transducer to the top surface of the
reference standard tube from a position directly above the tube.

(a) Tube with no defect, only a surface signal is observed at the OD1 location.

(b) Tube with outside diameter and inside diameter notches, the OD1 location includes the surface signal and the first outside diameter multiple.

NOTE 1—OD1 is a surface reflected signal and not a refracted shear wave. Do not gate OD1.
FIG. X2.1 Shear Wave Response from a Tube

FIG. X2.2 Lamb-Wave Longitudinal Flaw Testing. Transducer
Offset Positioning as Function of Tube Outer Diameter
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X2.3.2.2 Set the specified incident angle according to Fig.
X2.3.

X2.3.2.3 Direct the transducer against the outside diameter
standard notch by axially moving the standard tube, and adjust
for the focal distance.

X2.3.2.4 The incident angle and the water path are adjusted
for highest possible sensitivity from the inside diameter and
outside diameter standard defects, detected through the metal.

X3. RATIONALE (COMMENTARY)

X3.1 The 1988 edition of this specification attempted to
cover all types of tubing for nuclear service.

X3.2 Specification B 811–90 originally was written to
cover wrought zirconium alloy seamless tubes used for nuclear
fuel cladding.

X3.3 This specification continues to cover tubing for
nuclear service other than fuel cladding. It is to be used for
structural tubes, instrumentation tubes, and larger diameter
tubes.

X3.4 Paragraph 5.4 was included because the corrosion
resistance of zirconium alloy tubes can be affected by the
manufacturing processes used.

X3.5 The tensile properties in previous versions of this
specification were measured at room temperature. The present
version allows the tensile properties to be measured at room
temperature, or at 572°F (300°C), or at another temperature, or
at a combination thereof. The properties measured in the room
temperature tests must satisfy the minimum values listed for
room temperature in Table 2. The values from tests at other
temperatures must satisfy the specified minimum values listed
in Table 2 for that temperature, or, for conditions not listed in
Table 2, satisfy the values agreed upon between the manufac-
turer and purchaser.

X3.6 It is not the intention to specify that the tensile
properties must be measured at two or more temperatures. The
aim is to allow the purchaser to select one or more test
temperatures other than room temperature that may be more
appropriate to the reactor operating conditions. Acceptable
properties measured in tests at one temperature will satisfy the
requirements of this specification.

X3.7 The hydrostatic pressure test, when specified, subjects
the tube to a hoop stress of 50 % of the specified minimum
room temperature yield strength. It is one of the tests used to
ensure that the tube will be acceptable for end use; the tube
must withstand the hydrostatic test with no evidence of bulges,
leaks, or other flaws.

X3.8 Previous versions of this specification used inch-
pound units as the standard, with metric units given in
parentheses for information only. The current version of this
specification uses both inch-pound and metric units as stan-
dard. Conversions made between them were rounded, so that
they are not exact equivalents. Because of this rounding, the
metric and the inch-pound values must be used independently
of each other. Inch-pound values cannot be selected with other
metric values to obtain an “easier” version of this specification.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

NOTE 1—It is recognized that additional information is required for
higher frequencies, thinner walls or smaller incident angles.

FIG. X2.3 Lamb-Wave Transverse Flaw Testing. Transducer
Incident Angle as Function of Frequency and Tube Wall

Thickness
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Designation: B 362 – 91 (Reapproved 2003)

Standard Test Method for
Mechanical Torque Rate of Spiral Coils of Thermostat Metal 1

This standard is issued under the fixed designation B 362; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 The test method covers the principles of determining the
mechanical torque rate of spiral coils of thermostat metal.

NOTE 1—This test method has been developed particularly to cover the
determination of the mechanical torque rate of spiral coils made of
thermostat metal for carburetors and manifold heat controls. The method
is not limited to thermostat metals and can be used for spiral coils of other
materials for which the torque rate must be measured accurately.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The metric equivalents of inch-pound units
may be approximate.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Terminology

2.1 thermostat metal—a composite material, usually in the
form of sheet or strip, comprising two or more materials of any
appropriate nature, metallic or otherwise, that, by virtue of the
differing expansivities of the components, tends to alter its
curvature when its temperature is changed.

2.2 mechanical torque rate—the ratio of torque to deflec-
tion. It is a measure of the stiffness of the coil and may have the
units of ounce inch or gram centimetre per angular degree.

2.3 spiral coil—a part made by winding strip on itself.

3. Summary of Test Method

3.1 The test for mechanical torque rate of spiral coils
consists of applying a torque, or moment of force, that will not
stress the material in excess of its elastic limits, to the coil and
measuring the resulting deflection as angular rotation. Of the
several methods for obtaining this value, it is preferred that the

outer end of the spiral coil be held stationary, but not fixed, and
the inner end of the coil be rotated after applying a load to the
outer end of the coil at a fixed radius.

4. Significance and Use

4.1 This test method is useful to determine the mechanical
force of spiral coils of thermostat metal.

4.2 The mechanical properties of a coil may vary from lot to
lot of thermostat metal material. This method is useful for
determining the optimum thickness and length of the material
for a given mechanical torque specification.

4.3 This test is useful as a quality test to determine accep-
tance or rejection of a lot of thermostat metal coils.

5. Apparatus

5.1 The determination of the mechanical torque rate of
spiral coils is subject to many variables and is sensitive to the
degree that even different apparatus employing the same test
principles will give different results. Therefore it is recom-
mended that the apparatus be standardized. The apparatus
shown in Fig. 1 and Fig. 2 and consisting essentially of the
following components, has been found satisfactory:

5.1.1 Specimen Holder—A specimen holder shall provide
for securely holding the inner end of the test specimen.
Preferably, the holder or mounting arbor shall be of circular
cross section whose diameter is as large as possible without
touching the inner turn of the coil under any test conditions of
load. The end of the arbor shall be slotted entirely across its
diameter, to a depth greater than the width of the specimen, and
of a width slightly narrower than the thickness of the specimen.
Thus, the inner tab will be a push or snug fit in the slot for its
entire width. The edges of the slot shall be sharp where it
intersects the circumference of the arbor. The slot shall be so
positioned in the arbor that the center of rotation of the arbor
and the coil will coincide.

5.1.2 Protractor—The angular deflection due to the test
torque shall be measured by a protractor with a minimum
division of 0.5 angular degrees.

5.1.3 Loading Pin—The loading pin is the member by
means of which the load is applied to the outer end of the coil.
The pin shall be preferably of circular cross section approxi-
mately 3⁄32 in. (2.4 mm) in diameter. The distance from the

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.10 on Thermostat Metals and Electrical Resistance Heating Materials.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1960. Last previous edition approved in 1991 as B 362 – 91 (1997)e1.
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center line of the mounting arbor to the center line of the
loading pin shall be specified.

6. Sampling

6.1 Test for mechanical torque rate of spiral coils shall be
taken in a manner to assure representative sampling of the test
lot. A lot, for quality control purposes, comprises of the
finished yield of one bonded coil of material. Sampling shall

consist of parts made from each cut of material across the
bonded width. Frequency of sampling shall be mutually agreed
upon between the manufacturer and the purchaser.

7. Procedure

7.1 Stabilization—After all forming operations and before
testing, subject the specimen to a stabilizing heat treatment to
relieve internal stresses. This treatment shall consist of heating
the specimen, while free to rotate, for a prescribed time and
temperature. The details of the stabilizing procedure will
depend upon the characteristics of the thermostat metal being
tested and shall be mutually agreed upon between the manu-
facturer and the purchaser.

7.2 Test Routine:
7.2.1 Place the test specimen on the mounting arbor center-

ing the inside diameter of the coil on the arbor. To minimize
frictional effects vibrate the apparatus.

7.2.2 Initial Torque—Apply an initial torque to the coil to
establish initial conditions prior to applying the test torque. The
initial torque shall be in accordance with the following table
and shall be known to an accuracy of6 2 %.

Initial Torque, oz·in. (g·cm) Test Torque, oz·in. (g·cm)

0.5 (36) 1 to 4 (72 to 288) incl
1.0 (72) over 4 to 12 (over 288 to 864)

Record the angular position of the indicating pointer while under the initial
torque.

7.2.3 Test Torque—Apply the test torque and record the
angular position of the indicating pointer. The test torque shall
be as large as possible without causing turns of the coil to
touch, or without exceeding the elastic limits of the material. In
closely wound low-torque rate coils where turns may touch,
this fact shall be noted in the report. The test torque in ounce
inches (or gram centimetres) shall be known to an accuracy of
0.5 %.

7.2.4 Remove the test torque and check the initial reading
obtained with the initial torque. If any deviation is found,
reapply the test weight until two consecutive values of the
deflection due to the test torque are the same.

7.2.5 The angular rotation in degrees shall be known to an
accuracy of 0.25°. During the test, the temperature shall be
held constant.

8. Calculation

8.1 Calculate the mechanical torque rate by multiplying the
test weight by its moment arm and dividing the product by the
angular deflection produced by the test torque, as follows:

M 5 PL/A

where:
M = mechanical torque rate,
P = weight, oz (or g),
L = moment arm, in. (or cm), and
A = angular rotation, deg.

9. Report

9.1 The report shall include the following:
9.1.1 Type of material,
9.1.2 Dimensions of material,
9.1.3 Dimension of coil,

FIG. 1 Schematic Design of Apparatus

FIG. 2 Typical Design of Apparatus
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9.1.4 Test temperature,
9.1.5 Dimension of arbor,
9.1.6 Dimension of loading pin,
9.1.7 Location of loading pin,
9.1.8 Initial torque,
9.1.9 Test torque, and
9.1.10 Torque rate value.

10. Precision and Bias

10.1 The reliability of the results of the mechanical torque
rate depends on the method and apparatus.

10.2 The bias of test is that prescribed in Sections 5 and 7.

11. Keywords

11.1 mechanical torque rate; spiral coil; thermostat

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Standard Specification for
Seamless and Welded Unalloyed Titanium and
Titanium Alloy Welding Fittings 1

This standard is issued under the fixed designation B 363; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.
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1 This specification is under the jurisdiction of ASTM Committee B10 on Reactive and Refractory Metals and Alloys and is the direct responsibility of Subcommittee
B10.01 on Titanium.
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1. Scope

1.1 This specification2 covers fittings intended for general corrosion-resisting and elevated-temperature services, factory made
from unalloyed titanium and titanium alloys. The term welding fittings applies to butt-welding parts such as 45° and 90° elbows,
180° returns, caps, tees, reducers, lap-joint stub ends, and other types.

1.2 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:3

B 265 Specification for Titanium and Titanium Alloy Strip, Sheet, and Plate
B 338 Specification for Seamless and Welded Titanium and Titanium Alloy Tubes for Condensers and Heat Exchangers
B 348 Specification for Titanium and Titanium Alloy Bars and Billets
B 367 Specification for Titanium and Titanium Alloy Castings
B 381 Specification for Titanium and Titanium Alloy Forgings3

B 600 Guide for Descaling and Cleaning Titanium and Titanium Alloy Surfaces
B 861 Specification for Titanium and Titanium Alloy Seamless Pipe
B 862 Specification for Titanium and Titanium Alloy Welded Pipe
2.2 ANSI Standards:
B16.9 Wrought Steel Butt-Welding Fittings Standards:4

B16.9 Wrought Steel Butt-Welding Fittings
B36.19 Stainless Steel Pipe
2.3 Manufacturers’ Standardization Society of the Valve and Fittings Industry Standards:
SP-25 Standard Marking System for Valves, Fittings, Flanges and Unions Standards:5

SP-25 Standard Marking System for Valves, Fittings, Flanges and Unions
SP-43 Standard Practice for Light Weight Stainless Steel Butt-Welding Fittings
2.4 ASME Standard:6

ASME Boiler and Pressure Vessel Code, Sections VIII and IX

3. Ordering Information

3.1 Orders for material to this specification shall include the following information as required:
3.1.1 Quantity,
3.1.2 Grade number,
3.1.3 Pipe size and schedule,
3.1.4 Method of manufacture and finish,
3.1.5 Restrictive chemistry, if desired,
3.1.6 Nondestructive tests,
3.1.7 Packaging, and
3.1.8 Inspection and required reports.

4. Material

4.1 The titanium for welding fittings may consist of billets, bars, plates, seamless or welded pipe or tube that conforms to all
the requirements for manufacturing process, testing, chemical composition, and mechanical properties prescribed in Specifications
B 861 and B 862 for the particular grades referred to in Table 1.

5. Manufacture

5.1 Forging, forming, or shaping operations may be performed by hammering, pressing, piercing, extruding, upsetting, rolling,
bending, fusion welding, or by a combination of two or more of these operations. The forming procedure shall be so applied that
it will not produce injurious defects in the fittings.

5.2 Fittings containing welded seams or other joints made by fusion welding shall comply with the following provision:
5.2.1 Welded by welders, welding operators, and welding procedures qualified under the provisions of Section IX of the ASME

Boiler and Pressure Vessel Code.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specification SB-363 in Section II of that Code.
3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM Standards,

Vol 02.04. volume information, refer to the standard’s Document Summary page on the ASTM website.
4 Available from American National Standards Institute (ANSI), 25 W. 43rd St., 4th Floor, New York, NY 10036.
5 Available from Manufacturers Standardization Society of the Valve and Fittings Industry (MSS), 127 Park St., NE, Vienna, VA 22180-4602.
6 Available from American Society of Mechanical Engineers (ASME), ASME International Headquarters, Three Park Ave., New York, NY 10016-5990.
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NOTE 1—Annealing of the unalloyed and alloyed grades of titanium covered by this specification is for the purpose of assuring uniform properties.

6. Chemical Composition

6.1 The titanium shall conform to the requirements as to chemical composition prescribed in the specifications referred to in
Table 1.

6.2 The chemical analysis of the components of the fittings need not be reported unless required by agreement between the
manufacturer and the purchaser and so specified on the order.

7. Product Analysis

7.1 Product analysis may be made by the purchaser from one or more fittings in each lot.

NOTE 2—Definition of the term “lot” shall be as agreed upon between the manufacturer and the purchaser.

7.2 Product analysis tolerances do not broaden the specified heat analysis requirements, but cover variations between different
laboratories in the measurement of chemical content. The manufacturer shall not ship material that is outside the limits specified
for the applicable grade. Product analysis tolerances shall be as specified in Table 2.

8. Tensile Properties

8.1 The titanium shall conform to the requirements as to tensile properties prescribed in the specifications referred to in Table
1.

8.2 Tensile tests of the finished fittings need not be reported unless required by agreement between the manufacturer and the
purchaser and so stated in the order.

9. Workmanship, Finish and Appearance

9.1 For fittings covered by ANSI B16.9 or SP-43, or for fittings to be used with pipe ordered to ANSI B36.19, the sizes, shapes,
and dimensions of the fittings shall be as specified in those standards.

9.2 The fittings shall have a workmanlike finish and shall be free of injurious external and internal imperfections of a nature
that will interfere with the purpose for which the fittings are intended. Minor defects may be removed by grinding, providing the
wall thickness is not decreased to less than the minimum thickness, and further provided that the ground-out area shall be faired
out.

10. Hydrostatic Tests

10.1 All fittings shall be capable of withstanding without failure, leakage, or impairment of their serviceability, a test pressure
prescribed in the specifications for the pipe or tubing with which the fitting is recommended to be used (see Table 1).

TABLE 1 Permissible Raw Materials

GradeA
Product and ASTM Designation

Pipe Tube Plate Bar and Billet Casting Forging

WPT1 B 861/B 862 Grade 1 B 338 Grade 1 B 265 Grade 1 B 348 Grade 1 B 367 Grade C1 B 381 Grade F-1
WPT2 B 861/B 862 Grade 2 B 338 Grade 2 B 265 Grade 2 B 348 Grade 2 B 367 Grade C2 B 381 Grade F-2
WPT3 B 861/B 862 Grade 3 B 338 Grade 3 B 265 Grade 3 B 348 Grade 3 B 367 Grade C3 B 381 Grade F-3
WPT7 B 861/B 862 Grade 7 B 338 Grade 7 B 265 Grade 7 B 348 Grade 7 B 367 Grade C7 B 381 Grade F-7
WPT9 B 861/B 862 Grade 9 B 338 Grade 9 B 265 Grade 9 B 348 Grade 9 ... B 381 Grade F-9
WPT11 B 861/B 862 Grade 11 B 338 Grade 11 B 265 Grade 11 B 348 Grade 11 B 367 Grade C11 B 381 Grade F-11
WPT12 B 861/B 862 Grade 12 B 338 Grade 12 B 265 Grade 12 B 348 Grade 12 ... B 381 Grade F-12
WPT13 B 861/B 862 Grade 13 B 338 Grade 13 B 265 Grade 13 B 348 Grade 13 ... B 381 Grade F-13
WPT14 B 861/B 862 Grade 14 B 338 Grade 14 B 265 Grade 14 B 348 Grade 14 ... B 381 Grade F-14
WPT15 B 861/B 862 Grade 15 B 338 Grade 15 B 265 Grade 15 B 348 Grade 15 ... B 381 Grade F-15
WPT16 B 861/B 862 Grade 16 B 338 Grade 16 B 265 Grade 16 B 348 Grade 16 ... B 381 Grade F-16
WPT17 B 861/B 862 Grade 17 B 338 Grade 17 B 265 Grade 17 B 348 Grade 17 ... B 381 Grade F-17
WPT18 B 861/B 862 Grade 18 B 338 Grade 18 B 265 Grade 18 B 348 Grade 18 ... B 381 Grade F-18
WPT19 B 861/B 862 Grade 19 ... B 265 Grade 19 B 348 Grade 19 ... B 381 Grade F-19
WPT20 B 861/B 862 Grade 20 ... B 265 Grade 20 B 348 Grade 20 ... B 381 Grade F-20
WPT21 B 861/B 862 Grade 21 ... B 265 Grade 21 B 348 Grade 21 ... B 381 Grade F-21
WPT23 B 861/B 862 Grade 23 ... B 265 Grade 23 B 348 Grade 23 ... B 381 Grade F-23
WPT24 B 861/B 862 Grade 24 ... B 265 Grade 24 B 348 Grade 24 ... B 381 Grade F-24
WPT25 B 861/B 862 Grade 25 ... B 265 Grade 25 B 348 Grade 25 ... B 381 Grade F-25
WPT26 B 861/B 862 Grade 26 B 338 Grade 26 B 265 Grade 26 B 348 Grade 26 ... B 381 Grade F-26
WPT27 B 861/B 862 Grade 27 B 338 Grade 27 B 265 Grade 27 B 348 Grade 27 ... B 381 Grade F-27
WPT28 B 861/B 862 Grade 28 B 338 Grade 28 B 265 Grade 28 B 348 Grade 28 ... B 381 Grade F-28
WPT33 B 861/B 862 Grade 33 B 338 Grade 33 B 265 Grade 33 B 348 Grade 33 ... B 381 Grade F-33
WPT34 B 861/B 862 Grade 34 B 338 Grade 34 B 265 Grade 34 B 348 Grade 34 ... B 381 Grade F-34
WPT35 B 861/B 862 Grade 35 B 338 Grade 35 B 265 Grade 35 B 348 Grade 35 ... B 381 Grade F-35
WPT36 B 861/B 862 Grade 36 B 338 Grade 36 B 265 Grade 36 B 348 Grade 36 ... B 381 Grade F-36

AWhen fittings are of welded construction, the symbol shown shall be supplemented by the letter “W.”
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10.2 Hydrostatic tests need not be performed or reported, unless required by agreement between the manufacturer and the
purchaser and so stated on the order.

11. Inspection and Certification

11.1 Inspection by the purchaser prior to shipment shall be specified in the purchase order.
11.2 The manufacturer shall afford the inspector, without charge, all reasonable facilities to satisfy him that the fittings are being

furnished in accordance with this specification. Any tests (except product analysis) and inspection agreed upon and so stated in
the purchase order shall be made at the place of manufacture, unless otherwise specified, and shall be so conducted as not to
interfere unnecessarily with the operation of the works.

11.3 Certification— When specified in the order, the manufacturer shall furnish the purchaser a certificate that the finished
fittings conform to the requirements of this specification.

NOTE 3—It is recognized that a sensitive surface inspection of the welds or base metal, or both, is advisable for some services. See Supplementary
Requirements.

12. Rejection

12.1 Material not conforming to this specification or to authorized modifications shall be subject to rejection. Unless otherwise
specified, rejected material may be returned to the manufacturer at the manufacturer’s expense, unless the purchaser receives,
within 3 weeks of notice of rejection, other instructions for disposition.

13. Product Marking

13.1 The manufacturer’s name or trademark, the schedule number, material, and size shall be stamped (Note 4), stenciled,
electroetched, or otherwise suitably marked on each fitting. In addition, each fitting shall be marked with the identification symbol
and suffix for the respective specification listed in Table 1. On wall thicknesses thinner than Schedule 40S, no stamps or other
indented markings shall be used. When the size does not permit complete marking, identification marks may be omitted in the
sequence shown in SP-25.

NOTE 4—When steel stamps are used, they should be applied prior to heat treatment and care should be taken so that the marking is not deep enough
to cause cracks or to reduce the wall thickness of the fitting below the minimum allowed.

14. Keywords

14.1 fittings; seamless fittings; titanium; titanium alloy; welded fittings

TABLE 2 Permissible Variations in Product Analysis

Element
Product Analysis Limits,
max or Range, %

Permissible Variation
in Product Analysis

Aluminum 2.5 to 6.75 60.40
Carbon 0.10 +0.02
Chromium 0.1 to 0.2 60.02
Chromium 5.5 to 6.5 60.30
Hydrogen 0.02 +0.002
Iron 0.80 +0.15
Molybdenum 0.2 to 0.4 60.03
Molybdenum 1.5 to 4.5 60.20
Molybdenum 14.0 to 16.0 60.50
Nickel 0.3 to 0.9 60.05
Niobium 2.2 to 3.2 60.15
Niobium† >30 60.50
Nitrogen 0.05 +0.02
Oxygen 0.30 +0.03
Oxygen 0.31 to 0.40 60.04
Palladium 0.01 to 0.02 60.002
Palladium 0.04 to 0.08 60.005
Palladium 0.12 to 0.25 60.02
Ruthenium 0.02 to 0.04 60.005
Ruthenium 0.04 to 0.06 60.005
Ruthenium 0.08 to 0.14 60.01
Silicon 0.06 to 0.40 60.02
Vanadium 2.0 to 4.5 60.15
Vanadium 7.5 to 8.5 60.40
Zirconium 3.5 to 4.5 60.20
ResidualsA (each) 0.15 +0.02

A A residual is an element present in a metal or alloy in small quantities and is
inherent to the manufacturing process but not added intentionally. In titanium these
elements include aluminum, vanadium, tin, iron, chromium, molybdenum, niobium,
zirconium, hafnium, bismuth, ruthenium, palladium, yttrium, copper, silicon, cobalt,
tantalum, nickel, boron, manganese, and tungsten.

† Niobium value added editorially.

B 363 – 03a

4



SUPPLEMENTARY REQUIREMENTS

Supplementary requirements shall not be considered unless specified in the order, in which event the
test shall be made by the manufacturer at the purchaser’s expense.

S1. Surface Inspection

S1. Liquid penetrant inspection may be performed on all outside-diameter surfaces of the fittings and inside-diameter surfaces
where practicable. An acceptance standard may be agreed upon between the manufacturer and the purchaser prior to the acceptance
of the order.

S2. Radiographic Inspections of Welds

S2.1 Radiographic inspection may be performed on all weldments of the fittings in accordance with paragraph UW-51, Section
VIII of the ASME Boiler and Pressure Vessel Code.

S3. Stress Relief Heat Treatment

S3.1 The stress-relieving treatment shall consist of holding the fitting at a minimum temperature of 1100°F for not less than1⁄2
h/in. of thickness.

S3.2 Minimum time at temperature is 15 min. All parts stress relieved shall be subsequently cleaned and free of oxide scale
contamination (see Guide B 600).

S4. Certification of Material Incorporated in the Manufacture of the Fittings

S4.1 All material incorporated within the fitting shall be documented and shall be in accordance with the applicable documents
in Table 1.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 364 – 96 (Reapproved 2002)

Standard Specification for
Tantalum and Tantalum Alloy Ingots 1

This standard is issued under the fixed designation B 364; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers unalloyed and alloyed tanta-
lum ingots prepared by vacuum-arc melting, electron-beam
melting, or powder-metallurgy consolidation to produce con-
solidated metal for processing to various mill shapes.

1.2 The materials covered by this specification are:
1.2.1 R05200, unalloyed tantalum, electron-beam furnace

or vacuum-arc melt, or both,
1.2.2 R05400, unalloyed tantalum, powder-metallurgy con-

solidation,
1.2.3 R05255, tantalum alloy, 90 % tantalum 10 % tungsten,

electron-beam furnace or vacuum-arc melt, or both,
1.2.4 R05252, tantalum alloy, 97.5 % tantalum 2.5 % tung-

sten, electron-beam furnace or vacuum-arc melt, or both, and,
1.2.5 R05240 tantalum alloy, 60 % tantalum 40 % colum-

bium, electron-beam furnace or vacuum-arc melt, or both.
1.3 The values stated in inch-pound units are to be regarded

as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications2

3. Ordering Information

3.1 Orders for material under this specification shall include
the following information as applicable:

3.1.1 Type (see 1.2),
3.1.2 Quantity in weight or pieces,
3.1.3 Size, diameter, and length,
3.1.4 Method of manufacture (Section 4),
3.1.5 ASTM designation, and
3.1.6 Additions to the specification and supplementary re-

quirements if required.

4. Materials and Manufacture

4.1 The ingot metal for Type R05200 (unalloyed tantalum),

for Type R05255 (90 % tantalum 10 % tungsten alloy), Type
R05252 (97.5 % tantalum 2.5 % tungsten), and Type R05240
(60 % tantalum 40 % columbium) may be vacuum-arc melted,
electron-beam furnace melted, or a combination of these two
methods. The metal for Type R05400 is defined as powder-
metallurgy consolidation unalloyed tantalum.

5. Chemical Composition

5.1 The material shall conform to the requirements for
chemical composition in accordance with Table 1.

5.1.1 Analysis for elements not listed in Table 1 and not
normally expected in tantalum shall not be required unless
specified at time of purchase.

5.2 In the event of dispute over conformity of the material to
this specification, upon agreement between the purchaser and
the seller as to procedure, representative samples of the
material may be submitted to a referee for analysis.

6. Permissible Variation

6.1 Quantity—The permissible overshipment shall be nego-
tiated between the purchaser and the manufacturer.

7. Workmanship, Finish, and Appearance

7.1 The manufacturer shall use care to have each lot of ingot
material as uniform in quality as possible.

7.2 When specified, the ingots shall be conditioned on the
surface to standards agreed upon between the manufacturer and
the purchaser.

7.3 In the conditioned ingot, no abrupt change in diameter
or local depressions that will impair subsequent fabrication will
be permitted. The difference between maximum and minimum
radius of the conditioned ingot shall not exceed 20 % of the
maximum radius.

7.4 Each ingot shall be tested for soundness by nondestruc-
tive test methods, such as dye penetrant and ultrasonic tests.
Methods and acceptance standards shall be as mutually agreed
upon between the purchaser and the manufacturer.

7.5 Defects in the ingots that exceed the acceptance stan-
dards shall be removed by cropping or surface conditioning,
whichever is appropriate. The manufacturer shall be permitted
to remove surface imperfections provided that after each
removal the requirements of conditioning are met (see 7.3).

7.6 The ingots shall be free of imperfections that would be
deemed injurious by the standards of acceptability agreed upon

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.03 on Niobium and Tantalum.

Current edition approved Oct. 10, 1996. Published December 1996. Originally
published as B 364 – 61 T. Last previous edition B 364 – 92.

2 Annual Book of ASTM Standards, Vol 14.02.
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between the purchaser and the manufacturer.

8. Significance of Numerical Limits

8.1 For the purpose of determining compliance with the
specified limit for requirements of the properties listed in the
tables, an observed value or a calculated value shall be rounded
as indicated in accordance with the rounding method of
Practice E 29.

9. Sampling

9.1 Care shall be exercised to ensure that the sample
selected for testing is representative of the material and that it
is not contaminated by the sampling procedure. If there is any
question relating to the sampling techniques or to the analysis
thereof, the methods for sampling and analysis shall be as
agreed upon between the purchaser and the manufacturer.

10. Rejection and Rehearing

10.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

11. Referee

11.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified

by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining the conformance of the material to this
specification.

12. Certification

12.1 When specified in the purchase order or contract, a
producer’s or supplier’s certificate shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with the specification and has been
found to meet the requirements. When specified in the pur-
chase order or contract, a report of the test results shall be
furnished.

13. Packaging and Package Marking

13.1 Each ingot shall be marked for identification by metal
die stamping the manufacturer’s ingot number on the top of the
ingot. Each box or skid shall be marked or tabbed legibly and
conspicuously with the number, type of material, ingot num-
ber(s), manufacturer’s identification, nominal size, and the
gross, net, and tare weights.

13.2 Unless otherwise specified, material purchased under
this specification must be boxed or banded on skids in such a
manner as to secure safe delivery to its destination when
properly transported by any common carrier.

14. Keywords

14.1 chemistry; mechanical properties; tantalum; tantalum
alloy

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Chemical Requirements

Element

Content, max, weight %

Electron-Beam Cast
(R05200) Vacuum-
Arc Cast (R05200)
Unalloyed Tantalum

Sintered (R05400)
Unalloyed Tantalum

Electron-Beam Cast
(R05255) Vacuum-Arc
Cast (R05255) 90 %

Tantalum 10 %
Tungsten

Electron-Beam Cast
(R05252) Vacuum-Arc
Cast (R05252) 97.5 %

Tantalum 2.5 %
Tungsten

Electron-Beam Cast
(R05240) Vacuum-Arc
Cast (R05240) 60 %

Tantalum 40 %
Columbium

C 0.010 0.010 0.010 0.010 0.010
O 0.015 0.03 0.015 0.015 0.020
N 0.010 0.010 0.010 0.010 0.010
H 0.0015 0.0015 0.0015 0.0015 0.0015

Nb 0.10 0.10 0.10 0.50 34.0–40.0
Fe 0.010 0.010 0.010 0.010 0.010
Ti 0.010 0.010 0.010 0.010 0.010
W 0.050 0.050 9.0–11.0 2.0–3.5 0.50
Mo 0.020 0.020 0.020 0.020 0.020
Si 0.005 0.005 0.005 0.005 0.005
Ni 0.010 0.010 0.010 0.010 0.010
Ta remainder remainder remainder remainder remainder
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Designation: B 365 – 98 (Reapproved 2004)

Standard Specification for
Tantalum and Tantalum Alloy Rod and Wire 1

This standard is issued under the fixed designation B 365; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers unalloyed and alloyed tanta-
lum rod and wire.

1.2 The materials covered by this specification are:
1.2.1 R05200, unalloyed tantalum, electron-beam furnace

or vacuum-arc melt, or both,
1.2.2 R05400, unalloyed tantalum, powder-metallurgy con-

solidation,
1.2.3 R05255, tantalum alloy, 90 % tantalum 10 % tungsten,

electron-beam furnace or vacuum-arc melt, or both,
1.2.4 R05252, tantalum alloy, 97.5 % tantalum 2.5 % tung-

sten, electron-beam furnace or vacuum-arc melt, or both, and
1.2.5 R05240 tantalum alloy, 60 % tantalum 40 % colum-

bium, electron-beam furnace or vacuum-arc melt, or both.
1.3 The values stated in inch-pound units are to be regarded

as the standard. The values given in parentheses are for
information only.

1.4 The following precautionary caveat pertains only to the
test methods portion, Section 13, of this specification:This
standard does not purport to address all of the safety problems,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 lot, n—all material produced from the same ingot or a

single powder blend at one time, with the same cross section
and with the same nominal metallurgical parameters.

3.1.2 rod, n—material 0.125 to 2.5 in. (3.18 to 63.50 mm) in
diameter in round, hexagonal, or octagonal cross section
supplied in straight lengths.

3.1.3 wire, n—material 0.010 to 0.124 in. (0.254 to 3.15
mm) in diameter furnished in coils or on spools or reels.
Material less than 0.010 in. in diameter is not covered by this
specification.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information as applicable:

4.1.1 Quantity (weight or number of pieces),
4.1.2 Name of material (tantalum rod or wire),
4.1.3 Type (see 1.2),
4.1.4 Method of manufacture (Section 5),
4.1.5 ASTM designation,
4.1.6 Finish and appearance (Section 9), and
4.1.7 Additions to the specification and supplementary re-

quirements if required.

5. Materials and Manufacture

5.1 Material covered by this specification shall be made
from vacuum-arc melted or electron-beam melted ingots or
powder-metallurgy consolidated unalloyed tantalum.

5.2 The various tantalum mill products covered by this
specification are formed with the conventional extrusion,
forming, swaging, rolling, and drawing equipment normally
available in metal working plants.

6. Chemical Composition

6.1 The tantalum and tantalum alloy ingots and the tantalum
powder-metallurgy consolidated ingots for conversion to fin-
ished products covered by this specification shall conform to
the requirements for chemical composition as prescribed in
Table 1.

6.1.1 Analysis for elements not listed in Table 1 and not
normally expected in tantalum shall not be required unless
specified at time of purchase.

6.2 The manufacturer’s ingot analysis shall be considered
the chemical analysis for products supplied under this specifi-
cation.

6.3 When requested by the purchaser at the time of pur-
chase, the seller shall furnish a report certifying the values of
carbon, oxygen, nitrogen, and hydrogen as specified in Table 2

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.03 on Niobium and Tantalum.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1961. Last previous edition approved in 1998 as B 365 – 98.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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for each lot of material supplied. The performance of this
special provision will be negotiated.

7. Mechanical Properties

7.1 Materials supplied under this specification shall con-
form to the requirements for mechanical properties as specified
in Table 3.

7.2 The performance of mechanical tests to this requirement
will be negotiated at time of purchase.

8. Dimensions, Mass, and Permissible Variations

8.1 Tolerances on Rounds—Tolerances on tantalum and
tantalum alloy round products covered by this specification
shall be as specified in Table 4.

8.2 Tolerances for Square, Rectangular, or Other Shapes—
Tolerances for forged or rolled square, rectangular, or other
shapes shall be as agreed upon between purchaser and seller at
the time of purchase.

8.3 Other Tolerances and Limitations:
8.3.1 The permissible variation in cut lengths shall not

exceed a total of 0.25 in. (6.35 mm).
8.3.2 The permissible variation in straightness of rounds

shall not exceed 0.050 in. (1.27 mm)/ft (304.8 mm) in any
length.

8.4 Quantity or Weight—For orders requiring up to 100 lb
(45.4 kg), the manufacturer may overship by 10 %. When the

order is for quantities up to 500 lb (226.8 kg), the manufacturer
may overship by 5 %. The permissible overship for quantities
larger than this shall be negotiated between the purchaser and
the manufacturer.

9. Workmanship, Finish, and Appearance

9.1 The finished rod and wire shall be free of injurious
external and internal imperfections of a nature that will
interfere with the purpose for which it is intended in accor-
dance with standards of acceptability agreed upon between the
manufacturer and the purchaser.

9.2 Material may be finished as forged, rolled, swaged,
drawn in the as-cleaned, as-machined, or as-ground conditions.
The manufacturer shall be permitted to remove minor surface
imperfections provided such removal does not reduce the
dimensions below the minimum permitted by the tolerances
established in Section 8 of this specification.

9.3 Methods of testing for defects and standards of accept-
ability shall be as agreed upon between the manufacturer and
the purchaser at time of purchase.

10. Sampling

10.1 Samples shall be taken from the material to determine
conformity to this specification. The samples shall be taken so
as to be representative of the finished products.

TABLE 1 Chemical Requirements

Element

Content, max, weight %

Electron-Beam
Cast (R05200)

Vacuum-Arc Cast
(R05200) Unalloyed

Tantalum

Sintered
(R05400)
Unalloyed
Tantalum

Electron-Beam
Cast (R05255)

Vacuum-Arc Cast
(R05255) 90 %
Tantalum 10 %

Tungsten

Electron-Beam
Cast (R05252)

Vacuum-Arc Cast
(R05252) 97.5 %
Tantalum 2.5 %

Tungsten

Electron-Beam
Cast (R05240)

Vacuum-Arc Cast
(R05240) 60 %
Tantalum 40 %

Columbium

C 0.010 0.010 0.010 0.010 0.010
O 0.015 0.03 0.015 0.015 0.020
N 0.010 0.010 0.010 0.010 0.010
H 0.0015 0.0015 0.0015 0.0015 0.0015
Nb 0.10 0.10 0.10 0.50 35.0–42.0
Fe 0.010 0.010 0.010 0.010 0.010
Ti 0.010 0.010 0.010 0.010 0.010
W 0.050 0.050 9.0–11.0 2.0–3.5 0.050
Mo 0.020 0.020 0.020 0.020 0.020
Si 0.005 0.005 0.005 0.005 0.005
Ni 0.010 0.010 0.010 0.010 0.010
Ta remainder remainder remainder remainder remainder

TABLE 2 Additional Chemical Requirements for Finished Product (When Specified by the Purchaser)

Content, max, % weight Grades

Electron-Beam Case Electron-Beam Cast Electron-Beam-Cast Electron-Beam Cast
Element (R05200) Vacuum- Sintered (R05400) (R05255) Vacuum- (R05252) Vacuum- (R05240) Vacuum-

Arc Cast (R05200) Unalloyed Arc Cast (R05255) Arc Cast (R05252) Arc Cast (R05240)
Unalloyed Tantalum 90 % Tantalum 97.5 % Tantalum 60 % Tantalum
Tantalum 10 % Tungsten 2.5 % Tungsten 40 % Columbium

O 0.025 0.035 0.025 0.025 0.025
N 0.010 0.010 0.010 0.010 0.010
H 0.0015 0.0015 0.0015 0.0015 0.0015
C 0.020 0.020 0.020 0.020 0.020
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10.2 Care shall be taken to ensure that the sample selected
for testing is representative of the material, and that it is not
contaminated by the sampling procedure. If there is any
question relating to the sampling technique, or to the testing
thereof, the methods of sampling and testing shall be as agreed
upon between the purchaser and the manufacturer.

11. Number of Tests

11.1 If mechanical testing is required (7.2), perform a
longitudinal or transverse tension test on each lot of rod and a
longitudinal tension test on each lot of wire.

11.2 If end-product chemical tests are required (6.3), make
one chemical test from each lot of finished product.

12. Significance of Numerical Limits

12.1 For the purpose of determining compliance with the
specified limits for requirements on the properties listed in this

specification, observed and calculated values shall be rounded
as indicated by the rounding method of Practice E 29.

13. Test Methods

13.1 Tension Tests—Prepare and test test specimens in
accordance with Test Methods E 8. Determine tensile proper-
ties using a strain rate of 0.003 to 0.007 in./(in.·min) to the
yield point and 0.02 to 0.05 in./(in.·min) to failure.

13.2 Chemical Tests—Conduct the chemical analysis in
accordance with established methods.

13.3 Retests—If any sample or specimen exhibits obvious
surface contamination or improper preparation disqualifying it
as a truly representative sample, discard it and substitute a new
sample or specimen.

13.3.1 In case of a failure, retest two additional specimens.
If both retest specimens conform to this specification, discard
the original values and consider the material acceptable.

13.3.2 If the results of the tests are not in conformance with
the requirements of this specification, a lot may be reworked at
the option of the manufacturer. The lot shall be acceptable if
results of all tests, after reworking, conform to this specifica-
tion.

14. Reports

14.1 If requested, the manufacturer shall supply at least
three copies of a report of the chemical analysis and reports of
the results of tests of representative finished product to
determine properties required in Section 13. The reports should
include the purchase order number, this specification number,
and the quantity and number of items covered in the shipment
and a statement that the material was manufactured, sampled,
tested, and inspected in accordance with the specification and
has been found to meet the requirements.

TABLE 3 Mechanical Properties for Rod and Wire, Annealed Condition

Rod

0.125 in. (3.18 mm) to 2.5 in. (63.5 mm) Diameter

Elongation,
Ultimate Tensile Strength, min, psi Yield Strength, min, % 1 in.

(MPa) min, psi (MPa) (25.4 mm)
Gage Length

Unalloyed tantalum (R05200 and R05400) 25 000 (172) 15 000 (103) 25
97.5 % tantalum 2.5 % tungsten (R05252) 40 000 (276) 28 000 (193) 20
90 % tantalum 10 % tungsten R05255 70 000 (482) 55 000 (379) 20
60 % tantalum 40 % columbium (R05240) 35 000 (244) 15 000 (103) 25

Ultimate Tensile Elongation
Diameter, in. (mm) Strength, min, psi min, %A

(MPa)

Unalloyed tantalum (R05200 and R05400) 0.010 (0.254) to 0.0149 (0.379)
0.015 (0.381) to 0.0249 (0.633)
0.025 (0.635) to 0.124 (3.14)

35 000 (241)
35 000 (241)
30 000 (207)

10
15
20

97.5 % tantalum 2.5 % tungsten (R05252) 0.010 (0.254) to 0.0149 (0.379)
0.015 (0.381) to 0.0249 (0.633)
0.025 (0.635) to 0.124 (3.14)

40 000 (276)
40 000 (276)
40 000 (276)

5
10
15

90 % tantalum 10 % tungsten (R05255) 0.010 (0.254) to 0.0149 (0.379)
0.015 (0.381) to 0.0249 (0.633)
0.025 (0.635) to 0.124 (3.14)

70 000 (482)
70 000 (482)
70 000 (482)

5
10
15

60 % tantalum 40 % columbium (R05240) 0.010 (0.254) to 0.0149 (0.379)
0.015 (0.381) to 0.0249 (0.633)
0.025 (0.635) to 0.124 (3.14)

35 000 (244)
35 000 (244)
35 000 (244)

10
15
20

A10-in. (254-mm) gage length to 0.050 in. (1.27-mm) diameter and 1-in. (25.4-mm) or 2-in. (50.8-mm) gage length over 0.050-in. (1.27-mm) diameter.

TABLE 4 Permissible Variations in Dimensions for Rolled,
Swaged or Drawn Rod and Wire

Diameter, in. (mm)
Tolerance, 6, in.

(mm)

0.010 to 0.020 excl (0.254 to 0.508) 0.0005 (0.013)
0.020 to 0.030 excl (0.508 to 0.762) 0.00075 (0.019)
0.030 to 0.060 excl (0.762 to 1.524) 0.001 (0.025)
0.060 to 0.090 excl (1.524 to 2.286) 0.0015 (0.038)
0.090 to 0.125 excl (2.286 to 3.175) 0.002 (0.051)
0.125 to 0.187 excl (3.175 to 4.750) 0.003 (0.076)
0.187 to 0.375 excl (4.750 to 9.525) 0.004 (0.102)
0.375 to 0.500 excl (9.525 to 12.70) 0.005 (0.127)
0.500 to 0.625 excl (12.70 to 15.88) 0.007 (0.178)
0.625 to 0.750 excl (15.88 to 19.05) 0.008 (0.203)
0.750 to 1.000 excl (19.05 to 25.40) 0.010 (0.254)
1.000 to 1.500 excl (25.40 to 38.10) 0.015 (0.381)
1.500 to 2.000 excl (38.10 to 50.80) 0.020 (0.508)
2.000 to 2.500 excl (50.80 to 63.50) 0.030 (0.762)
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15. Inspection

15.1 The manufacturer shall inspect the material covered by
this specification prior to the shipment.

15.2 If so specified on the purchase order, the purchaser or
his representative may witness the testing and inspection of the
material at the place of manufacture. In such cases, the
purchase order shall indicate which test or tests to be witnessed
and the manufacturer shall give ample notice to the purchaser
as to the time and place of the designated test. If the
purchaser’s representative does not present himself at the
agreed-upon time for the testing, and if no new date is agreed
upon, the manufacturer shall consider the requirement for
purchaser’s inspection at place of manufacture to be waived.
When the inspector representing the purchaser does appear at
the appointed place and time, the manufacturer shall afford
him, without charge, all reasonable facilities to see that the
material is being furnished in accordance with this specifica-
tion. This inspection shall be conducted so as not to interfere
unnecessarily with production operations.

16. Rejection and Rehearing

16.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

17. Referee

17.1 In the event of disagreement between the manufacturer
and the purchaser of the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually accepted referee shall perform the
tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

18. Packaging and Package Marking

18.1 Each rod, bundle, box, coil, or spool shall be legibly
and conspicuously marked or tagged with the number of this
specification, type, temper, lot number, manufacturer’s identi-
fication, nominal size, gross, net, and tare weights. If marking
fluids are used, they shall be of such a nature as to be easily
removed with cleaning solutions. The markings or their re-
moval shall have no deleterious effect upon the material or its
performance. The characters shall be sufficiently stable to
withstand ordinary handling.

18.2 Unless otherwise specified, material purchased under
this specification must be packed by box or suitable protective
containers, and should be so marked as to indicate the nature of
the best method of handling.

19. Keywords

19.1 chemistry; mechanical properties; tantalum; tantalum
alloy
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Designation: B 366 – 04

Standard Specification for
Factory-Made Wrought Nickel and Nickel Alloy Fittings 1

This standard is issued under the fixed designation B 366; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers wrought welding fittings for
pressure piping, factory-made from nickel and nickel alloys.
Threaded fittings as covered in ASME B16.11 are also covered
by this specification. The term welding applies to butt-welding
or socket-welding parts such as 45 and 90° elbows, 180° bends,
caps, tees, reducers, lap-joint stub ends, and other types, as
covered by ASME B16.9, ASME B16.11, MSS SP-43, MSS
SP-95, and MSS SP-97.

1.1.1 Several grades of nickel and nickel alloys are included
in this specification. Grades are designated with a prefix, WP or
CR, based on the applicable ASME or MSS dimensional and
rating standards.

1.1.2 Class WP fittings are those manufactured to the
requirements of ASME B16.9, B16.11.

1.1.3 For each of the WP nickel and nickel alloy grades,
several classes of fittings are covered to indicate whether
seamless or welded construction was utilized. Class designa-
tions are also utilized to indicate the nondestructive test method
and extent of nondestructive examination (NDE). Table 1 is
general summary of the fitting classes applicable to all WP
grades of nickel and nickel alloys covered by this specification.
There are no classes for the CR grades. Specific requirements
are covered elsewhere.

1.2 This specification does not apply to cast welding fit-
tings.

1.3 Optional supplementary requirements are provided for
fittings where a greater degree of examination is desired. These
supplementary requirements call for additional tests. When
desired, one or more of these may be specified in the order.

1.4 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 127 Specification for Nickel-Copper Alloy (UNS
N04400) Plate, Sheet, and Strip

B 160 Specification for Nickel Rod and Bar
B 161 Specification for Nickel Seamless Pipe and Tube
B 162 Specification for Nickel Plate, Sheet, and Strip
B 163 Specification for Seamless Nickel and Nickel Alloy

Condenser and Heat-Exchanger Tubes
B 164 Specification for Nickel-Copper Alloy Rod, Bar, and

Wire
B 165 Specification for Nickel-Copper Alloy (UNS

N04400) Seamless Pipe and Tube
B 166 Specification for Nickel-Chromium-Iron Alloys

(UNS N06600, N06601, N06603, N06690, N06025, and
N06045) and Nickel-Chromium-Cobalt-Molybdenum Al-
loy (UNS N06617) Rod, Bar, and Wire

B 167 Specification for Nickel-Chromium-Iron Alloys
(UNS N06600, N06601, N06603, N06690, N06693,
N06025, and N06045) and Nickel-Chromium-Cobalt-
Molybdenum Alloy (UNS N06617) Seamless Pipe and
Tube

B 168 Specification for Nickel-Chromium-Iron Alloys
(UNS N06600, N06601, N06603, N06690, N06693,
N06025, and N06045) and Nickel-Chromium-Cobalt-
Molybdenum Alloy (UNS N06617) Plate, Sheet, and Strip

B 333 Specification for Nickel-Molybdenum Alloy Plate,
Sheet, and Strip

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved January 1, 2004. Published January 2004. Originally
approved in 1961. Last previous edition approved in 2001 as B 366 – 01e1.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

TABLE 1 Fitting Classes for WP Grades

Class Construction Nondestructive Examination

S Seamless None
W Welded Radiography or Ultrasonic
WX Welded Radiography
WU Welded Ultrasonic

1
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B 335 Specification for Nickel-Molybdenum Alloy Rod
B 407 Specification for Nickel-Iron-Chromium Alloy

Seamless Pipe and Tube
B 408 Specification for Nickel-Iron-Chromium Alloy Rod

and Bar
B 409 Specification for Nickel-Iron-Chromium Alloy Plate,

Sheet, and Strip
B 423 Specification for Nickel-Iron-Chromium-

Molybdenum-Copper Alloy (UNS N08825 and N08221)
Seamless Pipe and Tube

B 424 Specification for Ni-Fe-Cr-Mo-Cu Alloy (UNS
N08825 and UNS N08221) Plate, Sheet, and Strip

B 425 Specification for Ni-Fe-Cr-Mo-Cu Alloy (UNS
N08825 and UNS N08221) Rod and Bar

B 434 Specification for Nickel-Molybdenum-Chromium-
Iron Alloys (UNS N10003, UNS N10242) Plate, Sheet,
and Strip

B 435 Specification for UNS N06002, UNS N06230, UNS
N12160, and UNS R30556 Plate, Sheet, and Strip

B 443 Specification for Nickel-Chromium-Molybdenum-
Columbium Alloy (UNS N06625) and Nickel-Chromium-
Molybdenum-Silicon Alloy (UNS N06219) Plate, Sheet,
and Strip

B 444 Specification for Nickel-Chromium-Molybdenum-
Columbium Alloy (UNS N06625) and Nickel-Chromium-
Molybdenum-Silicon Alloy (UNS N06219) Pipe and Tube

B 446 Specification for Nickel-Chromium-Molybdenum-
Columbium Alloy (UNS N06625), Nickel-Chromium-
Molybdenum-Silicon Alloy (UNS N06219), and Nickel-
Chromium-Molybdenum-Tungsten Alloy (UNS N06650)
Rod and Bar

B 462 Specification for Forged or Rolled UNS N06030,
UNS N06022, UNS N06200, UNS N08020, UNS N08024,
UNS N08026, UNS N08367, UNS N10276, UNS N10665,
UNS N10675 and UNS R20033 Alloy Pipe Flanges,
Forged Fittings, and Valves and Parts for Corrosive High-
Temperature Service

B 463 Specification for UNS N08020, UNS N08026, and
UNS N08024 Alloy Plate, Sheet, and Strip

B 464 Specification for Welded UNS N08020, N08024, and
N08026 Alloy Pipe

B 468 Specification for Welded UNS N08020, N08024, and
N08026 Alloy Tubes

B 472 Specification for Nickel Alloy Billets and Bars for
Reforging

B 473 Specification for UNS N08020, UNS N08024, and
UNS N08026 Nickel Alloy Bar and Wire

B 511 Specification for Nickel-Iron-Chromium-Silicon Al-
loy Bars and Shapes

B 512 Specification for Nickel-Chromium-Silicon Alloy
(UNS N08330) Billets and Bars

B 514 Specification for Welded Nickel-Iron-Chromium Al-
loy Pipe

B 515 Specification for Welded UNS N08120, UNS
N08800, UNS N08810, and UNS N08811 Alloy Tubes

B 516 Specification for Welded Nickel-Chromium-Iron Al-
loy (UNS N06600, UNS N06603, UNS N06025, and UNS
N06045) Tubes

B 517 Specification for Welded Nickel-Chromium-Iron Al-
loy (UNS N06600, UNS N06603, UNS N06025, and UNS
N06045) Pipe

B 535 Specification for Nickel-Iron-Chromium-Silicon Al-
loys (UNS N08330 and UNS N08332) Seamless Pipe and
Tube

B 536 Specification for Nickel-Iron-Chromium-Silicon Al-
loys (UNS N08330 and N08332) Plate, Sheet, and Strip

B 564 Specification for Nickel Alloy Forgings
B 572 Specification for UNS N06002, UNS N06230, UNS

N12160, and UNS R30556 Rod
B 573 Specification for Nickel-Molybdenum-Chromium-

Iron Alloy (UNS N10003, UNS N10242) Rod
B 574 Specification for Low-Carbon Nickel-Molybdenum-

Chromium, Low-Carbon Nickel-Chromium-Molybdenum,
Low-Carbon Nickel-Molybdenum-Chromium-Tantalum,
Low-Carbon Nickel-Chromium-Molybdenum-Copper, and
Low-Carbon Nickel-Chromium-Molybdenum-Tungsten
Alloy Rod

B 575 Specification for Low-Carbon Nickel-Molybdenum-
Chromium, Low-Carbon Nickel-Chromium-Molybdenum,
Low-Carbon Nickel-Chromium-Molybdenum-Copper,
Low-Carbon Nickel-Chromium-Molybdenum-Tantalum,
and Low-Carbon Nickel-Chromium-Molybdenum-
Tungsten Alloy Plate, Sheet, and Strip

B 581 Specification for Nickel-Chromium-Iron-
Molybdenum-Copper Alloy Rod

B 582 Specification for Nickel-Chromium-Iron-
Molybdenum-Copper Alloy Plate, Sheet, and Strip

B 619 Specification for Welded Nickel and Nickel-Cobalt
Alloy Pipe

B 622 Specification for Seamless Nickel and Nickel-Cobalt
Alloy Pipe and Tube

B 625 Specification for UNS N08904, UNS N08925, UNS
N08031, UNS N08932, UNS N08926, and UNS R20033
Plate, Sheet, and Strip

B 626 Specification for Welded Nickel and Nickel-Cobalt
Alloy Tube

B 649 Specification for Ni-Fe-Cr-Mo-Cu Low-Carbon Al-
loy (UNS N08904), Ni-Fe-Cr-Mo-Cu-N Low-Carbon Al-
loys (UNS N08925, UNS N08031, and UNS N08926), and
Cr-Ni-Fe-N Low Carbon Alloy (UNS R20033) Bar and
Wire

B 673 Specification for UNS N08904, N08925, and
N08926 Welded Pipe

B 674 Specification for UNS N08904, N08925, and
N08926 Welded Tube

B 675 Specification for UNS N08367 Welded Pipe
B 676 Specification for UNS N08367 Welded Tube
B 677 Specification for UNS N08904, N08925, and

N08926 Seamless Pipe and Tube
B 688 Specification for Chromium-Nickel-Molybdenum-

Iron (UNS N08366 and UNS N08367) Plate, Sheet, and
Strip

B 690 Specification for Iron-Nickel-Chromium-
Molybdenum Alloys (UNS N08366 and UNS N08367)
Seamless Pipe and Tube
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B 691 Specification for Iron-Nickel-Chromium-
Molybdenum Alloys (UNS N08366 and UNS N08367)
Rod, Bar, and Wire

B 704 Specification for Welded UNS N06625, N06219, and
UNS N08825 Alloy Tubes

B 705 Specification for Nickel-Alloy (UNS N06625,
N06219, and N08825) Welded Pipe

B 710 Specification for Nickel-Iron-Chromium-Silicon Al-
loy Welded Pipe

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys

B 899 Terminology Relating to Non-ferrous Metals and
Alloys

E 165 Test Method for Liquid Penetrant Examination
E 1916 Guide for Identification and/or Segregation of

Mixed Lots of Metals
2.2 ASME Standards:
B16.9 Wrought Steel Butt Welding Fittings3

B16.11 Forged Steel Fittings, Socket-Welding and
Threaded3

H34.1 Nickel Seamless Pipe and Tubing3

H34.2 Nickel-Copper Alloy Seamless Pipe and Tubing3

H34.3 Nickel-Chromium-Iron Alloy Seamless Pipe and
Tubing3

2.3 Manufacturers Standardization Society of the Valve and
Fittings Industry Standards:

MSS SP-25 Standard Marking Systems for Valves, Fittings,
Flanges, and Unions4

MSS SP-43 Standard Practice for Light Weight Stainless
Steel Butt Welding Fittings4

MSS SP-95 Sewage (D) Nipples and Bull Plugs4

MSS SP-97 Forged Carbon Steel Branch Outlet Fit-
tings–Socket Welding, Threaded and Butt Welding Ends4

Boiler and Pressure Vessel Code, Section VIII, Division
1, Pressure Vessels and Section IX, Welding Qualifica-
tions3

2.5 AWS Standards:
A5.11 Specification for Nickel and Nickel Alloy Covered

Welding Electrodes5

A5.14 Specification for Nickel and Nickel-Alloy Bare
Welding Rods and Electrodes5

3. Terminology

3.1 Terms defined in Terminology B 899 shall apply unless
otherwise defined in this standard.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Quantity, number of fittings of each kind,
4.1.2 Description of Fitting and Nominal Dimensions (stan-

dard or special),
4.1.3 Alloy Composition,
4.1.4 Condition (temper) if applicable.
4.1.5 If neither grade of N06625 is specified, Grade 1 will

be supplied.
4.1.6 For each Grade of WP fittings ordered, a Class should

also be indicated.
4.1.6.1 GradeCR fittings shall not be substituted for fittings

ordered to GradeWP, but GradeWP may be substituted for
GradeCR.

4.1.6.2 For all Classes of WP fittings, unless S, W, WX, or
WU is specified by the purchaser, any class may be furnished
at the option of the supplier.

4.1.7 Purchaser Inspection—State which tests or inspec-
tions are to be witnessed (Section 10),

4.1.8 Samples for Product(Check) Analysis—State
whether samples shall be furnished (6.3),

4.1.9 Test reports (Section 12), and
4.1.10 Supplementary requirements, if any.

5. Materials and Manufacture

5.1 Material—The material for wrought welding fittings
may consist of forgings, rods, bars, plates, sheets, and seamless
or welded pipe that conform to all the requirements of the
ASTM specifications for the particular product and alloy
referred to in Table 2.

5.2 Manufacture:
5.2.1 Forging or shaping operations may be performed by

hammering, pressing, piercing, extruding, upsetting, rolling,
bending, or fusion welding, or by a combination of two or more
of these operations. The forming procedure shall be so applied
that it will not produce injurious defects in the fittings.

5.2.2 Grade WP fittings ordered as Class S shall be of
seamless construction and shall meet all requirements of
ASME B16.9 or B16.11.

5.2.3 All classes of fittings shall have the welders, welding
operators, and welding procedures qualified under the provi-
sions of Section IX of the ASME Boiler and Pressure Vessel
Code.

5.2.4 Grade WP fittings ordered as Class W shall meet the
requirements of ASME B16.9 and shall have all pipe welds
made by the starting material manufacturer or the fitting
manufacturer with the addition of filler radiographically exam-
ined throughout the entire length in accordance with Paragraph
UW-51 of Section VIII, Division 1, of the ASME Boiler and
Pressure Vessel Code, except as exempt by 5.2.4.1, and 5.2.4.2.

5.2.4.1 The weld in the starting pipe, made to one of the
pipe or tube product specifications listed in Table 2, shall not
require radiography, provided that no filler metal is used in
making the weld.

5.2.4.2 Instead of the radiographic examination, and at the
option of the manufacturer, welds made by the fitting manu-
facturer may be ultrasonically examined in accordance with the
Code requirements stated in 5.2.6.

5.2.5 Grade WP fittings ordered as Class WX shall meet the
requirements of ASME B16.9 and shall have all welds, whether
made by the fitting manufacturer or the starting material

3 Available from American Society of Mechanical Engineers (ASME), ASME
International Headquarters, Three Park Ave., New York, NY 10016-5990.

4 Available from Manufacturers Standardization Society of the Valve and Fittings
Industry (MSS), 127 Park St., NE, Vienna, VA 22180-4602.

5 Available from The American Welding Society (AWS), 550 NW LeJeune Rd.,
Miami, FL 33126.
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manufacturer, radiographically examined throughout their en-
tire length in accordance with Paragraph UW-51 of Section
VIII, Division 1, of the ASME Boiler and Pressure Vessel
Code, except as exempt by 5.2.5.1. The radiography for this
class of fittings may be done either prior to or after forming at
the option of the manufacturer.

5.2.5.1 Instead of the radiographic examination, and at the
option of the manufacturer, welds, whether made by the fitting
manufacturer or the starting material manufacturer, may be
ultrasonically examined in accordance with the Code require-
ments stated in 5.2.6.

5.2.6 Grade WP fittings ordered as Class WU shall meet the
requirements of ASME B16.9 and shall have all welds, whether
made by the fitting manufacturer of the starting material
manufacturer, ultrasonically examined throughout their entire
length in accordance with Appendix 12 of Section VIII,
Division 1, of the ASME Boiler and Pressure Vessel Code. The
ultrasonic examination of welds for this class may be per-
formed either prior to or after forming at the option of the
manufacturer.

5.2.7 Personnel performing NDE examinations shall be
qualified in accordance with SNT-TC-1A.

TABLE 2 Permissible Raw Materials

MarkingA Product and ASTM DesignationB

Corrosion-
Resistant
Fittings

ASME Pressure
Fittings

Alloy
UNS
Designation

Pipe or Tube
Plate,
Sheet,
or Strip

Bar Forging
and Forging

Stock

CRN WPN Ni N02200 B 161 B 162 B 160, B 564
CRNL WPNL Ni, Low C N02201 B 161 B 162 B 160
CRNCC WPNCC Ni-Cu N04400 B 165 B 127 B 164, B 564
CR HX WPHX Ni-Cr-Mo-Fe N06002 B 619, B 622, B 626 B 435 B 572
CR HG WPHG Ni-Cr-Fe-Mo-Cu N06007 B 619, B 622, B 626 B 582 B 581
CR HC 22 WPHC22 Low C-Ni-Mo-Cr N06022 B 619, B 622, B 626 B 575 B 574, B 564
CRV602 WPV602 Ni-Cr-Fe N06025 B 163, B 167 B 168 B 166
CR HG 30 WPHG30 Ni-Cr-Fe-Mo-Cu N06030 B 619, B 622, B 626 B 582 B 581
CRV45TM WPV45TM Ni-Cr-Fe N06045 B 163, B 167 B 168 B 166
CR2120 WP2120 Ni-Cr-Mo low C N06058 B 619, B 622, B 626 B 575 B 564, B 574
CR5923 WP5923 Low C-Ni-Cr-Mo N06059 B 619, B 622, B 626 B 575 B 564, B 574
CR HC 2000 WPHC2000 Low C-Ni-Cr-Mo-Cu N06200 B 619, B 622, B 626 B 575 B 564, B 574
CRM21 WPM21 Low C-Ni-Cr-Mo-Ta N06210 B 619, B 622, B 626 B 575 B 564, B 574
CRH230 WPH230 Ni-Cr-W-Mo N06230 B 619, B 622, B 626 B 435 B 572, B 564
CR HC 4 WPHC4 Low C-Ni-Mo-Cr N06455 B 619, B 622, B 626 B 575 B 574
CRNCI WPNCI Ni-Cr-Fe N06600 B 167, B 516, B 517 B 168 B 166, B 564
CR603GT WP603GT Ni-Cr-Fe-Al N06603 B 163, B 167, B 516, B 517 B 168 B 166, B 564
CRNCMC WPNCMC Ni-Cr-Mo-Cb N06625 B 444, B 704, B 705 B 443 B 446, B 564
CRIN686 WPIN686 Low C-Ni-Cr-Mo N06686 B 163, B 619, B 622, B 626 B 575 B 564, B 574
CR626Si WP626Si Ni-Cr-Mo-Si N06219 B 444, B 704, B 705 B 443 B 446, B 564
CR HG3 WPHG3 Ni-Cr-Fe-Mo-Cu N06985 B 619, B 622, B 626 B 582 B 581
CR20CB WP20CB Cr-Ni-Fe-Mo-Cu-Cb

stabilized
N08020 B 464, B 468, B 729 B 463 B 472, B 473,

B 462
CR3127 WP3127 Low C-Ni-Fe-Cr-

Mo-Cu
N08031 B 619, B 622, B 626 B 625 B 564, B 649

CRH120 WPH120 Ni-Cr-Fe N08120 B 407, B 514, B 515 B 409 B 408, B 564
CR330 WP330 Ni-Fe-Cr-Si N08330 B 535, B 710 B 536 B 511, B 512
CR6XN WP6XN Fe-Ni-Cr-Mo-N N08367 B 675, B 676, B 690 B 688 B 472, B 564,

B 691, B 462
CRNIC WPNIC Ni-Fe-Cr N08800 B 407, B 514, B 515 B 409 B 408, B 564
CRNIC10 WPNIC10 Ni-Fe-Cr N08810 B 407, B 514, B 515 B 409 B 408, B 564
CRNIC11 WPNIC11 Ni-Fe-Cr N08811 B 407 B 409 B 408, B 564
CRNICMC WPNICMC Ni-Fe-Cr-Mo-Cu N08825 B 423, B 704, B 705 B 424 B 425, B 564
CR904L WP904L Low C-Ni-Fe-Cr-

Mo-Cu
N08904 B 673, B 674, B 677 B 625 B 649

CR1925 WP1925 Low C-Ni-Fe-Cr-
Mo-Cu

N08925 B 673, B 674, B 677 B 625 B 649

CR1925N WP1925N Low C-Ni-Fe-Cr-Mo-
Cu-N

N08926 B 673, B 674, B 677 B 625 B 649

CR HB WPHB Ni-Mo N10001 B 619, B 622, B 626 B 333 B 335
CR HN WPHN Ni-Mo-Cr-Fe N10003 B 434 B 573
CR H242 WPH242 Ni-Mo-Cr-Fe N10242 B 619, B 622, B 626 B 434 B 573, B 564
CR HC 276 WPHC276 Low C-Ni-Mo-Cr N10276 B 619, B 622, B 626 B 575 B 574, B 564
CRB10 WPB10 Low C-Ni-Mo-Cr-Fe N10624 B 619, B 622, B 626 B 333 B 335, B 564
CRVB4 WPVB4 Ni-Mo N10629 B 619, B 622, B 626 B 333 B 335, B 564
CR HB2 WPHB-2 Ni-Mo N10665 B 619, B 622, B 626 B 333 B 335, B 564
CR HB3 WPHB–3 Ni-Mo N10675 B 619, B 622, B 626 B 333 B 335, B 564
CRH160 WPH160 Ni-Co-Cr-Si N12160 B 619, B 622, B 626 B 435 B 564, B 572
CR3033 WP3033 Low C-Cr-Ni-Fe-N R20033 B 619, B 622, B 626 B 625 B 564, B 649,

B 472
CRH556 WPH556 Ni-Fe-Cr-Co R30556 B 619, B 622, B 626 B 435 B 572

A When WP fittings are of welded construction or made from welded pipe, the symbol shall be supplemented with W or WX as applicable. If ultrasonic examination in
accordance with 5.2.4.2 or 5.2.5.1 is used, the symbol shall be supplemented by WU or WXU as applicable.

B See 2.1 and 5.1.
C Yield strength shall be 25 000 psi (172 MPa) min, for all hot-formed, annealed fittings made from WPNC material.
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5.2.8 Fittings covered in MSS SP-43, MSS SP-95, or MSS
SP-97 and ordered asCR*** shall meet the requirements of
MSS SP-43, MSS SP-95, or MSS SP-97, respectively, and do
not require non-destructive examination.

5.2.9 All joints welded with filler metal shall be finished in
accordance with the requirements of Paragraph UW-35 (a) of
Section VIII, Division 1, of the ASME Boiler and Pressure
Vessel Code.

5.2.10 Radiographic examination of the weld buildup on
cold-formed stub ends shall not be required provided that all
the following steps are adhered to:

5.2.10.1 The weld procedure and welders or welding opera-
tors meet the requirements of 5.2.3.

5.2.10.2 All weld surfaces are liquid penetrant examined in
accordance with Appendix 8 of Section VIII, Division 1 of the
ASME Boiler and Pressure Vessel Code.

5.2.10.3 Repair of areas in the weld is permitted, but
5.2.10.1 and 5.2.10.2 must be repeated.

5.2.10.4 Fittings shall be marked with the symbol WBU
following the alloy designation (for example: WPN-WBU).

5.2.11 Stubends may be produced with the entire lap added
as weld metal to a straight pipe section provided the welding
satisfies the requirements of 5.2.3 for qualifications and 5.3 for
heat treatment.

5.2.11.1 GradeWP****Class W – Radiographic examina-
tion of the welds, made with the addition of filler metal, is
required. See 5.2.4.

5.2.11.2 GradeWP****Class WX – Radiographic exami-
nation of all welds, made with or without the addition of filler
metal is required. See 5.2.5.

5.2.11.3 GradeWP****Class WU – Ultrasonic examina-
tion of all welds, made with or without the addition of filler
metal, is required. See 5.2.6.

5.2.11.4 GradeCR – Nondestructive examination is not
required. See 5.2.8.

5.2.12 Stubends may be produced with the entire lap added
by the welding of a ring, made from plate or flat bar of the
same alloy grade and composition, to the outside of a straight
section of pipe, provided the weld is a double welded full
penetration joint and satisfies the requirements of 5.2.3 for
qualifications and 5.3 for heat treatment.

5.2.12.1 GradeWP****Class W – Radiographic examina-
tion of all welds, made with the addition of filler metal, is
required. See 5.2.4.

5.2.12.2 GradeWP****Class WX – Radiographic exami-
nation of all welds, made with or without the addition of filler
metal, is required. See 5.2.5.

5.2.12.3 GradeWP****Class WU – Ultrasonic examina-
tion of all welds, made with or without the addition of filler
metal, is required. See 5.2.6.

5.2.12.4 GradeCR – Nondestructive examination is not
required. See 5.2.8.

5.3 Heat Treatment—All fittings shall be furnished heat
treated. See Table 3 for recommended heat treatments. All
forming or welding shall be done and completed prior to any
final heat treatment. For seamless fittings made without form-
ing, heat treatment, if any, shall be agreed upon between
purchaser and manufacturer.

6. Chemical Composition

6.1 The material shall conform to the requirements as to
chemical composition for the respective material prescribed in
Table 2.

6.2 Records of chemical analysis made in accordance with
the applicable specification listed in Table 2 shall be certifica-
tion that the material of the fitting meets the requirements of
this specification.

6.3 If a product (check) analysis is made by the purchaser,
the material shall conform to the requirements for product
(check) analysis prescribed for the respective product in Table
2 and Specification B 880. for check analysis.

6.4 In fittings of welded construction, the alloy content of
the deposited weld metal shall conform to that required of the
base metal or for equivalent weld metal as given in the AWS
Filler Metal Specification A 5.11 and A 5.14.

7. Mechanical Properties and Other Requirements

7.1 Tensile Requirements:
7.1.1 (All Table 2 alloys except for UNS N06625 Grade 1 or

Grade 2)
7.1.1.1 Material used in the manufacture of the fittings shall

conform to the requirements for tensile properties as prescribed
for the respective product in Table 2.

7.1.1.2 Finished fittings shall conform to the properties for
the respective material and temper as prescribed in the speci-
fications referred to in Table 2. When required, the properties
of fittings made from forging stock shall be as agreed upon
between the producer and the purchaser.

7.1.1.3 Tension tests of the finished fittings are not required,
unless otherwise agreed upon between the manufacturer and
the purchaser.

7.1.2 Tensile Requirements(For fittings made to meet the
mechanical properties of UNS N06625 Grade 1):

7.1.2.1 At the option of the manufacturer, the material used
in the manufacture of UNS N06625 Grade 1 fittings shall
conform to the mechanical property requirements of either
UNS N06625 Grade 1 or Grade 2 as prescribed for the
respective product in Table 2.

7.1.2.2 Tension tests are required in accordance with
7.1.2.3.

7.1.2.3 Tension tests are required per lot (Note S2.3) per
furnace charge. Tension specimens may be obtained from a
fitting or a representative test piece (Note S2.2). Tension
specimens representing fittings of welded construction, made
with the addition of filler metal, are to include the weld and be
prepared so that the weld is at the specimen’s midlength
location.

7.1.2.4 The finished fittings shall conform to the minimum
UNS N06625 Grade 1 mechanical properties as prescribed for
the respective starting raw material product listed in Table 2
except that fittings of welded construction are exempt from the
tensile ductility requirement (elongation) and the yield strength
requirements. The minimum mechanical properties for fittings
made from forging stock shall be as agreed upon between
manufacturer and purchaser.

7.1.3 Tensile Requirements (For fittings made to meet the
mechanical properties of UNS N06625 Grade 2):
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7.1.3.1 At the option of the manufacturer, the material used
in the manufacture of UNS N06625 Grade 2 fittings shall
conform to the mechanical property requirements of either
UNS N06625 Grade 1 or Grade 2 as prescribed for the
respective product in Table 2.

7.1.3.2 Tension tests are not required provided the grade of
starting raw material is designated as UNS N06625 Grade 2 in
the raw material manufacturer’s MTR description and the final
heat treat temperature of the fittings is in compliance with the
recommended solution annealing heat treat procedure for the
grade. Tension tests are required if the grade of starting raw
material is designated as UNS N06625 Grade 1 in the raw
material manufacturer’s MTR description.

7.1.3.3 Tension tests, if required, are to be performed per lot
(Note S2.3) provided that all heat treatments are performed in

furnaces controlled within a6 25°F range of set point and are
equipped with calibrated recording pyrometers so that all other
subsequent heat treatments can be conducted within the same
6 25°F temperature range as the furnace charge that contained
the test specimen. Tension specimens may be obtained from a
fitting or a representative test piece. In this paragraph only, a
representative test piece is defined as a test specimen from the
same heat of fitting raw material having approximately the
same amount of working. In addition, the test piece represent-
ing fittings manufactured from bars, plate or forgings shall
have a cross section equal to the greatest cross section of the
fitting, a test piece representing fittings manufactured from
pipe shall have an outside diameter and wall thickness equal to
those of the fitting and a test piece for fittings of welded
construction, made with the addition of filler metal, shall be

TABLE 3 Heat Treatment

Corrosion
Resistant
Fittings

ASME
Pressure
Fittings

Alloy
UNS
Designation

Heat TreatmentA,B

DEG F (DEG C)
Quench

CRN WPN Ni N02200 1650-1700 (1900 to 928) Rapid Air/Water
CRNL WPNL Ni, Low C N02201 1650-1700 (900 to 928) Rapid Air/Water
CRNCC WPNCC Ni-Cu N04400 1650-1700 (900 to 928) Rapid Air/Water
CR HX WPHX Ni-Cr-Mo-Fe N06002 2150 (1177)D Rapid Air/Water
CR HG WPHG Ni-Cr-Fe-Mo-Cu N06007 2100-2150 (1150 to 1177) Rapid Air/Water
CR HC 22 WPHC22 Low C-Ni-Mo-Cr N06022 2050 (1120)D Rapid Air/Water
CRV602 WPV602 Ni-Cr-Fe N06025 2200 (1204)E Rapid Air/Water
CR HG 30 WPHG30 Ni-Cr-Fe-Mo-Cu N06030 2150 (1177)D Rapid Air/Water
CRV45TM WPV45TM Ni-Cr-Fe N06045 2150 (1177) Rapid Air/Water
CR5923 WP5923 Low C-Ni-Cr-Mo N06059 2050 (1120) Rapid Air/Water
CR HC 2000 WPHC2000 Low C-Ni-Cr-Mo-Cu N06200 2075-2125 (1135-1163) Rapid Air/Water
CRM21 WPM21 Low C-Ni-Cr-Mo-Ta N06210 E E

CRH230 WPH230 Ni-Cr-W-Mo N06230 2150-2250 (1177-1232) Rapid Air/Water
CR HC 4 WPHC4 Low C-Ni-Mo-Cr N06455 1950 (1065)D Rapid Air/Water
CRNCI WPNCI Ni-Cr-Fe N06600 1800-1850 (983 to 1010) Rapid Air/Water
CR603GT WP603GT Ni-Cr-Fe-Al N06603 2175 (1189) Rapid Air/Water
CRNCMC WPNCMC Ni-Cr-Mo-Cb N06625 Gr 1 1600 (871) Rapid Air/Water
CRNCMC WPNCMC Ni-Cr-Mo-Cb N06625 Gr 2 2000 (10934)D Rapid Air/Water
CR626Si WP626Si Ni-Cr-Mo-Si N06219 2050 (1120) Rapid Air/Water
CR HG3 WPHG3 Ni-Cr-Fe-Mo-Cu N06985 2100-2150(1147 to 1177) Rapid Air/Water
CR20CB WP20CB Cr-Ni-Fe-Mo-Cu-Cb

stabilized
N08020 1700-1850 (927 to 1010) Rapid Air/Water

CR904L WP904L Low C-Ni-Fe-Cr-Mo-Cu N08904 1985-2100 (1085 to 1150) Rapid Air/Water
CR3127 WP3127 Low C-Ni-Fe-Cr-Mo-Cu N08031 2175 (1189) Rapid Air/Water
CRH120 WPH120 Ni-Cr-Fe N08120 2175-2225 (1189-1220) Rapid Air/Water
CR330 WP330 Ni-Fe-Cr-Si N08330 1900 (1038) Rapid Air/Water
CR6XN WP6XN Fe-Ni-Cr-Mo-N N08367 2025 (1107) Rapid Air/Water
CRNIC WPNIC Ni-Fe-Cr N08800 1800-1900 (983 to 1037)F Rapid Air/Water
CRNIC10 WPNIC10 Ni-Fe-Cr N08810 2100-2150 (1147 to 1177)F Rapid Air/Water
CRNIC11 WPNIC11 Ni-Fe-Cr N08811 2100-2150 (1147 to 1177)F Rapid Air/Water
CRNICMC WPNICMC Ni-Fe-Cr-Mo-Cu N08825 1700-1800 (930 to 980)F Rapid Air/Water
CR1925 WP1925 Low C-Ni-Fe-Cr-Mo-Cu N08925 1800-1900 (983 to 1037) Rapid Air/Water
CR2120 WP2120 Low C-Ni-Cr-Mo N06058 2075 (1135) Rapid Air/Water
CR1925N WP1925N Low C-Ni-Fe-Cr-Mo-Cu-N N08926 2150 (1177) Rapid Air/Water
CRHB WPHB Ni-Mo N10001 1950 (1065)D Rapid Air/Water
CRHN WPHN Ni-Mo-Cr-Fe N10003 2150 (1177)D Rapid Air/Water
CR H242 WPH242 Ni-Mo-Cr-Fe N10242 1925-2025 (1050-1105) Rapid Air/Water
CR HC 276 WPHC276 Low C-Ni-Mo-Cr N10276 2050 (1121)D Rapid Air/Water
CRB10 WPB10 Low C-Ni-Mo-Cr-Fe N10624 2050 (1121) Rapid Air/Water
CRVB4 WPVB4 Ni-Mo N10629 1975 (1080) Rapid Air/Water
CR HB2 WPHB2 Ni-Mo N10665 1950 (1065)D Rapid Air/Water
CR HB3 WPHB3 Ni-Mo N10675 1950 (1065)D Rapid Air/Water
CRH160 WPH160 Ni-Co-Cr-Si N12160 2025 (1107)D Rapid Air/Water
CR3033 WP3033 Low C-Cr-Ni-Fe-N R20033 2050 (1121) Rapid Air/Water
CRH556 WPH556 Ni-Fe-Cr-Co R30556 2150 (1177)D Rapid Air/Water

ARecommended set temperatures – Different termperatures may be selected by either the purchaser or the manufacturer.
BSet temperature, 6 25°F.
CYield strength shall be 25 000 psi (172 MPa) min, for all hot-formed, annealed fittings made from WPNC material.
DMinimum temperature.
EAnnealing temperature and quench shall be agreed upon between purchaser and manufacturer.
FHeat treatment is highly dependent on intended service temperature – consult material manufacturer for specific heat treatments for end use temperature.
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prepared to the same welding procedures and from the same
heat of material as the fittings it represents. Tension specimens
representing fittings of welded construction, made with the
addition of filler metal, are to include the weld and be prepared
so that the weld is at the specimen’s midlength location.

7.1.3.4 The finished fittings shall conform to the minimum
UNS N06625 Grade 2 mechanical properties as prescribed for
the representative starting raw material product listed in Table
2 except that fittings of welded construction are exempt from
the tensile ductility requirement (elongation) and the yield
strength requirements. The minimum mechanical properties for
fittings made from forging stock shall be as agreed upon
between manufacturer and purchaser.

7.2 Hydrostatic Tests:
7.2.1 Hydrostatic testing of wrought fittings is not required

by this specification.
7.2.2 All fittings shall be capable of withstanding without

failure, leakage, or impairment of their serviceability, a test
pressure prescribed in the specifications for the pipe with
which the fitting is recommended to be used.

8. Dimensions

8.1 Fittings or components produced in accordance with this
specification shall have sizes, shapes, and dimensions in
accordance with those specified in ASME 16.9, ASME 16.11,
MSS SP-43, MSS SP-95, MSS SP-97, ASME H34.1, ASME
H34.2, or ASME H34.3.

9. Workmanship, Finish, and Appearance

9.1 The fittings shall be free of injurious defects and have a
workmanlike finish. Minor defects may be removed by grind-
ing, provided the wall thickness is not decreased to less than
the allowable specification minimum and provided the grinding
is smooth and leaves no shoulders.

9.2 The fittings shall be cleaned free of scale.

10. Inspection

10.1 Inspection of the material by the purchaser at the place
of manufacture shall be made as agreed upon between the
purchaser and the manufacturer as part of the purchase
contract.

11. Rejection and Rehearing

11.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of

dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

12. Certifications

12.1 Test reports are required for all fittings covered by this
specification. Each test report shall include the following
information:

12.1.1 The year-date of the specification and class to which
the fitting was furnished,

12.1.2 Heat numbers or serial number traceable to heat
numbers,

12.1.3 Chemical analyses for all starting materials,
12.1.4 Mechanical properties for all starting materials, or

actual mechanical properties if tension testing was required,
12.1.5 For construction with filler metal added, weld metal

chemical analyses or AWS classification,
12.1.6 For welded stub ends, the construction method per

5.2.11 or 5.2.12 shall be stated,
12.1.7 Heat treatment per Table 3,
12.1.8 Results of all nondestructive examinations,
12.1.9 Results of all tests required by Supplementary Re-

quirements and the order, and
12.1.10 Statement that the fitting was manufactured,

sampled, tested and inspected in accordance with the specifi-
cation and was found to meet the requirements.

13. Product Marking

13.1 The manufacturer’s name or trademark, material,
grade, if applicable, the size and schedule number, the desig-
nation as shown in Table 2, under “Marking,” either column 1
for Grade CR fittings or column 2 for Grade WP fittings, shall
be stamped, stenciled, or otherwise permanently marked on
each fitting. Grade WP fitting marking also must include the
suffix in accordance with 5.2. On wall thicknesses thinner than
0.083 in., no steel stamps or other indented markings shall be
used. When the size does not permit complete marking,
identification marks may be omitted in the sequence shown in
MSS SP-25. See Table 4 for marking example of grades and
classes.

NOTE 1—When steel stamps are used, the marking shall not be deep
enough to cause cracks or to reduce the wall thickness of the fittings below
the minimum allowed by the applicable specification.

14. Keywords

14.1 nickel alloy fittings
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SUPPLEMENTARY REQUIREMENTS

These requirements shall not be considered unless specified in the order, in which event the
supplementary requirements specified shall be made at the place of manufacture, unless otherwise
agreed upon.

S1. Product Analysis(Note S2.1)

S1.1 A product analysis shall be made from each heat of
base metal and, if of welded construction, from each lot (Note
S2.3) number of welding material of the fittings offered for
delivery. The analysis shall conform to the requirements
specified in Section 6.

S2. Tension Test(Note S2.1)

S2.1 One tension test shall be made on one fitting or
representative test piece (Note S2.2) per lot (Note S2.3) of
fittings. If the fittings are of welded construction, made with the
addition of filler metal, the tension specimen shall include the
weld and be prepared so that the weld is at the midlength
location of the specimen. However, in no case shall the tensile
properties of the finished fittings be less than the requirements
of the pipe specifications listed in Table 2, except that weld
specimens are exempt from the tensile ductility requirements.

NOTE S2.1—If the results of any of the tests specified in Sections S1 or
S2 do not conform to requirements, retests may be made at the manufac-
turer’s expense on additional fittings or representative test pieces of
double the original number from the same heat or lot as defined in Section
S1 or S2. If either of the additional test pieces fails, the lot shall be
rejected.

NOTE S2.2—Representative Test Piece:Where the test specimen for the
tension test cannot be taken from a fitting due to size limitations, a
representative test shall be obtained. The test piece shall be from the same
heat and heat treated in the same batch or charge as the fittings it
represents, and shall have approximately the same amount of working. In
addition, test pieces representing fittings manufactured from bars, plate, or
forgings shall have a cross section equal to the greatest cross section of the
fitting, and test pieces representing fittings manufactured from pipe shall
have an outside diameter and wall thickness equal to those of the fitting.

The test piece for fittings of welded construction, made with the addition
of filler metal, shall be prepared to the same weld procedures and from the
same heats of material as the fittings it represents.

NOTE S2.3—A lot shall consist of all fittings of the same type, size, and
wall thickness, manufactured from one heat of material, and, if welding is
performed, using the same size and AWS classification welding product.

S3. Liquid Penetrant Test
S3.1 All surfaces shall be liquid penetrant tested. The

method shall be in accordance with Practice E 165. Acceptance
limits shall be as specified by the purchaser.

S4. Hydrostatic Test
S4.1 A hydrostatic test shall be applied as agreed upon

between the manufacturer and purchaser.

S5. Bar Stock Fittings
S5.1 Fittings machined from solid bar stock are not permit-

ted.

S6. Positive Material Identification Examination
S6.1 Product shall receive Positive Material Identification to

ensure that the purchaser is receiving product of the correct
material grade prior to shipment of the product. This exami-
nation is a method to assure that no material grade mix-up has
happened during manufacturing and marking of the product.

S6.2 Product shall receive a Positive Material Identification
examination by Guide E 1916.

S6.3 The quantity examined shall be 100 % of the product.
S6.4 All product that is not of the correct material grade

shall be rejected.
S6.5 The method of product marking after examination

shall be agreed upon between the manufacturer and purchaser.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

TABLE 4 Product Marking Examples for Grades and Classes

Grade and Class Marking Description

CRN Single grade: no classes in CR grades
CRN/NL Multiple grades, meet chemical and mechanical properties of each
WPN-S Single grade: seamless
WPN-W Single grade: welded: RT or UT pipe welds with filler metal and all

fitting manufacturer’s welds
WPN-WX Single grade: welded: RT all welds with or without filler metal
WPN-WU Single grade: welded: UT all welds with or without filler metal
WPN/NL-S Multuple grades: meet chemical and mechanical properties of each:

seamless

B 366 – 04

8



This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 367 – 93 (Reapproved 2004)

Standard Specification for
Titanium and Titanium Alloy Castings 1

This standard is issued under the fixed designation B 367; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers titanium and titanium alloy
castings intended for general corrosion resistant and industrial
applications.

1.2 This specification is intended for use of purchasers
and/or producers of reactive metal castings for defining the
requirements and assuring the properties of castings for unique
corrosion-resistant applications, that is, not for commodity
items which must meet all potential purchasers’ requirements.

1.2.1 Users are advised to use the specification as a basis for
obtaining castings which will meet minimum acceptance
requirements established and revised by consensus of the
members of the committee.

1.2.2 User requirements considered more stringent may be
met by the addition to the purchase order of one or more
supplementary requirements, which may include, but are not
limited to, those listed in Sections S1 through S8.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:2

A 802/A 802M Practice for Steel Castings, Surface Accep-
tance Standards, Visual Examination

E 8 Test Methods for Tension Testing of Metallic Materials
E 10 Test Method for Brinell Hardness of Metallic Materi-

als
E 18 Test Methods for Rockwell Hardness and Rockwell

Superficial Hardness of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 94 Guide for Radiographic Testing

E 120 Test Methods for Chemical Analysis of Titanium and
Titanium Alloys3

E 142 Test Method for Controlling Quality of Radiographic
Testing3

E 165 Test Method for Liquid Penetrant Examination
E 446 Reference Radiographs for Steel Castings Up to 2 in.

(51 mm) in Thickness
E 1409 Test Method for Determination of Oxygen in Tita-

nium and Titanium Alloys by the Inert Gas Fusion Tech-
nique

E 1447 Test Method for Determination of Hydrogen in
Titanium and Titanium Alloys by the Inert Gas Fusion
Thermal Conductivity Method

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 lot, n—shall consist of all castings of the same design

produced from the same pour.
3.1.2 pour, n—shall consist of all material melted and cast

at one time.

4. Ordering Information

4.1 Orders for castings to this specification shall include the
following as required, to describe the requirements adequately:

4.1.1 Description of the castings by pattern number or
drawing. Dimensional tolerances shall be included on the
casting drawing,

4.1.2 Quantity,
4.1.3 Grade designation (see Table 1),
4.1.4 Options in the specification, and
4.1.5 Supplementary requirements desired, including the

standards of acceptance.

5. Materials and Manufacture

5.1 Materials for this specification shall be melted by
conventional processes used for reactive metals. Typical meth-
ods include the consumable electrode and induction-slag,
plasma arc, induction-skull, and electron beam melting pro-
cesses.

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.01 on Titanium.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1961. Last previous edition approved in 1993 as B 367 – 93 (1998).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website. 3 Withdrawn.
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6. Chemical Composition

6.1 Pour Analysis—An analysis of each pour shall be made
by the producer from a sample such as a casting or test bar that
is representative of the pour. The chemical composition deter-
mined shall conform to the requirements specified for the
relevant grade in Table 1.

6.1.1 The elements listed in Table 1 are intentional alloy
additions or elements which are inherent to the manufacture of
titanium sponge, ingot or mill product.

6.1.1.1 Elements other than those listed in Table 1 are
deemed to be capable of occurring in the grades listed in Table
1 by and only by way of unregulated or unanalyzed scrap
additions to the ingot melt. Therefore product analysis for
elements not listed in Table 1 shall not be required unless
specified and shall be considered to be in excess of the intent
of this specification.

6.1.2 Elements intentionally added to the melt must be
identified, analyzed, and reported in the chemical analysis.

6.2 When agreed upon by the producer and the purchaser
and requested by the purchaser in his written purchase order,
chemical analysis shall be completed for specific residual
elements not listed in this specification.

6.3 Product Analysis—Product analysis tolerances do not
broaden the specified heat analysis requirements, but cover
variations between laboratories in the measurement of chemi-
cal content. The producer shall not ship material which is
outside the limits specified in Table 1 for the applicable grade.
Product analysis limits shall be as specified in Table 2.

6.4 Sampling—Samples for chemical analysis may be made
by the purchaser on a representative casting from any lot. Due
to the possibility of oxygen or other interstitial contamination,
samples for oxygen, carbon, hydrogen, and nitrogen analysis
shall be taken no closer than1⁄4 in. (6.3 mm) to a cast surface
except that castings too thin for this shall be analyzed on
representative material. The chemical composition determined
shall conform to the analysis in Table 1 within the check
analysis variations shown in Table 2 or shall be subject to
rejection by the purchaser.

6.5 Referee Analysis—In the event of disagreement between
the producer and purchaser concerning the analysis of any
casting, Test Methods E 120 shall be used as a referee chemical
analysis method.

7. Heat Treatment

7.1 Unless otherwise specified in the contract, all castings
will be supplied in the as-cast condition except when post-weld
heat treatment is required.

7.2 If post-weld heat treatment is required, it shall consist of
a stress relief performed at 10756 25°F (5806 14°C) for
Grades C-2, C-3 Ti-Pd7B, Ti-Pd8A, Ti-Pd16 and Ti-Pd17, and
12006 25°F (6506 14°C) for Grades C-5, C-6, and Ti-Pd18.
Time at temperature shall be a minimum of1⁄2 h plus an
additional1⁄2 h at temperature per inch of thickness for section
sizes greater than 1 in. (25 mm). After heat treatment, the
castings should be cooled in air or in the furnace to ambient
temperature unless otherwise agreed upon between the pur-
chaser and producer.

8. Workmanship, Finish, and Appearance

8.1 All castings shall be made in a workman-like manner
and shall conform to the dimensions in drawings furnished by
the purchaser before manufacturing is started. If the pattern is

TABLE 1 Chemical Requirements

Element

Composition, Weight %

Grade
C-2

Grade
C-3

Grade
C-5

Grade
C-6

Grade
Ti-Pd7B

Grade
Ti-Pd8A

Grade
Ti-Pd16

Grade
Ti-Pd17

Grade
Ti-Pd18

Nitrogen, max 0.05 0.05 0.05 0.05 0.05 0.05 0.03 0.03 0.05
Carbon, max 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Hydrogen, max 0.015 0.015 0.015 0.015 0.015 0.015 0.0150 0.0150 0.0150
Iron, max 0.20 0.25 0.40 0.50 0.20 0.25 0.30 0.20 0.25
Oxygen, max 0.40 0.40 0.25 0.20 0.40 0.40 0.18 0.25 0.15
Aluminum ... ... 5.5–6.75 4.00–6.00 ... ... ... ... 2.5–3.5
Vanadium ... ... 3.5–4.5 ... ... ... ... ... 2.0–3.0
Tin ... ... ... 2.0–3.0 ... ... ... ... ...
Palladium ... ... ... ... 0.12 min 0.12 min 0.04–0.08A 0.04–0.08A 0.04–0.08B

Other elements
(each), maxC

0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

Other elements
(total), maxC

0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

AGrade TiPd16 and TiPd17—Unalloyed titanium with reduced palladium content to enhance corrosion properties are similar to Grade TiPd, 7B and 8A.
BGrade 18—Palladium added to titanium alloy 3AI-2.5V to enhance corrosion properties.
CNeed not be reported. By agreement between producer and purchaser, analysis may be required and limits established for elements or compounds not specified in

this table.

TABLE 2 Check Analysis Tolerances

Element
Maximum or Range,

Weight%
Permissible Variation in

Check Analysis

Nitrogen 0.05 +0.02
Carbon 0.10 +0.02
Hydrogen 0.015 +0.003
Iron 0.50 +0.15

0.40 +0.08
0.25 +0.05
0.20 +0.04

Oxygen 0.40
0.25
0.20

+0.08
+ 0.05
+ 0.04

Aluminum 2.5–6.75 60.40
Vanadium 2.0–4.5 60.15
Tin 2.0–3.0 60.15
Palladium 0.04–0.25 60.02
Other (each) 0.10 +0.02
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supplied by the purchaser, the dimensions of the casting shall
be as predicted by the pattern.

8.2 The surface of the casting shall be free of adhering mold
material, scale, cracks, and hot tears as determined by visual
examination. Other surface discontinuities shall meet the visual
acceptance standards specified in the order. Practice A 802/
A 802M or other visual standards may be used to define
acceptable surface discontinuities and finish. Unacceptable
surface discontinuities shall be removed and their removal
verified by visual examination of the resultant cavities.

9. Repair by Welding

9.1 If repairs are required, these shall be made using a
welding procedure and operators certified to quality require-
ments established by the producer. The procedures developed
shall be consistent with standard practices recommended for
reactive metal alloys. The producer shall maintain documenta-
tion on procedure and welder qualifications. Procedure modi-
fications or special arrangements shall be as agreed upon
between the producer and the purchaser.

9.2 The composition of the deposited weld metal shall be
within the chemical requirements for each grade established in
Table 1.

9.2.1 Unalloyed titanium Grades C-2 and C-3, and low-
alloy Grades Ti-Pd7B, Ti-Pd8A, Ti-Pd16, and Ti-Pd17 castings
shall be stress-relieved if the repair is considered capable of
adding stresses that will interfere with the purpose for which
the castings are intended. The decision for stress relieving shall
be made by the producer, unless otherwise agreed upon. The
stress-relief cycle shall be in accordance with 7.2 followed by
air or furnace cooling to room temperature, or as agreed upon
between the purchaser and the producer.

9.2.2 Grade C-5 (Ti-6Al-4V), Grade C-6 (Ti-5Al-2.5Sn)
and Grade Ti-Pd 18 castings shall be stress-relieved after weld
repair, if the weld defect or excavation is through a wall or
exceeds 1 in.3 (16 000 mm3) of deposited metal. The stress-
relief cycle shall be in accordance with 7.2.

9.2.3 Hot isostatic pressing (HIP) may be substituted for
required thermal treatment provided all requirements for that
treatment are met, and temperatures detrimental to the material
properties are not reached.

10. Inspection

10.1 The producer shall afford the purchaser’s inspector all
reasonable facilities necessary to satisfy him that the material
is being produced and furnished in accordance with this
specification. Foundry inspection by the purchaser shall not
interfere unnecessarily with the producer’s operations.

10.2 If the results of any chemical or mechanical property
test lot are not in conformance with the requirements of this
specification, the lot may be retested at the option of the
producer. The frequency of the retest will double the initial
number of tests. If the results of the retest conform to the
specification, then the retest values will become the test values
for certification. Only original conforming test results or the
conforming retest results shall be reported to the purchaser. If
the results for the retest fail to conform to the specification, the
material will be rejected in accordance with Section 11.

10.3 For purposes of determining conformance with the
specifications contained herein, an observed or a calculated
value shall be rounded off to the nearest unit in the last
right-hand significant digit used in expressing the limiting
value. This is in accordance with the round-off method of
Practice E 29.

11. Rejection
11.1 Any rejection based on test reports shall be reported to

the producer within 60 days from the receipt of the test reports
by the purchaser.

11.2 Material that shows unacceptable discontinuities as
determined by the acceptance standards specified on the order,
subsequent to acceptance at the producer’s works, may be
rejected, and the producer shall be notified within 60 days, or
as otherwise agreed upon.

11.3 In the event of disagreement between the producer and
the purchaser on the conformance of the material to the
requirements of this specification, a mutually acceptable ref-
eree shall perform the tests in question. The referee’s testing
shall be used in determining the conformance of the material to
this specification.

12. Product Marking
12.1 Unless otherwise specified, the following shall apply.
12.1.1 Castings shall be marked for material identification

with the ASTM designation number (Specification B 367) and
grade symbol, that is, C2, C3, C5, C6, Ti-Pd7B, Ti-Pd8A,
Ti-Pd16, Ti-Pd17, or Ti-Pd18.

12.1.2 The producer’s name or identification mark and the
pattern number shall be cast or stamped using low stress
stamps on all castings. Small size castings may be such that
marking must be limited consistent with the available area.

12.1.3 The marking of lot numbers on individual castings
shall be agreed upon by the producer and the purchaser.

12.1.4 Marking shall be in such a position as not to injure
the usefulness of the casting.

13. Keywords
13.1 castings; corrosion resistant; titanium; titanium alloys
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SUPPLEMENTARY REQUIREMENTS

Supplementary requirements shall be applied only when specified by the purchaser. Details of the
supplementary requirements shall be agreed upon by the producer and purchaser. The specified tests
shall be performed by the producer prior to shipment of the castings.

S1. Radiographic Examination

S1.1 When specified in the purchase order, castings shall be
examined for internal discontinuities by means of X rays or
gamma rays. Inspection procedure shall be in accordance with
the Guide E 94 and Test Method E 142. Types and degrees of
discontinuities considered shall be judged by the Reference
Radiographs E 446. Extent of examination and the basis for
acceptance shall be agreed upon by the producer and the
purchaser. A specification that may be used as a basis for such
agreement is described as follows.

S1.2 Extent of Examination:
S1.2.1 Category I—The castings shall be 100 % inspected

radiographically and film sent or made available for purchaser
examination.

S1.2.2 Category II—Critical areas of all castings shall be
radiographically inspected to ensure that casting quality is
sufficient to meet customer needs. The film record need not be
maintained.

S1.2.3 Category III—Sample castings shall be radiographed
in accordance with an agreed upon schedule. When disconti-
nuities exceed the acceptance limits, all castings in the lot shall
be examined according to Category II.

S1.3 Basis for Acceptance:
S1.3.1 The maximum severity level for each specific type of

discontinuity shall be agreed upon by the purchaser and
producer. A specification which may be used as a basis for such
agreement, using Reference Radiographs E 446 is described as
follows:

Category A gas porosity severity level 2
Category B sand and slag inclusions severity level 2
Category C shrinkage CA severity level 2
Category C shrinkage CB severity level 2
Category C shrinkage CC severity level 2
Category C shrinkage CD severity level 2
Category D crack none permitted
Category E hot tear none permitted
Category F insert none permitted

S2. Liquid Penetrant Examination

S2.1 The castings shall be examined for surface disconti-
nuities by means of liquid penetrant examination. The exami-
nation shall be in accordance with Test Method E 165. Areas to
be inspected, methods and types of liquid penetrants to be used,
developing procedure, and basis for acceptance shall be agreed
upon between the producer and the purchaser.

S3. Examination of Weld Preparation

S3.1 Cavities prepared for welding due to surface disconti-
nuities, such as cracks, open porosity, etc. shall be examined by
means of liquid penetrant examination in order to verify
removal of such discontinuities.

S3.2 Weld repairs that are made to eliminate discontinuities
that are detected by radiography shall be re-radiographed to
verify that unacceptable discontinuities have been removed.

S4. Certification

S4.1 A test report shall be furnished. The test report shall
contain the results of the actual chemical analysis and other
tests specified by the purchaser.

S4.2 Each test report shall be signed by an authorized agent
of the seller or producer.

S4.3 The test report shall be furnished within 5 days of
shipment of the castings.

S5. Hot Isostatic Pressing (HIP)

S5.1 Hot isostatic pressing (HIP) may be used to improve
as-cast quality when required. Temperature, time at tempera-
ture, and atmosphere shall be as agreed upon between the
producer and the purchaser.

S5.2 Castings for which HIP is not required may be hot
isostatic pressed by the producer in accordance with the
requirements of 7.2.

S5.3 HIP may be substituted for required thermal treatment
provided all requirements for that treatment are met and
temperatures detrimental to the material properties are not
reached.

S6. Tension Test

S6.1 Tensile properties shall be determined on material
representing each pour. Properties shall be determined in the
as-cast condition unless otherwise specified in the purchase
order. The results shall conform to the requirements specified
in Table S6-1.

S6.2 Test bars may be obtained from special test blocks cast
for that purpose or cut from castings processed with a lot.

S6.3 Tensile tests shall be made in accordance with the
requirements of Test Methods E 8. Tensile properties shall be
determined using a strain rate of 0.003 to 0.007 in./in./min
(0.003 to 0.007 mm/mm/min) through the yield strength.

S6.4 If any test specimen shows defective machining or
develops flaws, it may be discarded and another specimen
substituted from the same pour.

TABLE S6-1 Tensile Requirements

Grade
Tensile Strength, min,

ksi (MPa)

Yield Strength
0.2 % Offset, min,

ksi (MPa)

Elongation in 1-in.
Gage Length, min,

%

C-2 50 (345) 40 (275) 15
C-3 65 (450) 55 (380) 12
C-5 130 (895) 120 (825) 6
C-6 115 (795) 105 (725) 8
Ti-Pd 7B 50 (345) 40 (275) 15
Ti-Pd 8A 65 (450) 55 (380) 12
Ti-Pd16 50 (345) 40 (275) 15
Ti-Pd17 35 (240) 25 (170) 20
Ti-Pd18 90 (620) 70 (483) 15
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S7. Prior Approval of Major Weld Repairs

S7.1 Major weld repairs as defined and agreed upon be-
tween the producer and the purchaser shall be subject to the
prior approval of the purchaser.

S8. Hardness Test

S8.1 Hardness shall be determined on material representing
each lot. Hardness shall be determined in the as-cast condition
unless otherwise specified in the purchase order. The results
shall conform to the requirements specified in Table S8-1.

S8.2 Hardness shall be determined on a sample cast for that
purpose, or on a casting randomly selected from a lot. If a
casting is used for a hardness sample, indentations shall be
made in a surface that will not be subsequently machined.
Hardness values reported shall be representative of the base

metal of the castings and not of any surface contamination due
to mold-metal interactions.

S8.3 Hardness tests shall be made in accordance with the
requirements of Test Methods E 10 or E 18.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE S8-1 Hardness Requirements

Grade
Brinell Hardness,

maxA
Rockwell Hardness,

maxA

C-2 210 B 96
C-3 235 C 24
C-5 365 C 39
C-6 335 C 36
Ti-Pd 7B 210 B 96
Ti-Pd 8A 235 C 24
Ti-Pd16 210 B 96
Ti-Pd17 235 C 24
Ti-Pd18 365 C 39

AAverage of three tests.
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Designation: B 381 – 03

Standard Specification for
Titanium and Titanium Alloy Forgings 1

This standard is issued under the fixed designation B 381; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers 33 grades of annealed tita-
nium and titanium alloy forgings as follows:

1.1.1 Grade F-1—Unalloyed titanium,
1.1.2 Grade F-2—Unalloyed titanium,
1.1.3 Grade F-3—Unalloyed titanium,
1.1.4 Grade F-4—Unalloyed titanium,
1.1.5 Grade F-5—Titanium alloy (6 % aluminum, 4 %

vanadium),
1.1.6 Grade F-6—Titanium alloy (5 % aluminum, 2.5 %

tin),
1.1.7 Grade F-7—Unalloyed titanium plus 0.12 to 0.25 %

palladium,
1.1.8 Grade F-9—Titanium alloy (3 % aluminum, 2.5 %

vanadium),
1.1.9 Grade F-11—Unalloyed titanium plus 0.12 to 0.25 %

palladium,
1.1.10 Grade F-12—Titanium alloy (0.3 % molybdenum,

0.8 % nickel),
1.1.11 Grade F-13—Titanium alloy (0.5 % nickel, 0.05 %

ruthenium),
1.1.12 Grade F-14—Titanium alloy (0.5 % nickel, 0.05 %

ruthenium),
1.1.13 Grade F-15—Titanium alloy (0.5 % nickel, 0.05 %

ruthenium),
1.1.14 Grade F-16—Unalloyed titanium plus 0.04 % to

0.08 % palladium,
1.1.15 Grade F-17—Unalloyed titanium plus 0.04 % to

0.08 % palladium,
1.1.16 Grade F-18—Titanium alloy (3 % aluminum, 2.5 %

vanadium) plus 0.04 % to 0.08 % palladium,
1.1.17 Grade F-19—Titanium alloy (3 % aluminum, 8 %

vanadium, 6 % chromium, 4 % zirconium, 4 % molybdenum),
1.1.18 Grade F-20—Titanium alloy (3 % aluminum, 8 %

vanadium, 6 % chromium, 4 % zirconium, 4 % molybdenum)
plus 0.04 % to 0.08 % palladium,

1.1.19 Grade F-21—Titanium alloy (3 % aluminum, 2.7 %
niobium, 15 % molybdenum, 0.25 % silicon),

1.1.20 Grade F-23—Titanium alloy (6 % aluminum, 4 %
vanadium, extra low interstitials, ELI),

1.1.21 Grade F-24—Titanium alloy (6 % aluminum, 4 %
vanadium) plus 0.04 % to 0.08 % palladium,

1.1.22 Grade F-25—Titanium alloy (6 % aluminum, 4 %
vanadium) plus 0.3 % to 0.8 % nickel and 0.04 % to 0.08 %
palladium,

1.1.23 Grade F-26—Unalloyed titanium plus 0.08 to
0.14 % ruthenium,

1.1.24 Grade F-27—Unalloyed titanium plus 0.08 to
0.14 % ruthenium,

1.1.25 Grade F-28—Titanium alloy (3% aluminum, 2.5%
vanadium plus 0.08–0.14% ruthenium),

1.1.26 Grade F-29—Titanium alloy (6% aluminum, 4%
vanadium, extra low interstitial, ELI plus 0.08–0.14% ruthe-
nium),

1.1.27 Grade F-30—Titanium alloy (0.3 % cobalt, 0.05 %
palladium),

1.1.28 Grade F-31—Titanium alloy (0.3 % cobalt, 0.05 %
palladium),

1.1.29 Grade F-32—Titanium alloy (5 % aluminum, 1 %
vanadium, 1 % tin, 1 % zirconium, 0.8 % molybdenum),

1.1.30 Grade F-33—Titanium alloy (0.4 % nickel, 0.015 %
palladium, 0.025 % ruthenium, 0.15 % chromium),

1.1.31 Grade F-34—Titanium alloy (0.4 % nickel, 0.015 %
palladium, 0.025 % ruthenium, 0.15 % chromium),

1.1.32 Grade F-35—Titanium alloy (4.5 % aluminum, 2 %
molybdenum, 1.6 % vanadium, 0.5 % iron, 0.3 % silicon), and

1.1.33 Grade F-36—Titanium alloy (45 % niobium).
1.2 The values stated in inch-pound units are to be regarded

as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:3

B 348 Specification for Titanium and Titanium Alloy Bars
and Billets1 This specification is under the jurisdiction of ASTM Committee B10 on

Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.01 on Titanium.

Current edition approved Nov. 1, 2003. Published November 2003. Originally
approved in 1961. Last previous edition approved in 2002 as B 381 – 02.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-381 in Section II of that Code.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1
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E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 120 Test Methods for Chemical Analysis of Titanium and

Titanium Alloys
E 1409 Test Method for Determination of Oxygen in Tita-

nium and Titanium Alloys by the Inert Gas Fusion Tech-
nique

E 1447 Test Method for Determination of Hydrogen in
Titanium and Titanium Alloys by the Inert Gas Fusion
Thermal Conductivity Method

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 bar, n—a hot rolled, forged or cold worked semifin-
ished solid section product whose cross sectional area is less
than 16 in.2(10 323 mm2).

3.1.2 billet, n—a solid semifinished section, hot rolled or
forged from an ingot, with a cross sectional area greater than 16
in.2(10 323 mm2).

3.1.3 forging, n—any product of work on metal formed to
a desired shape by impact or pressure in hammers, forging
machines, upsetters presses or related forming equipment.

4. Ordering Information

4.1 Orders for forgings under this specification shall include
the following information, as applicable:

4.1.1 Grade number (Section 1),

TABLE 1 Tensile Requirements A

Grade
Tensile Strength, min Yield Strength (0.2 % Offset), min or Range Elongation in 4D,

min, %
Reduction of Area,

min, %ksi (MPa) ksi (MPa)

F-1 35 (240) 25 (170) 24 30
F-2 50 (345) 40 (275) 20 30
F-3 65 (450) 55 (380) 18 30
F-4 80 (550) 70 (483) 15 25
F-5 130 (895) 120 (828) 10 25
F-6 120 (828) 115 (795) 10 25
F-7 50 (345) 40 (275) 20 30
F-9 120 (828) 110 (759) 10 25
F-9B 90 (620) 70 (483) 15 25
F-11 35 (240) 25 (170) 24 30
F-12 70 (483) 50 (345) 18 25
F-13 40 (275) 25 (170) 24 30
F-14 60 (410) 40 (275) 20 30
F-15 70 (483) 55 (380) 18 25
F-16 50 (345) 40 (275) 20 30
F-17 35 (240) 25 (170) 24 30
F-18 90 (620) 70 (483) 15 25
F-18B 90 (620) 70 (483) 12 20
F-19C 115 (793) 110 (759) 15 25
F-19D 135 (930) 130 to 159 (897) to (1096) 10 20
F-19E 165 (1138) 160 to 185 (1104) to (1276) 5 20
F-20C 115 (793) 110 (759) 15 25
F-20D 135 (930) 130 to 159 (897) to (1096) 10 20
F-20E 165 (1138) 160 to 185 (1104) to (1276) 5 20
F-21C 115 (793) 110 (759) 15 35
F-21D 140 (966) 130 to 159 (897) to (1096) 10 30
F-21E 170 (1172) 160 to 185 (1104) to (1276) 8 20
F-23 120 (828) 110 (759) 10 25
F-23B 120 (828) 110 (759) 7.5,F, 6.0G 25
F-24 130 (895) 120 (828) 10 25
F-25 130 (895) 120 (828) 10 25
F-26 50 (345) 40 (275) 20 30
F-27 35 (240) 25 (170) 24 30
F-28 90 (620) 70 (483) 15 25
F-28B 90 (620) 70 (483) 12 20
F-29 120 (828) 110 (759) 10 25
F-29B 120 (828) 110 (759) 7.5,F, 6.0G 15
F-30 50 (345) 40 (275) 20 30
F-31 65 (450) 55 (380) 18 30
F-32 100 (689) 85 (586) 10 25
F-33 50 (345) 40 (275) 20 30
F-34 65 (450) 55 (380) 18 30
F-35 130 (895) 120 (828) 5 20
F-36 65 (450) 60 to 95 (410 to 655) 10 ...

A These properties apply to forgings having a cross section no greater than 3 in.2(1935 mm2). Mechanical properties of forgings having greater cross sections shall be
negotiated between the manufacturer and the purchaser.

B Properties for material in transformed-beta condition.
C Properties for material in the solution treated condition.
D Properties for solution treated and aged condition-Moderate strength (determined by aging temperature).
E Properties for solution treated and aged condition-High Strength (determined by aging temperature).
F For product section or wall thickness values <1.0 in.
G For product section or wall thickness values #1.0 in.
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4.1.2 Tensile properties (Table 1),
4.1.3 Dimensions and tolerances (Section 9),
4.1.4 Sampling, mechanical properties (Section 7),
4.1.5 Methods for chemical analysis (Section 6),
4.1.6 Marking (Section 16),
4.1.7 Packaging (Section 16),
4.1.8 Certification (Section 15),
4.1.9 Disposition of rejected material (Section 13), and
4.1.10 Supplementary requirements (S1).

5. Materials and Manufacture

5.1 Material conforming to the latest revision of Specifica-
tion B 348 shall be used when producing forgings to this
specification.

6. Chemical Composition

6.1 The grades of titanium and titanium alloy metal covered
by this specification shall conform to the requirements as to
chemical composition prescribed in Table 2.

6.1.1 The elements listed in Table 2 are intentional alloy
additions or elements which are inherent to the manufacturer of
titanium sponge, ingot or mill product.

6.1.1.1 Elements other than those listed in Table 2 are
deemed to be capable of occurring in the grades listed in Table
2 by and only by way of unregulated or unanalyzed scrap
additions to the ingot melt. Therefore, product analysis for
elements not listed in Table 2 shall not be required unless
specified and shall be considered to be in excess of the intent
of this specification.

6.1.2 Elements intentionally added to the melt must be
identified, analyzed, and reported in the chemical analysis.

6.2 When agreed upon by the producer and purchaser and
requested by the purchaser in his written purchase order,
chemical analysis shall be completed for specific residual
elements not listed in this specification.

6.3 Product Analysis— Product analysis tolerances do not
broaden the specified heat analysis requirements, but cover
variations between laboratories in the measurement of chemi-
cal content. The manufacturer shall not ship material which is
outside the limits specified in Table 2 for the applicable grade.
Product analysis limits shall be as specified in Table 3.

6.4 Sampling—Samples for chemical analysis shall be rep-
resentative of material being tested. Except for hydrogen and
unless otherwise specified, chemical analysis of ingot or billet
shall be reported. Samples for hydrogen determination shall be
obtained from the forgings on a test basis and a frequency as
agreed upon between the forger and the purchaser. The utmost
care must be used in sampling titanium for chemical analysis
because of its great affinity for elements such as oxygen,
nitrogen, and hydrogen. Therefore, the cutting and handling of
samples should include practices that will prevent contamina-
tion. Samples shall be collected from clean metal.

6.5 The methods of analysis used shall be in accordance
with Test Methods E 120, E 1409, and E 1447, as applicable, or
as agreed upon between the manufacturer and the purchaser.

6.6 At least two samples for chemical analysis shall be
tested to determine chemical composition. Samples shall be
taken from opposite extremes of the product to be analyzed.

7. Mechanical Properties

7.1 Forgings supplied under this specification shall conform
to the requirements as to mechanical properties specified in
Table 1, as applicable.

7.2 Specimens for tension tests shall be machined and tested
in accordance with Test Methods E 8. Tensile properties shall
be determined using a strain rate of 0.003 to 0.007 in./in.·min
through the specified yield strength. After the specified yield
strength has been reached, the crosshead speed shall be
increased to a rate sufficient to produce fracture in approxi-
mately one additional minute.

7.3 Sampling—Tension test specimens shall be machined
from material as agreed upon by the manufacturer and the
purchaser.

8. Nondestructive Tests

8.1 Nondestructive test requirements such as ultrasonic test,
X ray, or surface inspection shall be specified by the purchaser,
if required. The standard for acceptance or rejection shall be
agreed upon between the forger and the purchaser.

9. Dimensions and Permissible Variations

9.1 Dimensions and tolerances of titanium and titanium
alloy forgings covered by this specification shall be as shown
on the applicable forging drawing or otherwise agreed upon by
the manufacturer and the purchaser.

10. Workmanship, Finish, and Appearance

10.1 Titanium alloy forgings shall be free of injurious
external and internal imperfections of a nature that will
interfere with the purpose for which they are intended. An-
nealed forgings may be furnished as descaled, sandblasted, or
ground. The manufacturer shall be permitted to remove minor
surface imperfections by spot grinding if such grinding does
not reduce the thickness of the forging below the minimum
permitted by the tolerance for the forging at the applicable
location.

11. Retests

11.1 If the results of any chemical or mechanical property
test lot are not in conformance with the requirements of this
specification, the lot may be retested at the option of the
manufacturer. The frequency of the retest will double the initial
number of tests. If the results of the retest conform to the
specification, then the retest values will become the test values
for certification. Only original conforming test results or the
conforming retest results shall be reported to the purchaser. If
the results for the retest fail to conform to the specification, the
material will be rejected in accordance with Section 13.

12. Rounding-Off Procedure

12.1 For purposes of determining conformance with this
specification, an observed or a calculated value shall be
rounded off to the nearest“ unit” in the last right-hand signifi-
cant digit used in expressing the limiting value. This is in
accordance with the round-off method of Practice E 29.
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TABLE 2 Chemical Requirements A

Composition, %
Element

F-1 F-2 F-3 F-4 F-5 F-6 F-7 F-9 F-11 F-12

Nitrogen, max 0.03 0.03 0.05 0.05 0.05 0.03 0.03 0.03 0.03 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Hydrogen,B,C max 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
Iron, max 0.20 0.30 0.30 0.50 0.40 0.50 0.30 0.25 0.20 0.30
Oxygen, max 0.18 0.25 0.35 0.40 0.20 0.20 0.25 0.15 0.18 0.25
Aluminum ... ... ... ... 5.5–6.75 4.0–6.0 ... 2.5–3.5 ... ...
Vanadium ... ... ... ... 3.5–4.5 ... ... 2.0–3.0 ... ...
Tin ... ... ... ... ... 2.0–3.0 ... ... ... ...
Ruthenium ... ... ... ... ... ... ... ... ... ...
Palladium ... ... ... ... ... ... 0.12–0.25 ... 0.12–0.25 ...
Cobalt ... ... ... ... ... ... ... ... ... ...
Molybdenum ... ... ... ... ... ... ... ... ... 0.2–0.4
Chromium ... ... ... ... ... ... ... ... ... ...
Nickel ... ... ... ... ... ... ... ... ... 0.6–0.9
Niobium ... ... ... ... ... ... ... ... ... ...
Zirconium ... ... ... ... ... ... ... ... ... ...
Silicon ... ... ... ... ... ... ... ... ... ...
Residuals,D,E,F

max each
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Residuals,D,E,F

max total
0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance balance balance balance balance

Composition, %
Element

F-13 F-14 F-15 F-16 F-17 F-18 F-19 F-20 F-21 F-23

Nitrogen, max 0.03 0.03 0.05 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.05 0.05 0.05 0.08
Hydrogen,B,C max 0.015 0.015 0.015 0.015 0.015 0.015 0.02 0.02 0.015 0.0125
Iron, max 0.20 0.30 0.30 0.30 0.20 0.25 0.30 0.30 0.40 0.25
Oxygen, max 0.10 0.15 0.25 0.25 0.18 0.15 0.12 0.12 0.17 0.13
Aluminum ... ... ... ... ... 2.5–3.5 3.0–4.0 3.0–4.0 2.5–3.5 5.5–6.5
Vanadium ... ... ... ... ... 2.0–3.0 7.5–8.5 7.5–8.5 ... 3.5–4.5
Tin ... ... ... ... ... ... ... ... ... ...
Ruthenium 0.04–0.06 0.04–0.06 0.04–0.06 ... ... ... ... ... ... ...
Palladium ... ... ... 0.04–0.08 0.04–0.08 0.04–0.08 ... 0.04–0.08 ... ...
Cobalt ... ... ... ... ... ... ... ... ... ...
Molybdenum ... ... ... ... ... ... 3.5–4.5 3.5–4.5 14.0–16.0 ...
Chromium ... ... ... ... ... ... 5.5–6.5 5.5–6.5 ... ...
Nickel 0.4–0.6 0.4–0.6 0.4–0.6 ... ... ... ... ... ... ...
Niobium ... ... ... ... ... ... ... ... 2.2–3.2 ...
Zirconium ... ... ... ... ... ... 3.5–4.5 3.5–4.5 ... ...
Silicon ... ... ... ... ... ... ... ... 0.15–0.25 ...
Residuals,D,E,F max
each

0.1 0.1 0.1 0.1 0.1 0.1 0.15 0.15 0.1 0.1

Residuals,D,E,F max
total

0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance balance balance balance balance

Composition, %
Element

F-24 F-25 F-26 F-27 F-28

Nitrogen, max 0.05 0.05 0.03 0.03 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08
Hydrogen,B,C max 0.015 0.0125 0.015 0.015 0.015
Iron, max 0.40 0.40 0.30 0.20 0.25
Oxygen, max 0.20 0.20 0.25 0.18 0.15
Aluminum 5.5–6.75 5.5–6.75 ... ... 2.5–3.5
Vanadium 3.5–4.5 3.5–4.5 ... ... 2.0–3.0
Tin ... ... ...
Ruthenium ... ... 0.08-0.14 0.08-0.14 0.08–0.14
Palladium 0.04–0.08 0.04–0.08 ... ... ...
Cobalt ... ... ... ... ...
Molybdenum ... ... ... ... ...
Chromium ... ... ... ... ...
Nickel ... 0.3–0.8 ... ... ...
Niobium ... ... ... ... ...
Zirconium ... ... ... ... ...
Silicon ... ... ... ... ...
Residuals,D,E,F max
each

0.1 0.1 0.1 0.1 0.1
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13. Rejection

13.1 Forgings not conforming to this specification or to
authorized modifications shall be subject to rejection. Unless
otherwise specified, rejected forgings may be returned to the
manufacturer at the manufacturer’s expense, unless the pur-
chaser receives, within three weeks of notice of rejection, other
instructions for disposition.

14. Referee Test and Analysis

14.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification, a mutually acceptable ref-
eree shall perform the tests in question. The referee’s testing
shall be used in determining conformance of the material to
this specification.

15. Certification

15.1 If so requested by the purchaser, the manufacturer shall
supply at least one copy of his report certifying that the

forgings supplied have been inspected and tested in accordance
with the requirements of this specification and that the results
of chemical analysis and mechanical tests meet the require-
ments of the specification for the appropriate grade.

16. Packaging and Package Marking

16.1 Packaging—Unless otherwise specified, forgings pur-
chased under this specification shall be packaged in accordance
with the manufacturer’s standard practice.

16.2 Marking—Forgings shall be marked for identification
as agreed upon by the manufacturer and the purchaser.

17. Keywords

17.1 forgings; titanium; titanium alloys

TABLE 2 Continued

Composition, %
Element

F-24 F-25 F-26 F-27 F-28

Residuals,D,E,F max
total

0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance

Composition, %
Element

F-29 F-30 F-31 F-32 F-33 F-34 F-35 F-36

Nitrogen, max 0.03 0.03 0.05 0.03 0.03 0.05 0.05 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.04
Hydrogen,B,C max 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.0035
Iron, max or range 0.25 0.30 0.30 0.25 0.30 0.30 0.20–0.80 0.03
Oxygen, max 0.13 0.25 0.35 0.11 0.25 0.35 0.25 0.16
Aluminum 5.5–6.5 ... ... 4.5-5.5 ... ... 4.0–5.0 ...
Vanadium 3.5–4.5 ... ... 0.6-1.4 ... ... 1.1–2.1 ...
Tin ... ... ... 0.6-1.4 ... ... ... ...
Ruthenium 0.08–0.14 ... ... ... 0.02-0.04 0.02-0.04 ... ...
Palladium ... 0.04–0.08 0.04–0.08 ... 0.01-0.02 0.01-0.02 ... ...
Cobalt ... 0.20–0.80 0.20–0.80 ... ... ... ... ...
Molybdenum ... ... ... 0.6-1.2 ... ... 1.5–2.5 ...
Chromium ... ... ... ... 0.1-0.2 0.1-0.2 ... ...
Nickel ... ... ... ... 0.35-0.55 0.35-0.55 ... ...
Niobium ... ... ... ... ... ... ... 42.0–47.0
Zirconium ... ... ... 0.6-1.4 ... ... ... ...
Silicon ... ... ... 0.06-0.14 ... ... 0.20–0.40 ...
Residuals,D,E,F max
each

0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Residuals,D,E,F max
total

0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance Remainder Remainder Remainder Remainder

A Analysis shall be completed for all elements listed in this table for each grade. The analysis results for the elements not quantified in the table need not be reported
unless the concentration level is greater than 0.1 % each or 0.4 % total.

B Lower hydrogen may be obtained by negotiation with the manufacturer.
C Final product analysis.
D Need not be reported.
E A residual is an element present in a metal or an alloy in small quantities and is inherent to the manufacturing process but not added intentionally. In titanium these

elements include aluminum, vanadium, tin, chromium, molybdenum, niobium, zirconium, hafnium, bismuth, ruthenium, palladium, yttrium, copper, silicon, cobalt, tantalum,
nickel, boron, manganese, and tungsten.

F The purchaser may, in his written purchase order, request analysis for specific residual elements not listed in this specification.
G The percentage of titanium is determined by difference.
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SUPPLEMENTARY REQUIREMENTS

SUPPLEMENTARY REQUIREMENTS COVERING GRADE F3 TITANIUM FORGINGS

The following supplementary requirements are primarily intended for U.S. military applications and
shall apply only when specified by the purchaser in the inquiry, contract, or order.

S1. U.S. Military Requirements

S1.1 Referenced Documents section follows.
S1.2 Unless otherwise specified in the contract or purchase

order, the seller is responsible for the performance of all
inspection and test requirements in this specification, and the
seller may use his or other suitable facilities for the perfor-
mance of the inspection and testing.

S1.3 Grade F3 composition shall be modified as follows:
Hydrogen 0.0125 max
Iron 0.20 max
Oxygen 0.26 max

S1.4 Two tensile specimens shall be taken from each lot of
forgings up to and 125 pounds, and two tensile specimens shall
be taken from each forging greater than 125 pounds for
verification of compliance with Grade F-3 mechanical proper-
ties of Table 3. A lot shall constitute all forgings from the same
heat, of the same design and size and heat treated in the same
heat treat furnace load. The test specimens shall be taken from

integral prolongations or extra forgings may be provided by the
forger. Forgings under 3-1⁄2 inches (90 mm) in cross section
may use separately forged test bars provided the wall thickness
and amount of working are equivalent to the forgings being
supplied. Extra forgings may be provided for samples when
forgings are over 3-1⁄2 inches (90 mm) in cross section
provided samples cannot be taken from prolongations or by
trepanning. Samples shall be taken from the section of forging
having the largest cross section. The longitudinal axis of the
tensile specimens shall be parallel to the major direction of
metal flow in the forging.

S1.5 Repair welding is not permitted.
S1.6 Each forging shall be ultrasonically inspected in

accordance with MIL-STD-2154 throughout 100 % of their
volume. Inspection shall be performed after heat treating when
the forging is machined to the configuration for ultrasonic
inspection as shown on the forging sketch or drawing. Inspec-
tion shall be performed prior to drilling holes, cutting keyways,

TABLE 3 Permissible Variations in Product Analysis

Element
Product Analysis

Limits,
max or Range, %

Permissible
Variation in Product

Analysis

Aluminum 2.5 to 6.75 60.40
Carbon 0.10 + 0.02
Chromium 0.1 to 0.2 60.02
Chromium 5.5 to 6.5 60.30
Cobalt 0.2 to 0.8 60.05
Hydrogen 0.02 + 0.002
Iron 0.80 + 0.15
Molybdenum 0.2 to 0.4 60.03
Molybdenum 0.6 to 1.2 60.15
Molybdenum 1.5 to 4.5 60.20
Molybdenum 14.0 to 16.0 60.50
Nickel 0.3 to 0.9 60.05
Niobium 2.2 to 3.2 60.15
Niobium >30 60.50
Nitrogen 0.05 + 0.02
Oxygen 0.30 + 0.03
Oxygen 0.31 to 0.40 60.04
Palladium 0.01 to 0.02 60.002
Palladium 0.04 to 0.08 60.005
Palladium 0.12 to 0.25 60.02
Ruthenium 0.02 to 0.04 60.005
Ruthenium 0.04 to 0.06 60.005
Ruthenium 0.08 to 0.14 60.01
Silicon 0.06 to 0.40 60.02
Tin 0.6 to 3.0 60.15
Vanadium 0.6 to 4.5 60.15
Vanadium 7.5 to 8.5 60.40
Zirconium 0.6 to 1.4 60.15
Zirconium 3.5 to 4.5 60.20
ResidualsA (each) 0.15 + 0.02
AA residual is an element present in a metal or an alloy in small quantities and

is inherent to the manufacturing process but not added intentionally. In titanium
these elements include aluminum, vanadium, tin, iron, chromium, molybdenum,
niobium, zirconium, hafnium, bismuth, ruthenium, palladium, yttrium, copper,
silicon, cobalt, tantalum, nickel, boron, manganese, and tungsten.
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tapers, grooves, or machining section to final contour. Forgings
shall be scanned using a straight beam technique such that all
major planes are covered. Disc type forgings shall be scanned
using a straight beam from at least one flat face and radially
from the circumference when possible. Cylindrical, ring, and
hollow forgings shall be scanned from the entire external
surface using the straight beam technique, and in the axial
direction to the maximum extent possible. Acceptance criteria
shall be to class A of MIL-STD-2154.

S1.7 All surfaces of each forging shall be liquid penetrant
inspected in accordance with NAVSEA T9074-AS-GIB-010/
271. Acceptance criteria shall be in accordance with NAVSEA
S9074-AR-GIB-010/278 as specified in the order.

S1.8 Forgings shall be free of foreign material and con-
taminants such as sulfur, lead, marking paints or machining or
forming lubricants. Forgings shall be cleaned prior to any heat
treatment operations. Forgings shall be free of any oxygen rich
layer, such as alpha case.

S1.9 The first forging of each type and design submitted
for inspection shall be the first article sample. Mechanical
properties for first article inspections shall be determined
throughout the forging as specified in the order (which should
also include specific instructions regarding arrangements for
examinations, approval of test results, and disposition of the
first article samples), and the number and location of the test
specimens and the acceptance criteria shall be as specified or as
agreed upon between the contracting activity and the manu-
facturer. In addition, A full cross-section shall be macroetched
in accordance with ASTM E 340 and examined at 103

magnification for uniformity, soundness, grain size and grain
flow. The macro etch cross section shall evidence uniformity of
quality, soundness and freedom from cracks and porosity. A
fully wrought structure shall be evident and variation in grain
size shall be such that it will not interfere with ultrasonic
examination.

The manufacturer shall maintain a record of production
practices used for the first article forging. In the event of
change in the production practice in the same or subsequent
order, the manufacturer shall notify the contracting activity and
obtain approval of the changes. The manufacturer may be
required to perform specific first article tests and examinations
to verify that the change will not or has not degraded forging
quality.

S1.10 The material shall be electron beam and/or plasma
melted or shall be multiple melted with at least one of the
melting cycles under vacuum.

S2. Referenced Documents

S2.1 ASTM Standard:
E 340 Test Method for Macroetching Metals and Alloys

S2.2 Military Standards:
T9074–AS-GIB-010/271 Requirements for Nondestructive

Testing Methods
S9074–AR-GIB-010/278 Requirements for Fabrication

Weldingand Inspection, and Casting Inspection and Repair for
Machinery, Piping, and Pressure Vessels

MIL-STD-2154 Inspection, Ultrasonic, Wrought Metals,
Processing for

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 386 – 03

Standard Specification for
Molybdenum and Molybdenum Alloy Plate,
Sheet, Strip, and Foil 1

This standard is issued under the fixed designation B 386; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers unalloyed molybdenum and
molybdenum alloy plate, sheet, strip, and foil as follows:

1.1.1 Molybdenum 360—Unalloyed vacuum arc-cast mo-
lybdenum.

1.1.2 Molybdenum 361—Unalloyed powder metallurgy mo-
lybdenum.

1.1.3 Molybdenum Alloy 363—Vacuum arc-cast
molybdenum-0.5 % titanium-0.1 % zirconium (TZM) alloy.

1.1.4 Molybdenum Alloy 364—Powder metallurgy
molybdenum-0.5 % titanium-0.1 % zirconium (TZM) alloy.

1.1.5 Molybdenum 365—Unalloyed vacuum arc-cast mo-
lybdenum, low carbon.

1.1.6 Molybdenum Alloy 366—Vacuum arc-cast
molybdenum-30 % tungsten alloy.

1.1.7 Drawing Grade—A drawing grade is defined, which
may be specified as a separate requirement by the purchaser.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:2

E 8 Test Methods for Tension Testing of Metallic Materials
E 345 Test Methods for Tension Testing of Metallic Foil
E 643 Test Method for Ball Punch Deformation of Metallic

Sheet Material

3. Descriptions of Terms Specific to This Standard

3.1 Plate—Any product3⁄16 in. or more in thickness.
3.2 Sheet—Any product 0.187 in. (4.75 mm) or less in

thickness, to a minimum of 0.005 in. (0.13 mm) in thickness.
3.2.1 Standard Grade—Sheet ordered without additional

requirements imposed for applications which require drawing
to make a product.

3.2.2 Drawing Grade—Sheet having thickness between
0.015 in. (0.38 mm) and 0.060 in. (1.52 mm), intended for
applications which require drawing of the sheet to make a
product.

3.3 Strip—Any product 0.187 in. (4.75 mm) or less in
thickness and less than 5 in. (127 mm) in width.

3.4 Foil—Any product less than 0.005 in. (0.13 mm) in
thickness.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information as applicable:

4.1.1 Material number and temper designation (Section 1
and Table 1),

4.1.2 Product form and grade (Section 3),
4.1.3 Chemical requirements (Table 2 and Table 3),
4.1.4 Mechanical requirements (Section 7 and Table 1),
4.1.5 Softening temperature (Section 8),
4.1.6 Tolerances (Section 9, Table 4 and Fig. 1),
4.1.7 Workmanship and quality level requirements (Section

10),
4.1.8 Packaging (Section 16),
4.1.9 Marking (Section 15),
4.1.10 Certification and reports (Section 14), and
4.1.11 Disposition of rejected material (Section 13).

5. Materials and Manufacture

5.1 The various molybdenum mill products covered by this
specification shall be formed with the conventional extrusion,
forging, or rolling equipment normally found in primary
ferrous and nonferrous plants. The ingot metal for Molybde-
num 360 and 365 and Molybdenum Alloys 363 and 366 is
vacuum arc-melted in furnaces of a type suitable for reactive,
refractory metals and for Molybdenum 361 and Molybdenum
Alloy 364, the metal is consolidated by powder metallurgy
methods.

6. Chemical Composition

6.1 The molybdenum and molybdenum alloy ingots and
billets for conversion to finished products covered by this
specification shall conform to the requirements of the chemical
composition prescribed in Table 2.

6.2 Check Analysis:

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.04 on Molybdenum and Tungsten.

Current edition approved Nov. 1, 2003. Published November 2003. Originally
approved in 1991. Last previous edition approved in 1991 as B 386 – 91 (1997).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1
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6.2.1 Check analysis is an analysis made by the purchaser or
the manufacturer of the metal after it has been processed into
finished mill forms, and is either for the purpose of verifying
the composition of a heat or lot or to determine variations in the
composition within a heat or lot.

6.2.2 Check analysis tolerances do not broaden the specified
heat analysis requirements but cover variations between labo-
ratories in the measurement of chemical content.

6.2.3 The manufacturer shall not ship material that is
outside the limits specified in Table 2 for the applicable type,
with the exception of oxygen and nitrogen, whose percentage
may vary with the method of fabrication.

6.2.4 Check analysis limits shall be as specified in Table 3.

7. Mechanical Properties

7.1 Material supplied under this specification shall conform
to the mechanical property requirements given in Table 1,

TABLE 1 Mechanical Requirements

Type
Temper

ConditionA Thickness, in. (mm)

TensileB

Strength,
min, ksi
(MPa)

Yield
Strength

0.2 % Offset,
min,

ksi (MPa)

Elonga-
tion in 2
in. or 50
mm, min,

%

Minimum
Bend Ra-

dius

360, 361, 365
SR

to 0.001 (0.025) 115 (795) 95 (655) 1 ...
over 0.001 to 0.002 (0.025 to 0.05) 115 (795) 95 (655) 2 ...
over 0.002 to 0.003 (0.05 to 0.075) 115 (795) 95 (655) 3 ...
over 0.003 to 0.004 (0.075 to 0.1) 115 (795) 95 (655) 4 ...
0.005 to 0.010 (0.13 to 0.25) 110 (760) 90 (620) 5 2tC

over 0.010 to 0.020 (0.25 to 0.5) 110 (760) 90 (620) 6 2t
over 0.020 to 0.060 (0.5 to 1.5) 105 (725) 85 (585) 10 2t
over 0.060 to 0.100 (1.5 to 2.5) 100 (690) 80 (550) 14 2t
over 0.100 to 0.187 (2.5 to 4.75) 100 (690) 80 (550) 18 2t
3⁄16 to 1⁄2 (4.75 to 12.7)
over 1⁄2 to 1 (12.7 to 25.4)
over 1 to 11⁄2 (25.4 to 38)

100 (690)
95 (655)
95 (655)

80 (550)
80 (550)
80 (550)

10
2D

1D

...

...

...

363, 364 SR 0.010 to 0.025 (0.25 to 0.635) 120 (830) 100 (690) 6 2t
over 0.025 to 0.060 (0.635 to 1.5) 120 (830) 100 (690) 7 2t
over 0.060 to 0.090 (1.5 to 2.3) 120 (830) 100 (690) 9 ...
over 0.090 to 0.187 (2.3 to 4.75) 120 (830) 100 (690) 10 ...
3⁄16 to 1⁄2 (4.75 to 12.7)
over 1⁄2 to 1 (12.7 to 25.4)
over 1 to 11⁄2 (25.4 to 38)

120 (830)
110 (760)
100 (690)

100 (690)
95 (655)
85 (585)

10
10
8

...

...

...

360 RX 3⁄16 to 11⁄2 (4.75 to 38) 55 (380) 25 (170) 20 ...

363, 364 RX 3⁄16 to 11⁄2 (4.75 to 38) 75 (515) 45 (310) 10 ...
ASR = stress-relieved. RX = essentially fully recrystallized.
BBoth longitudinal and transverse tests between 65 and 85°F (18 and 29°C).
CMaterial thickness = t.
DTransverse elongation variable due to cross rolling limitations.

TABLE 2 Chemical Requirements

Element

Composition,%

Material Number

360 361 363 364 365 366

C 0.030 max 0.010 max 0.010–0.030 0.010–0.040 0.010 max 0.030 max
O, maxA 0.0015 0.0070 0.0030 0.030 0.0015 0.0025
N, maxA 0.002 0.002 0.002 0.002 0.002 0.002
Fe, max 0.010 0.010 0.010 0.010 0.010 0.010
Ni, max 0.002 0.005 0.002 0.005 0.002 0.002
Si, max 0.010 0.010 0.010 0.005 0.010 0.010
Ti ... ... 0.40–0.55 0.40–0.55 ... ...
W ... ... ... ... ... 27–33
Zr ... ... 0.06–0.12 0.06–0.12 ... ...
Mo balance balance balance balance balance balance
APending approved methods of analysis, deviations from these limits alone shall not be cause for rejection.

TABLE 3 Permissible Variations in Check Analysis

Material No.
Check Analy-

sis Limits,
max or range, %

Permissible Vari-
ations in Check

Analysis, %

C 360, 363, 364, 366,
361, 365

0.010–0.040
0.010

60.005
60.002

OA 361
360, 363, 365, 366
364

0.0070
0.0030
0.030

+10 % relative
+10 % relative
+10 % relative

NA 361, 364, 365
360, 363, 366

0.0020
0.0010

+0.0005
+0.0005

Fe 360, 361, 363, 364, 365, 366 0.010 +0.001
Ni 360, 361, 363, 364, 365, 366 0.005 +0.0005
Si 360, 361, 363, 364, 365, 366 0.010 +0.002
Ti 363, 364 0.40–0.55 60.05
W 366 27.0–33.0 61.0
Zr 363, 364 0.06–0.12 60.02
ASee Table 2, FootnoteA
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when tested in the transverse direction to final working at test
temperatures between 65 and 85°F (18 and 29°C).

7.2 Tension test specimens shall be prepared and tested in
accordance with Test Methods E 8 or E 345 for foil. Tensile
properties shall be determined using a strain rate of 0.002 to
0.005 in./in.·min (or mm/mm·min) through 0.6 % offset and
0.02 to 0.05 in/in·min (or mm/mm·min) to fracture.

7.3 For sheet and strip, the bend test specimens shall
withstand being bent at a temperature between 65 and 85°F (18
and 29°C) through an angle of 90° or more without fracture.
The bend shall be made on a radius equal to that shown in
Table 3 for the applicable type. The bend test specimen shall be
at least 0.5 in. (12.7 mm) wide and deburred. The speed of the
ram shall be 5 to 10 in. (127 to 254 mm)/min.

7.4 For sheet ordered as drawing grade, ball punch defor-
mation tests shall be performed in accordance with Test
Method E 643. Drawing grade sheet shall meet the require-
ments of Fig. 2.

8. Softening Temperature

8.1 If specified, the material supplied under this specifica-
tion shall have mechanical properties not lower than those
shown in Table 1 after reheating in a protective atmosphere to
the following temperatures for a period of 30 min.

Alloy Type °F °C

360 1650 900
361 1650 900
363 2100 1150
364 2100 1150

TABLE 4 Permissible Thickness Variations of Plate, Sheet, Strip and Foil

Specified Width, in. (mm) Specified Thickness, in. (mm)
Thickness Tolerance,A in.

(mm)

12 (305) and under 0.005 to 0.010 (0.13 to 0.25), incl
over 0.010 to 0.020 (0.25 to 0.51), incl
over 0.020 (0.51)

60.001 (60.0254)
60.002 (60.0508)
610 %

Over 12 to 24 (305 to 610), incl over 0.010 to 0.025 (0.25 to 0.64), incl
over 0.025 (0.64)

60.0025 (60.0635)
610 %

Over 24 to 30 (610 to 762), incl over 0.016 to 0.030 (0.41 to 0.76), incl
over 0.030 (0.76)

60.003 (60.0762)
610 %

Over 30 to 48 (762 to 1219), incl 0.040 (1.02) and over
0.1875 (4.762) and over

610 %
610 %

ATolerances for foil shall be as agreed upon between producer and purchaser.

FIG. 1 Plate and Sheet Flatness Tolerances

FIG. 2 Ball Punch Deformation Requirements for Drawing Grade
Sheet
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365 1650 900
366 1900 1040

9. Permissible Variations in Dimensions

9.1 Thickness tolerances on molybdenum and molybdenum
alloy material covered by this specification shall be as specified
in Table 4.

9.2 Width tolerances shall be as agreed upon between the
manufacturer and the purchaser. In general, shearing tolerance
will be 61⁄16 in. (61.6 mm) and slitting tolerance will be61⁄32

in. (60.8 mm).
9.3 Length and camber tolerances shall be as agreed upon

between the manufacturer and the purchaser. In general, length
and camber tolerances will show a maximum deviation of61⁄16

in. (1.6 mm) per foot length.
9.4 Flatness tolerances on molybdenum and molybdenum

alloy flat products shall be as follows:
Flatness De-

viation,
Thickness, in. (mm) max, %

0.005 to 0.187 (0.13 to 4.75) 4
3⁄16 to 1⁄2 (4.75 to 12.7) 5
Over 1⁄2 to 1 (over 12.7 to 25.4) 8
Over 1 to 11⁄2 (over 25.4 to 38) 8

9.4.1 Determine flatness deviation as follows: (Fig. 1)

Flatness deviation, %5 ~H/L! 3 100 (1)

where:
H = maximum vertical distance between a flat reference

surface and the lower surface of the flat product, and
L = minimum horizontal distance between the highest

point of the flat product whereH is determined, and the
point of contact of the lower surface of the flat product
with a flat reference surface.

10. Workmanship, Finish, and Appearance

10.1 Molybdenum and molybdenum alloy plate, sheet, strip,
and foil shall be free of injurious external and internal
imperfections of a nature that will interfere with the purpose
for which it is intended.

10.2 Material may be supplied with as rolled, as cleaned, as
machined, or as ground finish.

10.3 The manufacturer shall be permitted to remove surface
imperfections provided such removal does not reduce the
dimensions below the minimum permitted by the tolerances for
that dimension.

11. Sampling

11.1 Care shall be exercised to ensure that the sample
selected for testing is representative of the material and form
and is not contaminated by the sampling procedure.

12. Methods of Chemical Analysis

12.1 The chemical composition enumerated in this specifi-
cation shall in case of disagreement, be determined in accor-
dance with the methods approved for referee purposes by
ASTM.3 Where such methods are not available, methods of
analysis as mutually agreed upon by the manufacturer and the
purchaser shall be employed.

13. Rejection

13.1 Material not conforming to this specification or to
authorized modifications shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the
manufacturer at the manufacturer’s expense unless the pur-
chaser receives, within 4 weeks of notice of rejection, other
instructions for disposition.

14. Certification

14.1 If requested, the manufacturer shall supply at least
three copies of a report of the chemical analysis of each heat
(Types 360, 363, 365, and 366) or powder metallurgy product
from the powder lot (Types 361 and 364) represented in the
shipment, and reports of the result of tests of each size of each
heat or powder lot to determine properties required in Sections
7 and 8.

14.2 The report shall include the purchase order number,
heat or powder lot number, this specification number, type and
temper condition, nominal thickness, and quantity and number
of items covered by the shipment.

15. Product Marking

15.1 Unless otherwise specified, each plate, sheet, or strip
shall be legibly and conspicuously marked or tagged with the
number of this specification, material type and temper condi-
tion, heat or lot number, manufacturer’s identification, and the
nominal thickness gage in inches. All markings must withstand
ordinary handling and shall be capable of removal with
standard cleaning solvents.

15.2 Coiled sheet, strip, and foil shall be similarly marked at
the outside end of each coil.

16. Packaging and Package Marking

16.1 Unless otherwise specified, material purchased under
this specification must be packaged by box or other suitable
protective containers and shall be so marked as to indicate the
nature of any special handling required.

17. Keywords

17.1 drawing grade sheet; foil; molybdenum; molybdenum
alloy; plate; sheet; strip

3 Reference should be made to theAnnual Book of ASTM Standards, Vol 03.05.
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Designation: B 387 – 90 (Reapproved 2001)

Standard Specification for
Molybdenum and Molybdenum Alloy Bar, Rod, and Wire 1

This standard is issued under the fixed designation B 387; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers unalloyed molybdenum and
molybdenum alloy bar, rod, and wire as follows:

1.1.1 Molybdenum 360—Unalloyed vacuum arc-cast mo-
lybdenum.

1.1.2 Molybdenum 361—Unalloyed powder metallurgy mo-
lybdenum.

1.1.3 Molybdenum Alloy 363—Vacuum arc-cast molybde-
num–0.5 % titanium–0.1 % zirconium (TZM) alloy.

1.1.4 Molybdenum Alloy 364—Powder metallurgy molyb-
denum–0.5 % titanium–0.1 % zirconium (TZM) alloy.

1.1.5 Molybdenum 365—Unalloyed vacuum arc-cast mo-
lybdenum, low carbon.

1.1.6 Molybdenum Alloy 366—Vacuum arc-cast molybde-
num, 30 % tungsten alloy.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are provided
for information purposes only.

2. Referenced Documents

2.1 ASTM Standards:
E 8 Test Methods for Tension Testing of Metallic Materials2

F 289 Specification for Molybdenum Wire and Rod for
Electronic Applications3

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 bar and rod—any straight product with a round,

rectangular, hexagonal, or octagonal solid cross section, 4 in.
(101.6 mm) in diameter or less, or of equivalent cross-sectional
area.

3.1.2 wire—any product furnished in coils or on spools or
reels.

NOTE 1—This specification covers wire no smaller than 0.020 in. (0.51
mm) in diameter or of equivalent cross-sectional area. Specification F 289
covers diameters up to 0.020 in.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information as applicable:

4.1.1 Material number and temper designation (Section 1
and Table 3 ),

4.1.2 Product form (Section 3),
4.1.3 Chemical requirements (Table 1 and Table 2),
4.1.4 Mechanical requirements (Section 7),
4.1.5 Softening temperature (Section 8),
4.1.6 Tolerances (Section 9 and Table 4),
4.1.7 Workmanship and quality level requirements (Section

10),
4.1.8 Packaging (Section 16),
4.1.9 Marking (Section 15),
4.1.10 Certification and reports (Section 14), and
4.1.11 Disposition of rejected material (Section 13).

5. Materials and Manufacture

5.1 The various molybdenum mill products covered by this
specification shall be manufactured with the conventional
extrusion, forging, swaging, rolling, and drawing equipment
normally found in primary ferrous and nonferrous plants. The
ingot metal for Molybdenum 360 and 365 and Molybdenum
Alloys 363 and 366 is vacuum arc-melted in furnaces of a type
suitable for reactive, refractory metals, and for Molybdenum
361 and 364 the metal is consolidated by powder metallurgy
methods.

6. Chemical Composition

6.1 The molybdenum and molybdenum alloy ingots and
billets for conversion to finished products covered by this
specification shall conform to the requirements of the chemical
composition prescribed in Table 1.

6.2 Check Analysis:
6.2.1 Check analysis is an analysis made by the purchaser or

the manufacturer of the metal after it has been processed into
finished mill forms, and is either for the purpose of verifying
the composition of a heat or lot or to determine variations in the
composition within a heat or lot.

6.2.2 Check analysis tolerances do not broaden the specified
heat analysis requirements but cover variations between labo-
ratories in the measurement of chemical content.

6.2.3 The manufacturer shall not ship material that is
outside the limits specified in Table 1 for the applicable type,

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.04 on Molybdenum and Tungsten.

Current edition approved Sept. 28,1990. Published January 1991. Originally
published as B 387 – 62 T. Last previous edition B 387 – 85.

2 Annual Book of ASTM Standards, Vol 03.01.
3 Annual Book of ASTM Standards, Vol 10.04.
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with the exception of oxygen and nitrogen, whose percentage
may vary with the method of fabrication.

6.2.4 Check analysis limits shall be as specified in Table 2.

7. Mechanical Properties

7.1 Material supplied under this specification shall conform
to the mechanical property requirements given in Table 3 when
tested in the longitudinal direction of working at test tempera-
tures between 65 and 85°F (18.3 and 29.4°C).

7.2 Tension test specimens shall be prepared and tested in
accordance with Test Methods E 8. Tensile properties shall be
determined using a strain rate of 0.002 to 0.005 in./in.·min (or
mm/mm·min) through 0.6 % offset and 0.02 to 0.05 in./in.·min
to fracture.

8. Softening Temperature

8.1 If specified, the material supplied under this specifica-
tion shall have mechanical properties not lower than those
shown in Table 3 after reheating in a protective atmosphere to
the following temperatures for a period of 30 min;

Molybdenum
Type

°F °C

360
361
363
364
365
366

1650
1650
2100
2100
1650
2000

900
900

1150
1150
900

1100

9. Permissible Variations in Dimensions

9.1 Diameter, and out-of-round tolerances on molybdenum
and molybdenum alloy products covered by this specification
shall be as specified in Table 4.

9.2 Length and straightness tolerances and limitations shall
be as follows:

9.2.1 Cut lengths,61⁄4 in. (6.35 mm).
9.2.2 Straightness, maximum deviation of 0.050 in./ft (1.27

mm/305 mm) in any length.
9.3 Permissible variations in dimensions for wire, square, or

rectangular bars, and hexagonal or octagonal rods, shall be as
agreed upon between the manufacturer and the purchaser.

10. Workmanship, Finish, and Appearance

10.1 Molybdenum and molybdenum alloy bar, rod, and wire
shall be free of injurious external and internal imperfections of
a nature that will interfere with the purpose for which it is
intended.

10.2 Material may be finished as forged, rolled, swaged, or
drawn (black), as cleaned, as machined, or as ground.

10.3 The manufacturer shall be permitted to remove surface
imperfections provided such removal does not reduce the
dimension below the minimum permitted by the tolerance for
the dimension specified.

11. Sampling

11.1 Care shall be exercised to ensure that the sample
selected for testing is representative of the material and form
and is not contaminated by the sampling procedure.

12. Methods of Chemical Analysis

12.1 The chemical composition enumerated in this specifi-
cation shall, in case of disagreement, be determined in accor-
dance with the test methods approved for referee purposes by
ASTM.4 Where such test methods are not available, methods
of analysis as mutually agreed upon between the manufacturer
and the purchaser shall be employed.

13. Rejection

13.1 Material not conforming to this specification or to
authorized modifications shall be subject to rejection. Unless

4 Reference should be made to theAnnual Book of ASTM Standards, Vol 03.05.

TABLE 1 Chemical Requirements

Composition, %

Element Material Number

360 361 363 364 365 366

C 0.030 max 0.010 max 0.010–0.030 0.010–0.040 0.010 max 0.030 max
O, maxA 0.0015 0.0070 0.0030 0.030 0.0015 0.0025
N, maxA 0.002 0.002 0.002 0.002 0.002 0.002
Fe, max 0.010 0.010 0.010 0.010 0.010 0.010
Ni, max 0.002 0.005 0.002 0.005 0.002 0.002
Si, max 0.010 0.010 0.010 0.005 0.010 0.010
Ti ... ... 0.40–0.55 0.40–0.55 ... ...
W ... ... ... ... ... 27–33
Zr ... ... 0.06–0.12 0.06–0.12 ... ...
Mo balance balance balance balance balance balance

APending approved methods of analysis, deviations from these limits alone shall not be cause for rejection.

TABLE 2 Permissible Variations in Check Analysis

Material No.

Check Analysis
Limits, max or

range, %

Permissible
Variations in
Check Analy-

sis, %

C 360, 363, 364, 366, 361, 365 0.010–0.040
0.010

60.005
60.002

OA 361
360, 363, 365, 366

0.0070
0.0030

+10 % relative
+10 % relative

364 0.030 +10 % relative
NA 361, 364, 365

360, 363, 366
0.0020
0.0010

+0.0005
+ 0.0005

Fe 360, 361, 363, 364, 365, 366 0.010 +0.001
Ni 360, 361, 363, 364, 365, 366 0.005 +0.0005
Si 360, 361, 363, 364, 365, 366 0.010 +0.002
Ti 363, 364 0.40–0.55 60.05
W 366 27.0–33.0 61.0
Zr 363, 364 0.06–0.12 60.02

ASee Table 1, Footnote A.
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otherwise specified, rejected material may be returned to the
manufacturer at the manufacturer’s expense unless the pur-
chaser receives, within three weeks of notice of rejection, other
instructions for disposition.

14. Certification

14.1 If requested, the manufacturer shall supply at least
three copies of a report of the chemical analysis of each heat

(Types 360, 363, 365, and 366) or powder metallurgy product
from the powder lot (Types 361 and 364) represented in the
shipment, and reports of the result of tests of each size of each

heat or powder lot to determine properties required in Sections
7.1 and 8.

14.2 The report shall include the purchase order number,
heat number, this specification number, and quantity and
number of items covered by shipment.

15. Product Marking

15.1 Each bar, rod, bundle, box, coil, or spool shall be
legibly and conspicuously marked or tagged with the number
of this specification, heat or lot number, manufacturer’s iden-
tification, type, temper, and nominal size.

TABLE 3 Mechanical Requirements for Round Bars and Rods A

Type TemperB Diameter, in. (mm)

Tensile
Strength,
min, ksi
(MPa)

Yield
Strength,
0.2 % Off-

set, min, ksi
(MPa)

Elonga-
tion in 1

in. (50 mm)
min, %

Diamond Pyr-
amid Hard-
ness (DPH),

Vickers-10 kg

360, 361, 365 SR 0.020 to 1⁄8 (0.51 to 3.18), incl 85 (585) 65 (450) 15C ...
over 1⁄8 to 13⁄32 (3.18 to 10.32) 75 (515) 55 (380) 15 ...
over 13⁄32 to 7⁄8 (10.32 to 22.2) 90 (620) 75 (515) 18 230 to 280
over 7⁄8 to 11⁄8 (22.2 to 28.6) 85 (585) 70 (480) 15 225 to 270
over 11⁄8 to 17⁄8 (28.6 to 47.6) 75 (515) 65 (450) 10 215 to 260
over 17⁄8 to 27⁄8 (47.6 to 73.0) 70 (480) 60 (415) 10 210 to 250
over 27⁄8 to 31⁄2 (73.0 to 88.9) 65 (450) 55 (380) 10 205 to 240

363, 364 SR 3⁄16 to 7⁄8 (4.76 to 22.2), incl 115 (790) 100 (690) 18 260 to 320
over 7⁄8 to 11⁄8 (22.2 to 28.6) 110 (760) 95 (655) 15 250 to 310
over 11⁄8 to 17⁄8 (28.6 to 47.6) 100 (690) 85 (585) 10 245 to 300
over 17⁄8 to 27⁄8 (47.6 to 73.0) 90 (620) 80 (550) 10 240 to 290
over 27⁄8 to 31⁄2 (73.0 to 88.9) 85 (585) 75 (515) 5 235 to 285

366 SR 3⁄16 to 7⁄8 (4.76 to 22.2), incl 95 (655) 80 (550) 5 240 to 300
over 7⁄8 to 11⁄8 (22.2 to 28.6) 90 (620) 75 (515) 4 235 to 300
over 11⁄8 to 17⁄8 (28.6 to 47.6) 85 (585) 70 (480) 3 230 to 290
over 17⁄8 to 27⁄8 (47.6 to 73.0) 80 (550) 65 (450) 3 230 to 290
over 27⁄8 to 31⁄2 (73.0 to 88.9) 75 (515) 60 (415) 2 225 to 290

360 RX Under 2 (50.8)
2 to 31⁄2 (50.8 to 88.9)

60 (415)
55 (380)

35 (240)
25 (170)

20
20

200 max
200 max

363, 364 RX Under 2 (50.8)
2 to 31⁄2 (50.8 to 88.9)

80 (550)
75 (515)

55 (380)
45 (310)

20
10

215 max
215 max

AMechanical properties of all bars, and rods other than round, shall be as agreed upon between the manufacturer and the purchaser.
BSR = stress-relieved; RX = essentially fully recrystallized.
CThe gage length is 10 in. (254 mm) for rods 0.020 to 1⁄8 in. (0.51 to 3.18 min) in diameter only. All other elongation values are for 1-in. (25-mm) gage lengths.

TABLE 4 Permissible Variations in Diameter and Limits of Tolerance Out-of-Round for Rolled, Forged, Extruded, Swaged, or Drawn
Rounds (Descaled)

Diameter, in. (mm)

Permissible Variation, in. (mm)

Diameter
Out-of-Round

+ −

0.020 to 1⁄16 (0.51 to 1.59)
Over 1⁄16 to 9⁄32 (1.59 to 7.14)

0.001 (0.02)
0.002 (0.05)

0.001 (0.02)
0.002 (0.05)

0.001 (0.02)
0.004 (0.10)

Over 9⁄32 to 13⁄32 (7.14 to 10.32) 0.010 (0.25) 0.005 (0.13) 0.008 (0.20)
Over 13⁄32 to 5⁄8 (10.32 to 15.9) 0.010 (0.25) 0.005 (0.13) 0.012 (0.30)
Over 5⁄8 to 7⁄8 (15.9 to 22.2) 0.015 (0.38) 0.005 (0.13) 0.015 (0.38)
Over 7⁄8 to 1 (22.2 to 25.4)
Over 1 to 13⁄8 (25.4 to 34.9)

0.020 (0.51)
0.020 (0.51)

0.005 (0.13)
0.010 (0.25)

0.015 (0.38)
0.018 (0.46)

Over 13⁄8 to 11⁄2 (34.9 to 38.1) 0.020 (0.51) 0.015 (0.38) 0.020 (0.51)
Over 11⁄2 to 15⁄8 (38.1 to 41.3) 0.025 (0.64) 0.015 (0.38) 0.020 (0.51)
Over 15⁄8 to 2 (41.3 to 50.8)
Over 2 to 21⁄2 (50.8 to 63.5)

0.030 (0.76)
0.032 (0.81)

0.020 (0.51)
0.032 (0.81)

0.025 (0.64)
0.025 (0.64)

Over 21⁄2 to 31⁄4 (63.5 to 82.6) 0.032 (0.81) 0.032 (0.81) 0.027 (0.69)
Over 31⁄4 to 31⁄2(82.6 to 88.9) 0.045 (1.14) 0.045 (1.14) 0.040 (1.02)

Centerless Ground Rounds

1⁄16 to 1⁄2 (1.58 to 12.7)
Over 1⁄2 (12.7)

0.002 (0.05)
0.003 (0.08)

0.002 (0.05)
0.003 (0.08)

...

...
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16. Packaging and Package Marking

16.1 Unless otherwise specified, material purchased under
this specification must be packaged by box or other suitable
protective containers and should be so marked as to indicate
the nature of any special handling required.

17. Keywords

17.1 molybdenum; molybdenum alloy bar; molybdenum
alloy rod; molybdenum alloy wire
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if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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Designation: B 388 – 00

Standard Specification for
Thermostat Metal Sheet and Strip 1

This standard is issued under the fixed designation B 388; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers thermostat metals in the form
of sheet or strip that are used for the temperature-sensitive
elements of devices for controlling, compensating, or indicat-
ing temperature and is intended to supply acceptance require-
ments to purchasers ordering this material by type designation.

1.2 The values in inch-pound units are to be regarded as the
standard. The metric equivalent to inch-pound units may be
approximate.

2. Referenced Documents

2.1 ASTM Standards:
B 63 Test Method for Resistivity of Metallically Conduct-

ing Resistance and Contact Materials2

B 106 Test Method for Flexivity of Thermostat Metals2

B 223 Test Method for Modulus of Elasticity of Thermostat
Metals (Cantilever Beam Method)2

B 362 Mechanical Troque Rate of Spiral Coils of Thermo-
stat Metals

B 389 Thermal Deflection Rate of Spiral and Helical Coils
of Thermostat Metals

B 478 Test Method for Cross Curvature of Thermostat
Metals2

B 753 Specification for Thermostat Component Alloys2

C 351 Test Method for Mean Specific Heat of Thermal
Insulation3

E 92 Test Method for Vickers Hardness of Metallic Mate-
rials 4

E 384 Test Method for Microhardness of Materials4

3. Terminology

3.1 Definition:
3.1.1 thermostat metal—a composite material comprising

two or more metallic layers of differing coefficients of thermal
expansion such that the radius of curvature of the composite
changes with temperature change.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information:

4.1.1 Type designation (Table 1 and Table 2),
4.1.2 Thickness (see 9.1),
4.1.3 Width (see 9.2),
4.1.4 Temper (designated as percent cold reduction as

needed),
4.1.5 Marking to identify vendor, type, high-expansion side

or low-expansion side,
4.1.6 Weight.

5. Material Segregation

5.1 The thermostat metal shall be supplied segregated into
two groups after slitting: (1) the burr on the low-expansive
component, and (2) the burr on the high-expansive component.
These two groups shall be identified and packaged separately
or together as mutually agreed upon between the producer and
the user.

6. Chemical Composition

6.1 The nominal composition of component materials is
given in Table 1.

6.1.1 The component alloys shall be as specified in Speci-
fication B 753.

7. Component Ratio

7.1 The typical thickness ratio of the component materials is
given in Table 1. The component thickness ratios are given for
reference as they are lot-to-lot variable to produce required
flexivity and resistivity.

8. Physical Requirements

8.1 Maximum Sensitivity Range—The temperature ranges
of maximum thermal response of designated types of thermo-
stat metals are given in Table 2 and Table 3. These are nominal
values presented only to aid users in designing devices.

8.2 Maximum Recommended Temperature— The maximum
recommended temperatures of use of designated types of
thermostat metals are given in Table 2 and Table 3. These
values are presented to aid users in designing devices.

8.3 Flexivity—The flexivity of a designated thermostat
metal shall conform to the values in Table 2a and Table 3b.
Component materials designated in Specification B 753 shall,

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.10 on Thermostat Metals.

Current edition approved Oct. 10, 2000. Published November 2000. Originally
published as B 388 – 62 T. Last previous edition B 388 – 96.

2 Annual Book of ASTM Standards, Vol 03.04.
3 Annual Book of ASTM Standards, Vol 04.06.
4 Annual Book of ASTM Standards, Vol 03.01.
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in thermostat metal combinations, yield product in conform-
ance with the values designated in Table 2a and Table 3b.

TABLE 1 Composition

Element
ASTM Type

TM1 TM2 TM3 TM4 TM5 TM6 TM7 TM8

Nominal chemical high-expansive nickel 22 10 25 25 25 22 14 10
composition, component chromium 3 ... 8.5 8.5 8.5 3 ... ...
weight,% manganese ... 72 ... ... ... ... 9.5 72

copper ... 18 ... ... ... ... ... 18
iron 75 ... 66.5 66.5 66.5 75 71.5 ...
aluminum ... ... ... ... ... ... 5 ...
carbon ... ... ... ... ... ... ... ...

intermediate
component

nickel
manganese

...

...
...
...

...

...
...
...

...

...
...
...

...

...
...
...

low-expansive
component

nickel
iron
cobalt

36
64
...

36
64
...

42
58
...

45
55
...

50
50
...

40
60
...

36
64
...

36
64
...

Component ratio,
thickness, %

high-expansive
component

50 53 50 50 50 50 50 80

intermediate
component

... ... ... ... ... ... ... ...

low-expansive
component

50 47 50 50 50 50 50 20

Element
ASTM Type

TM9 TM10 TM11 TM12 TM13 TM14 TM15 TM16

Nominal chemical high-expansive nickel 22 22 22 22 22 22 22 22
composition, component chromium 3 3 3 3 3 3 3 3
weight,% manganese ... ... ... ... ... ... ... ...

copper ... ... ... ... ... ... ... ...
iron 75 75 75 75 75 75 75 75
aluminum ... ... ... ... ... ... ... ...
carbon ... ... ... ... ... ... ... ...

intermediate
component

nickel
manganese

100
...

100
...

100
...

100
...

100
...

100
...

100
...

100
...

low-expansive
component

nickel
iron
cobalt

36
64
...

36
64
...

36
64
...

36
64
...

36
64
...

36
64
...

36
64
...

36
64
...

Component ratio,
thickness, %

high-expansive
component

27 34 36 40 42 44 47 48

intermediate
component

46 32 28 20 16 12 6 4

low-expansive
component

27 34 36 40 42 44 47 48

Element
ASTM Type

TM17 TM18 TM19 TM20 TM21 TM22 TM23

Nominal chemical high-expansive nickel 22 19.4 19.4 18 18 100 10
composition, component chromium 3 2.25 2.25 11.5 11.5 ... ...
weight,% manganese ... ... ... ... ... ... 72

copper ... ... ... ... ... ... 18
iron 75 78.3 78.3 70.5 70.5 ... ...
aluminum ... ... ... ... ... ... ...
carbon ... 0.5 0.5 ... ... ... ...

intermediate
component

nickel
manganese

100
...

...

...
...
...

...

...
...
...

...

...
...
...

low-expansive
component

nickel
iron
cobalt

36
64
...

42
58
...

39
61
...

36
64
...

42
58
...

36
64
...

42
58
...

Component ratio,
thickness,%

high-expansive
component

49 50 50 50 50 50 54

intermediate
component

2 ... ... ... ... ... ...

low-expansive
component

49 50 50 50 50 50 46
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TABLE 1 Continued

ASTM Type

Element TM24 TM25 TM26 TM27 TM28 TM29 TM30

Nominal chemical high-expansive nickel 22 22 22 22 22 20 22
composition, component chromium 3 3 3 3 3 ... 3
weight, % manganese ... ... ... ... ... 6.5 ...

copper ... ... ... ... ... ... ...
iron 75 75 75 75 75 73.5 75
aluminum ... ... ... ... ... ... ...
carbon ... ... ... ... ... ... ...

intermediate
component

copper
manganese

100
. .

100
...

100
...

100
...

100
...

...

...
...
...

low-expansive
component

nickel
iron
cobalt

36
64
...

36
64
...

36
64
...

36
64
...

36
64
...

36
64
...

42
58
...

Element
ASTM Type

TM24 TM25 TM26 TM27 TM28 TM29 TM30

resistivity ohm cir
mil/ft

20 30 50 70 90 477 415

Component ratio,
thickness, %

high-expansive
component

10 20 31 38 42 50 50

intermediate
component

53 35 20 14 10 ... ...

low-expansive
component

37 45 49 48 48 50 50

8.3.1 The flexivity shall be determined by Test Method
B 106, Method A.

8.3.2 Residual stress loading can affect flexivity test results.
Specimens shall be stabilized prior to testing by stress relief for
1 h at 500°F (260°C). Suitable stress relief conditions must be
determined for individual end use applications. Initial condi-
tion recommendations are given in Table Table 2.

8.4 Electrical Resistivity—The electrical resistivity shall
conform to the values given in Table 2a and Table 3b.
Component materials designated in Specification B 753 shall,
in thermostat metal combinations, yield product in conform-
ance with the values designated in Table 2a and Table 3b.

8.4.1 The electrical resistivity shall be determined by
Method B 63 at 75°F (24°C).

8.5 Modulus of Elasticity—The nominal moduli of elasticity
of designated thermostat metals at a temperature of 75°F
(24°C) are given in Table 2a and Table 3b. These are nominal
values presented to aid users in designing devices and shall not
be used for rejection or acceptance purposes.

8.5.1 The modulus of elasticity shall be determined by Test
Method B 223.

8.6 Specific Heat—The nominal specific heat of the desig-
nated thermostat metals is 0.12 BTU/lb°F (500 J/kg°K). This
nominal value is presented to aid users in designing devices
and shall not be used for rejection or acceptance purposes.

8.6.1 The specific heat shall be determined by Test Method
C 351.

8.7 Density—The nominal densities of designated thermo-
stat metals are given in Table 2a and Table 3b. These are
nominal values presented to aid users in designing devices and
shall not be used for rejection or acceptance purposes.

8.8 Hardness—The hardness of the components of a desig-
nated thermostat metal shall conform to those specifications
established by the producer and shall be as mutually agreed

upon between the producer and the user. In the case of three or
more components, the hardness of the outer components only
are determined.

8.8.1 The hardness shall be determined by Test Method
E 92, when test loads of 1 kgf (9.8 N) or higher are used. For
thinner materials requiring the use of test loads between 1 kgf,
hardness shall be determined by Test Method E 384.

8.8.1.1 When using Test Method E 384, the preferred unit of
measurement shall be Vickers hardness (HV) as defined in 3.3
of that method.

8.8.1.2 When testing thermostat metals, the thickness of an
individual component shall be at least one and one-half times
the diagonal length of the hardness indenter impression.

8.8.1.3 The center of the impression shall not be closer to
any edge of test specimen or to another impression than a
distance equal to two and one-half times the length of diagonal
of the impression. When laminated material is tested, a bond
interface shall be considered as an edge for spacing of
indentation calculations.

9. Dimensions and Permissible Variations

9.1 Thickness—The thickness shall be that specified in the
purchase order or drawing and the tolerance shall be as
specified in Table 4.

9.2 Width—The width shall be that specified in the purchase
order or drawing and the tolerance shall be as specified in
Tables 5 and 6.

9.3 Coils—Material furnished in the form of coils shall be
supplied as mutually agreed upon between the producer and the
user. The inner diameter and the outer diameter or the inner
diameter and the maximum or minimum weight may be
specified. As mutually agreed upon between the producer and
the user a specified maximum percentage may be supplied less
than the minimum outer diameter or weight specified.
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9.3.1 Welds—Welds used to provide single continuous
lengths necessary to meet coil size or weight specifications
shall be clearly identified as established by the producer or as
mutually agreed upon between the producer and the user. The
welds shall be to the material dimensions or smaller. A
minimum length between welds may be specified.

9.4 Camber—Camber is a longitudinal deviation from a
straight line measured as a chord height. The camber shall not
exceed 9⁄32in. (7.1 mm) maximum chord height in a 3-ft
(0.91-m) length.

9.5 Cross Curvature—Cross curvature is a deviation from
flat at 75°F (24°C) across the width and is measured as a chord

height. The cross curvature tolerance shall be as mutually
agreed to between the producer and the user.

9.5.1 The cross curvature shall be determined by Test
Method B 478.

9.6 Flatness—The maximum deviation (expressed as a
chord height) from flat at 75°F (25°C) shall be: Chord height,
in. = 0.0005/t where t = thickness of material, in. Chord
height, mm = 0.323/t where t = thickness of material, mm.
This equation applies to chord length of 3 in. (76 mm).

TABLE 2 Properties of Thermostat Metals (Inch-Pound Units)

Properties Units
ASTM Type

TM1 TM2 TM3 TM4 TM5 TM6 TM7 TM8

Maximum sensitivity
temperature range

°F 0 to 300 0 to 400 200 to 600 250 to 700 300 to 850 100 to 550 0 to 300 0 to 400

Maximum recommended
temperature

°F 1000 500 1000 1000 1000 1000 900 500

Flexivity 3 10−6 50 to 200°F 15.0 6 5 % 21.5 6 5 % 10.4 6 6 % 8.4 6 6 % 6.3 6 6 % 12.96 8 % 14.5 6 7 % 15.9 6 8 %
100 to 300°F 14.6 6 5 % 21.1 6 5 % 10.6 6 6 % 8.6 6 6 % 6.4 6 6 % 12.9 6 8 % 14.56 7 % 15.9 6 8 %

Heat treatment °F 700 500 700 700 700 700 700 500
Electrical resistivity at

75°F
V·cmil/ft
V·mil 2/ft

475 6 4 %
3736 4 %

675 6 5 %
5306 5 %

440 6 4 %
3466 4 %

400 6 4 %
3146 4 %

350 6 5 %
2756 5 %

440 6 4 %
3466 4 %

560 6 4 %
4406 4 %

850 6 5 %
6686 5 %

Modulus of elasticity psi 3 10 6 25 20 25 25 25.5 25 24 19.5
Density lb/in. 3 0.29 0.28 0.29 0.29 0.29 0.29 0.28 0.27

TM9 TM10 TM11 TM12 TM13 TM14 TM15 TM16

Maximum sensitivity
temperature range

°F 0 to 300 0 to 300 0 to 300 0 to 300 0 to 300 0 to 300 0 to 300 0 to 300

Maximum recommended
temperature

°F 900 900 900 900 900 900 900 900

Flexivity 3 10−6 50 to 200°F
100 to 300°F

11.5 6 10 %
11.26 10 %

13.1 6 6 %
12.76 6 %

13.7 6 6 %
13.3 6 6 %

14.1 6 5.5 %
13.76 5.5 %

14.46 5.5 %
14.0 6 5.5 %

14.7 6 5.5 %
14.36 5.5 %

14.86 5.5 %
14.46 5.5 %

15.0 6 5.5 %
14.56 5.5 %

Heat treatment °F 700 700 700 700 700 700 700 700
Electrical resistivity at

75°F
V·cmil/ft
V·mil 2/ft

100 6 5.5 %
786 5.5 %

125 6 5.5 %
986 5.5 %

1506 5.5 %
118 6 5.5 %

175 6 5.5 %
1376 5.5 %

2006 5.5 %
157 6 5.5 %

250 6 5.5 %
196 6 5.5 %

3006 5.5 %
2366 5.5 %

350 6 5.5 %
2756 5.5 %

Modulus of elasticity psi 3 10 6 26 26 26 25.5 25.5 25.5 25 25
Density lb/in. 3 0.31 0.30 0.30 0.30 0.30 0.30 0.30 0.29

TM17 TM18 TM19 TM20 TM21 TM22 TM23

Maximum sensitivity
temperature range

°F 0 to 300 200 to 600 150 to 450 0 to 300 200 to 600 0 to 300 200 to 600

Maximum recommended
temperature

°F 900 900 900 900 900 900 500

Flexivity 3 10−6 50 to 200°F
100 to 300°F

15.0 6 5.5 %
14.66 5.5 %

12.06 7 %
12.06 7 %

14.3 6 7 %
14.16 7 %

13.9 6 5 %
13.96 5 %

11.3 6 7 %
11.3 6 7 %

10.2 6 5 %
10.2 6 5 %

18.5 6 5 %
18.56 5 %

Heat treatment °F 700 700 700 700 700 700 500
Electrical resistivity at

75°F
V·cmil/ft
V·mil 2/ft

400 6 5.5 %
3146 5.5 %

420 6 4 %
3306 4 %

456 6 5 %
3586 5 %

472 6 4 %
3716 4 %

430 6 4 %
3386 4 %

92 6 6 %
726 6 %

565 6 4 %
4446 4 %

Modulus of elasticity psi 3 10 6 25 25 25 25 25 26 20
Density lb/in. 3 0.29 0.29 0.29 0.29 0.29 0.31 0.28

TM24 TM25 TM26 TM27 TM28 TM29 TM30

Maximum sensitivity
temperature range

°F 0 to 300 0 to 300 0 to 300 0 to 300 0 to 300 0 to 300 200 to 600

Maximum recommended
temperature

°F 500 500 500 500 500 1000 1000

Flexivity 3 10−6 50 to 200°F
100 to 300°F

12.8 6 5 %
12.66 5 %

13.9 6 5 %
13.56 5 %

14.6 6 4 %
14.3 6 4 %

14.7 6 4 %
14. 56 4 %

14.8 6 4 %
14.6 6 4 %

15.8 6 6 %
15.6 6 6 %

11.8 6 6 %
12.26 6 %

Heat treatment °F 500 500 500 500 500 700 700
Electrical resistivity at

75°F
V·cmil/ft
V·mil 2/ft

206 10 %
15.76 10 %

30 6 7.5 %
23.66 7.5 %

506 7.5 %
39.3 6 7.5 %

70 6 7.5 %
556 7.5 %

90 6 5 %
70.6 6 5 %

477 6 4
375 6 4

415 6 4
326 6 4

Modulus of elasticity psi 3 10 6 24 24 23 23 22 25 25
Density lb/in. 3 0.29 0.29 0.29 0.29 0.29 0.29 0.29
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10. Bond

10.1 The bond between the component materials shall be
strong and complete over the entire area of the sheet or strip.

11. Workmanship, Finish, and Appearance

11.1 The surface of the material shall be free of cracks,
seams, laps, scratches, blisters, rust, or other defects detrimen-
tal to the performance of the material or to the manufacture of

TABLE 3 Properties of Thermostat Metals (SI Units)

Properties Units
ASTM Type

TM1 TM2 TM3 TM4 TM5 TM6 TM7 TM8

Maximum sensitivity
temperature range

°C −18 to 149 −18 to 204 93 to 316 121 to 371 149 to 454 38 to 288 −18 to 149 −18 to 204

Maximum recommended
temperature

°C 538 260 538 538 538 538 482 260

Flexivity 3 10 − 6 10 to 93°C
38 to 149°C

27.0 6 5 %
26.3 6 5 %

38.7 6 5 %
38.06 5 %

18.76 6 %
19.1 6 6 %

15.16 6 %
15.56 6 %

11.3 6 6 %
11.56 6 %

23.26 8 %
23.2 6 8 %

26.16 7 %
26.1 6 7 %

28.66 8 %
28.66 8 %

Heat treatment °C 371 260 371 371 371 371 371 260
Electrical resistivity

at 25°C
µV·m 0.790 6 4 % 1.12 6 5 % 0.732 6 4 % 0.665 6 4 % 0.582 6 5 % 0.732 6 4 % 0.931 6 4 % 1.41 6 5 %

Modulus of elasticity MPa 172 000 138 000 172 000 172 000 176 000 172 000 165 000 134 000
Density kg/m 3 8030 7750 8030 8030 8030 8030 7750 7470

TM9 TM10 TM11 TM12 TM13 TM14 TM15 TM16

Maximum sensitivity
temperature range

°C −18 to 149 −18 to 149 −18 to 149 −18 to 149 −18 to 149 −18 to 149 −18 to 149 −18 to 149

Maximum recommended
temperature

°C 482 482 482 482 482 482 482 482

Flexivity 3 10 − 6 10 to 93°C
38 to 149°C

20.7 6 10 %
20.2 6 10 %

23.6 6 6 %
22.96 6 %

24.76 6 %
23.9 6 6 %

25.46 5.5 %
24.76 5.5 %

25.9 6 5.5 %
25.26 5.5 %

26.5 6
5.5 %
25.7 6

5.5 %

26.6 6 5.5 %
25.9 6 5.5 %

27.0 6 5.5 %
26.1 6

5.5 %

Heat treatment °C 371 371 371 371 371 371 371 371
Electrical resistivity

at 25°C
µV·m 0.166

6 5.5 %
0.208

6 5.5 %
0.249

6 5.5 %
0.291

6 5.5 %
0.332

6 5.5 %
0.416

6 5.5 %
0.499

6 5.5 %
0.582

6 5.5 %
Modulus of elasticity MPa 179 000 179 000 179 000 176 000 176 000 176 000 172 000 172 000
Density kg/m 3 8580 8300 8300 8300 8300 8300 8300 8030

TM17 TM18 TM19 TM20 TM21 TM22 TM23

Maximum sensitivity
temperature range

°C −18 to 149 93 to 316 65 to 232 −18 to 149 93 to 316 −18 to 149 93 to 316

Maximum recommended
temperature

°C 482 482 482 482 482 482 260

Flexivity 3 10 − 6 10 to 93°C
38 to 149°C

27.0 6 5.5 %
26.36 5.5 %

21.6 6 7 %
21.66 7 %

25.7 6 7 %
25.4 6 7 %

25.06 5 %
25.0 6 5 %

20.3 6 7 %
20.36 7 %

18.46 5 %
18.4 6 5 %

33.36 5 %
33.3 6 5 %

Heat treatment °C 371 371 371 371 371 371 260
Electrical resistivity

at 25°C
µV·m 0.665 6

5.5 %
0.698 6 4 % 0.758 6 5 % 0.785 6 4 % 0.715 6 4 % 0.153 6 6 % 0.939 6 4 %

Modulus of elasticity MPa 172 000 172 000 172 000 172 000 172 000 179 000 138 000
Density kg/m 3 8030 8030 8030 8030 8030 8580 7750

TM24 TM25 TM26 TM27 TM28 TM29 TM30

Maximum sensitivity
temperature range

°C −18 to 149 −18 to 149 −18 to 149 −18 to 149 −18 to 149 −18 to 149 93 to 316

Maximum recommended
temperature

°C 260 260 260 260 260 538 538

Flexivity 3 10 − 6 10 to 93°C
38 to 149°C

23.0 6 4 %
22.7 6 10 %

25.0 6 4 %
24.36 7.5 %

26.3 6 4 %
25.7 6 7.5 %

26.5 6 4 %
26.7 6 7.5 %

26.6 6 4 %
26.36 5 %

28.44 6 4 %
28.08 6 4 %

21.24 6 6 %
21.96 6 6 %

Heat treatment °C 260 260 260 260 260 371 371
Electrical resistivity

at 25°C
µV·m .03336

10 %
.050 6 7.5 % .083 6 7.5 % .116 6 7.5 % .150 6 5 % .793 6 4 .690 6 4

Modulus of elasticity MPa 165 000 165 000 158 000 158 000 151 000 172 000 172 000
Density kg/m 3 8030 8030 8030 8030 8030 8030 8030

TABLE 4 Permissible Variations in Thickness of Sheet or Strip

Thickness
Tolerances, plus and

minus

in. mm in. mm

Under 0.005 Under 0.1 0.00030 0.008
0.005 to 0.0099, incl 0.1 to 0.25, incl 0.00035 0.009
0.010 to 0.0149, incl 0.25 to 0.38, incl 0.0004 0.010
0.015 to 0.0199, incl 0.38 to 0.51, incl 0.0005 0.013
0.020 and over 0.51 and over 2.5 %

TABLE 5 Permissible Variations in Width of Sheet or Strip

Width
Tolerances, plus and

minus

in. mm in. mm

Up to 1⁄2, incl 12.7, incl 0.003 0.08
Over 1⁄2 to 1, incl 12.7 to 25.4, incl 0.004 0.10
Over 1 to 3, incl 25.4 to 76.2, incl 0.008 0.20
Over 3 Over 76.2 0.010 0.25
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parts therefrom. Surface of strip at welds for continuous coils
shall be reasonably free of the above defects, but not to the
extent specified on the balance of the material surface.

12. Edges

12.1 The edges of a thermostat metal product shall be as slit
with burr less than 10 % of metal thickness.

13. Identification

13.1 Identification of the thermostat metal sheet or strip by
means of repetitive characters or patterns shall be as mutually
agreed upon between the producer and the user. Any marking
shall be over the entire length and width preferably on the
low-expansion side with a durable and legible etching stain.

14. Sampling

14.1 The producer shall assign a lot number to each lot for
identification and traceability. The lot shall be one continuous
bonding sequence for which component alloy heat numbers
shall be documented.

14.2 The lot shall be sampled for certification at one
representative location.

15. Precision and Bias

15.1 Precision has been incorporated by reference to speci-
fied measurement methods.

15.2 Bias was not detected in round-robin measurements of
flexivity and electrical resistivity.

16. Inspection

16.1 Inspection shall be for conformance to this specifica-
tion. Other inspection parameters shall be as agreed upon
between the producer and the user.

17. Rejection

17.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection shall be reported
to the producer promptly and in writing. Rejection disputes
shall be resolved by agreement between the producer and the
user.

18. Certification

18.1 When specified by the user, a producer’s certification
shall be furnished to the user that the material was manufac-
tured, sampled, tested, and inspected in accordance with this
specification and has been found to meet the requirements. A
report of the test results shall be furnished as required.

19. Marking

19.1 Each box or package of material shall be plainly
marked with the following information:

19.1.1 Purchase order number,
19.1.2 Net weight of material,
19.1.3 ASTM type designation,
19.1.4 Manufacturer’s type of material,
19.1.5 Manufacturer’s name,
19.1.6 User’s specification number.

20. Packaging

20.1 The thermostat metal shall be packaged in such a
manner as to prevent damage in ordinary handling and trans-
portation. Each individual size and type of material shall be
packaged separately.

21. Keywords

21.1 elastic modulus; flexivity; material specification;
physical properties; resistivity

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 6 Permissible Variations in Flat Lengths of Sheet or Strip

Length
Tolerance

in. mm

Up to 1 ft (30.48 cm) 6 1/32 60.8
Over 1 to 4 ft incl (30.48 to 121.92 cm incl) 6 1/16 61.6
Over 4 to 12 ft incl (121.92 cm to 3.66 m incl) + 1/2

− 1/16
+ 12.7
−1.6
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Designation: B 389 – 81 (Reapproved 2004)

Standard Test Method for
Thermal Deflection Rate of Spiral and Helical Coils of
Thermostat Metal 1

This standard is issued under the fixed designation B 389; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of the thermal
deflection rate of spiral and helical coils of thermostat metal.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The metric equivalents of inch-pound units
may be approximate.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

E 77 Test Method for Inspection and Verification of Ther-
mometers

3. Terminology

3.1 thermostat metal—a composite material, usually in the
form of sheet or strip, comprising two or more materials of any
appropriate nature, metallic or otherwise, that, by virtue of
differing expansivities of the components, tends to alter its
curvature when its temperature is changed.

3.2 thermal deflection rate—the ratio of angular rotation to
temperature change. It is a measure of the coil’s thermal
activity. It may have the units of angular degrees per degree
Fahrenheit, or Celsius, and is expressed by the equationD
= (A2 − A1)/(T2 − T1) whereA2 andA1 are angular positions at
temperatureT2 andT1 respectively.

3.3 spiral coil—a part made by winding strip on itself. Fig.
1 and Fig. 2 show typical spiral coils, which can be wound with
the low-expansive side inside or outside, mounted on the
specimen holder.

3.4 helical coil—a part made by winding strip in a form
wherein the plane of the width of the strip is parallel to the
axial length. Fig. 3 shows a typical helical coil, which can be
wound with the low-expansive side inside or outside, and
right-hand or left-hand, mounted on the specimen holder.

4. Summary of Test Method

4.1 The test for thermal deflection rate of spiral and helical
coils consists of measuring the angular rotation that a coil
undergoes in response to a known temperature change.

5. Significance and Use

5.1 This test method simulates, to a practical degree, the
operation of the thermostat metal coil.

5.2 The thermal deflection properties of a coil may vary
from lot-to-lot of thermostat metal material. This method is
useful for determining the optimum thickness and length of the
material for a given deflection specification.

5.3 This method is useful as a quality test to determine
acceptance or rejection of a lot of thermostat metal coils.

6. Apparatus

6.1 Temperature Bath—A stirred liquid bath or uniformly
heated enclosure in which the specimen and mounting fixture
can be placed shall be used. An adjustable heating source is
desirable for maintaining the specimen at the desired tempera-
tures with a variation in temperature throughout the specimen
not to exceed 0.5°F (0.3°C).

6.2 Protractor—The angular position at each test tempera-
ture shall be measured by a protractor with a minimum division
of 0.5°.

6.3 Temperature-Measuring Apparatus—The apparatus for
making temperature measurements shall be of such accuracy
that the individual temperatures shall be known to be within
60.5°F (60.3°C).

6.4 Specimen Holder—The preferred methods of holding
spiral and helical coils are as follows:

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.10 on Thermostat Metals and Electrical Resistance Heating Materials.

Current edition approved May 1, 2004. Published June 2004. Originally
approved in 1962. Last previous edition approved in 1981 as B 389 – 81 (1998).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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6.4.1 Spiral Coils—The specimen holder for spiral coils
shall provide means for securely holding the coil. Although
other means of support are possible, the holder or mounting
arbor shall be preferably circular cross section whose diameter
shall be as large as possible without touching the inner turn of
the coil under any conditions of test temperatures. The arbor
shall be slotted across its diameter and to a depth greater than
the width of the specimen. The width of the slot shall be
slightly narrower than the thickness of the specimen so that the
inner tab will be a push or snug fit in the slot. The edges of the
slot shall be sharp where it intersects the circumference of the
arbor. The slot shall be so positioned in the arbor that the center
of rotation of the coil and the center of the arbor coincide.

6.4.2 Helical Coils—The specimen holder for helical coils
shall provide means for securely holding the coil. Although
other means of support are possible, the coil shall be held with
its axis in a vertical position, the bottom end of the coil secured
and the top end allowed to rotate freely with a temperature
change. Preferably the end of the coil with the center tab shall
be considered the bottom and secured by clamping or press-
fitting the tab into a slotted arbor similar to that described in
6.4.1 for spiral coils. The depth of the slot shall be such that the
full height of the tab shall be held. If the coils do not have a
center tab, the arbor shall contain provisions for attaching the
coil with screws, rivets, or by welding. A transmission pointer
can be affixed to the top end. The center line of the coil, the
transmission pointer, and the protractor shall coincide.

6.4.3 Deviations from these procedures of holding may be
necessary when simulating the mounting used in the device for
which the coil was designed, or in cases where coils are press
fitted on arbors. In these cases, the details of mounting should
be mutually agreed upon between the manufacturer and the
purchaser.

6.5 Transmission Pointer:
6.5.1 Spiral Coils—To the outer end of the spiral coil shall

be attached a pointer that will transmit the rotation of the coil
so that it can be read on the protractor. The pointer shall be of
lightweight construction and attached to the coil by suitable
means so that the movement of these portions of the coil that
do not normally contribute to the movement of the coil with a
temperature change shall not influence the rotation of the
pointer. The pointer, when using the fixture shown in Fig. 1,
shall be so positioned that its tip shall ride slightly above the
divisions of the protractor, but shall not touch the protractor at
any time during the test. The pointer, when using the fixture
shown in Fig. 2, shall be of sufficient length so that the top may
protrude from the bath when the coil is submerged. The pointer
for either method, shall be so positioned that it will be in line
with the radius of the protractor and the specimen.

6.5.2 Helical Coils—To the free end of the helical coils
shall be attached a shaft that will transmit the rotation of the
coil so that it can be read on the protractor. The shaft can
consist of a wire or rod and shall be of lightweight construc-
tion. It shall be attached to the coil by a suitable means so that
the movement of those portions of the coil that does not
normally contribute to the movement of the coil with a
temperature change shall not influence the rotation of the shaft.
The transmission shaft shall be so located that its main axis
coincides with the center line of the coil. It shall be at right
angles to the plane of the protractor and shall pass through its
center. The end of the transmission shaft shall be so bent or an
extension pointer so attached at right angles to the main body
of the transmission shaft that its tip shall ride slightly above the
divisions on the protractor, but shall not touch the protractor at
any time during the test.

6.5.3 The angular position of the pointer shall be known to
an accuracy of 0.25° at each test temperature.

7. Sampling

7.1 Test for thermal deflection rate shall be taken in a
manner to assure representative sampling of the test lot. A lot,
for quality control purposes, comprises of the finished yield of
one bonded coil of material. Sampling shall consist of parts
made from each cut of material across the bonded width.
Frequency of sampling shall be mutually agreed upon between
the manufacturer and the purchaser.

8. Procedure

8.1 After all forming operations and before testing, subject
the specimen to a stabilizing heat treatment to relieve internal
stresses. This treatment shall consist of heating the specimen,
while free to rotate, for a prescribed time and temperature. The
details of the stabilizing procedure will depend upon the
characteristics of the thermostat metal being tested and shall be
mutually agreed upon between the manufacturer and the
purchaser.

FIG. 1 Spiral Coil
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8.2 Mount the specimen with the pointer attached on the
specimen holder. Place the specimen holder with the specimen
in the first bath of the desired temperature. When temperature
of the specimen has reached the bath temperature, measure and
record the angular position of the transmission pointer and the
bath temperature.

8.3 Establish the next chosen temperature and measure and
record the position of the pointer and the bath temperature.

9. Calculation

9.1 Calculate the thermal deflection rate as follows:

D 5 ~A2 2 A1!/~T2 2 T1!

where:
D = thermal deflection rate,
A2 = final angular position of pointer,
A1 = initial angular position of pointer,
T2 = final temperature corresponding to positionA2, and
T1 = initial temperature corresponding to positionA1.

10. Report

10.1 The report shall include the following:
10.1.1 Type of thermostat metal,
10.1.2 Dimensions of material,
10.1.3 Dimensions of coil,

FIG. 2 Spiral Coil
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10.1.4 Temperature and time of stabilizing heat treatment,
10.1.5 Dimensions of arbor,
10.1.6 Temperature range of test, and
10.1.7 Thermal deflection rate.

11. Precision and Bias

11.1 The reliability of the results of the thermal deflection
rate depends on the method and apparatus. The most common
sources of variations in test results are (1) bath temperature

nonuniformity, (2) unverified temperature measuring appara-
tus, and (3) parallax when reading the angle.

11.2 The bias of test is that prescribed in Section 6 for the
quality of apparatus.

12. Keywords

12.1 helical coil; spiral coil; thermal deflection rate; ther-
mostat metal

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

FIG. 3 Helical Coil
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Designation: B 391 – 03

Standard Specification for
Niobium and Niobium Alloy Ingots 1

This standard is issued under the fixed designation B 391; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers unalloyed and alloyed niobium
ingots prepared by vacuum- or plasma-arc melting or electron-
beam melting to produce consolidated metal for processing to
various mill shapes.

NOTE 1—Committee B10 has adopted “niobium” as the designation for
Element No. 41, formerly named “columbium.”

1.2 The materials covered by this specification are:
1.2.1 R04200-Type 1—Reactor grade unalloyed niobium,
1.2.2 R04210-Type 2—Commercial grade unalloyed nio-

bium,
1.2.3 R04251-Type 3—Reactor grade niobium alloy con-

taining 1 % zirconium, and
1.2.4 R04261-Type 4—Commercial grade niobium alloy

containing 1 % zirconium.
1.3 Unless a single unit is used, for example force for

hardness testing in kN, the values stated in inch-pound units
are to be regarded as the standard. The values given in
parentheses are for information only.

1.4 The following precautionary caveat pertains only to the
test method portions of this specification: This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ASTM Standards:
E 10 Test Method for Brinell Hardness of Metallic Materi-

als2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications3

3. Ordering Information

3.1 Orders for material under this specification shall include
the following information, as applicable:

3.1.1 ASTM standard number and year of issue,
3.1.2 Type (see 1.2),
3.1.3 Quantity in weight or pieces,
3.1.4 Size, diameter and length,
3.1.5 Chemistry (see 5.2),
3.1.6 Hardness (see 6.2),
3.1.7 Permissible overshipment (see 7.1),
3.1.8 Quality and finish (see 8.2 and 8.6),
3.1.9 Sampling (Section 9)
3.1.10 Packaging (Section 16), and
3.1.11 Required reports (Section 14).

4. Materials and Manufacture

4.1 The ingot metal for all four types may be vacuum or
plasma arc melted, vacuum electron-beam melted, or any
combination of these three methods.

5. Chemical Requirements

5.1 The finished ingot shall conform to the requirements for
chemical composition as prescribed in Table 1.

5.2 Analysis for elements not listed in Table 1 and not
normally expected in niobium shall not be required unless
specified at time of purchase.

6. Hardness

6.1 The maximum Brinell hardness shall conform to the
requirements specified in Table 2.

6.2 If the hardness test impressions on the ingot side wall
would be detrimental to subsequent fabrication, the hardness
test requirements may be waived or changed as mutually
agreed upon between the purchaser and the manufacturer.

7. Permissible Variations

7.1 Quantity—For orders requiring up to 100 lb (45.4 kg) of
ingots, the manufacturer may overship up to a maximum of
20 %. For orders up to and including 1000 lb (454 kg), the
manufacturer may overship up to a maximum of 10 %. The
permissible overshipment shall be negotiated for orders larger
than 1000 lb (454 kg).

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloysand is the direct responsibility of
Subcommittee B10.03on Niobium and Tantalum.

Current edition approved May 10, 2003. Published May 2003. Originally
approved in 1962. Last previous edition approved in 1999 as B 391 – 99.

2 Annual Book of ASTM Standards,Vol 03.01.
3 Annual Book of ASTM Standards,Vol 14.02.
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8. Quality and Finish

8.1 The manufacturer shall use care to have each lot of ingot
material as uniform in quality as possible.

8.2 When specified, the ingots shall be conditioned on the
surface to standards agreed upon between the manufacturer and
the purchaser.

8.3 Subsequent fabrication will be permitted. The difference
between the maximum and minimum radius of the conditioned
ingot shall not exceed 20 % of the maximum radius. Lands,
grooves, and local depressions shall be blended to a maximum
angle of 30° to the axis of the ingot.

8.4 Each ingot shall be tested for soundness by nondestruc-
tive test methods, such as dye penetrant or ultrasonic tests.
Methods and acceptance standards shall be as mutually agreed
upon between the purchaser and the manufacturer.

8.5 Defects in the ingots that exceed the acceptance stan-
dards shall be removed by cropping or surface conditioning,
whichever is appropriate. The manufacturer shall be permitted
to remove surface imperfections provided that after such
removal the requirements of conditioning are met (8.2).

8.6 The ingots shall be free of imperfections that would be
deemed injurious by the standards of acceptability agreed upon
between the purchaser and the manufacturer.

9. Sampling

9.1 Care shall be exercised to ensure that the sample
selected for testing is representative of the material and that it
is not contaminated by the sampling procedure. If there is any

question relating to the sampling techniques or to the analysis
thereof, the methods for sampling and analysis shall be as
agreed upon between the purchaser and the manufacturer.

10. Number of Tests and Retests

10.1 Each ingot shall be tested for chemical composition
and hardness.

10.2 If any sample or specimen exhibits obvious surface
contamination or improper preparation, disqualifying it as a
truly representative sample, it shall be discarded and a new
sample or specimen substituted.

10.3 In case of failure, retest two additional specimens. If
both specimens conform to this specification, discard the
original values and consider the material acceptable; otherwise
the ingot shall be rejected or reworked and retested.

10.4 Take individual hardness readings on the ingot side-
wall along the full length of the ingot to within 5 in. of each
end. Spacing between indentations shall not exceed two ingot
diameters.

11. Significance of Numerical Limits

11.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in the
following tables, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

12. Test Method

12.1 Determine Brinell hardness by Test Method E 10,
except, using a load of 4.9 kN with a 10-mm ball.

13. Rejection and Rehearing

13.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection shall be reported
to the producer or supplier promptly and in writing. In case of

TABLE 1 Chemical Requirements

Type 1 (Reactor Type 2 (Commercial Type 3 (Reactor Type 4 (Commercial
Element Grade Unalloyed Grade Unalloyed Grade Niobium–1 % Grade Niobium–1 %

Niobium) Niobium) Zirconium) Zirconium)
R04200 R04210 R04251 R04261

Max Weight % (Except Where Otherwise Specified)

Each Ingot:
Carbon 0.01 0.01 0.01 0.01
Nitrogen 0.01 0.01 0.01 0.01
Oxygen 0.015 0.025 0.015 0.025
Hydrogen 0.0015 0.0015 0.0015 0.0015
Zirconium 0.02 0.02 0.8 to 1.2 (range) 0.8 to 1.2 (range)
Tantalum 0.1 0.3 0.1 0.5
Iron 0.005 0.01 0.005 0.01
Silicon 0.005 0.005 0.005 0.005
Tungsten 0.03 0.05 0.03 0.05
Nickel 0.005 0.005 0.005 0.005
Molybdenum 0.010 0.020 0.010 0.050
Hafnium 0.02 0.02 0.02 0.02
Titanium 0.02 0.03 0.02 0.03

When Specified:
Boron 2 ppm ... 2 ppm ...
Aluminum 0.002 0.005 0.002 0.005
Beryllium 0.005 ... 0.005 ...
Chromium 0.002 ... 0.002 ...
Cobalt 0.002 ... 0.002 ...

TABLE 2 Brinell Hardness

Type 1 Type 2 Type 3 Type 4
Maximum average
Maximum per individual

impression

90
105

125
150

125
140

135
150
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dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

13.2 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

14. Certification

14.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with the specification and has been
found to meet the requirements. When specified in the pur-
chase order or contract, a report of the test results shall be
furnished.

15. Product Marking

15.1 Each ingot shall be marked for identification by metal
die stamping the manufacturer’s ingot number on the top of the
ingot. Each box or skid shall be marked or tabbed legibly and
conspicuously with the number, type of material, ingot num-
ber(s), manufacturer’s identification, nominal size, and the
gross, net, and tare weights.

16. Packaging and Package Marking

16.1 Unless otherwise specified, material purchased under
this specification must be boxed or banded on skids in such a
manner as to secure safe delivery to their destination when
properly transported by any common carrier.

17. Keywords

17.1 niobium; niobium alloy ingots

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 392 – 03

Standard Specification for
Niobium and Niobium Alloy Bar, Rod, and Wire 1

This standard is issued under the fixed designation B 392; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers four grades of wrought nio-
bium and niobium alloy bar, rod, and wire as follows:

NOTE 1—Committee B10 has adopted “niobium” as the designation for
Element No. 41, formerly named “columbium.”

1.1.1 R04200-Type 1—Reactor grade unalloyed niobium,
1.1.2 R04210-Type 2—Commercial grade unalloyed nio-

bium,
1.1.3 R04251-Type 3—Reactor grade niobium alloy con-

taining 1 % zirconium, and
1.1.4 R04261-Type 4—Commercial grade niobium alloy

containing 1 % zirconium.
1.2 The values stated in inch-pound units are to be regarded

as the standard. The values given in parentheses are for
information only.

1.3 The following precautionary caveat pertains only to the
test methods portion of this specification. This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ASTM Standards:
B 391 Specification for Niobium and Niobium Alloy In-

gots2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

3. Terminology

3.1 Definitions of Terms Specific to This Standard:Descrip-
tions of Terms Specific to This Standard:

3.1.1 lot—a lot shall consist of all material produced from
the same ingot at one time, with the same cross section,
processed with the same nominal metallurgical parameters and
heat treated at the same conditions.

3.1.2 bar—material less than 6 in. (152.4 mm) in width and
0.187 in. (4.75 mm) or greater in thickness, with a rectangular
cross section, supplied in straight lengths.

3.1.3 rod—material 0.125 to 2.50 in. (3.18 to 63.50 mm) in
diameter, in round, hexagonal, or octagonal cross section
supplied in straight lengths.

3.1.4 wire—material 0.020 to 0.124 in. (0.51 to 3.15 mm) in
diameter, furnished in coils or on spools or reels. Material less
than 0.020 in. (0.51 mm) in diameter is not covered by this
specification.

4. Ordering Information

4.1 Orders for materials under this specification shall in-
clude the following information as applicable:

4.1.1 Type and grade (Section 1),
4.1.2 ASTM designation and year of issue,
4.1.3 Method of manufacture (Section 5),
4.1.4 Temper designation (Section 8),
4.1.5 Quantity in weight, number of pieces, and dimensions,
4.1.6 Chemistry (6.3),
4.1.7 Mechanical properties (Section 7),
4.1.8 Condition (8.2),
4.1.9 Permissible Variations (9.2),
4.1.10 Permissible overshipments (9.4),
4.1.11 Quality and finish (Section 10),
4.1.12 Sampling (Section 11),
4.1.13 Inspection (Section 15),
4.1.14 Required reports (Section 17), and
4.1.15 Additions to the specification and supplementary

requirements, as required.

5. Materials and Manufacture

5.1 Material covered by this specification shall be made
from ingots that conform to Specification B 391 and that are
produced by vacuum or plasma arc melting, vacuum electron-
beam melting, or a combination of these three methods.

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.03 on Niobium and Tantalum.

Current edition approved Sept. 10, 2003. Published September 2003. Originally
approved in 1989. Last previous edition approved in 1999 as B 392 - 99.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
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5.2 The various niobium mill products covered by this
specification are formed with the conventional extrusion,
forging, swaging, rolling, and drawing equipment normally
available in metal working plants.

6. Chemical and Hardness Requirements

6.1 The niobium and niobium alloy ingots and billets for
conversion to finished products covered by this specification
shall conform to the requirements for chemical composition
and hardness as prescribed in Table 1 and Table 2.

6.2 The manufacturer’s ingot analysis shall be considered
the chemical analysis for products supplied under this specifi-
cation, except for interstitials as specified in 6.3.

6.3 When requested by the purchaser at the time of pur-
chase, the manufacturer shall furnish a report certifying the
values of the interstitial elements (C, O, N, H) as prescribed in
Table 3 for each lot of material supplied.

7. Mechanical Requirements

7.1 The annealed materials supplied under this specification
shall conform to the requirements for mechanical properties as
specified in Table 4.

8. Temper Designations

8.1 Unless otherwise stated, the materials supplied under
these specifications shall be in the fully annealed condition,
that is, at least 90 % recrystallized.

8.2 Other temper designations, such as cold-worked temper
or stress-relieved temper, can be specified as agreed upon
between the purchaser and the manufacturer at the time of
purchase.

9. Permissible Variations in Dimensions and Weight

9.1 Tolerances on Rounds—Tolerances on niobium and
niobium alloy round products covered by this specification
shall be as prescribed in Table 5.

9.2 Tolerances for Square, Rectangular, or Other Shapes—
Tolerances for forged or rolled square, rectangular, or other
shapes shall be as agreed upon between the purchaser and the
manufacturer at the time of purchase.

9.3 Other Tolerances and Limitations:
9.3.1 The permissible variations in cut lengths shall not

exceed a total of 0.25 in. (6.35 mm).

TABLE 1 Chemical Requirements

Element

Type 1
(Reactor
Grade
Unalloyed
Niobium)
R04200

Type 2
(Commercial
Grade
Unalloyed
Niobium)
R04210

Type 3
(Reactor
Grade
Niobium-
1 %
Zirconium)
R04251

Type 4
(Commercial
Grade
Niobium-
1 %
Zirconium)
R04261

Max Weight % (Except Where Otherwise Specified)

Each Ingot:
Carbon 0.01 0.01 0.01 0.01
Nitrogen 0.01 0.01 0.01 0.01
Oxygen 0.015 0.025 0.015 0.025
Hydrogen 0.0015 0.0015 0.0015 0.0015
Zirconium 0.02 0.02 0.8 to 1.2

(range)
0.8 to 1.2

(range)
Tantalum 0.1 0.3 0.1 0.5
Iron 0.005 0.01 0.005 0.01
Silicon 0.005 0.005 0.005 0.005
Tungsten 0.03 0.05 0.03 0.05
Nickel 0.005 0.005 0.005 0.005
Molybdenum 0.010 0.020 0.010 0.050
Hafnium 0.02 0.02 0.02 0.02
Titanium 0.02 0.03 0.02 0.03

When Specified:
Boron 2 ppm ... 2 ppm ...
Aluminum 0.002 0.005 0.002 0.005
Beryllium 0.005 ... 0.005 ...
Chromium 0.002 ... 0.002 ...
Cobalt 0.002 ... 0.002 ...

TABLE 2 Brinell Hardness

Type 1 Type 2 Type 3 Type 4
Maximum average 90 125 125 135
Maximum per individual impression 105 150 140 150

TABLE 3 Additional Chemical Requirements for Finished
Product (When Specified by the Purchaser)

Element

Type 1
(Reactor Grade

Unalloyed
Niobium)
R04200

Type 2
(Commercial

Grade
Unalloyed
Niobium)
R04210

Type 3
(Reactor Grade
Niobium—1 %

Zirconium)
R04251

Type 4
(Commercial

Grade
Niobium—1 %

Zirconium)
R04261

Maximum Weight %

Oxygen 0.0250 0.0400 0.0250 0.0400
Carbon 0.0100 0.0150 0.0100 0.0150
Nitrogen 0.0100 0.0100 0.0100 0.0100
Hydrogen 0.0015 0.0015 0.0015 0.0015

TABLE 4 Mechanical Properties, Annealed Condition (90 %
Minimum Recrystallized)

Grade
Ultimate Tensile

Strength, Min, psi
(MPa)

Yield Strength, psi
(MPa)

Elongation
min %,
mmA

Rod, 0.125 in. (3.18 mm) to 2.5 in. (63.5 mm) diameter
Types 1 and 2 18 000 (125) 10 500 (73) 25
Types 3 and 4 28 000 (195) 18 000 (125) 20

Wire, 0.020 in. (0.51 mm) to 0.124 in. (3.145 mm)
Types 1 and 2 18 000 (125) ... 20
Types 3 and 4 28 000 (195) ... 15

A10 in. (254 mm) gage length to 0.050 in. (1.27 mm) diameter, and 1 in. (25.4
mm) or 2 in. (50.8 mm) gage length equal to or over 0.050 in. (1.27 mm).

TABLE 5 Permissible Variations in Dimensions for Rolled,
Swaged, or Drawn Rod and Wire

Diameter, in. (mm) Tolerances, plus or minus, in. (mm)

0.020–0.030 excl (0.51–0.76) 0.00075 (0.019)
0.030–0.060 excl (0.76–1.52) 0.001 (0.025)
0.060–0.090 excl (1.52–2.29) 0.0015 (0.038)
0.090–0.125 excl (2.29–3.18) 0.002 (0.051)
0.125–0.187 excl (3.18–4.75) 0.003 (0.076)
0.187–0.375 excl (4.75–9.53) 0.004 (0.102)
0.375–0.500 excl (9.53–12.7) 0.005 (0.127)
0.500–0.625 excl (12.7–15.9) 0.007 (0.178)
0.625–0.750 excl (15.9–19.1) 0.008 (0.203)
0.750–1.000 excl (19.1–25.4) 0.010 (0.254)
1.000–1.500 excl (25.4–38.1) 0.015 (0.381)
1.500–2.000 excl (38.1–50.8) 0.020 (0.508)
2.000–2.500 incl (50.8–63.5) 0.030 (0.762)
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9.3.2 The permissible variation in straightness of rounds
shall not exceed 0.050 in./ft (4.2 mm/m) in any length.

9.4 Quantity or Weight—For orders requiring up to 100 ft
(30.5 m) of finished product, the manufacturer may overship by
20 %. When the order is for quantities up to 1000 ft (305 m) or
1000 lb (453.6 kg), the manufacturer may overship by 10 %.
The permissible overshipment shall be negotiated for orders
larger than this quantity.

10. Quality and Finish

10.1 Finished niobium and niobium alloy bar, rod, and wire
shall be free of injurious internal and external imperfections of
a nature that will interfere with the purpose for which it was
intended. Material may be finished as-rolled, as-cleaned, as-
ground, or as-machined. If shipped as hot-worked, cold-
worked, cleaned, or ground, the manufacturer shall be permit-
ted to remove minor surface imperfections, if such removal
does not reduce the dimensions below the minimum permitted
by the tolerances specified in Table 5.

10.2 The finished bars, rods, or wire shall be visibly free of
oxide, grease, oil, residual lubricants, and other extraneous
materials.

10.3 The finished bars, rods, or wire shall be visibly free of
cracks, seams, slivers, burrs, blisters, and other injurious
imperfections.

10.4 Methods of testing for these defects and standards of
acceptability shall be as agreed upon between the manufacturer
and the purchaser.

11. Sampling

11.1 Samples for chemical and mechanical testing shall be
taken from the finished material after all metallurgical process-
ing to determine conformity to this specification. The samples
may be taken prior to final inspection and minor surface
conditioning by abrasion and pickling, and shall be represen-
tative of the finished product.

11.2 Care shall be exercised to ensure that the sample
selected for testing is representative of the material and that it
is not contaminated by the sampling procedure. If there is any
question relating to the sampling technique or the analysis
thereof, the methods of sampling and analysis shall be as
agreed upon between the purchaser and the manufacturer.

12. Number of Tests and Retests

12.1 A minimum of one sample from each lot of bars, rods,
or wire shall be tested for tensile properties in the longitudinal
direction.

12.2 If end-product chemical tests are required (6.3), one
chemical test shall be made from each lot of finished product.

12.3 Retests—If any sample or specimen exhibits obvious
surface contamination or improper preparation, disqualifying it
as a truly representative sample, it shall be discarded and a new
sample or specimen substituted.

12.3.1 In case of a failure, retest two additional specimens.
If both retest specimens conform to this specification, discard
the original values and consider the material acceptable;
otherwise, the lot shall be rejected or reworked and tested.

12.4 If the results of the final tube inspections are not in
conformance with the requirements of this specification, the lot

may be reworked at the option of the manufacturer. The lot
shall be acceptable if results of all tests, after reworking,
conform to this specification.

13. Significance of Numerical Limits

13.1 For the purposes of determining compliance with the
specified limits for requirements of the properties listed in this
specification, an observed value or a calculated value shall be
rounded as indicated in accordance with the rounding method
of Practice E 29.

14. Test Methods

14.1 Tension Test—Conduct tension tests in accordance
with Test Methods E 8. Determine the yield strength by the
0.2 % offset method. Small size, 1-in. (25.4-mm) gage length
specimens proportional to the standard specimen can be used.
Determine tensile properties using a strain rate of 0.003 to
0.007 in./in.·min (.076 to .178 mm/mm·min) through the yield
point. After the yield strength has been exceeded, increase the
cross-head speed to approximately 0.02 to 0.05 in./in.·min
(.500 to 1.27 mm/mm·min) to failure.

15. Inspection

15.1 If so specified on the purchase order, the purchaser or
his representative may witness the testing and inspection of the
material at the place of manufacture. In such cases, the
purchaser shall state in his purchase order which tests he
desires to witness. The manufacturer shall give ample notice to
the purchaser as to the time and place of the designated test. If
the purchaser’s representative does not present himself at the
agreed-upon time for the testing, and if no new date is set, the
manufacturer shall consider the requirement for purchaser’s
inspection at the place of manufacture to be waived. When the
inspector representing the purchaser does appear at the ap-
pointed place and time, the manufacturer shall afford him all
reasonable facilities to see that the material is being furnished
in accordance with this specification. This inspection shall be
conducted so as not to interfere unnecessarily with production
operations.

16. Rejection and Rehearing

16.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16.2 In the event of disagreement between the manufacturer
and the purchaser about the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

17. Certification

17.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification that the material was
manufactured, sampled, tested, and inspected in accordance
with this specification, and found to meet the requirements
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shall be furnished to the purchaser. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

18. Product Marking

18.1 Each bar, rod, bundle, box, coil, or spool shall be
marked or tagged legibly and conspicuously with the number
of this specification, type, temper, heat number, manufacturer’s
identification, nominal size, and the gross, net, and tare
weights. If marking fluids are used, they shall be of such a
nature as to be easily removed with cleaning solutions. The

markings or their removal shall have no deleterious effect on
the material or its performance. The characters shall be
sufficiently stable to withstand ordinary handling.

19. Packaging and Package Marking

19.1 All material shall be packed in such a manner as to
ensure safe delivery to its destination when properly trans-
ported by any common carrier.

20. Keywords

20.1 niobium; niobium alloy; niobium bar; niobium rod;
niobium wire

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 393 – 03

Standard Specification for
Niobium and Niobium Alloy Strip, Sheet, and Plate 1

This standard is issued under the fixed designation B 393; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers four grades of wrought nio-
bium and niobium alloy strip, sheet, and plate as follows:

NOTE 1—Committee B10 has adopted “niobium” as the designation for
Element No. 41, formerly named “columbium.”

1.1.1 R04200-Type 1—Reactor grade unalloyed niobium,
1.1.2 R04210-Type 2—Commercial grade unalloyed nio-

bium,
1.1.3 R04251-Type 3—Reactor grade niobium alloy con-

taining 1 % zirconium, and
1.1.4 R04261-Type 4—Commercial grade niobium alloy

containing 1 % zirconium.
1.2 Except for dimensional tolerances in Table 1, the values

stated in inch-pound units are to be regarded as the standard.
The values given in parentheses are for information only.

1.3 The following precautionary caveat pertains only to the
test methods portion of this specification. This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ASTM Standards:
B 391 Specification for Niobium and Niobium Alloy In-

gots2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 lot—a lot shall consist of all material produced from
the same ingot at one time, with the same cross section,
processed with the same nominal metallurgical parameters and
heat treated at the same conditions.

3.1.2 plate—a flat product 6 in. (152.4 mm) or more in
width and greater than3⁄16 in. (4.76 mm) in thickness.

3.1.3 sheet—a flat product 6 in. (152.4 mm) or more in
width and from 0.005 in. (0.13 mm) to3⁄16 in. (4.76 mm) in
thickness.

3.1.4 strip—a flat product, which may be supplied in coil,
less than 6 in. (152.4 mm) in width and from 0.005 in. (0.13
mm) to 3⁄16 in. (4.76 mm) in thickness.

4. Ordering Information

4.1 Orders for materials under this specification shall in-
clude the following information as applicable:

4.1.1 Type and grade (Section 1),
4.1.2 ASTM designation and year of issue,
4.1.3 Quantity in weight, number of pieces, and dimensions,
4.1.4 Chemistry (6.3),
4.1.5 Temper designation (Section 8),
4.1.6 Permissible overshipment (9.3),
4.1.7 Quality and finish (10.3),
4.1.8 Sampling (11.2),
4.1.9 Inspection (Section 15),
4.1.10 Required reports (Section 17),
4.1.11 Marking (Section 18), and
4.1.12 Additions to the specification and supplementary

requirements, as required.

5. Materials and Manufacture

5.1 Material covered by this specification shall be made
from ingots that conform to Specification B 391 and that are
produced by vacuum or plasma arc melting, vacuum electron-
beam melting, or a combination of these three methods.

5.2 The various niobium mill products covered by this
specification are formed with the conventional extrusion,
forging, swaging, rolling, and drawing equipment normally
available in metal working plants.

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.03 on Niobium and Tantalum.

Current edition approved Sept. 10, 2003. Published September 2003. Originally
approved in 1999. Last previous edition approved in 1999 as B 393 - 99.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.

1
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6. Chemical and Hardness Requirements

6.1 The niobium and niobium alloy ingots and billets for
conversion to finished products covered by this specification
shall conform to the requirements for chemical composition
and hardness as prescribed in Table 2 and Table 3.

6.2 The manufacturer’s ingot analysis shall be considered
the chemical analysis for products supplied under this specifi-
cation, except for interstitials as specified in 6.3.

6.3 When requested by the purchaser at the time of pur-
chase, the manufacturer shall furnish a report certifying the
values of the interstitial elements (C, O, N, H) as prescribed in
Table 4 for each lot of material supplied.

7. Mechanical Requirements

7.1 The annealed materials supplied under this specification
shall conform to the requirements for mechanical properties as
specified in Table 5.

8. Temper Designations

8.1 Unless otherwise stated, the materials supplied under
these specifications shall be in the fully annealed condition,
that is, at least 90 % recrystallized.

8.2 Other temper designations, such as cold-worked temper
or stress-relieved temper, can be specified as agreed upon
between the purchaser and the manufacturer at the time of
purchase.

TABLE 1 Dimensional Tolerances for Niobium Flat-Rolled Products

Thickness of Material,
in. (mm) in lower table

Tolerance on ThicknessA plus or
minus, in. (mm) in lower table

Tolerance on Width (slit)B plus or
minus, in.(mm) in lower table

Tolerance on Sheared Lengths, in. (mm)

Width under 6 in.
or 152.4 mm

Width 6 to 24 in.
or 152.4 to
609.6 mm

Width under 6 in.
or 152.4 mm

Width 6 to 24 in.
or 152.4 to
609.6 mm

Length 12 in. or 304.8 mm
and under

Length over 12 in. or 304.8 mm

Plus Minus Plus Minus

Inches

0.005 to 0.010 excl 0.0005 0.001 0.012 ... 1⁄16 0 3⁄32 0
0.010 to 0.015 excl 0.0007 0.001 0.015 0.015 1⁄16 0 3⁄32 0
0.015 to 0.020 excl 0.0008 0.0015 0.015 0.015 1⁄16 0 3⁄32 0
0.020 to 0.030 excl 0.0015 0.0025 0.020 0.025 1⁄16 0 3⁄32 0
0.030 to 0.060 excl 0.0025 0.0035 0.025 0.030 1⁄16 0 3⁄32 0
0.060 to 0.090 excl 0.004 0.005 0.025 0.035 1⁄16 0 3⁄32 0
0.090 to 0.125 excl 0.006 0.007 ... ... 1⁄16 0 3⁄32 0
0.125 to 0.187 excl 0.010 0.010 ... ... 1⁄16 0 3⁄32 0
0.187 to 0.250 excl 0.015 0.015 ... ... 1⁄8 0 5⁄32 0
0.250 to 0.312 excl 0.020 0.020 ... ... 1⁄8 0 5⁄32 0
0.312 to 0.375 excl 0.025 0.025 ... ... 3⁄16 0 7⁄32 0

Millimetres

0.13 to 0.254 excl 0.013 0.025 0.30 ... 1.59 0 2.38 0
0.254 to 0.381 excl 0.018 0.025 0.38 0.38 1.59 0 2.38 0
0.381 to 0.508 excl 0.020 0.038 0.38 0.38 1.59 0 2.38 0
0.508 to 0.762 excl 0.038 0.064 0.51 0.64 1.59 0 2.38 0
0.762 to 1.524 excl 0.064 0.089 0.64 0.76 1.59 0 2.38 0
1.524 to 2.286 excl 0.102 0.127 0.64 0.89 1.59 0 2.38 0
2.286 to 3.175 excl 0.15 0.18 ... ... 1.59 0 2.38 0
3.175 to 4.75 excl 0.25 0.25 ... ... 1.59 0 2.38 0
4.75 to 6.35 excl 0.38 0.38 ... ... 3.18 0 3.97 0
6.35 to 7.925 excl 0.51 0.51 ... ... 3.18 0 3.97 0
7.925 to 9.52 excl 0.64 0.64 ... ... 4.76 0 5.56 0

ATolerance on thickness of sheet over 24 in. (610 mm) wide shall be 610 % of the thickness.
BTolerance on width of sheared sheet shall be 61⁄16 in. (61.6 mm) and on sheared plate shall be 61⁄8 in. (63.2 mm) up to material thickness of 0.375 in. (9.5 mm).

TABLE 2 Chemical Requirements

Element

Type 1
(Reactor
Grade
Unalloyed
Niobium)
R04200

Type 2
(Commercial
Grade
Unalloyed
Niobium)
R04210

Type 3
(Reactor
Grade
Niobium-
1 %
Zirconium)
R04251

Type 4
(Commercial
Grade
Niobium-
1 %
Zirconium)
R04261

Max Weight % (Except Where Otherwise Specified)

Each ingot:
Carbon 0.01 0.01 0.01 0.01
Nitrogen 0.01 0.01 0.01 0.01
Oxygen 0.015 0.025 0.015 0.025
Hydrogen 0.0015 0.0015 0.0015 0.0015
Zirconium 0.02 0.02 0.8 to 1.2

(range)
0.8 to 1.2
(range)

Tantalum 0.1 0.3 0.1 0.5
Iron 0.005 0.01 0.005 0.01
Silicon 0.005 0.005 0.005 0.005
Tungsten 0.03 0.05 0.03 0.05
Nickel 0.005 0.005 0.005 0.005
Molybdenum 0.010 0.020 0.010 0.050
Hafnium 0.02 0.02 0.02 0.02

Titanium 0.02 0.03 0.02 0.03
When specified:

Boron 2 ppm ... 2 ppm ...
Aluminum 0.002 0.005 0.002 0.005
Beryllium 0.005 ... 0.005 ...
Chromium 0.002 ... 0.002 ...
Cobalt 0.002 ... 0.002 ...

B 393 – 03

2



9. Permissible Variations in Dimensions and Weight

9.1 Tolerances for thickness, width, and length for flat-
rolled products covered by this specification shall be as
prescribed in Table 1.

9.2 Flatness tolerance for sheet and plate products supplied
under this specification shall be a maximum of 6 % as
determined by the following equation (see Fig. 1):

Flatness, %5 ~H/L! 3 100
(1)

where:
H = maximum vertical distance between a flat reference

and the lower surface of the sheet, and
L = minimum horizontal distance between the highest

point on a sheet and the point of contact with a flat
reference surface. (Fig. 1 is included to illustrate the
method for taking measurements for calculation of
sheet flatness. However, a value of H less than1⁄32 in.
(0.070 mm) shall not be cause for rejection.)

9.3 Quantity or Weight—For orders requiring up to 100 lb
(45.4 kg) of finished product, the manufacturer may overship
by 20 %. When the order is for quantities up to 1000 lb (453.6
kg), the manufacturer may overship by 10 %. The permissible
overshipment shall be negotiated for orders larger than this
quantity.

10. Quality and Finish

10.1 Finished niobium and niobium alloy strip, sheet, and
plate shall be free of injurious internal and external imperfec-
tions of a nature that will interfere with the purpose for which
it was intended. Material may be finished as rolled, as cleaned,
or as ground. If shipped as hot-worked, cold-worked, cleaned,
or ground, the manufacturer shall be permitted to remove
minor surface imperfections, if such removal does not reduce
the dimensions below the minimum permitted by the tolerances
specified in Table 1.

10.2 The finished strip, sheet, or plate shall be visibly free of
oxide, grease, oil, residual lubricants, and other extraneous
materials.

10.3 Methods of testing for these defects and standards of
acceptability shall be as agreed upon between the manufacturer
and the purchaser.

11. Sampling

11.1 Samples for chemical and mechanical testing shall be
taken from the finished material after all metallurgical process-
ing to determine conformity to this specification. The samples

TABLE 3 Brinell Hardness

Type 1 Type 2 Type 3 Type 4
Maximum average 90 125 125 135
Maximum per individual impression 105 150 140 150

TABLE 4 Additional Chemical Requirements for Finished
Product (When Specified by Purchaser)

Element

Type 1
(Reactor Grade

Unalloyed
Niobium)
R04200

Type 2
(Commercial

Grade
Unalloyed
Niobium)
R04210

Type 3
(Reactor
Grade

Niobium—1 %
Zirconium)

R04251

Type 4
(Commercial

Grade
Niobium—1 %

Zirconium)
R04261

Max Weight %

Oxygen 0.0250 0.0400 0.0250 0.0400
Carbon 0.0100 0.0150 0.0100 0.0150
Nitrogen 0.0100 0.0100 0.0100 0.0100
Hydrogen 0.0015 0.0015 0.0015 0.0015

TABLE 5 Mechanical Properties A for Material, Annealed
Condition (90 % Minimum Recrystallized)

Grade
Ultimate Tensile
Strength, min,

psi (MPa)

Yield Strength
(0.2 % offset),
min, psi (MPa)

Elongation in 1-in. (25.4-
mm) gage length, min, %
0.010 in. or

Greater
Less Than
0.010 in.

Types 1 and 2 18 000 (125) 10 500 (73) 20 15
Types 3 and 4 28 000 (195) 18 000 (125) 20 15

ARefer to Section 14 for conditions of mechanical tests.

H = maximum distance between flat surface and lower surface of sheet.
L = minimum distance between highest point on sheet and point of contact with flat surface.

Flatness, percent = (H/L) x 100

FIG. 1 Plate and Sheet Flatness Tolerances
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may be taken prior to final inspection and minor surface
conditioning by abrasion and pickling shall be representative of
the finished product.

11.2 Care shall be exercised to ensure that the sample
selected for testing is representative of the material and that it
is not contaminated by the sampling procedure. If there is any
question relating to the sampling technique or the analysis
thereof, the methods of sampling and analysis shall be as
agreed upon between the purchaser and the manufacturer.

12. Number of Tests and Retests

12.1 A minimum of one sample from each lot of strip, sheet,
or plate shall be tested for tensile properties.

12.2 If end-product chemical tests are required (6.3), one
chemical test shall be made from each lot of finished product.

12.3 Retests—If any sample or specimen exhibits obvious
surface contamination or improper preparation, disqualifying it
as a truly representative sample, it shall be discarded and a new
sample or specimen substituted.

12.3.1 In case of a failure, retest two additional specimens.
If both retest specimens conform to this specification, discard
the original values and consider the material acceptable;
otherwise, the lot shall be rejected or reworked and tested.

12.4 Rework—If the results of the final sheet, strip, or plate
inspections are not in conformance with the requirements of
this specification, the lot may be reworked at the option of the
manufacturer. The lot shall be acceptable if the results of all
tests, after reworking, conform to this specification.

13. Significance of Numerical Limits

13.1 For the purposes of determining compliance with the
specified limits for requirements of the properties listed in this
specification, an observed value or a calculated value shall be
rounded as indicated in accordance with the rounding method
of Practice E 29.

14. Test Methods

14.1 Tension Test— Conduct tension tests in accordance
with Test Methods E 8. Determine the yield strength by the
0.2 % offset method. Small size, 1-in. (25.4-mm) gage length
specimens proportional to the standard specimen can be used.
Determine tensile properties using a strain rate of 0.003 to
0.007 in./in.·min (mm/mm·min) through the yield point. After
the yield strength has been exceeded, increase the cross-head
speed to approximately 0.02 to 0.05 in./in.·min (mm/mm·min)
to failure.

15. Inspection

15.1 If so specified on the purchase order, the purchaser or
his representative may witness the testing and inspection of the
material at the place of manufacture. In such cases, the
purchaser shall state in his purchase order which tests he
desires to witness. The manufacturer shall give ample notice to
the purchaser as to the time and place of the designated test. If
the purchaser’s representative does not present himself at the
agreed-upon time for the testing, and if no new date is set, the

manufacturer shall consider the requirement for purchaser’s
inspection at the place of manufacture to be waived. When the
inspector representing the purchaser does appear at the ap-
pointed place and time, the manufacturer shall afford him all
reasonable facilities to see that the material is being furnished
in accordance with this specification. This inspection shall be
conducted so as not to interfere unnecessarily with production
operations.

16. Rejection and Rehearing

16.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16.2 In the event of disagreement between the manufacturer
and the purchaser about the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

17. Certification

17.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification that the material was
manufactured, sampled, tested, and inspected in accordance
with this specification and found to meet the requirements shall
be furnished to the purchaser. When specified in the purchase
order or contract, a report of the test results shall be furnished.

18. Product Marking

18.1 Unless otherwise specified, each strip, sheet, or plate
shall be marked in the respective location indicated below with
the number of this specification, type, temper, heat number,
manufacturer’s identification, nominal size, and the gross, net,
and tare weights. Characters shall be at least3⁄8 in. (9.5 mm) in
height. If marking fluids or adhesive labels are used, they shall
be of such a nature as to be easily removed with cleaning
solutions. The markings or their removal shall have no delete-
rious effect on the material or its performance. The characters
shall be sufficiently stable to withstand ordinary handling.

18.2 Cut strip, flat sheet, and plate shall be marked in
lengthwise rows of characters recurring at intervals not greater
than 2 ft (0.6 m), the rows being spaced more than 3 in. (76.2
mm) apart and alternately staggered.

18.3 Coiled sheet and strip shall be marked at the outside of
the coil.

19. Packaging and Package Marking

19.1 All material shall be packed in such a manner as to
ensure safe delivery to its destination when properly trans-
ported by any common carrier.

20. Keywords

20.1 niobium; niobium alloy plate; niobium alloy sheet;
niobium alloy strip
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Designation: B 394 – 03

Standard Specification for
Niobium and Niobium Alloy Seamless and Welded Tubes 1

This standard is issued under the fixed designation B 394; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers wrought niobium and niobium
alloy seamless and welded tubes as follows:

NOTE 1—Committee B10 has adopted “niobium” as the designation for
Element No. 41, formerly named “columbium.”

1.1.1 R04200-Type 1—Reactor grade unalloyed niobium,
1.1.2 R04210-Type 2—Commercial grade unalloyed nio-

bium,
1.1.3 R04251-Type 3—Reactor grade niobium alloy con-

taining 1 % zirconium, and
1.1.4 R04261-Type 4—Commercial grade niobium alloy

containing 1 % zirconium.
1.2 The values stated in inch-pound units are to be regarded

as the standard. The values given in parentheses are for
information only.

1.3 The following precautionary caveat pertains only to the
test methods portion of this specification. This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ASTM Standards:
B 391 Specification for Niobium and Niobium Alloy In-

gots2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 lot—a lot shall consist of all material produced from
the same ingot at one time, with the same cross section,
processed with the same nominal metallurgical parameters and
heat treated at the same conditions.

4. Ordering Information

4.1 Orders for materials under this specification shall in-
clude the following information as applicable:

4.1.1 Type and grade (Section 1),
4.1.2 ASTM designation and year of issue,
4.1.3 Welding (Section 5),
4.1.4 Quantity in weight, number of pieces, and dimensions,
4.1.5 Chemistry (6.3),
4.1.6 Temper designation (Section 8),
4.1.7 Permissible variations in length and quantity or weight

(9.2, 9.4, and Table 1B),
4.1.8 Quality and finish (10.4),
4.1.9 Sampling (11.2),
4.1.10 Hydrostatic or pneumatic test (14.2),
4.1.11 Inspection (Section 15),
4.1.12 Required reports (Section 17), and
4.1.13 Additions to the specification and supplementary

requirements, as required.

5. Materials and Manufacture

5.1 Material covered by this specification shall be made
from ingots that conform to Specification B 391 and that are
produced by vacuum or plasma arc melting, vacuum electron-
beam melting, or a combination of these three methods.

5.2 Seamless tubes may be made by any seamless method
that will yield a product meeting the requirements of this
specification, such as, but not limited to, extrusion of billets
with subsequent cold working by drawing, swaging, or rock-
ing, with intermediate anneals, until the final dimensions are
reached.

5.3 Welded tubing shall be made from flat-rolled products
by an automatic or semiautomatic welding process with no
addition of filler metal in the welding operation. Other methods
of welding, such as the addition of filler metal or hand welding,
may be employed if approved by the purchaser and tested by
methods agreed upon between the manufacturer and the

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.03 on Niobium and Tantalum.

Current edition approved Sept. 10, 2003. Published September 2003. Originally
approved in 1989. Last previous edition approved in 1999 as B 394 - 99.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
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purchaser. The manufacturer must use proper precautions to
prevent contamination during welding.

6. Chemical and Hardness Requirements

6.1 The niobium and niobium alloy ingots and billets for
conversion to finished products covered by this specification
shall conform to the requirements for chemical composition
and hardness as prescribed in Table 2 and Table 3.

6.2 The manufacturer’s ingot analysis shall be considered
the chemical analysis for products supplied under this specifi-
cation, except for interstitials as specified in 6.3.

6.3 When requested by the purchaser at the time of pur-
chase, the manufacturer shall furnish a report certifying the
values of the interstitial elements (C, O, N, H) as prescribed in
Table 4 for each lot of material supplied.

7. Mechanical Requirements

7.1 The annealed materials supplied under this specification
shall conform to the requirements for mechanical properties as
specified in Table 5.

8. Temper Designations

8.1 Unless otherwise stated, the materials supplied under
these specifications shall be in the fully annealed condition,
that is, at least 90 % recrystallized.

8.2 Other temper designations, such as cold-worked temper
or stress-relieved temper, can be specified as agreed upon
between the purchaser and the manufacturer at the time of
purchase.

TABLE 1 Permissible Variations in Diameter and Wall Thickness
Measured at any Location A

Nominal Outside Diameter,
in. (mm)B

Variation in
Outside

Diameter,
Over and
Under, in.

(mm)B

Variation in
Inside

Diameter,
Over and
Under, in.

(mm)C

Variation in
Wall Thickness,

Over and
Under, %C,D

0.187 to 0.625 (4.7 to 15.9), excl 0.004 (0.010) 0.004 (0.010) 10
0.625 to 1.000 (15.9 to 25.4), excl 0.005 (0.13) 0.005 (0.13) 10
1.000 to 2.000 (25.4 to 50.8), excl 0.0075 (0.19) 0.0075 (0.19) 10
2.000 to 3.000 (50.8 to 76.2), excl 0.010 (0.25) 0.010 (0.25) 10
3.000 to 4.000 (76.2 to 101.6), excl 0.0125 (0.32) 0.0125 (0.32) 10

AThese tolerances are applicable to only two dimensions, such as outside
diameter and wall, or inside diameter and wall, or outside diameter and inside
diameter.

BFor applicable tolerances for very small tubes, less than 0.187 in. (4.9 mm) in
outside diameter, or very thin wall tubes, less than 0.010 in. (0.25 mm), the
producer should be consulted.

CWhen tubes as ordered require wall thicknesses 3⁄4 in. (19.05 mm) or over, or
an inside diameter 60 % or less of the outside diameter, a wider variation in wall
thickness is required. On such sizes, a variation in wall thickness of 12.5 % over
and under will be permitted.

DOvality measured at any cross section: For tubes with nominal wall thickness
less than 3 % of the nominal outside diameter, the ovality tolerance is double the
tolerance shown in the second and third columns.

TABLE 2 Chemical Requirements

Element

Type 1
(Reactor
Grade
Unalloyed
Niobium)
R04200

Type 2
(Commercial
Grade
Unalloyed
Niobium)
R04210

Type 3
(Reactor Grade
Niobium—1 %
Zirconium)
R04251

Type 4
(Commercial
Grade
Niobium—1 %
Zirconium)
R04261

Max Weight % (Except Where Otherwise Specified)

Each ingot:
Carbon 0.01 0.01 0.01 0.01
Nitrogen 0.01 0.01 0.01 0.01
Oxygen 0.015 0.025 0.015 0.025
Hydrogen 0.0015 0.0015 0.0015 0.0015
Zirconium 0.02 0.02 0.8 to 1.2

(range)
0.8 to 1.2

(range)
Tantalum 0.1 0.3 0.1 0.5
Iron 0.005 0.01 0.005 0.01
Silicon 0.005 0.005 0.005 0.005
Tungsten 0.03 0.05 0.03 0.05
Nickel 0.005 0.005 0.005 0.005
Molybdenum 0.010 0.020 0.010 0.050
Hafnium 0.02 0.02 0.02 0.02
Titanium 0.02 0.03 0.02 0.03

When specified:
Boron 2 ppm ... 2 ppm ...
Aluminum 0.002 0.005 0.002 0.005
Beryllium 0.005 ... 0.005 ...
Chromium 0.002 ... 0.002 ...
Cobalt 0.002 ... 0.002 ...

TABLE 3 Brinell Hardness

Type 1 Type 2 Type 3 Type 4
Maximum average 90 125 125 135
Maximum individual impression 105 150 140 150

TABLE 4 Additional Chemical Requirements for Finished
Product (When Specified by Purchaser)

Element

Type 1
(Reactor Grade

Unalloyed
Niobium)
R04200

Type 2
(Commercial

Grade
Unalloyed
Niobium)
R04210

Type 3
(Reactor Grade
Niobium—1 %

Zirconium)
R04251

Type 4
(Commercial

Grade
Niobium—1 %

Zirconium)
R04261

Max Weight %

Oxygen 0.0250 0.0400 0.0250 0.0400
Carbon 0.0100 0.0150 0.0100 0.0150
Nitrogen 0.0100 0.0100 0.0100 0.0100
Hydrogen 0.0015 0.0015 0.0015 0.0015
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9. Permissible Variations in Dimensions and Weight

9.1 Diameter and Wall Thickness—The permissible varia-
tions in diameter and wall thickness of the tubes shall not
exceed those prescribed in Table 1.

9.2 Length—When tube is ordered cut to length, the useable
length shall not be less than that specified, but a variation of
+1⁄8 in. (3.18 mm) will be permitted for lengths up to 6 ft (1.8
m). For lengths over 6 ft, a variation of +1⁄4 in. (6.4 mm) will
be permitted, unless otherwise specified at the time of pur-
chase.

9.3 Straightness—The tube shall be free of bends or kinks,
and the maximum bow shall not exceed values shown in Table
6.

9.4 Quantity or Weight—For orders requiring up to 100 ft
(30.5 m) of finished tubing, the manufacturer may overship by
20 %. When the order is for quantities up to 1000 ft (305 m) or
1000 lb (453.6 kg), the manufacturer may overship by 10 %.
The permissible overshipment shall be negotiated for orders
larger than this quantity.

10. Quality and Finish

10.1 Finished niobium and niobium alloy tubes shall be free
of injurious internal and external imperfections of a nature that
will interfere with the purpose for which it was intended.

10.2 The finished tubes shall be visibly free of oxide,
grease, oil, residual lubricants, and other extraneous materials.

10.3 The finished tubes shall be free of cracks, seams,
slivers, burrs, blisters, and other injurious imperfections ex-
ceeding 10 % of the nominal wall thickness.

10.4 Methods of testing for these defects and standards of
acceptability shall be as agreed upon between the manufacturer
and the purchaser.

11. Sampling

11.1 Samples for chemical and mechanical testing shall be
taken from the finished material after all metallurgical process-
ing to determine conformity to this specification. The samples
may be taken prior to final inspection and minor surface
conditioning by abrasion and pickling, and shall be represen-
tative of the finished product.

11.2 Care shall be exercised to ensure that the sample
selected for testing is representative of the material and that it
is not contaminated by the sampling procedure. If there is any
question relating to the sampling technique or the analysis
thereof, the methods of sampling and analysis shall be as
agreed upon between the purchaser and the manufacturer.

12. Number of Tests and Retests

12.1 Two samples from each lot of tubes shall be tested for
flare and tensile properties in the longitudinal direction.

12.2 When hydrostatic or pneumatic testing is required, all
tubes in the lot shall be tested.

12.3 If end-product chemical tests are required (6.3), one
chemical test shall be made from each lot of finished product.

12.4 Retests—If any sample or specimen exhibits obvious
surface contamination or improper preparation, disqualifying it
as a truly representative sample, it shall be discarded and a new
sample or specimen substituted.

12.4.1 In case of a failure, retest two additional specimens.
If both retest specimens conform to this specification, discard
the original values and consider the material acceptable;
otherwise, the lot shall be rejected or reworked and tested.

12.5 If the results of the final tube inspections are not in
conformance with the requirements of this specification, the lot
may be reworked at the option of the manufacturer. The lot
shall be acceptable if results of all tests, after reworking,
conform to this specification.

13. Significance of Numerical Limits

13.1 For the purposes of determining compliance with the
specified limits for requirements of the properties listed in this
specification, an observed value or a calculated value shall be
rounded as indicated in accordance with the rounding method
of Practice E 29.

14. Test Methods

14.1 Tension Test—Conduct tension tests in accordance
with Test Methods E 8. Determine the yield strength by the
0.2 % offset method. Small size, 1-in. (25.4-mm) gage length
specimens proportional to the standard specimen can be used.
Determine tensile properties using a strain rate of 0.003 to
0.007 in./in.·min (mm/mm·min) through the yield point. After
the yield strength has been exceeded, increase the cross-head
speed to approximately 0.05 in./in.·min (mm/mm·min) to
failure.

14.2 Hydrostatic and Pneumatic Test—These tests are op-
tional. Should the purchaser require either or both of these tests
on finished tubular product, the requirement must be agreed
upon at the time of purchase. The cost of this special provision
will be negotiated between the purchaser and the manufacturer
at the time of purchase. The procedure for the hydrostatic test
is outlined in 14.2.1, and the procedure for the pneumatic test
is outlined in 14.2.2. If both tests are specified by the
purchaser, the hydrostatic test will be done first.

14.2.1 Hydrostatic Test—Each tube so tested shall with-
stand without showing bulges, leaks, or other defects, an
internal hydrostatic pressure that will produce in the tube wall

TABLE 5 Mechanical Properties A for Material, Annealed
Condition (90 % Minimum Recrystallized)

Grade
Ultimate Tensile

Strength, min, psi
(MPa)

Yield Strength
(0.2 % offset), min,

psi (MPa)

Elongation in 1-in.
(25-mm) gage
length, min, %

Type 1 18 000 (125) 10 500 ( 73) 25
Type 2 18 000 (125) 10 500 ( 73) 25
Type 3 28 000 (195) 18 000 (125) 20
Type 4 28 000 (195) 18 000 (125) 20

ARefer to Section 13 for conditions of mechanical property tests.

TABLE 6 Straightness

Length, ft (m) Maximum Curvature Depth of Arc

Over 3 to 6 (0.91 to 1.83), incl 1⁄8 in. (3.2 mm)
Over 6 to 8 (1.83 to 2.44), incl 3⁄16 in. (4.8 mm)
Over 8 to 10 (2.44 to 3.05), incl 1⁄4 in. (6.4 mm)
Over 10 (3.05) 1⁄4 in./any 10 ft (2.1 mm/m)
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a stress of 75 % of the minimum specified yield strength at
room temperature. This pressure shall be determined by the
following equation:

P 5 2St/D
(1)

where:
P = minimum hydrostatic pressure, psi (or MPa),
S = allowable fiber stress of 75 % of the minimum yield

strength, psi (or MPa),
t = average wall thickness of the tube, in. (or mm), and
D = outside diameter of the tube, in. (or mm).

Maintain the test pressure for at least 10 s.
14.2.2 Pneumatic Test—Each tube so tested shall withstand

an internal air pressure of 100 psi (.7 MPa) minimum for a
minimum of 5 s without showing evidence of leakage. The test
method used, for example, placing the tube under water or
using the pressure differential method, shall permit easy visual
detection of any leakage. Any evidence of leakage shall be
cause for rejection of that tube.

14.3 Flare—A section of the finished tube shall be capable
of being flared without cracking that is visible to the unaided
eye. The flare shall be made with a tool having a 60° included
angle until the outside diameter has been increased 15 %.

15. Inspection

15.1 If so specified on the purchase order, the purchaser or
his representative may witness the testing and inspection of the
material at the place of manufacture. In such cases, the
purchaser shall state in his purchase order which tests he
desires to witness. The manufacturer shall give ample notice to
the purchaser as to the time and place of the designated test. If
the purchaser’s representative does not present himself at the
agreed-upon time for the testing, and if no new date is set, the
manufacturer shall consider the requirement for purchaser’s
inspection at the place of manufacture to be waived. When the
inspector representing the purchaser does appear at the ap-
pointed place and time, the manufacturer shall afford him all
reasonable facilities to see that the material is being furnished
in accordance with this specification. This inspection shall be
conducted so as not to interfere unnecessarily with production
operations.

16. Rejection and Rehearing

16.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16.2 In the event of disagreement between the manufacturer
and the purchaser about the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

17. Certification

17.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

18. Product Marking

18.1 Each bundle, box, or carton shall be marked or tagged
legibly and conspicuously with the number of this specifica-
tion, type, temper, heat number, manufacturer’s identification,
nominal size, and the gross, net, and tare weights. If marking
fluids are used, they shall be of such a nature as to be easily
removed with cleaning solutions. The markings or their re-
moval shall have no deleterious effect upon the material or its
performance. The characters shall be sufficiently stable to
withstand ordinary handling.

19. Packaging and Package Marking

19.1 All material shall be packed in such a manner as to
ensure safe delivery to its destination when properly trans-
ported by any common carrier.

20. Keywords

20.1 niobium; niobium alloy; seamless tubes; seamless and
welded tubes; welded tubes

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

B 394 – 03

4



Designation: B 407 – 01

Standard Specification for
Nickel-Iron-Chromium Alloy Seamless Pipe and Tube 1

This standard is issued under the fixed designation B 407; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers UNS N08120, UNS N08800,
UNS N08801, UNS N08810, UNS N08811, and UNS N08890
in the form of cold-worked and hot-finished annealed seamless
pipe and tube. Alloy UNS N08800 is normally employed in
service temperatures up to and including 1100°F (593°C).
Alloys UNS N08120, UNS N08810, UNS N08811, and UNS
N08890 are normally employed in service temperatures above
1100°F (593°C) where resistance to creep and rupture is
required, and they are annealed to develop controlled grain size
for optimum properties in this temperature range.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 The following safety hazards caveat pertains only to the
test method portion, Section 13, of this specification.This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys, and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 112 Test Methods for Determining the Average Grain
Size4

E 140 Hardness Conversion Tables for Metals4

E 426 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Seamless and Welded Tubular Products, Austen-
itic Stainless Steel and Similar Alloys6

E 571 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Nickel and Nickel Alloy Tubular Products6

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys7

3. Terminology

3.1 Definitions:
3.1.1 average diameter, n—average of the maximum and

minimum outside diameters, or the maximum and minimum
inside diameters, as determined at any one cross section of the
tube.

3.1.2 pipe, n—seamless tube conforming to the particular
dimensions commercially known as standard pipe sizes (see
Table X3.1).

3.1.3 tube , n—hollow product of round or any other cross
section having a continuous periphery.

4. Ordering Information

4.1 Orders for material to this specification should include
information with respect to the following:

4.1.1 Alloy (Table 1).
4.1.2 Condition Temper (Table 2 and Table X3.1, and

Appendixes X2 and X3).
4.1.3 Finish (Table X1.1 and Table X3.2).
4.1.4 Dimensions:
4.1.4.1 Tube—May be specified in two dimensions only

(length excepted) as follows: Outside diameter and average or
minimum wall, inside diameter and average wall, or outside
diameter and inside diameter.

NOTE 1—Tube produced to outside diameter and minimum wall may be
furnished upon agreement between the manufacturer and the purchaser.

4.1.4.2 Pipe—Standard pipe size and schedule (Table
X3.1).

4.1.5 Fabrication Details—Not mandatory but helpful to
the manufacturer:

4.1.5.1 Cold Bending or Coiling.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys. Current edition approved
Nov. 10, 2001. Published January 2002. Originally published as B 407 – 57 T. Last
previous edition B 407 – 96.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-407 in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.

6 Annual Book of ASTM Standards, Vol 03.03.
7 Annual Book of ASTM Standards, Vol 03.06.
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4.1.5.2 Hot Forming.
4.1.5.3 Welding or Brazing—Process to be employed.
4.1.5.4 Pressure Requirements—Test pressure if other than

required by 7.3.
4.1.5.5 Machining—Indicate finished size and length in

which to be machined and whether to be chucked to outside
diameter or inside diameter.

4.1.5.6 Ends—Plain ends cut and deburred will be fur-
nished. If threaded ends or ends beveled for welding are
desired, give details.

4.1.6 Certification—State if certification or a report of test
results is required (Section 16).

4.1.7 Samples for Product (Check) Analysis—State whether
samples for product (check) analysis should be furnished (6.2).

4.1.8 Purchaser Inspection—If the purchaser wishes to
witness tests or inspection of material at place of manufacture,
the purchase order must so state indicating which tests or
inspections are to be witnessed (Section 14).

4.1.9 Small-Diameter and Light-Wall Tube—(Converter
Sizes) (Table X3.2).

4.1.10 Optional Requirement—Hydrostatic or Nondestruc-
tive Eddy Current Testing (see 7.3.3).

5. Materials and Manufacture

5.1 Heat Treatment—The final heat treatment of UNS
N08120 shall be 2150°F (1177°C) minimum, UNS N08810,
2050°F (1121°C) minimum, UNS N08811, and UNS N08890,
2100°F (1149°C) minimum.

TABLE 1 Chemical Requirements †

Element

Composition Limits, %

UNS N08120
UNS N08800, UNS
N08810, and UNS
N08811

UNS N08801 UNS N08890

Nickel 35.0 min 30.0 min 30.0 min 40.0 min
39.0 max 35.0 max 34.0 max 45.0 max

Chromium 23.0 min 19.0 min 19.0 min 23.5 min
27.0 max 23.0 max 22.0 max 28.5 max

Iron remainder 39.5 minA 39.5 minA remainder
Manganese, max 1.5 1.5 1.5 1.5
Carbon 0.02 min B 0.10 max 0.06 min

0.10 max ... ... 0.14 max
Copper, max 0.5 0.75 0.5 0.75
Silicon 1.0 1.0 1.0 1.0 min

... ... ... 2.0 max
Sulfur, max 0.03 0.015 0.015 0.015
AluminumC 0.40 max 0.15 min ... 0.05 min

... 0.60 max ... 0.60 max
TitaniumC 0.20 max 0.15 min 0.75 min 0.15 min

... 0.60 max 1.50 max 0.60 max
Columbium 0.4 min ... ... ...

0.9 max ... ... ...
Molybdenum 2.50 max ... ... 1.0 min

... ... ... 2.0 max
Niobium ... ... ... 0.2 min

... ... ... 1.0 max
Tantalum ... ... ... 0.10 min

... ... ... 0.60 max
Phosphorus 0.040 max ... ... ...
Tungsten 2.50 max ... ... ...
Cobalt, max 3.0 ... ... ...
Nitrogen 0.15 min ... ... ...

0.30 max ... ... ...
Boron 0.010 max ... ... ...

AIron shall be determined arithmetically by difference.
BAlloy UNS N08800: 0.10 max. Alloy UNS N08810: 0.05–0.10. Alloy UNS N08811: 0.06–0.10.
CAlloy UNS N08811: Al + Ti, 0.85–1.20.
† Editorially corrected.

TABLE 2 Mechanical Properties A,B of Pipe and Tube

Alloy Condition (Temper)
Tensile Strength,
min, psi (MPa)

Yield Strength,
(0.2 % offset), min,

psi (MPa)

Elongation in
2 in. or 50

mm (or 4D),
min,%

UNS N08120 hot-finished annealed or cold-worked annealed 90 000 (621) 40 000 (276) 30
UNS N08800 cold-worked annealed 75 000 (520) 30 000 (205) 30
UNS N08800 hot-finished annealed or hot-finished 65 000 (450) 25 000 (170) 30
UNS N08810 and UNS N08811 hot-finished annealed or cold-worked annealed 65 000 (450) 25 000 (170) 30
UNS N08801 hot-finished annealed or cold-worked annealed 65 000 (450) 25 000 (170) 30
UNS N08890 hot-finished annealed or cold-worked annealed 75 000 (520) 30 000 (205) 35
AFor properties of small-diameter and light-wall tubing, see Table X3.1.
BSee 13.3.
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6. Chemical Composition

6.1 The material shall conform to the composition limits
specified in Table 1.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Specification B 880.

7. Mechanical Properties and Other Requirements

7.1 Mechanical Properties—The material shall conform to
the mechanical properties specified in Table 2.

7.2 Grain Size—Annealed UNS Alloys N08120, N08810,
N08811, and UNS N08890 shall conform to an average grain
size of ASTM No. 5 or coarser.

7.3 Hydrostatic Test:
7.3.1 Each pipe or tube with an outside diameter1⁄8 in. (3.2

mm) and larger, and tubes with wall thickness of 0.015 in.
(0.38 mm) and over shall be tested by the manufacturer to an
internal hydrostatic pressure of 1000 psi (6.9 MPa) provided
that the fiber stress calculated in accordance with the following
equation does not exceed the allowable fiber stress,S, indicated
below. The pipe or tube shall show no evidence of leakage.

P 5 2St/D

where:
P = hydrostatic test pressure, psi (MPa),
S = allowable fiber stresses, for material in the condition,

as follows:
Cold-drawn annealed or hot-finished annealed alloy

UNS N08120
22 500 psi
155 (MPa)

Cold-drawn annealed alloy UNS N08800 and all
alloy UNS N08890

18 700 psi
(130 MPa)

Hot-finished as hot-finished, or hot-finished
annealed, alloy UNS N08800

16 600 psi
(115 MPa)

Cold-drawn annealed or hot-finished annealed
alloys UNS N08810, UNS N08811, and UNS N08801

16 600 psi
(115 MPa)

t = minimum wall thickness, in. (mm), equal to the speci-
fied average wall minus the permissible minus wall
tolerance, Table 3, or the specified minimum wall
thickness, and

D = outside diameter of the tube, in. (mm).
7.3.2 When so agreed upon between the manufacturer and

purchaser, pipe or tube may be tested to 11⁄2 times the
allowable fiber stress given in 7.3.1.

TABLE 3 Permissible Variations in Outside and Inside Diameter and Wall Thickness (Average Wall)

Specified Outside Diameter or Calculated
Nominal Outside Diameter (When Or-

dered to Inside Diameter and
Average Wall)

Permissible Variations

Outside Diameter or Inside Diameter Wall Thickness,%

+ − + −
Cold-FinishedA,B,C,D Pipe and Tube

Inches
0.500 to 5⁄8, excl 0.005 0.005 15.0 15.0
5⁄8 to 11⁄2, incl 0.0075 0.0075 10.0 10.0
Over 11⁄2 to 31⁄2, incl 0.010 0.010 10.0 10.0
Over 31⁄2 to 41⁄2, incl 0.015 0.015 10.0 10.0
Over 41⁄2 to 6, incl 0.020 0.020 12.5 12.5
Over 6 to 65⁄8, incl 0.025 0.025 12.5 12.5

Millimetres
12.7 to 15.8, excl 0.127 0.127 15.0 15.0
15.8 to 38.1, incl 0.190 0.190 10.0 10.0
Over 38.1 to 88.9, incl 0.254 0.254 10.0 10.0
Over 88.9 to 114.3, incl 0.381 0.381 10.0 10.0
Over 114.3 to 152.4, incl 0.508 0.508 12.5 12.5
Over 152.4 to 168.3, incl 0.635 0.635 12.5 12.5

Hot-Finished TubeE,F,G,H

Inches
21⁄2 to 51⁄2, excl
51⁄2 to 91⁄4, incl

0.031
0.047

0.031
0.047

12.5
12.5

12.5
12.5

Millimetres
63.5 to 139.7, excl
139.7 to 234.9, incl

0.787
1.19

0.787
1.19

12.5
12.5

12.5
12.5

AThe permissible variations in this table apply to individual measurements, including out-of-roundness (ovality), except for the following conditions.
1) Thin-Wall Pipe and Tube—For thin-wall pipe and tube having a nominal wall thickness of 3 % or less of the nominal outside diameter, in all conditions (temper), the

mean outside diameter or mean inside diameter shall conform to the permissible variations of this table, and individual measurements (including ovality) shall conform to
the plus and minus values of this table, with the values increased by 0.5 % of the nominal outside diameter.

2) Annealed Pipe and Tube Over 41⁄2 in. (114.3 mm) in Nominal Outside Diameter—For annealed pipe and tubing over 41⁄2 in. (114.3 mm) in nominal outside diameter
with a nominal wall thickness greater than 3 % of the nominal outside diameter, the mean outside diameter or mean inside diameter shall conform to the permissible
variations of this table, and individual measurements shall not exceed twice the permissible variations of this table.

BFor pipe and tube, in all tempers, with an inside diameter of less than 1⁄2in. (12.70 mm) which cannot be successfully drawn over a mandrel, the inside diameter shall
be governed by the outside diameter and the wall thickness variations.

CFor pipe and tube in all tempers with an inside diameter less than 50 % of the outside diameter, which cannot be successfully drawn over a mandrel, the inside diameter
may vary over or under by an amount equal to 10 % of the nominal wall thickness and the wall thickness may vary 615 %.

DEccentricity—The variation in wall thickness in any one cross section of any one cold-finished pipe or tube shall not exceed 610 % of the actual (measured) average
wall of that section (defined as the average of the thickest and the thinnest wall in that section).

EFor tube 5 in. (127.0 mm) and under in outside diameter the tolerance on the outside diameter applies for individual measurements and includes ovality. For tubes over
5 in. (127.0 mm) in outside diameter the mean outside diameter shall conform to the permissible variations of this table and individual measurements shall not exceed twice
the permissible variations of this table.

FThe diameter tolerances for tube with machined outside and inside diameters shall be + 0.031 in. (0.787 mm), − 0 for the outside diameter and + 0, − 0.062 in. (1.57
mm) for the inside diameter.

GIf tube is specified as minimum wall, the tolerance shall be + 28.5 %, − 0.
HThe wall thickness tolerance includes eccentricity tolerance up to 612.5 %.

B 407 – 01

3



7.3.3 Each pipe or tube shall be subjected to the hydrostatic
test, or, in lieu of this test, a nondestructive eddy current test
may be used at the manufacturer’s option. If eddy current
testing is used, the following test method would apply:

7.3.3.1 Eddy-Current Testing—Testing shall be conducted
in accordance with Practices E 426 or E 571. The eddy-current
examination referenced in this specification has the capability
of detecting significant discontinuities, especially of the short
abrupt type.

(1) Unless otherwise specified the calibration standard shall
contain, at the option of the manufacturer, any one of the
following discontinuities to establish a minimum sensitivity
level for rejection. The discontinuity shall be placed in the weld
if visible.

(2) Drilled Hole—A hole not larger than 0.031 in. (0.79
mm) in diameter shall be drilled radially and completely
through the wall, care being taken to avoid distortion of the
material while drilling.

(3) Transverse Tangential Notch—Using a round file or
tool with a 1⁄4 in. (6 mm) diameter, a notch shall be filed or
milled on the tube outside diameter tangential to the surface
and transverse to the longitudinal axis of the material. Said
notch shall have a depth not exceeding 121⁄2 % of the specified
wall thickness of the material, or 0.004 in. (0.10 mm),
whichever is greater.

7.3.3.2 Calibration Frequency—The frequency of calibra-
tion checks shall be as follows:

(1) At the beginning of each production run or log.
(2) After every 4 h or less during testing.
(3) At the end of each production run or lot.
(4) At any time malfunctioning is suspected, or the

equipment has been left unattended.
(5) If, during any check, the equipment fails to pick up the

standard defects in the calibration standard, the instrument test
must be recalibrated and all material tested since the last check
shall be reexamined.

7.3.3.3 Acceptance and Rejection—Material producing a
signal equal to or greater than the calibration imperfection shall
be subject to rejection.

(1) Test signals produced by imperfections that cannot be
identified or produced by cracks or crack-like imperfections
shall result in rejection of the tube, subject to rework, and
retest.

(2) If the imperfection is judged as not fit for use, the tube
shall be rejected, but may be reconditioned and retested
providing the dimensions requirements are met. To be ac-
cepted, retested material shall meet the original electric test
requirements.

(3) If the imperfection is explored to the extent that it can
be identified and the pipe or tube is determined to be fit for use,
the material may be accepted without further test providing the
imperfection does not encroach on the minimum wall thick-
ness.

7.4 Annealing Temperature—Alloy UNS N08120 shall be
annealed at 2150°F (1177°C) minimum, and UNS N08810 at
2050°F (1120°C) minimum.

8. Dimensions and Permissible Variations

8.1 Diameter and Wall Thickness:

8.1.1 The permissible variations in the outside and inside
diameter and wall thickness of pipe and tube shall not exceed
those prescribed in Table 3 and Table X3.2, as applicable.

8.1.2 Permissible variations given in Table 3 and Table X3.2
are applicable only to two dimensions. Thus, if outside
diameter and wall are specified, the inside diameter may not
conform to the permissible variations shown. Similarly, if
outside diameter and inside diameter are specified, the wall
may not conform to the permissible variations shown.

8.2 Length—When pipe or tube is ordered cut-to-length, the
length shall not be less than that specified, but a variation
of + 1⁄8 in. (3.2 mm) will be permitted for cold-worked material
and +3⁄16 in. (4.8 mm) for hot-finished tube, except that for
lengths over 30 ft (9.1 m), a variation of +1⁄4 in. (6.4 mm) will
be permitted. For small-diameter and light-wall tube, material
shall conform to the applicable requirements of Table X3.2.

8.3 Straightness—Cold-drawn material shall be reasonably
straight and free of bends and kinks. For small-diameter and
light-wall tube, material shall conform to the applicable re-
quirements of Table X3.2. The camber (depth of chord) of
hot-finished tube 5 in. (127 mm) in outside diameter and under
shall not exceed 0.01 in./ft (0.8 mm/m). For sizes over 5 in. in
outside diameter, the camber shall not exceed 0.015 in./ft (1.4
mm/m).

9. Workmanship, Finish, and Appearance

9.1 The material shall be uniform in quality and temper,
smooth, commercially straight, and free of injurious imperfec-
tions.

10. Sampling

10.1 Lot:
10.1.1 A lot for chemical analysis shall consist of one heat.
10.1.2 A lot for mechanical properties and grain size testing

shall consist of all material from the same heat, nominal size
(excepting length), and condition (temper).

10.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material in the
same condition (temper) and nominal size (excepting length).

10.2 Test Material Selection:
10.2.1 Chemical Analysis—Representative samples shall be

taken during pouring or subsequent processing.
10.2.1.1 Product (check) analysis shall be wholly the re-

sponsibility of the purchaser.
10.2.2 Mechanical Properties and Grain Size—Samples of

the material to provide test specimens for mechanical proper-
ties and grain size shall be taken from such locations
in each lot as to be representative of that lot.

11. Number of Tests

11.1 Chemical Analysis—One test per lot.
11.2 Mechanical Properties—One test per lot.
11.3 Grain Size—One test per lot.
11.4 Hydrostatic or Eddy Current—Each piece per lot.

12. Specimen Preparation

12.1 Tension test specimens shall be taken from material in
the final condition (temper) and tested in the direction of
fabrication.
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12.2 Whenever possible, all pipe and tube shall be tested in
full tubular size. When testing in full tubular size is not
possible, longitudinal strip specimens, or the largest possible
round specimen, shall be used. In the event of disagreement
when full tubular testing is not possible, a longitudinal strip
specimen with reduced gage length as contained in Test
Methods E 8 shall be used.

13. Test Methods

13.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following methods:

Test Method ASTM Designation
Chemical Analysis E 1473
Tension E 8
Rounding Procedure E 29
Rockwell Hardness E 18
Grain Size E 112
Hardness Conversion E 140

13.2 The measurement of average grain size may be carried
out by the planimetric method, the comparison method, or the
intercept method described in Test Methods E 112. In case of
dispute, the“ referee” method for determining average grain
size shall be the planimetric method.

13.3 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value, or a calculated value, shall
be rounded as indicated below, in accordance with the round-
ing method of Practice E 29:

Test
Rounded Unit for Observed

or Calculated Value
Chemical composition, hardness,
and tolerances (when expressed
in decimals)

nearest unit in the last right-hand place of
figures of the specified limit

Tensile strength, yield strength nearest 1000 psi (6.9 MPa)
Elongation nearest 1 %
Grain size:

0.0024 in. (0.060 mm) or larger nearest multiple of 0.0002 in. (0.005 mm)
less than 0.0024 in. (0.060 mm) nearest multiple of 0.0001 in. (0.002 mm)

14. Inspection

14.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

15. Rejection and Rehearing

15.1 Material not conforming to this specification or to
authorized modifications will be subject to rejection.

15.2 Samples tested in accordance with this specification
that represent rejected material shall be preserved for not less
than 3 weeks from the date of the test report. In case of
dissatisfaction with the results of the tests, the manufacturer
may make claim for a rehearing within that time.

16. Certification

16.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

17. Product and Package Marking

17.1 Product Marking—The name or brand of the manu-
facturer, the trade name of the material or UNS number, the
letters ASTM, the specification number, heat number and
nominal size shall be legibly marked on each piece3⁄4 in. (19.1
mm) and over in outside diameter, provided the length is not
under 3 ft (914 mm). The material marking shall be by any
method which will not result in harmful contamination.

17.1.1 For material less than3⁄4 in. (19.1 mm) in outside
diameter and material under 3 ft (914 mm) in length, the
information in 17.1 shall be either stenciled or marked on a tag
securely attached to the bundle or box in which the material is
shipped.

17.2 Package Marking—Each bundle or shipping container
shall be marked with the name or brand of the manufacturer,
the trade name of the material or UNS number, the letters
ASTM, the specification number, heat number, condition and
nominal size, net weight, consignor and consignee address,
contract or order number, or other such information as may be
defined in the contract or order.

18. Keywords

18.1 seamless pipe; seamless tube; UNS N08120; UNS
N08800; UNS N08801; UNS N08810; UNS N08811; UNS
N08890
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APPENDIXES

(Nonmandatory Information)

X1. SCHEDULES OF COLD-DRAWN, SEAMLESS NICKEL-IRON-CHROMIUM ALLOY PIPE

X1.1 The schedules of cold-worked, seamless nickel-iron-
chromium alloy pipe as given in Table X1.1 are regularly
available. Other schedules may be furnished, and the manu-

facturer should be consulted. Table X1.1 is published for
information only.

TABLE X1.1 Pipe Schedules A

Nominal Pipe
Size

Outside
Diameter

Nominal Wall Thickness

Schedule No. 5 Schedule No. 10 Schedule No. 40 Schedule No. 80

Inches

1⁄4 0.540 ... 0.065 0.088 ...
3⁄8 0.675 ... 0.065 0.091 0.126
1⁄2 0.840 0.065 0.083 0.109 0.147
3⁄4 1.050 0.065 0.083 0.113 0.154
1 1.315 0.065 0.109 0.133 0.179

11⁄4 1.660 0.065 0.109 0.140 0.191
11⁄2 1.900 0.065 0.109 0.145 0.200
2 2.375 0.065 0.109 0.154 0.218

21⁄2 2.875 0.083 0.120 0.203 0.276
3 3.500 0.083 0.120 0.216 0.300

31⁄2 4.000 0.083 0.120 0.226 0.318
4 4.500 0.083 0.120 0.237 0.337
5 5.563 ... ... 0.258 ...
6 6.625 ... ... 0.280 ...

Millimetres

6.35 13.72 ... 1.65 2.24 ...
9.52 17.14 ... 1.65 2.31 3.20

12.70 21.34 1.65 2.11 2.77 3.73
19.05 26.67 1.65 2.11 2.87 3.91
25.4 33.40 1.65 2.77 3.38 4.55
31.8 42.16 1.65 2.77 3.56 4.85
38.1 48.26 1.65 2.77 3.68 5.08
50.8 60.32 1.65 2.77 3.91 5.54
63.5 73.02 2.11 3.05 5.16 7.04
76.2 88.90 2.11 3.05 5.49 7.62
88.9 101.60 2.11 3.05 5.74 8.08

101.6 114.30 2.11 3.05 6.02 8.56
127.0 141.30 ... ... 6.55 ...
152.4 168.28 ... ... 7.11 ...

AThe pipe schedules shown above conform with standards adopted by the American National Standards Institute.
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X2. CONDITIONS AND FINISHES NORMALLY SUPPLIED

X2.1 This appendix lists the conditions and finishes in
which pipe and tube (other than converter sizes) are normally
supplied. These are subject to change and the manufacturer
should be consulted for the latest information available.

X2.2 Cold-Finished Tube and Pipe:

X2.2.1 Cold-Finished, Annealed, with Ground Outside
Diameter—The inside diameter may have a bright finish when
material is annealed in a protective atmosphere; otherwise, the
inside diameter is supplied descaled as necessary. Available in
sizes 1⁄2 to 4 in. (12.7 to 102 mm), inclusive, in outside
diameter in both normal and heavy-wall tube, and pipe sizes,
all schedules, of corresponding outside diameter dimensions.

X2.2.2 Cold-Finished, Annealed, and Pickled (Not
Ground)—Outside and inside diameter will have dull, matte
(pickled) surfaces. Available in sizes1⁄2 to 65⁄8 in. (12.7 to 168
mm), inclusive, in outside diameter in both normal and

heavy-wall tube, and pipe sizes, all schedules, of correspond-
ing outside diameter dimensions.

X2.3 Hot-Finished Tube:

X2.3.1 Hot-Finished, or Hot-Finished Annealed (Not Pick-
led) Tube—Has an oxide surface resulting from the hot-
finishing operation. Intended generally for machined parts
where the oxide surface will be removed.

X2.3.2 Hot-Finished, or Hot-Finished Annealed (Pickled)
Tube—Has the oxide surface removed on both outside and
inside diameters by pickling. Surface may be spot ground for
removal of minor surface imperfections at the manufacturer’s
option.

X2.3.3 Hot-Finished, or Hot-Finished Annealed (Machined
Outside and Inside Diameters) Tube—The outside and inside
diameter surfaces are machined to specified dimensions. Minor
surface imperfections may be spot ground for removal, at the
manufacturer’s option.

X3. CONVERTER SIZES (ALLOY (UNS N08800) ONLY)

X3.1 Small diameter and light-wall tube in outside diam-
eters 11⁄4 in. (31.8 mm) and under may be furnished in the
following conditions or tempers shown in Table X3.1 and
Table X3.2 when so specified. The material is furnished in a
limited range of sizes and the manufacturer should be con-

sulted as to the various outside diameters and wall thicknesses
that may be furnished. Material will have a bright finish. Such
material shall conform to the applicable requirements for the
conditions indicated in Table X3.1 and Table X3.2.

TABLE X3.1 Mechanical Properties A of Small-Diameter and Light-Wall Tubing (Converter Sizes) (Alloy UNS N08800)

Material
Tensile Strength, min, psi

(MPa)
Yield Strength (0.2 %

offset)B, min, psi (MPa)

Elongation in
2 in. or 50 mm,

min, %

Rockwell HardnessC

(or Equivalent)

AnnealedD,E 75 000 to 100 000 30 000 (205) 30 B 95 max
(520 to 690)

Half-hardF 105 000 (725) 60 000 (415) 13 B 93 to C26
Full-hardG 130 000 (895) 105 000 (725) 4 C 24 to C38
ANot applicable to outside diameters under 1⁄8 in. (3.18 mm) and to wall thickness under 0.015 in. (0.381 mm).
BSee 12.3.
CHardness values, indicative of tensile strength, are shown for information only. All tests are subject to confirmation by tension tests. For hardness conversions see

Hardness Conversion Tables E140.
DThis condition is sometimes designated as “No. 1 Temper.”
EThe minimum tensile strength value applies only to tubing in straight lengths.
FThis condition is sometimes designated as “No. 2 Temper.”
GThis condition is sometimes designated as “No. 3 Temper.”
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X3.2 Permissible Variations for Small-Diameter and Light-Wall Tube (Converter Sizes) A,B,C,D,E,F,G,H

Specified Outside Diameter
Outside Diameter Inside Diameter Wall Thickness, %

+ − + − + −

Inches

Under 3⁄32 0.002 0 0 0.002 10 10
3⁄32to 3⁄16(0.1875), excl 0.003 0 0 0.003 10 10
3⁄16to 1⁄2(0.500), excl 0.004 0 0 0.004 10 10
1⁄2to 11⁄4(1.250), incl 0.005 0 0 0.005 10 10

Millimetres

Under 2.38 0.051 0 0 0.051 10 10
2.38 to 4.76, excl 0.076 0 0 0.076 10 10
4.76 to 12.70, excl 0.102 0 0 0.102 10 10
12.70 to 31.8, incl 0.127 0 0 0.127 10 10

Length, ft Tube Size, in.
Permissible Variations, in.

Over Under

Under 1 up to 1.250, incl 1⁄32 0
1 to 4, incl up to 1.250, incl 1⁄16 0
Over 4 to 10, incl up to 1.250, incl 3⁄32 0
Over 10 up to 1.250, incl 3⁄16 0

Length, cm Tube Size, mm
Permissible Variations, mm

Over Under

Under 30 up to 31.75, incl 0.794 0
30 to 122, incl up to 31.75, incl 1.59 0
Over 122 to 300, incl up to 31.75, incl 2.38 0
Over 300 up to 31.75, incl 4.76 0

AOvality, Normal Wall Tube:
Annealed (No. 1) Temper—Ovality will be held within 2 % of the theoretical average outside diameter.
BOvality, Light-Wall Tube:
Annealed (No. 1) Temper—Ovality will be held within 3 % of the theoretical average outside diameter.
CWall Tolerances, Light-Wall Tube—The plus and minus wall tolerance shown in the table shall apply down to and including 0.005 in. (0.12 mm) in wall thickness. For

wall thicknesses less than 0.005 in. (0.1 mm) the tolerance shall be 60.0005 in. (0.0127 mm).
DRandom Lengths:Where nominal random lengths on tubing 1⁄8in. (3.18 mm) and larger in outside diameter are specified, a length tolerance of 631⁄2ft (106 cm) applies

to the nominal length. This is a total spread of 7 ft (210 cm).
Random lengths in sizes 1⁄8 in. (3.18 mm) and larger in outside diameter shall be subject to a length range of 5 to 24 ft (150 to 730 cm). Long random lengths are subject

to a range of 15 to 22 ft (457 to 670 cm).
Random lengths in sizes up to, but not including 1⁄8 in. (3.18 mm) in outside diameter, and fragile light-wall tubes over this outside diameter are subject to the length

range of 1 to 15 ft (30 to 457 cm).
ECut Lengths—Tolerances on cut lengths shall be as follows:
FStraightness—Round tubing is subject to a straightness tolerance of one part in 600 (equivalent to a depth of arc of 0.030 in. (0.762 mm) in any 3 ft (91 cm) of length).
GEccentricity—Eccentricity as defined in Table 3, Footnote D shall be limited to 610 % of the specified wall or calculated average wall.
HWhen specified, the tolerance spreads of this table may be applied as desired. However, when not specified, the tolerances in this table will apply. It should be noted

that inside diameter tolerances are based upon the outside diameter range.
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Designation: B 408 – 01

Standard Specification for
Nickel-Iron-Chromium Alloy Rod and Bar 1

This standard is issued under the fixed designation B 408; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers UNS N08120, UNS N08800,
UNS N08810, UNS N08811*, and UNS N08890 in the form of
hot-worked and cold-worked rod and bar. Alloy UNS N08800
is normally employed in service temperatures up to and
including 1100°F (593°C). Alloys UNS N08120, UNS
N08810, UNS N08811, and UNS N08890 are normally em-
ployed in service temperatures above 1100°F (593°C) where
resistance to creep and rupture is required, and they are
annealed to develop controlled grain size for optimum proper-
ties in this temperature range.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys, and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 112 Test Methods for Determining the Average Grain
Size4

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 bar—material of rectangular (flats), hexagonal, or
square solid section up to and including 10 in. (254 mm) in
width and 1⁄8 in. (3.2 mm) and over in thickness in straight
lengths.

3.1.1.1 Discussion—Hot-worked rectangular bar in widths
10 in. (254 mm) and under may be furnished as hot-rolled plate
with sheared or cut edges in accordance with Specification
B 408, provided the mechanical property requirements of
Specification B 408 are met.

3.1.2 rod—material of round solid section furnished in
straight lengths.

4. Ordering Information

4.1 Orders for material to this specification should include
information with respect to the following:

4.1.1 ASTM designation, and year of issue.
4.1.2 Alloy designation or UNS number.
4.1.3 Section—Rod (round) or bar (square, hexagonal, or

rectangular).
4.1.4 Dimensions—Dimensions including length (Section 8,

Tables 1-4 incl).
4.1.5 Condition (Table 5 and Appendix Appendix X1).
4.1.6 Finish (Appendix X1).
4.1.7 Quantity (feet or number of pieces).
4.1.8 Certification—State if certification or a report of test

results is required (Section 16).
4.1.9 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished.
4.1.10 Purchaser Inspection—If purchaser wishes to wit-

ness tests or inspection of material at place of manufacture, the
purchase order must so state indicating which test or inspec-
tions are to be witnessed.

5. Materials and Manufacture

5.1 Heat Treatment—The final heat treatment of UNS
N08120 shall be 2150°F (1177°C) minimum, UNS N08810,
2050°F (1121°C) minimum, UNS N08811, and UNS N08890,
2100°F (1149°C) minimum.

6. Chemical Composition

6.1 The material shall conform to the composition limits
specified in Table 6.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Nov. 10, 2001. Published January 2002. Originally
published as B 408 – 57 T. Last previous edition B 408 – 96.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-408 in Section II of that Code.

* New designations established in accordance with ASTM E 527 and
SAE J1086, Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.05.

1
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6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Specification B 880.

7. Mechanical Properties and Other Requirements

7.1 Mechanical Properties—The material shall conform to
the mechanical properties specified in Table 5.

7.2 Grain Size—Annealed UNS Alloys N08120, N08810,
N08811, and N08890 shall conform to an average grain size of
ASTM No. 5 or coarser.

8. Dimensions and Permissible Variations

8.1 Diameter, Thickness, or Width—The permissible varia-
tions from the specified dimensions as measured on the
diameter or between parallel surfaces of cold-worked rod and
bar shall be as prescribed in Table 1, and of hot-worked rod and
bar as prescribed in Table 2.

8.2 Out-of-Round—Hot-worked rods and cold-worked rods
(except “forging quality”) all sizes, in straight lengths, shall not
be out-of-round by more than one half the total permissible
variations in diameter shown in Table 1 and Table 2, except for
hot-worked rods1⁄2 in. (12.7 mm) in diameter and under, which
may be out-of-round by the total permissible variations in
diameter shown in Table 2.

8.3 Corners—Cold-worked bars will have practically exact
angles and sharp corners.

8.4 Machining Allowances for Hot-Worked Materials—
When the surfaces of hot-worked products are to be machined,
the allowances prescribed in Table 3 are recommended for
normal machining operations.

8.5 Length—The permissible variations in length of cold-
worked and hot-worked rod and bar shall be as prescribed in
Table 4.

8.5.1 Rods and bars ordered to random or nominal lengths
will be furnished with either cropped or saw-cut ends; material
ordered to cut lengths will be furnished with square saw-cut or
machined ends.

8.6 Straightness:
8.6.1 The permissible variations in straightness of cold-

worked rod and bar as determined by the departure from
straightness shall be as prescribed in Table 7.

8.6.2 The permissible variations in straightness of hot-
worked rod and bar as determined by the departure from
straightness shall be as specified in Table 8.

9. Workmanship, Finish, and Appearance

9.1 The material shall be uniform in quality and condition,
smooth, commercially straight or flat, and free of injurious
imperfections.

10. Sampling

10.1 Lot:
10.1.1 A lot for chemical analysis shall consist of one heat.
10.1.2 A lot for mechanical properties and grain size testing

shall consist of all material from the same heat, nominal
diameter or thickness, and condition.

10.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material in the
same size and condition except that a single piece weighing
over 500 lbs shall be considered as one lot.

10.2 Test Material Selection:
10.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

10.2.1.1 Product (check) analysis shall be wholly the re-
sponsibility of the purchaser.

10.2.2 Mechanical Properties and Grain Size—Samples of
the material to provide test specimens for mechanical proper-
ties shall be taken from such locations in each lot as to be
representative of that lot.

11. Number of Tests

11.1 Chemical Analysis—One test per lot.
11.2 Tension—One test per lot.
11.3 Grain Size—One test per lot.

12. Specimen Preparation

12.1 Tension test specimens shall be taken from material in
the final condition and tested in the direction of fabrication.

12.1.1 All rod and bar shall be tested in full cross-section
size when possible. When a full cross-section size test cannot
be performed, the largest possible round specimen shown in
Test Methods E 8 shall be used. Longitudinal strip specimens

TABLE 1 Permissible Variations in Diameter or Distance
Between Parallel Surfaces of Cold-Worked Rod and Bar

Specified Dimension, in.
(mm)A

Permissible Variations from
Specified Dimension, in. (mm)

+ −

Rounds:
1 / 16 (1.6) to 3 / 16 (4.8), excl 0 0.002 (0.05)
3 / 16 (4.8) to 1 / 2 (12.7), excl 0 0.003 (0.08)
1 / 2 (12.7) to 15 / 16 (23.8), incl 0.001 (0.03) 0.002 (0.05)

Over 15 / 16 (23.8) to 1 15 / 16
(49.2), incl

0.0015 (0.04) 0.003 (0.08)

Over 1 15 / 16 (49.2) to 2 1 / 2 (63.5),
incl

0.002 (0.05) 0.004 (0.10)

Hexagons, squares, rectangles:
1 / 2 (12.7) and less 0 0.004 (0.10)

Over 1 / 2 (12.7) to 7 / 8 (22.2), incl 0 0.005 (0.13)
Over 7 / 8 (22.2) to 1 1 / 4 (31.8), incl 0 0.007 (0.18)
Over 1 1 / 4 (31.8) to 2 (50.8), incl 0 0.009 (0.23)

ADimensions apply to diameter of rounds, to distance between parallel surfaces
of hexagons and squares, and separately to width and thickness of rectangles.

TABLE 2 Permissible Variations in Diameter or Distance

Specified Dimension, in.
(mm)A

Permissible Variations from Specified
Dimensions, in. (mm)

+ −

Rod and bar, hot-worked:
1 (25.4) and under 0.016 (0.41) 0.016 (0.41)
Over 1 (25.4) to 2 (50.8), incl 0.031 (0.79) 0.016 (0.41)
Over 2 (50.8) to 4 (101.6), incl 0.047 (1.19) 0.031 (0.79)
Over 4 (101.6) 0.125 (3.18) 0.063 (1.60)

Rod, rough turned or ground:
Under 1 (25.4) 0.005 (0.13) 0.005 (0.13)
1 (25.4) and over 0.031 (0.79) 0

Forging quality rod:B

Under 1 (25.4) 0.005 (0.13) 0.005 (0.13)
1 (25.4) and over 0.031 (0.79) 0
ADimensions apply to diameter of rods, to distance between parallel surfaces of

hexagons and squares, and separately to width and thickness of rectangles.
BSpot grinding is permitted to remove minor surface imperfections. The depth of

these spot ground areas shall not exceed 3 % of the diameter of the rod.
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shall be prepared in accordance with Test Methods E 8 for
rectangular bar up to1⁄2 in. (12.7 mm), inclusive, in thicknesses
which are too wide to be pulled full size.

13. Test Method

13.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following methods:

Test ASTM Designation

Chemical Analysis E 1473
Tension E 8
Rounding Procedure E 29
Grain Size E 112

13.2 In the event of disagreement, the referee method for the
determination of average grain size shall be the planimetric
method.

13.3 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated below, in accordance with the round-
ing method of Practice E 29:

TABLE 3 Normal Machining Allowances for Hot-worked Material

Finished-Machined Dimensions for Finishes as
Indicated Below, in. (mm)A

Normal Machining Allowance, in. (mm)

On Diameter,
for Rods

Distance Between Parallel
Surfaces, for Hexagonal and

Square Bar

For Rectangular Bar

On Thickness On Width

Hot-worked:B

Up to 7 / 8 (22.2), incl 1 / 8 (3.2) 1 / 8 (3.2) 1 / 8 (3.2) 3 / 16 (4.8)
Over 7 / 8 to 1 7 / 8 (22.2 to 47.6), incl 1 / 8 (3.2) 3 / 16 (4.8) 1 / 8 (3.2) 3 / 16 (4.8)
Over 1 7 / 8 to 2 7 / 8 (47.6 to 73.0), incl 3 / 16 (4.8) 1 / 4 (6.4) ... 3 / 16 (4.8)
Over 2 7 / 8 to 3 13 / 16 (73.0 to 96.8), incl 1 / 4 (6.4) ... ... 3 / 16 (4.8)
Over 3 13 / 16 (96.8) 1 / 4 (6.4) ... ... 3 / 8 (9.5)

Hot-worked rods:
Rough-turned or Rough Ground:C

15 / 16 to 4 (23.8 to 101.6), incl in diameter 1 / 16 (1.6) ... ... ...
Over 4 to 12 (101.6 to 304.8), incl in diameter 1 / 8 (3.2) ... ... ...

ADimensions apply to diameter of rods, to distance between parallel surfaces of hexagonal and square bar, and separately to width and thickness of rectangular bar.
BThe allowances for hot-worked material in Table 5 are recommended for rods machined in lengths of 3 ft (0.91 m) or less and for bars machined in lengths of 2 ft (0.61

m) or less. Hot-worked material to be machined in longer lengths should be specified showing the finished cross-sectional dimension and the length in which the material
will be machined in order that the manufacturer may supply material with sufficient oversize, including allowance for out-of-straightness.

CApplicable to 3 ft (0.91 m) max length.

TABLE 4 Permissible Variations in Length of Rods and Bars

Random mill lengths:
Hot-worked 6 to 24 ft (1.83 to 7.31 m) long with not more than 25 weight % between 6 and 9 ft (1.83 and 2.74 m)A

Cold-worked 6 to 20 ft (1.83 to 6.1 m) long with not more than 25 weight % between 6 and 10 ft (1.83 and 3.05 m).
Multiple lengths furnished in multiples of a specified unit length, within the length limits indicated above. For each multiple,

an allowance of 1 / 4 in. (6.4 mm) will be made for cutting, unless otherwise specified. At the manufacturer’s
option, individual specified unit lengths may be furnished.

Nominal lengths specified nominal lengths having a range of not less than 2 ft (610 mm) with no short lengths allowedB

Cut lengths a specified length to which all rods and bars will be cut with a permissible variation of plus 1 / 8 in. (3.2 mm),
minus 0 for sizes 8 in. (203 mm) and less in diameter or distance between parallel surfaces. For larger sizes,
the permissible variation shall be + 1 / 4 in. (6.4 mm), − 0.

AFor hot-worked sections weighing over 25 lb/ft (37 kg/m) and for smooth forged products, all sections, short lengths down to 2 ft (610 mm) may be furnished.
BFor cold-worked rods and bars under 1⁄2 in. (12.7 mm) in diameter or distance between parallel surfaces ordered to nominal or stock lengths with a 2-ft (610-mm) range,

at least 93 % of such material shall be within the range specified; the balance may be in shorter lengths but in no case shall lengths less than 4 ft (1220 mm) be furnished.

TABLE 5 Mechanical Properties of Rods and Bars

Alloy Condition
Tensile Strength,
min, psi (MPa)

Yield Strength
(0.2 % offset) min,

psi (MPa)

Elongation in 2
in. or 50 mm (or

4D), min, %

UNS N08120 Cold-worked and hot-worked, annealed 90 000 (621) 40 000 (276) 30
UNS N08800 Hot worked, as-hot-worked 80 000 (550) 35 000 (240) 25A

Cold-worked and hot-worked, annealed 75 000 (515) 30 000 (205) 30
UNS N08810 and UNS N08811 Cold-worked and hot-worked, annealed 65 000 (450) 25 000 (170) 30
UNS N08890 Cold-worked and hot-worked, annealed 75 000 (520) 30 000 (205) 35
UNS N08800, UNS N08810

and UNS N08811
Forging quality B B B

AFor hot-worked as-hot-worked rectangular bar 5⁄16 in. (7.94 mm) and under in thickness the elongation shall be 20 % min.
BForging quality is furnished to chemical requirements and surface inspection only. No tensile properties are required.
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Test
Rounded Unit for Observed Or

Calculated Value
Chemical composition,

hardness, and tolerances
(when expressed in decimals)

nearest unit in the last right-and place of fig
ures of the specified limit. If two choices
are possible, as when the digits dropped
are exactly a 5, or a 5 followed only by
zeros, choose the one ending in an even
digit, with zero defined as an even digit.

Tensile strength and yield
strength

nearest 1000 psi (6.9 MPa)

Elongation nearest 1 %

14. Inspection

14.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

15. Rejection and Rehearing

15.1 Material, tested by the purchaser, that fails to conform
to the requirements of this specification may be rejected.
Rejection should be reported to the producer or supplier
promptly and in writing. In case of dissatisfaction with the
results of the test, the producer or supplier may make claim for
a rehearing.

16. Certification

16.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

17. Product Marking

17.1 The following information shall be marked on the
material or included on the package, or on a label or tag
attached thereto: The name of the material or UNS Number,

TABLE 6 Chemical Requirements †

Element
Composition Limits, %

Alloy N08120 Alloy N08800 Alloy N08810 Alloy N08811 Alloy N08890

Nickel 35.0 min 30.0 min 30.0 min 30.0 min 40.0 min
39.0 max 35.0 max 35.0 max 35.0 max 45.0 max

Chromium 23.0 min 19.0 min 19.0 min 19.0 min 23.5 min
27.0 max 23.0 max 23.0 max 23.0 max 28.5 max

Iron remainder 39.5 minA 39.5 minA 39.5 minA remainder
Manganese, max 1.5 1.5 1.5 1.5 1.5
Carbon 0.02 min

0.10 max
0.10 max
...

0.05 to 0.10
...

0.06 to 0.10
...

0.06 min
0.14 max

Copper, max 0.50 0.75 0.75 0.75 0.75
Silicon 1.0

...
1.0
...

1.0
...

1.0
...

1.0 min
2.0 max

Sulfur, max 0.03 0.015 0.015 0.015 0.015
AluminumB 0.40 max 0.15 min 0.15 min 0.15 min 0.05 min

... 0.60 max 0.60 max 0.60 max 0.60 max
TitaniumB 0.20 max 0.15 min 0.15 min 0.15 min 0.15 min

... 0.60 max 0.60 max 0.60 max 0.60 max
Columbium 0.4 min

0.9 max
...
...

...

...
...
...

...

...
Molybdenum 2.50 max

...
...
...

...

...
...
...

1.0 min
2.0 max

Niobium ...
...

...

...
...
...

...

...
0.2 min
1.0 max

Tantalum ...
...

...

...
...
...

...

...
0.10 min
0.60 max

Phosphorus 0.040 max ... ... ... ...
Tungsten 2.50 max ... ... ... ...
Cobalt, max 3.0 ... ... ... ...
Nitrogen 0.15 min

0.30 max
...
...

...

...
...
...

...

...
Boron 0.010 max ... ... ... ...
AIron shall be determined arithmetically by difference.
BAlloy UNS N08811: Al + Ti, 0.85–1.20.
† Editorially corrected.

TABLE 7 Permissible Variations in Straightness of Cold-Worked
Rods and Bars

Specified Diameter or Distance
Between Parallel Surfaces, in.

(mm)A

Depth of Chord, Permissible Variations in
Lengths Indicated, in.

(mm)

Rounds:
1 / 2 (12.7) to 2 1 / 2 (63.5),

incl
0.030 (0.76) per ft (305 mm) of length

Hexagons, squares, rectangles:
1 / 2 (12.7) to 2 (50.8), incl 0.030 (0.76) per ft (305 mm) of length

AMaterial under 1⁄2 in. (12.7 mm) shall be reasonably straight and free of sharp
bends and kinks.

TABLE 8 Permissible Variations in Straightness of Hot-Worked
Rods and Bars A

Finish
Permissible Variations,

in./ft.(mm/m)B

Rods and bars, hot-worked 0.050 (4.2)C

Rounds: hot-worked, rough ground, or rough turned 0.050 (4.2)C

ANot applicable to forging quality.
BMaterial under 1⁄2 in. (12.7 mm) shall be reasonably straight and free of sharp

bends and kinks.
CThe maximum curvature (depth of chord) shall not exceed the values indicated

multiplied by the length in feet.
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heat number, condition (temper), this specification number,
date of issue, the size, gross, tare and net weight, consignor and
consignee address; contract or order number, or such other
information as may be defined in the contract or order.

18. Keywords

18.1 bar; rod; UNS N08120; UNS N08800; UNS N08801;
UNS N08810; UNS N08811; UNS N08890

APPENDIX

(Nonmandatory Information)

X1. PROCURABLE CONDITIONS AND FINISHES

X1.1 The various conditions and finishes in which rod and
bar are procurable are as follows:

X1.1.1 Hot-Worked—With a tightly adherent, dark oxide
surface.

X1.1.2 Hot-Worked, Rough Ground—Similar to X1.1.1 ex-
cept rough ground.

X1.1.3 Hot-Worked, Rough-Turned—Similar to X1.1.1 ex-
cept rough turned with a broad nosed tool similar to a bar
peeling operation and thus may not be straight. Intended
generally for machining where an overhauled surface is de-
sired, essentially for machined step down shafts or parts
machined in short lengths of 3 ft (0.91 m) or less.

X1.1.4 Hot-Worked, Forging Quality—Rough turned and
spot ground, as necessary, for sizes 1 in. (25.4 mm) in diameter
and over; rough ground and spot ground for sizes under 1 in. in
diameter. Material is selected from heats of known, good hot
malleability.

NOTE X1.1—For sizes 21⁄2 in. (63.5 mm) in diameter and less,

cold-worked rod may be used also for forging by virtue of the fact such
rod have been overhauled for removal of mechanical surface defects prior
to cold-working. In such cases, the user should run pilot forging tests to
ensure himself that such material has the desired hot malleability range.

X1.1.5 Hot-Worked, Annealed—Soft, with a tightly adher-
ent dark oxide.

X1.1.6 Hot-Worked, Annealed and Pickled—Same as
X1.1.5 except descaled for removal of mill oxide. Provides for
better surface inspection than does hot-worked material and
often employed where welding is involved where removal of
mill oxide is desired.

NOTE X1.2—Annealing prior to pickling may be required in order to
reduce the mill oxide since uniform pickling of an unreduced oxide is
difficult.

X1.1.7 Cold-Worked, As Worked—Hot-worked, overhauled,
cold worked, and straightened with a smooth, bright finish.

X1.1.8 Cold-Worked, Annealed and Pickled—Hotworked,
overhauled, cold-worked, annealed, descaled, and straightened.
Annealed for softness and with a dull matte finish.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 409 – 01

Standard Specification for
Nickel-Iron-Chromium Alloy Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 409; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers UNS N08120, UNS N08890,
UNS N08800, UNS N08810, and UNS N08811* in the form of
rolled plate, sheet, and strip. Alloy UNS N08800 is normally
employed in service temperatures up to and including 1100°F
(593°C). Alloys UNS N08120, UNS N08810, UNS N08811,
and UNS N08890 are normally employed in service tempera-
tures above 1100°F (593°C) where resistance to creep and
rupture is required, and they are annealed to develop controlled
grain size for optimum properties in this temperature range.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:
B 408 Specification for Nickel-Iron-Chromium Alloy Rod

and Bar3

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 10 Test Method for Brinell Hardness of Metallic Materi-
als4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 112 Test Methods for Determining the Average Grain
Size4

E 140 Hardness Conversion Tables for Metals4

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

F 155 Test Method for Temper of Strip and Sheet Metals for
Electronic Devices (Spring-Back Method)7

3. Terminology

3.1 Definitions of Terms Specific to This Standard:—The
terms given in Table 1 shall apply.

4. Ordering Information

4.1 Orders for material to this specification should include
information with respect to the following:

4.1.1 Alloy (Table 2).
4.1.2 Condition (Temper)—Table 3 and Table 4, and Ap-

pendix X1.
4.1.3 Finish—Appendix X1.
4.1.4 Dimensions—Thickness, width, and length.
4.1.5 Optional Requirements:
4.1.5.1 Sheet and Strip—Whether to be furnished in coil,

in cut straight lengths, or in random straight lengths.
4.1.5.2 Strip—Whether to be furnished with commercial

slit edge, square edge, or round edge.
4.1.5.3 Plate—Whether to be furnished specially flattened

(see 8.7.2); also how plate is to be cut (Table 5 and Table 6).
4.1.6 Fabrication Details—Not mandatory but helpful to

the manufacturer:
4.1.6.1 Welding or Brazing—Process to be employed.
4.1.6.2 Plate—Whether material is to be hot-formed.
4.1.7 Certification—State if certification or a report of test

results is required (Section 16).
4.1.8 Samples for Product (Check) Analysis—Whether

samples for product (check) analysis should be furnished (see
6.2).

4.1.9 Purchaser Inspection—If purchaser wishes to wit-
ness tests or inspection of material at place of manufacture, the
purchase order must so state indicating which tests or inspec-
tions are to be witnessed (Section 14).

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys .

Current edition approved Dec. 10, 2001. Published February 2002. Originally
published as B 409 – 57 T. Last previous edition B 409 – 96a.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB 409 in Section II of that Code.

* New designations established in accordance with ASTM E 527 and SAE
J1086, Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.

6 Annual Book of ASTM Standards, Vol 03.06.
7 Discontinued—see1983 Annual Book of ASTM Standards, Vol 10.04.
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5. Materials and Manufacture

5.1 Heat Treatment—The final heat treatment of UNS
N08120 shall be 2150°F (1177°C) minimum, UNS N08810,
2050°F (1121°C) minimum, UNS N08811 and UNS N08890,
2100°F (1149°C) minimum.

6. Chemical Composition

6.1 The material shall conform to the composition limits
specified in Table 2.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Specification B 880.

7. Mechanical and Other Requirements

7.1 Mechanical Properties—The material shall conform to
the mechanical properties specified in Table 3.

7.2 Grain Size—Annealed Alloys UNS N08120, UNS
N08810, UNS N08811, and UNS N08890 shall conform to an
average grain size of ASTM No. 5 or coarser.

7.3 Deep-Drawing and Spinning Quality Sheet and Strip—
(Alloy UNS N08800) Shall conform to the grain size and
hardness requirements as provided in Table 4.

7.3.1 The mechanical properties of Table 3 do not apply to
deep drawing and spinning quality sheet and strip.

7.4 Annealing Temperature—Alloy UNS N08120 shall be
annealed at 2150°F (1177°C) minimum, and UNS N08810,
2050°F (1145°C) minimum.

8. Dimensions and Permissible Variations

8.1 Thickness and Weight:
8.1.1 Plate—For plate up to 2 in. (50.8 mm), incl, in

thickness, the permissible variation under the specified thick-
ness and permissible excess in overweight shall not exceed the
amounts prescribed in Table 7.

8.1.1.1 For use with Table 7, plate shall be assumed to
weigh 0.287 lb/in.3(7.944 g/cm3).

8.1.2 Plate—For plate over 2 in. (50.8 mm) in thickness,
the permissible variations over the specified thickness shall not
exceed the amounts prescribed in Table 8.

8.1.3 Sheet and Strip—The permissible variations in thick-
ness of sheet and strip shall be as prescribed in Table 9. The
thickness of sheet and strip shall be measured with the
micrometer spindle3⁄8 in. (9.5 mm) or more from either edge
for material 1 in. (25.4 mm) or over in width and at any place
on strip under 1 in. in width.

8.2 Width or Diameter:
8.2.1 Plate—The permissible variations in width of rectan-

gular plates and diameter of circular plates shall be as
prescribed in Table 5 and Table 10.

8.2.2 Sheet and Strip—The permissible variations in width
for sheet and strip shall be as prescribed in Table 11.

8.3 Length:
8.3.1 Sheet and strip of all sizes may be ordered to cut

lengths, in which case a variation of1⁄8 in. (3.18 mm) over the
specified length shall be permitted.

8.3.2 Permissible variations in length of rectangular plate
shall be as prescribed in Table 6.

8.4 Straightness:

TABLE 1 Product Description

Product Thickness, in. (mm) Width, in. (mm)

Hot-rolled plateA 3 / 16 and over (Table 7 and Table 8) (Table 5)B

Hot-rolled sheetA 0.018 to 0.250 (0.46 to 6.4), incl (Table 9) (Table 11)
Cold-rolled sheetC 0.018 to 0.250 (0.46 to 6.4), incl (Table 9) (Table 11)
Cold-rolled stripC 0.005 to 0.250 (0.13 to 6.4), incl (Table 9) (Table 11)

AMaterial 3⁄16to 1⁄4 in. (4.8 to 6.4 mm), incl, in thickness may be furnished as sheet or plate provided the material meets the specification requirements for the condition
ordered.

BHot-rolled plate, in widths 10 in. (254 mm) and under, may be furnished as hot-finished rectangles with sheared or cut edges in accordance with Specification B 408,
provided the mechanical property requirements of this specification are met.

CMaterial under 48 in. (1219 mm) in width may be furnished as sheet or strip provided the material meets the specification requirements for the condition ordered.

TABLE 2 Chemical Requirements

Element

Composition Limits, %

Alloy
N08120

Alloy
N08890

Alloys
N08800,

N08810, and
N08811

Nickel 35.0 min 40.0 min 30.0 min
39.0 max 45.0 max 35.0 max

Chromium 23.0 min 23.5 min 19.0 min
27.0 max 28.5 max 23.0 max

Iron remainderA remainder 39.5 minA

Manganese, max 1.5 1.5 1.5
Carbon 0.02 min 0.06 min B

0.10 max 0.14 max ...
Copper, max 0.50 0.75 0.75
Silicon, max 1.0 1.0 min 1.0

... 2.0 max ...
Sulfur, max 0.03 0.015 0.015
AluminumC 0.40 max 0.05 min 0.15 min

... 0.60 max 0.60 max
TitaniumC 0.20 max 0.15 min 0.15 min

... 0.60 max 0.60 max
Columbium 0.4 min ... ...

0.9 max ... ...
Molybdenum 2.50 max 1.0 min ...

... 2.0 max ...
Niobium ... 0.2 min ...

... 1.0 max ...
Tantalum ... 0.10 min ...

... 0.60 max ...
Phosphorus 0.040 max ... ...
Tungsten 2.50 max ... ...
Cobalt, max 3.0 ... ...
Nitrogen 0.15 min ... ...

0.30 max ... ...
Boron 0.010 max ... ...
AIron shall be determined arithmetically by difference.
BAlloy UNS N08800: 0.10 max.

Alloy UNS N08810: 0.05–0.10.
Alloy UNS N08811: 0.06–0.10.

CAlloy UNS N08811: Al + Ti, 0.85–1.20.
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8.4.1 The edgewise curvature (depth of chord) of flat sheet,
strip, and plate shall not exceed 0.05 in. multiplied by the
length in feet (0.04 mm multiplied by the length in centime-
tres).

8.4.2 Straightness for coiled strip material is subject to
agreement between the manufacturer and the purchaser.

8.5 Edges:
8.5.1 When finished edges of strip are specified in the

contract or order, the following descriptions shall apply:
8.5.1.1 Square-edge strip shall be supplied with finished

edges, with sharp, square corners, without bevel or rounding.

8.5.1.2 Round-edge strip shall be supplied with finished
edges, semicircular in form, the diameter of the circle forming
the edge being equal to the strip thickness.

8.5.1.3 When no description of any required form of strip
edge is given, it shall be understood that edges such as those
resulting from slitting or shearing will be acceptable.

8.5.1.4 Sheet shall have sheared or slit edges.

8.5.1.5 Plate shall have sheared or cut (machined, abrasive-
cut, powder-cut, or inert arc-cut) edges, as specified.

8.6 Squareness (Sheet):

TABLE 3 Mechanical Properties for Plate, Sheet, and Strip
(All thicknesses and sizes unless otherwise indicated)

Alloy Condition
Tensile Strength, min, psi

(MPa)
Yield StrengthA (0.2 %
offset), min, psi (MPa)

Elongation in 2 in. or
50 mm (or 4D), min,

%

Hot-Rolled Plate

UNS N08120 Annealed 90 000 (621) 40 000 (276) 30
UNS N08800 Annealed 75 000 (520) 30 000 (205) 30
UNS N08800 As-rolledBC 80 000 (550) 35 000 (240) 25
UNS N08810 Annealed 65 000 (450) 25 000 (170) 30
UNS N08811 Annealed 65 000 (450) 25 000 (170) 30
UNS N08890 Annealed 75 000 (520) 30 000 (205) 35

Hot-Rolled Sheet

UNS N08120 Annealed 90 000 (621) 40 000 (276) 30
UNS N08800 Annealed 75 000 (520) 30 000 (205) 30
UNS N08810D Annealed 65 000 (450) 25 000 (170) 30
UNS N08811D Annealed 65 000 (450) 25 000 (170) 30
UNS N08890 Annealed 75 000 (520) 30 000 (205) 35

Cold-Rolled Sheet

UNS N08120 Annealed 90 000 (621) 40 000 (276) 30
UNS N08800 Annealed 75 000 (520) 30 000 (205) 30
UNS N08810D Annealed 65 000 (450) 25 000 (170) 30
UNS N08811D Annealed 65 000 (450) 25 000 (170) 30
UNS N08890 Annealed 75 000 (520) 30 000 (205) 35

Cold-Rolled Strip

UNS N08120 Annealed 90 000 (621) 40 000 (276) 30
UNS N08800 Annealed 75 000 (520) 30 000 (205) 30E

UNS N08810D Annealed 65 000 (450) 25 000 (170) 30
UNS N08811D Annealed 65 000 (450) 25 000 (170) 30
UNS N08890 Annealed 75 000 (520) 30 000 (205) 35

AYield strength requirements do not apply to material under 0.020 in. (0.51 mm) in thickness.
BAs-rolled plate may be given a stress-relieving heat treatment subsequent to final rolling.
CAs-rolled plate specified “suitable for hot forming” shall be furnished from heats of known good hot-malleability characteristics (see X1.1.1.2). The purchaser must

specify Alloy UNS N08800 or UNS N08810. There are no applicable tensile or hardness requirements for such material.
DAvailable only in thicknesses 0.115 in. (2.92 mm) and over.
ENot applicable for thickness under 0.010 in. (0.25 mm).

TABLE 4 Grain Size and Hardness for Alloy UNS N08800 Cold-Rolled, Deep-Drawing, and Spinning Quality Sheet and Strip

Thickness
Calculated Diameter of Average

Grain Section, max, in. (mm)

Corresponding
ASTM Micro-

Grain Size No.

Rockwell BAB

Hardness, max

Sheet (56 in. (1.42 m) Wide and Under)
0.050 (1.3) and less 0.0030 (0.075) 4.5 86
Over 0.050 to 0.250 (1.3 to 6.4), incl 0.0043 (0.110) 3.5 86

Strip (12 in. (305 mm) Wide and Under)C

0.005D to 0.010 (0.13 to 0.25), incl 0.0009 (0.022) 8E 88E

Over 0.010 to 0.125 (0.25 to 3.2), incl 0.0030 (0.075) 4.5 86
AFor Rockwell or equivalent hardness conversions see Hardness Conversion Tables E140.
BCaution should be observed in using the Rockwell test on thin material, as the results may be affected by specimen thickness. For thicknesses under 0.050 in. (1.3

mm), the use of the Rockwell superficial or the Vickers hardness test is suggested.
CSheet requirements (above) apply to strip thicknesses over 0.125 in. (3.2 mm), and for all thicknesses of strip over 12 in. (305 mm) in width.
DFor ductility evaluations for strip under 0.005 in. (0.13 mm) in thickness, the spring-back test such as described in Test Method F 155, is often used and the manufacturer

should be consulted.
EAccurate grain size and hardness determinations are difficult to make on strip under 0.005 in. (0.13 mm) in thickness and are not recommended.
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8.6.1 For sheets of all thicknesses, the angle between
adjacent sides shall be 906 0.15° (1⁄16 in. in 24 in.) (1.59 mm
in 610 mm).

8.7 Flatness:
8.7.1 There shall be no flatness requirements for “deep-

drawing quality” and “spinning quality” sheet and strip (see
X1.1.3).

8.7.2 Standard flatness tolerances for plate shall conform to
the requirements of Table 12. “Specially-flattened” plate when
so specified, shall have permissible variations in flatness as
agreed upon between the manufacturer and the purchaser.

9. Workmanship, Finish, and Appearance

9.1 The material shall be uniform in quality and temper,
smooth, commercially straight or flat, and free of injurious
imperfections.

10. Sampling

10.1 Lot:
10.1.1 A lot for chemical analysis shall consist of one heat.
10.1.2 A lot for mechanical properties, hardness and grain

size testing shall consist of all material from the same heat,
nominal thickness, and condition (temper).

10.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material in the
same thickness and condition, except for plates weighing over
500 lb, in which case only one specimen shall be taken.

10.2 Test Material Selection:
10.2.1 Chemical Analysis—Representative samples shall be

taken during pouring or subsequent processing.
10.2.1.1 Product (check) analysis shall be wholly the re-

sponsibility of the purchaser.
10.2.2 Mechanical Properties, Hardness, and Grain Size—

Samples of the material to provide test specimens for mechani-
cal properties, hardness, and grain size shall be taken from such
locations in each lot as to be representative of that lot.

11. Number of Tests

11.1 Chemical Analysis—One test per lot.
11.2 Mechanical Properties—One test per lot.
11.3 Hardness—One test per lot. (Required only as speci-

fied in Table 4.)
11.4 Grain Size—One test per lot. (Required only as speci-

fied in 7.2 and in Table 4.)

TABLE 5 Permissible Variations in Width A of Sheared, Plasma Torch-Cut, and Abrasive-Cut Rectangular Plate B,C

Permissible Variations in Widths for Widths Given, in. (mm)

Over 72 to 108 Over 108 to 144 Over 144 to 160
Up to 30 (760), Over 30 to 72 (1830 to 2740), (2740 to 3660), (3660 to 4070),

Specified Thickness incl (760 to 1830), incl incl incl incl

+ − + − + − + − + −

Inches

Sheared:D

3 / 16 to 5 / 16 , excl 3 / 16 1 / 8 1 / 4 1 / 8 3 / 8 1 / 8 1 / 2 1 / 8 ... ...
5 / 16 to 1 / 2 , excl 1 / 4 1 / 8 3 / 8 1 / 8 3 / 8 1 / 8 1 / 2 1 / 8 5 / 8 1 / 8
1 / 2 to 3 / 4 , excl 3 / 8 1 / 8 3 / 8 1 / 8 1 / 2 1 / 8 5 / 8 1 / 8 3 / 4 1 / 8
3 / 4 to 1, excl 1 / 2 1 / 8 1 / 2 1 / 8 5 / 8 1 / 8 3 / 4 1 / 8 7 / 8 1 / 8

1 to 1 1 / 4 , incl 5 / 8 1 / 8 5 / 8 1 / 8 3 / 4 1 / 8 7 / 8 1 / 8 1 1 / 8
Abrasive-cut:EF

3 / 16 to 1 1 / 4 , incl
Over 1 1 / 4 to 2 3 / 4 ,

incl

1 / 8
3 / 16

1 / 8
1 / 8

1 / 8
3 / 16

1 / 8
1 / 8

1 / 8
3 / 16

1 / 8
1 / 8

1 / 8
3 / 16

1 / 8
1 / 8

1 / 8
3 / 16

1 / 8
1 / 8

Plasma torch-cut:G

3 / 16 to 2, excl
2 to 3, incl

1 / 2
5 / 8

0
0

1 / 2
5 / 8

0
0

1 / 2
5 / 8

0
0

1 / 2
5 / 8

0
0

1 / 2
5 / 8

0
0

Millimetres

Sheared:D

4.8 to 7.9, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 ... ...
7.9 to 12.7, excl 6.4 3.2 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2
12.7 to 19.1, excl 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.1 3.2
19.1 to 25.4, excl 12.7 3.2 12.7 3.2 15.8 3.2 19.1 3.2 22.2 3.2
25.4 to 31.8, incl 15.9 3.2 15.9 3.2 19.1 3.2 22.2 3.2 25.4 3.2

Abrasive-cut:EF

4.8 to 31.8, incl
Over 31.8 to 69.8, incl

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

Plasma torch-cut:G

4.8 to 50.8, excl
50.8 to 76.2, incl

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

APermissible variations in width for powder- or inert arc-cut plate shall be as agreed upon between the manufacturer and the purchaser.
BPermissible variations in machined, powder-, or inert arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
CPermissible variations in plasma torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
DThe minimum sheared width is 10 in. (254 mm) for material 3⁄4 in. (19.0 mm) and under in thickness and 20 in. (508 mm) for material over 3⁄4in. in thickness.
EThe minimum abrasive-cut width is 2 in. (50.8 mm) and increases to 4 in. (101.6 mm) for thicker plates.
FThese tolerances are applicable to lengths of 240 in. (6100 mm), max. For lengths over 240 in., an additional 1⁄16 in. (1.6 mm) is permitted, both plus and minus.
GThe tolerance spread shown for plasma torch-cutting may be obtained all on the minus side, or divided between the plus and minus side if so specified by the purchaser.
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TABLE 6 Permissible Variations in Length A of Sheared, Plasma Torch-Cut, B and Abrasive-Cut Rectangular Plate C

Specified Thickness

Permissible Variation in Length for Lengths Given, in. (mm)

Up to 60 (1520),
incl

Over 60 to 96
(1520 to 2440),

incl

Over 96 to 120
(2440 to 3050),

incl

Over 120 to 240
(3050 to 6096)

incl

Over 240 to 360
(6096 to 9144),

incl

Over 360 to 450
(9144 to 11430),

incl

Over 450 to 540
(11430 to 13716),

incl

Over 540
(13716)

+ − + − + − + − + − + − + − + −

Inches

Sheared:D

3 / 16 to 5 / 16 ,
excl

3 / 16 1 / 8 1 / 4 1 / 8 3 / 8 1 / 8 1 / 2 1 / 8 5 / 8 1 / 8 3 / 4 1 / 8 7 / 8 1 / 8 ... ...

5 / 16 to 1 / 2 ,
excl

3 / 8 1 / 8 1 / 2 1 / 8 1 / 2 1 / 8 1 / 2 1 / 8 5 / 8 1 / 8 3 / 4 1 / 8 7 / 8 1 / 8 1 1 / 8

1 / 2 to 3 / 4 ,
excl

1 / 2 1 / 8 1 / 2 1 / 8 5 / 8 1 / 8 5 / 8 1 / 8 3 / 4 1 / 8 7 / 8 1 / 8 1 1 / 8 1 / 8 1 3 / 8 1 / 8

3 / 4 to 1, excl 5 / 8 1 / 8 5 / 8 1 / 8 5 / 8 1 / 8 3 / 4 1 / 8 7 / 8 1 / 8 1 1 / 8 1 / 8 1 3 / 8 1 / 8 1 5 / 8 1 / 8
1 to 1 1 / 4 , incl 3 / 4 1 / 8 3 / 4 1 / 8 3 / 4 1 / 8 7 / 8 1 / 8 1 1 / 8 1 / 8 1 3 / 8 1 / 8 1 5 / 8 1 / 8 ... ...

Abrasive-cut:E

3 / 16 to 1 1 / 4 ,
incl

1 / 8 1 / 8 1 / 8 1 / 8 1 / 8 1 / 8 1 / 8 1 / 8 1 / 8 1 / 8 1 / 8 1 / 8 ... ... ... ...

Over 1 1 / 4 to 2
3 / 4 ,

incl
3 / 16 1 / 8 3 / 16 1 / 8 3 / 16 1 / 8 3 / 16 1 / 8 3 / 16 1 / 8 3 / 16 1 / 8 ... ... ... ...

Plasma torch-cut:F

3 / 16 to 2, excl 1 / 2 0 1 / 2 0 1 / 2 0 1 / 2 0 1 / 2 0 1 / 2 0 1 / 2 0 1 / 2 0
2 to 3, incl 5 / 8 0 5 / 8 0 5 / 8 0 5 / 8 0 5 / 8 0 5 / 8 0 5 / 8 0 5 / 8 0

Millimetres

Sheared:D

4.8 to 7.9, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 ... ...
7.94 to 12.7, excl 9.5 3.2 12.7 3.2 12.7 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 25.4 3.2
12.7 to 19.0, excl 12.7 3.2 12.7 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2
19.0 to 25.4, excl 15.9 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.2 3.2
25.4 to 31.8, incl 19.0 3.2 19.0 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.2 3.2 ... ...

Abrasive-cut:E

4.8 to 31.8, incl 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 ... ... ... ...
Over 31.8 to 69.9,

incl 4.8 3.2 4.8 3.2 4.8
3.2

4.8 3.2 4.8 3.2 4.8 3.2 ... ... ... ...

Plasma torch-cut:F

4.8 to 50.8, excl 12.7 0 12.7 0 12.7 0 12.7 0 12.7 0 12.7 0 12.7 0 12.7 0
50.8 to 76.2, incl 15.9 0 15.9 0 15.9 0 15.9 0 15.9 0 15.9 0 15.9 0 15.9 0
APermissible variations in length for powder- or inert arc-cut plate shall be agreed upon between the manufacturer and the purchaser.
BThe tolerance spread shown for plasma torch cutting may be obtained all on the minus side, or divided between the plus and minus sides if so specified by the

purchaser.
CPermissible variations in machined, powder- or inert arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
DThe minimum sheared length is 10 in. (254 mm).
EAbrasive-cut applicable to a maximum length of 144 to 400 in. (3658 to 10160 mm) depending on the thickness and width ordered.
FThe tolerance spread shown for plasma torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.

TABLE 7 Permissible Variations in Thickness and Overweight of Rectangular Plates

NOTE 1—All plates shall be ordered to thickness and not to weight per square foot (cm). No plates shall vary more than 0.01 in. (0.25 mm) under the
thickness ordered, and the overweight of each lotA in each shipment shall not exceed the amount given in the table. Spot grinding is permitted to remove
surface imperfections, such spots not to exceed 0.01 in. (0.25 mm) under the specified thickness.

Permissible Excess in Average WeightB,C, per Square Foot of Plates for Widths Given in Inches (Millimeters)
Expressed in Percentage of Nominal Weights

Specified Thickness, in. (mm)
Under 48

(1220)

48 to 60
(1220 to
1520),
excl

60 to 72
(1520 to
1830),
excl

72 to 84
(1830 to
2130),
excl

84 to 96
(2130 to
2440),
excl

96 to 108
(2440 to
2740),
excl

108 to 120
(2740 to
3050),
excl

120 to 132
(3050 to
3350),
excl

132 to 144
(3350 to
3660),
excl

144 to 160
(3660 to
4070),

incl

3 / 16 to 5 / 16 (4.76 to 7.94), excl 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ... ...
5 / 16 to 3 / 8 (7.94 to 9.52), excl 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ...
3 / 8 to 7 / 16 (9.52 to 11.11), excl 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 19.5
7 / 16 to 1 / 2 (11.11 to 12.70), excl 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0
1 / 2 to 5 / 8 (12.70 to 15.88), excl 5.0 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5
5 / 8 to 3 / 4 (15.88 to 19.05), excl 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0
3 / 4 to 1 (19.05 to 25.4), excl 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5
1 to 2 (25.4 to 50.8), incl 4.0 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0

AThe term “lot” applied to this table means all of the plates of each group width and each group thickness.
BThe permissible overweight for lots of circular and sketch plates shall be 25 % greater than the amounts given in this table.
CThe weight of individual plates shall not exceed the nominal weight by more than 1 1 / 4 times the amount given in the table and Footnote B.
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12. Specimen Preparation

12.1 Tension test specimens shall be taken from material in
the final condition (temper) and tested transverse to the
direction of rolling when width will permit.

12.2 Tension test specimens shall be any of the standard or
subsize specimens shown in Test Methods E 8.

12.3 In the event of disagreement, referee specimens shall
be as follows:

12.3.1 Full thickness of the material, machined to the form
and dimensions shown for the sheet-type specimen in Test
Methods E 8 for material under1⁄2in. (12.7 mm) in thickness.

12.3.2 The largest possible round specimen shown in Test
Methods E 8 for material1⁄2 in. (12.7 mm) and over.

13. Test Methods

13.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specification

shall be determined, in case of disagreement, in accordance
with the following methods:

Test ASTM Designation
Chemical Analysis E 1473
Tension E 8
Brinell Hardness E 10
Rockwell Hardness E 18
Rounding Procedure E 29
Grain Size E 112
Hardness Conversion E 140
Spring-Back F 155

13.2 The measurement of average grain size may be carried
out by the planimetric method, the comparison method, or the
intercept method described in Test Methods E 112. In case of
dispute, the“ referee” method for determining average grain
size shall be the planimetric method.

13.3 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall

TABLE 8 Permissible Variations in Thickness for Rectangular Plates Over 2 in. (50.8 mm) in Thickness

NOTE 1—Permissible variation under specified thickness, 0.01 in. (0.25 mm).

Specified Thickness, in. (mm)

Permissible Variations, in. (mm), Over Specified Thickness for Widths Given, in.
(mm)

To 36
(915), excl

36 to 60 (915
to 1520), excl

60 to 84
(1520 to

2130), excl

84 to 120
(2130 to

3050), excl

120 to 132
(3050 to

3350), excl

132 (3350)
and Over

Over 2 to 3 (50.8 to 76.2), excl 1 / 16 (1.59) 3 / 32 (2.38) 7 / 64 (2.78) 1 / 8 (3.18) 1 / 8 (3.18) 9 / 64 (3.57)
3 to 4 (76.2 to 101.6), incl 5 / 64 (1.98) 3 / 32 (2.38) 7 / 64 (2.78) 1 / 8 (3.18) 1 / 8 (3.18) 9 / 64 (3.57)

TABLE 9 Permissible Variations in Thickness of Sheet and Strip
(Permissible Variations, Plus and Minus, in Thickness, in. (mm), for Widths Given in in. (mm))

Specified Thickness, in. (mm)

SheetA

Hot-Rolled Cold-Rolled

48 (1220) and
Under

Over 48 to 60
(1220 to 1520),

incl

48 (1220) and
Under

Over 48 to 60
(1220 to 1520),

incl

0.018 to 0.025 (0.5 to 0.6), incl 0.003 (0.08) 0.004 (0.10) 0.002 (0.05) 0.003 (0.08)
Over 0.025 to 0.034 (0.6 to 0.9), incl 0.004 (0.10) 0.005 (0.13) 0.003 (0.08) 0.004 (0.10)
Over 0.034 to 0.043 (0.9 to 1.1), incl 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.043 to 0.056 (1.1 to 1.4), incl 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.056 to 0.070 (1.4 to 1.8), incl 0.006 (0.15) 0.007 (0.18) 0.005 (0.13) 0.006 (0.15)
Over 0.070 to 0.078 (1.8 to 1.9), incl 0.007 (0.18) 0.008 (0.20) 0.006 (0.15) 0.007 (0.18)
Over 0.078 to 0.093 (1.9 to 2.4), incl 0.008 (0.20) 0.009 (0.23) 0.007 (0.18) 0.008 (0.20)
Over 0.093 to 0.109 (2.4 to 2.8), incl 0.009 (0.23) 0.010 (0.25) 0.007 (0.18) 0.009 (0.23)
Over 0.109 to 0.125 (2.8 to 3.2), incl 0.010 (0.25) 0.012 (0.31) 0.008 (0.20) 0.010 (0.25)
Over 0.125 to 0.140 (3.2 to 3.6), incl 0.012 (0.31) 0.014 (0.36) 0.008 (0.20) 0.010 (0.25)
Over 0.140 to 0.171 (3.6 to 4.3), incl 0.014 (0.36) 0.016 (0.41) 0.009 (0.23) 0.012 (0.31)
Over 0.171 to 0.187 (4.3 to 4.8), incl 0.015 (0.38) 0.017 (0.43) 0.010 (0.25) 0.013 (0.33)
Over 0.187 to 0.218 (4.8 to 5.5), incl 0.017 (0.43) 0.019 (0.48) 0.011 (0.28) 0.015 (0.38)
Over 0.218 to 0.234 (5.5 to 5.9), incl 0.018 (0.46) 0.020 (0.51) 0.012 (0.31) 0.016 (0.41)
Over 0.234 to 0.250 (5.9 to 6.4), incl 0.020 (0.51) 0.022 (0.56) 0.013 (0.33) 0.018 (0.46)

Cold-Rolled StripA,B

Specified Thickness, in. (mm)
Widths 12 in. (305 mm) and Under, plus and

minus

Up to 0.050 (1.27), incl 0.0015 (0.038)
Over 0.050 to 0.093 (1.27 to 2.39), incl 0.0025 (0.063)
Over 0.093 to 0.125 (2.39 to 3.18), incl 0.004 (0.11)

AMeasured 3⁄8in. (9.5 mm) or more from either edge except for strip under 1 in. (25.4 mm) in width which is measured at any place.
BStandard sheet tolerances apply for thicknesses over 0.125 in. (3.2 mm) and for all thicknesses of strip over 12 in. (305 mm) wide.
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be rounded as indicated below, in accordance with the round-
ing method of Practice E 29.

Test Rounded Unit for Observed
or Calculated Value

Chemical composition,
hardness, and tolerances
(when expressed in decimals)

nearest unit in the last right-hand place of
figures of the specified limit. If two choices
are possible, as when the digits dropped are
exactly a 5, or a 5 followed only by zeros,
choose the one ending in an even digit, with
zero defined as an even digit.

Tensile strength and yield
strength

nearest 1000 psi (6.9 MPa)

Elongation nearest 1 %
Grain size:
0.0024 in. (0.060 mm) or

larger
nearest multiple of 0.0002

in. (0.005 mm)
less than 0.0024 in. (0.060

mm)
nearest multiple of 0.0001

in. (0.002 mm)

14. Inspection

14.1 Inspection of the material shall be made as agreed upon
by the manufacturer and the purchaser as part of the purchase
contract.

15. Rejection and Rehearing

15.1 Material not conforming to this specification or to
authorized modifications will be subject to rejection.

15.2 Samples tested in accordance with this specification
that represent rejected material shall be preserved for not less
than 3 weeks from the date of the test report. In case of
dissatisfaction with the results of the tests, the manufacturer
may make claim for a rehearing within that time.

TABLE 10 Permissible Variations in Diameter for Circular Plates Sheared Plate

Sheared Plate

Specified Diameter, in. (mm)
Permissible Variations Over Specified Diameter for Thickness

Given, in. (mm)A

To 3 / 8 (9.52), incl
20 to 32 (508 to 813), excl 1 / 4 (6.35)
32 to 84 (813 to 2130), excl 5 / 16 (7.94)
84 to 108 (2130 to 2740), excl 3 / 8 (9.52)
108 to 140 (2740 to 3580), incl 7 / 16 (11.11)

Plasma Torch-CutB

Specified Diameter, in. (mm)

Permissible Variations in Specified Diameter for Thickness Given, in. (mm)C

Thickness, max, in.
(mm)

3 / 16 to 2 (4.76 to 50.8), excl 2 to 3 (50.8 to 76.2), incl

+ − + −

19 to 20 (483 to 508), excl 3 (76.2) 1 / 2 (12.70) 0 5 / 8 (15.88) 0
20 to 22 (508 to 559), excl 2 3 / 4 (69.8) 1 / 2 (12.70) 0 5 / 8 (15.88) 0
22 to 24 (559 to 610), excl 2 1 / 2 (63.5) 1 / 2 (12.70) 0 5 / 8 (15.88) 0
24 to 28 (610 to 711), excl 2 1 / 4 (57.3) 1 / 2 (12.70) 0 5 / 8 (15.88) 0
28 to 32 (711 to 812), excl 2 (50.8) 1 / 2 (12.70) 0 5 / 8 (15.88) 0
32 to 34 (812 to 864), excl 1 3 / 4 (44.5) 1 / 2 (12.70) 0 ... ...
34 to 38 (864 to 965), excl 1 1 / 2 (38.1) 1 / 2 (12.70) 0 ... ...
38 to 40 (965 to 1020), excl 1 1 / 4 (31.8) 1 / 2 (12.70) 0 ... ...
40 to 140 (1020 to 3560), incl 3 (76.2) 1 / 2 (12.70) 0 5 / 8 (15.88) 0

ANo permissible variations under.
BPermissible variations in plasma torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
CThe tolerance spread shown may also be obtained all on the minus side or divided between the plus and minus sides if so specified by the purchaser.

TABLE 11 Permissible Variations in Width of Sheet and Strip

Specified Thickness, in. (mm) Specified Width, in. (mm)
Permissible Variations in Specified Width, in. (mm)

+ −

Sheet

Up to 0.250 (6.35) all 0.125 (3.18) 0

StripA

Under 0.075 (1.9) Up to 12 (305), incl 0.007 (0.18) 0.007 (0.18)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

0.075 to 0.100 (1.9 to 2.5), incl Up to 12 (305), incl 0.009 (0.23) 0.009 (0.23)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.100 to 0.125 (2.5 to 3.2), incl Up to 12 (305), incl 0.012 (0.30) 0.012 (0.30)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.125 to 0.160 (3.2 to 4.1), incl Up to 12 (305), incl 0.016 (0.41) 0.016 (0.41)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.160 to 0.187 (4.1 to 4.7), incl Up to 12 (305), incl 0.020 (0.51) 0.020 (0.51)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.187 to 0.250 (4.7 to 6.4), incl Up to 12 (305), incl 0.062 (1.6) 0.062 (1.6)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0.062 (1.6)

ARolled round- or square-edge strip in thicknesses of 0.071 to 0.125 in. (1.80 to 3.18 mm), incl, in widths 3 in. (76.2 mm) and under, shall have permissible width
variations of 60.005 in. (60.13 mm). Permissible variations for other sizes shall be as agreed upon between the manufacturer and the purchaser.
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16. Certification

16.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

17. Product Marking

17.1 Each bundle or shipping container shall be marked
with the name of the material; condition (temper); this speci-

fication number; the size; gross, tare, and net weight; consignor
and consignee address; contract or order number; or such other
information as may be defined in the contract or order.

18. Keywords

18.1 plate; sheet; strip; UNS N08120; UNS N08800; UNS
N08801; UNS N08810; UNS N08811; UNS N08890

APPENDIX

(Nonmandatory Information)

X1. CONDITIONS (TEMPERS) AND FINISHES

X1.1 This appendix lists the conditions and finishes in
which plate, sheet, and strip are normally supplied. These are
subject to change and the manufacturer should be consulted for
the latest information available.

X1.1.1 Plate, Hot Rolled:
X1.1.1.1 Annealed—Soft with an oxide surface, and suit-

able for heavy cold forming. Available with a descaled surface,
when so specified.

X1.1.1.2 As-Rolled—With an oxide surface. Available
with a descaled surface, when so specified. Suitable for flat
work, mild forming, or tube sheets. When intended for tube
sheets, specify that plates are to be specially flattened. When
intended for hot forming, this should be indicated on the
purchase order so that the manufacturer may select appropriate
material.

X1.1.2 Plate, Cold Rolled:

TABLE 12 Permissible Variations From Flatness of Rectangular, Circular, and Sketch Plates

NOTE 1—Permissible variations apply to plates up to 12 ft (366 cm) in length, or to any 12 ft (366 cm) of longer plates.
NOTE 2—If the longer dimension is under 36 in. (914 mm), the permissible variation is not greater than1⁄4 in. (6.35 mm).
NOTE 3—The shorter dimension specified is considered the width, and the permissible variation in flatness across the width does not exceed the tabular

amount of that dimension.
NOTE 4—The maximum deviation from a flat surface does not customarily exceed the tabular tolerance for the longer dimension specified.

Specified Thickness

Permissible Variations from a Flat Surface for Thickness and Widths Given, in. (mm)

To 48
(1220),

excl

48 to 60
(1220

to
1520),
excl

60 to 72
(1520

to
1830),
excl

72 to 84
(1830

to
2130),
excl

84 to 96
(2130

to
2440),
excl

96 to
108

(2440
to

2740),
excl

108 to
120

(2740
to

3050),
excl

120 to
144

(3050
to

3660),
excl

144
(3660)

and
Over

Inches

3 / 16 to 1 / 4 , excl 3 / 4 1 1 / 16 1 1 / 4 1 3 / 8 1 5 / 8 1 5 / 8 ... ... ...
1 / 4 to 3 / 8 , excl 11 / 16 3 / 4 15 / 16 1 1 / 8 1 3 / 8 1 7 / 16 1 9 / 16 1 7 / 8 ...
3 / 8 to 1 / 2 , excl 1 / 2 9 / 16 11 / 16 3 / 4 15 / 16 1 1 / 8 1 1 / 4 1 7 / 16 1 3 / 4
1 / 2 to 3 / 4 , excl 1 / 2 9 / 16 5 / 8 5 / 8 13 / 16 1 1 / 8 1 1 / 8 1 1 / 8 1 3 / 8
3 / 4 to 1, excl 1 / 2 9 / 16 5 / 8 5 / 8 3 / 4 13 / 16 15 / 16 1 1 1 / 8
1 to 2, excl 1 / 2 9 / 16 9 / 16 9 / 16 11 / 16 11 / 16 11 / 16 3 / 4 1
2 to 4, incl 1 / 4 5 / 16 3 / 8 7 / 16 1 / 2 9 / 16 5 / 8 3 / 4 7 / 8

Millimetres

4.76 to 6.35, excl 19.05 27.0 31.7 34.9 41.3 41.3 ... ... ...
6.35 to 9.52, excl 17.46 19.05 23.81 28.6 35.0 36.5 39.7 47.6 ...
9.52 to 12.70, excl 12.70 14.29 17.46 19.05 23.8 28.6 31.7 35.0 44.4
12.70 to 19.05, excl 12.70 14.29 15.88 15.88 20.64 28.6 28.6 28.6 34.9
19.05 to 25.4, excl 12.70 14.29 15.88 15.88 19.05 20.64 23.81 25.4 28.6
25.4 to 50.8, excl 12.70 14.29 14.29 14.29 17.46 17.46 17.46 19.05 25.4
50.8 to 101.6, incl 6.35 7.94 9.52 11.11 12.70 14.29 15.88 19.05 22.22
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X1.1.2.1 Annealed—Soft with an oxide surface; available
with a descaled surface when so specified.

X1.1.3 Sheet, Hot-Rolled, Annealed, and Pickled—Soft
with a pickled matte finish. Properties similar to X1.1.4.1 but
with broader thickness tolerances. Not suggested for applica-
tions where the finish of a cold-rolled sheet is considered
essential, or for deep drawing, or spinning.

X1.1.4 Sheet and Strip, Cold-Rolled:

X1.1.4.1 Annealed—Soft with a descaled or bright an-
nealed finish.

X1.1.4.2 Deep-Drawing or Spinning Quality—Similar to
X1.1.4.1, except furnished to controlled hardness and grain
size and lightly leveled.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 413 – 97a (Reapproved 2003)

Standard Specification for
Refined Silver 1

This standard is issued under the fixed designation B 413; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers refined silver cast bar2 form in
three grades as follows:

1.1.1 Grade 99.90(UNS P07020)—Silver having a mini-
mum fineness of 999.0 commonly referred to as “commercial
bar” or “bullion.”

1.1.2 Grade 99.95(UNS P07015)—Silver having a mini-
mum fineness of 999.5.

1.1.3 Grade 99.99(UNS P07010)—A premium grade hav-
ing a minimum fineness of 999.9.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards, including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E 378 Test Method for Spectrographic Analysis of Silver by
the Powder Technique

3. Materials and Manufacture

3.1 The silver shall be produced by any process that yields
a product capable of meeting the requirements of this specifi-
cation.

3.2 The bars shall be of a quality generally acceptable to the
trade.

3.3 The manufacturer shall use care to have each shipment
of as uniform quality as possible.

4. Chemical Composition

4.1 The refined silver shall conform to the chemical com-
position prescribed in Table 1.

5. Lots

5.1 A single melt shall constitute a lot for sampling.

6. Method of Analysis

6.1 The composition of the bars or samples shall be deter-
mined by any destructive or nondestructive method agreed
upon between the manufacturer and the purchaser. Unless
otherwise specifically agreed, chemical methods will be used
for analysis. The chemical composition of the materials set
forth in this specification shall be determined, in case of
disagreement, in accordance with Test Method E 378. The
selection of methods for the determination of elements not
covered by that test method shall be a matter of agreement
between the manufacturer and the purchaser.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals and Electrical Contact Materials.

Current edition approved Nov. 1, 2003. Published December 2003. Originally
approved in 1964. Last previous edition approved in 1997 as B 413 – 97a.

2 Other forms of unfabricated silver of commerce are not to be excluded under
this specification.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

TABLE 1 Chemical Requirements

NOTE 1—The following applies to all specified limits in this table: For
purposes of determining conformance with this specification, an observed
value obtained from analysis shall be rounded off “to the nearest unit” in
the last right-hand place of figures used in expressing the limiting value,
in accordance with the rounding-off method of Practice E 29.

ElementA,B

Composition, %

Grade
99.90
(UNS

P07020)

Grade
99.95
(UNS

P07015)

Grade
99.99
(UNS

P07010)

Silver, min 99.90 99.95 99.99
Silver and copper, min 99.95 ... ...
Bismuth, max 0.001 0.001 0.0005
Copper, max 0.08 0.04 0.010
Iron, max 0.002 0.002 0.001
Lead, max 0.025 0.015 0.001
Palladium, max ... ... 0.001
Selenium, max ... ... 0.0005
Tellurium, max ... ... 0.0005
AImpurities other than those listed above may be included by special agreement

between purchaser and manufacturer.
BIn this specification, it is to be noted that while oxygen is neither specified nor

determined analytically, it is known to be present in the refined silver. When
calculating the purity of refined silver by difference, oxygen will be considered as
silver.

1
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7. Sampling

7.1 The value of this material is such that special attention
must be paid to sampling procedures. If the purchaser and the
manufacturer agree that samples most representative of the
assay value of a melt are required, the samples should be taken
from the silver melt as it is ready for pouring into molds. The
samples should consist of shot or cast pins.

7.2 On agreement between manufacturer and purchaser, an
alternative sampling procedure may be used.

7.3 The amount of sample taken shall be sufficient to supply
three portions for analysis; the mass of each portion shall be
sufficient to permit the determination of its composition as set
forth in Table 1.

7.4 After mixing thoroughly, the sample shall be divided
into three parts, each placed in a package and sealed, one for
the manufacturer, one for the purchaser, and one for the
umpire.

8. Product Marking

8.1 A brand shall be cast or otherwise legibly marked upon
each bar, by which the manufacturer can be identified. The bar
shall be marked with the minimum fineness together with the
melt number, bar number, and weight to the nearest 0.1 oz troy.

9. Claims

9.1 Claims to be considered shall be made to the manufac-
turer in writing within 30 days of receipt of the material at the
purchaser’s plant, and the results of the tests made by the
purchaser shall accompany such claims. The manufacturer

shall be given 1 week from the date of receipt of the complaint
to investigate his records, and shall then agree either to satisfy
the claim or to submit samples to an umpire. No claim shall be
considered unless a portion of the original silver bars can be
shown to the representative of the manufacturer.

9.2 Where the silver satisfies the requirements of this
specification, it shall not be condemned for defects in the
products in which it is used.

10. Investigation of Claims

10.1 In a question of chemical composition, a new sample
shall be drawn by representatives of both parties in accordance
with Section 7. The properly mixed and quartered sample shall
be separated into three parts, each of which shall be placed in
a sealed package, one for the manufacturer, one for the
purchaser, and one for an umpire, if necessary. The manufac-
turer and the purchaser shall each make an analysis, and if the
results do not establish or dismiss the claim to the satisfaction
of both parties, the third sample shall be submitted to a
mutually agreeable umpire, who shall determine the question
of fact, and whose determination shall be final.

11. Settlement of Claims

11.1 The expenses of the manufacturer’s representative and
of the umpire shall be paid by the loser or divided in proportion
to the concession made in case of compromise. In the case of
rejection being established, the damages shall be limited to the
payment of freight both ways by the producer for substitution
of an equivalent weight of silver conforming to this
specification.

APPENDIX

(Nonmandatory Information)

X1. SAMPLING

X1.1 When sampling is to be done on bars, the sampling
preferably shall be by drilling. This shall be done by a
procedure that will avoid errors due to segregation of impuri-
ties within the bars and also will avoid surface contamination.

X1.2 Drilling Procedure—At least one bar of each melt
shall be sampled. The bar or bars to be drilled shall be
thoroughly brushed with a stiff fiber brush having bristles
which are set in a nonmetallic holder.

X1.3 Single Bar—The bar shall be drilled at least six times
with a 0.635 cm high-speed drill in a pattern similar to that
shown in Fig. 1. Three holes shall be drilled half way through

the top face of the bar for the hole positions marked “T.” The
bar shall be turned end over end and three holes drilled through
the bottom face for the positions marked “B.” The bar shall be
drilled while on a clear surface of a material such as polyeth-
ylene sheeting or a lint-free paper.

X1.4 Several Bars From Same Melt—The same precautions
and procedure as that outlined for single bars shall be followed,
except that the drillings representing the different orientation of
the bar will be made on six different bars. For example, when
six bars are sampled, the sampling positions corresponding to
those in Fig. 1 are used except that only one hole will be drilled
in each bar corresponding to one of the six positions.

B 413 – 97a (2003)

2



ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

T in circle—Hole position in top of bar.
B in broken circle—Hole position in bottom of bar.

FIG. 1 Sample Drilling Template
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Designation: B 418 – 01

Standard Specification for
Cast and Wrought Galvanic Zinc Anodes 1

This standard is issued under the fixed designation B 418; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification covers cast and wrought galvanic zinc
anodes for the cathodic protection of more noble metals and
alloys in sea water, brackish water, or other saline electrolytes.
Type I anodes are most commonly used for such applications.
The Type I anode composition in this specification meets the
chemical composition requirements of MIL-A-18001J.

1.2 Zinc anodes conforming to this specification may be
used in other waters, electrolytes, backfills, and soils where
experience has shown that the specified composition is efficient
and reliable. Type II anodes are most commonly used for such
applications.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 6 Specification for Zinc2

B 899 Terminology Relating to Non-ferrous Metals and
Alloys2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance With Specifications3

E 527 Practice for Numbering Metals and Alloys (UNS)4

E 536 Test Methods for Chemical Analysis of Zinc and Zinc
Alloys5

2.2 Military Standard:
MIL-A-18001J Military Specification Anodes, Corrosion

Preventative, Zinc, Slab Disc, and Rod Shaped6

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 cathodic protection—reduction of corrosion by mak-

ing the protected metal the cathode in a conducting medium by
applying direct current.

3.2.2 galvanic anode—a metal electrode that sacrificially
corrodes when coupled to a more noble metal in a conducting
medium, and thereby supplies a protective electric current to
the noble electrode.

3.2.3 ribbon anode, n—a long, continuous sacrificial anode
shape, with a diamond, square, rectangular, oval, or other
cross-section, most commonly made of zinc, magnesium or
aluminum, having a core wire normally made of steel, that is
usually supplied in coils or reels of 100 to 3600 ft depending
upon size and cross-section.

3.2.4 saline electrolyte—a solution consisting of mainly the
chlorides of the alkali metals.

4. Ordering Information

4.1 Orders for anodes under this specification shall include
the following information:

4.1.1 ASTM designation and year of issue,
4.1.2 Type of anode material (see Table 1),
4.1.3 Quantity in pounds,
4.1.4 Number of anodes,
4.1.5 Size of anode and whether contains rod insert and if

so, type of insert and whether contains bolt hole and if so,
whether threaded.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.04 on Zinc and Cadmium.

Current edition approved Nov. 10, 2001. Published January 2002. Originally
published as B 418 – 64 T. Last previous edition B 418 – 95a(2000){1.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 14.02.
4 Annual Book of ASTM Standards, Vol 01.01.

5 Annual Book of ASTM Standards, Vol 03.06.
6 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

1

*A Summary of Changes section appears at the end of this standard.
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4.1.6 Whether marking for identification is required includ-
ing the marking patterns, if required, and

4.1.7 Whether certification is required.

5. Chemical Composition

5.1 The anode shall be made from Special High Grade zinc
conforming to Specification B 6, with suitable alloying addi-
tions for Type I anodes. Composition of the anode alloy content
shall conform to the limits prescribed in Table 1.

5.2 Evidence from laboratory tests shows that Type I
composition may suffer intergranular corrosion. Susceptibility
to intergranular corrosion increases with increasing tempera-
ture and is particularly severe above approximately 120°F
(50°C). Intergranular corrosion can be avoided (at tempera-
tures above about 120°F) with Type II composition, which
must be made from special high-grade zinc with an iron
content well below the 0.003 % maximum given in Specifica-
tion B 6.

6. Methods of Chemical Analysis

6.1 The chemical compositions enumerated in this specifi-
cation shall, in case of disagreement, be determined by
methods mutually agreed upon or the methods listed in Table 2
approved for referee purposes by ASTM. Test Methods E 536
shall be used, except for Type II.

7. Bolt Holes and Threads

7.1 For anodes with integral inserts intended for attachment
by bolting, it is recommended that a bolt-hole spacing of 6 in.
(152 mm) or even multiples thereof be used.

7.2 Anodes with projecting rod inserts threaded for attach-
ment by means of a bolted connection shall have Unified
National Coarse threads.

8. Workmanship, Finish, and Appearance

8.1 The zinc anodes shall be free of flash, burrs, cracks,
blow holes, and surface slag, consistent with good commercial
practice. Cast anodes shall not have shrinkage cavities exceed-
ing 1⁄4 the depth of the anode or 1 in. (25.4 mm), whichever is
smaller when measured from a straightedge placed diagonally
across opposite edges of the anode. Drill holes and saw cuts for

sampling shall not be cause for rejection unless they are severe
enough to cause premature failure of the anode.

9. Sampling

9.1 The sample for chemical analysis shall be taken as
follows:

9.1.1 Selection of Portion—A number of anodes shall be
selected at random to give a representative sample of the lot. A
lot shall consist of not more than 20 000 lb (9070 kg) of zinc
anodes cast from a single melt or not more than 5000 lb (2268
kg) of anodes cast in a single 24-h period from more than one
melt. The minimum number of anodes to be sampled shall be
as specified in Table 3.

9.1.2 Taking Sample for Chemical Analysis—Each selected
anode shall be sampled by drilling or machining with a
nonferrous tool. The use of a drill with a tungsten carbide tip
is recommended. The tool bit or drill shall not penetrate into
the core material or a cored anode. The cuttings from all anodes
in a lot shall be thoroughly mixed to form a uniform sample of
not less than 50 g total.

10. Claims

10.1 Claims to be considered shall be made in writing to the
manufacturer within 30 days of receipt of anodes at the
purchaser’s plant and the results of the purchaser’s tests shall
be given. The manufacturer shall be given one week from date
of receipt of such claim to investigate his records and then shall
agree either to satisfy the claim or send a representative to the
plant of the purchaser.

11. Investigation of Claims

11.1 The inspector representing the manufacturer shall ex-
amine all pieces where physical defects are claimed. If agree-
ment is not reached, the question of fact shall be submitted to
a mutually agreeable umpire, whose decision shall be final.

11.2 On a question of chemical analysis, a sample shall be
taken by the representatives of both the manufacturer and the
purchaser as described in Section 4. The properly mixed and
quartered sample shall be separated into three parts, each of
which shall be placed in a sealed envelope, one for the
manufacturer, one for the purchaser, and one for the umpire if

TABLE 1 Chemical Requirements A

Type (UNS)B Aluminum, % Cadmium, %
Iron,
max,

%

Lead,
max,

%

Copper,
max,

%

Others,
Total,

%

ZincC,
%

Type I (Z32120) 0.1–0.5 0.025–0.07 0.005 0.006 0.005 0.1 remainder
Type II (Z13000) 0.005 max 0.003 max 0.0014 0.003 0.002 ... remainder

AThe following applies to all specified limits in this table: For purposes of determining conformance with this specification, the observed value or calculated value obtained
from analysis shall be rounded off to the nearest unit in the last right hand place of figures used in expressing the specified limit, in accordance with the rounding method
of Practice E 29.

BUNS designations were established in accordance with Practice E 527.
CDetermined arithmetically by difference.

TABLE 2 Methods of Analysis

Method
ASTM

Designation

Spectrochemical Analysis
Chemical Analysis
Chemical Analysis Test Methods E 536

TABLE 3 Minimum Number of Anodes in Sample

Number of Anodes in Lot
Minimum Number of
Anodes in Sample

1 to 500 2
500 to 1000 3
Each additional 1000 or part thereof 1
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necessary. The manufacturer and the purchaser shall each make
an analysis, and if the results do not establish or dismiss the
claim to the satisfaction of both parties, the third sample shall
be submitted to a mutually agreeable umpire, who shall
determine the question of quality, and whose determination
shall be final.

12. Rejection and Rehearing

12.1 The expenses of the manufacturer’s representative and
of the umpire shall be paid by the loser or divided in proportion
to the concession in case of compromise. In case of rejection

being established, damages shall be limited to the payment by
the manufacturer of freight both ways for replacement of the
rejected anodes with anodes conforming to this specification.

13. Product Marking

13.1 A manufacturer’s identifying brand shall be cast,
stamped, or displayed on at least one surface of each anode or
package of anodes.

14. Keywords

14.1 cathodic protection; galvanic anodes; zinc; zinc
anodes

SUMMARY OF CHANGES

This section contains the principal changes to the standard that have been incorporated since the last issue.

(1) Definition for ribbon anode added.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 423 – 03

Standard Specification for
Nickel-Iron-Chromium-Molybdenum-Copper Alloy
(UNS N08825 and N08221)* Seamless Pipe and Tube 1

This standard is issued under the fixed designation B 423; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers nickel-iron-chromium-
molybdenum-copper alloys (UNS N08825 and N08221)* in
the form of cold-worked and hot-finished seamless pipe and
tube intended for general corrosive service. The general
requirements for pipe and tube are covered in Specification
B 829.

1.2 The following precautionary caveat pertains only to the
test methods portion, Section 9, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 829 Specification for General Requirements for Nickel

and Nickel Alloy Seamless Pipe and Tube3

3. General Requirement

3.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 829
unless otherwise provided herein.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 Alloy name or UNS number,
4.1.2 ASTM designation,

4.1.3 Condition (see Appendix X2),
4.1.4 Finish (see Appendix X2),
4.1.5 Dimensions:
4.1.5.1 Tube—Specify outside diameter and nominal or

minimum wall,
4.1.5.2 Pipe—Specify standard pipe size and schedule,
4.1.5.3 Length—Cut to length or random,
4.1.6 Quantity—Feet (or metres) or number of pieces,
4.1.7 Hydrostatic Pressure Requirements—Specify test

pressure if other than required by 9.1.1,
4.1.8 Certification— State if certification is required,
4.1.9 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished (see
5.2),

4.1.10 Purchaser Inspection—If purchaser wishes to wit-
ness tests or inspection of material at place of manufacture, the
purchase order must so state indicating which tests or inspec-
tions are to be witnessed, and

4.1.11 Small-Diameter and Light-Wall Tube (Converter
Sizes)—See Appendix X1.

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 1. One test is required for each lot as defined

in Specification B 829.
5.2 If a product (check) analysis is performed by the

purchaser, the material shall conform to the product (check)
analysis variations of Specification B 829.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1964. Last previous edition approved in 1999 as B 423 - 99.

* New designation established in accordance with Practice E 527 and SAE
J 1086, Practice for Numbering Metals and Alloys (UNS).

2 For ASME Boiler and Pressure Vessel Code applications see related specifica-
tion SB-423 in Section II of that code.

3 Annual Book of ASTM Standards, Vol 02.04.

TABLE 1 Chemical Requirements

Element UNS N08825 UNS N08221

Nickel 38.0–46.0 39.0–46.0
Chromium 19.5–23.5 20.0–22.0
Iron 22.0 min 22.0 min
Manganese 1.0 max 1.0 max
Carbon 0.05 max 0.025 max
Copper 1.5–3.0 1.5–3.0
Silicon 0.5 max 0.5 max
Sulfur 0.03 max 0.03 max
Aluminum 0.2 max 0.2 max
Titanium 0.6–1.2 0.6–1.0
Molybdenum 2.5–3.5 5.0–6.5

1
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6. Mechanical Properties and Other Requirements

6.1 Tension Test— The material shall conform to the tensile
properties specified in Table 2. The sampling and specimen
preparation are as covered in Specification B 829.

6.1.1 Tensile properties for material specified as small-
diameter and light-wall tube (converter sizes) shall be as
prescribed in Table X1.1.

6.2 Hydrostatic Test— If any pipe or tube shows leaks
during hydrostatic testing, it shall be rejected.

7. Dimensions and Permissible Variations

7.1 Diameter and Wall Thickness—The permissible varia-
tions in the outside diameter and wall thickness shall conform
to the permissible variations prescribed in Tables 3, 4, and 5 of
Specification B 829.

7.2 Permissible variations for material specified as small-
diameter and light-wall tube (converter size) shall conform to
the permissible variations prescribed in Table X1.2.

8. Number of Tests

8.1 Chemical Analysis—One test per lot.

8.2 Tension—One test per lot.

8.3 Hydrostatic—Each piece in each lot.

9. Test Methods

9.1 Hydrostatic Test—Each pipe or tube with an outside
diameter1⁄8 in. (3 mm) and larger and with wall thickness of
0.015 in. (0.38 mm) and over shall be tested in accordance with
Specification B 829. The allowable fiber stress, for material in
the condition furnished, is as follows:
UNS N08825 hot finished, annealed: 16 600 psi (114 MPa)
UNS N08825 cold-worked, annealed: 21 200 psi (146 MPa)
UNS N08221 cold finished, annealed: 19 700 psi (138 MPa)

9.1.1 When so agreed upon between the manufacturer and
purchaser, pipe or tube may be tested to 11⁄2 times the
allowable fiber stress given in 9.1.

10. Keywords

10.1 N08221; N08825; seamless pipe; seamless tube

APPENDIXES

(Nonmandatory Information)

X1. CONVERTER SIZES

X1.1 Small-diameter and light-wall tube in outside diam-
eters 11⁄4 in. (31.8 mm) and under may be furnished in the
conditions listed in Table X1.1 when so specified. The material
is furnished in a limited range of sizes and the manufacturer

should be consulted as to the various outside diameters and
wall thicknesses that may be furnished. Material will have a
right finish. Such material shall conform to the applicable
requirements in Table X1.1 and Table X1.2.

TABLE 2 Mechanical Properties of Pipe and Tube

Alloy Condition and Size
Tensile Strength,
min, ksi (MPa)

Yield Strength
0.2 % Offset, min,

ksi (MPa)

Elongation in
2 in. or 50
mm (4D),

min,%

UNS N08825 hot-finished annealed 75 (517) 25 (172) 30
UNS N08825 cold-worked annealed 85 (586) 35 (241) 30
UNS N08825 hot-forming quality (hot-finished or cold-drawn

annealed)

A A A

UNS N08221 cold-finished, annealed 79 (545) 34 (234) 30
AHot-forming quality is furnished to chemical requirements and surface inspection only. No mechanical properties are required.
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X2. CONDITIONS AND FINISHES NORMALLY SUPPLIED

X2.1 Scope

X2.1.1 This appendix lists the conditions and finishes in
which pipe and tube (other than converter sizes) are normally
supplied. These are subject to change, and the manufacturer
should be consulted for the latest information available.

X2.2 Cold-Worked Tube and Pipe

X2.2.1 Cold-Worked, Annealed, with Ground Outside
Diameter—The inside diameter may have a bright finish when
material is annealed in a protective atmosphere; otherwise, the
inside diameter is supplied descaled as necessary. It is available
in sizes1⁄2 to 4 in. (12.7 to 102 mm), inclusive, in outside

diameter in both normal and heavy-wall tube, and pipe sizes,
all schedules, of corresponding outside-diameter dimensions.

X2.2.2 Cold-Worked, Annealed, and Pickled (Not
Ground)—Outside and inside diameter will have dull, matte
(pickled) surfaces. It is available in sizes1⁄2 to 65⁄8 in. (12.7 to
168 mm), inclusive, in outside diameter in both normal and
heavy-wall tube, and pipe sizes, all schedules, of correspond-
ing outside-diameter dimensions.

TABLE X1.1 Mechanical Properties A of Small-Diameter and Light-Wall Tubing (Converter Sizes)

Condition Tensile Strength, ksi (MPa)
Yield Strength (0.2 % offset) min,

ksi (MPa)
Elongation in 2 in. or 50 mm,

min, %

AnnealedBC 85–115 (586–793) 35 (241) 30
Half-hardD 105 (724) min 75 (517) 15
Full-hardE 125 (862) min 100 (689) 5

ANot applicable to outside diameters under 1⁄8 in. (3.2 mm) and wall thickness under 0.015 in. (0.381 mm).
B This condition is sometimes designated as “No. 1 Temper.”
CThe minimum tensile strength value applies only to tubing in straight lengths.
DThis condition is sometimes designated as “No. 2 Temper.”
EThis condition is sometimes designated as “No. 3 Temper.”

TABLE X1.2 Permissible Variations for Small-Diameter and Light-Wall Tube (Converter Sizes) ABCDEFG

Specified Outside Diameter, in.
(mm)

Outside Diameter, in. (mm) Inside Diameter, in. (mm) Wall Thickness, %

+ − + − + −

Under 3⁄32 (2.4) 0.002 (0.05) 0 0 0.002 (0.05) 10 10
3⁄32 to 3⁄16 (2.4 to 4.8), excl 0.003 (0.08) 0 0 0.003 (0.08) 10 10
3⁄16 to 1⁄2 (4.8 to 12.7), excl 0.004 (0.10) 0 0 0.004 (0.10) 10 10
1⁄2 to 1 1⁄4 (12.7 to 31.8), incl 0.005 (0.13) 0 0 0.005 (0.13) 10 10
AOvality, Normal Wall Tube—As-Drawn (No. 2 and 3) Tempers—Ovality will be held within the outside diameter tolerances shown in the table.
Annealed (No. 1) Temper—Ovality will be held within 2 % of the theoretical average outside diameter.
B Ovality, Light Wall Tube—As-Drawn (No. 2 and 3) Tempers—Up to but not including 11⁄4 in. (31.8 mm) in outside diameter, ovality will be held within 2 % of the

theoretical average outside diameter.
Annealed (No. 1) Temper—Ovality will be held within 3 % of the theoretical average outside diameter.
CWall Tolerances, Light Wall Tube—The plus and minus wall tolerance shown in the table shall apply down to and including 0.005 in. (0.13 mm) in wall thickness. For

wall thicknesses less than 0.005 in. (0.13 mm), the tolerance shall be 6 0.0005 in. (0.013 mm).
DRandom Lengths:
Where nominal random lengths on tubing 1⁄8 in. (3.2 mm) and larger in outside diameter are specified, a length tolerance of 6 31⁄2 ft (1.06 m) applies to the nominal

length. This is a total spread of 7 ft (2.10 m).
Random lengths in sizes 1⁄8 in. (3.2 mm) and larger in outside diameter shall be subject to a length range of 5 to 24 ft (1.50 to 7.30 m). Long random lengths are subject

to a range of 15 to 22 ft (4.57 to 6.70 m).
Random lengths in sizes up to, but not including, 1⁄8 in. (3.2 mm) in outside diameter and fragile light-wall tubes over this outside diameter are subject to the length range

of 1 to 15 ft (0.30 to 4.57 m).
E Cut Lengths—Tolerances on cut lengths shall be in accordance with Table X1.2.
FStraightness—Round tubing is subject to a straightness tolerance of one part in 600 [equivalent to a depth of arc of 0.030 in. (0.76 mm) in any 3 ft (0.91 m) on length].
GWhen specified, the tolerance spreads of this table may be applied as desired. However, when not specified, the tolerances in this table will apply. It should be noted

that inside diameter tolerances are based upon the outside diameter range.

TABLE X1.3 Tolerances on Cut Lengths of Light-Wall Tube

Length, ft (m) Tube Size, in. (mm)
Permissible Variations, in. (mm)

Over Under

Under 1 (0.30) up to 1.250 (31.8), incl 1⁄32 (0.8) 0 (0)
1 to 4 (0.30 to 1.22), incl up to 1.250 (31.8), incl 1⁄16 (1.6) 0 (0)
Over 4 to 10 (1.22 to 3.0), incl up to 1.250 (31.8), incl 3⁄32 (2.4) 0 (0)
Over 10 (3.0) up to 1.250 (31.8), incl 3⁄16 (4.8) 0 (0)
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X2.3 Hot-Worked Tube

X2.3.1 Hot-Worked-Annealed (Not Pickled) Tube—Has an
oxide surface resulting from the hot-working operation. In-
tended generally for machined parts where the oxide surface
will be removed.

X2.3.2 Hot-Worked-Annealed (Pickled) Tube—Has the
oxide surface removed on both outside and inside diameters by

pickling. Surface may be spot ground for removal of minor
surface imperfections at the manufacturer’s option.

X2.3.3 Hot-Worked-Annealed (Machined Outside and In-
side Diameters) Tubes—The outside and inside diameter
surfaces are machined to specified dimensions. Minor surface
imperfections may be spot ground for removal, at the manu-
facturer’s option.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 424 – 98a

Standard Specification for
Ni-Fe-Cr-Mo-Cu Alloy (UNS N08825 and UNS N08221)* Plate,
Sheet, and Strip 1

This standard is issued under the fixed designation B 424; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification2 covers rolled nickel-iron-chromium-
molybdenum-copper alloy (UNS N08825 and UNS N08221)*
plate, sheet, and strip.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:
B 425 Specification for Ni-Fe-Cr-Mo-Cu Alloy (UNS

N08825 and UNS N08221) Rod and Bar3

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:Descrip-
tions of Terms Specific to This Standard—The terms given in
Table 1 shall apply.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 ASTM designation and year of issue,
4.1.2 Alloy name or UNS number,
4.1.3 Condition—Table 3 and Appendix X1,
4.1.4 Finish—Appendix X1,
4.1.5 Dimensions—Thickness, width, and length,
4.1.6 Quantity,
4.1.7 Optional Requirements:
4.1.7.1 Sheet and Strip—Whether to be furnished in coil, in

cut straight lengths, or in random straight lengths,
4.1.7.2 Strip—Whether to be furnished with commercial slit

edge, square edge, or round edge,
4.1.7.3 Plate—Whether to be furnished specially flattened

(see 7.7); also how plate is to be cut (Table 4 and Table 5),

1 This specification is under the jurisdiction of ASTM Committee B-2 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 1998. Published November 1998. Originally
published as B 424 – 64 T. Last previous edition B 424 – 98.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-424 in Section II of that Code.

* New designation established in accordance with ASTM E527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.06.

TABLE 1 Product Description

Product Thickness, in. (mm) Width, in. (mm)

Hot-rolled plateA 3⁄16 (4.76) and over (Tables 4
and 5)

(Table 7)B

Cold-rolled plateA 3⁄16 to 3⁄8 (4.8 to 9.5), incl
(Table 4)

(Table 7)

Hot-rolled sheetA 0.018 to 0.250 (0.46 to 6.4),
incl (Table 6)

(Table 9)

Cold-rolled sheetC 0.018 to 0.250 (0.46 to 6.4),
incl (Table 6)

(Table 9)

Cold-rolled stripC 0.005 to 0.250 (0.13 to 6.4),
incl (Table 6)

(Table 9)

AMaterial 3⁄16 to 1⁄4in. (4.8 to 6.4 mm), incl, in thickness may be furnished as
sheet or plate provided the material meets the specification requirements for the
condition ordered.

BHot-rolled plate, in widths 10 in. (254 mm) and under, may be furnished as
hot-finished rectangles with sheared or cut edges in accordance with Specification
B 425, provided the mechanical property requirements of this specification are
met.

CMaterial under 48 in. (1219 mm) in width may be furnished as sheet or strip
provided the material meets the specification requirements for the condition
ordered.

1
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4.1.8 Certification—State if certification is required (Sec-
tion 15),

4.1.9 Samples for Product (Check) Analysis—Whether
samples for product (check) analysis should be furnished (see
5.2), and

4.1.10 Purchaser Inspection—If the purchaser wishes to
witness tests or inspection of material at the place of manu-
facture, the purchase order must so state, indicating which tests
or inspections are to be witnessed (Section 13).

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 2.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis per B 880.

6. Mechanical Properties

6.1 Mechanical Properties—The material shall conform to
the mechanical properties specified in Table 3.

7. Dimensions and Permissible Variations

7.1 Thickness and Weight:
7.1.1 Plate—For plate up to 2 in. (50.8 mm), inclusive, in

thickness, the permissible variation under the specified thick-

ness and permissible excess in overweight shall not exceed the
amounts prescribed in Table 6.

7.1.1.1 For use with Table 6, plate shall be assumed to
weigh 0.294 lb/in.3(8.138 g/cm3).

7.1.2 Plate—For plate over 2 in. (50.8 mm) in thickness, the
permissible variations over the specified thickness shall not
exceed the amounts prescribed in Table 7.

7.1.3 Sheet and Strip—The permissible variations in thick-
ness of sheet and strip shall be as prescribed in Table 8. The
thickness of strip and sheet shall be measured with the
micrometer spindle3⁄8 in. (9.5 mm) or more from either edge
for material 1 in. (25.4 mm) or over in width and at any place
on the strip under 1 in. (25.4 mm) in width.

7.2 Width or Diameter:
7.2.1 Plate—The permissible variations in width of rectan-

gular plates and diameter of circular plates shall be as
prescribed in Table 4 and Table 9.

7.2.2 Sheet and Strip—The permissible variations in width
for sheet and strip shall be as prescribed in Table 10.

7.3 Length:
7.3.1 Sheet and strip of all sizes may be ordered to cut

lengths, in which case a variation of1⁄8 in. (3.2 mm) over the
specified length shall be permitted.

7.3.2 Permissible variations in length of rectangular plate
shall be as prescribed in Table 5.

TABLE 2 Chemical Requirements

Element UNS N08825 UNS N08221

Nickel 38.0 to 46.0 39.0 to 46.0
Chromium 19.5 to 23.5 20.0 to 22.0
Iron 22.0 minA balance
Manganese 1.0 max 1.0 max
Carbon 0.05 max 0.025 max
Copper 1.5 to 3.0 1.5 to 3.0
Silicon 0.5 max 0.5 max
Sulfur 0.03 max 0.03 max
Aluminum 0.2 max 0.2 max
Titanium 0.6 to 1.2 0.6 to 1.0
Molybdenum 2.5 to 3.5 5.0 to 6.5

AElement shall be determined arithmetically by difference.

TABLE 3 Mechanical Properties for Plate, Sheet, and Strip
(All Thicknesses and Sizes Unless Otherwise Indicated)

Alloy Condition Tensile Strength,
min, ksi (MPa)

Yield StrengthA (0.2 % Offset),
min, ksi (MPa)

Elongation in 2 in. or 50 mm
(or 4 D), min, %

Hot-Rolled Plate:
UNS N08825
UNS N08221

annealed
annealed

85 (586)
79 (544)

35 (241)
34 (235)

30
30

Cold-Rolled Plate:
UNS N08825
UNS N08221

annealed
annealed

85 (586)
79 (544)

35 (241)
34 (235)

30
30

Hot-Rolled Sheet:
UNS N08825
UNS N08221

annealed
annealed

85 (586)
79 (544)

35 (241)
34 (235)

30
30

Cold-Rolled Sheet:
UNS N08825
UNS N08221

annealed
annealed

85 (586)
79 (544)

35 (241)
34 (235)

30
30

Cold-Rolled Strip:
UNS N08825
UNS N08221

annealed
annealed

85 (586)B

79 (544)B
35 (241)
34 (235)

30B

30B

AYield strength requirements do not apply to material under 0.020 in. (0.51 mm) in thickness.
BNot applicable for thickness under 0.010 in. (0.25 mm).
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7.4 Straightness:
7.4.1 The edgewise curvature (depth of chord) of flat sheet,

strip, and plate shall not exceed 0.05 in. (1.27 mm) multiplied
by the length in feet (0.04 mm multiplied by the length in
centimetres).

7.4.2 Straightness for coiled material is subject to agree-
ment between the manufacturer and the purchaser.

7.5 Edges:
7.5.1 When finished edges of strip are specified in the

contract or order, the following descriptions shall apply:
7.5.1.1 Square-edge strip shall be supplied with finished

edges, with sharp, square corners, without bevel or rounding.
7.5.1.2 Round-edge strip shall be supplied with finished

edges, semicircular in form, the diameter of the circle forming
the edge being equal to the strip thickness.

7.5.1.3 When no description of any required form of strip
edge is given, it shall be understood that edges such as those
resulting from slitting or shearing will be acceptable.

7.5.1.4 Sheet shall have sheared or slit edges.
7.5.1.5 Plate shall have sheared or cut (machined, abrasive

cut, powder cut, or inert arc cut) edges, as specified.
7.6 Squareness (Sheet)—For sheets of all thicknesses, the

angle between adjacent sides shall be 906 0.15° (1⁄16 in. in 24
in.) (1.6 mm in 610 mm).

7.7 Flatness—Standard flatness tolerances for plate shall
conform to the requirements of Table 11. ”Specifically-
flattened” plate, when so specified, shall have permissible
variations in flatness as agreed upon between the manufacturer
and the purchaser.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and temper,
smooth, commercially straight or flat, and free of injurious
imperfections.

9. Sampling

9.1 Lot—Definition:

9.1.1 A lot for chemical analysis shall consist of one heat.

9.1.2 A lot for mechanical testing shall consist of all
material from the same heat, nominal thickness, and condition.

9.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material in the
same thickness and condition, except for plates weighing over
500 lb (227 kg), in which case only one specimen shall be
taken.

9.2 Test Material Selection:

TABLE 4 Permissible Variations in Width A of Sheared, Plasma Torch-Cut, and Abrasive-Cut Rectangular Plate B,C

Specified Thickness

Permissible Variations in Widths for Widths Given, in. (mm)

Up to 30 (760),
incl

Over 30 to 72
(760 to 1830), incl

Over 72 to 108
(1830 to 2740),

incl

Over 108 to 144
(2740 to 3660),

incl

Over 144 to 160
(3660 to 4070),

incl

+ − + − + − + − + −

Inches

Sheared:D
3⁄16 to 5⁄16, excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 ... ...
5⁄16 to 1⁄2, excl 1⁄4 1⁄8 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8
1⁄2 to 3⁄4, excl 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8
3⁄4 to 1, excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8
1 to 11⁄4, incl 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 1 1⁄8

Abrasive-cut:E,F

3⁄16 to 11⁄4, incl
Over 11⁄4 to 23⁄4, incl

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

Plasma torch-cut:G
3⁄16 to 2, excl
2 to 3, incl

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

Millimetres

Sheared:D

4.8 to 7.9, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 ... ...
7.9 to 12.7, excl 6.4 3.2 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2
12.7 to 19.1, excl 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.1 3.2
19.1 to 25.4, excl 12.7 3.2 12.7 3.2 15.8 3.2 19.1 3.2 22.2 3.2
25.4 to 31.8, incl 15.9 3.2 15.9 3.2 19.1 3.2 22.2 3.2 25.4 3.2

Abrasive-cut:E,F

4.8 to 31.8, incl
Over 31.8 to 69.8, incl

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

Plasma torch-cut:G

4.8 to 50.8, excl
50.8 to 76.2, incl

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

APermissible variations in width for powder- or inert arc-cut plate shall be as agreed upon between the manufacturer and the purchaser.
BPermissible variations in machined, powder-, or inert arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
CPermissible variations in plasma torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
DThe minimum sheared width is 10 in. (254 mm) for material 3⁄4 in. (19.1 mm) and under in thickness and 20 in. (508 mm) for material over 3⁄4 in. (19.1 mm) in thickness.
EThe minimum abrasive-cut width is 2 in. (50.8 mm) and increases to 4 in. (101.6 mm) for thicker plates.
FThese tolerances are applicable to lengths of 240 in. (6100 mm), max. For lengths over 240 in., an additional 1⁄16 in. (1.6 mm) is permitted, both plus and minus.
GThe tolerance spread shown for plasma torch cutting may be obtained all on the minus side, or divided between the plus and minus side if so specified by the purchaser.
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TABLE 5 Permissible Variations in Length A of Sheared, Plasma Torch-Cut, B and Abrasive-Cut Rectangular Plate C

Specified Thickness

Permissible Variation in Length Given, in. (mm)

Up to 60
(1520),

incl

Over 60 to
96 (1520
to 2440),

incl

Over 96 to
120 (2440
to 3050),

incl

Over 120 to
240 (3050
to 6096),

incl

Over 240 to
360 (6096
to 9144),

incl

Over 360 to
450 (9144
to 11 430),

incl

Over 450 to
540 (11 430
to 13 716),

incl

Over 540
(13 716)

+ − + − + − + − + − + − + − + −

Inches

Sheared:D
3⁄16 to 5⁄16, excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 ... ...
5⁄16 to 1⁄2, excl 3⁄8 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 1 1⁄8
1⁄2 to 3⁄4, excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8
3⁄4 to 1, excl 5⁄8 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8
1 to 11⁄4, incl 3⁄4 1⁄8 3⁄4 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8 ... ...

Abrasive-cut:E
3⁄16 to 11⁄4, incl
Over 11⁄4 to 23⁄4, incl

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

...

...
...
...

...

...
...
...

Plasma torch-cut:F
3⁄16 to 2, excl
2 to 3, incl

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

Millimetres

Sheared:D

4.8 to 7.9, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 ... ...
7.94 to 12.7, excl 9.5 3.2 12.7 3.2 12.7 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 25.4 3.2
12.7 to 19.0, excl 12.7 3.2 12.7 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2
19.0 to 25.4, excl 15.9 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.2 3.2
25.4 to 31.8, incl 19.0 3.2 19.0 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.2 3.2 ... ...

Abrasive-cut:E

4.8 to 31.8, incl
Over 31.8 to 69.9, incl

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

...

...
...
...

...

...
...
...

Plasma torch-cut:F

4.8 to 50.8, excl
50.8 to 76.2, incl

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

APermissible variations in length for powder- or inert arc-cut plate shall be as agreed upon between the manufacturer and the purchaser.
BThe tolerance spread shown for plasma torch cutting may be obtained all on the minus side, or divided between the plus and minus sides if so specified by the

purchaser.
CPermissible variations in machined, powder- or inert arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
DThe minimum sheared length is 10 in. (254 mm).
EAbrasive cut applicable to a maximum length of 144 to 400 in. (3658 to 10 160 mm), depending on the thickness and width ordered.
FThe tolerance spread shown for plasma torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.

TABLE 6 Permissible Variations in Thickness and Overweight of Rectangular Plates

NOTE 1—All plates shall be ordered to thickness and not to weight per square foot. No plates shall vary more than 0.01 in. (0.3 mm) under the thickness
ordered, and the overweight of each lotA in each shipment shall not exceed the amount given in the table. Spot grinding is permitted to remove surface
imperfections, such spots not to exceed 0.01 in. (0.3 mm) under the specified thickness.

Specified Thickness,
in. (mm)

Permissible Excess in Average Weight,B,C per Square Foot of Plates for Widths Given in Inches
(Millimetres) Expressed in Percent of Nominal Weights

Under 48
(1220)

48to60
(1220to
1520),
excl

60to72
(1520to
1830),
excl

72to84
(1830to
2130),
excl

84to96
(2130to
2440),
excl

96 to 108
(2440 to
2740),
excl

108 to 120
(2740 to
3050),
excl

120 to 132
(3050 to
3350),
excl

132 to 144
(3350 to
3660),
excl

144 to 160
(3660 to
4070),

incl

3⁄16 to 5⁄16 (4.8 to 7.9), excl 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ... ...
5⁄16 to 3⁄8 (7.9 to 9.5), excl 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ...
3⁄8 to 7⁄16 (9.5 to 11.1), excl 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 19.5
7⁄16 to 1⁄2 (11.1 to 12.7), excl 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0
1⁄2 to 5⁄8 (12.7 to 15.9), excl 5.0 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5
5⁄8 to 3⁄4 (15.9 to 19.1), excl 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0
3⁄4 to 1 (19.1 to 25.4), excl 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5
1 to 2 (25.4 to 50.8), incl 4.0 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0

AThe term “lot” applied to this table means all of the plates of each group width and each group thickness.
BThe permissible overweight for lots of circular and sketch plates shall be 25 % greater than the amounts given in this table.
CThe weight of individual plates shall not exceed the nominal weight by more than 11⁄4 times the amount given in the table and Footnote B.
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9.2.1 Chemical Analysis—Representative samples from
each lot shall be taken during pouring or subsequent process-
ing.

9.2.1.1 Product (check) analysis shall be wholly the respon-
sibility of the purchaser.

9.2.2 Mechanical Properties—Samples of the material to
provide test specimens for mechanical properties shall be taken
from such locations in each lot as to be representative of that
lot.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Mechanical Properties—One test per lot.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the final condition (temper) and tested transverse to the
direction of rolling when width will permit.

11.2 Tension test specimens shall be any of the standard or
subsize specimens shown in Test Methods E 8.

11.3 In the event of disagreement, referee specimens shall
be as follows:

11.3.1 Full thickness of the material, machined to the form
and dimensions shown for the sheet-type specimen in Test
Methods E 8 for material under1⁄2in. (12.7 mm) in thickness.

11.3.2 The largest possible round specimen shown in Test
Methods E 8 for material1⁄2 in. (12.7 mm) and over.

12. Test Methods

12.1 The chemical composition and mechanical and other
properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following ASTM standards:

Test
ASTM
Designation

Chemical analysis E 1473
Tension E 8
Rounding procedure E 29

12.2 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the

TABLE 7 Permissible Variations in Thickness for Rectangular Plates Over 2 in. (51 mm) in Thickness

NOTE 1—Permissible variation under specified thickness, 0.01 in. (0.3 mm).

Specified Thickness, in. (mm)

Permissible Variations, in. (mm), over Specified Thickness for Widths Given, in. (mm)
To 36 (915),

excl
36 to 60 (915
to 1520), excl

60 to 84
(1520 to

2130), excl

84 to 120
(2130 to

3050), excl

120 to 132
(3050 to

3350), excl

132 (3350)
and over

Over 2 to 3 (51 to 76), excl 1⁄16 (1.6) 3⁄32 (2.4) 7⁄64 (2.8) 1⁄8 (3.2) 1⁄8 (3.2) 9⁄64 (3.6)
3 to 4 (76 to 102), incl 5⁄64 (2) 3⁄32 (2.4) 7⁄64 (2.8) 1⁄8 (3.2) 1⁄8 (3.2) 9⁄64 (3.6)

TABLE 8 Permissible Variations in Thickness of Sheet and Strip
(Permissible Variations, Plus and Minus, in Thickness, in. (mm), for Widths Given in in. (mm))

Specified Thickness,
in. (mm), incl

SheetA

Hot-Rolled Cold-Rolled

48 (1220) and
under

Over 48 to 60
(1220 to 1520), incl

48 (1220) and
under

Over 48 to 60
(1220 to 1520), incl

0.018 to 0.025 (0.5 to 0.6) 0.003 (0.08) 0.004 (0.10) 0.002 (0.05) 0.003 (0.08)
Over 0.025 to 0.034 (0.6 to 0.9) 0.004 (0.10) 0.005 (0.13) 0.003 (0.08) 0.004 (0.10)
Over 0.034 to 0.043 (0.9 to 1.1) 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.043 to 0.056 (1.1 to 1.4) 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.056 to 0.070 (1.4 to 1.8) 0.006 (0.15) 0.007 (0.18) 0.005 (0.13) 0.006 (0.15)
Over 0.070 to 0.078 (1.8 to 1.9) 0.007 (0.18) 0.008 (0.20) 0.006 (0.15) 0.007 (0.18)
Over 0.078 to 0.093 (1.9 to 2.4) 0.008 (0.20) 0.009 (0.23) 0.007 (0.18) 0.008 (0.20)
Over 0.093 to 0.109 (2.4 to 2.8) 0.009 (0.23) 0.010 (0.25) 0.007 (0.18) 0.009 (0.23)
Over 0.109 to 0.125 (2.8 to 3.2) 0.010 (0.25) 0.012 (0.31) 0.008 (0.20) 0.010 (0.25)
Over 0.125 to 0.140 (3.2 to 3.6) 0.012 (0.31) 0.014 (0.36) 0.008 (0.20) 0.010 (0.25)
Over 0.140 to 0.171 (3.6 to 4.3) 0.014 (0.36) 0.016 (0.41) 0.009 (0.23) 0.012 (0.31)
Over 0.171 to 0.187 (4.3 to 4.8) 0.015 (0.38) 0.017 (0.43) 0.010 (0.25) 0.013 (0.33)
Over 0.187 to 0.218 (4.8 to 5.5) 0.017 (0.43) 0.019 (0.48) 0.011 (0.28) 0.015 (0.38)
Over 0.218 to 0.234 (5.5 to 5.9) 0.018 (0.46) 0.020 (0.51) 0.012 (0.31) 0.016 (0.41)
Over 0.234 to 0.250 (5.9 to 6.4) 0.020 (0.51) 0.022 (0.56) 0.013 (0.33) 0.018 (0.46)

Cold-Rolled StripA,B

Specified Thickness, in. (mm), incl Widths 12 in. (305 mm) and under, plus and minus

Up to 0.050 (1.27) 0.0015 (0.038)
Over 0.050 to 0.093 (1.27 to 2.39) 0.0025 (0.063)
Over 0.093 to 0.125 (2.39 to 3.18) 0.004 (0.11)

AMeasured 3⁄8 in. (9.5 mm) or more from either edge except for strip under 1 in. (25.4 mm) in width which is measured at any place.
BStandard sheet tolerances apply for thicknesses over 0.125 in. (3.2 mm) and for all thicknesses of strip over 12 in. (305 mm) wide.
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following table, an observed or calculated value shall be
rounded in accordance with the rounding method of Practice
E 29.

Test
Rounded unit for observed or
calculated value

Chemical composition and
tolerances (when expressed
in decimals)

nearest unit in the last right-
hand place of figures of the
specified limit. If two choices
are possible, as when the dig-
its dropped are exactly a 5, or
a 5 followed only by zeros,
choose the one ending in an
even digit, with zero defined
as an
even digit.

Tensile strength and
yield strength

nearest 1000 psi (6.9 MPa)

Elongation nearest 1 %

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser

TABLE 9 Permissible Variations in Diameter for Circular Plates

Sheared Plate

Specified Diameter, in. (mm)

Permissible Variations Over Specified Diameter for
Thickness Given, in. (mm)A

To 3⁄8 (9.5), incl

20 to 32 (508 to 813), excl 1⁄4 (6.4)
32 to 84 (813 to 2130), excl 5⁄16 (7.9)
84 to 108 (2130 to 2740), excl 3⁄8 (9.5)
108 to 140 (2740 to 3580), incl 7⁄16 (11.1)

Plasma Torch-Cut PlateB

Specified Diameter, in. (mm)

Permissible Variations in Specified Diameter for Thickness Given, in. (mm)C

Thickness, max,
in. (mm)

3⁄16to 2 (4.8 to 50.8), excl 2 to 3 (50.8 to 76.2), incl

+ − + −

19 to 20 (483 to 508), excl 3 (76.2) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
20 to 22 (508 to 559), excl 23⁄4 (69.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
22 to 24 (559 to 610), excl 21⁄2 (63.5) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
24 to 28 (610 to 711), excl 21⁄4 (57.3) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
28 to 32 (711 to 812), excl 2 (50.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
32 to 34 (812 to 864), excl 13⁄4 (44.5) 1⁄2 (12.7) 0 ... ...
34 to 38 (864 to 965), excl 11⁄2 (38.1) 1⁄2 (12.7) 0 ... ...
38 to 40 (965 to 1020), excl 11⁄4 (31.8) 1⁄2 (12.7) 0 ... ...
40 to 140 (1020 to 3560), incl 3 (76.2) 1⁄2 (12.7) 0 5⁄8 (15.9) 0

ANo permissible variations under.
BPermissible variations in plasma torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
CThe tolerance spread shown may also be obtained all on the minus side or divided between the plus and minus sides if so specified by the purchaser.

TABLE 10 Permissible Variations in Width of Sheet and Strip

Specified Thickness, in. (mm) Specified Width, in. (mm)
Permissible Variations in Specified Width, in. (mm)

+ −
Sheet

Up to 0.250 (6.35) all 0.125 (3.18) 0
StripA

Under 0.075 (1.9) Up to 12 (305), incl
Over 12 to 48 (305 to 1219), incl

0.007 (0.18)
0.062 (1.6)

0.007 (0.18)
0

0.075 to 0.100 (1.9 to 2.5), incl Up to 12 (305), incl
Over 12 to 48 (305 to 1219), incl

0.009 (0.23)
0.062 (1.6)

0.009 (0.23)
0

Over 0.100 to 0.125 (2.5 to 3.2), incl Up to 12 (305), incl
Over 12 to 48 (305 to 1219), incl

0.012 (0.30)
0.062 (1.6)

0.012 (0.30)
0

Over 0.125 to 0.160 (3.2 to 4.1), incl Up to 12 (305), incl
Over 12 to 48 (305 to 1219), incl

0.016 (0.41)
0.062 (1.6)

0.016 (0.41)
0

Over 0.160 to 0.187 (4.1 to 4.7), incl Up to 12 (305), incl
Over 12 to 48 (305 to 1219), incl

0.020 (0.51)
0.062 (1.6)

0.020 (0.51)
0

Over 0.187 to 0.250 (4.7 to 6.4), incl Up to 12 (305), incl
Over 12 to 48 (305 to 1219), incl

0.062 (1.6)
0.062 (1.6)

0.062 (1.6)
0.062 (1.6)

ARolled round or square-edge strip in thicknesses of 0.071 to 0.125 in. (1.80 to 3.18 mm), incl, in widths 3 in. (76.2 mm) and under, shall have permissible width variations
of 6 0.005 in. (6 0.13 mm). Permissible variations for other sizes shall be as agreed upon between the manufacturer and the purchaser.
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stating that the material has been manufactured, tested, and
inspected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 Each bundle or shipping container shall be marked
with the name of the material or UNS number; condition; this

specification number; the size; gross, tare, and net weight;
consignor and consignee address; contract or order number; or
such other information as may be defined in the contract or
order.

17. Keywords

17.1 N08825; N08821; plate; sheet; strip

APPENDIX

(Nonmandatory Information)

X1. CONDITIONS AND FINISHES NORMALLY SUPPLIED

X1.1 Scope

X1.1.1 This appendix lists the conditions and finishes in
which plate, sheet, and strip are normally supplied. These are
subject to change, and the manufacturer should be consulted
for the latest information available.

X1.2 Plate

X1.2.1 Hot-rolled, annealed, and descaled.
X1.2.2 Cold-rolled, annealed, and descaled.

X1.3 Sheet

X1.3.1 Hot-rolled, annealed, and descaled.

X1.3.2 Cold-rolled, annealed, and descaled or bright an-
nealed.

X1.4 Strip

X1.4.1 Cold-rolled, annealed, descaled, or bright annealed.

TABLE 11 Permissible Variations From Flatness of Rectangular, Circular, and Sketch Plates

NOTE 1—Permissible variations apply to plates up to 12 ft (3.66 m) in length, or to any 12 ft (3.66 m) of longer plates. If the longer dimension is under
36 in. (914 mm), the permissible variation is not greater than1⁄4 in. (6.4 mm).

NOTE 2—The shorter dimension specified is considered the width, and the permissible variation in flatness across the width does not exceed the tabular
amount of that dimension.A

NOTE 3—The maximum deviation from a flat surface does not customarily exceed the tabular tolerance for the longer dimension specified.

Specified
Thickness

Permissible Variations from a Flat Surface for Thickness and Widths Given, in. (mm)

To 48
(1220),

excl

48 to 60
(1220 to
1520),
excl

60 to 72
(1520 to
1830),
excl

72 to 84
(1830 to
2130),
excl

84 to 96
(2130 to
2440),
excl

96 to 108
(2440 to
2740),
excl

108 to 120
(2740 to
3050),
excl

120 to 144
(3050 to
3660),
excl

144
(3660),

and over

Inches

3⁄16 to 1⁄4, excl 3⁄4 11⁄16 11⁄4 13⁄8 15⁄8 15⁄8 ... ... ...
1⁄4 to 3⁄8, excl 11⁄16 3⁄4 15⁄16 11⁄8 13⁄8 17⁄16 19⁄16 17⁄8 ...
3⁄8 to 1⁄2, excl 1⁄2 9⁄16 11⁄16 3⁄4 15⁄16 11⁄8 11⁄4 17⁄16 13⁄4
1⁄2 to 3⁄4, excl 1⁄2 9⁄16 5⁄8 5⁄8 13⁄16 11⁄8 11⁄8 11⁄8 13⁄8
3⁄4 to 1, excl 1⁄2 9⁄16 5⁄8 5⁄8 3⁄4 13⁄16 15⁄16 1 11⁄8
1 to 2, excl 1⁄2 9⁄16 9⁄16 9⁄16 11⁄16 11⁄16 11⁄16 3⁄4 1
2 to 4, incl 1⁄4 5⁄16 3⁄8 7⁄16 1⁄2 9⁄16 5⁄8 3⁄4 7⁄8

Millimetres

4.8 to 6.4, excl 19.05 27.0 31.7 34.9 41.3 41.3 ... ... ...
6.4 to 9.5, excl 17.5 19.0 23.8 28.6 35.0 36.5 39.7 47.6 ...
9.5 to 12.7, excl 12.7 14.3 17.5 19.0 23.8 28.6 31.7 35.0 44.4
12.7 to 19.0, excl 12.7 14.3 15.9 15.9 20.6 28.6 28.6 28.6 34.9
19.0 to 25.4, excl 12.7 14.3 15.9 15.9 19.0 20.6 23.8 25.4 28.6
25.4 to 50.8, excl 12.7 14.3 14.3 14.2 17.5 17.5 17.5 19.0 25.4
50.8 to 101.6, incl 6.4 7.9 9.5 11.1 12.7 14.3 15.9 19.0 22.2

A Editorially corrected.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 425 – 99

Standard Specification for
Ni-Fe-Cr-Mo-Cu Alloy (UNS N08825 and UNS N08221)* Rod
and Bar 1

This standard is issued under the fixed designation B 425; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers nickel-iron-chromium-
molybdenum-copper alloy (UNS N08825 and UNS N08221)*
in the form of hot-finished and cold-drawn rounds, squares,
hexagons, and rectangles.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 The following precautionary caveat pertains only to the
test methods portion, Section 12, of this specification:This
standard does not purport to address all of the safety problems,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 424 Specification for Ni-Fe-Cr-Mo-Cu Alloy (UNS

N08825 and UNS N08221) Plate, Sheet, and Strip3

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 bar—material of rectangular (flats), hexagonal, or

square solid section up to and including 10 in. (254 mm) in
width and 1⁄8 in. (3.2 mm) and over in thickness in straight
lengths.

3.1.1.1 Discussion—Hot-worked rectangular bar in widths
10 in. (254 mm) and under may be furnished as hot-rolled plate
with sheared or cut edges in accordance with Specification
B 424, provided the mechanical property requirements of this
specification are met.

3.1.2 rod—material of round solid section furnished in
straight lengths.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 ASTM designation and date of issue,
4.1.2 UNS number,
4.1.3 Section—Rod (round) or bar (square, hexagonal, or

rectangular),
4.1.4 Dimensions, including length,
4.1.5 Condition (see Appendix X1),
4.1.6 Finish (see Appendix X1),
4.1.7 Quantity—Feet (or metres) or number of pieces,
4.1.8 Certification—State if certification is required (Sec-

tion 15),
4.1.9 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished (see
5.2), and

4.1.10 Purchaser Inspection—If purchaser wishes to wit-
ness tests or inspection of material at place of manufacture, the
purchase order must so state, indicating which test or inspec-
tions are to be witnessed (Section 13).

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 1.

1 This specification is under the jurisdiction of ASTM Committee B-2 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved May 10, 1999. Published July 1999. Originally
published as B 425 – 64 T. Last previous edition B 425 – 93.

* New designation established in accordance with Practice E 527 and SAE
J 1086, Practice for Numbering Metals and Alloys (UNS).

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-425 in Section II of that code.

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.06.

1
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5.2 If a product (check) analysis is performed by the
purchaser, it shall be done per B 880 and the material shall
conform to the product (check) analysis variations defined in
Table 1 of B 880.

6. Mechanical Properties and Other Requirements

6.1 Mechanical Properties—The material shall conform to
the mechanical properties specified in Table 2.

7. Dimensions and Permissible Variations

7.1 Diameter, Thickness, or Width—The permissible varia-
tions from the specified dimensions as measured on the
diameter or between parallel surfaces of cold-worked rod and
bar shall be as prescribed in Table 3, and of hot-worked rod and
bar as prescribed in Table 4.

7.2 Out-of-Round—Hot-worked rods and cold-worked rods
(except “forging quality”) all sizes, in straight lengths, shall not
be out-of-round by more than one half the total permissible
variations in diameter shown in Table 3 and Table 4, except for
hot-worked rods1⁄2 in. (12.7 mm) in diameter and under, which
may be out-of-round by the total permissible variations in
diameter shown in Table 4.

7.3 Corners—Cold-worked bars will have practically exact
angles and sharp corners.

7.4 Machining Allowances for Hot-Worked Materials—
When the surfaces of hot-worked products are to be machined,
the allowances prescribed in Table 5 are recommended for
normal machining operations.

7.5 Length—The permissible variations in length of cold-
worked and hot-worked rod and bar shall be as prescribed in
Table 6.

7.5.1 Rods and bars ordered to random or nominal lengths
will be furnished with either cropped or saw-cut ends; material
ordered to cut lengths will be furnished with square saw-cut or
machined ends.

7.6 Straightness:

7.6.1 The permissible variations in straightness of cold-
worked rod and bar as determined by the departure from
straightness shall be as prescribed in Table 7.

7.6.2 The permissible variations in straightness of hot-
worked rod and bar as determined by the departure from
straightness shall be as specified in Table 8.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, commercially straight or flat, and free of injurious
imperfections.

9. Sampling

9.1 Lot—Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.

TABLE 1 Chemical Requirements

Element UNS N08825 UNS N08221

Nickel 38.0–46.0 39.0–46.0
Chromium 19.5–23.5 20.0–22.0
IronA 22.0 min balance
Manganese 1.0 max 1.0 max
Carbon 0.05 max 0.025 max
Copper 1.5–3.0 1.5–3.0
Silicon 0.5 max 0.5 max
Sulfur 0.03 max 0.03 max
Aluminum 0.2 max 0.2 max
Titanium 0.6–1.2 0.6–1.0
Molybdenum 2.5–3.5 5.0–6.5

A Element shall be determined arithmetically by difference.

TABLE 2 Mechanical Properties (Rod and Bar)

Alloy Condition
Tensile Strength
min, ksi (MPa)

Yield Strength
0.2 % offset, min,

ksi (MPa)

Elongation in 2
in. or 50 mm or

4D, min,%

UNS N08825 Annealed: 85 (586) 35 (241) 30A

Hot-finished, cold–drawn
Forging Quality: B B B

UNS N08221 All sizes annealed 79 (544) 34 (235) 30
A Not applicable to diameters or cross sections under 3⁄32 in. (2.4 mm).
B Forging quality is furnished to chemical requirements and surface inspection only. No tensile properties are required.

TABLE 3 Permissible Variations in Diameter or Distance
Between Parallel Surfaces of Cold-Worked Rod and Bar

Specified Dimension, in.
(mm)A

Permissible Variations From
Specified Dimension, in. (mm)

Plus Minus

Rounds:
1⁄16 (1.6) to 3⁄16 (4.8), excl 0 0.002 (0.05)
3⁄16 (4.8) to 1⁄2(12.7), excl 0 0.003 (0.08)
1⁄2 (12.7) to 15⁄16(23.8), incl 0.001 (0.03) 0.002 (0.05)
Over 15⁄16 (23.8) to 115⁄16 (49.2), incl 0.0015 (0.04) 0.003 (0.08)
Over 115⁄16 (49.2) to 21⁄2 (63.5), incl 0.002 (0.05) 0.004 (0.10)

Hexagons, squares, rectangles:
1⁄2 (12.7) and less 0 0.004 (0.10)
Over 1⁄2 (12.7) to 7⁄8(22.2), incl 0 0.005 (0.13)
Over 7⁄8 (22.2) to 11⁄4(31.8), incl 0 0.007 (0.18)
Over 1 1⁄4 (31.8) to 2 (50.8), incl 0 0.009 (0.23)
A Dimensions apply to diameter of rounds, to distance between parallel

surfaces of hexagons and squares, and separately to width and thickness of
rectangles.

TABLE 4 Permissible Variations in Diameter or Distance
Between Parallel Surfaces of Hot-Worked Rod and Bar

Specified Dimension, in.
(mm)A

Permissible Variations From
Specified Dimension, in. (mm)

Plus Minus

Rod and bar, hot-worked:
1 (25.4) and under 0.016 (0.41) 0.016 (0.41)
over 1 (25.4) to 2 (50.8), incl 0.031 (0.79) 0.016 (0.41)
over 2 (50.8) to 4 (101.6), incl 0.047 (1.19) 0.031 (0.79)
over 4 (101.6) 0.125 (3.18) 0.063 (1.60)

Rod, rough-turned or ground:
Under 1 (25.4) 0.005 (0.13) 0.005 (0.13)
1 (25.4) and over 0.031 (0.79) 0

Forging quality rod:B

Under 1 (25.4) 0.005 (0.13) 0.005 (0.13)
1 (25.4) and over 0.031 (0.79) 0
B Spot grinding is permitted to remove minor surface imperfections. The depth

of these spot ground areas shall not exceed 3 % of the diameter of the rod.
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9.1.2 A lot for mechanical properties testing shall consist of
all material from the same heat, nominal diameter or thickness,
and condition.

9.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material in the
same size and condition. A single piece weighing over 500 lb
shall be considered as one lot.

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

9.2.1.1 Product (check) analysis shall be wholly the respon-
sibility of the purchaser.

9.2.2 Mechanical Properties—Samples of the material to
provide test specimens for mechanical properties shall be taken
from such locations in each lot as to be representative of that
lot.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Tension—One test per lot.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the final condition and tested in the direction of fabrication.

11.1.1 All rod and bar shall be tested in full cross-section
size when possible. When a full cross-section size test cannot
be performed, the largest possible round specimen shown in
Test Methods E 8 shall be used. Longitudinal strip specimens
shall be prepared in accordance with Test Methods E 8 for
rectangular bar up to1⁄2 in. (12.7 mm), inclusive, in thicknesses
which are too wide to be pulled full size.

TABLE 5 Normal Machining Allowances for Hot-Worked Material

Finished-Machined Dimensions
for Finishes As Indicated Below,

in. (mm)A

Normal Machining Allowance, in. (mm)

On Diameter,
for Rods

Distance Between
Parallel Surfaces,

for Hexagonal
and Square Bars

For Rectangular Bar

On Thickness On Width

Hot-worked:B

Up to 7⁄8 (22.2), incl 1⁄8(3.2) 1⁄8(3.2) 1⁄8(3.2) 3⁄16(4.8)
Over 7⁄8 to 1 7⁄8 (22.2 to 47.6), incl 1⁄8(3.2) 3⁄16(4.8) 1⁄8(3.2) 3⁄16(4.8)
Over 1 7⁄8 to 2 7⁄8(47.6 to 73.0), incl. 3⁄16(4.8) 1⁄4(6.4) ... 3⁄16(4.8)
Over 2 7⁄8 to 313⁄16(73.0 to 96.8), incl 1⁄4(6.4) ... ... 3⁄16(4.8)
Over 313⁄16 (96.8) 1⁄4(6.4) ... ... 3⁄8(9.5)

Hot-worked rods, rough-turned or rough ground:C
15⁄16 to 4 (23.8 to 101.6), incl in diameter 1⁄16(1.6) ... ... ...
Over 4 to 12 (101.6 to 304.8), incl in diameter 1⁄8(3.2) ... ... ...
A Dimensions apply to diameter of rods, to distance between parallel surfaces of hexagonal and square bar, and separately to width and thickness of rectangular bar.
B The allowances for hot-worked material in Table 5 are recommended for rods machined in lengths of 3 ft (0.91 m) or less and for bars machined in lengths of 2 ft (0.61

m) or less. Hot-worked material to be machined in longer lengths should be specified showing the finished cross-sectional dimension and the length in which the material
will be machined in order that the manufacturer may supply material with sufficient oversize, including allowance for out-of-straightness.

C Applicable to 3 ft (0.91 m) max length.

TABLE 6 Permissible Variations in Length of Rods and Bars

Random mill lengths:
Hot-worked 6 to 24 ft (1.83 to 7.31 m) long with not

more than 25 weight % between 6 and
9 ft (1.83 and 2.74 m)A

Cold-worked 6 to 20 ft (1.83 to 6.1 m) long with not
more than 25 weight % between 6 and
10 ft (1.83 and 3.05 m).

Multiple lengths Furnished in multiples of a specified unit
length, within the length limits indicated
above. For each multiple, an allowance
of 1⁄4 in. (6.4 mm) will be made for cutting,
unless otherwise specified. At the
manufacturer’s option, individual specified
unit lengths may be furnished.

Nominal lengths Specified nominal lengths having a range
of not less than 2 ft (610 mm) with no
short lengths allowed.B

Cut lengths A specified length to which all rods and
bars will be cut with a permissible
variation of plus 1⁄8 in. (3.2 mm), minus
0 for sizes 8 in. (203 mm) and less in
diameter or distance between parallel
surfaces. For larger sizes, the permissible
variation shall be + 1⁄4 in. (6.4 mm), − 0.

A For hot-worked sections weighing over 25 lb/ft (37 kg/m) and for smooth
forged products, all sections, short lengths down to 2 ft (610 mm) may be
furnished.

B For cold-worked rods and bars under 1⁄2 in. (12.7 mm) in diameter or distance
between parallel surfaces ordered to nominal or stock lengths with a 2-ft (610-mm)
range, at least 93 % of such material shall be within the range specified; the
balance may be in shorter lengths but in no case shall lengths less than 4 ft (1220
mm) be furnished.

TABLE 7 Permissible Variations in Straightness of Cold-Worked
Rods and Bars

Specified Diameter or
Distance Between Parallel

Surfaces, in (mm)A
Permissible Variations in

Lengths Indicated, in. (mm)

Rounds: Depth of chord:
1⁄2 (12.7) to 2 1⁄2(63.5), incl 0.030 (0.76) per ft (305 mm) of length

Hexagons, squares, rectangles:
1⁄2 (12.7) to 2 (50.8),

incl
0.030 (0.76) per ft (305 mm) of length

A Material under 1⁄2 in. (12.7 mm) shall be reasonably straight and free of sharp
bends and kinks.

TABLE 8 Permissible Variations in Straightness of Hot-Worked
Rods and Bars A

Finish
Permissible Variations,

in./ft (mm/m)B

Rods and bars, hot-worked 0.050 (4.2)C

Rounds—hot-worked, rough ground or rough turned 0.050 (4.2)C

A Not applicable to forging quality.
B Material under 1⁄2 in. (12.7 mm) shall be reasonably straight and free of sharp

bends and kinks.
C The maximum curvature (depth of chord) shall not exceed the values indicated

multiplied by the length in feet.
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12. Test Methods
12.1 The chemical composition and mechanical and other

properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following ASTM standards:

Test ASTM Designation

Chemical analysis E1473
Tension E 8
Rounding procedure E 29

12.2 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed or calculated value shall be
rounded as indicated below, in accordance with the rounding
method of Practice E 29:

Test
Rounded unit for observed or

calculated value
Chemical composition

and tolerances
(when expressed in
decimals)

nearest unit in the last righthand place of figures
of the specified limit. If two choices are possible,
as when the digits dropped are exactly a 5, or a
5 followed only by zeros, choose the one ending
in an even digit, with zero defined as an even
digit.

Tensile strength and
Yield strength

nearest 1000 psi (6.9 MPa)

Elongation nearest 1 %

13. Inspection
13.1 Inspection of the material shall be made as agreed upon

between the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material tested by the purchaser that fails to conform to
the requirements of this specification may be rejected. Rejec-
tion should be reported to the producer or supplier promptly
and in writing. In case of dissatisfaction with the results of the
test, the producer or supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that the material has been manufactured, tested, and
inspected in accordance with this specification and that test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 The following information shall be marked on the
material or included on the package, or on a label or tag
attached thereto: The name of the material or UNS number;
heat number; condition (temper); this specification number; the
size; gross, tare and net weight; consignor and consignee
address; contract or order number; or such other information as
may be defined in the contract or order.

APPENDIX

(Nonmandatory Information)

X1. PROCURABLE CONDITIONS AND FINISHES

X1.1 The various conditions and finishes in which rod and
bar are procurable are as follows:

X1.1.1 Hot-Worked, Annealed—Soft, with a tightly adher-
ent dark oxide.

X1.1.2 Hot-Worked, Annealed, and Pickled—Same as
X1.1.1 except descaled for removal of mill oxide. Provides for
better surface inspection than does hot-worked, annealed
material and often employed where welding is involved where
removal of mill oxide is desired.

NOTE X1.1—Annealing prior to pickling may be required in order to
reduce the mill oxide since uniform pickling of an unreduced oxide is
difficult.

X1.1.3 Hot-Worked, Annealed, and Rough Ground—
Similar to X1.1.1 except rough ground.

X1.1.4 Hot-Worked, Annealed, and Rough-Turned—Similar
to X1.1.1 except rough turned with a broad nosed tool similar
to a bar peeling operation and thus may not be straight.

Intended generally for machining where an overhauled surface
is desired, essentially for machined step down shafts or parts
machined in short lengths of 3 ft (0.91 m) or less.

X1.1.5 Hot-Worked, Forging Quality—Rough-turned and
spot-ground, as necessary, for sizes 1 in. (25.4 mm) in diameter
and over; rough ground and spot ground for sizes under 1 in. in
diameter. Material is selected from heats of known, good hot
malleability.

NOTE X1.2—For sizes 21⁄2 in. (63.5 mm) in diameter and less, cold-
worked rod may be used also for forging by virtue of the fact such rod
have been overhauled for removal of mechanical surface defects prior to
cold-working. In such cases, the user should run pilot forging tests to
ensure himself that such material has the desired hot malleability range.

X1.1.6 Cold-Worked, Annealed, and Pickled—Hotworked,
overhauled, cold-worked, annealed, descaled, and straightened.
Annealed for softness and with a dull matte finish.
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Designation: B 434 – 00

Standard Specification for
Nickel-Molybdenum-Chromium-Iron Alloys (UNS N10003,
UNS N10242)* Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 434; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers nickel-molybdenum-
chromium-iron alloys (UNS N10003 and UNS N10242)*
plate, sheet, and strip for use in general corrosive service.

1.2 The following products are covered under this specifi-
cation:

1.2.1 Sheet and Strip—Hot or cold rolled, annealed, and
descaled unless annealing is performed in an atmosphere
yielding a bright finish.

1.2.2 Plate—Hot rolled, annealed, and descaled.
1.3 The values stated in inch-pound units are to be regarded

as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 112 Test Methods for Determining the Average Grain
Size4

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 plate—material3⁄16 in. (4.76 mm) and over in thick-
ness.

3.1.2 sheet and strip—material under3⁄16 in. (4.76 mm) in
thickness.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include but are not limited to
the following:

4.1.1 Dimensions—Thickness (in decimals of an inch),
width, and length (inch or fraction of an inch),

4.1.2 Certification—State if certification or a report of test
results is required (Section 15),

4.1.3 Purchase Inspection—State which tests or inspections
are to be witnessed (Section 13), and

4.1.4 Samples for Product (Check) Analysis—State whether
samples shall be furnished (9.2.2).

5. Chemical Composition

5.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1.

5.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the requirements specified in
Table 1 subject to the permissible tolerances in B 880.

6. Mechanical Properties and Other Requirements

6.1 Tensile Properties—The material shall conform to the
room temperature tensile properties prescribed in Table 2.

6.2 Grain Size for Sheet and Strip—Sheet and strip shall
conform to the grain size requirements given in Table 3.

7. Dimensions and Permissible Variations

7.1 Weight—For calculation of mass or weight, the follow-
ing densities shall be used:

Alloy lb/in3 g/cm3

N10003 0.317 8.78
N10242 0.327 9.05

7.2 Thickness:
7.2.1 Plate—The permissible variations in thickness of

plate shall be as prescribed in Table 4.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved May. 10, 2000. Published June 2000. Originally
published as B 434 – 66 T. Last previous edition B 434 – 95a.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-434 in section II of that Code.

* New designation established in accordance with ASTM E527 and SAE J1086,
Recommended Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.06.
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7.2.2 Sheet and Strip—The permissible variations in thick-
ness of sheet and strip shall be as prescribed in Table 5. The
thickness shall be measured with the micrometer spindle3⁄8 in.
(9.525 mm) or more from any edge for material 1 in. (25.4
mm) or over in width and at any place on material under 1 in.
in width.

7.3 Width:
7.3.1 Plate—The permissible variations in width of rectan-

gular plates shall be as prescribed in Table 6.
7.3.2 Sheet and Strip—The permissible variations in width

for sheet and strip shall be as prescribed in Table 7.

7.4 Length:
7.4.1 Plate—Permissible variations in the length of rectan-

gular plate shall be as prescribed in Table 6.
7.4.2 Sheet and Strip—Sheet and strip may be ordered to cut

lengths, in which case a variation of1⁄8 in. (3.175 mm) over the
specified length shall be permitted, with a 0 minus tolerance.

7.5 Straightness:
7.5.1 The edgewise curvature (depth of chord) of flat sheet,

strip, and plate shall not exceed the product of 0.05 in.
multiplied by the length in feet (0.04 mm) multiplied by the
length in centimetres.

7.5.2 Straightness for coiled strip is subject to agreement
between the manufacturer and the purchaser.

7.6 Squareness (Sheet)—For sheets of all thicknesses and
widths of 6 in. (152.4 mm) or more, the angle between adjacent
sides shall be 906 0.15 deg (1⁄16 in. in 24 in. or 2.6 mm/m).

TABLE 1 Chemical Requirements

Element
Composition, %

UNS N10242 UNS N10003

Chromium 7.0-9.0 6.0–8.0
Iron, max 2.0 5.0
Carbon 0.03 max 0.04–0.08
Silicon, max 0.80 1.00
Cobalt, max 1.00 0.20
Manganese, max 0.80 1.00
Tungsten, max ... 0.50
Vanadium, max ... 0.50
Molybdenum 24.0-26.0 15.0–18.0
Phosphorus, max 0.030 0.015
Sulfur, max 0.015 0.020
Aluminum plus titanium, max ... 0.50
Copper, max 0.50 0.35
Boron, max 0.006 0.010
Nickel remainder remainder
Aluminum, max 0.50 ...

TABLE 2 Mechanical Properties for Plate and Sheet

UNS Tensile Strength,
min,

ksi (MPa)

Yield Strength (0.2
% Offset), min, ksi

(MPa)

Elongation in 2 in.
(50.8 mm) or 4DA

min, %
N10003 100 (690) 40 (280) 40
N10242 105 (725) 45 (310) 40

AD refers to the diameter of the tension specimen.

TABLE 3 Grain Size for Annealed Sheets

Thickness, in. (mm)
ASTM Micrograin Size

Number, max
Average Grain Diameter,

max, in (mm)
0.125 (3.175) and under 3.0 0.0050 (0.127)
Over 0.125 (3.175) 1.5 0.0084 (0.214)

TABLE 4 Permissible Variations in Thickness of Plate A

Specified Thickness, in. (mm)

Permissible Variations in Thickness,
in. (mm)BC

Plus Minus

3⁄16 to 7⁄32 (4.762 to 5.556), incl 0.021 (0.53) 0.010 (0.25)
Over 7⁄32 to 1⁄4 (5.556 to 6.350), incl 0.024 (0.61) 0.010 (0.25)
Over 1⁄4 to 3⁄8 (6.350 to 9.525), incl 0.027 (0.69) 0.010 (0.25)
Over 3⁄8 to 1⁄2 (9.525 to 12.70), incl 0.030 (0.76) 0.010 (0.25)
Over 1⁄2 to 5⁄8 (12.70 to 15.88), incl 0.035 (0.89) 0.010 (0.25)
Over 5⁄8 to 3⁄4 (15.88 to 19.05), incl 0.040 (1.02) 0.010 (0.25)
Over 3⁄4 to 7⁄8 (19.05 to 22.25), incl 0.045 (1.14) 0.010 (0.25)
Over 7⁄8 to 1 (22.25 to 25.4), incl 0.050 (1.27) 0.010 (0.25)
Over 1 to 21⁄2(25.4 to 63.5), incl 5D 0.010 (0.25)

AApplicable to plate 48 in. (1.22 m) and under in width.
BMeasured 3⁄8in. (9.525 mm) or more from any edge.
CBuffing or grinding for removal of light surface imperfections shall be permitted.

The depth of such buffed or ground areas shall not exceed the minimum tolerance
thickness.

DExpressed as percentage of thickness.

TABLE 5 Permissible Variations in Thickness of Sheet A and Strip

Specified Thickness, in. (mm)

Permissible Variations in Thickness,
inBC (mm) (All Widths)

Plus Minus

0.020 to 0.034 (0.51 to 0.86), incl 0.004 (0.10) 0.004 (0.10)
Over 0.034 to 0.056 (0.86 to 1.42),

incl
0.005 (0.13) 0.005 (0.13)

Over 0.056 to 0.070 (1.42 to 1.78),
incl

0.006 (0.15) 0.006 (0.15)

Over 0.070 to 0.078 (1.78 to 1.98),
incl

0.007 (0.18) 0.007 (0.18)

Over 0.078 to 0.093 (1.98 to 2.36),
incl

0.008 (0.20) 0.008 (0.20)

Over 0.093 to 0.109 (2.36 to 2.77),
incl

0.009 (0.23) 0.009 (0.23)

Over 0.109 to 0.125 (2.77 to 3.18),
incl

0.010 (0.25) 0.010 (0.25)

Over 0.125 to 0.140 (3.18 to 3.56),
incl

0.013 (0.33) 0.010 (0.25)

Over 0.140 to 0.171 (3.56 to 4.34),
incl

0.016 (0.41) 0.010 (0.25)

Over 0.171 to 0.187 (4.34 to 4.5), incl 0.018 (0.46) 0.010 (0.25)
AApplicable to sheet 48 in. (1.22 m) and under in width.
BMeasured 3⁄8in. (9.525 mm) or more from any edge.
CBuffing for removal of light surface imperfections shall be permitted. The depth

of such buffed areas shall not exceed the permissible minus variation.

TABLE 6 Permissible Variations in Width and Length of Sheared
or Abrasive Cut Rectangular Plate

Specified Thickness

Permissible Variations in Widths and Lengths for
Dimensions Given, in. (mm)

Up to 30 (760), incl Over 30 (760)

Plus Minus Plus Minus

Inches

Sheared
3⁄16 to 5⁄16, excl
5⁄16 to 1⁄2, incl

3⁄16

1⁄4

1⁄8
1⁄8

1⁄4
3⁄8

1⁄8
1⁄8

Abrasive cut
3⁄16 to 11⁄2, incl
Over 11⁄2 to 21⁄2, incl

1⁄16

1⁄8

1⁄16

1⁄8

1⁄16

1⁄8

1⁄16

1⁄8

Millimetres

Sheared
4.76 to 7.94, excl 4.76 3.18 6.35 3.18
7.94 to 12.70, incl 6.35 3.18 9.52 3.18

Abrasive cut
4.76 to 38.1, incl 1.59 1.59 1.59 1.59
Over 38.1 to 63.5, incl 3.18 3.18 3.18 3.18

B 434

2



7.7 Flatness—Plate, sheet, and strip shall be commercially
flat.

7.8 Edges:
7.8.1 Plate shall have sheared or abrasive cut edges.
7.8.2 Sheet and strip shall have sheared or slit edges.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, and free of injurious imperfections.

9. Sampling

9.1 Lots for Chemical Analysis and Mechanical Testing:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot of plate, sheet, or strip for mechanical testing

shall be defined as the material from one heat in the same
condition and specified thickness.

9.2 Sampling for Chemical Analysis:
9.2.1 A representative sample shall be obtained from each

heat during pouring or subsequent processing.
9.2.2 Product (check) analysis shall be wholly the respon-

sibility of the purchaser.
9.3 Sampling for Mechanical Testing—Representative

samples shall be taken from each lot of finished material.

10. Number of Tests

10.1 Chemical Analysis—One test per heat.
10.2 Tension Tests—One test per lot.
10.3 Grain Size—One test per lot.
10.4 Retests—If one of the specimens used in the above

tests of any lot fails to meet the specified requirements, two
additional specimens shall be taken from different sample
pieces and tested. The results of the tests on both of these
specimens shall meet the specified requirements.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the final condition and tested transverse to the direction of
rolling when width will permit.

11.2 Tension test specimens shall be any of the standard or
subsize specimens shown in Test Methods E 8.

11.3 In the event of disagreement, referee specimens shall
be as follows:

11.3.1 Full thickness of the material, machined to the form
and dimensions shown for the sheet-type specimen in Test
Methods E 8 for material under1⁄2in. (12.7 mm) in thickness.

11.3.2 The largest possible round specimen shown in Test
Methods E 8 for material1⁄2 in. (12.7 mm) and over.

12. Test Methods

12.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall be

determined, in case of disagreement, in accordance with the
following ASTM methods:

12.1.1 Chemical Analysis—Test Methods E 1473. The
nickel composition shall be determined arithmetically by
difference.

12.1.2 Tension Test—Test Methods E 8.
12.1.3 Grain Size—Test Methods E 112. Plate 1 shall be

used for the comparison procedure.
12.1.4 Determining Significant Places—Practice E 29.
12.2 For purposes of determining compliance with the

limits in this specification, an observed value or a calculated
value shall be rounded in accordance with the rounding method
of Practice E 29:

Properties
Rounded Unit for Observed

or Calculated Value

Chemical composition and tolerance nearest unit in the last right-hand place
of figures of the specified limit

Tensile strength and yield strength nearest 1000 psi (7 MPa)
Elongation nearest 1%

13. Inspection

13.1 Inspection of the material by the purchaser at the place
of manufacture shall be made as agreed upon between the
purchaser and the manufacturer as part of the purchase
contract.

14. Rejection and Rehearing

14.1 Material tested by the purchaser that fails to conform to
the requirements of this specification may be rejected. Rejec-
tion should be reported to the producer or supplier promptly
and in writing. In case of dissatisfaction with the results of the
test, the producer or supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 Each plate, sheet, or strip shall be marked on one face
with the specification number, heat number, manufacturer’s
identification, and size. The markings shall have no deleterious
effect on the material or its performance and shall be suffi-
ciently stable to withstand normal handling.

16.2 Each bundle or shipping container shall be marked
with the name of the material; this specification number; the

TABLE 7 Permissible Variations in Width of Sheet and Strip

Specified Thickness, in. (mm) Specified Width, in. (mm)
Permissible Variations in Specified Width, in. (mm)

Plus Minus
Sheet

0.187 (4.76) and under 2 (50.8) and over 0.125 (3.18) 0
Strip (Slit Edges)

Over 0.020 to 0.075 (0.51 to 1.90), incl 24 (610) and under 0.007 (0.18) 0.007 (0.18)
Over 0.075 to 0.100 (1.90 to 2.54), incl 24 (610) and under 0.009 (0.23) 0.009 (0.23)
Over 0.100 to 0.125 (2.54 to 3.18), incl 24 (610) and under 0.012 (0.30) 0.012 (0.30)
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size; gross, tare, and net weight; consignor and consignee
address; contract or order number; and such other information
as may be defined in the contract or order.

17. Keywords

17.1 plate; sheet; strip; UNS N10003; UNS N10242

APPENDIX

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary for optimum performance, and themanu-

facturer shall be consulted for details.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 435 – 03

Standard Specification for
UNS N06002, UNS N06230, UNS N12160, and UNS R30556
Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 435; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers alloys UNS N06002, UNS
N06230, UNS N12160, and UNS R30556* in the form of
rolled plate, sheet, and strip for heat-resisting and general
corrosive service.

1.2 The following products are covered under this specifi-
cation:

1.2.1 Sheet and Strip—Hot- or cold-rolled, annealed, and
descaled unless solution annealing is performed in an atmo-
sphere yielding a bright finish.

1.2.2 Plate—Hot-rolled, solution-annealed, and descaled.
1.3 The values stated in inch-pound units are to be regarded

as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 906 Specification for General Requirements for Flat-

Rolled Nickel and Nickel Alloys Plate, Sheet, and Strip3

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 plate—material3⁄16 in. (4.76 mm) and over in thick-
ness.

3.1.2 sheet and strip—material under3⁄16 in. (4.76 mm) in
thickness.

4. General Requirements

4.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 906
unless otherwise provided herein.

5. Ordering Information

5.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to the following:

5.1.1 Alloy,
5.1.2 Dimensions—Thickness (in decimals of an inch),

width, and length (inch or fraction of an inch),
5.1.3 Certification—State if certification or a report of test

results is required (Specification B 906, Section 21),
5.1.4 Optional Requirement—Plate; state how plate is to be

cut (Specification B 906, Table A2.3),
5.1.5 Purchase Inspection—State which tests or inspections

are to be witnessed (Specification B 906, Section 18), and
5.1.6 Samples for Product (Check) Analysis—State whether

samples should be furnished (Specification B 906, Section
7.2.2).

6. Chemical Composition

6.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1.

6.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the requirements specified in
Table 1 and Specification B 906.

7. Mechanical Properties and Other Requirements

7.1 Tensile Properties—The material shall conform to the
room temperature tensile properties prescribed in Table 2.

7.2 Grain Size for Sheet and Strip:

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1966. Last previous edition approved in 1998 as B 435 - 98a.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-435 in Section II of that Code.

* New designation established in accordance with ASTM E527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



7.2.1 Annealed alloys UNS N06002, UNS N06230, and
UNS R30556 sheet and strip shall conform to the grain size
requirements given in Table 3.

7.2.2 Annealed alloy UNS N12160 shall conform to an
average grain size of ASTM No. 5 or coarser.

8. Dimensions, Mass, and Permissible Variations

8.1 Weight—For calculations of mass or weight, the follow-
ing densities shall be used:

Alloy Density
lb/in.3 (g/cm3)

N06002 0.297 (8.23)
N06230 0.324 (8.97)
R30556 0.297 (8.23)
N12160 0.292 (8.08)

8.2 Thickness:

8.2.1 Sheet and Strip—The thickness shall be measured
with the micrometer spindle3⁄8 in. (9.525 mm) or more from
any edge for material 1 in. (25.4 mm) or over in width and at
any place on material under 1 in. in width.

8.3 Length:

8.3.1 Sheet and Strip—Sheet and strip may be ordered to cut
lengths, in which case a variation of1⁄8 in. (3.175 mm) over the
specified length shall be permitted, with a 0 minus tolerance.

8.4 Straightness:

8.4.1 The edgewise curvature (depth of chord) of flat sheet,
strip, and plate shall not exceed the product of 0.05 in.
multiplied by the length in feet (0.04 mm multiplied by the
length in centimetres).

8.4.2 Straightness for coiled strip is subject to agreement
between the manufacturer and the purchaser.

8.5 Squareness (Sheet)—For sheets of all thicknesses and
widths of 6 in. (152.4 mm) or more, the angle between adjacent
sides shall be 906 0.15° (1⁄16 in. in 24 in. or 2.6 mm/m).

8.6 Flatness—Plate, sheet, and strip shall be commercially
flat.

8.7 Edges:

8.7.1 Plates shall have sheared, abrasive-cut or plasma-
torch-cut edges as specified.

8.7.2 Sheet and strip shall have sheared or slit edges.

9. Product Marking

9.1 Each plate, sheet, or strip shall be marked on one face
with the specification number, alloy, heat number, manufactur-
er’s identification, and size. The markings shall have no
deleterious effect on the material or its performance and shall
be sufficiently stable to withstand normal handling.

9.2 Each bundle or shipping container shall be marked with
the name of the material; this specification number; alloy; the
size; gross, tare, and net weight; consignor and consignee
address; contract or order number; and such other information
as may be defined in the contract or order.

10. Keywords

10.1 plate; sheet; strip; UNS N06002; UNS N06230; UNS
N12160; UNS R30556

TABLE 1 Chemical Requirements

Element
Composition Limits, %

UNS N06002 UNS N06230 UNS R30556 UNS N12160

Nickel remainder remainder 19.0–22.5 remainder
Iron 17.0–20.0 3.0 max remainder 3.5 max
Chromium 20.5–23.0 20.0–24.0 21.0–23.0 26.0–30.0
Cobalt 0.5–2.5 5.0 max 16.0–21.0 27.0–33.0
Molybdenum 8.0–10.0 1.0–3.00 2.5–4.0 1.0 max
Tungsten 0.2–1.0 13.0–15.0 2.0–3.5 1.0 max
Carbon 0.05–0.15 0.05–0.15 0.05–0.15 0.15 max
Silicon 1.00 max 0.25–0.75 0.20–0.80 2.4–3.0
Manganese 1.00 max 0.30–1.00 0.50–2.00 1.5 max
Phosphorus 0.04 max 0.030 max 0.04 max 0.030 max
Sulfur 0.03 max 0.015 max 0.015 max 0.015 max
Columbium (N6) ... ... 0.30 max 1.0 max
Tantalum ... ... 0.30–1.25 ...
Aluminum ... 0.20–0.50 0.10–0.50 ...
Zirconium ... ... 0.001–0.10 ...
Lanthanum ... 0.005–0.050 0.005–0.10 ...
Nitrogen ... ... 0.10–0.30 ...
Boron ... 0.015 max 0.02 max ...
Titanium ... ... ... 0.20–0.80

TABLE 2 Mechanical Property Requirements

UNS
Tensile Strength,
min, ksi (MPa)

Yield Strength
(0.2 % Offset),
min, ksi (MPa)

Elongation in 2 in.
(50.8 mm) or 4D,A

min, %

N06002 95 (655) 35 (240) 35
N06230B 110 (760) 45 (310) 40
R30556C 100 (690) 45 (310) 40
N12160D 90 (670) 35 (240) 40

AD refers to the diameter of the tension specimen.
BSolution annealed at a temperature between 2200 and 2275°F (1204 and

1246°C) followed by a water quench or rapidly cooled by other means.
CSolution annealed at 2100°F (1150°C) minimum.
DSolution annealed at 1950°F (1065°C) minimum.

TABLE 3 Grain Size for Annealed Sheet

Thickness, in. (mm)
ASTM Micrograin Size

Number, max

Average Grain,
Diameter, max, in.

(mm)
0.125 (3.175) and under 3.0 0.0050 (0.127)
Over 0.125 (3.175) 1.5 0.0084 (0.214)
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APPENDIX

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary for optimum performance, and the

manufacturer shall be consulted for details.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 440 – 00

Standard Specification for
Cadmium 1

This standard is issued under the fixed designation B 440; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This specification covers refined cadmium metal in slab,
ball or stick form.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

1.3 Toxicity—Warning: Soluble and respirable forms of
cadmium may be harmful to human health and the environment
in certain forms and concentrations. Therefore, ingestion and
inhalation of cadmium should be controlled under the appro-
priate regulations of the U.S. Occupational Safety and Health
Administration (OSHA). Cadmium-containing alloys and coat-
ings should not be used on articles that will contact food or
beverages, or for dental and other equipment that is normally
inserted in the mouth. Similarly, if articles using cadmium-
containing alloys or coatings are welded, soldered, brazed,
ground, “flame-cut,” or otherwise heated during fabrication,
adequate ventilation must be provided to maintain occupational
cadmium exposure below the OSHA Permissible Exposure
Level (PEL).

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 899 Terminology Relating to Non-ferrous Metals and

Alloys2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications3

E 88 Practice for Sampling Nonferrous Metals and Alloys
In Cast Form for Determination of Chemical Composition4

E 396 Test Methods for Chemical Analysis of Cadmium4

E 527 Practice for Numbering Metals and Alloys5

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

4. Ordering Information

4.1 Orders for cadmium under this specification shall in-
clude the following information:

4.1.1 ASTM designation,
4.1.2 Quantity (weight) and,
4.1.3 Grade (Table 1)
4.1.4 Shape and size (Section 7).

5. Materials and Manufacture

5.1 The cadmium shall be furnished in commercial standard
forms or shapes requested by purchaser.

6. Chemical Requirements

6.1 The cadmium supplied shall conform to the require-
ments of Table 1 for one of the three grades.

7. Shape and Size

7.1 Various forms and sizes of commercially available
cadmium are:

Form Shape and Size
Ball Spherical, about 2 in. diameter
Stick Bar, about 9 3 1⁄2 3 38 in. or stick about 9 3 1⁄2 in. in diameter.
Slab Plate or bar, varying in weight from about 20 to 60 lb

7.2 Cadmium may be ordered in other shapes and sizes as
mutually agreed.

8. Workmanship, Finish and Appearance

8.1 The supplier shall use care to have the quality of each lot
of cadmium as uniform as possible.

8.2 The cadmium shall be reasonably free of adhering
foreign material.

9. Sampling for Chemical Analysis

9.1 The producer may obtain representative samples from
the molten metal during casting, and all or part of these
samples may be cast into shapes suitable for analysis.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.04 on Zinc and Cadmium.

Current edition approved May 10, 2000. Published September 2000. Originally
published as B 440 – 66 T. Last previous edition B 440 – 99.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 14.02.
4 Annual Book of ASTM Standards, Vol 03.06. 5 Annual Book of ASTM Standards, Vol 01.01.

1

*A Summary of Changes section appears at the end of this standard.
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9.2 For sampling cadmium in slab form a minimum of two
pieces shall be selected for shipments of 500 lb or less, three
pieces for shipments of 500 to 1000 lb (227 to 454 kg), and one
additional piece for each additional 1000 lb or part thereof. For
cadmium in ball or stick form a minimum of four pieces shall
be selected for shipments of 500 lb or less, six pieces for
shipments of 500 to 1000 lb and two additional pieces for each
additional 1000 lb or part thereof.

9.3 The selected pieces shall be cleaned to rid the surface of
extraneous material and then sawed, drilled, or milled, care
being taken to avoid errors due to segregation within the
pieces. The saw, drill, or cutter used shall be thoroughly
cleaned. No lubricant shall be used in the operation, and the
sawings, drillings, or millings shall be treated with a magnet to
remove any particles of steel introduced in the taking of the
samples. Equal weights of the sawings, drillings, or millings
shall be taken from each piece sampled, and then combined
into one sample and thoroughly mixed. The total sample
weight shall be not less than 300 g.

9.4 In those cases where the cadmium involved is in some
other shape or form that does not lend itself to any of the above
methods, the sampling procedure shall be agreed upon between
the manufacturer or seller and purchaser. The method of 9.1
offers many advantages.

9.5 Aspects of sampling and sample preparation not covered
specifically in this specification shall be carried out in accor-
dance with Practice E 88.

10. Method of Chemical Analysis

10.1 The chemical requirements enumerated in Table 1
shall, in case of disagreement, be determined by methods
mutually agreed upon or by Test Methods E 396.

11. Rejection

11.1 Material which fails to conform to the requirements of
this specification may be rejected.

12. Claims

12.1 Claims to be considered shall be made to manufacturer
or seller in writing within 30 days of receipt of material at the
purchaser’s plant, and the results of the test made by the
purchaser shall accompany such claims. The manufacturer or
seller shall be given 2 weeks from the receipt of the complaint
to investigate his records and shall either agree to satisfy the
claim, obtain a sample of the metal for investigation, or send a
representative to the plant of the purchaser.

12.2 No claims shall be considered unless the minimum
number of samples of unused cadmium shapes can be shown to
such representative.

12.3 In a question of chemical composition, a sample shall
be drawn by representatives of both parties in accordance with
Section 10. The properly mixed and quartered sample shall be
separated into three parts, each of which shall be placed in a
sealed package, one for the manufacturer or seller, one for the
purchaser and one for an umpire, if necessary. The manufac-
turer or seller and purchaser shall each perform an analysis. If
the results do not establish or dismiss the claim to the
satisfaction of both parties, the third sample shall be submitted
to a mutually agreeable umpire who shall determine the
question of quality and whose determination shall be final.

12.4 Expenses of the manufacturer’s or seller’s representa-
tives and of the umpire shall be paid by the loser or divided in
proportion to the concession made in case of compromise. In
the case of rejection being established, the damages shall be
limited to the payment of freight both ways by the manufac-
turer or seller for substitution of an equivalent weight of
cadmium conforming to this specification.

13. Product Marking

13.1 The outside container shall be marked in such a way
that the manufacturer or seller may be identified. The indi-
vidual pieces of cadmium may also be marked at the discretion
of the manufacturer or seller.

14. Keywords

14.1 cadmium; cadmium metal

TABLE 1 Chemical Requirements A

NOTE 1—With the mutual agreement of the buyer and seller, chemical
limits for Tin, Silver, Antimony, Arsenic, and Mercury may also be
assigned to the grades 99.95 and 99.99 Cd.

Element Grade
(UNS)B

99.95 Cd
(L01951)

99.99 Cd
(L01971)

99.995 Cd
(L01981)

Cadmium, min.A 99.95% 99.99% 99.995%
Iron, max. ppm ... 10 5
Copper, max. ppm 150 20 5
Nickel, max. ppm ... 10 5
Lead, max. ppm 250 100 20
Zinc, max. ppm 350 30 5
Thallium, max. ppm 35 35 5
Tin, max. ppm ... ... 1
Silver, max. ppm ... ... 1
Antimony, max. ppm ... ... 0.1
Arsenic, max. ppm ... ... 1
Mercury, max. ppm ... ... 0.1

A Determined by difference.
B UNS designations were established in accordance with Practice E 527.
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SUMMARY OF CHANGES

This section contains the principle changes to the standard that have been incorporated since the last issue.

(1) The caveat in section 1.4 was added editorially.
(2) Section 3. Terminology was added editorially.

(3) 1.3 was added.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 443 – 00 e1

Standard Specification for
Nickel-Chromium-Molybdenum-Columbium Alloy (UNS
N06625) and Nickel-Chromium-Molybdenum-Silicon Alloy
(UNS N06219)* Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 443; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

e1 NOTE—Sections 1.1.2 and 4.1.3.1 were editorially altered in January 2001.

1. Scope

1.1 This specification2 covers rolled nickel-chromium-
molybdenum-columbium alloy (UNS N06625) and nickel-
chromium-molybdenum-silicon alloy (UNS N06219)* plate,
sheet, and strip.

1.1.1 Alloy UNS N06625 products are furnished in two
grades of different heat-treated conditions:

1.1.1.1 Grade 1 (Annealed)—Material is normally em-
ployed in service temperatures up to 1100°F (593°C).

1.1.1.2 Grade 2(Solution Annealed)—Material is normally
employed in service temperatures above 1100°F (593°C) when
resistance to creep and rupture is required.

NOTE 1—Hot-working or reannealing may change properties signifi-
cantly, depending on working history and temperatures.

1.1.2 Alloy UNS N06219 is supplied in solution annealed
condition only.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:
B 446 Specification for Nickel-Chromium-Molybdenum-

Columbium Alloy (UNS N06625) Rod and Bar3

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys4

E 8 Test Methods for Tension Testing of Metallic Materials5

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications6

E 354 Test Methods for Chemical Analysis of High-
Temperature, Electrical, Magnetic, and Other Similar Iron,
Nickel, and Cobalt Alloys7

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys7

3. Terminology

3.1 Definitions of Terms Specific to This Standard:—The
terms given in Table 1 shall apply.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 ASTM designation,
4.1.2 Alloy name or UNS number,
4.1.3 Condition—See 1.1.1, 1.1.2 and Appendix X1,
4.1.3.1 If neither grade of N06625 is specified, Grade 1 will

be supplied,
4.1.4 Finish—Appendix X1,
4.1.5 Dimensions—Thickness, width, and length,
4.1.6 Quantity,
4.1.7 Optional Requirements:
4.1.7.1 Sheet and Strip— Whether to be furnished in coil, in

cut straight lengths, or in random straight lengths,
4.1.7.2 Plate—How plate is to be cut (see 7.2.1 and 7.3.2),
4.1.8 Certification— State if certification is required (Sec-

tion 15),

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved August 10, 2000. Published September 2000. Origi-
nally published as B 443 – 66. Last previous edition B 443 – 99.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-443 in Section II of that Code.

* New designation established in accordance with Practice E 527 and SAE
J1086, Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 02.04.

5 Annual Book of ASTM Standards, Vol 03.01.
6 Annual Book of ASTM Standards, Vol 14.02.
7 Annual Book of ASTM Standards, Vol 03.06.

1
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4.1.9 Samples for Product (Check) Analysis—Whether
samples for product (check) analysis should be furnished (see
5.2), and

4.1.10 Purchaser Inspection—If the purchaser wishes to
witness tests or inspection of material at place of manufacture,
the purchase order must so state, indicating which tests or
inspections are to be witnessed (Section 13).

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 2.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations as prescribed by B 880.

6. Mechanical Properties and Other Requirements

6.1 Mechanical Properties—The material shall conform to
the heat treatment and room temperature tensile properties
prescribed in Table 3.

7. Dimensions and Permissible Variations

7.1 Thickness and Weight:
7.1.1 Plate—For plate up to 2 in. (50.8 mm), inclusive, in

thickness, the permissible variations under the specified thick-
ness and permissible excess in overweight shall not exceed the
amounts prescribed in Table 4.

7.1.1.1 For use with Table 4, plate shall be assumed to
weigh 0.305 lb/in.3(8.442 g/cm3).

7.1.2 Plate—For plate over 2 in. (50.8 mm) in thickness, the
permissible variations over the specified thickness shall not
exceed the amounts prescribed in Table 5.

7.1.3 Sheet and Strip— The permissible variations in thick-
ness of sheet and strip shall be as prescribed in Table 6. The
thickness of strip and sheet shall be measured with the
micrometer spindle3⁄8in. (9.5 mm) or more from either edge
for material 1 in. (25.4 mm) or over in width and at any place
on the strip under 1 in. (25.4 mm) in width.

7.2 Width or Diameter:
7.2.1 Plate—The permissible variations in width of rectan-

gular plates and diameter of circular plates shall be as
prescribed in Table 7 and Table 8.

7.2.2 Sheet and Strip— The permissible variations in width
for sheet and strip shall be as prescribed in Table 9.

7.3 Length:
7.3.1 Sheet and strip of all sizes may be ordered to cut

lengths, in which case a variation of1⁄8 in. (3.2 mm) over the
specified length shall be permitted.

7.3.2 Permissible variations in length of rectangular plate
shall be as prescribed in Table 10.

7.4 Straightness:
7.4.1 The edgewise curvature (depth of chord) of flat sheet,

strip, and plate shall not exceed 0.05 in. (1.27 mm) multiplied
by the length in feet (0.04 mm multiplied by the length in
centimetres).

7.4.2 Straightness for coiled material is subject to agree-
ment between the manufacturer and the purchaser.

7.5 Edges:
7.5.1 Sheet and strip shall have sheared or slit edges.
7.5.2 Plate shall have sheared or cut (machined, abrasive

cut, powder cut, or inert arc cut) edges, as specified.
7.6 Squareness (Sheet)—For sheets of all thicknesses, the

angle between adjacent sides shall be 906 0.15° (1⁄16 in. in 24
in.) (1.6 mm in 610 mm).

7.7 Flatness—Standard flatness tolerances for plate shall
conform to the requirements of Table 11.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and temper,
smooth, commercially straight or flat, and free of injurious
imperfections.

9. Sampling

9.1 Lot—Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot for mechanical testing shall consist of all

material from the same heat, nominal thickness, and condition.
9.1.2.1 Where material cannot be identified by heat, a lot

shall consist of not more than 500 lb (227 kg) of material in the

TABLE 1 Product Description

Product Thickness, in. (mm)
Width, in.

(mm)

Hot-rolled
plateA

3⁄16 (4.8) and over (Table 4
and Table 5)

(Table 7)A

Cold-rolled
plateB

3⁄16 to 3⁄8 (4.8 to 9.5),
incl (Table 4)

(Table 7)

Hot-rolled
sheetB

0.018 to 0.250 (0.46 to 6.4),
incl (Table 6)

(Table 9)

Cold-rolled
sheetC

0.018 to 0.250 (0.46 to 6.4),
incl (Table 6)

(Table 9)

Cold-rolled
stripC

0.005 to 0.250 (0.13 to 6.4),
incl (Table 6)

(Table 9)

AHot-rolled plate, in widths 10 in. (254 mm) and under, may be furnished as
hot-finished rectangles with sheared or cut edges in accordance with Specification
B 446 provided the mechanical property requirements of this specification are met.

BMaterial 3⁄16to 1⁄4 in. (4.8 to 6.4 mm), incl, in thickness may be furnished as
sheet or plate provided the material meets the specification requirements for the
condition ordered.

CMaterial under 48 in. (1219 mm) in width may be furnished as sheet or strip
provided the material meets the specification requirements for the condition
ordered.

TABLE 2 Chemical Requirements

Element

Composition
Limits, %

N06625 N06219

Carbon 0.10 max 0.05 max
Manganese 0.50 max 0.50 max
Silicon 0.50 max 0.70-1.10
Phosphorus 0.015 max 0.020 max
Sulfur 0.015 max 0.010 max
Chromium 20.0 min 18.0-22.0

23.0 max ...
Columbium + tantalum 3.15 min ...

4.15 max ...
Cobalt (if determined) 1.0 max 1.0 max
Molybdenum 8.0 min 7.0-9.0

10.0 max ...
Iron 5.0 max 2.0-4.0
Aluminum 0.40 max 0.50 max
Titanium 0.40 max 0.50 max
Copper ... 0.50 max
NickelA 58.0 min Bal.

AElement shall be determined arithmetically by difference.
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same thickness and condition, except for plates weighing over
500 lb (227 kg), in which case only one specimen shall be
taken.

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

9.2.1.1 Product (check) analysis shall be wholly the respon-
sibility of the purchaser.

9.2.2 Mechanical Properties—Samples of the material to
provide test specimens for mechanical properties shall be taken
from such locations in each lot as to be representative of that
lot.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.

10.2 Mechanical Properties—One test per lot.

TABLE 3 Room Temperature Tensile Properties and Heat Treatment
(All Thicknesses and Sizes Unless Otherwise Indicated)

Product
Tensile

Strength, min,
ksi (MPa)

Yield
StrengthA

(0.2 % Offset),
min, ksi
(MPa)

Elonga-
tion in 2
in. or 50
mm (or

4D),
min, %B

Grade 1
UNS N06625 (Annealed)C

Cold-rolled sheet and strip 120 (827) 60 (414) 30
Hot-rolled sheet and hot-rolled plate up to 2.75 in. (70 mm), incl 110 (758) 55 (379) 30
Cold-rolled plate up to 0.375 in. (9.5 mm), incl 110 (758) 55 (379) 30

Grade 2
UNS N06625 (Solution Annealed)D

Cold-rolled sheet and strip, hot-rolled sheet, cold-rolled plate, and hot-rolled plate 100 (690) 40 (276) 30
All

UNS N06219 (Solution Annealed)
All plate, sheet, and strip 96 (660) 39 (270) 50

AYield strength requirements do not apply to material under 0.020 in. (0.508 mm) in thickness.
B Elongation requirements do not apply to material under 0.010 in. (0.254 mm) in thickness.
CAnnealed at 1600°F (871°C) minimum.
DSolution annealed at 2000°F (1093°C) minimum, with or without subsequent stabilization anneal at 1800°F (982°C) minimum to increase resistance to sensitization.

TABLE 4 Permissible Variations in Thickness and Overweight of Rectangular Plates

NOTE 1—All plates shall be ordered to thickness and not to weight per square foot. No plates shall vary more than 0.01 in. (0.3 mm) under the thickness
ordered, and the overweight of each lotA in each shipment shall not exceed the amount given in the table. Spot grinding is permitted to remove surface
imperfections, such spots not to exceed 0.01 in. (0.3 mm) under the specified thickness.

Specified Thickness, in.
(mm)

Permissible Excess in Average Weight,B,C per Square Foot of Plates for Widths Given in Inches (Millimetres)
Expressed in Percent of Nominal Weights

Under 48
(1220)

48 to 60
(1220 to

1520), excl

60 to 72
(1520 to

1830), excl

72 to 84
(1830 to

2130), excl

84 to 96
(2130 to

2440), excl

96 to 108
(2440 to

2740), excl

108 to 120
(2740 to

3050), excl

120 to 132
(3050 to

3350), excl

132 to 144
(3350 to

3660), excl

144 to 160
(3660 to

4070), excl

3⁄16 to 5⁄16 (4.8 to 7.9), excl 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ... ...
5⁄16 to 3⁄8 (7.9 to 9.5), excl 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ...
3⁄8to 7⁄16 (9.5 to 11.1), excl 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 19.5
7⁄16 to 1⁄2 (11.1 to 12.7), excl 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0
1⁄2to 5⁄8 (12.7 to 15.9), excl 5.0 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5
5⁄8to 3⁄4 (15.9 to 19.1), excl 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0
3⁄4to 1 (19.1 to 25.4), excl 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5
1 to 2 (25.4 to 50.8), incl 4.0 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0

A The term “lot” applied to this table means all of the plates of each group width and each group thickness.
BThe permissible overweight for lots of circular and sketch plates shall be 25 % greater than the amounts given in this table.
CThe weight of individual plates shall not exceed the nominal weight by more than 11⁄4 times the amount given in the table and Footnote B.

TABLE 5 Permissible Variations in Thickness for Rectangular Plates Over 2 in. (51 mm) in Thickness

NOTE 1—Permissible variation under specified thickness, 0.01 in. (0.3 mm).

Specified Thickness, in. (mm)

Permissible Variations, in. (mm), over Specified Thickness for Widths Given, in. (mm)

To 36 (915), excl
36 to 60
(915 to

1520), excl

60 to 84
(1520 to

2130), excl

84 to 120
(2130 to

3050), excl

120 to 132
(3050 to

3350), excl

132 (3350
and over)

Over 2 to 23⁄4 (51 to 69.8), incl 1⁄16 (1.6) 3⁄32 (2.4) 7⁄64 (2.8) 1⁄8 (3.2) 1⁄8 (3.2) 9⁄64 (3.6)
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11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the final condition (temper) and tested transverse to the
direction of rolling when width will permit.

11.2 Tension test specimens shall be any of the standard or
subsize specimens shown in Test Methods E 8.

11.3 In the event of disagreement, referee specimens shall
be as follows:

11.3.1 Full thickness of the material, machined to the form
and dimensions shown for the sheet-type specimen in Test
Methods E 8 for material under1⁄2in. (12.7 mm) in thickness.

11.3.2 The largest possible round specimen shown in Test
Methods E 8 for material1⁄2 in. (12.7 mm) and over.

12. Test Methods

12.1 The chemical composition and mechanical and other
properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following ASTM standards:

Test
ASTM

Designation

Chemical analysis E 1473
Tension E 8
Rounding procedure E 29

12.2 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed or calculated value shall be
rounded in accordance with the rounding method of Practice
E 29.

Test
Rounded unit for observed

or calculated value
Chemical composition and tolerances
(when expressed in decimals)

nearest unit in the last right-hand place
of figures of the specified limit. If two
choices are possible, as when the digits
dropped are exactly a 5, or a 5 followed
only by zeros, choose the one ending in
an even digit, with zero defined as an
even digit.

Tensile strength and yield strength nearest 1000 psi (6.9 MPa)
Elongation nearest 1 %

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material tested by the purchaser that fails to conform to
the requirements of this specification may be rejected. Rejec-
tion should be reported to the producer or supplier promptly
and in writing. In case of dissatisfaction with the results of the
test, the producer or supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that the material was manufactured, tested, and in-
spected in accordance with this specification, and that test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

TABLE 6 Permissible Variations in Thickness of Sheet and Strip
(Permissible Variations, Plus and Minus, in Thickness, in. (mm), for Widths Given in in. (mm))

Specified Thickness, in. (mm), incl

SheetA

Hot-Rolled Cold-Rolled

48 (1220) and
Under

Over 48 to 60
(1220 to 1520),

incl

48 (1220) and
Under

Over 48 to 60
(1220 to 1520),

incl

0.018 to 0.025 (0.5 to 0.6) 0.003 (0.08) 0.004 (0.10) 0.002 (0.05) 0.003 (0.08)
Over 0.025 to 0.034 (0.6 to 0.9) 0.004 (0.10) 0.005 (0.13) 0.003 (0.08) 0.004 (0.10)
Over 0.034 to 0.043 (0.9 to 1.1) 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.043 to 0.056 (1.1 to 1.4) 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.056 to 0.070 (1.4 to 1.8) 0.006 (0.15) 0.007 (0.18) 0.005 (0.13) 0.006 (0.15)
Over 0.070 to 0.078 (1.8 to 1.9) 0.007 (0.18) 0.008 (0.20) 0.006 (0.15) 0.007 (0.18)
Over 0.078 to 0.093 (1.9 to 2.4) 0.008 (0.20) 0.009 (0.23) 0.007 (0.18) 0.008 (0.20)
Over 0.093 to 0.109 (2.4 to 2.8) 0.009 (0.23) 0.010 (0.25) 0.007 (0.18) 0.009 (0.23)
Over 0.109 to 0.125 (2.8 to 3.2) 0.010 (0.25) 0.012 (0.31) 0.008 (0.20) 0.010 (0.25)
Over 0.125 to 0.140 (3.2 to 3.6) 0.012 (0.31) 0.014 (0.36) 0.008 (0.20) 0.010 (0.25)
Over 0.140 to 0.171 (3.6 to 4.3) 0.014 (0.36) 0.016 (0.41) 0.009 (0.23) 0.012 (0.31)
Over 0.171 to 0.187 (4.3 to 4.8) 0.015 (0.38) 0.017 (0.43) 0.010 (0.25) 0.013 (0.33)
Over 0.187 to 0.218 (4.8 to 5.5) 0.017 (0.43) 0.019 (0.48) 0.011 (0.28) 0.015 (0.38)
Over 0.218 to 0.234 (5.5 to 5.9) 0.018 (0.46) 0.020 (0.51) 0.012 (0.31) 0.016 (0.41)
Over 0.234 to 0.250 (5.9 to 6.4) 0.020 (0.51) 0.022 (0.56) 0.013 (0.33) 0.018 (0.46)

Cold-RolledA,B

Specified Thickness, in. (mm), incl
Widths 12 in. (305 mm) and under, plus and

minus

Up to 0.050 (1.27), incl 0.0015 (0.038)
Over 0.050 to 0.093 (1.27 to 2.39) 0.0025 (0.063)
Over 0.093 to 0.125 (2.39 to 3.18) 0.004 (0.11)

A Measured 3⁄8in. (9.5 mm) or more from either edge except for strip under 1 in. (25.4 mm) in width which is measured at any place.
B Standard sheet tolerances apply for thicknesses over 0.125 in. (3.2 mm) and for all thicknesses of strip over 12 in. (305 mm) wide.
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16. Product Marking

16.1 Each bundle or shipping container shall be marked
with the name of the material or UNS number; condition
(temper); this specification number; the size; gross, tare, and
net weight; consignor and consignee address; contract or order
number; or such other information as may be defined in the
contract or order.

17. Keywords

17.1 UNS N06219; UNS N06625; plate; sheet; strip

TABLE 7 Permissible Variations in Width A of Sheared, Plasma Torch-Cut, and Abrasive-Cut Rectangular Plate B,C

Specified Thickness

Permissible Variations in Widths for Widths Given, in. (mm)

Up to 30 (760),
incl

Over 30 to 72
(760 to 1830),

incl

Over 72 to 108
(1830 to 2740),

incl

Over 108 to 144
(2740 to 3660),

incl

Over 144 to 160
(3660 to 4070),

incl

Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus

Inches

Sheared:D
3⁄16 to 5⁄16, excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 ... ...
5⁄16 to 1⁄2, excl 1⁄4 1⁄8 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8
1⁄2 to 3⁄4, excl 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8
3⁄4 to 1, excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8
1 to 11⁄4, incl 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 1 1⁄8

Abrasive-cut:E,F

3⁄16 to 11⁄4, incl 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8
Over 11⁄4 to 23⁄4, incl 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8

Plasma torch-cut:G
3⁄16 to 2, excl 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0
2 to 23⁄4, incl 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0

Millimetres

Sheared:D

4.8 to 7.9, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 ... ...
7.9 to 12.7, excl 6.4 3.2 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2
12.7 to 19.1, excl 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.1 3.2
19.1 to 25.4, excl 12.7 3.2 12.7 3.2 15.8 3.2 19.1 3.2 22.2 3.2
25.4 to 31.8, incl 15.9 3.2 15.9 3.2 19.1 3.2 22.2 3.2 25.4 3.2

Abrasive-cut:E,F

4.8 to 31.8, incl 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2
Over 31.8 to 69.8, incl 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2

Plasma torch-cut:G

4.8 to 50.8, excl 12.7 0 12.7 0 12.7 0 12.7 0 12.7 0
50.8 to 69.8, incl 15.9 0 15.9 0 15.9 0 15.9 0 15.9 0
APermissible variations in width for powder- or inert arc-cut plate shall be as agreed upon between the manufacturer and the purchaser.
BPermissible variations in machined, powder-, or inert arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
CPermissible variations in plasma torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
D The minimum sheared width is 24 in. (610 mm).
EThe minimum abrasive-cut width is 2 in. (50.8 mm) and increases to 4 in. (101.6 mm) for thicker plates.
FThese tolerances are applicable to lengths of 240 in. (6100 mm), max. For lengths over 240 in., an additional 1⁄16in. (1.6 mm) is permitted, both plus and minus.
GThe tolerance spread shown for plasma torch cutting may be obtained all on the minus side, or divided between the plus and minus side if so specified by the purchaser.
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TABLE 8 Permissible Variations in Diameter for Circular Plates

Sheared Plate

Specified Diameter, in. (mm)

Permissible Variations Over Specified Diameter for
Thickness Given, in. (mm)A

To 3⁄8 (9.5), incl

20 to 32 (508 to 813), excl 1⁄4 (6.4)
32 to 84 (813 to 2130), excl 5⁄16 (7.9)
84 to 108 (2130 to 2740), excl 3⁄8 (9.5)
108 to 140 (2740 to 3580), incl 7⁄16 (11.1)

Plasma Torch-Cut PlateB

Specified Diameter, in. (mm)

Permissible Variations in Specified Diameter for Thickness Given, in. (mm)C

Thickness max,
in. (mm)

3⁄16to 2 (4.8 to 50.8), excl 2 to 23⁄4 (50.8 to 69.8), incl

Plus Minus Plus Minus

19 to 20 (483 to 508), excl 23⁄4 (69.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
20 to 22 (508 to 559), excl 23⁄4 (69.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
22 to 24 (559 to 610), excl 21⁄2 (63.5) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
24 to 28 (610 to 711), excl 21⁄4 (57.3) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
28 to 32 (711 to 812), excl 2 (50.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
32 to 34 (812 to 864), excl 13⁄4 (44.5) 1⁄2(12.7) 0 ... ...
34 to 38 (864 to 965), excl 11⁄2 (38.1) 1⁄2 (12.7) 0 ... ...
38 to 40 (965 to 1020), excl 11⁄4 (31.8) 1⁄2 (12.7) 0 ... ...
40 to 140 (1020 to 3560), incl 23⁄4 (69.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0

ANo permissible variations under.
BPermissible variations in plasma torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
CThe tolerance spread shown may also be obtained all on the minus side or divided between the plus and minus sides if so specified by the purchaser.

TABLE 9 Permissible Variations in Width of Sheet and Strip

Specified Thickness, in. (mm) Specified Width, in. (mm)
Permissible Variations in Specified Width, in. (mm)

Plus Minus

Sheet

Up to 0.250 (6.35) All 0.125 (3.18) 0

Strip

Under 0.075 (1.9) Up to 12 (305), incl 0.007 (0.18) 0.007 (0.18)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

0.075 to 0.100 (1.9 to 2.5), incl Up to 12 (305), incl 0.009 (0.23) 0.009 (0.23)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.100 to 0.125 (2.5 to 3.2), incl Up to 12 (305), incl 0.012 (0.30) 0.012 (0.30)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.125 to 0.160 (3.2 to 4.1), incl Up to 12 (305), incl 0.016 (0.41) 0.016 (0.41)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.160 to 0.187 (4.1 to 4.7), incl Up to 12 (305), incl 0.020 (0.51) 0.020 (0.51)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.187 to 0.250 (4.7 to 6.4), incl Up to 12 (305), incl 0.062 (1.6) 0.062 (1.6)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0.062 (1.6)
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TABLE 10 Permissible Variations in Length A of Sheared, Plasma Torch-Cut, B and Abrasive-Cut Rectangular Plate C

Specified Thickness

Permissible Variation in Length for Lengths Given, in. (mm)

Up to 60
(1520), incl

Over 60 to 96
(1520 to 2440),

incl

Over 96 to 120
(2440 to 3050),

incl

Over 120 to 240
(3050 to 6096),

incl

Over 240 to 360
(6096 to 9144),

incl

Over 360 to 450
(9144 to
11 430),

incl

Over 450 to 540
(11 430 to

13 716), incl

Over 540
(13 716)

Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus

Inches

Sheared:D
3⁄16 to 5⁄16, excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 ... ...
5⁄16 to 1⁄2, excl 3⁄8 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 1 1⁄8
1⁄2 to 3⁄4, excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 1⁄8 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8
3⁄4 to 1, excl 5⁄8 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8
1 to 11⁄4, incl 3⁄4 1⁄8 3⁄4 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8 ... ...

Abrasive-cut:E
3⁄16 to 11⁄4, incl
Over 11⁄4 to 23⁄4, incl

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

...

...
...
...

...

...
...
...

Plasma torch-cut:F
3⁄16 to 2, excl
2 to 23⁄4

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

Millimetres

Sheared:D

4.8 to 7.94, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 ... ...
7.94 to 12.7, excl 9.5 3.2 12.7 3.2 12.7 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 25.4 3.2
12.7 to 19.0, excl 12.7 3.2 12.7 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2
19.0 to 25.4, excl 15.9 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.2 3.2
25.4 to 31.8, incl 19.0 3.2 19.0 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.2 3.2 ...

Abrasive-cut:E

4.8 to 31.8, incl
Over 31.8 to 69.9,
incl

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

...

...
...
...

...

...
...
...

Plasma torch-cut:F

4.8 to 50.8, excl
50.8 to 69.8, incl

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

APermissible variations in length for powder- or inert arc-cut plate shall be agreed upon between the manufacturer and the purchaser.
BThe tolerance spread shown for plasma torch cutting may be obtained all on the minus side, or divided between the plus and minus sides if so specified by the

purchaser.
CPermissible variations in machined, powder- or inert arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
DThe minimum sheared length is 24 in. (610 mm).
EAbrasive cut applicable to a maximum length of 144 to 400 in. (3658 to 10 160 mm), depending on the thickness and width ordered.
FThe tolerance spread shown for plasma torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
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APPENDIX

(Nonmandatory Information)

X1. CONDITIONS AND FINISHES NORMALLY SUPPLIED

X1.1 Scope

X1.1.1 This appendix lists the conditions and finishes in
which plate, sheet, and strip are normally supplied. These are
subject to change, and the manufacturer should be consulted
for the latest information available.

X1.2 Plate

X1.2.1 Hot-rolled, annealed or solution annealed, and des-
caled.

X1.2.2 Cold-rolled, annealed or solution annealed, and
descaled.

X1.3 Sheet

X1.3.1 Hot-rolled, annealed or solution annealed, and des-
caled.

X1.3.2 Cold-rolled, annealed or solution annealed, and
descaled or bright annealed.

X1.4 Strip

X1.4.1 Cold-rolled, annealed or solution annealed, and
descaled or bright annealed.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 11 Permissible Variations From Flatness of Rectangular, Circular, and Sketch Plates

NOTE 1—Permissible variations apply to plates up to 12 ft (3.66 m) in length, or to any 12 ft (3.66 m) of longer plates.
NOTE 2—If the longer dimension is under 36 in. (914 mm), the permissible variation is not greater than1⁄2 in. (12.7 mm).
NOTE 3—The shorter dimension specified is considered with width, and the permissible variation in flatness across the width does not exceed the

tabular amount of that dimension.†
NOTE 4—The maximum deviation from a flat surface does not customarily exceed the tabular tolerance for the longer dimension specified.

Specified Thickness

Permissible Variations from a Flat Surface for Thickness and Widths Given, in. (mm)

To 48
(1220), excl

48 to 60
(1220 to

1520), excl

60 to 72
(1520 to

1830), excl

72 to 84
(1830 to

2130), excl

84 to 96
(2130 to

2400), excl

96 to 108
(2440 to

2740), excl

108 to 120
(2740 to

3050), excl

120 to 144
(3050 to

3660), excl

144
(3660)

and over

Inches

3⁄16 to 1⁄4, excl 11⁄2 21⁄8 21⁄2 23⁄4 31⁄4 31⁄4 ... ... ...
1⁄4to 3⁄8, excl 13⁄8 11⁄2 17⁄8 21⁄4 23⁄4 27⁄8 31⁄8 33⁄4 ...
3⁄8to 1⁄2, excl 1 11⁄8 13⁄8 11⁄2 17⁄8 21⁄4 21⁄2 27⁄8 31⁄2
1⁄2to 3⁄4, excl 1 11⁄8 11⁄4 11⁄4 15⁄8 21⁄4 21⁄4 21⁄4 23⁄4
3⁄4to 1, excl 1 11⁄8 11⁄4 11⁄4 11⁄2 15⁄8 17⁄8 2 21⁄4
1 to 2, exl 1 11⁄8 11⁄8 11⁄8 13⁄8 13⁄8 13⁄8 11⁄2 2
2 to 23⁄4, incl 1⁄2 5⁄8 3⁄4 7⁄8 1 11⁄8 11⁄4 11⁄2 13⁄4

Millimetres

4.8 to 6.4, excl 38.1 54.0 63.5 69.8 82.6 82.6 ... ... ...
6.4 to 9.5, excl 34.9 38.1 47.6 57.2 69.8 73.0 79.4 95.2 ...
9.5 to 12.7, excl 25.4 28.6 34.9 38.1 47.6 57.2 63.5 73.0 88.9
12.7 to 19.0, excl 25.4 28.6 31.8 31.8 41.3 57.2 57.2 57.2 69.8
19.0 to 25.4, excl 25.4 28.6 31.8 31.8 38.1 41.3 47.6 50.8 57.2
25.4 to 50.8, excl 25.4 28.6 28.6 28.6 34.9 34.9 34.9 38.1 50.8
50.8 to 70.0, incl 12.7 15.9 19.0 22.2 25.4 28.6 31.8 38.1 44.4

† Editorially corrected.
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Designation: B 444 – 03

Standard Specification for
Nickel-Chromium-Molybdenum-Columbium Alloys
(UNS N06625) and Nickel-Chromium-Molybdenum-Silicon
Alloy (UNS N06219)* Pipe and Tube 1

This standard is issued under the fixed designation B 444; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification2 covers nickel-chromium-
molybdenum-columbium alloy (UNS N06625) and nickel-
chromium-molybdenum-silicon alloy (UNS N06219)* in the
form of cold-worked seamless pipe and tube. The general
requirements for pipe and tube are covered by Specification
B 829.

1.1.1 UNS N06625 products are furnished in two grades of
different heat-treated conditions:

1.1.1.1 Grade 1(annealed)—Material is normally employed
in service temperatures up to 1100°F (593°C).

1.1.1.2 Grade 2(solution annealed)—Material is normally
employed in service temperatures above 1100°F (593°C) when
resistance to creep and rupture is required.

NOTE 1—Hot-working or reannealing may change properties signifi-
cantly, depending on working history and temperatures.

1.1.2 Alloy UNS N06219 is supplied in solution annealed
condition only.

1.2 The following precautionary caveat pertains only to the
test methods portion, Section 9, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:

B 829 Specification for General Requirements for Nickel
and Nickel Alloy Seamless Pipe and Tube3

3. General Requirement

3.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 829
unless otherwise provided herein.

4. Ordering Information

4.1 Orders for material to this specification shall include
information with respect to the following:

4.1.1 Alloy name or UNS number,
4.1.2 ASTM designation,
4.1.3 Condition (temper) (see 1.1.1, 1.1.2, Section 6, and

Appendix X1 and Appendix X2),
4.1.3.1 If neither grade of N06625 is specified, Grade 1 will

be supplied.
4.1.4 Finish (See Appendix X2),
4.1.5 Dimensions:
4.1.5.1 Tube—Specify outside diameter and nominal or

minimum wall,
4.1.5.2 Pipe—Specify standard pipe size and schedule,
4.1.5.3 Length—Cut to length or random,
4.1.6 Quantity—Feet (or metres) or number of pieces,
4.1.7 Hydrostatic Pressure Requirements—Specify test

pressure if other than required by 9.1.1,
4.1.8 Certification— State if certification is required,
4.1.9 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished (see
5.2),

4.1.10 Purchaser Inspection—If purchaser wishes to wit-
ness tests or inspection of material at place of manufacture, the
purchase order must so state indicating which tests or inspec-
tions are to be witnessed, and

4.1.11 Small-Diameter and Light-Wall Tube (Converter
Sizes)—See Appendix X1 and Table 1.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1966. Last previous edition approved in 2000 as B 444 - 00e1.

* New designation established in accordance with Practice E 527 and SAE
J 1086, Practice for Numbering Metals and Alloys (UNS).

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-444 in Section II of that Code. 3 Annual Book of ASTM Standards, Vol 02.04.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 2. One test is required for each lot as defined

in Specification B 829.
5.2 If a product (check) analysis is performed by the

purchaser, the material shall conform to the product (check)
analysis variations in Table 2 of Specification B 829.

6. Mechanical Properties and Other Requirements

6.1 Tension Test— The material shall conform to the tensile
properties specified in Table 1. The sampling and specimen
preparation are as covered in Specification B 829.

6.2 Hydrostatic Test— If any pipe or tube shows leaks
during hydrostatic testing, it shall be rejected.

7. Dimensions and Permissible Variations

7.1 Permissible variations for material specified as small-
diameter and light-wall tube (converter size) shall conform to
the permissible variations prescribed in Table X1.1 and Table
X1.2.

8. Number of Tests

8.1 Chemical Analysis—One test per lot.
8.2 Tension—One test per lot.
8.3 Hydrostatic— Each piece in each lot.

9. Test Methods

9.1 Hydrostatic Test— Each pipe or tube with an outside
diameter1⁄8 in. (3 mm) and larger and with wall thickness of
0.015 in. (0.38 mm) and over shall be tested in accordance with
Specification B 829. The allowable fiber stress for material in
the condition furnished, is as follows:

N06625:
Grade 1—30 000 psi (207 MPa)
Grade 2—25 000 psi (172 MPa)
N06219:
All—24 000 psi (165 MPa)
9.1.1 When so agreed upon by the manufacturer and pur-

chaser, pipe or tube may be tested to 11⁄2 times the allowable
fiber stress given above.

10. Keywords

10.1 seamless pipe; seamless tube; N06219; N06625

APPENDIXES

(Nonmandatory Information)

X1. CONVERTER SIZES

X1.1 Small-diameter and light-wall tube in outside diam-
eters 11⁄4 in. (31.8 mm) and under may be furnished in a limited
range of sizes and the manufacturer should be consulted as to

the various outside diameters and wall thicknesses that may be
furnished. Material will have a bright finish. Such material
shall conform to the requirements in Tables X1.1 and X1.2.

TABLE 1 Room Temperature Tensile Properties and Heat
Treatment Including Small Diameter and Light-Wall Tubing

(Converter Sizes) AB

Condition

Tensile
Strength,
min, ksi
(MPa)C

Yield
Strength

(0.2 %
offset),

min, ksi
(MPa)C

Elongation
in

2 in. or 50.8
mm (or 4D),

min, %

Alloy N06625
Grade 1 (annealed)D 120 (827) 60 (414) 30
Grade 2 (solution annealed)E 100 (690) 40 (276) 30

Alloy N06219
All (solution annealed) 96 (660) 39 (270) 30

ANot applicable to outside diameters under 1⁄8 in. (3.2 mm) and to wall
thicknesses under 0.015 in. (0.38 mm).

BHot forming quality pipe and tubing is furnished to chemical requirements and
surface inspection only. No tensile properties are required.

CThe minimum strength values apply only to tubing in straight lengths.
DAnnealed at 1600°F (871°C) minimum.
ESolution annealed at 2000°F (1093°C) minimum, with or without subsequent

stabilization anneal at 1800°F (982°C) minimum to increase resistance to sensi-
tization.

TABLE 2 Chemical Requirements

Element

Composition
Limits, %

N06625 N06219

Carbon 0.10 max 0.05 max
Manganese 0.50 max 0.50 max
Silicon 0.50 max 0.70-1.10
Phosphorus 0.015 max 0.020 max
Sulfur 0.015 max 0.010 max
Chromium 20.0 min 18.0-22.0

23.0 max ...
Columbium + tantalum 3.15 min ...

4.15 max ...
Cobalt (if determined) 1.0 max 1.0 max
Molybdenum 8.0 min 7.0-9.0

10.0 max ...
Iron 5.0 max 2.0-4.0
Aluminum 0.40 max 0.50 max
Titanium 0.40 max 0.50 max
Copper ... 0.50 max
NickelA 58.0 min Bal.

AElement shall be determined arithmetically by difference.
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TABLE X1.2 Tolerances on Cut Lengths of Light-Wall Tube

Length, ft (m) Tube Size, in. (mm)
Permissible Variations, in. (mm)

Over Under
Under 1 (0.30)
1 to 4 (0.30 to 1.22), incl

up to 1.250 (31.8), incl
up to 1.250 (31.8), incl

1⁄32 (0.8)
1⁄16 (1.6)

0 (0)
0 (0)

Over 4 to 10 (1.22 to 3.0), incl up to 1.250 (31.8), incl 3⁄32 (2.4) 0 (0)
Over 10 (3.0) up to 1.250 (31.8), incl 3⁄16 (4.8) 0 (0)

X2. CONDITIONS AND FINISHES NORMALLY SUPPLIED

X2.1 Scope

X2.1.1 This appendix lists the conditions and finishes in
which pipe and tube (other than converter sizes) are normally
supplied. These are subject to change, and the manufacturer
should be consulted for the latest information available.

X2.2 Cold-Worked Tube and Pipe

X2.2.1 Cold–Drawn, Annealed or Solution Annealed with
Ground Outside Diameter—The inside diameter may have a
bright finish when material is annealed or solution annealed in
a protective atmosphere; otherwise, the inside diameter is

supplied descaled as necessary. It is available in sizes1⁄2 to 4 in.
(12.7 to 102 mm), incl, in outside diameter in both normal and
heavy-wall tube, and pipe sizes, all schedules, of correspond-
ing outside-diameter dimensions.

X2.2.2 Cold–Drawn, Annealed or Solution Annealed and
Pickled (Not Ground)—Outside and inside diameter will have
dull, matte (pickled) surfaces. Available in sizes1⁄2 to 65⁄8 in.
(12.7 to 168 mm), incl, in outside diameter in both normal and
heavy-wall tube, and pipe sizes, all schedules, of correspond-
ing outside-diameter dimensions.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X1.1 Permissible Variations for Small-Diameter and Light-Wall Tube (Converter Sizes) A,B,C,D,E ,F,G

Specified Outside Diameter, in. (mm)
Outside Diameter Inside Diameter Wall Thickness, %

Plus
Minus, in.

(mm)
Plus Minus Plus Minus

Under 3⁄32 (2.4)
3⁄32 to 3⁄16 (2.4 to 4.8), excl

0.002 (0.05)
0.003 (0.08)

0
0

0
0

0.002 (0.05)
0.003 (0.08)

10
10

10
10

3⁄16 to 1⁄2 (4.8 to 12.7), excl 0.004 (0.10) 0 0 0.004 (0.10) 10 10
1⁄2 to 11⁄4 (12.7 to 31.8), incl 0.005 (0.13) 0 0 0.005 (0.13) 10 10
AOvality, Normal-Wall Tube—Ovality will be held within 2 % of the theoretical average outside diameter.
BOvality, Light-Wall Tube—Ovality will be held within 3 % of the theoretical average outside diameter.
C Wall Tolerances, Light-Wall Tube—The plus and minus wall tolerance shown in the table shall apply down to and including 0.005 in. (0.13 mm) in wall thickness. For

wall thicknesses less than 0.005 in. (0.13 mm), the tolerance shall be 60.0005 in. (0.013 mm).
DRandom Lengths:
Where nominal random lengths on tubing 1⁄8 in. (3.2 mm) and larger in outside diameter are specified, a length tolerance of6 31⁄2 ft (1.07 m) applies to the nominal length.

This is a total spread of 7 ft (2.13 m).
Random lengths in sizes 1⁄8 in. (3.2 mm) and larger in outside diameter shall be subject to a length range of 5 to 24 ft (1.52 to 7.32 m). Long random lengths are subject

to a range from 15 to 22 ft (4.57 to 6.71 m).
Random lengths in sizes up to, but not including 1⁄8 in. (3.2 mm) in outside diameter, and fragile light-wall tubes over this outside diameter are subject to the length range

from 1 to 15 ft (0.30 to 4.57 m).
E Cut Lengths—Tolerances on cut lengths shall be in accordance with Table X1.2.
FStraightness—Round tubing is subject to a straightness tolerance of 1 part in 600 [equivalent to a depth of arc of 0.030 in. (0.76 mm) in any 3 ft (0.91 m) of length].
GWhen specified, the tolerance spreads of this table may be applied as desired. However, when not specified, the tolerances in this table will apply. It should be noted

that inside diameter tolerances are based upon the outside diameter range.
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Designation: B 446 – 03

Standard Specification for
Nickel-Chromium-Molybdenum-Columbium Alloy (UNS
N06625), Nickel-Chromium-Molybdenum-Silicon Alloy (UNS
N06219), and Nickel-Chromium-Molybdenum-Tungsten Alloy
(UNS N06650)* Rod and Bar 1

This standard is issued under the fixed designation B 446; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers nickel-chromium-
molybdenum-columbium (UNS N06625), nickel-chromium-
molybdenum-silicon alloy (UNS N06219), and Nickel-
Chromium-Molybdenum-Tungsten Alloy (UNS N06650)* in
the form of hot-worked rod and bar and cold-worked rod in the
conditions shown in Table 1.

1.1.1 UNS N06625 products are furnished in two grades of
different heat-treated conditions:

1.1.1.1 Grade 1 (Annealed)—Material is normally em-
ployed in service temperatures up to 1100°F (593°C).

1.1.1.2 Grade 2(Solution Annealed)—Material is normally
employed in service temperatures above 1100°F (593°C) when
resistance to creep and rupture is required.

NOTE 1—Hot-working or reannealing may change properties signifi-
cantly, depending on working history and temperatures.

1.1.2 Alloys UNS N06219 and UNS N06650 are supplied in
solution annealed condition only.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 The following precautionary caveat pertains only to the
test methods portion, Section 12, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to become familiar with all hazards including
those identified in the appropriate Material Safety Data Sheet
for this product/material as provided by the manufacturer, to
establish appropriate safety and health practices, and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 443 Specification for Nickel-Chromium-Molybdenum-

Columbium Alloy (UNS N06625) and Nickel-Chromium-
Molybdenum-Silicon Alloy (UNS N06219) Plate, Sheet,
and Strip2

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys5

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 bar—material of rectangular (flats) or square solid

section up to and including 10 in. (254 mm) in width and1⁄8 in.
(3.2 mm) and over in thickness in straight lengths.

3.1.1.1 Discussion—Hot-worked rectangular bar in widths
10 in. (254 mm) and under may be furnished as hot-rolled plate
with sheared or cut edges in accordance with Specification
B 443, provided the mechanical property requirements of this
specification are met.

3.1.2 rod—material of round solid section furnished in
straight lengths.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1966. Last previous edition approved in 2002 as B 446 - 02.

* New designation established in accordance with Practice E 527 and SAE
J 1086, Practice for Numbering Metals and Alloys (UNS).

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.05.

1
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4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 ASTM designation,
4.1.2 UNS number,
4.1.3 Section—Rod (round) or bar (square or rectangular),
4.1.4 Dimensions, including length,
4.1.5 Condition (see 1.1.1, 1.1.2, and appendix),
4.1.5.1 If neither grade of N06625 is specified, Grade 1 will

be supplied,
4.1.6 Finish (Section 8),
4.1.7 Quantity—Feet (or metres) or number of pieces,
4.1.8 Certification— State if certification is required (see

Section 15),
4.1.9 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished (see
5.2), and

4.1.10 Product Marking (see Section16)—State product
marking requirements.

4.1.11 Purchaser Inspection(see Section 13)—If purchaser
wishes to witness tests or inspection of material at place of
manufacture, the purchase order must so state, indicating
which test or inspections are to be witnessed.

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 2.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Specification B 880.

6. Mechanical Properties and Other Requirements

6.1 Mechanical Properties—The material shall conform to
the heat treatment and room temperature tensile properties
prescribed in Table 1.

7. Dimensions and Permissible Variations

7.1 Diameter, Thickness, or Width—The permissible varia-
tions from the specified dimensions of cold-worked rod shall
be as prescribed in Table 3, and of hot-worked rod and bar as
prescribed in Table 4.

7.2 Out-of-Round— Hot-worked rods and cold-worked rods
(except “forging quality”) all sizes, in straight lengths, shall not
be out-of-round by more than one half the total permissible
variations in diameter shown in Tables 3 and 4, except for
hot-worked rods1⁄2 in. (12.7 mm) in diameter and under, which
may be out-of-round by the total permissible variations in
diameter shown in Table 4.

7.3 Machining Allowances for Hot-Worked Materials—
When the surfaces of hot-worked products are to be machined,
the allowances prescribed in Table 5 are recommended for
normal machining operations.

7.4 Length—The permissible variations in length of cold-
worked and hot-worked rod and bar shall be as prescribed in
Table 6.

7.4.1 Rods and bars ordered to random or nominal lengths
will be furnished with either cropped or saw-cut ends; material
ordered to cut lengths will be furnished with square saw-cut or
machined ends.

7.5 Straightness:
7.5.1 The permissible variations in straightness of cold-

worked rod as determined by the departure from straightness
shall be as prescribed in Table 7.

TABLE 1 Conditions for Hot-Worked Rod and Bar and Cold-
Worked Rod A

Diameter or Distance
Between Parallel

Surfaces, in. (mm)

Tensile
Strength
min, ksi
(MPa)

Yield
Strength

(0.2 % offset),
min, ksi (MPa)

Elongation
in 2 in. or
50 mm or

4D, min, %
UNS N06625 Grade 1 (Annealed)B

Up to 4 (102), incl 120 60 30
Over 4 (102) to 10 (254),

incl
110 50 25

UNS N06625 Grade 2 (Solution Annealed)C

All sizes 100 40 30
UNS N06219 All (Solution Annealed)

All sizes 96 (600) 39 (270) 50
UNS N06650 All (Solution Annealed)

All sizes 116 (800) 58 (400) 45
AForging quality is furnished to chemical requirements and surface inspection

only. No tensile properties are required. Forging stock is typically supplied in the
hot worked condition, (see X1.1.5).

BAnnealed 1600°F (871°C) minimum.
CSolution annealed at 2000°F (1093°C) minimum, with or without subsequent

stabilization anneal at 1800°F (982°C) minimum to increase resistance to sensi-
tization.

TABLE 2 Chemical Requirements

Element

Composition
Limits, %

N06625 N06219 N06650

Carbon 0.10 max 0.05 max 0.03 max
Manganese 0.50 max 0.50 max 0.50 max
Silicon 0.50 max 0.70-1.10 0.50 max
Phosphorus 0.015 max 0.020 max 0.020 max
Sulfur 0.015 max 0.010 max 0.010 max
Chromium 20.0 min 18.0-22.0 19.0-21.0

23.0 max ... ...
Columbium + tantalum 3.15 min ... 0.05-0.50

4.15 max ...
Cobalt (if determined) 1.0 max 1.0 max 1.0 max
Molybdenum 8.0 min 7.0-9.0 9.5-12.5

10.0 max ... ...
Iron 5.0 max 2.0-4.0 12.0-16.0
Aluminum 0.40 max 0.50 max 0.05-0.50
Titanium 0.40 max 0.50 max ...
Copper ... 0.50 max 0.30 max
NickelA 58.0 min Bal. Bal.
Tungsten ... ... 0.50-2.50
Nitrogen ... ... 0.05-0.20

AElement shall be determined arithmetically by difference.

TABLE 3 Permissible Variations in Diameter of Cold-Worked Rod

Specified Dimension,
in. (mm)

Permissible Variations from Specified
Dimension, in. (mm)

Plus Minus

1⁄16 (1.6) to 3⁄16 (4.8), excl 0 0.002 (0.05)
3⁄16 (4.8) to 1⁄2 (12.7), excl 0 0.003 (0.08)
1⁄2 (12.7) to 15⁄16 (23.8), incl 0.001 (0.03) 0.002 (0.05)
Over 15⁄16 (23.8) to 115⁄16 (49.2), incl 0.0015 (0.04) 0.003 (0.08)
Over 115⁄16 (49.2) to 21⁄2 (63.5), incl 0.002 (0.05) 0.004 (0.10)
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7.5.2 The permissible variations in straightness of hot-
worked rod and bar as determined by the departure from
straightness shall be as specified in Table 8.

8. Workmanship, Finish and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, commercially straight or flat, and free of injurious
imperfections.

9. Sampling

9.1 Lot—Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot for mechanical properties testing shall consist of

all material from the same heat, nominal diameter or thickness,
and condition.

9.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material in the
same size and condition except that a single piece weighing
over 500 lb (227 kg) shall be considered as one lot.

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

9.2.1.1 Product (check) analysis shall be wholly the respon-
sibility of the purchaser.

9.2.2 Mechanical Properties—Samples of the material to
provide test specimens for mechanical properties shall be taken
from such locations in each lot as to be representative of that
lot.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Tension—One test per lot.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the final condition and tested in the direction of fabrication.

11.1.1 All rod and bar shall be tested in full cross section
size when possible. When a full cross section size test cannot
be performed, the largest possible round specimen shown in
Test Methods E 8 shall be used. Longitudinal strip specimens
shall be prepared in accordance with Test Methods E 8 for
rectangular bar up to1⁄2 in. (12.7 mm), inclusive, in thicknesses
that are too wide to be pulled full size.

12. Test Methods

12.1 The chemical composition and mechanical and other
properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following ASTM standards:

Test ASTM Designation

Chemical analysis E 1473
Tension E 8
Rounding procedure E 29

12.2 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed or calculated value shall be
rounded as indicated below, in accordance with the rounding
method of Practice E 29:

Test
Rounded Unit for Observed

or Calculated Value
Chemical composition and

tolerances (when ex-
pressed in decimals)

Nearest unit in the last right-hand place of
figures of the specified limit. If two choices
are possible, as when the digits dropped
are exactly a 5, or a 5 followed only by
zeros, choose the one ending in an even
digit, with zero defined as an even digit.

Tensile strength and yield
strength

Nearest 1000 psi (6.9 MPa)

Elongation Nearest 1 %

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material tested by the purchaser that fails to conform to
the requirements of this specification may be rejected. Rejec-
tion should be reported to the producer or supplier promptly
and in writing. In case of dissatisfaction with the results of the
test, the producer or supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that the material was manufactured, tested, and in-
spected in accordance with this specification and that test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 The following information shall be marked on the
material or included on the package, or on a label or tag
attached thereto: The name of the material or UNS number;
heat number; condition (temper); this specification number; the
size; gross, tare and net weight; consignor and consignee

TABLE 4 Permissible Variations in Diameter or Distance
Between Parallel Surfaces of Hot-Worked Rod and Bar

Specified Dimension,
in. (mm)A

Permissible Variations from
Specified Dimensions, in.

(mm)

Plus Minus

Rod and bar, hot-worked:
1 (25.4) and under
Over 1 (25.4) to 2 (50.8), incl

0.016 (0.41)
0.031 (0.79)

0.016 (0.41)
0.016 (0.41)

Over 2 (50.8) to 4
(101.6), incl

0.047 (1.19) 0.031 (0.79)

Over 4 (101.6) 0.125 (3.18) 0.063 (1.60)
Rod, rough-turned or

ground:
Under 1 (25.4) 0.005 (0.13) 0.005 (0.13)
1 (25.4) and over 0.031 (0.79) 0

Forging quantity rod:B

Under 1 (25.4) 0.005 (0.13) 0.005 (0.13)
1 (25.4) and over 0.031 (0.79) 0
ADimensions apply to diameter of rods, to distance between parallel surfaces of

squares, and separately to width and thickness of rectangles.
BSpot grinding is permitted to remove minor surface imperfections. The depth of

these spot ground areas shall not exceed 3 % of the diameter of the rod.
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address; contract or order number; or such other information as
may be defined in the contract or order.

17. Keywords

17.1 bar; rod; UNS N06625; UNS N06219; UNS N06650

TABLE 5 Normal Machining Allowances for Hot-Worked Material

Finished-Machined Dimensions for Finishes As
Indicated below, in. (mm)A

Normal Machining Allowance, in. (mm)
On Diameter,

For Rods
Distance Between
Parallel Surfaces
of Square Bars

For Rectangular Bar

On Thickness On Width

Hot-worked:B

Up to 7⁄8 (22.2), incl 1⁄8 (3.2) 1⁄8 (3.2) 1⁄8 (3.2) 3⁄16 (4.8)
Over 7⁄8 to 17⁄8 (22.2 to 47.6), incl 1⁄8 (3.2) 3⁄16 (4.8) 1⁄8 (3.2) 3⁄16 (4.8)
Over 17⁄8 to 27⁄8 (47.6 to 73.0), incl 3⁄16 (4.8) 1⁄4 (6.4) . . . 3⁄16 (4.8)
Over 27⁄8 to 313⁄16 (73.0 to 96.8), incl 1⁄4 (6.4) . . . . . . 3⁄16 (4.8)
Over 313⁄16 (96.8) 1⁄4 (6.4) . . . . . . 3⁄8 (9.5)

Hot-worked rods, rough-turned or rough ground:C
15⁄16 to 4 (23.8 to 101.6), incl in diameter 1⁄16 (1.6) . . . . . . . . .
Over 4 to 12 (101.6 to 304.8), incl in diameter 1⁄8 (3.2) . . . . . . . . .
A Dimensions apply to diameter of rods, to distance between parallel surfaces of square bar, and separately to width and thickness of rectangular bar.
BThe allowances for hot-worked material in Table 5 are recommended for rods machined in lengths of 3 ft (0.91 m) or less and for bars machined in lengths of 2 ft (0.61

m) or less. Hot-worked material to be machined in longer lengths should be specified showing the finished cross-sectional dimension and the length in which the material
will be machined in order that the manufacturer may supply material with sufficient oversize, including allowance for out-of-straightness.

CApplicable to 3 ft (0.91 m) max length.

TABLE 6 Permissible Variations in Length of Rods and Bars

Random mill lengths:
Hot-workedA

6 to 24 ft (1.83 to 7.31 m) long with not more than 25 weight % between 6 and 9 ft (1.83 and 2.74 m).B

Cold-worked
6 to 20 ft (1.83 to 6.1 m) long with not more than 25 weight % between 6 and 10 ft (1.83 and 3.05 m).

Multiple lengths
Furnished in multiples of a specified unit length, within the length limits indicated above. For each multiple, an allowance of 1⁄4 in. (6.4 mm) will be made for

cutting, unless otherwise specified. At the manufacturer’s option, individual specified unit lengths may be furnished.
Nominal lengths

Specified nominal lengths having a range of not less than 2 ft. (610 mm) with no short lengths allowed.A

Cut lengths
A specified length to which all rods and bars will be cut with a permissible variation of plus 1⁄8 in. (3.2 mm), minus 0 for sizes 8 in. (203 mm) and less in

diameter or distance between parallel surfaces. For larger sizes, the permissible variation shall be +1⁄4 in. (6.4 mm), −0.
AFor cold-worked rod under 1⁄2 in. (12.7 mm) in diameter ordered to nominal or stock lengths with a 2-ft (610-mm) range, at least 93 % of such material shall be within

the range specified; the balance may be in shorter lengths but in no case shall lengths less than 4 ft (1220 mm) be furnished.
BFor hot-worked sections weighing over 25 lb/ft (37 kg/m) and for smooth forged products, all sections, short lengths down to 2 ft (610 mm) may be furnished.

TABLE 7 Permissible Variations in Straightness of Cold-Worked
Rods

Specified Diameter, in. (mm)A Permissible Variations, in. (mm)
Depth of Chord:

1⁄2 (12.7) to 21⁄2 (63.5), incl 0.030 (0.76) per ft (305 mm) of length
AMaterial under 1⁄2 in. (12.7 mm) shall be reasonably straight and free of sharp

bends and kinks.

TABLE 8 Permissible Variations in Straightness of Hot-Worked
Rods and Bars A

Finish Permissible Variations, in./ft (mm/m)B

Rods and bars, hot-worked 0.050 (4.2)C

Rounds—hot-worked, rough ground or
rough turned

0.050 (4.2)C

ANot applicable to forging quality.
BMaterial under 1⁄2 in. (12.7 mm) shall be reasonably straight and free of sharp

bends and kinks.
CThe maximum curvature (depth of chord) shall not exceed the values indicated

multiplied by the length in feet.
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APPENDIX

(Nonmandatory Information)

X1. PROCURABLE CONDITIONS AND FINISHES

X1.1 The various conditions and finishes in which rod and
bar are procurable are as follows:

X1.1.1 Hot Finished, Annealed, or Solution-Annealed—
Soft, with a tightly adherent dark oxide.

X1.1.2 Hot Finished, Annealed or Solution Annealed, and
Pickled—Same as X1.1.1 except descaled for removal of mill
oxide. Provides for better surface inspection than does hot-
worked, annealed material and often employed where welding
is involved where removal of mill oxide is desired.

NOTE X1.1—Annealing or solution annealing prior to pickling may be
required in order to reduce the mill oxide since uniform pickling of an
unreduced oxide is difficult.

X1.1.3 Hot-Worked, Annealed, and Rough Ground—
Similar to X1.1.1 except rough ground.

X1.1.4 Hot-Worked, Annealed, and Rough-Turned—Similar
to X1.1.1 except rough turned with a broad nosed tool similar

to a bar peeling operation and thus may not be straight.
Intended generally for machining where an overhauled surface
is desired, essentially for machined step down shafts or parts
machined in short lengths of 3 ft (0.91 m) or less.

X1.1.5 Hot-Worked, Forging Quality—Rough turned and
spot ground, as necessary, for sizes 1 in. (25.4 mm) in diameter
and over; rough ground and spot ground for sizes under 1 in. in
diameter. Material is selected from heats of known, good hot
malleability.

NOTE X1.2—For sizes 21⁄2 in. (63.5 mm) in diameter and less, cold-
worked rod may be used also for forging by virtue of the fact such rod
have been overhauled for removal of mechanical surface defects prior to
cold-working. In such cases, the user should run pilot forging tests to
ensure himself that such material has the desired hot malleability range.

X1.1.6 Cold-Drawn, Annealed, or Solution-Annealed, and
Pickled—Hot finished, overhauled, cold–drawn, annealed or
solution-annealed, descaled, and straightened.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 462 – 04

Standard Specification for
Forged or Rolled UNS N06030, UNS N06022, UNS N06035,
UNS N06200, UNS N06059, UNS N06686, UNS N08020, UNS
N08024, UNS N08026, UNS N08367, UNS N10276, UNS
N10665, UNS N10675, UNS N10629, UNS N08031, UNS
N06045, UNS N06025, and UNS R20033 Alloy Pipe Flanges,
Forged Fittings, and Valves and Parts for Corrosive High-
Temperature Service 1

This standard is issued under the fixed designation B 462; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers forged or rolled UNS
N06030, UNS N06035, UNS N06022, UNS N06200, UNS
N06059, UNS N06686, UNS N08020, UNS N08024, UNS
N08026, UNS N08367, UNS N10276, UNS N10665, UNS
N10675, UNS N10629, UNS N08031, UNS N06045, UNS
N06025, and UNS R20033* pipe flanges, forged fittings, and
valves and parts intended for corrosive high-temperature ser-
vice.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
A 262 Practices for Detecting Susceptibility to Intergranu-

lar Attack in Austenitic Stainless Steels
B 166 Specification for Nickel-Chromium-Iron Alloys

(UNS N06600, N06601, N06603, N06690, N06693,

N06025, and N06045) and Nickel-Chromium-Cobalt-
Molybdenum Alloy (UNS N06617) Rod, Bar, and Wire

B 335 Specification for Nickel-Molybdenum Alloy Rod
B 408 Specification for Nickel-Iron-Chromium Alloy Rod

and Bar
B 472 Specification for UNS N06030, UNS N06022, UNS

N06200, UNS N08020, UNS N08026, UNS N08024, UNS
N08926, UNS N08367, UNS N10276, UNS N10665, UNS
N10675, and UNS R20033 Nickel Alloy Billets and Bars
for Reforging

B 473 Specification for UNS N08020, UNS N08024, and
UNS N08026 Nickel Alloy Bar and Wire

B 564 Specification for Nickel Alloy Forgings
B 574 Specification for Low-Carbon Nickel-Chromium-

Molybdenum, Low-Carbon Nickel-Molybdenum-
Chromium-Tantalum, Low-Carbon Nickel-Chromium-
Molybdenum-Copper, and Low-Carbon Nickel-
Chromium-Molybdenum-Tungsten Alloy Rod

B 581 Specification for Nickel-Chromium-Iron-
Molybdenum-Copper Alloy Rod

B 649 Specification for Ni-Fe-Cr-Mo-Cu Low-Carbon Al-
loy (UNS N08904), Ni-Fe-Cr-Mo-Cu-N Low-Carbon Al-
loys (UNS N08925, UNS N08031, and UNS N08926), and
Cr-Ni-Fe-N Low-Carbon alloy (UNS R20033) Bar and
Wire

B 691 Specification for Iron-Nickel-Chromium-
Molybdenum Alloys (UNS N08366 and UNS N08367)
Rod, Bar, and Wire

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys

E 8 Test Methods for Tension Testing of Metallic Materials
E 1473 Test Methods for Chemical Analysis of Nickel,

Cobalt, and High-Temperature Alloys
E 1916 Guide for the Identification and/or Segregation of

Mixed Lots of Metals

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1967. Last previous edition approved in 2002 as B 462 – 02.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-462 in Section II of that Code.

* New designation established in accordance with Practice E 527 and SAE
J1086, Practice for Numbering Metals and Alloys (UNS).

1
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2.2 ANSI Standard:
B16.5 Steel Pipe Flanges and Flanged Fittings (for appli-

cable alloy UNS N08020)3

2.3 Manufacturers’ Standardization Society of the Valve
and Fittings Industry Standard:

SP-25 Standard Marking System for Valves, Fittings,
Flanges, and Unions4

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 forgings, n—the term forgings as used in this specifi-

cation shall be understood to cover one or all of the products
mentioned in 1.1, either forged or rolled.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Quantity (weight or number of pieces),
4.1.2 Name of material or UNS number,
4.1.3 Forging sketch when required (5.2.4),
4.1.4 Forging sectioning, if required (5.2.3),
4.1.5 ASTM designation and year of issue,
4.1.6 Inspection (14.1),
4.1.7 Supplementary requirements, if any, and
4.1.8 If possible, the intended end use.

NOTE 1—A typical ordering description is as follows: 200 forgings,
UNS N08020, in accordance with the attached drawing and Specification
B 462.

5. Materials and Manufacture

5.1 Discard—A sufficient discard shall be made from each
ingot to secure freedom from injurious piping and undue
segregation. The material shall have a homogeneous structure
as shown by the macroetch test in 7.3.

5.2 Manufacturing Practice:
5.2.1 Material for forging shall consist of a billet, bar, or

forging produced in accordance with Specifications B 166,
B 335, B 408, B 462, B 472, B 473, B 574, B 581, B 649, or
B 691.

5.2.2 The material shall be forged by hammering, pressing,
rolling, extruding, or upsetting; it shall be brought as nearly as
practicable to the finished shape and size by hot working; and
shall be so processed as to cause metal flow during the
hot-working operation in the direction most favorable for
resisting the stresses encountered in service.

5.2.3 When specified in the order, a sample forging may be
sectioned and etched to show flow lines and the condition as
regards internal imperfections. In such cases, the question of
acceptable and unacceptable character of metal flow shall be a
subject for agreement between the manufacturer and the
purchaser.

5.2.4 When specified in the order, the manufacturer shall
submit for approval of the purchaser a sketch showing the
shape of the rough forging before machining.

5.3 Heat Treatment:
5.3.1 The product of UNS N08020 alloy shall be furnished

in the stabilized-annealed condition. The product of UNS
N08024 shall be furnished in the annealed condition. The
product of UNS N06022, UNS N06035, UNS N08026, UNS
N06030, UNS N06200, UNS N10276, UNS N10665, UNS
N10675, and UNS R20033 alloys shall be furnished in the
solution annealed condition.

NOTE 2—The recommended annealing temperatures all followed by
water quenching or rapidly cooling by other means are: UNS
N06030–2125 to 2175°F (1163 to 1191°C), UNS N06022–2025 to 2075°F
(1107 to 1135°C), UNS N06035–2025–2075°F (1107–1135°C), UNS
N06200–2075 to 2125°F (1135 to 1163°C), UNS N06059–2025 to 2125°F
(1107 to 1163°C), UNS N06686–2125 to 2225°F (1163 to 1218°C), UNS
N08020–1700 to 1850°F (927 to 1010°C), UNS N08024–1925 to 1975°F
(1052 to 1079°C), UNS N08026–2050 to 2200°F (1121 to 1204°C), UNS
N10276–2025 to 2075°F (1107 to 1135°C), UNS N10665–1925 to 2000°F
(1052 to 1093°C), UNS N10675–1925 to 2000°F (1052 to 1093°C), UNS
N10629–1925 to 2000°F (1052 to 1093°C), UNS N08031–2050 to 2160°F
(1121 to 1182°C) UNS N06045–2125 to 2190°F (1163 to 1199°C), UNS
N06025–2175 to 2240°F (1191 to 1227°C), and UNS R20033–2010 to
2150°F (1100 to 1180°C).

5.3.2 Alloy N08367 shall be furnished in the solution
annealed condition.

5.3.2.1 The recommended heat treatment shall consist of
heating to a minimum temperature of 2025°F (1105°C) and
quenching in water, or rapidly cooling, by other means.

5.3.3 Heat treatment may be performed before machining.

6. Chemical Composition

6.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the requirements
specified in Table 1 subject to the permissible tolerances in
Specification B 880.

7. Mechanical Properties and Other Requirements

7.1 Mechanical Properties—The material shall conform to
the requirements as to mechanical properties prescribed in
Table 2 at room temperature.

7.2 Hydrostatic Tests—After machining, valve bodies, fit-
tings, and other pressure-containing parts shall be tested to the
hydrostatic shell-test pressures prescribed in ANSI B16.5 for
the applicable alloy steel rating for which the forging is
designed and shall show no leaks. Forgings ordered under
these specifications for working pressures other than those
listed in the American National Standard ratings shall be tested
to such pressures as may be agreed upon between the manu-
facturer and the purchaser.

7.2.1 No hydrostatic test is required for welding neck or
other flanges.

7.2.2 The forging manufacturer is not required to perform
pressure tests on rough forgings that are to be finally machined
by others. The fabricator of finished forged parts is not required
to pressure-test forgings that are designed to be pressure
containing only after assembly by welding into a larger

3 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036.

4 Available from Manufacturers Standardization Society of the Valve and Fittings
Industry (MSS), 127 Park St., NE, Vienna, VA 22180-4602.
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structure. However, the manufacturer of such forgings is
responsible as required in accordance with 15.1 for the
satisfactory performance of the forgings under the final test
required in 7.2.

7.3 Macroetch Tests— Etching of tests shall show sound
and reasonably uniform material, free of injurious laminations,
cracks, segregations, and similar objectionable defects. If, on

TABLE 1 Chemical Requirements

Element
Composition, %

UNS N08026 UNS N08020 UNS N08024 UNS N08367 UNS R20033

Carbon, max 0.03 0.07 0.03 0.030 0.015
Manganese, max 1.00 2.00 1.00 2.00 2.0
Phosphorus, max 0.03 0.045 0.035 0.040 0.02
Sulfur, max 0.03 0.035 0.035 0.030 0.01
Silicon, max 0.50 1.00 0.50 1.00 0.50
Nickel 33.00–37.20 32.00–38.00 35.00–40.00 23.50 to 25.50 30.0–33.0
Chromium 22.00–26.00 19.00–21.00 22.50–25.00 20.00 to 22.00 31.0–35.0
Molybdenum 5.00–6.70 2.00–3.00 3.50–5.00 6.00 to 7.00 0.50–2.0
Copper 2.00–4.00 3.00–4.00 0.50–1.50 0.75 max 0.30–1.20
Columbium (Nb) + tantalum ... 8 3 carbon–1.00 0.15–0.35 ... ...
Nitrogen 0.10–0.16 ... ... 0.18 to 0.25 0.35–0.60
Iron RemainderA RemainderA RemainderA RemainderA RemainderA

Element Composition, %

UNS N06030 UNS N06022 UNS N06200 UNS N10276 UNS N10665 UNS N10675

Carbon, max 0.03 0.015 0.010 0.010 0.02 0.01
Manganese, max 1.5 0.50 0.50 1.0 1.0 3.0
Phosphorous, max 0.04 0.02 0.025 0.04 0.04 0.030
Sulfur, max 0.02 0.02 0.010 0.03 0.03 0.010
Silicon, max 0.8 0.08 0.08 0.08 0.10 0.10
Nickel RemainderA RemainderA RemainderA RemainderA RemainderA RemainderA

Chromium 28.0-31.5 20.0-22.5 22.0-24.0 14.5-16.5 1.0 max 1.0-3.0
Molybdenum 4.0-6.0 12.5-14.5 15.0-17.0 15.0-17.0 26.0-30.0 27.0-32.0
Copper 1.0-2.4 ... 1.3-1.9 ... ... 0.20
Columbium (Nb)
+ tantalum

0.30-1.50 ... ... ... ... ...

Nitrogen ... ... ... ... ... ...
Iron 13.0-17.0 2.0-6.0 3.0 max 4.0-7.0 2.0 max 1.0-3.0
Cobalt, max 5.0 2.5 2.0 2.5 1.0 3.0
Tungsten 1.5-4.0 2.5-3.5 ... 3.0-4.5 ... 3.0 max
Vanadium, max ... 0.35 ... 0.35 ... 0.20
Titanium, max ... ... ... ... ... 0.2
Zirconium, max ... ... ... ... ... 0.10
Columbium (Nb) ... ... ... ... ... 0.20 max
Tantalum ... ... ... ... ... 0.20 max
Nickel +
Molybdenum

... ... ... ... ... 94.0-98.0

Aluminum, max ... ... 0.50 ... ... 0.50

Element Composition, %

UNS N06059 UNS N06686 UNS N08031 UNS N06045 UNS N06025 UNS N10629 UNS N06035

Carbon, max 0.010 0.010 0.015 0.05-0.12 0.15-0.25 0.01 0.050
Manganese, max 0.5 0.75 2.0 1.0 0.15 1.5 0.50
Phosphorous, max 0.015 0.04 0.020 0.02 0.02 0.040 0.030
Sulfur, max 0.010 0.02 0.010 0.010 0.010 0.010 0.015
Silicon, max 0.10 0.08 0.3 2.5-3.0 0.5 0.05 0.60
Nickel RemainderA RemainderA 30.0-32.0 45.0 min RemainderA RemainderA RemainderA

Chromium 22.0-24.0 19.0-23.0 26.0-28.0 26.0-29.0 24.0-26.0 0.5-1.5 32.25–34.25
Molybdenum 15.0-16.5 15.0-17.0 6.0-7.0 ... ... 26.0-30.0 7.60–9.00
Copper 0.50 max ... 1.0-1.4 0.3 max 0.1 max 0.5 0.30 max
Yttrium ... ... ... ... 0.05-0.12 ... ...
Nitrogen ... 0.15-0.25 ... ... ...
Iron 1.5 max 5.0 max RemainderA 21.0–25.0 8.0–11.0 1.0-6.0 2.00 max
Cobalt, max 0.3 ... ... ... ... 2.5 1.00
Tungsten ... 3.0–4.4 ... ... ... ... 0.60 max
Vanadium, max ... ... ... ... ... ... 0.20
Titanium, max ... 0.02–0.25 ... ... 0.1-0.2 ... ...
Zirconium, max ... ... ... ... 0.01-0.10 ... ...
Columbium (Nb) ... ... ... ... ... ... ...
Tantalum ... ... ... ... ... ... ...
Cerium ... ... ... 0.03-0.09 ... ... ...
Aluminum, max 0.1-0.4 ... ... ... 1.8-2.4 0.1–0.5 0.40

AShall be determined arithmetically by difference.
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successive tests, 10 % of any heat fails to pass the requirements
of the macroetch test, all forgings from that heat shall be
rejected.

8. Dimensions and Permissible Variations

8.1 The forgings shall conform to the sizes and shapes
specified by the purchaser.

9. Workmanship, Finish, and Appearance

9.1 The forgings shall be uniform in quality and condition,
and shall be free of injurious defects.

10. Sampling

10.1 Lot—Definition:
10.1.1 A lot for chemical analysis shall consist of one heat.
10.1.2 A lot for mechanical properties shall consist of each

heat in each heat-treatment charge.
10.2 Test Material Selection:
10.2.1 Chemical Analysis—Representative samples shall be

taken during pouring or subsequent processing.
10.2.1.1Check analysis, shall be wholly the responsibility

of the purchaser.
10.2.2 Mechanical Properties—Samples of the material to

provide test specimens shall be taken from such locations in
each lot as to be representative of that lot.

11. Number of Tests

11.1 Chemical Analysis—One test per lot.
11.2 Mechanical Properties—One test per lot.

12. Specimen Preparation

12.1 The tension test specimens taken from the forgings,
billets, or bars shall be machined to the form and dimensions of
the standard 2-in. (50.8-mm) gage length tension test specimen
shown in Fig. 8 of Test Methods E 8, except as specified in
12.2.

12.2 In the case of small sections that will not permit taking
the standard test specimen specified in 12.1, the tension test
specimen shall be as large as feasible and its dimensions shall
be proportional to those shown in Fig. 8 of Test Methods E 8.

The gage length for measuring elongation shall be four times
the diameter of the specimen.

12.3 For the purpose of tests, the necessary extra forgings or
test bars shall be provided. The test specimen, if cut from a
flange, shall be cut tangentially from the flange portion
approximately midway between the inner and outer surfaces
and approximately midway between the front and back faces.
When it is impractical to provide forgings for test purposes, test
bars may be made from the billet or bar, provided they are
given approximately the same reduction and heat treatment as
the forgings.

13. Tests Methods

13.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall, in case
of disagreement, be determined in accordance with the follow-
ing methods:

Test ASTM Designations

Chemical analysis E 1473A

Tension E 8
A Iron shall be determined arithmetically by difference.

14. Inspection

14.1 If specified, source inspection of the material by the
purchaser at the manufacturer’s plant shall be made as agreed
upon between the manufacturer and the purchaser as part of the
purchase contract.

15. Rejection and Rehearing

15.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16. Certification

16.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has

TABLE 2 Mechanical Property Requirements

Alloy
Tensile Strength, min Yield Strength, min Elongation in

2 in. or 50
mm, min, %

Reduction of Area,
min, %ksi MPa ksi MPa

UNS N08020, UNS N08024, and
UNS N08026 80 551 35 241 30.0 50.0

UNS N08367 95 655 45 310 30.0 50.0
UNS R20033 109 750 55 380 40.0 ...
UNS N06030 85 586 35 241 30 ...
UNS N06022 100 690 45 310 45 ...
UNS N06035 85 586 35 241 30 ...
UNS N06200 100 690 41 283 45 ...
UNS N10276 100 690 41 283 40 ...
UNS N10665 110 760 51 350 40 ...
UNS N10675 110 760 51 350 40 ...
UNS N06059 100 690 45 310 45 ...
UNS N06686 100 690 45 310 45 ...
UNS N08031 94 650 40 276 40.0 ...
UNS N06045 90 620 35 241 35 ...
UNS N06025 98 680 39 270 30 ...
UNS N10629 110 760 51 350 40 ...
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been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

17. Product Marking
17.1 Identification marks consisting of the manufacturer’s

symbol or name, designation of service rating, the specifica-
tion, the grade of material, and the size shall be stamped legibly
on each forging in accordance with MSS SP-25 and in such
position as not to injure the usefulness of the forging.

18. Keywords

18.1 forgings; UNS N06030; UNS N06022; UNS N06035;
UNS N06200; UNS N06059; UNS N06686; UNS N08020;
UNS N08024; UNS N08026; UNS N08367; UNS N10276;
UNS N10665; UNS N10675; UNS N10629; UNS N08031;
UNS N06045; UNS N06025; UNS R20033

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall be applied only when specified by the purchaser
in the inquiry, contract, or order.

S1. Corrosion Tests for UNS N08020

S1.1 One intergranular corrosion test per heat shall be
performed by the manufacturer on a sensitized specimen and
tested in accordance with Practices A 262. When this supple-
mentary requirement is specified, the specific practice (Practice
B or Practice E) shall also be specified. If Practice B is
specified, the specimen must pass with a rate of less than 0.002
inches per month (ipm).

S1.1.1 In addition to the stabilize anneal, the specimen shall
be sensitized for 1 h at1250°F (677°C) before being subjected
to corrosion testing.

S2. Positive Material Identification Examination
S2.1 Product shall receive Positive Material Identification to

ensure that the purchaser is receiving product of the correct

material grade prior to shipment of the product. This exami-
nation is a method to assure that no material grade mix-up has
happened during manufacturing and marking of the product.

S2.2 Product shall receive a Positive Material Identification
examination by Guide E 1916.

S2.3 The quantity examined shall be 100 % of the product.

S2.4 All product that is not of the correct material grade
shall be rejected.

S2.5 The method of product marking after examination
shall be agreed upon between the manufacturer and purchaser.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 463 – 04

Standard Specification for
UNS N08020, UNS N08026, and UNS N08024 Alloy Plate,
Sheet, and Strip 1

This standard is issued under the fixed designation B 463; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification2 covers UNS N08020, UNS
N08026,* and UNS N08024 alloy plate, sheet, and strip.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:3

A 262 Practices for Detecting Susceptibility to Intergranu-
lar Attack in Austenitic Stainless Steels

B 906 Specification for General Requirements for Flat-
Rolled Nickel and Nickel Alloys Plate, Sheet, and Strip

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 The terms plate, sheet, and strip as used in this

specification are defined as follows:
3.1.2 cold rolled plate, n—material 3⁄16 to 3⁄8 in. (4.76 to

9.52 mm), inclusive in thickness and over 10 in. (254.0 mm) in
width.

3.1.3 hot rolled plate, n—material 3⁄16 in. (4.76 mm) and
over in thickness and over 10 in. (254.0 mm) in width.

3.1.4 plate, n—material 3⁄16 in. (4.75 mm) and over in
thickness and over 10 in. (254.0 mm) in width.

3.1.5 sheet, n—material under3⁄16 in. (4.75 mm) in thick-
ness and 24 in. (609.6 mm) and over in width. Material under
3⁄16 in. (4.75 mm) in thickness and in all widths with No. 4
finish.

3.1.6 strip, n—material under3⁄16 in. (4.75 mm) in thickness
and under 24 in. (609.6 mm) in width.

4. General Requirements

4.1 Material furnished under this specification shall con-
form to the requirements of Specification B 906 unless other-
wise provided herein. In the case of conflict, the requirements
of this specification shall take precedence.

5. Material and Manufacture

5.1 Heat Treatment— UNS N08020 Alloy shall be fur-
nished in the stabilize-annealed condition. UNS N08026 Alloy
shall be furnished in the solution-annealed condition. UNS
N08024 Alloy shall be furnished in the annealed condition.

NOTE 1—The recommended annealing temperatures are 1800 to
1850°F (982 to 1010°C) for UNS N08020, 2050 to 2200°F (1121 to
1204°C) for UNS N08026, and 1925 to 1975°F (1052 to 1079°C) for UNS
N08024.

6. Chemical Composition

6.1 The material shall conform to the composition limits
specified in Table 1.

7. Mechanical Properties

7.1 Mechanical Properties—The material shall conform to
the mechanical property requirements specified in Table 2.

8. Dimensions and Permissible Variations

8.1 The tolerances and permissible variations provided in
Annex A1 of Specification B 906 shall apply.

9. Keywords

9.1 N08020; N08024; N08026; plate; sheet; strip

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved February 1, 2004. Published February 2004. Originally
approved in 1967. Last previous edition approved in 1999 as B 463 – 99.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB – 463 in Section II of that Code.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Recommended Practice for Numbering Metals and Alloys (UNS).

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall be applied only when specified by the purchaser
in the inquiry, contract, or order.

S1. Corrosion Tests

S1.1 One intergranular corrosion test per lot shall be per-
formed by the manufacturer on a sensitized specimen and
tested in accordance with Practices A 262. When this supple-
mentary requirement is specified, the specific practice (Practice
B or Practice E) shall also be specified. If Practice B is
specified, the specimen must pass with a rate of less than 0.002
inches per month. A lot for intergranular corrosion testing shall
be the same as for mechanical testing.

S1.1.1 In addition to the anneal recommended in Note 1, the
specimen shall be sensitized for 1 h at1250°F (677°C) before
being subjected to corrosion testing.

S1.1.2 If any corrosion test specimen fails the test, the
material represented by such specimens may be reheat-treated
and resubmitted for test.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Chemical Requirements

Element
Composition, %

UNS N08026 UNS N08020 UNS N08024

Carbon, max 0.03 0.07 0.03
Manganese, max 1.00 2.00 1.00
Phosphorus, max 0.03 0.045 0.035
Sulfur, max 0.03 0.035 0.035
Silicon, max 0.50 1.00 0.50
Nickel 33.00–37.20 32.00–38.00 35.00–40.00
Chromium 22.00–26.00 19.00–21.00 22.50–25.00
Molybdenum 5.00–6.70 2.00–3.00 3.50–5.00
Copper 2.00–4.00 3.00–4.00 0.50–1.50
Columbium (Nb) + tantalum ... 8 3 carbon–1.00 0.15–0.35
Nitrogen 0.10–0.16 ... ...
Iron remainderA remainderA remainder

ABy difference.

TABLE 2 Mechanical Property Requirements

Tensile Strength,
min

Yield Strength,A min
ElongationB

in 2 in.
(50.8 mm),

min,%ksi MPa ksi MPa

80 551 35 241 30.0
Hardness Number, maxC

Brinell Rockwell B
217 95

AYield strength shall be determined by the offset method at 0.2 % limiting
permanent set in accordance with Test Methods E 8. An alternative method of
determining yield strength may be based on a total extension under load of 0.5 %.

BElongation for thickness, less than 0.015 in. (0.38 mm) shall be 20 % minimum,
in 1 in. (25.4 mm).

CEither Brinell or Rockwell B hardness is permissible.

B 463 – 04
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Designation: B 464 – 04

Standard Specification for
Welded UNS N08020, N08024, and N08026 Alloy Pipe 1

This standard is issued under the fixed designation B 464; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers welded UNS N08020,
N08024, and N08026 alloy pipe for general corrosion-resisting
and low- or high-temperature service.

1.2 The pipe covered is nominal pipe sizes up to and
including NPS 6, with the nominal wall thicknesses given as
Schedules 5S, 10S, and 40S and nominal pipe sizes up to and
including NPS 2, also including Schedule 80S. Table 2 of
Specification B 775 is based on Table A1 of ANSI B36.19 and
gives the nominal dimensions of these sizes. Table 3 of
Specification B 775 lists the dimensional requirements of these
sizes. Pipe having other dimensions may be furnished provided
such pipe complies with all other requirements of this specifi-
cation.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:3

A 262 Practices for Detecting Susceptibility to Intergranu-
lar Attack in Austenitic Stainless Steels

B 775 Specification for General Requirements for Nickel
and Nickel-Alloy Welded Pipe

B 899 Terminology Relating to Non-ferrous Metals and
Alloys

2.2 ANSI Standard:
B36.19 Stainless Steel Pipe4

3. Terminology

3.1 Definitions:
3.1.1 Definitions for terms defined in Terminology B 899

shall apply unless otherwise defined by the requirements of this
document.

4. General Requirement

4.1 Material furnished in accordance with this specification
shall conform to the applicable requirements of the current
edition of Specification B 775 unless otherwise provided
herein.

5. Ordering Information

5.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

5.1.1 Quantity (feet or number of lengths),
5.1.2 UNS number,
5.1.3 Size (nominal pipe size and schedule),
5.1.4 Length (random or specific),
5.1.5 ASTM designation,
5.1.6 Product Analysis— State if required,
5.1.7 Certification— State if a certification or a report of test

results is required,
5.1.8 Purchaser Inspection—State which tests or inspec-

tions are to be witnessed, if any, and
5.1.9 Supplementary requirements, if any.

6. Materials and Manufacture

6.1 The pipe shall be made from flat-rolled stock by an
automatic welding process with no addition of filler metal.

6.2 Heat Treatment— Pipe of UNS N08020 alloy shall be
furnished in the stabilized-annealed condition. Pipe of UNS
N08024 alloy shall be furnished in the annealed condition. Pipe
of UNS N08026 alloy shall be furnished in the solution-
annealed condition.

NOTE 1—The recommended annealing temperatures are 1800 to

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1967. Last previous edition approved in 1999 as B 464 – 99.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-464 in Section II of that code.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

4 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036.
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1850°F (982 to 1010°C) for UNS N08020, 1925 to 1975°F (1052 to
1079°C) for UNS N08024, and 2050 to 2200°F (1121 to 1204°C) for UNS
N08026.

7. Chemical Composition

7.1 The material shall conform to the composition limits
specified in Table 1. One test is required for each lot as defined
in Specification B 775.

7.2 If a product analysis is performed, it shall meet the
chemistry limits prescribed in Table 1, subject to the analysis
tolerances specified in Specification B 775.

8. Mechanical Properties and Other Requirements

8.1 Mechanical Properties—The material shall conform to
the mechanical property requirements specified in Table 2. One

test is required for each lot as defined in Specification B 775.
8.2 Flattening Test— A flattening test shall be made on each

end of one pipe per lot. Superficial ruptures resulting from
surface imperfections shall not be cause for rejection.

8.3 Nondestructive Test Requirements—Each pipe shall be
subjected to either a pressure test or a nondestructive electric
test at the manufacturer’s option. The purchaser may specify
which test is to be used.

9. Lengths

9.1 Lengths may be ordered as either random lengths
(normally 15 to 24 ft (4.6 to 8.3 m) with some agreed upon
allowance for shorts) or specific cut lengths.

10. Keywords

10.1 welded pipe; N08020; N08024; N08026

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall be applied only when specified by the purchaser
in the inquiry, contract, or order:

S1. Corrosion Tests

S1.1 One intergranular corrosion test per lot shall be per-
formed by the manufacturer on a sensitized specimen and
tested in accordance with Practices A 262. When this supple-
mentary requirement is specified, the specific practice (Practice
B or Practice E) shall also be specified. If Practice B is
specified, the specimen must pass with a rate of less than 0.002
in. (0.05 mm) per month. A lot for intergranular corrosion
testing shall be the same as for mechanical testing.

S1.1.1 In addition to the anneal recommended in Note 1, the
specimen shall be sensitized for 1 h at1250°F (677°C) before
being subjected to corrosion testing.

S1.1.2 If any corrosion test specimen fails the test, the
material represented by such specimens may be reheat-treated
and resubmitted for test.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Chemical Requirements

Element
Composition,%

UNS N08020 UNS N08024 UNS N08026

Carbon, max 0.07 0.03 0.03
Manganese, max 2.00 1.00 1.00
Phosphorus,
max

0.045 0.035 0.03

Sulfur, max 0.035 0.035 0.03
Silicon, max 1.00 0.50 0.50
Nickel 32.00–38.00 35.00–40.00 33.00–37.20
Chromium 19.00–21.00 22.50–25.00 22.00–26.00
Molybdenum 2.00–3.00 3.50–5.00 5.00–6.70
Copper 3.00–4.00 0.50–1.50 2.00–4.00
Columbium
(Nb) +

8 3 carbon–1.00 0.15–0.35

tantalum
Nitrogen ... ... 0.10–0.16
IronA remainder remainder remainder
A By difference.

TABLE 2 Mechanical Property Requirements

Tensile Strength,
min, ksi (MPa)

Yield Strength,
min, ksi (MPa)

Elongation in 2 in.
(50.8 mm), min, %

80 (551) 35 (241) 30.0

B 464 – 04

2



Designation: B 468 – 04

Standard Specification for
Welded UNS N08020, N08024, and N08026 Alloy Tubes 1

This standard is issued under the fixed designation B 468; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers welded UNS N08020,
N08024, and N08026 alloy boiler, heat exchanger, and con-
denser tubes for general corrosion-resisting and low- or high-
temperature service.

1.2 This specification covers tubes1⁄8 to 5 in. (3.18 to 127
mm), inclusive, in outside diameter and 0.015 to 0.500 in. (0.38
to 12.70 mm), inclusive, in wall thickness. Table 2 of Speci-
fication B 751 lists the dimensional requirements of these sizes.
Tubes having other dimensions may be furnished provided
such tubing complies with all other requirements of this
specification.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:3

A 262 Practices for Detecting Susceptibility to Intergranu-
lar Attack in Austenitic Stainless Steels

B 751 Specification for General Requirements for Nickel
and Nickel-Alloy Welded Tube

B 899 Terminology Relating to Non-ferrous Metals and
Alloys

3. Terminology

3.1 Definitions:
3.1.1 Definitions for terms defined in Terminology B 899

shall apply unless otherwise defined by the requirements of this
document.

4. General Requirement

4.1 Material furnished in accordance with this specification
shall conform to the applicable requirements of the current
edition of Specification B 751 unless otherwise provided
herein.

5. Ordering Information

5.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

5.1.1 Quantity (feet or number of lengths),
5.1.2 UNS number,
5.1.3 Size (outside diameter and minimum or average wall

thickness),
5.1.4 Length (random or specific),
5.1.5 ASTM designation,
5.1.6 Product Analysis— State if required,
5.1.7 Certification— State if a certification or a report of test

results is required,
5.1.8 Purchaser Inspection—State which tests or inspec-

tions are to be witnessed, if any, and
5.1.9 Supplementary requirements, if any.

6. Materials and Manufacture

6.1 The tubing shall be made from flat-rolled stock by an
automatic welding process with no addition of filler metal.
Subsequent to welding and prior to final heat treatment, the
material shall be cold-worked in either the weld metal only, or
in both the weld and base metal.

6.2 Heat Treatment— Tubing of UNS N08020 alloy shall be
furnished in the stabilized-annealed condition. Tubing of UNS
N08024 alloy shall be furnished in the annealed condition.
Tubing of UNS N08026 alloy shall be furnished in the
solution-annealed condition.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1968. Last previous edition approved in 1999 as B 468 – 99.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-468 in Section II of that code.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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NOTE 1—The recommended annealing temperatures are 1800 to
1850°F (982 to 1010°C) for UNS N08020, 1925 to 1975°F (1052 to
1079°C) for UNS N08024, and 2050 to 2200°F (1121 to 1204°C) for UNS
N08026.

7. Chemical Composition

7.1 The material shall conform to the composition limits
specified in Table 1. One test is required for each lot as defined

in Specification B 751.

7.2 If a product analysis is performed, it shall meet the
chemistry limits prescribed in Table 1, subject to the analysis
tolerances specified in Table 6 of Specification B 751.

8. Mechanical Properties and Other Requirements

8.1 Mechanical Properties—The material shall conform to
the mechanical property requirements specified in Table 2. One

test is required for each lot as defined in Specification B 751.
8.2 Flattening Test— A flattening test shall be made on each

end of one tube per lot. Superficial ruptures resulting from
surface imperfections shall not be cause for rejection.

8.3 Flange Test— A flange test shall be made on each end of
one tube per lot.

8.4 Nondestructive Test Requirements—Each tube shall be
subjected to either a pressure test or a nondestructive electric
test at the manufacturer’s option. The purchaser may specify
which test is to be used.

9. Keywords

9.1 welded tube; N08020; N08024; N08026

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall be applied only when specified by the purchaser
in the inquiry, contract, or order:

S1. Corrosion Tests

S1.1 One intergranular corrosion test per lot shall be per-
formed by the manufacturer on a sensitized specimen and
tested in accordance with Practices A 262. When this supple-
mentary requirement is specified, the specific practice (Practice
B or Practice E) shall also be specified. If Practice B is
specified, the specimen must pass with a rate of less than 0.002
in. (0.05 mm) per month. A lot for intergranular corrosion
testing shall be the same as for mechanical testing.

S1.1.1 In addition to the anneal recommended in Note 1, the
specimen shall be sensitized for 1 h at1250°F (677°C) before
being subjected to corrosion testing.

S1.1.2 If any corrosion test specimen fails the test, the
material represented by such specimens may be reheat-treated
and resubmitted for test.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Chemical Requirements

Element
Composition,%

UNS N08020 UNS N08024 UNS N08026

Carbon, max 0.07 0.03 0.03
Manganese, max 2.00 1.00 1.00
Phosphorus,
max

0.045 0.035 0.03

Sulfur, max 0.035 0.035 0.03
Silicon, max 1.00 0.50 0.50
Nickel 32.00–38.00 35.00–40.00 33.00–37.20
Chromium 19.00–21.00 22.50–25.00 22.00–26.00
Molybdenum 2.00–3.00 3.50–5.00 5.00–6.70
Copper 3.00–4.00 0.50–1.50 2.00–4.00
Columbium
(Nb) +

8 3 carbon–1.00 0.15–0.35

tantalum
Nitrogen ... ... 0.10–0.16
IronA remainder remainder remainder
A By difference.

TABLE 2 Mechanical Property Requirements

Tensile Strength,
min, ksi (MPa)

Yield Strength,
min, ksi (MPa)

Elongation in 2 in.
(50.8 mm), min, %

80 (551) 35 (241) 30.0

B 468 – 04
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Designation: B 472 – 04

Standard Specification for
Nickel Alloy Billets and Bars for Reforging 1

This standard is issued under the fixed designation B 472; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification covers UNS N06002, UNS N06030,
UNS N06035, UNS N06022, UNS N06200, UNS N06230,
UNS N06600, UNS N06617, UNS N06625, UNS N08020,
UNS N08026, UNS N08024, UNS N08120, UNS N08926,
UNS N08367, UNS N10242, UNS N10276, UNS N10665,
UNS N10675, UNS N12160, UNS R20033, and UNS
R30556* billets and bars for reforging.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

A 262 Practices for Detecting Susceptibility to Intergranu-
lar Attack in Austenitic Stainless Steels

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 billets and bars, n—terms billets and bars as used in
this specification shall be understood as billets and bars for
reforging.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Quantity (weight or number of pieces),
4.1.2 Name of material or UNS number,
4.1.3 Form (bar or billet),
4.1.4 Dimensions,
4.1.5 ASTM designation and year of issue,
4.1.6 Inspection (12.1),
4.1.7 Certification—State if certification or a report of test

results is required (Section 14),
4.1.8 Supplementary requirements, if any, and
4.1.9 If possible, the intended end use.

NOTE 1—A typical ordering description is as follows: 10 000 lb (4536
kg), UNS N08020, forging bar, 41⁄4 in. (107.95 mm) round, Specification
B 472.

5. Materials and Manufacture

5.1 The products shall be hot worked from ingots by rolling,
forging, extruding, hammering, or pressing.

5.2 The products may be conditioned by chipping, grinding,
or machining to remove injurious surface defects provided the
depth of conditioning does not exceed that which will affect the
surface condition or dimensions of the article to be forged from
the bar or billet.

6. Chemical Composition

6.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the requirements
specified in Table 1 subject to the permissible tolerances in
Specification B 880.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1968. Last previous edition approved in 2003 as B 472 - 03.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.
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TABLE 1 Chemical Requirements

Element
Composition, %

UNS N08026 UNS N08020 UNS N08024 UNS N08367 UNS N08926 UNS R20033

Carbon, max 0.03 0.07 0.03 0.030 0.020 0.015
Manganese, max 1.00 2.00 1.00 2.00 2.00 2.0
Phosphorus, max 0.03 0.045 0.035 0.040 0.03 0.02
Sulfur, max 0.03 0.035 0.035 0.030 0.01 0.01
Silicon, max 0.50 1.00 0.50 1.00 0.50 0.50
Nickel 33.00–37.20 32.00–38.00 35.00–40.00 23.50–25.50 24.00–26.00 30.0–33.0
Chromium 22.00–26.00 19.00–21.00 22.50–25.00 20.00–22.00 19.00–21.00 31.0–35.0
Molybdenum 5.00–6.70 2.00–3.00 3.50–5.00 6.00–7.00 6.0–7.0 0.50–2.0
Copper 2.00–4.00 3.00–4.00 0.50–1.50 0.75 max 0.5–1.5 0.30–1.20
Columbium (Nb) +
tantalum

... 8 3 carbon–1.00 0.15–0.35 ... ... ...

Nitrogen 0.10–0.16 ... ... 0.18–0.25 0.15–0.25 0.35–0.60
IronA remainder remainder remainder remainder balance balance

Element

Composition, %

UNS
N06030

UNS
N06022

UNS
N06200

UNS
N10276

UNS
N10665

UNS
N10675

UNS
N06002

UNS
N06230

Carbon, max 0.03 0.015 0.010 0.010 0.02 0.01 0.05-0.15 0.05-0.15
Manganese, max 1.5 0.50 0.50 1.0 1.0 3.0 1.00 0.30-1.00
Phosphorous, max 0.04 0.02 0.025 0.04 0.04 0.030 0.04 0.030
Sulfur, max 0.02 0.02 0.010 0.03 0.03 0.010 0.03 0.015
Silicon, max 0.8 0.08 0.08 0.08 0.10 0.10 1.00 0.25-0.75
Nickel remainder remainder remainder remainder remainder 65.0 min remainderA remainderA

Chromium 28.0-31.5 20.0-22.5 22.0-24.0 14.5-16.5 1.0 max 1.0-3.0 20.5-23.0 20.0-24.0
Molybdenum 4.0-6.0 12.5-14.5 15.0-17.0 15.0-17.0 26.0-30.0 27.0-32.0 8.0-10.0 1.0-3.00
Copper 1.0-2.4 ... 1.3-1.9 ... ... 0.20 ... ...
Columbium
(Nb) + tantalum

0.30-1.50 ... ... ... ... ... ... ...

Iron 13.0-17.0 2.0-6.0 3.0 max 4.0-7.0 2.0 max 1.0-3.0 17.0-20.0 3.0 max
Cobalt, max 5.0 2.5 2.0 2.5 1.0 3.0 0.5-2.5 5.0
Tungsten 1.5-4.0 2.5-3.5 ... 3.0-4.5 ... 3.0 max 0.2-1.0 13.0-15.0
Vanadium, max ... 0.35 ... 0.35 ... 0.20 ... ...
Titanium, max ... ... ... ... ... 0.2 ... ...
Zirconium, max ... ... ... ... ... 0.10 ... ...
Columbium (Nb) ... ... ... ... ... 0.20 max ... ...
Tantalum ... ... ... ... ... 0.20 max
Nickel +
Molybdenum

... ... ... ... ... 94.0-98.0 ... ...

Aluminum, max ... ... 0.50 ... ... 0.50 ... 0.20-0.50
Lanthanum ... ... ... ... ... ... ... 0.005-0.050
Boron ... ... ... ... ... ... ... 0.015 max

Element

Composition, %

UNS
N12160

UNS
R30556

UNS
N06625

UNS
N06600

UNS
N10242

UNS
N08120

UNS
N06617

UNS
N06035

Carbon 0.15 max 0.05-0.15 0.10 max 0.15 max 0.03 0.02-0.10 0.05-0.15 0.050 max
Manganese 1.5 max 0.50-2.00 0.50 max 1.0 max 0.80 max 1.5 max 1.0 max 0.50 max
Phosphorous 0.030 max 0.04 max 0.015 max ... 0.030 max 0.040 max ... 0.030 max
Sulfur 0.015 max 0.015 max 0.015 max 0.015 max 0.015 max 0.03 max 0.015 max 0.015 max
Silicon 2.4-3.0 0.20-0.80 0.50 max 0.50 max 0.80 max 1.0 max 1.0 max 0.60 max
Nickel remainderA 19.0-22.5 58.0 minA 72.0 minA remainderA 35.0-39.0 44.5 minA remainderA

Chromium 26.0-30.0 21.0-23.0 20.0-23.0 14.0-17.0 7.0-9.0 23.0-27.0 20.0-24.0 32.25-34.25
Molybdenum 1.0 max 2.5-4.0 8.0-10.0 ... 24.0-26.0 2.50 max 8.0-10.0 7.60-9.00
Copper ... ... ... 0.5 max ... 0.50 max 0.5 max 0.30 max
Columbium
(Nb) + tantalum

... ... 3.15-4.15 ... ... 0.4-0.9 ... ...

Nitrogen ... 0.10-0.30 ... ... ... 0.15-0.30 ... ...
Iron 3.5 max remainderA 5.0 max 6.0-10.0 2.0 max remainderA 3.0 max 2.00 max
Cobalt, max 27.0-33.0 16.0-21.0 ... ... 1.00 max 3.0 10.0 min-15.0 max 1.00
Tungsten 1.0 max 2.0-3.5 ... ... ... 2.50 max ... 0.60 max
Vanadium, max ... ... ... ... ... ... ... 0.20
Titanium 0.20-0.80 ... 0.4 max ... ... 0.20 max 0.6 max ...
Zirconium ... 0.001-0.10 ... ... ... ... ... ...
Columbium 1.0 max 0.30 max ... ... ... ... ... ...
Tantalum ... 0.30-1.25 ... ... ... ... ... ...
Aluminum, max ... 0.10-0.50 0.4 ... 0.50 0.40 0.8-1.5 0.40 max
Lanthanum ... 0.005-0.10 ... ... ... ... ... ...
Boron ... 0.02 max ... ... 0.006 max 0.010 max 0.006 max ...

ASee 11.1.
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7. Dimensions and Permissible Variations

7.1 Billets shall conform to the shapes and dimensions
specified by the purchaser within a permissible variation of
65 %.

7.2 Bars shall conform to the shape and dimensions speci-
fied by the purchaser within the permissible variations pre-
scribed in Table 2.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and free of
injurious defects.

9. Sampling

9.1 Lot—A lot for chemical analysis shall consist of one
heat.

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples shall be

taken during pouring or subsequent processing.

10. Number of Tests

10.1 Chemical Analysis—One test per heat.

11. Test Methods

11.1 The chemical composition of the material as enumer-
ated in this specification shall, in case of disagreement, be
determined in accordance with the following methods:

Test ASTM Designations
Chemical analysis E 1473A

AIron or nickel shall be determined arithmetically by difference.

12. Inspection

12.1 If specified, source inspection of the material by the
purchaser at the manufacturer’s plant shall be made as agreed
upon between the purchaser and the manufacturer as part of the
purchase contract.

13. Rejection and Rehearing

13.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

14. Certification

14.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

15. Keywords

15.1 bar; billet; UNS N06002; UNS N06030; UNS N06035;
UNS N06022; UNS N06200; UNS N06230; UNS N06600;
UNS N06617; UNS N06625; UNS N08020; UNS N08024;
UNS N08026; UNS N01820; UNS N08367; UNS N08926;
UNS N10242; UNS N10276; UNS N10665; UNS N10675;
UNS N12160; UNS R20033; UNS R30556

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall be applied only when specified by the purchaser
in the inquiry, contract, or order.

S1. Corrosion Tests for UNS N08020

S1.1 One intergranular corrosion test per heat shall be
performed by the manufacturer on a sensitized specimen and
tested in accordance with Practices A 262. When this supple-
mentary requirement is specified, the specific practice (Practice

B or Practice E) shall also be specified. If Practice B is
specified, the specimen must pass with a rate of less than 0.002
in./month (ipm).

TABLE 2 Permissible Variations in Size of Hot-Rolled Round Bars

Specified Size, in. (mm)
Permissible Variations from Specified Size, in. (mm)

Out-of-Round,A in. (mm)Over Under

Over 7⁄16 (11.11) to 5⁄8 (15.88), incl 0.007 (0.18) 0.007 (0.18) 0.010 (0.25)
Over 5⁄8 (15.88) to 7⁄8 (22.22), incl 0.008 (0.20) 0.008 (0.20) 0.012 (0.30)
Over 7⁄8 (22.22) to 1 (25.40), incl 0.009 (0.23) 0.009 (0.23) 0.013 (0.33)
Over 1 (25.40) to 11⁄8 (28.58), incl 0.010 (0.25) 0.010 (0.25) 0.015 (0.38)
Over 11⁄8 (28.58) to 11⁄4 (31.75), incl 0.011 (0.28) 0.011 (0.28) 0.016 (0.41)
Over 11⁄4 (31.75) to 13⁄8 (34.92), incl 0.012 (0.30) 0.012 (0.30) 0.018 (0.46)
Over 3⁄8 (34.92) to 11⁄2 (38.10), incl 0.014 (0.36) 0.014 (0.36) 0.021 (0.53)
Over 11⁄2 (38.10) to 2 (50.80), incl 1⁄64 (0.40) 1⁄64 (0.40) 0.023 (0.58)
Over 2 (50.80) to 21⁄2 (63.50), incl 1⁄32 (0.79) 0 0.023 (0.58)
Over 21⁄2 (63.50) to 31⁄2 (88.90), incl 3⁄64 (1.19) 0 0.035 (0.89)
Over 31⁄2 (88.90) to 41⁄2 (114.30), incl 1⁄16 (1.59) 0 0.046 (1.17)
Over 41⁄2 (114.30) to 51⁄2 (139.70), incl 5⁄64 (1.98) 0 0.058 (1.47)
Over 51⁄2 (139.70) to 61⁄2 (165.10), incl 1⁄8 (3.18) 0 0.070 (1.78)
Over 61⁄2 (165.10) to 8 (203.20), incl 5⁄32 (3.97) 0 0.085 (2.18)

AOut-of-round is the difference between the maximum and minimum diameters of the bar, measured at the same cross section.
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S1.1.1 The specimen shall be stabilized by annealing at a
temperature of 1700 to 1750°F (927 to 954°C) and quenching
in water or rapidly cooling by other means. The specimen shall
then be sensitized for 1 h at 1250°F (677°C) before being
subjected to corrosion testing.

S1.1.2 If any specimen selected to represent any heat fails to
meet the test requirement, the material represented by such
specimen may be reheat-treated and resubmitted for test.

SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue (B 472 – 03)
that may impact the use of this standard.

(1) Added alloy N06035 to Scope. (2) Added alloy N06035 composition to Table 1.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

B 472 – 04

4



Designation: B 473 – 96 (Reapproved 2002) e1

Standard Specification for
UNS N08020, UNS N08024, and UNS N08026 Nickel Alloy
Bar and Wire 1

This standard is issued under the fixed designation B 473; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Paragraph 1.3 was added editorially in June 2002.

1. Scope

1.1 This specification2 covers UNS N08020, UNS N08026,
and UNS N08024 bar and wire other than required for
reforging.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
A 262 Practices for Detecting Susceptibility to Intergranu-

lar Attack in Austenitic Stainless Steels3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys5

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 The terms bar and wire as used in this specification are

described as follows:
3.1.2 bars, n—hot-finished rounds, squares, octagons, and

hexagons:1⁄4 in. (6.35 mm) and over in diameter or size.

Hot-finished flats:1⁄4 to 10 in. (254 mm), inclusive, in width,1⁄8
in. (3.175 mm) and over in thickness. Cold-finished rounds,
squares, octagons, hexagons, and shapes: over1⁄2 in. (12.7 mm)
in diameter or size. Cold-finished flats:3⁄8 in. (9.525 mm) and
over in width (see Discussion(1)),1⁄8 in. and over in thickness
(see Discussion(2)).

3.1.2.1 Discussion—(1) Widths less than3⁄8 in. (9.525 mm)
and thicknesses less than3⁄16 in. (4.75 mm) are generally
described as flat wire.

3.1.2.2 Discussion—(2) Thicknesses1⁄8 in. (3.175 mm) to
under3⁄16 in. (4.75 mm) can be cold-rolled strip as well as bar.

3.1.3 wire, n—cold finished only: round, square, octagon,
hexagon, and shape wire,1⁄2 in. (12.7 mm) and under in
diameter or size. Cold-finished only: flat wire,3⁄16 in. (4.76
mm) to under3⁄8 in. (9.525 mm) in width, 0.010 in. (0.254 mm)
to under3⁄16 in. in thickness.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 Quantity (weight or number of pieces),
4.1.2 Name of material or UNS number,
4.1.3 Form (bar or wire),
4.1.4 Dimensions,
4.1.5 Condition,
4.1.6 Finish,
4.1.7 ASTM designation and year of issue,
4.1.8 Inspection (15.1),
4.1.9 Supplementary requirements, if any, and
4.1.10 If possible, the intended end use.

NOTE 1—A typical ordering description is as follows: 200 bars, UNS
N08020, 1 in. (25.4 mm) round by 10 to 14 ft (3.0 to 3.6 m), centerless
ground, Specification B 473.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved May 10, 1996. Published June 1996. Originally
published as B 473 – 68. Last previous edition B 473 – 95.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-473 in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 01.03.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 03.05.

1
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5. Materials and Manufacture

5.1 Heat Treatment—The product of UNS N08020 alloy
shall be furnished in the stabilized-annealed condition. The
product of UNS N08026 alloy shall be furnished in the
solution-annealed condition. The product of UNS N08024
alloy shall be furnished in the annealed condition.

NOTE 2—The recommended annealing temperatures all followed by
quenching in water or rapidly cooling by other means are as follows: 1700
to 1850°F (927 to 1010°C) for UNS N08020, 2050 to 2200°F (1121 to
1204°C) for UNS N08026, and 1925 to 1975°F (1052 to 1079°C) for UNS
N08024.

6. Chemical Composition

6.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations prescribed in Table 2.

7. Condition

7.1 Bars shall be furnished annealed and either hot finished
or cold finished. Strain-hardened material is available only as
cold finished.

7.2 Wire will be furnished only as annealed and cold
finished.

8. Mechanical Properties

8.1 The material shall conform to the applicable require-
ments as to mechanical properties prescribed in Table 3.

9. Dimensions and Permissible Variations

9.1 Bar—Bars shall conform to the variations in dimensions
prescribed in Tables 4-12, inclusive, as applicable.

9.2 Wire—Wire shall conform to the permissible variations
in dimensions prescribed in Tables 13-17, inclusive, as appli-
cable.

10. Workmanship, Finish, and Appearance

10.1 The product shall be uniform in quality and condition,
smooth, commercially straight or flat, and free of injurious
imperfections.

11. Sampling

11.1 Lot:
11.1.1 A lot for chemical analysis shall consist of one heat.

11.1.2 A lot for mechanical properties shall consist of all
material from the same heat, nominal diameter or thickness, of
each heat-treatment charge.

11.2 Test Material Selection:
11.2.1 Chemical Analysis—Representative samples shall be

taken during pouring or subsequent processing.
11.2.1.1Check analysisshall be wholly the responsibility

of the purchaser.
11.2.2 Mechanical Properties—Samples of the material to

provide test specimens shall be taken from such locations in
each lot as to be representative of that lot.

12. Number of Tests

12.1 Chemical Analysis—One test per lot.
12.2 Mechanical Properties—One test per lot.

13. Specimen Preparation

13.1 Tension test specimens shall be taken from the material
after final heat treatment, and shall be selected in the longitu-
dinal direction. The tension test specimens shall conform to the
appropriate sections of Test Methods E 8.

14. Test Methods

14.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall, in case
of disagreement, be determined in accordance with the follow-
ing methods:

TABLE 1 Chemical Requirements

Element
Composition, %

UNS N08026 UNS N08020 UNS N08024

Carbon, max 0.03 0.07 0.03
Manganese, max 1.00 2.00 1.00
Phosphorus, max 0.03 0.045 0.035
Sulfur, max 0.03 0.035 0.035
Silicon, max 0.50 1.00 0.50
Nickel 33.00 to 37.20 32.00 to 38.00 35.00 to 40.00
Chromium 22.00 to 26.00 19.00 to 21.00 22.50 to 25.00
Molybdenum 5.00 to 6.70 2.00 to 3.00 3.50 to 5.00
Copper 2.00 to 4.00 3.00 to 4.00 0.50 to 1.50
Columbium (Nb) + tantalum ... 8 3 carbon–1.00 0.15 to 0.35
Nitrogen 0.10 to 0.16 ... ...
Iron remainderA remainderA remainderA

A By difference

TABLE 2 Product Analysis Tolerances

Elements

Tolerances Over the Maximum Limit or
Under the Minimum Limit

UNS
N08026

UNS
N08020

UNS
N08024

Carbon 0.005 0.01 0.005
Manganese 0.03 0.04 0.03
Phosphorus 0.005 0.005 0.005
Sulfur 0.005 0.005 0.005
Silicon 0.05 0.05 0.05
Chromium 0.25 0.25 0.25
Nickel 0.30 0.30 0.30
Molybdenum 0.10 0.10 0.10
Columbium (Nb) + tantalum ... 0.05 0.05
Copper 0.10 0.10 0.10
Nitrogen 0.01 ... ...
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Test ASTM Designations
Chemical analysis E 1473A

Tension E 8
A Iron shall be determined arithmetically by difference.

15. Inspection

15.1 If specified, source inspection of the material by the
purchaser at the manufacturer’s plant shall be made as agreed
upon between the purchaser and the manufacturer as part of the
purchase contract.

16. Rejection and Rehearing

16.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of

dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

17. Certification

17.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

TABLE 3 Mechanical Property Requirements A

Condition
Diameter or
Thickness,
in. (mm)

Tensile Strength, min Yield Strength, min Elongation in 2 in.
(50.8 mm), min, %

Reduction of area,
min, %ksi MPa ksi MPa

Annealed, hot finished or cold
finished

All 80 551 35 241 30.0B 50.0

Annealed, strain-hardened Up to 2 (50.8) incl 90 620 60 415 15.0 40.0
A For wire only, tensile strength 90 to 120.0 ksi (620 to 830 MPa); no requirements on yield strength, elongation, and reduction of area.
B Cold-finished shapes require only 15 %, minimum, elongation.

TABLE 4 Permissible Variations in Size of Hot-Rolled Round and Square Bars

Permissible Variations from Specified Size, in. (mm) Out-of-RoundA or
Out-of-Square,B

in. (mm)Over Under

1⁄4 (6.35) to 5⁄16 (7.94), inclC,D E E E

Over 5⁄16 (7.94) to 7⁄16 (11.11), inclC,D 0.006 (0.15) 0.006 (0.15) 0.009 (0.23)
Over 7⁄16 (11.11) to 5⁄8 (15.88), inclC,D 0.007 (0.18) 0.007 (0.18) 0.010 (0.25)
Over 5⁄8 (15.88) to 7⁄8 (22.22), incl 0.008 (0.20) 0.008 (0.20) 0.012 (0.30)
Over 7⁄8 (22.22) to 1 (25.40), incl 0.009 (0.23) 0.009 (0.23) 0.013 (0.33)
Over 1 (25.40) to 1 1⁄8 (28.58), incl 0.010 (0.25) 0.010 (0.25) 0.015 (0.38)
Over 1 1⁄8 (28.58) to 11⁄4 (31.75), incl 0.011 (0.28) 0.011 (0.28) 0.016 (0.41)
Over 1 1⁄4 (31.75) to 1 3⁄8 (34.92), incl 0.012 (0.30) 0.012 (0.30) 0.018 (0.46)
Over 1 3⁄8 (34.92) to 1 1⁄2 (38.10), incl 0.014 (0.36) 0.014 (0.36) 0.021 (0.53)
Over 1 1⁄2 (38.10) to 2 (50.80), incl 1⁄64 (0.40) 1⁄64 (0.40) 0.023 (0.58)
Over 2 (50.80) to 2 1⁄2 (63.50), incl 1⁄32 (0.79) 0 0.023 (0.58)
Over 2 1⁄2 (63.50) to 3 1⁄2 (88.90), incl 3⁄64 (1.19) 0 0.035 (0.89)
Over 3 1⁄2 (88.90) to 4 1⁄2 (114.30), incl 1⁄16 (1.59) 0 0.046 (1.17)
† Over 4 1⁄2 (114.30) to 5 1⁄2 (139.70), incl 5⁄64 (1.98) 0 0.058 (1.47)
Over 5 1⁄2 (139.70) to 6 1⁄2 (165.10), incl 1⁄8 (3.18) 0 0.070 (1.78)
Over 6 1⁄2 (165.10) to 8 (203.20), incl 5⁄32 (3.97) 0 0.085 (2.18)

A Out-of-round is the difference between the maximum and minimum diameters of the bar, measured at the same cross section.
B Out-of-square section is the difference in the two dimensions at the same cross section of a square bar, each dimension being the distance between opposite faces.
C Size tolerances have not been evolved for rounds in the size range of 1⁄4 to 5⁄16 in. (6.35 to 7.94 mm), inclusive. Size tolerances have not been evolved for round sections

in the size range of 1⁄4 in. to approximately 5⁄8 in. (6.35 to 15.88 mm) in diameter which are produced on rod mills in coils.
DVariations in size of coiled product made on rod mills are greater than size tolerances for product made on bar mills.
E Squares in this size are not produced as hot-rolled products.
† Editorially corrected.

TABLE 5 Permissible Variations in Size of Hot-Rolled Hexagonal and Octagonal Bars

Specified Sizes Measured
Between Opposite Sides,

in. (mm)

Permissible Variations from Specified Size, in. (mm) Maximum Difference in
3 Measurements for

Hexagons
only, in. (mm)Over Under

1⁄4 (6.35) to 1⁄2 (12.70), incl 0.007 (0.18) 0.007 (0.18) 0.011 (0.28)
Over 1⁄2 (12.70) to 1 (25.40), incl 0.010 (0.25) 0.010 (0.25) 0.015 (0.38)
Over 1 (25.40) to 1 1⁄2 (38.10), incl 0.021 (0.53) 0.021 (0.53) 0.025 (0.64)
Over 1 1⁄2 (38.10) to 2 (50.80), incl 1⁄32 (0.79) 1⁄32 (0.79) 1⁄32 (0.79)
Over 2 (50.80) to 2 1⁄2 (63.50), incl 3⁄64 (1.19) 3⁄64 (1.19) 3⁄64 (1.19)
Over 2 1⁄2 (63.50) to 3 1⁄2 (88.90), incl 1⁄16 (1.59) 1⁄16 (1.59) 1⁄16 (1.59)
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18. Product Marking

18.1 Each bundle or box shall be properly tagged with metal
tags showing heat number, grade, condition, specification
number and size to assure proper identification.

19. Packaging and Package Marking

19.1 Bars or wire shall be bundled or boxed in such a
manner as to assure safe delivery to their destination when
properly transported by any common carrier.

20. Keywords

20.1 bar; UNS N08020; UNS N08024; UNS N08026; wire

TABLE 6 Permissible Variations in Thickness and Width for Hot-Rolled Flat Bars

Specified Width, in. (mm)

Permissible Variations in Thickness for Thicknesses Given, in. (mm)

1⁄8 (3.18) to 1⁄2 (12.70), incl Over 1⁄2 (12.70) to 1 (25.40), incl Over 1 (25.40) to 2 (50.80), incl

Over Under Over Under Over Under

To 1 (25.40), incl 0.008 (0.20) 0.008 (0.20) 0.010 (0.25) 0.010 (0.25) ... ...
Over 1 (25.40) to 2 (50.80), incl 0.012 (0.30) 0.012 (0.30) 0.015 (0.38) 0.015 (0.38) 0.031 (0.79) 0.031 (0.79)
Over 2 (50.80) to 4 (101.60), incl 0.015 (0.38) 0.015 (0.38) 0.020 (0.51) 0.020 (0.51) 0.031 (0.79) 0.031 (0.79)
Over 4 (101.60) to 6 (152.40), incl 0.015 (0.38) 0.015 (0.38) 0.020 (0.51) 0.020 (0.51) 0.031 (0.79) 0.031 (0.79)
Over 6 (152.40) to 8 (203.20), incl 0.016 (0.41) 0.016 (0.41) 0.025 (0.64) 0.025 (0.64) 0.031 (0.79) 0.031 (0.79)
Over 8 (203.20) to 10 (254.00), incl 0.021 (0.53) 0.021 (0.53) 0.031 (0.79) 0.031 (0.79) 0.031 (0.79) 0.031 (0.79)

Over 2 (50.80) to 4 (101.60), incl Over 4 (101.60) to 6 (152.40), incl Over 6 (152.40) to 8 (203.20), incl

Over Under Over Under Over Under

To 1 (25.40), incl ... ... ... ... ... ...
Over 1 (25.40) to 2 (50.80), incl ... ... ... ... ... ...
Over 2 (50.80) to 4 (101.60), incl 0.062 (1.57) 0.031 (0.79) ... ... ... ...
Over 4 (101.60) to 6 (152.40), incl 0.062 (1.57) 0.031 (0.79) 0.093 (2.36) 0.062 (1.57) ... ...
Over 6 (152.40) to 8 (203.20), incl 0.062 (1.57) 0.031 (0.79) 0.093 (2.36) 0.062 (1.57) 0.125 (3.18) 0.156 (3.96)
Over 8 (203.20) to 10 (154.00), incl 0.062 (1.57) 0.031 (0.79) 0.093 (2.36) 0.062 (1.57) 0.125 (3.18) 0.156 (3.96)

Specified Width, in. (mm)
Permissible Variations in Width, in. (mm)

Over Under

To 1 (25.40), incl 0.015 (0.38) 0.015 (0.38)
Over 1 (25.40) to 2 (50.80), incl 0.031 (0.79) 0.031 (0.79)
Over 2 (50.80) to 4 (101.60), incl 0.062 (1.57) 0.031 (0.79)
Over 4 (101.60) to 6 (152.40), incl 0.093 (2.36) 0.062 (1.57)
Over 6 (152.40) to 8 (203.20), incl 0.125 (3.18) 0.156 (3.96)
Over 8 (203.20) to 10 (254.00), incl 0.156 (3.96) 0.187 (4.75)

TABLE 7 Permissible Variations in Size of Cold-Finished Round
Bars

Specified Size, in. (mm)
Permissible Variations from Specified

Size, in. (mm)A,B

Over Under
Over 1⁄2 (12.70) to 1 (25.40), excl 0.002 (0.05) 0.002 (0.05)
1 (25.40) to 1 1⁄2 (38.10), excl 0.0025 (0.06) 0.0025 (0.06)
1 1⁄2 (38.10) to 4 (101.60), inclC 0.003 (0.08) 0.003 (0.08)

A Unless otherwise specified, size tolerances are over and under as shown in
the above table. When required, however, they may be specified all over and
nothing under, or all under and nothing over, or any combination of over and under,
if the total spread in size tolerance for a specified size is not less than the total
spread shown in the table.

B When it is necessary to heat treat or heat treat and pickle after cold finishing,
size tolerances are double those shown in the table.

C Cold-finished bars over 4 in. (101.60 mm) in diameter are produced; size
tolerances for such bars have not been evolved.

TABLE 8 Permissible Variations in Size of Cold-Finished
Hexagonal, Octagonal, and Square Bars

Specified Size, in. (mm)

Permissible Variations from Specified
Size, in. (mm)A

Over Under

Over 1⁄2 (12.70) to 1 (25.40), incl 0 0.004 (0.10)
Over 1 (25.40) to 2 (50.80), incl 0 0.006 (0.15)
Over 2 (50.80) to 3 (76.20), incl 0 0.008 (0.20)
Over 3 (76.20) 0 0.010 (0.25)

AWhen it is necessary to heat treat or heat treat and pickle after cold finishing,
size tolerances are double those shown in the table.

TABLE 9 Permissible Variations in Width and Thickness of Cold-
Finished Flat Bars

Width, in. (mm)

Permissible Variations in Width, over
and under, in. (mm)A

For Thicknesses
1⁄4 (6.35) and

Under

For Thicknesses
Over 1⁄4
(6.35)

3⁄8 (9.52) to 1 (25.40), incl 0.004 (0.10) 0.002 (0.05)
Over 1 (25.40) to 2 (50.80), incl 0.006 (0.15) 0.003 (0.08)
Over 2 (50.80) to 3 (76.20), incl 0.008 (0.20) 0.004 (0.10)
Over 3 (76.20) to 4 1⁄2 (114.30), incl 0.010 (0.25) 0.005 (0.13)

Thickness, in. (mm)
Permissible Variations in Thickness, over

and under, in. (mm)A

1⁄8 (3.18) to 1 (25.40), incl 0.002 (0.05)
Over 1 (25.40) to 2 (50.80), incl 0.003 (0.08)
Over 2 (50.80) to 3 (76.20), incl 0.004 (0.10)
Over 3 (76.20) to 4 1⁄2 (114.30), inclB 0.005 (0.13)

AWhen it is necessary to heat treat and pickle after cold finishing, size tolerances
are double those shown in the table.

BCold-finished flat bars over 41⁄2 in. (114.30 mm) wide or thick are produced;
width and thickness tolerances for such bars have not been evolved.
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TABLE 10 Permissible Variations in Length of Hot-Finished or
Cold-Finished Bars

NOTE 1—The order should specify random lengths or specific lengths.
When random lengths are ordered, the length tolerance is not less than 24
in. (609.60 mm). When specific lengths are ordered, Table 10 or Table 11
shall apply.

Specified Size of Rounds,
Squares, Hexagons, and
Octagons and Widths of

Flats,A in. (mm)

Permissible Variations in Length, in. (mm)

For Lengths Up to 12 ft
(3,658 mm), incl

For Lengths Over 12
(3,658 mm) to 25 ft

(7,620 mm), incl

Over Under Over Under

To 2 (50.80), incl 1⁄2 (12.70) 0 3⁄4 (19.05) 0
Over 2 (50.80) to 4 (101.60),

incl

3⁄4 (19.05) 0 1 (25.40) 0

Over 4 (101.60) to 6
(152.40), incl
Over 6 (152.40) to 9 (228.60),

incl
1(25.40) 0 1 1⁄4 (31.75) 0

Over 9 (228.60) to 12
(304.80), incl 1 1⁄4 (31.75) 0 1 1⁄2 (38.10) 0

1 1⁄2 (38.10) 0 2 (50.80) 0
A The maximum width of bar flats is 10 in. (254.00 mm).

TABLE 11 Permissible Variations in Length of Hot-Finished or
Cold-Finished Bars Machine Cut After Machine Straightening

NOTE 1—The order should specify random lengths or specific lengths.
When random lengths are ordered, the length tolerance is not less than 24
in. (609.60 mm). When specific lengths are ordered. Table 10 or Table 11
shall apply.

Specified Size of Rounds,
Squares, Hexagons, and
Octagons and Widths of

Flats,A in. (mm)

For Lengths Up to 12
ft (3,658 mm), incl

For Lengths Over 12
(3,658 mm) to 25 ft

(7,620 mm), incl

Over Under Over Under

To 3 (76.20), incl 1⁄8 (3.18) 0 3⁄16 (4.76) 0
Over 3 (76.20) to 6 (152.40),

incl

3⁄16 (4.76) 0 1⁄4 (6.35) 0

Over 6 (152.40) to 9 (228.60),
incl

Over 9 (228.60) to 12
(304.80), incl

1⁄4 (6.35) 0 5⁄16 (7.94) 0

1⁄2 (12.70) 0 1⁄2 (12.70) 0
AThe maximum width of bar flats is 10 in. (254.00 mm).

TABLE 12 Permissible Variations in Straightness of Machine
Straightened Hot-Finished or Cold-Finished Bars

Measurement is taken on the concave side of the bar with a straight edge.
Unless otherwise specified, hot-finished or cold-finished bars for machining
purposes are furnished machine straightened to the following tolerances:
Hot finished:

1⁄8 in. (3.18 mm) in any 5 ft (1524 mm), but may not exceed 1⁄8 in. (3.18
mm) 3 (length in feet (mm))/(5 ft (1524 mm))
Cold finished:

1⁄16 in. (1.59 mm) in any 5 ft (1524 mm), but may not exceed 1⁄16 in. (1.59
mm) 3 (length in feet (mm))/(5 ft (1524 mm))

TABLE 13 Diameter and Out-of-Round Tolerances for Round
Wire (Drawn, Polished, Centerless Ground, Centerless Ground

and Polished) ABC

Specified Diameter, in. (mm)
Diameter Tolerance, in. (mm)

Over Under

0.5000 (12.70) 0.002 (0.05) 0.002 (0.05)
Under 0.5000 (12.70) to 0.3125 (7.94), incl 0.0015 (0.04) 0.0015 (0.04)
Under 0.3125 (7.94) to 0.0440 (1.12), incl 0.001 (0.03) 0.001 (0.03)
Under 0.0440 (1.12) to 0.0330 (0.84), incl 0.0008 (0.02) 0.0008 (0.02)
Under 0.0330 (0.84) to 0.0240 (0.61), incl 0.0005 (0.013) 0.0005 (0.013)
Under 0.0240 (0.61) to 0.0120 (0.30), incl 0.0004 (0.010) 0.0004 (0.010)
Under 0.0120 (0.30) to 0.0080 (0.20), incl 0.0003 (0.008) 0.0003 (0.008)
Under 0.0080 (0.20) to 0.0048 (0.12), incl 0.0002 (0.005) 0.0002 (0.005)
Under 0.0048 (0.12) to 0.0030 (0.08), incl 0.0001 (0.003) 0.0001 (0.003)

ADiameter tolerances are over and under as given in this table. Also, round wire
can be produced to tolerances all over and nothing under, or all under and nothing
over, or any combination over and under, if the total spread in diameter tolerances
for a specified diameter is not less than the total spread given in this table.

BThe maximum out-of-round tolerance for round wire is one half of the total size
tolerance given in this table.

CWhen it is necessary to heat treat after cold finishing because of special
mechanical property requirements, tolerances are commonly double those shown.

TABLE 14 Size Tolerances for Drawn Wire in Hexagons,
Octagons, and Squares

Specified Size,A in. (mm)
Size Tolerance, in. (mm)

Over Under
1⁄2 (12.70) 0 0.004 (0.10)
Under 1⁄2 (12.70) to 5⁄16 (7.94), incl 0 0.003 (0.08)
Under (7.94) to 1⁄8 (3.18), incl 0 0.002 (0.05)

ADistance across flats.
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall be applied only when specified by the purchaser
in the inquiry, contract, or order.

S1. Corrosion Tests for UNS N08020

S1.1 One intergranular corrosion test per heat shall be
performed by the manufacturer on a sensitized specimen and
tested in accordance with Practices A 262. When this supple-
mentary requirement is specified, the specific practice (Practice
B or Practice E) shall also be specified. If Practice B is
specified, the specimen must pass with a rate of less than 0.002
in./month (ipm).

S1.1.1 In addition to the stabilize anneal, the specimen shall
be sensitized for 1 h at1250°F (677°C) before being subjected
to corrosion testing.

S1.1.2 If any specimen selected to represent any heat fails to
meet the test requirement, the material represented by such
specimen may be reheat-treated and resubmitted for test.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 15 Length Tolerances for Round and Shape, Straightened and Cut Wire, Exact Length Resheared Wire

Diameter, in. (mm) Length, ft (mm)
Tolerance, in. (mm)

Over Under

0.125 (3.18) and under Up to 12 (3,658), incl 1⁄16 (1.59) 0
0.125 (3.18) and under Over 12 (3,658) 1⁄8 (3.18) 0
Over 0.125 (3.18) to 0.500 (12.70), incl Under 3 (914) 1⁄32 (0.79) 0
Over 0.125 (3.18) to 0.500 (12.70), incl 3 (914) to 12 (3,658), incl 1⁄16 (1.59) 0
Over 0.125 (3.18) to 0.500 (12.70), incl Over 12 (3,658) 1⁄8 (3.18) 0

TABLE 16 Size Tolerances for Wire for Which the Final
Operation is a Surface Treatment for the Purpose of Removing

Scale or Drawing Lubricant

Specified Size, in. (mm)
Tolerance, in. (mm)

Over Under

1⁄2 (12.70) 0.004 (0.10) 0.004 (0.10)
Under 1⁄2 (12.70) to 5⁄16 (7.94), incl 0.003 (0.08) 0.003 (0.08)
Under 5⁄16 (7.94) to 0.044 (1.12), incl 0.002 (0.05) 0.002 (0.05)
Under 0.044 (1.12) to 0.033 (0.84), incl 0.0013 (0.03) 0.0013 (0.03)
Under 0.033 (0.84) to 0.024 (0.61), incl 0.0008 (0.02) 0.0008 (0.02)

TABLE 17 Thickness and Width Tolerances for Cold-Finished Flat Wire

Specified Width, in. (mm)

Thickness Tolerance, in. (mm), Over or Under, for Given Thicknesses,
in. (mm)

Width Tolerance, in. (mm)

Under 0.029 (0.74)
0.029 (0.74) to

0.035 (0.89), excl
0.035 (0.89) to
3⁄16 (4.76), excl

Over Under

Under 3⁄8 (9.52) to 1⁄16 (1.59), incl 0.001 (0.03) 0.0015 (0.04) 0.002 (0.05) 0.005 (0.13) 0.005 (0.13)
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Designation: B 474 – 03

Standard Specification for
Electric Fusion Welded Nickel and Nickel Alloy Pipe 1

This standard is issued under the fixed designation B 474; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers electric fusion welded pipe
suitable for high-temperature or corrosive service as listed in
Table 1. (Although no restrictions are placed on the sizes of
pipe that may be furnished under this specification, commercial
practice is commonly limited to sizes not less than 8 in. (203
mm) nominal diameter.)

1.2 Five classes of pipe are covered as follows:
1.2.1 Class 1—Pipe shall be double welded by processes

employing filler metal in all passes and shall be completely
radiographed.

1.2.2 Class 2—Pipe shall be double welded by processes
employing filler metal in all passes. No radiography is re-
quired.

1.2.3 Class 3—Pipe shall be single welded by processes
employing filler metal in all passes and shall be completely
radiographed.

1.2.4 Class 4—Same as Class 3 except that the weld pass
exposed to the inside pipe surface may be made without the
addition of filler metal.

1.2.5 Class 5—Pipe shall be double welded by processes
employing filler metal in all passes and shall be spot radio-
graphed.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products2

B 127 Specification for Nickel-Copper Alloy (UNS
N04400) Plate, Sheet, and Strip2

B 162 Specification for Nickel Plate, Sheet, and Strip2

B 168 Specification for Nickel-Chromium-Iron Alloys
(UNS N06600, N06601, N06603, N06690, N06025 and
N06045) and Nickel-Chromium-Cobalt-Molybdenum Al-
loy (UNS N06617) Plate, Sheet, and Strip2

B 333 Specification for Nickel-Molybdenum Alloy Plate,
Sheet, and Strip2

B 424 Specification for Ni-Fe-Cr-Mo-Cu-Alloy (UNS
N08825 and UNS N08221) Plate, Sheet, and Strip2

B 435 Specification for UNS N06002, UNS N06230, UNS
N12160, and UNS R30556 Plate, Sheet, and Strip2

B 443 Specification for Nickel-Chromium-Molybdenum-
Columbium Alloy (UNS N06625) Plate, Sheet, and Strip2

B 463 Specification for UNS N08020, UNS N08026, and
UNS N08024 Alloy Plate, Sheet, and Strip3

B 536 Specification for Nickel-Iron-Chromium-Silicon Al-
loys (UNS N08330 and N08332) Plate, Sheet, and Strip2

B 575 Specification for Low-Carbon Nickel-Molybdenum-
Chromium, Low-Carbon Nickel-Chromium-Molybdenum,
Low-Carbon Nickel-Chromium-Molybdenum-Copper,
Low-Carbon Nickel-Chromium-Molybdenum-Tantalum,
and Low-Carbon Nickel-Chromium-Molybdenum-
Tungsten Alloy Plate, Sheet, and Strip2

B 582 Specification for Nickel-Chromium-Iron-
Molybdenum-Copper Alloy, Plate, Sheet, and Strip2

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys2

B 899 Terminology Relating to Non-ferrous Metals and
Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 1473 Test Method for Chemical Analysis of Nickel,
Cobalt, and High Temperature Alloys6

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07on Refined Nickel and Cobalt and Their Alloys.

Current edition approved March 10, 2003. Published May 2003. Originally
approved in 1968. Last previous edition approved in 1999 as B 474 – 99.

* New designation established in accordance with ASTM E 527 and SAE J 1086,
Practice for Numbering Metals and Alloys (UNS).

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.06.
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2.2 American Society of Mechanical Engineers Standard:
ASME Boiler and Pressure Vessel Code, Section IX and

Section VIII, Div. 17

2.3 American Welding Society Standards:
A5.4 Corrosion-Resisting Chromium and Chromium Nickel

Steel Covered Welding Electrodes8

A5.9 Corrosion-Resisting Chromium and Chromium Nickel
Steel Welding Rods and Bare Electrodes8

A5.11 Nickel and Nickel Alloy Covered Welded Elec-
trodes8

A5.14 Nickel and Nickel Alloy Bare Welding Rods and
Electrodes8

3. Terminology

3.1 Terms defined in Terminology B 899 shall apply unless
otherwise defined in this standard.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Quantity (feet or number of lengths),
4.1.2 Name of material or UNS number (electric-fusion-

welded pipe),
4.1.3 Alloy (Table 1),
4.1.4 Class (see 1.2),
4.1.5 Size (outside diameter and minimum wall thickness),
4.1.6 Length (specific or random),
4.1.7 ASTM designation and year of issue,

4.1.8 Authorization for repair of plate defects by welding
without prior approval if such is intended (see 9.4),

4.1.9 Circumferential weld permissibility (see 8.3.2), and
4.1.10 Supplementary requirements.

5. Materials and Manufacture

5.1 Materials—The plate material shall conform to the
requirements of the appropriate raw material specification
listed in 2.1.

5.2 Welding:
5.2.1 The joints shall be full penetration double-welded or

single-welded butt joints employing fusion welding processes
as defined under “Definitions,” ASME Boiler and Pressure
Vessel Code, Section IX. This specification makes no provision
for any difference in weld quality requirements regardless of
the weld joint type employed (single or double) in making the
weld. Where backing rings or strips are employed, the ring or
strip material shall be of the same P-number (Table QW-422 of
Section IX) as the plate being joined. Backing rings or strips
shall be completely removed after welding, prior to any
required radiography, and the exposed weld surface shall be
examined visually for conformance to the requirements of
5.2.3. Welds made by procedures employing backing strips or
rings which remain in place are prohibited. Welding procedures
and welding operators shall be qualified in accordance with
ASME Boiler and Pressure Vessel Code, Section IX.

5.2.2 Except as provided in 5.2.2.1 and 5.2.2.2, welds shall
be made in their entirety by processes involving the deposition
of filler metal.

5.2.2.1 For Class 4 pipe employing multiple passes, the
root-pass may be completed without the addition of filler
metal.

5.2.2.2 For Class 4 pipe, the weld surface exposed inside the
pipe may result from a single pass made from the inside of the
pipe without the addition of filler metal.

7 Available from American Society of Mechanical Engineers (ASME), ASME
International Headquarters, Three Park Ave., New York, NY 10016-5990.

8 Available from the American Welding Society, 2501 N.W. Seventh St., Miami,
FL 33125.

TABLE 1 Recommended Heat Treatment

Alloy UNS Designation
PWHTA,B

Deg. F. (Deg. C)
Quench

200 (Ni) N02200 1650-1700 (900 to 928) Rapid Air/water
201 (Low C) N02201 1650-1700 (900 to 928) Rapid Air/water
400 (Ni-Cu) N04400 1650-1700 (900 to 928) Rapid Air/water
X (Ni-Cr-Mo-Fe) N06002 2150 (1177)C Rapid Air/water
C22D (Low C-Ni-Mo-Cr) N06022 2050-(1120)C Rapid Air/water
G30D (Ni-Cr-Fe-Mo-Cu) N06030 2150 (1177)C Rapid Air/water
C2000D(Ni-Cr-Mo-Cu) N06200 2075-2125 (1135-1163)B Rapid Air/water
230D (Ni-Cr-W-Mo) N06230 2150-2250 (1177-1232)B Rapid Air/water
600 (Ni-Cr-Fe) N06600 1800-1850 (983 to 1010) Rapid Air/water
601 (Ni-Cr-Fe-Al) N06601 1600-1650 (874 to 900)E Rapid Air/water
625 (Ni-Cr-Mo-Cb) Grade 1 N06625 1600 (871)C Rapid Air/water
625 (Ni-Cr-Mo-Cb) Grade 2 N06625 2000 (1093)C Rapid Air/water
G3D (Ni-Cr-Fe-Mo-Cu) N06985 2100-2150 (1147 to 1177)B Rapid Air/water
Alloy 20 (Cr-Ni-Fe-Mo-Cu-Cb) N08020 1700-1850 (927 to 1010) Rapid Air/water
... N08024 1925-1975 (1052 to 1079) Rapid Air/water
... N08026 2050-2200 (1121 to 1204) Rapid Air/water
825 (Ni-Fe-Cr-Mo-Cu) N08825 1700-1800 (930 to 980)E Rapid Air/water
C276 (Low C-Ni-Mo-Cr) N10276 2050 (1121)C Rapid Air/water
B2 (Ni-Mo) N10665 1950 (1065)C Rapid Air/water
B3D (Ni-Mo) N10675 1950 (1065)C Rapid Air/water

ARecommended temperatures—Different temperatures may be selected by either the purchaser or the manufacturer.
BSet temperatures, 625°F (614°C).
CMinimum set temperature.
DRegistered Trademark of Haynes International.
EHeat treatment is highly dependent on intended service temperature — consult material manufacturer for specific heat treatments for end use temperature.
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5.2.2.3 All single-welded pipe shall be completely radio-
graphed

5.2.3 The weld surface on either side of the weld shall be
flush with the base plate or shall have a reasonably uniform
crown, not to exceed1⁄8 in. (3.2 mm). Any weld reinforcement
may be removed at the manufacturer’s option or by agreement
between the manufacturer and purchaser. The contour of the
reinforcement shall be reasonably smooth and free of irregu-
larities. The deposited metal shall be fused uniformly into the
plate surface. No concavity of contour is permitted unless the
resulting thickness of weld metal is equal to or greater than the
minimum thickness of the adjacent base metal.

5.2.4 Weld defects shall be repaired by removal to sound
metal and rewelding. Subsequent heat treatment and inspection
(that is, visual, radiographic and dye penetrant) shall be as
required on the original welds.

5.3 Heat Treatment:
5.3.1 The pipe furnished under this specification, shall be

heat treated in accordance with Table 1. See Table 1 for
recommended practice.

5.3.2 The purchase order shall specify one of the following
conditions if the heat-treated condition specified by Table 1 is
not desired by the purchaser.

5.3.2.1 A final heat treatment other than that specified in
Table 1—Each pipe supplied under this requirement shall be
stenciled with the final heat-treatment temperature in degrees
Fahrenheit or degrees Celsius after the suffix “HT.”

5.3.2.2 No final heat-treatment of pipe fabricated of plate
that has been heat treated at temperatures required by this

specification—Each pipe supplied under this requirement shall
be stenciled with the suffix “HT-O.”

5.3.2.3 No final heat-treatment of pipe fabricated of plate
that has not been heat treated at temperatures required by this
specification—Each pipe supplied under this requirement shall
be stenciled with the suffix “HT-SO.”

6. Chemical Composition

6.1 Product Analysis of Plate—The pipe manufacturer shall
make an analysis of each mill heat of plate material. The
product analysis so determined shall meet the requirements of
the plate specification to which the material was ordered.

6.2 Product Analysis of Weld—The pipe manufacturer shall
make an analysis of the finished deposited weld material from
each lot of pipe. The chemical composition of the weld deposit
shall fall within the chemical composition limits of the
applicable AWS filler metal specification for the corresponding
grade shown in Table 2 (or higher alloyed filler metal when
approved by the purchaser) or shall conform to the chemical
composition specified for the plate specification to which the
material was ordered, or shall, subject to the purchaser ap-
proval, be a filler metal more highly alloyed than the base
metal when needed for corrosion resistance or other properties.
Use of a filler metal other than that listed in Table 2 shall be
reported and the filler metal identified on the pipe manufactur-
er’s certificate of test. The composite analysis variations from
Table 2 limits, that are caused by the dilution of the weld metal
with the base metal, shall be agreed upon between purchaser
and manufacturer.

TABLE 2 Pipe and Weld Filler Materials

Filler Metal Clsssification and
UNS DesignationA for
Applicable AWS Specification

A5.11 A5.9 A5.14

Alloy
UNS

Designation
ASTM Plate
Specification

Class UNS Class UNS Class UNS

200 N02200 B162 ENi-1 W82141 ... ... ERNi-1 N02061
201 N02201 B162 ... ... ... ... ... ...
400 N04400 B127 ENiCu-7 W84190 ... ... ERNiCu-7 N04060
X N06002 B435 ENiCrMo-2 W86002 ... ... ERNiCrMo-2 N06002

C22B N06022 B575 ENiCrMo-10 W86022 ... ... ERNiCrMo-10 N06022
C2000B N06200 B575 ENiCrMo-17C W86200C ... ... ERNiCrMo-17C N06200C

C30B N06030 B582 ENiCrMo-11 W86030 ... ... ERNiCrMo-11 N06030
230B N06230 B435 ENiCrWMo-1C W86231C ... ... ERNiCrWMo-1 N06231
600 N06600 B168 N/AD ... ... ... ERNiCr-3 N06082
601 N06601 B168 E ... ... ... E

625 N06625 B443 ENiCrMo-3 W86112 ... ... ERNiCrMo-3 N06625
G3 N06985 B582 ENiCrMo-9 W86985 ... ... ERNiCrMo-9 N06985

20CB N08020 B463 ... ... ER320 N08021 ... ...
... ... ... ... ... ER320LR N08022 ... ...

Cr-Ni-Fe-Mo-Cu N08024 B463 N/AD ... ... ... ... ...
20Mo6F N08026 B463 ENiCrMo-3 W86112 ... ... ERNiCrMo-3 N06625

825 N08825 B424 ENiCrMo-3G W86112 ... ... ERNiCrMo-3G N06625
C276 N10276 B575 ENiCrMo-4 W80276 ... ... ERNiCrMo-4 N10276

B2 N10665 B333 ENiMo-7 W80665 ... ... ERNiMo-7 N10665
B3B N10675 B333 ENiMo-10 W80875 ... ... ERNiMo-10 N10675

ANew designation established in accordance with ASTM E527 and SAE J 1086, Practice for Numbering Metals and Alloys (UNS).
BRegistered Trademark of Haynes International.
CApproved by AWS but not published.
DNo AWS classification existed at the time of this writing—consult material manufacturer for recommended filler metal.
EFiller metal used is highly dependent on intended service temperature—consult material manufacturer for specific filler metal for end use temperature.
FRegistered Trademark of Carpenter Steel.
GRecommended filler metal—this material is highly dependent on intended service temperature for best filler metal selection—consult material manufacturer for specific

filler metal given the end use temperature.
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6.3 A lot for product analysis shall consist of one heat.

7. Mechanical and Other Properties

7.1 Mechanical Properties:
7.1.1 The mechanical properties of the plate shall be in

accordance with the plate specification to which it was ordered.
Tension tests made by the plate manufacturer shall qualify the
plate material.

7.1.2 Transverse tension tests taken across the welded joint
shall have the same tensile property requirements as those
specified for the plate.

7.1.3 A lot for mechanical testing shall consist of all
material from the same heat (which may include more that one
plate/slab/lot number), nominal size (excepting length) and
heat treatment. When final heat treatment is in a batch-type
furnace, a lot shall include only those pipes of the same size
and the same heat (which may include more than one plate/
slab/lot number) that are heat-treated in the same furnace
charge. When heat treatment is in a continuous furnace, a lot
shall include all pipe of the same size and heat (which may
include more than one plate/slab/lot number), heat-treated in
the same furnace at the same temperature, time at temperature,
and furnace speed during one production run. At no time shall
a lot consist of more than 20 000 lb (9070 kg).

7.1.4 Samples of the material to provide test specimens for
mechanical and other properties shall be taken from such
locations in each lot as to be representative of that lot. Test
specimens shall be taken from material in the final condition. It
is permissible for the test specimens to be taken from a test
plate of the same material as the pipe, the test plate being

attached to the end of the cylinder and welded as a prolonga-
tion of the pipe longitudinal weld seam, including any/all post
weld heat treatments.

7.2 Transverse Guided Weld Bend Test Requirements:
7.2.1 Two bend test specimens shall be taken transversely

from the weld area of the pipe or test plate. Except as provided
in 7.2.2, one shall be subject to a face guided-bend test and the
second to a root guided-bend test. One specimen shall be bent
with the inside surface of the pipe against the plunger and the
other with the outside surface against the plunger.

7.2.2 For wall thicknesses over3⁄8 in. [9.5mm] but less than
3⁄4 in. [19 mm] side-bend tests may be made instead of the face
and root-bend tests. For specified wall thicknesses3⁄4 in. [19
mm] and over, both specimens shall be subjected to the
side-bend test. Side-bend specimens shall be bent so that one of
the side surfaces becomes the convex surface of the bend
specimen.

7.2.3 Bends made in accordance with Fig. 1 shall be
acceptable if no cracks or other imperfections exceeding1⁄8 in.
(3.2 mm) in any direction are present in the weld metal or
between the weld and the pipe metal after bending. Cracks that
originate along the edges of the specimen during testing, and
that are less than1⁄4 in. (6.3 mm) measured in any direction
shall not be considered.

7.3 Hydrostatic Pressure Test—Each pipe shall be subjected
to a hydrostatic pressure test in accordance with 13.4. Any pipe
that shows leaks during the pressure test conducted in accor-
dance with 13.4 shall be rejected but any leaking areas may be
cut out and the pipe retested.

7.4 Radiographic Examination:

NOTE 1—1 in. = 25.4 mm.

Test Specimen
Thickness, in.

A B C D

3⁄8 11⁄2 3⁄4 23⁄8 13⁄16

t 4t 2t 6t + 1⁄8 3t + 1⁄16

FIG. 1 Guided-Bend Test Jig
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7.4.1 For Classes 1, 3, and 4 pipe, all welded joints shall be
completely examined by radiography in accordance with the
requirements of the ASME Boiler and Pressure Vessel Code,
Section VIII, Div. 1, Paragraph UW51.

7.4.2 For Class 5 pipe, the welded joints shall be spot
radiographed to the extent of not less than 12 in. [300 mm] of
radiograph per 50 ft [15 mm] of weld in accordance with the
requirements of the ASME Boiler and Pressure Vessel Code,
Section VIII, Div. 1, Paragraph UW51.

7.4.3 It is permissible to perform radiographic examination
prior to heat treatment.

8. Dimensions and Permissible Variations

8.1 Permissible variations in dimensions at any point in a
length of pipe shall not exceed the following:

8.1.1 Outside Diameter—Based on circumferential mea-
surement,60.5 % of the nominal outside diameter.

8.1.2 Out-of-Roundness—Differences between major and
minor outside diameters, 1.0 % of the specified outside diam-
eter.

8.1.3 Alignment (Camber)—Using a 10-ft (3-m) straight-
edge placed so that both ends are in contact with the pipe, the
camber shall not be more than1⁄8 in. (3.17 mm).

8.2 Thickness—The minimum wall thickness at any point in
the pipe shall not be more than 0.01 in. (0.25 mm) under the
nominal thickness.

8.3 Lengths:
8.3.1 The lengths required shall be specified in the orders.
8.3.2 Circumferentially welded joints of the same quality as

the longitudinal joints shall be permitted by agreement between
the manufacturer and the purchaser.

9. Workmanship, Finish, and Appearance

9.1 Pipe shall be furnished with smooth ends, free of burrs.
9.2 The finished pipe shall be free of injurious defects and

shall have a workmanlike finish.
9.3 Repair of Plate Defects by Machining or Grinding—

Pipe showing moderate slivers may be machined or ground
inside or outside to a depth that shall ensure the removal of all
included scale and slivers, provided the wall thickness is not
reduced below the specified minimum wall thickness. Machin-
ing or grinding shall follow inspection of the pipe as rolled and
shall be followed by supplementary visual inspection.

9.4 Repair of Plate Defects by Welding—Repair of injurious
defects shall be permitted only with the approval of the
purchaser. Defects shall be thoroughly chipped out before
welding. The repairs shall be radiographed and if the pipe itself
has already been heat treated, it shall then be heat treated again
except in the case of small welds that, in the estimation of the
purchaser’s inspector, do not require heat treatment. Each
length of pipe repaired in this manner shall be hydrostatically
tested after being repaired.

9.5 The pipe shall be sandblasted or pickled to remove all
scale and then passivated.

10. Sampling

10.1 Lots for Chemical Analysis and Mechanical Testing:
10.1.1 Heat Analysis—A lot shall consist of one same heat.

10.1.2 Mechanical Testing—A lot shall consist of the ma-
terial of the same nominal size from one heat and heat treat
condition (which can include more than one plate/slab/lot
number).

10.2 Sampling for Chemical Analysis:
10.2.1 A representative sample shall be taken by the plate

manufacturer during pouring or subsequent processing.
10.3 Sampling for Mechanical Properties—Transverse ten-

sion and bend test specimens shall be cut after final heat
treatment from the end of the finished pipe or from a test plate
of the same material and heat as the pipe that is attached to the
end of the cylinder and welded as a prolongation of the
longitudinal pipe seam.

11. Number of Tests and Retests

11.1 Chemical Analysis—One test per lot.
11.2 Transverse Tension Test—One per lot.
11.3 Transverse Guided Weld Bend Test—Two per lot.
11.4 Hydrostatic Pressure Test—Each pipe shall be sub-

jected to a hydrostatic pressure test.
11.5 Retests:
11.5.1 If the results of any mechanical tests of pipe material

of any lot do not conform to the requirements specified in
Section 7, retests shall be made on double the original number
from the same lot, each of which shall conform to the
requirements specified.

11.5.2 If the results of the mechanical tests of any lot do not
conform to the requirements specified, it is permissible that
such lot be reworked and resubmitted. The same number of
tests as originally specified shall be required on reworked and
resubmitted pipe.

12. Specimen Preparation

12.1 The test specimens required by this specification shall
conform to those described in Test Methods and Definitions
A 370.

12.2 The transverse tension and bend test specimens shall
be flattened cold before final machining to size.

12.3 Tension and bend test specimens shall be the full
thickness of the material as rolled and shall be machined to the
form and dimensions shown in Fig. 2, Fig. 3, and Fig. 4.

12.4 If any test specimen shows flaws or defective machin-
ing, it may be discarded and another specimen substituted.

13. Test Methods

13.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall be
determined, in case of disagreement, in accordance with the
following ASTM methods:

13.1.1 Chemical Analysis—Test Methods E 1473. The ele-
ments defined as balance or remainder shall be determined
arithmetically by difference.

13.1.2 Tension Test— Test Methods E 8.
13.2 For the purposes of determining compliance with the

limits in this specification, an observed value or a calculated
value shall be rounded as indicated, in accordance with the
rounding method of Practice E 29:
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Requirements Rounded unit for observed or
calculated value

Chemical composition and toler-
ance

Nearest unit in the last right-hand
place of figures of the specified
limit

Tensile strength and yield strength Nearest 1000 psi (7 MPa)
Elongation Nearest 1 %

13.3 Tension Test— If the percentage of elongation of any
test specimen is less than that specified and any part of the

fracture is more than3⁄4 in. (19.05 mm) from the center of the
gage length, as indicated by scribe marks on the specimen
before testing, or if a specimen breaks due to a flaw, a retest
shall be allowed.

13.4 Hydrostatic Test—All pipe shall be hydrostatically
tested. Such testing shall be done at a pressure determined by
the following equation, but shall not exceed 2500 psi (17 MPa)
for nominal sizes 3 in. (76 mm) and under, or 2800 psi (19
MPa) for all nominal sizes over 3 in.

NOTE 1—1⁄8 in. = 3.18 mm; 11⁄2 in. = 38.1 mm; 6 in. = 152 mm.

Pipe Wall Thickness (t), in. (mm) Test Specimen Thickness, in. (mm)
Up to 3⁄8 (9.53), incl
Over 3⁄8(9.53)

t
3⁄8 (9.53)

FIG. 2 Transverse Face- and Root-Bend Test Specimen

NOTE 1—1 in. = 25.4 mm.
FIG. 3 Reduced-Section Tension Test Specimen

NOTE 1—The ends may be of any shape to fit the holders of the testing machine in such a way that the load is applied axially.
FIG. 4 Alternative Reduced-Section Tension Test Specimen
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P 5 2St/D (1)

or

S5 PD/2t (2)

where:
P = hydrostatic test pressure, psi (MPa),
S = allowable fiber stress, for material in the condition

(temper) furnished as specified in the product specifi-
cation (S is calculated as the lower of2⁄3 of the
specified minimum 0.2 % offset yield strength or1⁄4 of
the specified minimum ultimate strength for the mate-
rial),

t = specified wall thickness, in. (mm), and
D = specified outside diameter, in. (mm).

13.4.1 The test pressure shall be held for a minimum of 5 s
and any pipe showing leaks during hydrostatic testing shall be
rejected. Leaking areas may be cut out and remaining pipe
retested for acceptance.

13.4.2 The purchaser, with the agreement of the manufac-
turer, is permitted to complete the hydrostatic test requirement
with the system pressure test, which can be lower or higher
than the specification test pressure, but in no case shall the test
pressure be lower than the system design pressure. Each length
of pipe furnished without completed manufacturer’s hydro-
static test shall include the mandatory marking of the letters
“NH.”

14. Inspection

14.1 Inspection of the material shall be agreed upon be-
tween the purchaser and the supplier as part of the purchase
contract.

15. Rejection and Rehearing

15.1 Material that fails to meet the requirements of this
specification may be rejected. Rejection shall be reported to the
producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16. Certification

16.1 When specified on the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser, that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified on the
order or contract, a report of test results shall be furnished.

17. Product Marking

17.1 The name or brand of the manufacturer, the name of
the material or UNS number, the specification number, condi-
tion, (See 5.3) heat number, class and nominal pipe size shall
be legibly marked on each piece. The material marking shall be
any method that will not result in harmful contamination.

18. Keywords

18.1 fusion welded; high-temperature alloy; pipe

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall be applied only when specified by the purchaser
in the inquiry, contract, or order.

S1. Referenced Document

S1.2 ASTM Standard:
A 262 Practices for Detecting Susceptibility to Intergranular

Attack in Austenitic Stainless Steels9

S2. Corrosion Tests for UNS N08020

S2.1 One intergranular corrosion test per lot shall be per-
formed by the manufacturer on a sensitized specimen and
tested in accordance with Practices A 262. When this supple-

mentary requirement is specified, the specific practice (Practice
B or Practice E) shall also be specified. If Practice B is
specified, the specimen must pass with a rate of less than 0.002
in./month (ipm). A lot for intergranular corrosion testing shall
be the same as for mechanical testing.

S2.1.1 In addition to the stabilize anneal, the specimen shall
be sensitized for 1 h at1250°F (677°C) before being subjected
to corrosion testing.

S2.1.2 If any corrosion test specimen fails the test, the
material represented by such specimens may be reheat-treated
and resubmitted for test.9 Annual Book of ASTM Standards, Vol 01.03.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 475 – 96 (Reapproved 2002) e1

Standard Specification for
UNS N08020, UNS N08024, and UNS N08026 Nickel Alloy
Round Weaving Wire 1

This standard is issued under the fixed designation B 475; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Paragraph 1.3 was added editorially in June 2002.

1. Scope

1.1 This specification covers UNS N08020, UNS N08026,
and UNS N08024 round weaving wire.

NOTE 1—Weaving wire is customarily not welded. For applications
involving welding in which the wire should be stabilized against loss of
corrosion resistance, the purchaser should refer to Specification B 473.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 473 Specification for UNS N08020, UNS N08026, and

UNS N08024 Nickel Alloy Bar and Wire2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys4

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 weaving wire, n—term weaving wire as used in this

specification shall be understood to cover round wire intended
especially for weaving.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 Quantity (weight),
4.1.2 Name of material or UNS number,
4.1.3 Dimensions,
4.1.4 Condition (9.2),
4.1.5 Finish (9.2),
4.1.6 Inspection (14.1),
4.1.7 Certification—State if certification or a report of test

results is required (Section 16),
4.1.8 ASTM designation and year of issue, and
4.1.9 If possible, the intended end use.

NOTE 2—A typical ordering description is as follows: 200 lb (90.7 kg),
UNS N08020, 0.020 in. (0.508 mm), annealed and pickled, ASTM
Specification B 475.

5. Materials and Manufacture

5.1 The last heat treatment shall be a solution-annealing
heat treatment.

NOTE 3—The recommended annealing temperatures are 1900 to
2100°F (1038 to 1149°C) for UNS N08020 and 2050 to 2200°F (1121 to
1204°C) for UNS N08026 and UNS N08024, all followed by quenching
in water or rapidly cooling by other means.

5.2 Wire shall be annealed or cold drawn as a final operation
to produce the specified mechanical properties.

6. Chemical Composition

6.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations prescribed in Table 2.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved May 10, 1996. Published June 1996. Originally
published as B 745 – 68. Last previous edition B 475 – 91.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 03.05.

1
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7. Mechanical Properties

7.1 The material shall conform to the requirements as to
mechanical properties prescribed in Table 3 at room tempera-
ture.

8. Dimensions and Permissible Variations

8.1 The diameter of the wire shall not vary from that
specified by more than the permissible variations prescribed in
Table 4.

9. Workmanship, Finish, and Appearance

9.1 The wire shall be uniform in diameter and free of
injurious seams, laps, pits, die marks, or defects tending to
impair the use of the wire.

9.2 The wire shall be supplied as annealed or cold-drawn
having a finish as pickled, bright-annealed, or cold-drawn.

10. Sampling

10.1 Lot:
10.1.1 A lot for chemical analysis shall consist of one heat.
10.1.2 A lot for mechanical properties shall consist of the

same gage of each heat in each heat treatment charge.
10.2 Test Material Selection:
10.2.1 Chemical Analysis—Representative samples shall be

taken during pouring or subsequent processing.
10.2.1.1Check analysisshall be wholly the responsibility

of the purchaser.
10.2.2 Mechanical Properties—Samples of the material to

provide test specimens shall be taken from such locations in
each lot as to be representative of that lot.

11. Number of Tests

11.1 Chemical Analysis—One test per lot.
11.2 Mechanical Properties—One test per lot.

12. Specimen Preparation

12.1 Tension test specimens shall be taken from material
after final heat treatment and cold drawing. The tension test
specimens shall conform to the appropriate sections of Test
Methods E 8.

13. Test Methods

13.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall, in case
of disagreement, be determined in accordance with the follow-
ing methods:

Test ASTM Designations
Chemical analysis
Tension

E 1473A

E 8

A Iron shall be determined arithmetically by difference.

TABLE 2 Product Analysis Tolerances

Elements

Tolerances Over the Maximum Limit
or Under the Minimum Limit

UNS
N08026

UNS
N08020

UNS
N08024

Carbon 0.005 0.01 0.005
Manganese 0.03 0.04 0.03
Phosphorus 0.005 0.005 0.005
Sulfur 0.005 0.005 0.005
Silicon 0.05 0.05 0.05
Chromium 0.25 0.25 0.25
Nickel 0.30 0.30 0.30
Molybdenum 0.10 0.10 0.10
Columbium (Nb) + tantalum ... 0.05 0.05
Copper 0.10 0.10 0.10
Nitrogen 0.01 ... ...

TABLE 1 Chemical Requirements

Element
Composition, %

UNS N08026 UNS N08020 UNS N08024

Carbon, max 0.03 0.07 0.03
Manganese, max 1.00 2.00 1.00
Phosphorus, max 0.03 0.045 0.035
Sulfur, max 0.03 0.035 0.035
Silicon, max 0.50 1.00 0.50
Nickel 33.00 to 37.20 32.00 to 38.00 35.00 to 40.00
Chromium 22.00 to 26.00 19.00 to 21.00 22.50 to 25.00
Molybdenum 5.00 to 6.70 2.00 to 3.00 3.50 to 5.00
Copper 2.00 to 4.00 3.00 to 4.00 0.50 to 1.50
Columbium (Nb)

+ tantalum
... 8 3 carbon-1.00 0.15 to 0.35

Nitrogen 0.10 to 0.16 ... ...
Iron remainderA remainderA remainderA

ABy difference.

TABLE 3 Mechanical Properties

Condition Diameter, in. (mm)
Tensile Strength, psi
(MPa)

Annealed Over 0.006 to 0.019 115 000 (790) max
(0.152 to 0.483), incl
Over 0.019 to 0.049 110 000 (760) max
(0.483 to 1.245), incl
Over 0.049 to 0.099 105 000 (720) max
(1.245 to 2.515), incl
Over 0.099 (2.515) 100 000 (690) max

Cold-drawnA Over 0.030 to 0.125
(0.762 to 3.175), incl

120 000 to 150 000
(830 to 1030)

Over 0.125 (3.175) 110 000 to 140 000
(760 to 970)

AWire ordered in the cold-drawn condition can be supplied to higher tensile
strength levels as specified by the purchaser.

TABLE 4 Permissible Variations in Diameter

Diameter, in.

Permissible Variations in Diameter,
6, in.A

Cold-Drawn
Condition

Annealed
Condition

0.312 to 0.044 incl 0.001 0.002
Under 0.044 to 0.033, incl 0.0008 0.0013
Under 0.033 to 0.024, incl 0.0005 0.0008
Under 0.024 to 0.012, incl 0.0004 ...
Under 0.012 to 0.008, incl 0.0003 ...
Under 0.008 to 0.006, incl 0.0002 ...

Diameter, mm

Permissible Variations in Diameter,
6, mmA

Cold-Drawn
Condition

Annealed
Condition

7.925 to 1.118, incl 0.0254 0.0508
Under 1.118 to 0.838, incl 0.0203 0.0330
Under 0.838 to 0.610, incl 0.0127 0.0203
Under 0.610 to 0.305, incl 0.0102 ...
Under 0.305 to 0.203, incl 0.0076 ...
Under 0.203 to 0.152, incl 0.0051 ...

AThe wire shall not be out-of-round more than one half the total permissible
variation specified above.
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14. Inspection

14.1 If specified, source inspection of the material by the
purchaser at the manufacturer’s plant shall be made as agreed
upon between the purchaser and the manufacturer as part of the
purchase contract.

15. Rejection and Rehearing

15.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16. Certification

16.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-

ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

17. Product Marking

17.1 The size of the wire, ASTM specification number,
grade or UNS number, heat number, and name or trademark of
the manufacturer shall be marked on a tag securely attached to
each coil or spool.

18. Packaging and Package Marking

18.1 Each coil or spool shall be one continuous length of
wire, properly coiled or spooled, and firmly tied. Unless
otherwise specified, coils shall be placed in drums or shall be
paper-wrapped, and spools shall be packaged in such a manner
as to assure safe delivery to their destination when properly
transported by any common carrier.

19. Keywords

19.1 UNS N08020; UNS N08024; UNS N08026; wire
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responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 476 – 01

Standard Specification for
General Requirements for Wrought Precious Metal
Electrical Contact Materials 1

This standard is issued under the fixed designation B 476; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers general requirements common
to wrought precious metal electrical contact alloy products in
the form of sheet, strip, wire, and rod. Unless otherwise
specified in the purchase order or in an individual specification,
these general requirements shall apply to wrought electrical
contact materials where indicated in the applicable product
specifications issued by ASTM.

1.2 In case of conflict, the requirements on the purchase
order, the individual specification, and this general specifica-
tion shall prevail in the sequence named.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The metric equivalents of inch-pound units
may be approximate.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.5 It is the responsibility of the user to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer.

2. Referenced Documents

The following documents of the issue in effect, on the date
of material purchase, form a part of this specification to the
extent referenced herein:

2.1 ASTM Standards:
B 63 Test Method for Resistivity of Metallically Conduct-

ing Resistance and Contact Materials2

B 772 Guide for Specifying the Chemical Compositions for
Electrical Contact Materials (Arcing and Nonarcing)3

E 3 Methods of Preparation of Metallographic Specimens4

E 8 Test Methods of Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 55 Practice for Sampling Wrought Nonferrous Metals and
Alloys for Determination of Chemical Composition6

E 112 Test Methods for Determining Average Grain Size4

E 384 Test Method for Microhardness of Materials4

3. Terminology

3.1 Definition:
3.1.1 lot—the quantity of material of the same type, size,

and finish produced at one time from the same cast or heat, and
heat treated in the same heat-treatment cycle.

4. Ordering Information

4.1 Orders for material to this specification shall include the
following information:

4.1.1 Designation and revision date of this specification.
4.1.1.1 If a revision date is not designated, the latest revision

should be used.
4.1.2 Designation and revision date of the applicable prod-

uct specification.
4.1.2.1 If a revision date is not designated, the latest revision

of the product specification should be used.
4.1.3 Description of material form,
4.1.4 Dimensions of the material,
4.1.5 Total quantity of each size,
4.1.6 Temper of the material (annealed, cold worked, etc.),
4.1.7 Temper test (hardness or tensile) (Section 10),
4.1.8 Special requirements (if any), and
4.1.9 Certification (Section 14).
4.2 Specify the following, if required:
4.2.1 Certificate of compliance of physical and chemical

requirement.
4.2.2 Test Data—Specify tests and analyses to be performed

and reported.
4.2.3 Special packaging, if required.

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals.

Current edition approved May 10, 2001. Published July 2001. Originally
published as B476 –68. Last previous edition B476 – 90 (1995)e1.

2 Annual Book of ASTM Standards, Vol 03.04.
3 Annual Book of ASTM Standards, Vol 02.04.

4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.05.
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5. Materials and Manufacture

5.1 The raw material shall be of such quality and purity that
the finished product shall have the properties and characteris-
tics prescribed in the applicable product specification issued by
ASTM.

5.2 The product shall be produced by a combination of hot
or cold working operations. it shall be finished, unless other-
wise specified, by such cold working, annealing, or heat
treatment as may be necessary to meet the specified properties.

6. Dimensions and Permissible Variations

6.1 General—For the purpose of determining conformance
with the dimensional requirements prescribed in this specifi-
cation, any measured value outside the specified limiting
values for any dimension may be cause for rejection.

6.2 Tolerance tables to cover all forms of products can
become quite voluminous. For this reason, it is recommended
that tolerances be established and agreed upon between the
producer and user at the time of placing an order or an inquiry
for quotation of price and delivery. Refer to Section 16
(Supplementary Requirements). Details of form and tolerances
for products not covered by this specification, such as, the
types of materials listed below, and means of measurement,
should be established between producer and user.

6.2.1 Sawed products,
6.2.2 Square sheared products,
6.2.3 Flat wire, thickness, width and edge radius tolerances,
6.2.4 Edge rolled flat wire, thickness, width and corner

radius tolerances.
6.3 Wire and Rod:
6.3.1 The standard tolerances applied to the diameter of

wire and rod shall be as prescribed in Table 1.
6.3.2 The rod straightness and length tolerance shall be

those prescribed in Table 2.
6.4 Strip and Sheet—Supplied in the form of coils, flat

lengths or on spools.
6.4.1 The thickness tolerances shall be those prescribed in

Table 3.
6.4.2 The width standard tolerance for slit products shall be

those prescribed in Table 4.
6.4.3 The straightness (camber or edgewise curvature) tol-

erance for slit strip is prescribed in Table 4 also.
6.5 Flatness—The flatness of blanks, shims, circles, or

other forms should be negotiated between the manufacturer
and the purchaser. The following suggestion is to be used for
guidance only when the manufacturer and the purchaser
discuss flatness requirements. It is not a requirement of this
specification, unless agreed upon and made part of the pur-

chase order or request for quotation. The flatness of a flat form
shall be that the maximum deviation from the flat surface shall
be less than 1 % of the measurement distance specified for the
product, such as diameter for circles, length or width of blanks,
or any specific measurement length; that is, maximum of 0.20
in. (5.08 mm) deviation in any 20 in. (508 mm) length in any
direction.

7. Workmanship

7.1 Surfaces of all material furnished to this specification
shall be smooth, clean, and free from scratches, stains, rough
spots, slivers, laps, scale, pits, and any other injurious defects
within limits consistent with the best possible practice.

8. Sampling

8.1 Sampling—The portion size and selection of pieces
shall be as follows:

8.1.1 Chemical Analysis—Samples for chemical analysis
shall be taken and prepared in accordance with Practice E 55.
The minimum weight of the composite sample that is to be
divided into three equal parts shall be 6 g.

8.1.2 Physical Tests—For physical tests, a test specimen
shall be taken from each of four randomly selected individual
units of finished product from a lot. If the lot consists of less
than four units, a piece shall be taken from each individual unit.

9. Number of Tests and Retests

9.1 If any specimen tested shows a defective test method or
extraneous flaws, it may be discarded and another specimen
substituted.

9.2 If the chemical analysis fails to conform to the specified
limits, analysis shall be made on a new composite sample,
prepared from samples selected in accordance with Practice
E 55 or 8.1.2 after the physical tests have been performed. The
results of this retest shall comply with the specified require-
ments.

9.3 The required physical tests shall be performed on 2 of 4
of the pieces selected in accordance with 8.1.2.

9.3.1 If one of the two tests made to determine any of the
physical properties fails to meet a specified limit, this test shall
be repeated on each of the two remaining pieces selected in
accordance with 8.1.2 and the results of both of these tests shall
comply with the specified requirements.

9.4 In the case of micro hardness, the number of readings
shall not be less than 5 on each test specimen.

10. Test Methods

10.1 The properties enumerated in the applicable product
specification shall be determined in accordance with the
following: Test Methods B 63 and E 384, Methods E 3, E 8,
and E 112, and Practice E 55.

10.2 The contract or order may specify ultimate tensile
strength, elongation, microhardness (Knoop or Vickers), hard-
ness (Rockwell or Rockwell Superficial), or a combination of
these mechanical properties as temper criterion. If the contract
or order does not specify a temper criterion, then the criterion
for temper designation will be ultimate tensile strength and
elongation.

TABLE 1 Round Wire and Rod Diameter Tolerance

Diameter, in. (mm) Tolerance, 6, in. (mm)

Up to 0.010 (0.25), incl 0.0001 (0.002)
Over 0.010 to 0.020 (0.25 to 0.51), incl 0.0002 (0.005)
Over 0.020 to 0.030 (0.51 to 0.76), incl 0.0003 (0.008)
Over 0.030 to 0.040 (0.76 to 1.02), incl 0.0004 (0.010)
Over 0.040 to 0.187 (1.02 to 4.75), incl 0.0005 (0.013)
Over 0.187 to 0.250 (4.75 to 6.35), incl 0.001 (0.03)
Over 0.250 to 0.375 (6.35 to 9.52), incl 0.0015 (0.04)
Over 0.375 to 0.750 (9.52 to 19.0), incl 0.002 (0.05)
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11. Significance of Numerical Limits

11.1 For purpose of determining compliance with the speci-
fied limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with Practice E 29.

Property Unit
Rounded Unit

for Observed or
Calculated Value

Chemical compositon percent
Hardness
Knoop (100-g load unless other-

wise specified)
Vicker (specify load)
Rockwell (all scales, specify which)
Rockwell superficial (all scales,

specify which)

nearest unit on the last right
hand place of figure of
specified limit

Resistivity µV·cm
Tensile strength psi (MPa) nearest 1000 psi (nearest 10

MPa)
Yield Strength psi (MPa) nearest 1000 psi (nearest

10 MPa)
Elongation

Below 5 % percent nearest multiple of 0.5 %
5 % and over percent nearest 1 %

Grain size
Up to 0.055 mm incl. mm nearest multiple of 0.005

mm
Over 0.055 to 0.160, mm, incl. mm nearest 0.01 mm

12. Inspection

12.1 The manufacturer shall afford the inspector represent-
ing the purchaser, all reasonable facilities to satisfy him that the
material is being furnished in accordance with this specifica-
tion.

12.2 The manufacturer shall perform or have performed at
least these minimum tests to ensure conformance to this
specification:

12.2.1 Visual inspection at 13 for surface defects. All
material shall be visually free from structural defects, cracks,
seams, porosity, inclusions, segregation, and other defects
described in 7.1.

12.2.1.1 If during 13 visual inspection an area of injurious
defects is suspected, further inspection at 103 to 203 magni-
fication is recommended to try to ascertain if the area in
question is definitely defective as described in 7.1 and 12.2.1.

12.2.1.2 Although not required by the manufacturer, the
purchaser may inspect the four randomly selected individual
units chosen for physical tests in 8.1.2 for surface defects prior
to performing the physical tests. An inspection at 103 to 203
magnification can be performed to look for defects described in
7.1 and 12.2.1.

12.2.1.3 If during visual inspection an injurious defect is
suspected, a sample containing the defect may be mounted and
suitably polished and etched. The sample may then be exam-
ined at 503 magnification to determine if it meets the
requirements listed in 7.1 and in 12.2.1. In no case shall any
defect exceed 0.0005 in. (0.01 mm) in depth.

12.2.2 Hardness test or tension test can be applied, but not
both unless specified by user.

12.2.3 Dimensional inspections shall be made as required to
ensure conformance to tolerances specified.

12.2.4 Spectrographic or chemical analysis when required
by order

13. Rejection

13.1 Material that fails to conform to this specification will
be rejected, and the manufacturer shall be notified within 30
days after receipt of the material.

13.2 In the event of rejection, manufacturer and purchaser
shall maintain test data and samples for not less than 6 weeks
from the date of the test reports to resolve any disputed test
results.

14. Certification

14.1 When specified in the purchase order or contract, the
manufacturer’s or supplier’s certification shall be furnished to
the purchaser stating that samples representing each lot have
been manufactured, tested, and inspected in accordance with
this specification and the requirements have been met. When
specified in the purchase order or contract, a report of the test
results shall be furnished.

15. Packaging and Package Marking

15.1 The material shall be separated by size, composition,
and temper, and prepared for shipment in such a manner as to
ensure acceptance by common carrier for transportation and to
afford protection from the normal hazards of transportation.

15.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, shape, gross and net weight, and name of supplier. The
specification number shall be shown when specified.

TABLE 2 Round Rod Straightness and Length Tolerance

Length, ft (m)
Straightness Tolerances

Applicable to any longitudinal edge
Maximum Curvature (Depth of Arc; in. (mm))

Length Tolerances
Applicable only to full length pieces

Length Tolerances in. (mm)

Under 2 (0.6) 0.031 (0.78) 60.125 (3.18)
2 (0.6) and under 5 (1.5) 0.031 (0.78) in any 2-ft (0.6-m) portion of the total length. 60.125 (3.18)
5 (1.5) and under 10 (3.0) 0.125 (3.18) in any 5-ft (1.5-m) portion of the total length. 60.375 (9.52)
10 (3.0) and over 0.50 (12.7) in any 10-ft (3.0-m) portion of the total length. 60.500 (12.7)

TABLE 3 Strip and Sheet Thickness Tolerance for Widths to 8.00
in. (203 mm) Inclusive

Thickness, in (mm)
Thickness

Tolerance, 6, in. (mm)

Up to 0.004 (0.10), incl 0.0003 (0.008)
Over 0.004 to 0.006 (0.10 to 0.15), incl 0.0004 (0.010)
Over 0.006 to 0.009 (0.15 to 0.23), incl 0.0006 (0.015)
Over 0.009 to 0.013 (0.23 to 0.33), incl 0.0008 (0.020)
Over 0.013 to 0.017 (0.33 to 0.43), incl 0.0010 (0.025)
Over 0.017 to 0.021 (0.43 to 0.53), incl 0.0013 (0.033)
Over 0.021 to 0.026 (0.53 to 0.66), incl 0.0015 (0.038)
Over 0.026 to 0.050 (0.66 to 1.27), incl 0.002 (0.051)
Over 0.050 to 0.073 (1.27 to 1.85), incl 0.0025 (0.064)
Over 0.073 to 0.130 (1.85 to 3.30), incl 0.003 (0.076)
Over 0.130 to 0.188 (3.30 to 4.77), incl 0.0035 (0.089)
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16. Supplementary Requirements

16.1 Special tolerances other than those specified herein
shall be as agreed upon by the manufacturer and purchaser.

16.2 Special requirements in analysis test procedures, toler-
ances, properties, and quality shall be as agreed upon between
manufacturer and purchaser.

17. Keywords

17.1 contacts; electrical contact materials; wrought precious
metal

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 4 Width and Edgewise Curvature Tolerances for Sheet and Strip, With Slit Edges

Width Tolerances in Inches (mm) Edgewise Curvature

Width Range

Slit Metal Thickness Range

Maximum Edgewise
Curvature (depth

of arc in any 6-ft (1.8-m)
portion of the
total length)

over 0.002 to
0.016 (0.051 to

0.406) incl

over 0.016 to
0.062 (0.406 to

1.57) incl

over 0.062 to
0.125 (1.57 to

3.18) incl

over 0.125 to
0.188 (3.18 to

4.78) incl

Shipped in
Rolls

in. (mm)

Shipped
Flat

in. (mm)

0.060 to 1.000 (1.52 to 25.4) incl 60.003 (0.076) 60.003 (0.076) 60.005 (0.127) 60.008 (0.203) 1.0 (25) 0.75 (19)
over 1.000 to 2.000 (25.4 to 50.8) incl 60.003 (0.076) 60.003 (0.076) 60.008 (0.203) 60.012 (0.305) 0.6 (15) 0.50 (13)
over 2.000 to 6.000 (50.8 to 152.4) incl 60.003 (0.076) 60.005 (0.127) 60.010 (0.254) 60.015 (0.381) 0.50 (13) 0.50 (13)
over 6.000 to 8.000 (152.4 to 203) incl 60.005 (0.127) 60.008 (0.203) 60.013 (0.330) 60.015 (0.381) 0.38 (9.7) 0.38 (9.7)
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Designation: B 477 – 97 (Reapproved 2002)

Standard Specification for
Gold-Silver-Nickel Electrical Contact Alloy 1

This standard is issued under the fixed designation B 477; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers 75 % gold-22 % silver-3 %
nickel alloy tubing, rod, wire, strip, and sheet material for
sliding electrical contacts.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 476 Specification for General Requirements for Wrought

Precious Metal Electrical Contact Materials2

E 384 Test Method for Microindentation Hardness of Ma-
terials3

3. Manufacture

3.1 Raw materials shall be of such quality and purity that
the finished product will have the properties and characteristics
prescribed in this specification.

3.2 The material shall be finished by such operations (cold
working, heat treating, annealing, turning, grinding, or pick-
ling) as are required to produce the prescribed properties.

4. Chemical Composition

4.1 Material produced under the specification shall meet the
requirements of chemical composition prescribed in Table 1.

5. Mechanical and Electrical Requirements

5.1 The contract or order may specify ultimate tensile
strength and elongation, microhardness (Knoop or Vickers), or
a combination of these mechanical properties as temper crite-
rion. If the contract or order does not specify a temper criterion,
then the criterion for temper designation will be ultimate
tensile strength and elongation.

5.2 Mechanical properties shall conform to the listings of
Table 2.

5.3 All test specimens shall be full size when practical.
5.4 All tests are to be conducted at room temperature, about

68°F (20°C).

6. General Requirements

6.1 Specification B 476 shall apply to all materials produced
to this specification.

6.2 Microhardness, when performed, shall be in accordance
with Test Method E 384.

7. Inspection and Testing

7.1 Material furnished under this specification shall be
inspected by the manufacturer as listed below:

7.1.1 Visual inspection at 103,
7.1.2 Temper test (hardness or tensile),
7.1.3 Dimensional tests, and
7.1.4 Spectrographic or chemical analysis when indicated

by the purchase order.
7.2 The purchaser shall perform such tests as are required to

verify the quality of material procured under this specification.

8. Keywords

8.1 contacts; electrical contact alloy; gold alloy

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B2.05 on Precious Metals and Electrical Contact Materials.

Current edition approved Dec. 10, 1997. Published September 1998. Originally
published as B 477 – 68. Last previous edition B 477 – 92.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.

TABLE 1 Chemical Composition

Element Weight Percent

Gold 74.2–75.8
Silver 21.4–22.6
Nickel 2.6–3.4
Selected base metals (lead, antimony, bismuth, tin,

arsenic, cadmium, germanium, thallium,
gallium, sulfur)

0.01 max, total

Total all base metal impurities (including above selected
base metals)

0.2 max

Total noble metal impurities 0.1 max

1
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APPENDIX

(Nonmandatory Information)

X1. TYPICAL PROPERTY VALUES

X1.1 Table X1.1 contains a list of typical property values

which are useful for engineering calculations in electrical

contact design and application.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 2 Mechanical Properties

NOTE 1—Wire 0.004 to 0.060-in. (0.1 to 1.5-mm) diameter and strip
0.003 to 0.030 (0.08 to 0.8 mm) thick except as noted.

Properties A B A C D

Ultimate tensile strength,

min, ksi

40 50 70 65

Elongation in 2 in.
(51 mm), %

10 min 8 min 1 to 10 1 to 13

Knoop hardness, 110-g
load (50 g under
0.005 in. (0.13 mm)
thick)

85 to 115 120 to 160 160 to 215 150 to 200

A Wire 0.004 to 0.020-in. (0.1 to 0.5-mm) diameter.

TABLE X1.1 Typical Property Values

Temper

A B C D

Resistivity, V·cmil/ft ... 73 ... 73
µV·cm ... 12.1 ... 12.1

Density, g/cm 3 15.8 15.8 15.8 15.8
Solidus temperature, deg C 927 927 927 927
Linear coefficient of thermal expansion per deg C (23–100 C) ... 14.8 3 10 −6 ... 14.8 3 10 −6

Thermal EMF vs platinum (0–100 C) µV/deg C ... −3 ... −3
Softening voltage, mV ... 100 ... 100
Melting voltage, mV ... 340 ... 340
Fatigue strength (rotating-bending) at 10 8 stress reversals

psi ... 35 000 ... 35 000
MPa ... 240 ... 240

Modulus of elasticity in tension:
psi ... 12 3 10 6 ... 12 3 10 6

MPa ... 82 700 ... 82 700
Proportional limit

ksi ... 35 50 45
MPa ... 240 345 310

Brinell hardness (15 kg load):
Wire or rod 0.061 to 0.187 in. (1.53 to 4.8 mm) dia 120–165

B 477 – 97 (2002)
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Designation: B 478 – 85 (Reapproved 2003)

Standard Test Method for
Cross Curvature of Thermostat Metals 1

This standard is issued under the fixed designation B 478; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the determination of cross
curvature of thermostat metals.

NOTE 1—This test method is not limited to thermostat metals and can
be used for other materials for which the cross curvature must be
measured accurately.

NOTE 2—This standard includes means for calculating cross curvature
for widths other than that of the specimen having the same radius of
curvature.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The metric equivalents of the inch-pound units
may be approximate.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Terminology

2.1 thermostat metal—a composite material, usually in the
form of sheet or strip, comprising two or more materials of any
appropriate nature, metallic or otherwise, which by virtue of
the differing expansivities of the components, tends to alter its
curvature when its temperature is changed.

2.2 cross curvature—the deviation from flat across the
width, measured as a chord height. It is expressed in inches or
millimetres.

3. Summary of Test Method

3.1 The test method for cross curvature consists of measur-
ing the chord height deviation from flat across the width of a
specimen of thermostat metal (Fig. 1).

NOTE 3—The highest point will normally be at or near the center of the
specimen.

4. Significance and Use

4.1 This procedure provides the means for defining the
magnitude and direction of cross curvature (an inherent prop-
erty in thermostat metal).

5. Apparatus

5.1 Fixture—A typical cross curvature fixture is shown in
Fig. 2. It consists of a base which has a flat ground surface on
its top side. For convenience a granite surface plate, as is
pictured, can be used. To it are attached side frames to support
rod or bar tracks which are parallel to the top surface of the
base. On the tracks is assembled a movable carriage for
mounting a micrometer depth gage.

5.2 Micrometer Depth Gage, for measuring the position of
the specimen to the nearest 0.0001 in. (0.0025 mm). The tip of
the gage rod shall be radiused.

5.3 Electronic Contact Indicator, sensitive, low-current, to
give a signal when the micrometer depth-gage rod completes
the electrical circuit across the indicator terminals by touching
the specimen or the parallel.

5.4 Parallel, hardened and ground steel,1⁄4 by 3⁄8 by 6 in. (6
by 10 by 150 mm).

NOTE 4—Parallelism of the rods, on which the micrometer carriage
traverses, to the steel parallel when laid on the surface plate shall be such
that when the carriage is traversed and micrometer readings are taken
along the length of the parallel, no reading shall be different from any
other reading by more than 0.0002 in. (0.005 mm).

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.10 on Thermostat Metals and Electrical Resistance Heating Materials.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1968. Last previous edition approved in 1985 as B 478 – 85 (1997)e1.

FIG. 1 Specimen Relationships
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6. Sampling

6.1 The method of sampling shall be mutually agreed upon
between the manufacturer and the purchaser.

7. Preparation of Sample for Measurement

7.1 The most important step in preparing the specimen for
measurement is cutting it to length. The length shall be
approximately equal to the width. The minimum length of a
specimen shall be3⁄4 in. (20 mm). It must be cut in a manner
that will not tend to alter the inherent cross curvature. It is
recommended that a shear with sharp blades and the proper
clearance be used. The shearing should impart no burrs to the
specimen. It is recommended that after shearing the specimen
to length the specimen be allowed to set for 10 min before
testing so that it can stabilize its shape. The specimen shall be
flat longitudinally.

8. Procedure

8.1 Lay the steel parallel on the surface plate with the1⁄4 -in.
(6-mm) face down and its length parallel to the travel of the
micrometer and directly under the tip of micrometer gage rod.
Take a base reading of the micrometer depth gage by sliding
the micrometer carriage over the parallel and turning the
micrometer thimble down until contact of the tip of the rod is
made with the parallel as is indicated by the electronic contact
indicator. Back off the micrometer thimble and move the
carriage away. Lay the specimen on the parallel so that the two
side edges of the specimen contact the parallel, the convex side
of the specimen is up, and the specimen is centered to avoid
tilting or uneven contact to the parallel. Then move the
micrometer carriage over the sample and take a micrometer
reading at the highest point on the specimen. Remove the

specimen and determine its thickness within60.0001 in.
(60.0025 mm) by means of micrometer calipers having
radiused anvils. Take all measurements at a temperature of 75
6 1°F (246 0.5°C) with sufficient time allowed for the sample
to have reached temperature stabilization.

NOTE 5—When low expansion side of the thermostat metal is convex,
the results obtained shall be referred to as positive ( + ) and when the high
expansion side is convex, the results obtained shall be referred to as
negative (−).

9. Calculation

9.1 Calculation of cross curvature is as follows:

C 5 B 2 H 2 t

where:
C = cross curvature, in. (or mm)
B = base reading of micrometer depth gage, in. (or mm),
H = micrometer depth gage reading at highest point of

specimen, in. (or mm),
t = specimen thickness, in. (or mm).

NOTE 6—Cross curvature varies by the square of the width for the same
radius of curvature. For example, if the cross curvature of a strip 3.00 in.
(76.2 mm) is 0.09 in. (2.3 mm), the cross curvature of a strip 1.00 in. (25.4
mm) wide having the same radius of curvature would be 0.01 in. (0.3
mm). This relationship may be influenced by mechanical distortion of the
edges in slitting or trimming to width for strips of low width-thickness
ratio.

10. Report

10.1 The report shall include the following:
10.1.1 Type of material,
10.1.2 Thickness of specimen,
10.1.3 Width of specimen,

FIG. 2 A Typical Design of Apparatus
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10.1.4 Percentage reduction of specimen,
10.1.5 Test temperature,
10.1.6 Base reading of micrometer depth gage,
10.1.7 Micrometer depth gage reading at highest point on

specimen, and
10.1.8 Cross curvature (including positive or negative sign).

11. Precision and Bias
11.1 The reliability of the results of the measurement of

cross-curvature depends primarily on the method of sample

preparation and the test conditions. The most common sources
of variation in the test results relate to the quality of the sheared
edge of the test specimen, and the uniformity of the test
temperature.

11.2 Quantitative determination of precision and bias is in
progress.

12. Keywords

12.1 chord height; cross curvature; thermostat metal

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 493 – 01 (Reapproved 2003)

Standard Specification for
Zirconium and Zirconium Alloy Forgings 1

This standard is issued under the fixed designation B 493; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers three grades of zirconium and
zirconium alloy forgings.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 The following safety hazards caveat pertains only to
the test method portion, Section 12, of this specification:This
standard does not purport to address all of the safety problems,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 8 Test Methods for Tension Testing of Metallic Materials3

3. Terminology

3.1 Lot Definitions:
3.1.1 castings—a lot shall consist of all castings produced

from the same pour.
3.1.2 ingot—no definition required.
3.1.3 rounds, flats, tubes, and wrought powder metallurgical

products (single definition, common to nuclear and non-
nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same
ingot or powder blend by the same reduction schedule and the
same heat treatment parameters. Unless otherwise agreed
between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace load for final batch anneal.

3.1.4 sponge—a lot shall consist of a single blend produced
at one time.

3.1.5 weld fittings—definition is to be mutually agreed upon
between manufacturer and the purchaser.

4. Classification

4.1 The forgings are furnished in three grades as follows:
4.1.1 Grade R60702—Unalloyed zirconium.
4.1.2 Grade R60704—Zirconium-tin alloy.
4.1.3 Grade R60705—Zirconium-niobium alloy.

5. Ordering Information

5.1 Orders for material under this specification shall include
the following information:

5.1.1 Quantity (weight and number of pieces),
5.1.2 Name of material (zirconium forgings),
5.1.3 Finish (Section 9),
5.1.4 Dimension (diameter, thickness, length, width, or as

specified in appropriate drawings),
5.1.5 ASTM designation and year of issue,
5.1.6 Grade number (see 3.1), and
5.1.7 Additions to the specification and supplementary re-

quirements, if required.

NOTE 1—A typical ordering description is as follows: 8000-lb zirco-
nium forgings, mechanically descaled 10 by 12 by 12-in. rectangular bar,
ASTM B 493, dated __, Grade R60702.

6. Materials and Manufacture

6.1 The forgings shall be formed with conventional forging
equipment normally found in primary ferrous and nonferrous
metal plants.

6.2 Forgings shall be furnished in the annealed conditions.

7. Chemical Composition

7.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1.

7.2 The manufacturer’s ingot analysis shall be considered
the chemical analysis for forgings, except for hydrogen and
nitrogen, which shall be determined on the finished product.

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloysand is the direct responsibility of
Subcommittee B10.02on Zirconium and Hafnium.

Current edition approved May 10, 2003. Published May 2003. Originally
approved in 1969. Last previous edition approved in 2001 as B 493 – 01.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-493 in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 03.01.

1
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7.3 When requested by the purchaser and stated in the
purchase order, a check analysis for any elements listed in
Table 1 shall be made on the finished product.

7.3.1 The manufacturer’s analysis shall be considered as
verified if the check analysis confirms the manufacturer’s
reported values within the tolerances prescribed in Table 2.

8. Workmanship and Quality Level Requirements

8.1 The material shall be free of injurious imperfections.
Minor surface imperfections may be removed by spot grinding
if such grinding does not reduce the dimensions of the finished
piece below the minimum permitted by the tolerance for the
product.

9. Finish and Appearance

9.1 The forgings shall have one of the following surface
conditions as specified:

9.1.1 As forged,
9.1.2 Mechanically descaled, or
9.1.3 Mechanically descaled and pickled.

10. Tensile Requirements

10.1 The material, as represented by the test specimens,
shall conform to the tensile properties prescribed in Table 3.

11. Number of Tests and Retests

11.1 Two tension tests shall be made from each lot.
11.2 Two chemistry tests for hydrogen and nitrogen content

shall be made from each lot of finished product.
11.3 Retests:

11.3.1 If any sample or specimen exhibits obvious surface
contamination or improper preparation disqualifying it as a
truly representative sample, it shall be discarded and a new
sample or specimen substituted.

11.3.2 If the results of any tests of any lot do not conform to
the requirements specified, retests shall be made on additional
forgings of double the original number from the same lot, each
of which shall conform to the requirements specified.

12. Test Methods

12.1 Tension Tests—Conduct the tension test in accordance
with Test Methods E 8. Determine the yield strength by the
offset (0.2 %) method. Determine the tensile properties using a
strain rate of 0.003 to 0.007 in./in.·min through the yield
strength. After the yield strength has been exceeded, increase
the cross-head speed to approximately 0.05 in./in.·min to
failure.

12.2 Chemical Tests—Conduct the chemical analysis by the
standard techniques normally used by the manufacturer.

13. Inspection

13.1 The manufacturer shall inspect the material covered by
this specification prior to shipment and, on request, shall
furnish the purchaser with certificates of test. If so specified in
the purchase order, the purchaser or his representative may
witness the testing and inspection of the material at the place of
manufacture. In such cases, the purchaser shall state in his
purchase order which tests he desires to witness. The manu-
facturer shall give ample notice to the purchaser as to the time
and place of the designated tests. If the purchaser’s represen-
tative does not present himself at the time agreed upon for the
testing, the manufacturer shall consider the requirement for the
purchaser’s inspection at the place of manufacture to be
waived.

13.2 The manufacturer shall afford the inspector represent-
ing the purchaser, without charge, all reasonable facilities to
satisfy him that the material is being furnished in accordance
with this specification. This inspection shall be so conducted as
not to interfere unnecessarily with the operation of the works.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the

TABLE 1 Chemical Requirements A

Element

Composition, %

UNS Grade Designation

R60702 R60704 R60705

Zirconium + hafnium, min 99.2 97.5 95.5
Hafnium, max 4.5 4.5 4.5
Iron + chromium 0.2 max 0.2 to 0.4 0.2 max
Tin ... 1.0 to 2.0 ...
Hydrogen, max 0.005 0.005 0.005
Nitrogen, max 0.025 0.025 0.025
Carbon, max 0.05 0.05 0.05
Niobium ... ... 2.0 to 3.0
Oxygen 0.16 0.18 0.18

ABy agreement between the purchaser and the manufacturer, analysis may be
required and limits established for elements and compounds not specified in the
table of chemical composition.

TABLE 2 Permissible Variation in Check Analysis Between
Different Laboratories

Element
Permissible Variation

in Product Analysis, %

Hydrogen 0.002
Nitrogen 0.01
Carbon 0.01
Hafnium 0.1
Iron + chromium 0.025
Tin 0.05
Niobium 0.05
Oxygen 0.02

TABLE 3 Tensile Requirements

UNS Grade Designation
R60702 R60704 R60705

Tensile strength, min, ksi (MPa) 55 (379) 60 (413) 70 (483)
Yield strength, min, ksi (MPa) 30 (207) 35 (241) 55 (379)
Elongation in 2 in. or 50 mm,

min, %A
16 14 16

AWhen a sub-size specimen is used, the gage length shall be as specified in
Test Methods E 8 for that specimen.
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purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

16. Referee

16.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

17. Product Marking

17.1 Unless otherwise specified, each forging over 2 lb (0.9
kg), manufactured in accordance with this specification, shall

be marked legibly, either by stenciling, stamping, or rolling
with the manufacturer’s private identification mark, the ASTM
designation, the grade, and lot number. On smaller than 2-lb
forgings, the same information shall be stamped legibly on the
container, or on a metal tag securely fastened to each part or
package of parts.

18. Packaging and Package Marking

18.1 The forgings shall be packaged either in a suitable box
or banded on a skid.

19. Keywords

19.1 zirconium; zirconium alloy for

SUPPLEMENTARY REQUIREMENTS

S1. Special Internal Soundness

S1.1 Forging shall be produced with specified internal
soundness to be verified by electric test or radiography to
standards agreed upon between the manufacturer and the
purchaser prior to the acceptance of the order.

S2. Surface Quality

S2.1 The surface quality shall be as agreed upon between the
manufacturer and the purchaser.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 494/B 494M – 03

Standard Specification for
Primary Zirconium 1

This standard is issued under the fixed designation B 494/B 494M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers two grades of zirconium metal
commonly designated as sponge or chunklets, but may also
take other forms. This specification does not include crystal bar
zirconium.

1.2 Unless a single unit is used, for example corrosion mass
gain in mg/dm2, the values stated in either inch-pound or SI
units are to be regarded separately as standard. The values
stated in each system are not exact equivalents; therefore each
system must be used independently of the other. SI values
cannot be mixed with inch-pound values.

1.3 The following precautionary caveat pertains only to the
test method portions of this specification. This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications2

3. Terminology

3.1 Lot Definitions:
3.1.1 castings—a lot shall consist of all castings produced

from the same pour.
3.1.2 ingot—no definition required.
3.1.3 rounds, flats, tubes, and wrought powder metallurgical

products (single definition, common to nuclear and non-
nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same
ingot or powder blend by the same reduction schedule and the
same heat treatment parameters. Unless otherwise agreed
between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace load for final batch anneal.

3.1.4 sponge—a lot shall consist of a single blend produced
at one time.

3.1.5 weld fittings—definition is to be mutually agreed upon
between manufacturer and the purchaser.

4. Classification

4.1 Primary zirconium is furnished in two grades:
4.1.1 Grade R60702—Unalloyed zirconium.
4.1.2 Grade R60703—Unalloyed zirconium for metallurgi-

cal alloying.

5. Ordering Information

5.1 Orders for material under this specification shall include
the following information:

5.1.1 Quantity (weight),
5.1.2 Name of material (zirconium sponge or chunklet),
5.1.3 Grade number (see 4.1),
5.1.4 ASTM designation and year of issue,
5.1.5 Check analysis (see 7.2),
5.1.6 Sampling of small blends (see 8.1.1),
5.1.7 Inspection (see 11.1),
5.1.8 Certification report (Section 13),
5.1.9 Product marking (Section 15),
5.1.10 Packaging (Section 16),
5.1.11 Oxygen limits, when needed (Table 1), and
5.1.12 Additions to the specification and supplementary

requirements, as required.

NOTE 1—A typical ordering description is as follows: 3000 lb (2000kg)
zirconium sponge, ASTM B 494 - 01, Grade R60703.

6. Materials and Manufacture

6.1 Zirconium metal is usually prepared by reduction of
zirconium tetrachloride, and it gets its physical characteristics
from the processes involved in production. These characteris-
tics may be expected to vary greatly with manufacturing
methods. This specification, however, is not limited to metal
prepared by reduction of tetrachloride or to material of any
specific physical form.

6.2 Only virgin zirconium metal, in identified, uniform,
well-mixed blends, shall be supplied under this specification.

7. Chemical Composition

7.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1.

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.02 on Zirconium and Hafnium.

Current edition approved May 10, 2003. Published May 2003. Originally
approved in 1969. Last previous edition approved in 2001 as B 494/B 494M - 01.

2 Annual Book of ASTM Standards, Vol 14.02.
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7.2 The purchaser may perform a check analysis for any
elements listed in Table 1.

7.2.1 The manufacturer’s analysis shall be considered as
verified if the check analysis confirms the manufacturer’s
reported values within the tolerances prescribed in Table 2.
Practice E 29 shall be used to establish significant digits.

8. Sampling

8.1 Sampling for Chemical Analysis:
8.1.1 The following method shall be used for blends of 3000

lb (1362 kg) or more. Smaller blends shall be sampled as
agreed upon between the manufacturer and the purchaser.

8.1.2 The method shall produce a representative sample
amounting to a minimum of 1 % of the quantity sampled. The
sample shall be prepared by running the full quantity through
a proportioner or splitter so arranged as to give the required
amount of sample material. A minimum of 30 lb (14 kg) of this
sample shall be taken to prepare the evaluation ingot described
in 10.1.

8.1.3 If analytical samples are required for the determina-
tion of magnesium or sodium and chloride, they must be taken
from the primary zirconium metal since these constituents are
volatilized in melting.

8.1.4 Analytical samples for the determination of impurities
other than magnesium or sodium and chloride shall be taken
from the evaluation ingot (Sections 8 and 10).

9. Number of Tests and Retests

9.1 Number of Tests:
9.1.1 A minimum of three chemical tests shall be performed

on the evaluation ingot.
9.2 Retests:
9.2.1 If any sample or specimen exhibits obvious surface

contamination or improper preparation disqualifying it as a
truly representative sample, it shall be discarded and a new
sample or specimen substituted.

9.2.2 If the results of any tests of any lot do not conform to
the requirements specified, retests shall be made on additional
samples of double the original number from the same lot. Each
of the retest values shall conform to the requirements specified.

10. Specimen Preparation

10.1 The sample for chemical analysis shall be obtained in
accordance with 8.1.2 and shall be compacted into consumable
electrodes, then melted to ingot form in an arc furnace of a type
conventionally used for reactive metals. The ingot shall be
prepared for analysis by either of the following two methods:

10.1.1 A longitudinal section shall be taken from the center
of the ingot. The longitudinal section shall be analyzed on
samples taken from the longitudinal section at approximately
equal intervals, as prescribed in 9.1.1.

10.1.2 Samples for chemical tests shall be taken from solid
metal below the surface porosity of the as-cast ingot. The
samples shall be taken from a minimum of three equally spaced
locations along the axial length of the ingot, as prescribed in
9.1.1.

11. Inspection

11.1 The manufacturer shall inspect the material covered by
this specification prior to shipment. If so specified in the
purchase order, the purchaser or his representative may witness
the testing and inspection of the material at the place of
manufacture. In such cases the purchaser shall state in his
purchase order which tests he desires to witness. The manu-
facturer shall give ample notice to the purchaser as to the time
and place of the designated tests. If the purchaser’s represen-
tative does not present himself at the time agreed upon for the
testing, the manufacturer shall consider the requirement for
purchaser’s inspection at place of manufacture to be waived.

11.2 The manufacturer shall afford the inspector represent-
ing the purchaser, without charge, all reasonable facilities to
satisfy him that the material is being furnished in accordance
with this specification. This inspection shall be so conducted as
not to interfere unnecessarily with the operation of the works.

12. Rejection and Rehearing

12.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection shall be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

13. Certification

13.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

14. Referee

14.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified

TABLE 1 Chemical Requirements

Element
Composition, %

Grade R60702 Grade R60703

Zirconium + hafnium 99.2 min 98.0 min
Hafnium 4.5 max 4.5 max
Iron + chromium 0.2 max ...
Hydrogen 0.005 max ...
Nitrogen 0.025 max ...
Carbon 0.05 max ...
Oxygen A A

ALimits as specified by the purchaser.

TABLE 2 Permissible Variation in Check Analysis Between
Different Laboratories

Element
Permissible Variation in

Check Analysis, %

Hydrogen 0.005
Nitrogen 0.01
Carbon 0.02
Hafnium 0.1
Iron + chromium 0.03
Oxygen 0.02
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by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

15. Product Marking

15.1 The containers shall be marked legibly and perma-
nently per the agreement between the manufacturer and the
purchaser.

16. Packaging

16.1 The method of packaging shall be as agreed upon
between the manufacturer and the purchaser and must be
acceptable by any common carrier. Packaging methods must
take due recognition of the pyrophoric nature of finely divided
zirconium.

17. Keywords

17.1 primary zirconium metal; zirconium sponge

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 495 – 01

Standard Specification for
Zirconium and Zirconium Alloy Ingots 1

This standard is issued under the fixed designation B 495; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers four grades of zirconium
ingots.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The SI units given in parentheses are for
information only.

1.3 The following precautionary caveat pertains only to the
test method portion, Section 10, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 114 Practice for Ultrasonic Pulse-Echo Straight-Beam

Examination by the Contact Method2

3. Terminology

3.1 Lot Definitions:
3.1.1 castings—a lot shall consist of all castings produced

from the same pour.
3.1.2 ingot—no definition required.
3.1.3 rounds, flats, tubes, and wrought powder metallurgical

products (single definition, common to nuclear and non-
nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same
ingot or powder blend by the same reduction schedule and the
same heat treatment parameters. Unless otherwise agreed
between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace load for final batch anneal.

3.1.4 sponge—a lot shall consist of a single blend produced
at one time.

3.1.5 weld fittings—definition is to be mutually agreed upon
between manufacturer and the purchaser.

4. Classification

4.1 The ingots are furnished in five grades as follows:
4.1.1 Grade R60702— Unalloyed zirconium.
4.1.2 Grade R60703— Unalloyed zirconium, metallurgical

grade.
4.1.3 Grade R60704— Zirconium-tin alloy.
4.1.4 Grade R60705— Zirconium-niobium alloy.
4.1.5 Grade R60706— Zirconium-niobium alloy.

5. Ordering Information

5.1 Orders for materials under this specification shall in-
clude the following information:

5.1.1 Quantity (weight),
5.1.2 Name of material (zirconium ingot),
5.1.3 Grade number (Section 4),
5.1.4 ASTM designation and year of issue,
5.1.5 Finish (Section 8), and
5.1.6 Additions to the specification and supplementary re-

quirements, if required.

NOTE 1—A typical ordering description is as follows: 10 000-lb
zirconium ingot, machine conditioned, ASTM B 495, dated __, Grade
R60702.

6. Materials and Manufacture

6.1 The ingots covered by this specification shall be manu-
factured by electron beam, vacuum, or inert atmosphere
melting in furnaces conventionally used for reactive metals.

7. Chemical Composition

7.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1.

7.2 When requested by the purchaser, a check analysis shall
be performed for any elements listed in Table 1.

7.2.1 The manufacturer’s analysis shall be considered as
verified if the check analysis confirms the manufacturer’s
reported values within the tolerances prescribed in Table 2.

8. Workmanship, Finish, and Appearance

8.1 Ingots shall be conditioned by machining, grinding, or
surface fusion to remove gross surface and subsurface defects
detrimental to subsequent fabrication.

8.2 After conditioning has been completed, no abrupt
changes in diameter or local depressions that will impair

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.02 on Zirconium and Hafnium.

Current edition approved Nov. 10, 2001. Published January 2002. Originally
published as B 495 – 69. Last previous edition B 495 – 90 (2000).

2 Annual Book of ASTM Standards,Vol 03.03.
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subsequent fabrication shall be permitted. The difference
between the maximum and minimum radii of the conditioned
ingot shall not exceed 20 % of the maximum radius, except
within 6 in. (150 mm) of the ends of the ingot where rounding
is permissible. Lands, grooves, and local depressions shall be
blended to a maximum angle of 30° to the axis of the ingot.
Each end of the ingot shall be chamfered or radiused. The
minimum chamfer or radius shall be1⁄2 in. (12.7 mm).

9. Number of Tests and Retests

9.1 At least one sample from the top, middle, and bottom of
each ingot shall be analyzed chemically.

9.2 An ultrasonic test shall be conducted on each ingot.
9.3 Retests:
9.3.1 If any sample or specimen exhibits obvious contami-

nation, improper preparation, or flaws disqualifying it as a
representative sample, it should be discarded and a new sample
or specimen substituted.

9.3.2 If the results of any test are not in conformance with
the requirements of this specification, the ingot may be retested
at the option of the manufacturer. The ingot shall be acceptable
if results of all retests following the initial test conform to this
specification.

10. Test Methods

10.1 Ultrasonic Test— Inspect the ingots ultrasonically by
the methods described in 10.1.1 and 10.1.2 unless otherwise
agreed upon between the manufacturer and the purchaser.

10.1.1 Standardization— Conduct the test in accordance
with Practice E 114. The search unit shall be a longitudinal
beam transducer, operated at a frequency of 21⁄4 MHz using a
suitable couplant with the piece being tested. Standardize the

search unit on a test block, setting the back-reflection equal to
100 %. The test block shall be of the same approximate
diameter and surface condition as the ingot. Standardization is
required before the inspection begins on the ingot. Make two
traverses along the length of the cylindrical ingot surface 90°
apart.

10.1.2 Acceptance Standards—Use an acceptance standard
containing a minimum of three holes, each 0.093 in. in
diameter, at locations approximating the center, the mid-radius,
and within 10 % of the back surface. If an indication greater
than the indication from the 0.093-in. hole at the nearest
approximate depth is observed, remove the ingot defect. Note
that the mid-radius hole can represent both the1⁄4 and 3⁄4
diameter depths. If the back reflection is between 50 and 95 %,
increase the gain to bring the back reflection up to 100° and
inspect the trace indication to observe any internal reflections
greater than the indication from the reference standard. Again,
remove such defects. Following such amplitude adjustment
and inspection, recalibrate the search unit on the test block to
continue testing. A maximum of 10° of the length of the ingot
may consist of nonparallel sides such that the back reflection is
not at least 50 %, provided each increment is not more than 3
in. (75 mm) in length and each increment is separated by an
increment at least 3 in. long in which the back reflection is a
minimum of 50 % when calibrated in accordance with 10.1.1.

10.2 Chemical Tests— Conduct the chemical analysis by the
standard techniques normally used by the manufacturer.

11. Inspection

11.1 The manufacturer shall inspect the material covered by
this specification prior to shipment and, on request, shall
furnish the purchaser with certificates of test. If so specified in
the purchase order, the purchaser or his representative may
witness the testing and inspection of the material at the place of
manufacture. In such cases, the purchaser shall state in his
purchase order which tests he desires to witness. The manu-
facturer shall give ample notice to the purchaser as to the time
and place of the designated tests. If the purchaser’s represen-
tative does not present himself at the time agreed upon for the
testing, the manufacturer shall consider the requirement for the
purchaser’s inspection at the place of manufacture to be
waived.

11.2 The manufacturer shall afford the inspector represent-
ing the purchaser, without charge, all reasonable facilities to

TABLE 1 Chemical Requirements A

Element

Composition, %

UNS Grade Designation

R60702 R60703 R60704 R60705 R60706

Zirconium + hafnium,
min

99.2 98.0 97.5 95.5 95.5

Hafnium, max 4.5 4.5 4.5 4.5 4.5
Iron + chromium 0.20 max ... 0.20 to 0.40 0.2 max 0.2 max
Tin ... ... 1.00 to 2.00 ... ...
Hydrogen, max 0.004 ... 0.005 0.005 0.005
Nitrogen, max 0.020 ... 0.025 0.025 0.025
Carbon, max 0.05 ... 0.050 0.050 0.050
Niobium ... ... ... 2.0 to 3.0 2.0 to 3.0
Oxygen, max 0.16 ... 0.18 0.18 0.16
A By agreement between the purchaser and the manufacturer, analysis may be acquired and limits established for elements and compounds not specified in the table

of chemical compositions.

TABLE 2 Permissible Variation in Check Analysis Between
Different Laboratories

Element
Permissible Variation
in Check Analysis, %

Hydrogen 0.005
Nitrogen 0.01
Carbon 0.02
Hafnium 0.1
Iron + chromium 0.03
Tin 0.05
Niobium 0.05
Oxygen 0.02
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satisfy him that the material is being furnished in accordance
with this specification. This inspection shall be so conducted as
not to interfere unnecessarily with the operation of the works.

12. Rejection and Rehearing

12.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

13. Certification

13.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

14. Referee

14.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the

requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

15. Packaging and Package Marking

15.1 Each ingot shall be metal die stamped on the top with
the manufacturer’s ingot number. Each box or skid shall be
marked or tagged legibly and conspicuously with the following
information: name; brand or trademark of the manufacturer;
name of the material; gross, net, and tare weights; nominal
diameter; and ASTM designation.

15.2 Ingots shall be boxed or banded on skids in such a
manner as to ensure safe delivery to their destination when
properly transported by any common carrier.

16. Keywords

16.1 ingot; zirconium; zirconium alloy

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
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address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
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Designation: B 497 – 00

Standard Guide for
Measuring Voltage Drop on Closed Arcing Contacts 1

This standard is issued under the fixed designation B 497; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide describes recommended procedures to accu-
rately measure voltage drop across current carrying contacts
and the parameters to be documented in order to effectively
record the results. Such contacts normally carry current greater
than 1 amp. The applicability of these procedures to contacts
carrying smaller currents should be evaluated prior to applica-
tion to such devices. Contacts carrying small current may also
be evaluated using Test Method B 539 to measure contact
resistance.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.For specific
precautionary statements, see Section 6.

2. Referenced Documents

2.1
B 539 Test Methods for Measuring Contact Resistance of

Electrical Connections (Static Contacts)2

B 542 Terminology Relating to Electrical Contacts and
Their Use2

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 542.

4. Instrument Selection

4.1 Generally, a low-impedance instrument will give greater
accuracy. Since, these instruments are subject to serious
damage by over-voltage, such as may occur when contacts are
accidentally opened, due care should be taken in a proper
instrument range selection. Many of the high-impedance
meters, such as some electronic voltmeters, are not damaged by
overvoltage and when used with the precautions pointed out in
this recommended practice can be quite accurate. Instruments

may also be protected by using the voltage-limiting circuit at
the instrument input. Two types of meters are generally used
and can be classified as self-contained voltmeters, or voltme-
ters that require an external power source.

5. Significance and Use

5.1 This guide covers the factors to be controlled, precau-
tions and documentation necessary to measure and report the
voltage drop across closed current-carrying contacts. The
voltage drop is an indication of the efficiency of the contact
interfaces in carrying a specified current. This efficiency can be
adversely effected by any insulating areas within the contact
interface. Circuits which involve substantial current and low
independence can be influenced by this contact property.

6. Instrumentation Precautions

6.1 If a self-contained instrument is used, the following
precautions should be observed:

6.1.1 The voltmeter leads should be connected as shown in
Fig. 1 as close to the test contacts as possible.

6.1.2 The leads should be as short as possible, or calibrated
with the meter, and shielded to reduce the effect of stray
pick-up voltages.

6.1.3 The voltmeter input impedance should be 1000V or
less. This will load the circuit sufficiently to reduce the effects
of stray-voltage pickup in the instrument leads. The input
impedance of high-impedance meter can be reduced by placing
a 1000-V resistor,B, across its input terminals as shown in Fig.
1.

6.1.4 Before measurements are made, the voltmeter leads
should be shorted together at pointC. With the voltmeter leads
shorted in this position, the test current should be caused to
flow in the circuit. If the voltmeter deflects, it may be caused
by induction from the load circuit to the internal components of
the meter. This may be minimized by orienting the meter, or
relocating the meter (that is, moving it away from the circuit)
until minimum meter deflection is observed. If necessary, place
conductive shielding between the meter and the circuit.

6.2 If a electronic voltmeter requiring an external power
supply is used, the additional precautions listed below should
be observed:

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals.

Current edition approved Oct. 10, 2000. Published December 2000. Originally
published as B 497 – 69. Last previous edition B 497 – 95.

2 Annual Book of ASTM Standards, Vol 02.04.
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6.2.1 To determine if the ground-loop impedance, illustrated
by resistanceA in Fig. 2 is detrimental to the meter short the
instrument leads to each other at pointC. If the meter gives a
deflection with the leads so connected when contact current
flows, the following steps must be taken to remove the
disturbance:

6.2.1.1 Eliminate the ground loop formed by the connec-
tions of the electronic voltmeter to the power line. This loop is
shown by the broken line in Fig. 2. It can be completed through
interwinding capacitance of the instrument power transformer.
This capacitance effect can be reduced by placing an additional
isolation transformer between the measuring instrument and
the source of instrument power (Fig. 3).

6.2.1.2 An optional technique that can be used to eliminate
the effect of the ground loop, is to use a differential voltmeter.
A differential voltmeter is an analog device that continuously
measures the difference between two potential levels with
respect to ground as a reference point.

7. Factors Affecting Voltage Drop

7.1 Quite often, contact-voltage drop will change with time.
On such an occasion, it is best to wait until the voltage has
stabilized to record the value.

7.2 Contact-voltage drop variations can be expected when
the contact material-softening voltage is reached.

7.3 Contact resistance and, therefore, contact-voltage drop
may be affected by the current flowing through the contacts at
the time the measurement is made. For this reason, test currents
should be specified.

7.4 For d-c measurements, thermocouple potentials pro-
duced by dissimilar metallic junctions, such as meter lead to
contact junction, may influence some meters. One method to
partially compensate for this is to take readings, reverse the
polarity of the contact-current source, and take additional
readings. By taking the average value of readings made in both
polarities, the thermal effect is eliminated.

7.5 Consideration should be given to the resistance of
circuit components between the voltmeter leads, since they act
as a baseline resistance to which the contact resistance is
additive.

8. Reporting Results

8.1 Reports of voltage drops should include:
8.1.1 Test current—The current must be stable at the time

the voltage drop is read.
8.1.2 Power source—ac or dc. For ac the frequency and

power factor should be recorded.
8.1.3 Timing of voltage measurement(s)—For example:
8.1.3.1 When stable.
8.1.3.2 At a fixed time after current initiation.
8.1.3.3 Averaged over a range of time.
8.1.4 Contact characteristics:
8.1.4.1 Material.
8.1.4.2 Size.
8.1.4.3 Shape.
8.1.5 Contact force.
8.1.6 Meter type—Manufacturer and model.

FIG. 1 Voltmeter Connections

FIG. 2 Ground Loop Impedance
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9. Keywords

9.1 closed arcing contacts; voltage drop

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
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(www.astm.org).

FIG. 3 Elimination of Ground Loop

B 497

3



Designation: B 511 – 01

Standard Specification for
Nickel-Iron-Chromium-Silicon Alloy Bars and Shapes 1

This standard is issued under the fixed designation B 511; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers wrought alloys UNS N08330
and UNS N08332 in the form of hot-finished and cold-finished
bar and shapes intended for heat-resisting applications and
general corrosive service.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:
B 536 Specification for Nickel-Iron-Chromium-Silicon Al-

loys (UNS N08330 and N08332) Plate, Sheet, and Strip3

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 112 Test Methods for Determining the Average Grain
Size4

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 bar—material round, rectangular, hexagonal, octago-

nal, or square solid section, furnished in straight lengths.
3.1.2 shapes—material of solid section in such forms as

angles, channels, tees, I-beams, and four-fluted bars.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory

performance of material ordered under this specification.
Examples of such requirements include, but are not limited to
the following:

4.1.1 Alloy (Table 1),
4.1.2 Quantity (weight or number of pieces),
4.1.3 ASTM designation and year of issue,
4.1.4 Section (round, square, I-beam, etc.),
4.1.5 Dimension, including length,
4.1.6 Certification—State if certification is required.
4.1.7 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis shall be furnished.
4.1.8 Purchaser Inspection—If a purchaser wishes to wit-

ness tests or inspections of material at the place of manufac-
ture, the purchase order must so state indicating which tests or
inspections are to be witnessed.

5. Materials and Manufacture

5.1 All material shall be furnished in the heat-treated
condition, except that cold-drawn hexagons may be given a
cold-draw sizing pass subsequent to the final heat treatment.

NOTE 1—Hot-finished rectangular bar in widths 10 in. (254 mm) and
under may be furnished as hot-finished plate with sheared or cut edges in
accordance with Specification B 536.

6. Chemical Composition

6.1 The material shall conform to the requirements as to
chemical composition specified in Table 2.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations per Specification B 880.

7. Mechanical and Other Properties

7.1 The mechanical properties of the material at room
temperature shall conform to those shown in Table 1.

7.2 Grain Size—Annealed alloy UNS N08332 shall con-
form to an average grain size of ASTM No. 5 or coarser.

7.3 Annealing Temperature—Alloy UNS N08330 shall be
annealed at 1900°F (1040°C) minimum. Alloy UNS N08332
shall be annealed at 2100°F (1150°C) minimum.

8. Dimensions and Permissible Variations

8.1 All bars and shapes shall conform to the permissible
variations in dimensions specified in Tables 3-14, inclusive.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Nov. 10, 2001. Published January 2002. Originally
published as B 511 – 70. Last previous edition B 511 – 98a.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-511 in Section II of that Code.

3 Annual Book of ASTM Standards,Vol 02.04.
4 Annual Book of ASTM Standards,Vol 03.01.
5 Annual Book of ASTM Standards,Vol 14.02.
6 Annual Book of ASTM Standards,Vol 03.05.
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9. Workmanship, Finish, and Appearance

9.1 The material shall be uniform in quality and temper,
smooth, commercially straight, and free of injurious imperfec-
tions.

10. Sampling

10.1 Lot Definition:
10.1.1 A lot for chemical analysis shall consist of one heat.
10.1.2 A lot for mechanical properties and grain size testing

shall consist of material from one heat of the same condition
and cross section, and in no case more than 30 000 lb (13 600
kg) in weight.

10.2 Test Material Selection:
10.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

10.2.1.1 Product (check) analysis shall be wholly the re-
sponsibility of the purchaser.

10.2.2 Mechanical Properties and Grain Size—Samples of
the material to provide test specimens for mechanical proper-
ties and grain size shall be taken from such locations in each lot
as to be representative of that lot.

11. Number of Tests

11.1 Chemical Analysis—One test per lot.
11.2 Grain Size—One test per lot.
11.3 Mechanical Properties—One test per lot.

12. Specimen Preparation

12.1 Tension test specimens shall be taken from material in
the final condition and tested in the direction of fabrication.

12.1.1 All material shall be tested in full cross-section size
when possible. When a full cross-section size test cannot be

performed, the largest possible round specimen shown in Test
Methods E 8 shall be used. Longitudinal strip specimens shall
be prepared in accordance with Test Methods E 8 for rectan-
gular bar up to1⁄2 in. (12.7 mm) inclusive, in thicknesses that
are too wide to be pulled full size.

13. Test Methods

13.1 Chemical Composition—In case of dispute, the chemi-
cal analysis shall be made in accordance with Test Methods
E 1473.

13.2 Grain Size—The measurement of average grain size
may be carried out by the planimetric method, the comparison
method, or the intercept method described in Methods E 112.
In case of dispute the “referee” method for determining
average grain size shall be the planimetric method.

13.3 Tension Test—Test Methods E 8.
13.4 Rounding Method—For purposes of determining com-

pliance with the limits in this specification, an observed value
or a calculated value shall be rounded as indicated below, in
accordance with the rounding method of Practice E 29:

Requirements
Rounded Unit for Observed or

Calculated Value
Chemical composition and tol-
erances (when expressed in
decimals)

nearest unit in the last right-hand
place of figures of the specified
limit. If two choices are possible, as
when the digits dropped are exactly
a 5 or a 5 followed only by zeros,
choose the one ending in an even
digit with zero defined as an even
digit.

Tensile strength and yield
strength

nearest 1000 psi (6.9 MPa)

Elongation nearest 1 %
Grain size

0.0024 in. (0.060 mm) or
larger

nearest multiple of 0.0002 in. (0.005
mm)

Less than 0.0024 in. (0.060
mm)

nearest multiple of 0.0001 in. (0.002
mm)

14. Inspection

14.1 Inspection of the material by the purchaser shall be as
agreed upon between the purchaser and the supplier as part of
the purchase contract.

15. Rejection and Rehearing

15.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16. Certification

16.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

17. Packaging and Package Marking

17.1 Material shall be bundled or boxed in such a manner as
to assure undamaged delivery to its destination when properly
transported by a common carrier.

TABLE 1 Mechanical Properties

Alloy Condition
Tensile

Strength,
min, psi (MPa)

Yield Strength
0.2% off-set,

min, psi (MPa)

Elongation in
2 in. or 50
mm, or 4D,

min, %
UNS

N08330
annealed 70 000 (483) 30 000 (207) 30A

UNS
N08332

annealed 67 000 (462) 27 000 (186) 30

AApplies to round bar only. For other bar cross-sections and shapes the
minimum elongation shall be 25 %.

TABLE 2 Chemical Requirements

Element
Composition

Limits, %

C . . .A

Mn 2.00 max
P 0.03 max
S 0.03 max
Si 0.75–1.50
Cr 17.0–20.0
Ni 34.0–37.0
Cu 1.00 max
Pb 0.005 max
Sn 0.025 max
Fe remainderB

AAlloy UNS N08330: 0.08 max.
Alloy UNS N08332: 0.05–0.10.

BElement shall be determined arithmetically by difference.
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17.2 Each bundle or shipping container shall be marked
with the name of the material or UNS number, heat number,
condition (temper), this specification number, the size, gross,
and net weight, consignor and consignee address, and contract
or order number.

18. Keywords

18.1 UNS N08330; UNS N08332; bar

TABLE 3 Permissible Variations in Size of Hot-Rolled Round and Square Bars

NOTE 1—Out-of-round is the difference between the maximum and minimum diameters of the bar, measured at the same cross section.
NOTE 2—Out-of-square section is the difference in the two dimensions at the same cross section of a square bar, each dimension being the distance

between opposite faces.
NOTE 3—Size tolerances for rounds in the size range from1⁄4 to 5⁄16in. (6.4 to 7.9 mm), incl, and for rounds in the size range from1⁄4 in. (6.4 mm) to

approximate5⁄8 in. (15.9 mm), which are produced on rod mills in coils, are not shown herein.
NOTE 4—Variations in size of coiled product made on rod mills are greater than size tolerances for product made on bar mills.

Specified Size
Size Tolerance Out-of-Round (Note 1)

or Out-of-Square Section (Note 2)Over Under

in. mm in. mm in. mm in mm

1⁄4 to 5⁄16 6.4 to 7.9 0.005 0.13 0.005 0.13 0.008 0.20
Over 5⁄16 to 7⁄16 7.9 to 11.1 0.006 0.15 0.006 0.15 0.009 0.23
Over 7⁄16 to 5⁄8 11.1 to 15.9 0.007 0.18 0.007 0.18 0.010 0.25
Over 5⁄8 to 7⁄8 15.9 to 22.2 0.008 0.20 0.008 0.20 0.012 0.30
Over 7⁄8 to 1 22.2 to 25.4 0.009 0.23 0.009 0.23 0.013 0.33
Over 1 to 11⁄8 25.4 to 28.6 0.010 0.25 0.010 0.25 0.015 0.38
Over 11⁄8 to 11⁄4 28.6 to 31.8 0.011 0.28 0.011 0.28 0.016 0.41
Over 11⁄4 to 13⁄8 31.8 to 34.9 0.012 0.30 0.012 0.30 0.018 0.46
Over 13⁄8 to 1 #4.9 to 38.1 0.014 0.36 0.014 0.36 0.021 0.53
Over 11⁄2 to 2 38.1 to 50.8 1⁄64 0.4 1⁄64 0.4 0.023 0.58
Over 2 to 21⁄2 50.8 to 63.5 1⁄32 0.8 0 0.023 0.58
Over 21⁄2 to 31⁄2 63.5 to 88.9 3⁄64 1.2 0 0.035 0.89
Over 31⁄2 to 41⁄2 88.9 to 114.3 1⁄16 1.6 0 0.046 1.17
Over 41⁄2 to 51⁄2 114.3 to 139.7 5⁄64 2.0 0 0.058 1.47
Over 51⁄2 to 61⁄2 139.7 to 165.1 1⁄8 3.2 0 0.070 1.78
Over 61⁄2 to 8 165.1 to 203.2 5⁄32 4.0 0 0.085 2.16

TABLE 4 Permissible Variations in Size of Hot-Rolled Hexagonal and Octagonal Bars

Specified Sizes Measured Between Opposite Sides
Size Tolerance Maximum Difference

Measurements for
Hexagons OnlyOver Under

in. mm in. mm in. mm in mm

1⁄2 to 1, incl 12.7 to 25.4 0.010 0.25 0.010 0.25 0.015 0.38
Over 1 to 11⁄2, incl 25.4 to 38.1 0.021 0.53 0.021 0.53 0.025 0.64
Over 11⁄2 to 2, incl 38.1 to 50.8 1⁄32 0.8 1⁄32 0.8 1⁄32 0.8
Over 2 to 21⁄2, incl 50.8 to 63.5 3⁄64 1.2 3⁄64 1.2 3⁄64 1.2
Over 21⁄2 to 31⁄2, incl 63.5 to 88.9 1⁄16 1.6 1⁄16 1.6 1⁄16 1.6
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TABLE 5 Permissible Variations in Thickness and Width for Hot Rolled Flat Bars

Specified
Widths, in.

Thickness Tolerances, in., for Given Thickness

1⁄8 to 1⁄2,
incl

Over 1⁄2
to 1,
incl

Over 1
to 2,
incl

Over 2 to 4,
incl

Over 4 to 6,
incl

Over 6 to 8,
incl

Width Toler-
ance

Over and Under Over Under Over Under Over Under Over Under

To 1, incl 0.008 0.010 ... ... ... ... ... ... ... 0.015 0.015
Over 1 to 2, incl 0.012 0.015 0.031 ... ... ... ... ... ... 0.031 0.031
Over 2 to 4, incl 0.015 0.020 0.031 0.062 0.031 ... ... ... ... 0.062 0.031
Over 4 to 6, incl 0.015 0.020 0.031 0.062 0.031 0.093 0.062 ... ... 0.093 0.062
Over 6 to 8, incl 0.016 0.025 0.031 0.062 0.031 0.093 0.062 0.125 0.156 0.125 0.156
Over 8 to 10, incl 0.021 0.031 0.031 0.062 0.031 0.093 0.062 0.125 0.156 0.156 0.187

Thickness Tolerances, mm, for Given Thickness

3.2 to
12.7,
incl

Over
12.7 to
25.4,
incl

Over
25.4 to
50.8,
incl

Over 50.8 to
101.6, incl

Over 101.6 to
152.4, incl

Over 152.4 to
203.2, incl

Width Tolerance

Over and Under Over Under Over Under Over Under Over Under

To 25.4, incl 0.20 0.25 ... ... ... ... ... ... ... 0.38 0.38
25.4 to 50.8, incl 0.31 0.38 0.80 ... ... ... ... ... ... 0.80 0.80
50.8 to 101.6, incl 0.38 0.51 0.80 1.58 0.80 ... ... ... ... 1.58 0.80
101.6 to 152.4, incl 0.38 0.51 0.80 1.58 0.80 2.36 1.58 ... ... 2.36 1.58
152.4 to 203.2, incl 0.41 0.64 0.80 1.58 0.80 2.36 1.58 3.18 3.96 3.18 3.96
203.2 to 254.0, incl 0.53 0.80 0.80 1.58 0.80 2.36 1.58 3.18 3.96 3.96 4.75

TABLE 6 Permissible Variations in Size of Cold-Finished
Round Bars

NOTE 1—Size tolerances are over and under as shown in the table. Also,
rounds can be produced to tolerances all over and nothing under, or all
under and nothing over, or any combination of over and under, if the total
spread in size tolerance for a specified size is not less than the total spread
shown in the table.

NOTE 2—When it is necessary to heat treat or heat treat and pickle after
cold finishing, size tolerances are double those shown in the table.

NOTE 3—Cold-finished bars over 4 in. (102 mm) in diameter are
produced; size tolerances for such bars are not included herein.

Specified Size
Size Tolerance (Note 1)
Over Under

in . mm in. mm in. mm
Over 1⁄2 to 1, incl 12.7 to 25.4 0.002 0.05 0.002 0.05
1 to 11⁄2, incl 25.4 to 38.1 0.0025 0.06 0.0025 0.06
11⁄2 to 4, incl (Note
2)

38.1 to
101.6

0.003 0.08 0.003 0.08

TABLE 7 Permissible Variations in Size of Cold-Finished
Hexagonal, Octagonal, and Square Bars

NOTE 1—When it is necessary to heat treat or heat treat and pickle after
cold finishing, size tolerances are double those shown in the table.

Specified Size
Permissible Variations from

Specified Size
Over Under

in. mm in. mm
Over 1⁄2 to 1, incl 12.7 to 25.4 0 0.004 0.10
Over 1 to 2, incl 25.4 to 50.8 0 0.006 0.15
Over 2 to 4, incl 50.8 to 101.2 0 0.008 0.20
Over 4 101.2 0 0.010 0.25
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TABLE 8 Permissible Variations in Width and Thickness of Cold-Finished Flat Bars

NOTE 1—When it is necessary to heat treat or heat treat and pickle after cold finishing, tolerances are double those shown in the table.
NOTE 2—Cold-finished flat bars over 41⁄2 in. (114.3 mm) wide or thick are produced: width and thickness tolerances for such bars are not included

herein.

Width
Width Tolerance (Note 1), Over and Under

For Thicknesses 1⁄4 in. (6.4 mm) and Under For Thicknesses over 1⁄4 in. (6.4 mm)

in. mm in. mm in. mm

3⁄8 to 1, incl 9.5 to 25.4 0.004 0.10 0.002 0.05
Over 1 to 2, incl 25.4 to 50.8 0.006 0.15 0.003 0.08
Over 2 to 3, incl 50.8 to 76.2 0.008 0.20 0.004 0.10
Over 3 to 41⁄2, incl 76.2 to 114.3 0.010 0.25 0.005 0.13

Thickness Thickness Tolerance, (Note 1) Over and Under

in. mm in. mm

1⁄8 to 1, incl 3.18 to 25.4 0.002 0.05
Over 1 to 2, incl 25.4 to 50.8 0.003 0.08
Over 2 to 3, incl 50.8 to 76.2 0.004 0.10
Over 3 to 41⁄2, incl 76.2 to 114.3 0.005 0.13

TABLE 9 Permissible Variations in Length of Hot Finished or Cold Finished Bars

NOTE 1—Tolerances in this table apply when specific lengths are ordered. When random lengths are ordered, the length range is not less than 24 in.
(610 mm).

Specified Sizes of Rounds,
Squares, Hexagons, Octagons
and Widths of Flats,A in. (mm)

Permissible Variations in Length, in. (mm)

To 12 ft (3.66 m), incl
Over 12 to 25 ft

(3.66 to 7.62 m), incl

Over Under Over Under

To 2, incl 51 1⁄2 (12.7) 0 3⁄4 (19.1) 0
Over 2 to 4, incl 51 to 102 3⁄4 (19.1) 0 1 (25.4) 0
Over 4 to 6, incl 102 to 152 1 (25.4) 0 11⁄4 (31.8) 0
Over 6 to 9, incl 152 to 229 11⁄4 (31.8) 0 11⁄2 (38.1) 0
Over 9 to 10, incl 229 to 254 11⁄2 (38.1) 0 2 (50.8) 0

A The maximum width of bar flats is 10 in. (254 mm).

TABLE 10 Permissible Variations in Length of Hot Finished or Cold Finished Bars Machine-Cut After Machine Straightening

NOTE 1—Tolerances in this table apply when specific lengths are ordered. When random lengths are ordered, the length range is not less than 24 in.
(610 mm).

Specified Sizes of Rounds,
Squares, Hexagons, Octagons
and Widths of Flats,A in. (mm)

Permissible Variations in Length, in. (mm)

To 12 ft (3.66 m), incl
Over 12 ft to 25 ft

(3.66 to 7.62 m), incl
Over Under Over Under

To 3, incl 76.2 1⁄8 (3.2) 0 3⁄16 (4.8) 0
Over 3 to 6, incl 76.2 to 152.4 3⁄16 (4.8) 0 1⁄4 (6.4) 0
Over 6 to 9, incl 152.4 to 228.6 1⁄4 (6.4) 0 5⁄16 (7.9) 0
Over 9 to 12, incl 228.6 to 304.8 1⁄2 (12.7) 0 1⁄2 (12.7) 0

A The maximum width of bar flats is 10 in. (254 mm).

TABLE 11 Dimensional Tolerances—Hot Extrusions

Largest Section Dimension,
in. (mm)

Tolerance, 6, in. (mm)

Under 1 (25.40)
1 (25.40) to 3 (76.20), excl

0.020 (0.51)
0.031 (0.79)

TABLE 12 Angularity Tolerance—Hot Extrusions

Tolerance,6 , °
Specified angle or angles 2
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TABLE 13 Length Tolerances For Shapes and Hot
Extrusions Specified to Exact Lengths, Machine Cut After

Straightening

Largest Sectional Dimension, in.
(mm)

Length Tolerance, in. (mm)
Over Under

Up to 3 (76.2), excl 1⁄4 (6.4) 0

TABLE 14 Permissible Variations in Straightness (Camber)
of Hot-Finished Bars, Hot Extrusions and Cold-Finished Bars

NOTE 1—Measurement is taken on the concave side of the bar with a
straightedge, and represents the greatest deviation of the side from a
straight line.

Hot-finished bars and hot extrusions:
1⁄8 in. (3.2 mm) in any 5 ft (1.5 m), but may not exceed (1⁄8 3 No.

of feet in length)/5
2.1 mm 3 No. of metres in length

Cold-finished bars:
1⁄16 in. (1.6 mm) in any 5 ft (1.5 m) but may not exceed (1⁄16 3 No.

of feet in length)/5
1.05 mm 3 No. of metres in length
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Designation: B 512 – 04

Standard Specification for
Nickel-Chromium-Silicon Alloy (UNS N08330) Billets and
Bars 1

This standard is issued under the fixed designation B 512; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers wrought heat-resisting alloy
UNS N08330 in the form of billets and bars only for reforging.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The metric equivalent of the inch-pound units
may be approximate.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High Temperature Alloys

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 bar, n—material of round solid section with uniform

cross section along its whole length, furnished in straight
lengths.

3.1.2 billet, n—material of solid section with uniform cross
section along its whole length, furnished in straight lengths.
The typical section is round-cornered square with dimensions

typically in the range 11⁄2 by 11⁄2 in. (38 by 38 mm) to 10 by 10
in. (254 by 254 mm).

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Alloy name or UNS Number.
4.1.2 ASTM designation and year of issue.
4.1.3 Section (round, round-cornered square, etc.).
4.1.4 Dimensions (diameter or thickness, width and length).
4.1.5 Quantity (weight or number of pieces).
4.1.6 Certification— State if certification is required (Sec-

tion 12).
4.1.7 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished.
4.1.8 Purchaser Inspection—If a purchaser wishes to wit-

ness tests or inspections of material at place of manufacture,
the purchase order must so state indicating which test or
inspections are to be witnessed.

5. Chemical Composition

5.1 The material shall conform to the requirements as to
chemical composition specified in Table 1.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the chemistry of Table
1, subject to the tolerances provided in Specification B 880.

TABLE 1 Chemical Requirements

Element
Composition

Limits, %

Carbon 0.08 max
Manganese 2.00 max
Phosphorus 0.03 max
Sulfur 0.03 max
Silicon 0.75–1.50
Chromium 17.0–20.0
Nickel 34.0–37.0
Copper 1.00 max
Lead 0.005 max
Tin 0.025 max
Iron remainderA

A Element shall be determined arithmetically by difference.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1970. Last previous edition approved in 1999 as B 512 – 99.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1
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6. Dimensions and Permissible Variations

6.1 Billets and bars shall conform to the shape and dimen-
sions specified by the purchaser with a permissible variation of
65 %.

6.1.1 Material may be conditioned by chipping or grinding
to remove injurious surface defects provided the depth of these
conditioned areas does not exceed the negative tolerance.

6.1.2 Dimensions may vary locally beyond these limits by
agreement between purchaser and supplier.

7. Workmanship, Finish, and Appearance

7.1 The material shall be uniform in quality, commercially
straight, and free of injurious imperfections.

8. Sampling

8.1 Lot Definition— A lot for chemical analysis shall consist
of one heat.

8.2 Test Material Selection:

8.2.1 Chemical Analysis—Representative samples from
each lot shall be taken during pouring or subsequent process-
ing. Product (check) analysis shall be wholly the responsibility
of the purchaser.

9. Number of Tests

9.1 Chemical Analysis—One per lot.

10. Test Methods

10.1 Chemical Composition—In case of dispute, the chemi-
cal analysis shall be made in accordance with Test Methods
E 1473.

10.2 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value, or a calculated value, shall
be rounded as indicated below, in accordance with the round-
ing method of Practice E 29:

Test
Rounded Unit for Observed or

Calculated Value

Chemical composition Nearest unit in the last right-hand place
of figures of the specified limit. If two

choices are possible, as when the dig-
its dropped are exactly a 5 or a 5 fol-
lowed only by zeros, choose the one
ending in an even digit with zero de-

fined as an even digit.

11. Inspection

11.1 Inspection of the material shall be as agreed upon
between the purchaser and the supplier as part of the purchase
contract.

12. Rejection and Rehearing

12.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

13. Certification

13.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

14. Product Marking

14.1 The following information shall be marked on the
material or included on the package, or on a label or tag
attached thereto: The name of the material or UNS number,
heat number, ASTM B512-XX, the size, gross, and net weight,
consignor and consignee address, and contract or order num-
ber.

15. Keywords

15.1 bar; billet; high-temperature alloy

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 514 – 95 (Reapproved 2002) e1

Standard Specification for
Welded Nickel-Iron-Chromium Alloy Pipe 1

This standard is issued under the fixed designation B 514; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Paragraph 1.4 was added editorially in June 2002.

1. Scope

1.1 This specification2 covers nickel-iron-chromium alloys
in the form of welded, cold-worked, and annealed pipe for
general corrosive service and heat-resisting applications. These
products are furnished in three alloys: UNS N08120, UNS
N08800, and UNS N08810.* Alloy UNS N08800 is employed
normally in service temperatures up to and including 1100°F
(593°C). Alloys UNS N08120 and UNS N08810 are employed
normally in service temperatures above 1100°F where resis-
tance to creep and rupture is required, and are annealed to
develop controlled grain size for optimum properties in this
temperature range.

1.2 This specification covers outside diameter and nominal
wall pipe shown in ANSI B36.19. Pipe having other dimen-
sions may be furnished provided such pipe complies with all
other requirements of the specification.

1.3 The values stated in inch-pound units are to be regarded
as the standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

B 775 Specification for General Requirements for Nickel
and Nickel Alloy Seamless and Welded Pipe3

2.2 ANSI Standard:
B36.19 Stainless Steel Pipe4

3. General Requirement

3.1 Material furnished in accordance with this specification
shall conform to the applicable requirements of the current
edition of Specification B 775 unless otherwise provided
herein.

4. Ordering Information

4.1 Orders for material under this specification should
include the following information:

4.1.1 Alloy name or UNS number.
4.1.2 ASTM designation and year of issue.
4.1.3 Condition (temper) (Table 1).

4.1.4 Dimensions:
4.1.4.1 Nominal pipe size or outside diameter and schedule

number or nominal wall thickness.
4.1.4.2 Length (specific or random).
4.1.5 Quantity (feet or metres, or number of pieces).
4.1.6 Certification—State if certification or a report of test

results is required.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 1995. Published December 1995. Originally
published as B 514 – 70. Last previous edition B 514 – 94.

2 For ASME Boiler and Pressure Code applications see related Specification
SB-514 in Section II of that Code.
* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.
4 Available from American National Standards Institute, 25 W. 43rd St., 4th

Floor, New York, NY 10036.

TABLE 1 Mechanical Property Requirements

Alloy
Condition
(Temper)

Tensile Strength,
min, psi (MPa)

Yield Strength,
0.2 % Offset,

min, psi (MPa)

Elongation in
2 in. or 50

mm, min, %

UNS N08120 annealed 90 000 (621) 40 000 (276) 30
UNS N08800 annealed 75 000 (520) 30 000 (207) 30
UNS N08810 annealed 65 000 (450) 25 000 (170) 30

1
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4.1.7 Samples for Product (Check) Analysis—State whether
samples for product (check) analysis should be furnished.

4.1.8 Purchaser Inspection—If the purchaser wishes to
witness tests or inspection of material at the place of manu-
facture, the purchase order must so state indicating which tests
or inspections are to be witnessed.

5. Materials and Manufacture

5.1 Pipe shall be made from flat-rolled alloy by an auto-
matic welding process with no addition of filler metal. Subse-
quent to welding and prior to final solution treatment, the
material shall be cold worked either in both weld and base
metal or in weld metal only.

5.2 Pipe shall be furnished with a scale-free finish. When
bright annealing is used, descaling is not necessary.

6. Chemical Composition

6.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 2.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Table 1 of Specification B 775.

7. Mechanical and Other Requirements

7.1 Mechanical Properties—The material shall conform to
the requirements for mechanical properties prescribed in Table
1.

7.2 Grain Size—A transverse sample representing the full-
wall thickness of annealed alloys UNS N08120 and N08810
shall conform to an average grain size of ASTM No. 5 or
coarser.

7.3 Flattening Test—Pipe shall be capable of withstanding,
without cracking, flattening under a load applied gradually at
room temperature until the distance between the platens is five
times the wall thickness. The weld shall be positioned 90 deg
from the direction of the applied flattening force.

7.4 Annealing Temperature—Alloy UNS N08120 shall be
annealed at 2150°F (1177°C) minimum; alloy UNS N08810
shall be annealed at 2050°F (1120°C) minimum.

7.5 Nondestructive Test Requirements:
7.5.1 Category 1—Each piece of each lot shall be subject to

one of the following four tests: hydrostatic, pneumatic (air
underwater), eddy current, or ultrasonic.

7.5.2 Category 2—Each piece in each lot shall be subjected
to a leak test and an electric test as follows:

7.5.2.1 Leak Test—Hydrostatic or pneumatic (air underwa-
ter).

7.5.2.2 Electric Test—Eddy current or ultrasonic.
7.6 The manufacturer shall have the option to test Category

1 or Category 2 and select the nondestructive test methods, if
not specified by the purchaser.

8. Number of Tests

8.1 Chemical Analysis—One per lot.
8.2 Mechanical Properties—One test per lot.
8.3 Flattening—One test per lot.
8.4 Grain Size—One test per lot.
8.5 Nondestructive—Each piece in each lot.

9. Keywords

9.1 UNS N08120; UNS N08800; UNS N08810; welded
pipe

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 2 Chemical Requirements

Element

Composition Limits, %

Alloy
N08120

Alloys
N08800 and
N08810

Nickel 35.0 min 30.0 min
39.0 max 35.0 max

Chromium 23.0 min 19.0 min
27.0 max 23.0 max

Iron remainder 39.5 minA

Manganese, max 1.5 1.5
Carbon 0.02 min

0.10 max

B

Copper, max 0.50 max 0.75
Silicon, max 1.0 1.0
Sulfur, max 0.03 0.015
Aluminum 0.40 max 0.15 min

... 0.60 max
Titanium 0.20 max 0.15 min

... 0.60 max
Columbium 0.4 min

0.9 max
...
...

Molybdenum 2.50 max ...
Phosphorus 0.040 max ...
Tungsten 2.50 max ...
Cobalt, max 3.0 ...
Nitrogen 0.15 min ...

0.30 max ...
Boron 0.010 max ...

AIron shall be determined arithmetically by difference.
BAlloy UNS N08800: 0.10 max. Alloy UNS N08810: 0.05 to 0.10.

B 514
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Designation: B 515 – 95 (Reapproved 2002)

Standard Specification for
Welded UNS N08120, UNS N08800, UNS N08810, and
UNS N08811 Alloy Tubes 1

This standard is issued under the fixed designation B 515; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers welded UNS N08120, UNS
N08800, UNS N08810 and UNS N08811* alloy boiler, heat
exchanger, and condenser tubes for general corrosion resisting
and low or high-temperature service.

1.2 This specification covers tubes1⁄8 to 5 in. (3.18 to 127
mm), inclusive, in outside diameter and 0.015 to 0.500 in. (0.38
to 12.70 mm), inclusive, in wall thickness. Table 2 of Speci-
fication B 751 lists the dimensional requirements of these sizes.
Tubes having other dimensions may be furnished provided
such tubing complies with all other requirements of this
specification.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The SI units given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
heal practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 751 Specification for General Requirements for Nickel

and Nickel Alloy Welded Tube2

3. Ordering Information

3.1 Orders for material to this specification should include
the following information:

3.1.1 Quantity (feet or number of lengths),

3.1.2 UNS Number,
3.1.3 Size (outside diameter minimum or average wall

thickness),
3.1.4 Length (random or specific),
3.1.5 Class,
3.1.6 ASTM Designation,
3.1.7 Product Analysis—State if required,
3.1.8 Certification—State if a certification or a report of test

results is required, and
3.1.9 Purchaser Inspection—State which tests or inspec-

tions are to be witnessed, if any.

4. Materials and Manufacture

4.1 Tube shall be made from flat-rolled alloy by an auto-
matic welding process with no addition or filler metal. Subse-
quent to welding and prior to final annealing, the material shall
be cold-worked in either the weld metal only or both weld and
base metal.

4.2 Tube shall be furnished with oxide removed. When
bright annealing is used, descaling is not necessary.

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 1. One test is required for each lot as defined
in Specification B 751.

5.2 If a product analysis is performed, it shall meet the
chemistry limits prescribed in Table 1, subject to the analysis
tolerances specified in Table 6 of Specification B 751.

6. Mechanical and Other Properties

6.1 Mechanical Properties—The material shall conform to
the mechanical property requirements specified in Table 2. One
test is required for each lot as defined in Specification B 751.

6.2 Grain Size—A transverse sample representing the full-
wall thickness of annealed alloys UNS N08120, N08810, and
N08811 shall conform to an average grain size of ASTM No.
5 or coarser.

6.3 Flattening Test—A flattening test shall be made on each
end of one tube per lot. Superficial ruptures resulting from
surface imperfections shall not be cause for rejection.

6.4 Flange Test—A flange test shall be made on each end of
one tube per lot.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 1995. Published December 1995. Originally
published as B 515 – 70. Last previous edition B 515 – 95.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

2 Annual Book of ASTM Standards, Vol 02.04.
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6.5 Nondestructive Test Requirements:

6.5.1 Class 1—Each piece of each lot shall be subject to one
of the following four tests: hydrostatic, pneumatic (air under-
water), eddy current, or ultrasonic.

6.5.2 Class 2—Each piece in each lot shall be subjected to
a leak test and an electric test as follows:

6.5.2.1 Leak Test—Hydrostatic or pneumatic (air underwa-
ter).

6.5.2.2 Electric Test—Eddy current or ultrasonic.
6.6 The manufacturer shall have the option to test Class 1 or

Class 2 and select the nondestructive test methods, if not
specified by the purchaser.

7. General Requirements

7.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification B 751 unless otherwise provided herein.

8. Keywords

8.1 UNS N08120; UNS N08800; UNS N08810; UNS
N08811; welded tube

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Chemical Requirements

Element

Composition Limits, %

Alloy
N08120

Alloy
N08800

Alloy
N08810

Alloy
N08811

Nickel, min 35.0 30.0 30.0 30.0
, max 39.0 35.0 35.0 35.0

Chromium, min 23.0 19.0 19.0 19.0
, max 27.0 23.0 23.0 23.0

Iron, min remainder 39.5A 39.5A 39.5A

Manganese, max 1.5 1.5 1.5 1.5
Carbon , min 0.02 ... ... ...

, max 0.10 0.10 0.05 to 0.10 0.06 to 0.10
Copper, max 0.50 0.75 0.75 0.75
Silicon, max 1.0 1.0 1.0 1.0
Sulfur, max 0.03 0.015 0.015 0.015
Aluminum, minB ... 0.15 0.15 0.15

, max 0.40 0.60 0.60 0.60
Titanium, minB ... 0.15 0.15 0.15

, max 0.20 0.60 0.60 0.60
Columbium , min 0.4 ... ... ...

, max 0.9 ... ... ...
Molybdenum, max 2.50 ... ... ...
Phosphorus, max 0.040 ... ... ...
Tungsten, max 2.50 ... ... ...
Cobalt, max 3.0 ... ... ...
Nitrogen , min 0.15 ... ... ...

, max 0.30 ... ... ...
Boron, max 0.010 ... ... ...

A Iron shall be determined arithmetically by difference.
B Alloy UNS N08811: Al + Ti, 0.85–1.20.

TABLE 2 Mechanical Property Requirements

Alloy Condition (Temper)
Tensile Strength, min,

psi (MPa)
Yield Strength, 0.2 % Offset,

min, psi (MPa)
Elongation in 2 in. or

50 mm, min, %

UNS N08120 annealed 90 000 (621) 40 000 (276) 30
UNS N08800 annealed 75 000 (520) 30 000 (205) 30
UNS N08810 and UNS N08811 annealed 65 000 (450) 25 000 (170) 30

B 515 – 95 (2002)
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Designation: B 516 – 03

Standard Specification for
Welded Nickel-Chromium-Iron Alloy (UNS N06600, UNS
N06603, UNS N06025, and UNS N06045) Tubes 1

This standard is issued under the fixed designation B 516; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers welded UNS N06600*,
N06603, N06025, and N06045 alloy boiler, heat exchanger,
and condenser tubes for general corrosion resisting and low or
high-temperature service.

1.2 This specification covers tubes1⁄8 to 5 in. (3.18 to 127
mm), inclusive, in outside diameter and 0.015 to 0.500 in. (0.38
to 12.70 mm), inclusive, in wall thickness. Table 2 of Speci-
fication B 751 lists the dimensional requirements of these sizes.
Tubes having other dimensions may be furnished provided
such tubing complies with all other requirements of this
specification.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 751 Specification for General Requirements for Nickel

and Nickel Alloy Welded Tube2

B 899 Terminology Relating to Non-ferrous Metals and
Alloys2

3. Terminology

3.1 Terms defined in Terminology B 899 shall apply unless
defined otherwise in this standard.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 Quantity (feet or number of lengths),
4.1.2 UNS number,
4.1.3 Size (outside diameter minimum or average wall

thickness),
4.1.4 Length (random or specific),
4.1.5 Class,
4.1.6 ASTM designation,
4.1.7 Product Analysis— State if required,
4.1.8 Certification— State if a certification or a report of test

results is required, and
4.1.9 Purchaser Inspection—State which tests or inspec-

tions are to be witnessed, if any.

5. Material and Manufacture

5.1 Tube shall be made from flat-rolled alloy by an auto-
matic welding process with no addition or filler metal. Subse-
quent to welding and prior to final annealing, the material shall
be cold-worked in either the weld metal only or both weld and
base metal.

5.2 Tube shall be furnished with oxide removed. When
bright annealing is used, descaling is not necessary.

6. Chemical Composition

6.1 The material shall conform to the composition limits
specified in Table 1. One test is required for each lot as defined
in Specification B 751.

6.2 If a product analysis is performed, it shall meet the
chemistry limits prescribed in Table 1, subject to the analysis
tolerances specified in Specification B 751.

7. Mechanical Properties and Other Requirements

7.1 Mechanical Properties—The material shall conform to
the mechanical property requirements specified in Table 2. One
test is required for each lot as defined in Specification B 751.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved July 10, 2003. Published August 2003. Originally
approved in 1970. Last previous edition approved in 1998 as B 516 - 98.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

2 Annual Book of ASTM Standards, Vol 02.04.
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7.2 Flattening Test— A flattening test shall be made on each
end of one tube per lot. Superficial ruptures resulting from
surface imperfections shall not be cause for rejection.

7.3 Flange Test— A flange test shall be made on each end of
one tube per lot.

7.4 Nondestructive Test Requirements:
7.4.1 Class 1—Each piece in each lot shall be subject to one

of the following four tests: hydrostatic, pneumatic (air under-
water), eddy current, or ultrasonic.

7.4.2 Class 2—Each piece in each lot shall be subjected to
a leak test and an electric test as follows:

7.4.2.1 Leak Test—Hydrostatic or pneumatic (air underwa-
ter).

7.4.2.2 Electric Test— Eddy current or ultrasonic.
7.5 The manufacturer shall have the option to test to Class

1 or Class 2 and select the nondestructive test methods, if not
specified by the purchaser.

8. General Requirements

8.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification B 751 unless otherwise provided herein.

9. Keywords

9.1 welded tube; N06600; N06603; N06025; N06045

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Chemical Requirements

Element

Composition
Limits,%

N06600 N06603 N06025 N06045

NickelA 72.0 min Bal Bal 45.0 min
Chromium 14.0 min 24.0–26.0 24.0–26.0 26.0–29.0

17.0 max
Iron 6.0 min 8.0–11.0 8.0–11.0 21.0–25.0

10.0 max
Manganese 1.0 max 0.15 max 0.15 max 1.0 max
Carbon 0.15 max 20.0-40.0 0.15–0.25 0.05–0.12
Copper 0.5 max 0.50 max 0.10 max 0.3 max
Silicon 0.5 max 0.50 max 0.5 max 2.5–3.0
Sulfur 0.015 max 0.010 max 0.010 max 0.010 max
Aluminum ... 2.4-3.0 1.8–2.4 ...
Titanium ... 0.01–0.25 0.1–0.2 ...
Phosphorus ... 0.020 max 0.02 max 0.02 max
Zirconium ... 0.01–0.40 0.01–0.10 ...
Yttrium ... 0.01–0.15 0.05–0.12 ...
Cerium ... ... ... 0.03–0.09

A Nickel shall be determined arithmetically by difference.

TABLE 2 Mechanical Property Requirements

Alloy
Tensile Strength
min, psi (MPa)

Yield Strength
0.2 % Offset, min,

psi (MPa)

Elongation in 2 in.
or 50 mm, min, %

N06600 80 000 (550) 35 000 (240) 30
N06603 94 000 (650) 43 000 (300) 25
N06025 98 000 (680) 39 000 (270) 30
N06045 90 000 (620) 35 000 (240) 30

B 516 – 03
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Designation: B 517 – 03

Standard Specification for
Welded Nickel-Chromium-Iron-Alloy (UNS N06600, UNS
N06603, UNS N06025, and UNS N06045) Pipe 1

This standard is issued under the fixed designation B 517; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers welded, cold-worked, and
annealed nickel-chromium-iron alloy (UNS N06600,*
N06603, N06025, and N06045) pipe for general corrosive
service and heat-resisting applications.

1.2 This specification covers outside diameter and nominal
wall pipe shown in ANSI B36.19. Pipe having other dimen-
sions may be furnished provided such pipe complies with all
other requirements of this specification.

1.3 The values stated in inch-pound units are to be regarded
as the standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 775 Specification for General Requirements for Nickel

and Nickel Alloy Welded Pipe3

B 899 Terminology Relating to Non-ferrous Metals and
Alloys3

2.2 ANSI Standard:
B36.19 Stainless Steel Pipe4

3. Terminology

3.1 Terms defined in Terminology B 899 shall apply unless
defined otherwise in this standard.

4. General Requirement

4.1 Material furnished in accordance with this specification
shall conform to the applicable requirements of the current
edition of Specification B 775 unless otherwise provided
herein.

5. Ordering Information

5.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

5.1.1 Alloy name or UNS number.
5.1.2 ASTM designation and year of issue.
5.1.3 Condition (temper).
5.1.4 Dimensions:
5.1.4.1 Nominal pipe size or outside diameter and schedule

number or nominal wall thickness.
5.1.4.2 Length (specific or random).
5.1.5 Quantity (feet or metres, or number of pieces).
5.1.6 Certification—State if certification or a report of test

results is required.
5.1.7 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished.
5.1.8 Purchaser Inspection—If the purchaser wishes to

witness tests or inspection of material at the place of manu-
facture, the purchase order must so state indicating which tests
or inspections are to be witnessed.

6. Materials and Manufacture

6.1 Pipe shall be made from flat-rolled alloy by an auto-
matic welding process with no addition of filler metal. Subse-
quent to welding and prior to final heat treatment, the material
shall be cold worked either in both weld and base metal or in
weld metal only.

6.2 Pipe shall be furnished with a scale-free finish. When
bright annealing is used, descaling is not necessary.

7. Chemical Composition

7.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved July 10, 2003. Published August 2003. Originally
approved in 1970. Last previous edition approved in 1998 as B 517 - 98.

2 For ASME Boiler and Pressure Code applications see related Specification
SB-517 in Section II of that Code.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards,Vol 02.04.
4 Available from American National Standards Institute, 11 W. 42nd St., 13th Fl.,

New York, NY 10036.
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7.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Specification B 775.

8. Mechanical and Other Requirements

8.1 Mechanical Properties—The material shall conform to
the requirements for mechanical properties prescribed in Table
2.

8.2 Flattening Test—Pipe shall be capable of withstanding,
without cracking, flattening under a load applied gradually at
room temperature until the distance between the platens is five
times the wall thickness. The weld shall be positioned 90° from
the direction of the applied flattening force.

8.3 Nondestructive Test Requirements:
8.3.1 Category 1—Each piece of each lot shall be subject to

one of the following four tests: hydrostatic, pneumatic (air
underwater), eddy current, or ultrasonic.

8.3.2 Category 2—Each piece in each lot shall be subjected
to a leak test and an electric test as follows:

8.3.2.1 Leak Test—Hydrostatic or pneumatic (air underwa-
ter).

8.3.2.2 Electric Test—Eddy current or ultrasonic.
8.4 The manufacturer shall have the option to test Category

1 or Category 2 and select the nondestructive test methods, if
not specified by the purchaser.

9. Number of Tests

9.1 Chemical Analysis—One per lot.
9.2 Mechanical Properties—One test per lot.
9.3 Flattening—One test per lot.
9.4 Nondestructive—Each piece in each lot.

10. Keywords

10.1 welded pipe; N06600; N06603; N06025; N06045

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Chemical Requirements

Element

Composition
Limits,%

Product (Check) Analysis
Variations, under min or

over max, of the
Specified Limit of ElementN06600 N06603 N06025 N06045

NickelA 72.0 min Bal Bal 45.0 min 0.45
Chromium 14.0 min 24.0–26.0 24.0–26.0 26.0–29.0 0.15

17.0 max 0.25
Iron 6.0 min 8.0–11.0 8.0–11.0 21.0–25.0 0.10

10.0 max 0.10
Manganese 1.0 0.15 max 0.15 max 1.0 max 0.03
Carbon 0.15 max 20.0-40.0 0.15–0.25 0.05–0.12 0.01
Copper 0.5 max 0.50 max 0.10 max 0.3 max 0.03
Silicon 0.5 max 0.50 max 0.5 max 2.5–3.0 0.03
Sulfur 0.015 max 0.010 max 0.010 max 0.010 max 0.003
Aluminum ... 2.4-3.0 1.8–2.4 ...
Titanium ... 0.01–0.25 0.1–0.2 ...
Phosphorus ... 0.020 max 0.02 max 0.02 max
Zirconium ... 0.01–0.40 0.01–0.10 ...
Yttrium ... 0.01–0.15 0.05–0.12 ...
Cerium ... ... ... 0.03–0.09

A Nickel shall be determined arithmetically by difference.

TABLE 2 Mechanical Property Requirements

Alloy
Tensile Strength,

min,
psi (MPa)

Yield Strength,
0.2 % Offset,

min, psi (MPa)

Elongation in 2 in.
or 50 mm,

min, %

N06600 80 000 (550) 35 000 (240) 30
N06603 94 000 (650) 43 000 (300) 25
N06025 98 000 (680) 39 000 (270) 30
N06045 90 000 (620) 35 000 (240) 30

B 517 – 03
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Designation: B 521 – 98 (Reapproved 2004)

Standard Specification for
Tantalum and Tantalum Alloy Seamless and Welded Tubes 1

This standard is issued under the fixed designation B 521; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers tantalum and tantalum alloy
seamless and welded tubes of the following grades:

1.1.1 UNS Grade R05400—Unalloyed tantalum, powder-
metallurgy consolidation,

1.1.2 UNS Grade R05200—Unalloyed tantalum, vacuum
melted,

1.1.3 UNS Grade R05252—Tantalum + 2.5 % tungsten al-
loy, vacuum melted.

1.1.4 UNS Grade R05255—Tantalum + 10 % tungsten al-
loy, vacuum melted.

1.1.5 UNS Grade R05240—Tantalum alloy, 60 % tantalum,
40 % columbium, electron-beam furnace or vacuum arc melt,
or both.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 lot—all material produced from the same ingot or

single powder blend, of the same size and last annealed in the
same furnace charge.

3.1.2 process length—the one-piece length of each tube that
results from the production operation that first yields the
tubular form. Sampling and testing should in general be based
on process lengths unless specifically stated otherwise.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information:

4.1.1 Quantity,
4.1.2 UNS grade,
4.1.3 Type (welded or seamless),
4.1.4 Dimensions,
4.1.5 Nondestructive test requirements, if any, and
4.1.6 Additions to the specification and supplementary re-

quirements, if any.

5. Materials and Manufacture

5.1 Seamless tube shall be made by any seamless method
that will yield a product meeting the requirements of this
specification.

5.2 Welded tube shall be made from flat-rolled product by
an automatic or semiautomatic fusion welding process with no
addition of filler metal.

6. Chemical Composition

6.1 The material shall conform to the requirements of
chemical composition prescribed in Table 1.

6.1.1 Analysis for elements not listed in Table 1 and not
normally expected in tantalum shall not be required unless
specified at time of purchase.

6.2 The manufacturer’s ingot analysis shall be considered
the chemical analysis for products supplied under this specifi-
cation.

6.3 When requested by the purchaser at the time of purchase
the manufacturer shall report the values of the interstitial
elements carbon, oxygen, hydrogen, and nitrogen as specified
in Table 2 for each lot of finished product.

7. Mechanical Properties

7.1 Tensile—The tensile properties of the finished tube
material shall conform to the requirements of Table 3.

7.2 Flare—A section of the finished tube shall be capable of
being flared without cracking visibly to the unaided eye. The
flare shall be made with a tool having a 60° included angle until
the outside diameter has been increased 20 %.

7.3 Reverse Flattening—A section of welded tube that is slit
longitudinally 90° either side of the weld shall be opened and
flattened with the weld at the point of maximum bend. No
cracking is permitted.

7.4 One set of these mechanical tests shall be made on each
lot of tubes and for each fifty process length tubes of each lot
or fraction thereof.

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.03 on Niobium and Tantalum.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1970. Last previous edition approved in 1998 as B 521 – 98.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1
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8. Nondestructive Test Requirements

8.1 Hydrostatic Test—If specified in the purchase order,
each tube so tested shall withstand without showing bulges,
leaks, or other defects, an internal hydrostatic pressure that will
produce in the tube wall a stress of 75 % of the minimum
specified yield strength at room temperature. This pressure
shall be determined by the equation:

P 5 2 St/D (1)

where:
P = minimum hydrostatic pressure, psi (or MPa),
S = allowable fiber stress of 75 % of the minimum yield

strength, psi (or MPa),
t = average wall thickness of the tube, in. (or mm), and
D = outside diameter of the tube in. (or mm).

Maintain the test pressure for a minimum of 10 s.
8.2 Pneumatic Test—If specified in the purchase order, each

tube so tested shall withstand an internal air pressure of 100 psi
(0.7 MPa), minimum for 5 s, minimum without showing
evidence of leakage. The test method used shall permit easy

visual detection of any leakage such as by placing the tube
under water or by using the pressure differential method. Any
evidence of the leakage shall be cause of rejection of that tube.

8.3 Helium Leak Test—If specified in the purchase order,
each tube shall be tested by evacuating to an internal pressure
of 103 10−6 torr (1.3 MPa) or less and tested for leakage by
spraying helium along the length of the outside surface.
Detection of a leak at a rate greater than 103 10−7 standard
cm3/s shall be cause of rejection of that tube.

8.4 Ultrasonic Test—If specified on the purchase order,
each length of tube shall be tested ultrasonically. The test
procedure and calibration standards shall be agreed upon
between the manufacturer and purchaser. Any tube showing an
indication in excess of that obtained from the calibration
standard shall be set aside and be subject to rework, retest, or
rejection. A tube thus set aside may be further examined by
other methods for confirmation of the presence of a defect with
or without rework; such a tube may be determined acceptable
if no other evidence for a defect is found. (Rework by weld
repair is not permitted.)

9. Permissible Variations

9.1 Diameter and Wall Thickness—The permissible varia-
tions in diameter and wall thickness of tubes specified in the
purchase order shall not exceed those prescribed in Table 3.

9.2 Length—When tubing is ordered cut to length, the
usable length shall be not less than that specified; but a
variation of +1⁄8 in. (3.2 mm) will be permitted for lengths up
to 6 ft (1.8 m). In lengths over 6 ft, a variation of +1⁄4 in. (6.4
mm) will be permitted, unless otherwise specified.

9.3 Straightness—The tube shall be free of bends or kinks
and the maximum uniform bow shall not exceed values shown
in Table 4.

9.4 Squareness of Cut—The angle of cut of the end of any
tube may depart from square by not more than 0.016 in./in.
(mm/mm) of diameter.

TABLE 1 Ingot Chemical Requirements

Element
(Composition, max weight %)

R05200 R05400 R05252 R05255 R05240

O 0.015 0.030 0.015 0.015 0.020
N 0.010 0.010 0.010 0.010 0.010
C 0.010 0.010 0.010 0.010 0.010
H 0.0015 0.0015 0.0015 0.0015 0.0015

Nb 0.10 0.10 0.50 0.10 35.0–42.0
Mo 0.020 0.020 0.020 0.020 0.020
W 0.050 0.050 2.0–3.5 9.0–11.0 0.050
Ti 0.010 0.010 0.010 0.010 0.010
Si 0.005 0.005 0.005 0.005 0.005
Fe 0.010 0.010 0.010 0.010 0.010
Ni 0.010 0.010 0.010 0.010 0.010
Ta remainder remainder remainder remainder remainder

TABLE 2 Mechanical Requirements

R05200/R05400 R05252 R05255 R05240

Ultimate tensile strength, min, psi (MPa) 30 000 (207) 40 000 (276) 70 000 (481) 40 000 (226)
Yield strength, 0.2 % offset, min, psi (MPa) 20 000 (138) 28 000 (193) 60 000 (414) 28 000 (193)
Elongation, min %, in 1 or 2 in. (25 or 51 mm) 25 20 15 20

TABLE 3 Permissible Variations in Outside Dimensions Based
on Individual Measurements

Outside Diameter,
in. (mm)

Diameter
Tolerance,A,B

Plus or Minus,
in. (mm)

Permissible
VariationsC

in Wall
Thickness, %

Under 1 (25.4), excl 0.004 (0.102) 10
1 to 11⁄2 (25.4 to 38.1), excl 0.005 (0.127) 10
11⁄2 to 2 (38.1 to 50.8), excl 0.006 (0.152) 10
2 to 21⁄2 (50.8 to 63.5), excl 0.007 (0.178) 10
21⁄2 to 31⁄2 (63.5 to 88.9), excl 0.010 (0.254) 10

AThese permissible variations in outside diameter apply only to tubes as finished
at the mill before subsequent swaging, expanding, bending, polishing, or other
fabricating operation.

BOvality is the maximum and minimum outside diameter of a tube measured at
any one cross section. If the measurement is made with a ring gage the following
formula shall apply: Ovality = specified OD tube + diameter tolerance + 0.002 in.
(length of ring gage, 1 in.) 3 nominal diameter.

CWhen minimum wall tubes are ordered, tolerances are all plus and shall be
double the values shown.
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10. Workmanship, Finish, and Appearance

10.1 The finished tube shall be clean and free of foreign
material, shall have smooth ends, free of burrs, and shall be
free of injurious external and internal imperfections in accor-
dance with standards of acceptability agreed upon between the
manufacturer and the purchaser. Minor defects may be re-
moved provided the dimensional tolerance of Section 9, are not
exceeded.

11. Retest

11.1 If any sample or specimen exhibits obvious surface
contamination or improper preparation disqualifying it as a
truly representative sample, discard it and substitute a new
sample or specimen.

11.2 In case of failure, retest two additional specimens. If
both specimens conform to this specification, discard the
original values and consider the material acceptable.

11.3 If the inspection results of a lot are not in conformance
with the requirements of this specification, the lot may be
reworked at the option of the manufacturer. A lot shall be
acceptable if results of all tests after reworking conform to the
specification.

12. Significance of Numerical Limits

12.1 For the purpose of determining compliance with the
specified limits of property requirements, an observed value or
a calculated value shall be rounded in accordance with the
rounding method of Practice E 29.

13. Inspection

13.1 The manufacturer shall inspect the material covered by
the specification prior to shipment.

13.2 If so specified on the purchase order, the purchaser or
his representative may witness the testing and inspection of the
material at the place of manufacture. In such cases, the
purchaser shall state in his purchase order which tests he
desires to witness. The manufacturer shall give ample notice to

the purchaser as to the time and place of the designated test. If
the purchaser’s representative does not present himself at the
agreed-upon time for the testing, and if no new date is agreed
upon, the manufacturer shall consider the requirements for
purchaser’s inspection at the place of manufacturer to be
waived. When the inspector representing the purchaser does
appear at the appointed time and place, the manufacturer shall
afford him all reasonable facilities to see that the material is
being furnished in accordance with this specification. This
inspection shall be conducted so as not to interfere unneces-
sarily with production operations.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection shall be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Referee

15.1 In the event of disagreement between the manufacturer
and the purchaser of the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

16. Certification

16.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

17. Packaging and Package Marking

17.1 Each bundle, box, or carton shall be marked or tagged
legibly and conspicuously with the number of this specifica-
tion, purchase order number, nominal size, and the gross, net,
and tare weights.

17.2 All material shall be packed in such a manner as to
assure safe delivery to its destination when properly trans-
ported by any common carrier.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 4 Straightness

Length, ft (m) Maximum Curvature Depth of
Arc

Over 3 to 6 (0.91 to 1.83), incl 1⁄8 in. (3.2 mm)
Over 6 to 8 (1.83 to 2.44), incl 3⁄16 in. (4.8 mm)
Over 8 to 10 (2.44 to 3.05), incl 1⁄4 in. (6.4 mm)
Over 10 (3.05) 1⁄4 in./any 10 ft (2.1 mm/m)
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Designation: B 522 – 01

Standard Specification for
Gold-Silver-Platinum Electrical Contact Alloy 1

This standard is issued under the fixed designation B 522; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers 69 % gold, 25 % silver, 6 %
platinum alloy tubing, rod, wire, and sheet material for sliding
electrical contacts.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The metric equivalents of inch-pound units
may be approximate.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.4 It is the responsibility of the user to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer.

2. Referenced Documents

2.1 ASTM Standards:
B 476 Specification for General Requirements for Wrought

Precious Metal Electrical Contact Materials2

3. Manufacture

3.1 Raw materials shall be of such quality and purity that
the finished product will have the properties and characteristics
prescribed in this specification.

3.2 The material shall be finished by such operations (cold
working, annealing, turning, grinding, pickling) as are required
to produce the prescribed properties.

4. Chemical Composition

4.1 Material produced under the specification shall meet the
requirements for chemical composition prescribed in Table 1.

5. Mechanical and Electrical Requirements

5.1 The contract or order may specify ultimate tensile
strength, elongation, microhardness (Knoop or Vickers), hard-

ness (Rockwell or Rockwell Superficial), or a combination of
these mechanical properties as temper criterion. If the contract
or order does not specify a temper criterion, then the criterion
for temper designation will be ultimate tensile strength and
elongation.

5.1.1 Knoop hardness indentations shall be made so that the
long axis of the indenter is parallel to the rolling or drawing
direction of the material.

5.2 Mechanical and electrical properties shall conform to
the requirements of Table 2 and Table 3.

5.3 All test specimens shall be the supplied size when
practical.

5.4 All tests are to be conducted at room temperature (65 to
80°F) (18 to 27°C).

6. General Requirements

6.1 Specification B 476 shall apply to all materials produced
to this specification.

7. Inspection and Testing

7.1 Material furnished under this specification shall be
inspected by the manufacturer as follows:

7.1.1 Visual inspection of 103,
7.1.2 Temper test (hardness or tensile),
7.1.3 Dimensional tests, and
7.1.4 Spectrographic or chemical analysis when indicated

by the purchase order.
7.2 The purchaser shall perform such tests as are required to

verify the quality of material procured under this specification.

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals.

Current edition approved June 10, 2001. Published August 2001. Originally
published as B 522 – 70. Last previous edition B 522 – 90 (1995)e1.

2 Annual Book of ASTM Standards, Vol 02.04.

TABLE 1 Chemical Requirements

Element Composition, weight %

Class I Class II

Gold 68.0–70.0 68.5–69.5
Silver 23.5–26.5 24.5–25.5
Platinum 5.0–7.0 5.5–6.5
Selected base metals (Pb, Sb, Bi, Sn,

As, Cd, Ge, Ti, and Ga), max
... 0.01

Sulfur, max ... 0.01
Total platinum group metal impurities, max 0.15 0.15
Total base metal impurities, max 0.20 0.1

1
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8. Keywords

8.1 contact alloy; electrical contact alloy;
gold-silver-platinum

APPENDIX

(Nonmandatory Information)

X1. REFERENCE PROPERTIES OF GOLD-SILVER-PLATINUM ELECTRICAL CONTACT ALLOY

X1.1 Table X1.1 provides a list of typical property values
which are useful for engineering calculations in electrical
contact design and application.

TABLE 2 Mechanical Properties, Wire 0.010 to 0.020-in. (0.25 to
0.51-mm) Diameter Strip 0.003 to 0.020 in. (0.08 to 0.51 mm) thick

Properties Temper

Annealed Work-Hardened

Knoop hardness, 100-gf load
(50 gf below 0.005 in. (0.13 mm)
thick), HK

70 to 105 120 to 170

Ultimate tensile strength, psi, 35 000 to 45 000 60 000 to 85 000
MPa 240 to 310 410 to 590

Elongation in 2 in. or 50 mm, % 25 min 1 min

TABLE 3 Mechanical Properties, Wire over 0.020 to 0.060-in.
(0.51 to 1.52-mm) Diameter

Properties Temper

Annealed Work-Hardened

Knoop hardness, 100-gf load, HK 70 to 105 125 to 170
Ultimate tensile strength, psi, 35 000 to 45 000 55 000 to 75 000

MPa 240 to 310 380 to 520
Elongation in 2 in. or 50 mm, % 25 min 1 min

TABLE X1.1 Typical Physical Properties

Properties Temper

Annealed Work-Hardened

Resistivity, Vcmil/ft, 95 95
µV·cm 15.7 15.7

Density, A g/cm 3, 16.0 16.0
dwt/in. 3 169 169

Solidus temperature,° C 1025 1025
Modulus of elasticity in tension, psi, 13 3 10 6 13 3 10 6

MPa 89.6 3 10 3 89.6 3 10 3

Proportional limit, psi, 18 000 30 000
MPa 120 210
A dwt is the abbreviation for pennyweight, which equals 1 / 20 of a troy ounce.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
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Designation: B 523/B 523M – 02

Standard Specification for
Seamless and Welded Zirconium and Zirconium Alloy
Tubes 1

This standard is issued under the fixed designation B 523/B 523M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers three grades of zirconium and
zirconium alloy seamless and welded tubes.

1.2 Unless a single unit is used, for example corrosion mass
gain in mg/dm2, the values stated in either inch-pound or SI
units are to be regarded separately as standard. The values
stated in each system are not exact equivalents; therefore, each
system must be used independently of the other. SI values
cannot be mixed with inch-pound values.

1.3 The following precautionary caveat pertains only to the
test methods portion of this specification:This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products3

B 551 Specification for Zirconium and Zirconium Alloy
Strip, Sheet, and Plate4

E 8 Test Methods for Tension Testing of Metallic Materials5

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications6

E 213 Practice for Ultrasonic Examination of Metal Pipe
and Tubing7

E 426 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Seamless and Welded Tubular Products, Austen-
itic Stainless Steel and Similar Alloys7

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 annealed—for purposes of this specification “an-

nealed” denotes material that exhibits a recrystallized grain
structure.

3.2 Lot Definitions:
3.2.1 castings—a lot shall consist of all castings produced

from the same pour.
3.2.2 ingot—no definition required.
3.2.3 rounds, flats, tubes, and wrought powder metallurgical

products (single definition, common to nuclear and non-
nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same
ingot or powder blend by the same reduction schedule and the
same heat treatment parameters. Unless otherwise agreed
between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace load for final batch anneal.

3.2.4 sponge—a lot shall consist of a single blend produced
at one time.

3.2.5 weld fittings—definition is to be mutually agreed upon
between manufacturer and the purchaser.

4. Classification

4.1 The tubes are furnished in three grades as follows:
4.1.1 Grade R60702—Unalloyed zirconium.
4.1.2 Grade R60704—Zirconium-tin alloy.
4.1.3 Grade R60705—Zirconium-niobium alloy.

5. Ordering Information

5.1 Orders for material under this specification should
include the following information:

5.1.1 Quantity (weight or number of pieces, or both),
5.1.2 Name of material (zirconium seamless or welded

tube),
5.1.3 Dimensions (diameter, wall thickness as either aver-

age or minimum, lengths),
5.1.4 ASTM designation and year of issue,
5.1.5 Grade number (see 4.1), and
5.1.6 Additions to the specification, if required. See 6.3.1,

7.3, 10.1, 12.7.3, 14.1, and 15.1 for additional optional
requirements for the purchase order.

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.02 on Zirconium and Hafnium.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 523 – 70. Last previous edition B 523/B 523M – 01.

2 For ASME Boiler and Pressure Vessel Code Applications, see related Specifi-
cation SB–523 in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 01.03.
4 Annual Book of ASTM Standards, Vol 02.04.
5 Annual Book of ASTM Standards, Vol 03.01.
6 Annual Book of ASTM Standards, Vol 14.02.
7 Annual Book of ASTM Standards, Vol 03.03.

1
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NOTE 1—A typical ordering description is as follows: 1000 pieces of
seamless zirconium tubes, 2 in. (50 mm) in outside diameter by 0.06 in.
(15 mm) in average wall thickness by 10 ft (3 m) in length, vacuum
annealed, ASTM B 523 - 01, Grade R60702.

6. Materials and Manufacture

6.1 Seamless tube shall be made by any seamless method
that will yield a product meeting the requirements of this
specification.

6.2 Welded tube shall be made from sheet or strip meeting
the requirements of Specification B 551 by an automatic
arc-welding process or other method of welding that will yield
a product meeting the requirements of this specification. Filler
metal shall not be used. Welded tubing shall be supplied as
follows:

6.2.1 As welded, or
6.2.2 As welded and further reduced.
6.2.3 Welds in grade R60705 shall be stress relief annealed

within 14 days after welding to prevent delayed hydride
cracking.

6.3 The tube shall be furnished annealed.
6.3.1 Purchaser shall specify one of the following:

(a) annealed in air
(b) annealed in vacuum

7. Chemical Composition

7.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1.

7.2 The manufacturer’s ingot analysis shall be considered
the chemical analysis for tubing, except for hydrogen and
nitrogen, which shall be determined on the finished product.

7.3 When requested by the purchaser and stated in the
purchase order, a product analysis for any elements listed in
Table 1 shall be made on the finished product.

7.3.1 The manufacturer’s analysis shall be considered as
verified if the check analysis confirms the manufacturer’s
reported values within the tolerances prescribed in Table 2.

8. Tensile Requirements

8.1 The material, as represented by the test specimens, shall
conform to the tensile properties prescribed in Table 3.

9. Permissible Variation in Dimensions

9.1 Diameter—At any point (cross section) along the length

of the tube, the variation in outside diameter shall not exceed
those prescribed in Table 4.

9.2 Length—When tubes are ordered cut to length, the
length shall be not less than that specified, but a variation of1⁄8
in. (3.2 mm) will be permitted on tube up to 10 ft (3 m),
inclusive. For lengths over 10 ft, an additional over-tolerance
of 1⁄8 in. (3.2 mm) for each 10 ft (3 m) or fraction thereof shall
be permissible up to1⁄2 in. (13 mm), maximum.

9.3 Straightness—The tube shall be free of bends or kinks
and the maximum uniform bow shall not exceed the values
shown in Table 5.

9.4 Squareness of Cut—The angle of cut of the end of any
tube up to 11⁄2 in. (40 mm) in outside diameter may depart from
square not more than 0.016 in./in. (mm/mm).

10. Workmanship and Quality Level Requirements

10.1 The finished tube shall be clean and free of foreign
material, shall have smooth ends, free of burrs, and shall be
free of injurious external and internal imperfections in accor-
dance with standards of acceptability agreed upon between the
manufacturer and the purchaser. Minor defects may be re-
moved provided the dimensional tolerances of Table 4 are not
exceeded.

11. Significance of Numerical Limits

11.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
methods of Practice E 29.

Property
Rounded Unit for Observed

or Calculated Value

Chemical composition, and toler-
ances (when expressed as decimals)

nearest unit in the last right-hand
place of figures of the specified limit

Tensile strength and yield strength nearest 1000 psi (10 MPa)
Elongation nearest 1 %

TABLE 1 Chemical Requirements A

Element

Composition, %

UNS Grade Designation

R60702 R60704 R60705

Zirconium + hafnium, minB 99.2 97.5 95.5
Hafnium, max 4.5 4.5 4.5
Iron + chromium 0.2 max 0.2 to 0.4 0.2 max
Tin . . . 1.0 to 2.0 . . .
Hydrogen, max 0.005 0.005 0.005
Nitrogen, max 0.025 0.025 0.025
Carbon, max 0.05 0.05 0.05
Niobium . . . . . . 2.0 to 3.0
Oxygen, max 0.16 0.18 0.18

ABy agreement between the purchaser and the manufacturer, analysis may be
required and limits established for elements and compounds not specified in the
table of chemical composition.

BThe value for zirconium + hafnium, min, is a warranted but not a measured
value.

TABLE 2 Permissible Variation in Product Analysis Between
Different Laboratories

Element
Permissible Variation in Product

Analysis, %

Hydrogen 0.002
Nitrogen 0.01
Carbon 0.01
Hafnium 0.1
Iron + chromium 0.025
Tin 0.05
Niobium 0.05
Oxygen 0.02

TABLE 3 Tensile Requirements

UNS Grade Designation

R60702 R60704 R60705

Tensile strength,
min, ksi (MPa)

55 (380) 60 (415) 80 (550)

Yield strength, min,
ksi (MPa)

30 (205) 35 (240) 55 (380)

Elongation in 2 in.
or 50 mm, min, %

16 14 16
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12. Number of Tests and Retests

12.1 One longitudinal tension test, see 13.1, shall be made
from each lot.

12.2 One chemistry test, see 7.2 and 13.7, for hydrogen and
nitrogen shall be made from each lot of finished product.

12.3 One flare test, see 13.5, shall be made from each lot.
12.4 One reverse, see 13.6, flattening test shall be made

from each lot of welded tubing.
12.5 Each tube shall be tested by a nondestructive electric

test, see 13.2. Seamless tubes shall be tested by the ultrasonic
test only, see 13.2.

12.6 Each tube shall be tested by either a hydrostatic or a
pneumatic test, see 13.3 and 13.4.

12.7 Retests:
12.7.1 If any sample or specimen exhibits obvious surface

contamination or improper preparation disqualifying it as a
truly representative sample, it shall be discarded and a new
sample or specimen substituted.

12.7.2 If the results of any tests of any lot do not conform to
the requirements specified, retests shall be made on additional
tubes of double the original number from the same lot, each of
which shall conform to the requirements specified.

12.7.3 Retesting after failure of initial retests may be done
only with the approval of the purchaser.

13. Test Methods

13.1 Tension Tests—Conduct the tension test in accordance
with Test Methods E 8. Determine the yield strength by the
offset (0.2 %) method. Determine the tensile properties using a
strain rate of 0.003 to 0.007 in./in. (mm/mm)/min through the
yield strength. After the yield strength has been exceeded, the
cross-head speed may be increased to approximately 0.05
in./in. (mm/mm)/min to failure.

13.2 Nondestructive Electric or Ultrasonic Test:
13.2.1 Test each tube with a nondestructive electric test in

accordance with Practices E 213 or E 426, or a purchaser-
approved procedure.

13.2.1.1Eddy Current Testing:

(a) The calibration tube shall contain, at the option of the
producer, any one of the following discontinuities to establish
a minimum sensitivity level for rejection. Place the disconti-
nuity in the parent metal.

(b) Drilled Hole—Drill a hole not larger than 0.031 in. (0.8
mm) in diameter radially and completely through the tube wall,
taking care to avoid distortion of the tube while drilling.

(c) Transverse Tangential Notch—Using a round tool or file
with a 0.25-in. (6.4 mm) diameter, file or mill a notch
tangential to the surface and transverse to the longitudinal axis
of the tube. The notch shall have a depth not exceeding 12.5 %
of the specified wall thickness of the tube or 0.004 in. (0.10
mm), whichever is greater.

(d) Longitudinal Notch—Machine a notch 0.031 in (0.8
mm) or less in width in a radial plane parallel to the material
axis on the outside of the tube to have a depth not exceeding
12.5 % of the specified wall thickness of the material or 0.004
in. (0.10 mm), whichever is greater. The length of the notch
shall be compatible with the testing method.

13.2.1.2Ultrasonic Testing—For ultrasonic testing, the lon-
gitudinal calibration reference notches shall be at the option of
the manufacturer, and be any one of the three common notch
shapes in accordance with Practice E 213. The depth of the
notch shall not exceed 12.5 % of the specified wall thickness of
the material or 0.004 in. (0.10 mm), whichever is greater.

13.2.2 Set aside any tubes showing an indication in excess
of that obtained from the calibration standard and subject them
to rework, retest, or rejection. A tube, therefore, set aside may
be further examined for confirmation of the presence of a
defect and may be resubmitted for inspection by the same
technique if no defect is found. Any tube may also be
resubmitted for inspection if reworked so as to remove the
defect within the specified diameter and wall thickness toler-
ances as prescribed in Table 4. (Rework by weld repair is not
permitted.)

13.3 Hydrostatic Test:
13.3.1 Each tube, so tested, shall withstand, without show-

ing bulges, leaks, or other defects, an internal hydrostatic
pressure that will produce in the tube wall a stress of 50 % of
the minimum specified yield strength at room temperature,
except as restricted by 13.3.2. Determine the hydrostatic
pressure as follows:

P 5 2ST/D (1)

where:
P = minimum hydrostatic test pressure, psi (MPa),

TABLE 4 Permissible Variations in Outside Dimensions Based on Individual Measurements

Outside Diameter, in. (mm) Diameter Tolerance, in. (mm)A,B Permissible VariationsC in Wall
Thickness, t, %

Under 1 (25), excl 60.004 (60.100) 10
1 to 11⁄2 (25 to 40), incl 60.005 (60.125) 10
11⁄2 to 2 (40 to 50), excl 60.006 (60.150) 10
2 to 21⁄2 (50 to 65), incl 60.007 (60.180) 10
21⁄2 to 31⁄2 (65 to 90), excl 60.010 (60.250) 10

AThese permissible variations in outside diameter apply only to tubes as finished at the mill before subsequent swaging, expanding, bending, polishing, or other
fabricating operations.

BOvality is the maximum and minimum outside diameter of a tube measured at any one cross section. If the measurement is made with a ring gage, the following formula
shall apply: Ovality = specified OD tube + diameter tolerance +0.002 in. (.05 mm) (length of ring gage, 1 in. (25 mm)) 3 specified tube OD.

CWhen minimum wall tubes are ordered, tolerances are all plus and shall be double the values shown.

TABLE 5 Straightness

Length, ft (m)
Maximum Curvature Depth

of Arc

Over 3 to 6 (0.9 to 1.85), incl 1⁄8in. (3.2 mm)
Over 6 to 8 (1.8 to 2.5), excl 3⁄16in. (5 mm)
Over 8 to 10 (2.5 to 3.0), incl 1⁄4in. (6.4 mm)
Over 10 (3.0) 1⁄4 in./any 10 ft (2.1 mm/m)
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S = allowable fiber stress of one half the minimum yield
strength, psi (MPa),

t = wall thickness, in. (mm), and
D = outside diameter, in. (mm).

13.3.2 The maximum hydrostatic test pressure shall not
exceed 2500 psi (17.2 MPa) for sizes 3 in. (75 mm) and under,
or 2800 psi (19.3 MPa) for sizes over 3 in. (75 mm). Maintain
the hydrostatic pressure for not less than 5 s. When requested
by the purchaser and so stated in the order, test the tube in sizes
14 in. (350 mm) in diameter and smaller, to one and one half
times the specified working pressure, provided the fiber stress
corresponding to those test pressures does not exceed one half
the minimum specified yield strength of the material as
determined by the equation given in 13.3.1. When one and one
half times the working pressure exceeds 2800 psi (19.3 MPa),
the hydrostatic test pressure shall be a matter of agreement
between the manufacturer and the purchaser.

13.4 Pneumatic Test—Each tube so tested shall withstand
an internal air pressure of 150 psi (1.0 MPa), minimum, for 5
s, minimum, without showing evidence of leakage. Use the test
method that permits easy visual detection of any leakage, such
as by placing the tube under water or by using the pressure
differential method. Any evidence of leakage shall be cause for
rejection of that tube.

13.5 Flare Test—A section of the annealed tube, approxi-
mately 4 in. (100 mm) in length, shall be capable of being
flared without cracking visible to the unaided eye. Make the
flare with a tool having a 60° included angle until the specified
outside diameter has been increased by 15 %.

NOTE 2—Samples of tube supplied in tempers other than annealed may
be annealed before testing.

13.6 Reverse Flattening Test—Subject welded tube to a
reverse flattening test in accordance with Test Methods and
Definitions A 370. Open and flatten a section of the tube
approximately 4 in. (100 mm) long that is slit longitudinally
90° either side of the weld with the weld at the point of
maximum bend. No cracking is permitted

13.7 Chemical Tests—Conduct the chemical analysis by the
standard techniques normally used by the manufacturer.

14. Inspection

14.1 The manufacturer shall inspect the material covered by
this specification prior to shipment and, on request, shall
furnish the purchaser with certificates of test. If so specified in
the purchase order, the purchaser or his representative may
witness the testing and inspection of the material at the place of
manufacture. In such cases, the purchaser shall state in his
purchase order which tests he desires to witness. The manu-
facturer shall give ample notice to the purchaser as to the time
and place of the designated tests. If the purchaser’s represen-
tative does not present himself at the time agreed upon for the
testing, the manufacturer shall consider the requirement for the

purchaser’s inspection at the place of manufacture to be
waived.

14.2 The manufacturer shall afford the inspector represent-
ing the purchaser, without charge, all reasonable facilities to
satisfy him that the material is being furnished in accordance
with this specification. This inspection shall be so conducted as
not to interfere unnecessarily with the operation of the works.

15. Rejection

15.1 Rejection for failure of the material to meet the
requirements of this specification shall be reported to the
manufacturer within 60 calendar days from the receipt of the
material by the purchaser. Unless otherwise specified, rejected
material may be returned to the manufacturer at the manufac-
turer’s expense, unless the purchaser receives, within three
weeks of the notice of rejection, other instructions for dispo-
sition.

16. Certification

16.1 A producer or supplier shall furnish the purchaser with
a certificate that the material was manufactured, sampled,
tested, and inspected in accordance with this specification and
has been found to meet the requirements. The certificate shall
include a report of the test results.

17. Referee

17.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

18. Product Marking

18.1 Each length of tube1⁄2 in. (13 mm) and larger in
outside diameter, manufactured in accordance with this speci-
fication shall be marked legibly, either by stenciling, stamping,
or rolling, with the manufacturer’s private identifying mark,
the ASTM designation, method of manufacture, the grade, and
heat number. On smaller than1⁄2 in. (13 mm) in outside
diameter tubing that is bundled, the same information may be
stamped legibly on a metal tag securely attached to each
bundle.

19. Packaging and Package Marking

19.1 The tube shall be packaged in such a manner as to
assure safe delivery to its destination when properly trans-
ported by common carrier.

20. Keywords

20.1 tubes; tubing; zirconium; zirconium alloy
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Designation: B 535 – 04

Standard Specification for
Nickel-Iron-Chromium-Silicon Alloys (UNS N08330 and
N08332) Seamless Pipe and Tube 1

This standard is issued under the fixed designation B 535; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers alloys UNS N08330 and
N08332 in the form of hot-finished and cold-finished seamless
pipe and tube intended for heat resisting applications and
general corrosive service.

1.2 The values stated in inch-pound units are to be consid-
ered as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufactureer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:3

B 829 Specification for General Requirements for Nickel
and Nickel Alloy Seamless Pipe and Tube

B 899 Terminology Relating to Non-ferrous Metals and
Alloys

3. Terminology

3.1 Definitions:
3.1.1 Definitions for terms defined in Terminology B 899

shall apply unless otherwise defined by the requirements of this
document.

4. General Requirement

4.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 829
unless otherwise provided herein.

5. Ordering Information

5.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

5.1.1 Alloy name or UNS number,
5.1.2 ASTM designation and year of issue,
5.1.3 Dimensions:
5.1.3.1 Pipe—Specify standard pipe size and schedule,
5.1.3.2 Tube—Specify outside diameter and nominal or

minimum wall,
5.1.3.3 Length (specific or random),
5.1.4 Finish:
5.1.4.1 Pipe—Specify cold-worked or hot-worked,
5.1.4.2 Tube—Specify cold-worked or hot-finished,
5.1.5 Quantity (feet or meters or number of pieces),
5.1.6 Certification— State if certification is required,
5.1.7 Samples for Product (Check) Analysis—State whether

samples for product analysis should be furnished, and
5.1.8 Purchaser Inspection—If purchaser wishes to witness

tests or inspection of material at place of manufacture, the
purchase order must so state indicating which test or inspec-
tions are to be witnessed.

6. Materials and Manufacture

6.1 Heat Treatment— The material shall be furnished in the
annealed condition. The final heat treatment of UNS N08330
shall be 1900°F (1040°C) minimum. The final heat treatment
of UNS N08332 shall be 2100°F (1150°C) minimum.

7. Chemical Composition

7.1 The material shall conform to the composition limits
specified in Table 1.

7.1.1 A chemical analysis shall be made on each lot of
material as described in Specification B 829.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1970. Last previous edition approved in 1999 as B 535 – 99.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-535 in Section II of that Code.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1
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7.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product analysis
variations prescribed in Specification B 829.

8. Mechanical and Other Properties

8.1 The material shall conform to the mechanical properties
listed in Table 2.

8.1.1 One tension test shall be made on each lot of material.
8.2 Grain Size—Annealed alloy UNS N08332 shall con-

form to an average grain size of ASTM No. 5 or coarser. One
test per lot is required.

8.3 Flattening Test— One section of pipe or tube per lot, not
less than 21⁄2 in. (63.5 mm) in length, shall be flattened cold

between parallel plates in two steps. During the first step,
which is test for ductility, no cracks or breaks on the inside,
outside or end surfaces shall occur until the distance between
the plates is less than the valueH calculates as follows:

H 5 1.09t/~0.091 t/D! (1)

where:
H = distance between parallel plates, in.,
t = specified wall thickness, in., and
D = nominal outside diameter, in.

During the second step, which is a test for soundness, the
flattening shall be continued until the specimen breaks or the
opposite walls of the pipe or tube meet.

8.4 Hydrostatic Test or Nondestructive Electric Test:
8.4.1 Each pipe or tube shall be subjected to either the

hydrostatic test or a nondestructive electric test.

9. Dimensions and Permissible Variations

9.1 The permissible variations in outside diameter for pipe,
both cold-finished and hot-finished, are shown in Table 3.
Other dimensions and permissible variations are provided in
Specification B 829.

10. Keywords

10.1 high-temperature alloy; N08330; N08332; seamless
pipe; seamless tube

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Chemical Requirements

Element Composition Limits, %

C ...A

Mn 2.00 max
P 0.03 max
S 0.03 max
Si 0.75–1.50

Cr 17.0–20.0
Ni 34.0–37.0
Cu 1.00 max
Pb 0.005 max
Sn 0.025 max
Fe remainderB

AAlloy UNS N08330: 0.08 max.
Alloy UNS N08332: 0.05 to 0.10.
BElement shall be determined arithmetically by difference.

TABLE 2 Mechanical Properties

Alloy Condition
Tensile Strength,
min, psi (MPa)

Yield Strength, 0.2 % offset,
min, psi (MPa)

Elongation in 2 in. or 50
mm, or 4D, min, %

HardnessA

UNS N08330 annealed 70 000 (483) 30 000 (207) 30 70 to 90 HRB

UNS N08332 annealed 67 000 (462) 27 000 (186) 30 65 to 88 HRB
AHardness values are informative only and not to be construed as the basis for acceptance.

TABLE 3 Permissible Variations in Outside Diameter, Hot-
Finished and Cold-Finished Pipe

Nominal Pipe Size, in.
Permissible Variations in Outside Diameter

Over Under
in. mm in. mm

1⁄8 to 11⁄2 , incl 1⁄64 0.4 1⁄32 0.8
Over 11⁄2 to 4, incl 1⁄32 0.8 1⁄32 0.8
Over 4 to 8, incl 1⁄16 1.6 1⁄32 0.8
Over 8 to 18, incl 3⁄32 2.4 1⁄32 0.8
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Designation: B 536 – 02

Standard Specification for
Nickel-Iron-Chromium-Silicon Alloys (UNS N08330 and
N08332) Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 536; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers nickel-iron-chromium silicon
alloys (UNS N08330 and UNS N08332)* plate, sheet, and strip
intended for heat resisting applications and general corrosive
service.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys, and
Cobalt Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 10 Test Method for Brinell Hardness of Metallic Materi-
als3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 112 Test Methods for Determining the Average Grain
Size3

E 140 Hardness Conversion Tables for Metals3

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys5

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 plate—material3⁄16 in. (4.76 mm) and over in thick-

ness and over 10 in. (254 mm) in width.
3.1.2 sheet—material under3⁄16 in. (4.76 mm) in thickness

and 24 in. (610 mm) and over in width.
3.1.3 strip—material under3⁄16 in. (4.76 mm) in thickness

and under 24 in. (610 mm) in width.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered to this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Quantity (weight or number of pieces),
4.1.2 Alloy (Table 1),
4.1.3 Form (plate, sheet, or strip),
4.1.4 ASTM designation and year of issue,
4.1.5 Dimensions—Thickness, width, and length,
4.1.6 Edge (for strip only),
4.1.7 Finish (Appendix) for sheet specify whether one or

both sides are to be polished,
4.1.8 Certification—State if certification is required (Sec-

tion 15),
4.1.9 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished, and
4.1.10 Purchaser Inspection—If purchaser wishes to wit-

ness tests or inspections of material at place of manufacture,
the purchase order must so state indicating which tests or
inspections are to be witnessed.

5. Chemical Composition

5.1 The material shall conform to the requirements as to
chemical composition specified in Table 2.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Specification B 880.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved May 10, 2002. Published July 2002. Originally
published as B 536 – 70. Last previous edition B 536 – 95.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02. 5 Annual Book of ASTM Standards, Vol 03.05.

1
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6. Mechanical and Other Properties

6.1 The tensile properties of the material at room tempera-
ture shall conform to those shown in Table 1.

6.2 Grain Size—Annealed alloy UNS N08332 shall con-
form to an average grain size of ASTM No. 5 or coarser.

6.3 Annealing Temperature—Alloy UNS N08330 shall be
annealed at 1900°F (1040°C) minimum. Alloy UNS N08332
shall be annealed at 2100°F (1150°C) minimum.

7. Permissible Variations in Dimensions and Weight

7.1 Sheet, shall conform to the variations in dimensions
specified in Tables 3-8, inclusive.

7.2 Cold-Rolled Strip, shall conform to the permissible
variations in dimensions as specified in Tables 9-13, inclusive.

7.3 Plate, shall conform to the permissible variations in
dimensions specified in Tables 14-20, inclusive.

7.4 Sheet, Strip, and Plate—Material with No. 1 finish may
be ground to remove surface defects, provided such grinding
does not reduce the thickness, width or length at any point
beyond the permissible variations in dimensions.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and temper,
smooth, commercially straight or flat and free of injurious
imperfections.

9. Sampling

9.1 Lot—Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.

TABLE 1 Mechanical Properties

Alloy Condition
Tensile Strength,
min, psi (MPa)

Yield Strength, 0.2 %
offset, min, psi (MPa)

Elongation
in 2 in. or 50
mm, or 4D,

min, %

HardnessA

UNS N08330 annealed 70 000 (483) 30 000 (207) 30 70 to 90 HRB

UNS N08332 annealed 67 000 (462) 27 000 (186) 30 65 to 88 HRB
AHardness values are informative only and not to be constructed as the basis for acceptance.

TABLE 2 Chemical Requirements

Element
Composition

Limits, %

C ...A

Mn 2.00 max
P 0.03 max
S 0.03 max
Si 0.75–1.50
Cr 17.0–20.0
Ni 34.0–37.0
Cu 1.00 max
Pb 0.005 max
Sn 0.025 max
Fe remainderB

A Alloy UNS N08330: 0.08 max
Alloy UNS N08332: 0.05–0.10

BElement shall be determined arithmetically by difference.

TABLE 3 Thickness Tolerances for Hot-Rolled and Cold-Rolled
Sheets

Specified Thickness, in. (mm)
Tolerance

Over and Un-
der, in. (mm)

Over 0.145 to less than 3⁄16 (3.68 to less
than 4.76)

0.014 (0.36)

Over 0.130 to 0.145 (3.30 to 3.68), incl 0.012 (0.30)
Over 0.114 to 0.130 (2.90 to 3.30), incl 0.010 (0.25)
Over 0.098 to 0.114 (2.49 to 2.90), incl 0.009 (0.23)
Over 0.083 to 0.098 (2.11 to 2.49), incl 0.008 (0.20)
Over 0.072 to 0.083 (1.83 to 2.11), incl 0.007 (0.18)
Over 0.058 to 0.072 (1.47 to 1.83), incl 0.006 (0.15)
Over 0.040 to 0.058 (1.02 to 1.47), incl 0.005 (0.13)
Over 0.026 to 0.040 (0.66 to 1.02), incl 0.004 (0.10)
Over 0.016 to 0.026 (0.41 to 0.66), incl 0.003 (0.08)
Over 0.007 to 0.016 (0.18 to 0.41), incl 0.002 (0.05)
Over 0.005 to 0.007 (0.13 to 0.18), incl 0.0015 (0.04)
0.005 (0.13) 0.001 (0.03)

TABLE 4 Permissible Variations in Width and Length for
Hot-Rolled and Cold-Rolled Resquared Sheets (Stretcher

Leveled Standard of Flatness)

Specified Dimensions,
in. (mm)

Tolerances

Over
Under

in. mm

For thicknesses under 0.131 (3.33):
Widths up to 48 (1219) excl 1⁄16 1.6 0
Widths 48 (1219) and over 1⁄8 3.2 0
Lengths up to 120 (3048) excl 1⁄16 1.6 0
Lengths 120 (3048) and over 1⁄8 3.2 0

For thicknesses 0.131 (3.33) and over:
All widths and lengths 1⁄4 6.4 0

TABLE 5 Width, Length, and Camber Tolerances
for Hot-Rolled and Cold-Rolled Sheets not

Resquared or Stretcher Leveled
Width Tolerances

Specified Thickness,
in. (mm)

Tolerance for Specified
Width, in. (mm)

24 to 48
(610 to 1220),

excl

48 in.,
(1220)

and over
Less than 3⁄16 in. (4.76) 1⁄16 (1.6)

over,

1⁄8 in. (3.2)
over,

0 under 0 under
Length Tolerances

Specified Length,
ft (cm)

Tolerance, in. (mm)
Over Under

Up to 10 (305), incl
Over 10 to 20 (305 to 610),

incl

1⁄4 (6.4)
1⁄2 (12.7)

0 (0)
0 (0)

Camber TolerancesA

Specified Width, in. (mm) Tolerance per Unit Length
of any 8 ft (244 cm), in. (mm)

24 to 36 in. (610 to 914),
incl

1⁄8 (3.2)

Over 36 in. (914) 3⁄32 (2.4)
ACamber is the greatest deviation of a side edge from a straight line, and

measurement is taken by placing an 8-ft (2440-mm) straightedge on the concave
side and measuring the greatest distance between the sheet edge and the
straightedge.
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9.1.2 A lot for mechanical properties, hardness, and grain
size testing shall consist of all material from the same heat,
nominal thickness, and condition.

9.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material in the
same thickness and condition, except that for plates weighing
over 500 lb only one specimen shall be taken.

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

9.2.1.1 Product (check) analysis shall be wholly the respon-
sibility of the purchaser.

9.2.2 Mechanical Properties and Grain Size—Samples of
the material to provide specimens for mechanical properties
and grain size shall be taken from such locations in each lot as
to be representative of that lot.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Grain Size—One test per lot.
10.3 Tensile Properties and Hardness Test—One test per

lot.

11. Specimen Preparation

11.1 Tension test, hardness test, and grain size specimens
shall be taken from material in the final condition (temper).
Tension tests shall be transverse to the direction of rolling,
where width will permit.

11.2 Tension test specimens shall be any of the standard or
subsize specimens shown in Test Methods E 8.

11.3 In the event of disagreement, referee specimens shall
be as follows:

11.3.1 Full thickness of the material, machine to the form
and dimensions shown for the sheet-type specimen in Test
Methods E 8 for material under1⁄2 in. (12.7 mm) in thickness.

11.3.2 The largest possible round specimen shown in Test
Methods E 8 for material1⁄2 in. (12.7 mm) and over.

12. Methods of Test

12.1 Chemical Composition—In case of disagreement, the
chemical composition shall be determined in accordance with
Test Methods E 1473.

12.2 Tension Test—Tension testing shall be conducted in
accordance with Test Methods E 8.

12.3 Grain Size—The measurement of average grain size
may be carried out by the planimetric method, the comparison
method, or the intercept method described in Test Methods
E 112. In case of dispute, the “referee” method for determining
average grain size shall be the planimetric method.

12.4 Rockwell Hardness—Test Methods E 18.
12.5 Brinell Hardness—Test Method E 10.

TABLE 6 Flatness Tolerances for Hot-Rolled and Cold-Rolled Sheets

Sheets not Specified to Stretcher Leveled Standard of Flatness

Specified Thickness, in.
(mm)

Width, in. (mm)

Flatness Tolerance
(max Deviation from

a Horizontal Flat
Surface), in. (mm)

0.062 (1.57) and over To 60 (1524), incl 1⁄2 (12.7)
Over 60 to 72 (1524 to 1829), incl 3⁄4 (19.1)
Over 72 (1829) 1 (25.4)

Under 0.062 (1.57) To 36 (914), incl 1⁄2 (12.7)
Over 36 to 60 (914 to 1524), incl 3⁄4 (19.1)
Over 60 (1524) 1 (25.4)

Sheets Specified to Stretcher Level Standard of Flatness

Specified Thickness in. (mm) Width, in. (mm) Length, in. (mm)
Flatness tolerance

in. (mm)

Under 3⁄16 (4.76) To 48 (1220), incl To 96 (2440), incl 1⁄8 (3.2)
Under 3⁄16 (4.76) To 48 (1220), incl Over 96 (2440) 1⁄4 (6.4)
Under 3⁄16 (4.76) Over 48 (1220) To 96 (2440), incl 1⁄4 (6.4)
Under 3⁄16 (4.76) Over 48 (1220) Over 96 (2440) 1⁄4 (6.4)

TABLE 7 Diameter Tolerances for Hot-Rolled and Cold-
Rolled Sheets, Sheared Circles

Specified Thickness,
in. (mm)

Tolerance Over Specified Diameter
(No Tolerance Under) in. (mm)

Under 30
(760)

30 to 48
(760 to

1220), incl

Over 48
(1220)

Over 0.097 (2.46) 1⁄8 (3.2) 3⁄16 (4.8) 1⁄4 (6.4)
Over 0.057 to 0.097 (1.45

to 2.46), incl

3⁄32 (2.4) 5⁄32 (4.0) 7⁄32 (5.6)

0.057 (1.45) and under 1⁄16 (1.6) 1⁄8 (3.2) 3⁄16 (4.8)

TABLE 8 Weight Tolerances for Hot-Rolled and Cold-
Rolled Sheets

It is not practicable to produce hot-rolled and cold-rolled sheets to exact
theoretical weight. Sheets of any one item of a specified thickness and size in
any finish may be overweight to the following extent:

(1) An item of five sheets or less, or an item estimated to weigh 200 lb (90
kg) or less, may actually weigh as much as 10 percent over the theoretical
weight.

(2) An item of more than five sheets and estimated to weigh more than 200
lb (90 kg) may actually weigh as much as 71⁄2 percent over the theoretical
weight.

(3) The underweight variations for sheets are limited by the under thickness
tolerances shown in Table 3.

For determining theoretical weight the factor, 42 lb/ft2·in. (0.0008 kg/cm2·mm)
thickness may be used.
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12.6 Hardness Conversion—Hardness Conversion Tables
E 140.

12.7 Rounding Method—For purposes of determining com-
pliance with the limits in this specification, an observed value
or a calculated value shall be rounded off as indicated below, in
accordance with the rounding-off method of Practice E 29:

TABLE 9 Thickness Tolerances for Cold-Rolled Strip in Coils and Cut Lengths

NOTE 1—Thickness measurements are taken at least3⁄8 in. (9.5 mm) in from edge of the strip, except that on widths less than 1 in. (25.4 mm) the
tolerances are applicable for measurements at all locations.

NOTE 2—Above tolerances include crown.

Specified thickness, in. (mm), incl

Thickness Tolerances, in. (mm), for the Thicknesses and Widths given, over and under

Width, in. (mm)

3⁄16 (4.8) to 6 (152), incl
Over 6 (152) to 12 (305),

incl
Over 12 (305) to 24 (610),

excl

0.005 (0.13) to 0.010 (0.25) 10 % 10 % 10 %
Over 0.010 (0.25) to 0.011 (0.28) 0.0015 (0.04) 0.0015 (0.04) 0.0015 (0.04)
Over 0.011 (0.28) to 0.013 (0.33) 0.0015 (0.04) 0.0015 (0.04) 0.002 (0.05)
Over 0.013 (0.33) to 0.017 (0.43) 0.0015 (0.04) 0.002 (0.05) 0.002 (0.05)
Over 0.017 (0.43) to 0.020 (0.51) 0.0015 (0.04) 0.002 (0.05) 0.0025 (0.06)
Over 0.020 (0.51) to 0.029 (0.74) 0.002 (0.05) 0.0025 (0.06) 0.0025 (0.06)
Over 0.029 (0.74) to 0.035 (0.89) 0.002 (0.05) 0.003 (0.08) 0.003 (0.08)
Over 0.035 (0.89) to 0.050 (1.27) 0.0025 (0.06) 0.0035 (0.09) 0.0035 (0.09)
Over 0.050 (1.27) to 0.069 (1.75) 0.003 (0.08) 0.0035 (0.09) 0.0035 (0.09)
Over 0.069 (1.75) to 0.100 (2.54) 0.003 (0.08) 0.004 (0.10) 0.005 (0.13)
Over 0.100 (2.54) to 0.125 (3.18) 0.004 (0.10) 0.0045 (0.11) 0.005 (0.13)
Over 0.125 (3.18) to 0.161 (4.09) 0.0045 (0.11) 0.0045 (0.11) 0.005 (0.13)

Over 0.161 (4.09) to 3⁄16 (4.76) excl 0.005 (0.13) 0.005 (0.13) 0.006 (0.15)

TABLE 10 Width Tolerances Cold-Rolled Strip in Coils and Cut Lengths, Edge Numbers 1 and 5

Specified Edge
No.

Width, in. (mm) Thickness, in. (mm)

Width Tolerance, in.
(mm) for Thickness

and Width given over
and under

1 and 5 9⁄32 (7.1) and under 1⁄16 (1.6) and under 0.005 (0.13)
1 and 5 Over 9⁄32 (7.1) to 3⁄4 (19.1) incl 3⁄32 (2.4) and under 0.005 (0.13)
1 and 5 Over 3⁄4 (19.1) to 5 (127) incl 1⁄8 (3.2) and under 0.005 (0.13)

5 Over 5 (127) to 9 (229) incl 1⁄8 (3.2) to 0.008 (0.20) incl 0.010 (0.25)
5 Over 9 (229) to 20 (508) incl 0.105 (2.67) to 0.015 (0.38) incl 0.010 (0.25)
5 Over 20 (508) to 24 (610) excl 0.080 (2.03) to 0.023 (0.58) incl 0.015 (0.38)

TABLE 11 Width Tolerances Cold-Rolled Strip in Coils and Cut Lengths Edge Number 3

Specified Thickness in.
(mm)

Width Tolerance, in. (mm) Over and Under, for Thickness and Width Given

Under 1⁄2
(12.7) to 3⁄16

(4.8)

1⁄2 (12.7) to 6
(152)

Over 6 (152)
to 9 (229)

Over 9 (229)
to 12 (305)

Over 12 (305)
to 20 (508)

Over 20 (508)
to 24 (610)

0.068 (1.73) and under 0.005 (0.13) 0.005 (0.13) 0.005 (0.13) 0.010 (0.25) 0.016 (0.41) 0.020 (0.51)
Over 0.068 (1.75) to 0.099

(2.51), incl
0.008 (0.20) 0.008 (0.20) 0.010 (0.25) 0.010 (0.25) 0.016 (0.41) 0.020 (0.51)

Over 0.099 (2.51) to 0.160
(4.06), incl

0.010 (0.25) 0.010 (0.25) 0.016 (0.41) 0.016 (0.41) 0.020 (0.51) 0.020 (0.51)

Over 0.160 (4.06) to under
3⁄16 (4.76) excl

... 0.016 (0.41) 0.020 (0.51) 0.020 (0.51) 0.031 (0.79) 0.031 (0.79)

TABLE 12 Length Tolerances Cold-Rolled Strip in Cut
Lengths

Specified Length, in. (mm)
Tolerance, in. (mm)

over Specified Length,
No Tolerance Under,

Up to 60 (1524) incl 3⁄8 (9.5)
Over 60 (1524) to 120 (3048) incl 1⁄2 (12.7)

Over 120 (3048) to 240 (6096) incl 5⁄8 (15.9)

TABLE 13 Camber Tolerances Cold-Rolled Strip in Coils and Cut
Lengths

NOTE 1—Camber is the deviation of a side edge from a straight line,
and measurement is taken by placing an 8-ft (24-mm) straight edge on the
concave side and measuring the greatest distance between the strip edge
and the straight edge.

Specified Width, in. (mm)
Tolerance in. (mm) per unit

length of any 8 ft. (2440
mm)

Up to 11⁄2 (38.1) incl 1⁄2 (12.7)
Over 11⁄2 (38.1) to 24 (609.6) excl 1⁄4 (6.4)
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Requirements
Rounded-Off Unit
for Observed or
Calculated Value

Chemical composition and toler-
ances (when expressed in deci-
mals

nearest unit in the last right-hand place of
figures of the specified limit. If two choices
are possible, as when the digits dropped are
exactly a 5, or a 5 followed only by zeros,
choose the one ending in an even digit, with
zero defined as an even digit

Tensile strength and yield strength nearest 1000 psi (6.9 MPa)
Elongation nearest 1 %
Grain size: 0.0024 in. (0.060 mm)
or larger

nearest multiple of 0.0002 in. (0.005 mm)

Less than 0.0024 in. (0.060 mm) nearest multiple of 0.0001 in. (0.002 mm)

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of

dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

16. Product Marking

16.1 The following information shall be marked on the
material: The name of the material or UNS number, heat
number, the letters ASTM, the specification number, the year of
issue, the size, and other such information as may be defined in
the contract or order.

17. Keywords

17.1 N08330; N08332; plate; sheet; strip

TABLE 15 Width and Length Tolerances for Plates A,B

Width, in. Length, in.

Tolerance Over Specified Width and Length for Given Width, Length, and
Thickness, in.

Under 3⁄8 in. 3⁄8 to 1⁄2 in.,
incl, in Thickness

Over 1⁄2 in. in Thickness

Width Length Width Length Width Length

48 and under 144 and under 1⁄8 3⁄16 3⁄16 1⁄4 5⁄16 3⁄8
Over 48 to 60, incl 3⁄16 1⁄4 1⁄4 5⁄16 3⁄8 7⁄16

Over 60 to 84, incl 1⁄4 5⁄16 5⁄16 3⁄8 7⁄16 1⁄2
Over 84 to 108, incl 5⁄16 3⁄8 3⁄8 7⁄16 1⁄2 9⁄16

Over 108 3⁄8 7⁄16 7⁄16 1⁄2 5⁄8 11⁄16

48 and under over 144 to 240 3⁄16 3⁄8 1⁄4 1⁄2 5⁄16 5⁄8
Over 48 to 60, incl 1⁄4 7⁄16 5⁄16 5⁄8 3⁄8 3⁄4
Over 60 to 84, incl 3⁄8 1⁄2 7⁄16 11⁄16 1⁄2 3⁄4
Over 84 to 108, incl 7⁄16 9⁄16 1⁄2 3⁄4 5⁄8 7⁄8
Over 108 1⁄2 5⁄8 5⁄8 7⁄8 11⁄16 1

48 and under over 240 to 360 1⁄4 1⁄2 5⁄16 5⁄8 3⁄8 3⁄4
Over 48 to 60, incl 5⁄16 5⁄8 3⁄8 3⁄4 1⁄2 3⁄4
Over 60 to 84, incl 7⁄16 11⁄16 1⁄2 3⁄4 5⁄8 7⁄8
Over 84 to 108, incl 9⁄16 3⁄4 5⁄8 7⁄8 3⁄4 1
Over 108 5⁄8 7⁄8 11⁄16 1 7⁄8 1

60 and under over 360 to 480 7⁄16 11⁄8 1⁄2 11⁄4 5⁄8 13⁄8
Over 60 to 84, incl 1⁄2 11⁄4 5⁄8 13⁄8 3⁄4 11⁄2

TABLE 14 Permissible Variations in Thickness for Plates A

Specified Thickness, in. (mm)

Width, in. (mm)

To 84 (2134), incl Over 84 (2134) to
120 (3048), incl

Over 120 (3048) to
144 (3658), incl

Over 144 (3658)

Tolerance Over Specified Thickness,B in. (mm)

1⁄16 (4.76) to 3⁄8(9.52), excl 0.045 (1.14) 0.050 (1.27) ... ...
3⁄8 (9.52) to 3⁄4 (19.05), excl 0.055 (1.40) 0.060 (1.52) 0.075 (1.90) 0.090 (2.29)
3⁄4 (19.05) to 1 (25.40), excl 0.060 (1.52) 0.065 (1.65) 0.085 (2.16) 0.100 (2.54)
1 (25.40) to 2 (50.80), excl 0.070 (1.78) 0.075 (1.90) 0.095 (2.41) 0.115 (2.92)
2 (50.80) to 3 (76.20), excl 0.125 (3.18) 0.150 (3.81) 0.175 (4.44) 0.200 (5.08)
3 (76.20) to 4 (101.6), excl 0.175 (4.44) 0.210 (5.33) 0.245 (6.22) 0.280 (7.11)

AThickness is measured along the longitudinal edges of the plate at least 3⁄8 in. (9.52 mm), but not more than 3 in. (76.20 mm), from the edge.
BFor circles, the over thickness tolerances in this table apply to the diameter of the circle corresponding to the width ranges shown. For plates of irregular shape, the

over thickness tolerances apply to the greatest width corresponding to the width ranges shown. For plates up to 10 in. (254.0 mm), incl, in thickness, the tolerance under
the specified thickness is 0.010 in. (0.25 mm).
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TABLE 15 Continued

Width, in. Length, in.

Tolerance Over Specified Width and Length for Given Width, Length, and
Thickness, in.

Under 3⁄8 in. 3⁄8 to 1⁄2 in.,
incl, in Thickness

Over 1⁄2 in. in Thickness

Width Length Width Length Width Length

Over 84 to 108, incl 9⁄16 11⁄4 3⁄4 13⁄8 7⁄8 11⁄2
Over 108 3⁄4 13⁄8 7⁄8 11⁄2 1 15⁄8

60 and under over 480 to 600 7⁄16 11⁄4 1⁄2 11⁄2 5⁄8 15⁄8
Over 60 to 84, incl 1⁄2 13⁄8 5⁄8 11⁄2 3⁄4 15⁄8
Over 84 to 108, incl 5⁄8 13⁄8 3⁄4 11⁄2 7⁄8 15⁄8
Over 108 3⁄4 11⁄2 7⁄8 15⁄8 1 13⁄4

60 and under over 600 1⁄2 13⁄4 5⁄8 17⁄8 3⁄4 17⁄8
Over 60 to 84, incl 5⁄8 13⁄4 3⁄4 17⁄8 7⁄8 17⁄8
Over 84 to 108, incl 5⁄8 13⁄4 3⁄4 17⁄8 7⁄8 17⁄8
Over 108 7⁄8 13⁄4 1 2 11⁄8 21⁄4

Width, mm Length, mm

Tolerance Over Specified Width and Length for Given Width, Length, and
Thickness, mm

Under 9.5 mm 9.5 to 12.7 mm, incl
in Thickness

Over 12.7 mm in
Thickness

Width Length Width Length Width Length

1219 mm and under 3.2 4.8 4.8 6.4 7.9 9.5
Over 1219 to 1524, incl 3658 and under 4.8 6.4 6.4 7.9 9.5 11.1
Over 1524 to 2134, incl 6.4 7.9 7.9 9.5 11.1 12.7
Over 2134 to 2743, incl 7.9 9.5 9.5 11.1 12.7 14.3
Over 2743 9.5 11.1 11.1 12.7 15.9 17.5

1219 mm and under 4.8 9.5 6.4 12.7 7.9 15.9
Over 1219 to 1524, incl over 3658 to 6096 6.4 11.1 7.9 15.9 9.5 19.1
Over 1524 to 2134, incl 9.5 12.7 11.1 17.5 12.7 19.1
Over 2134 to 2743, incl 11.1 14.3 12.7 19.1 15.9 22.2
Over 2743 12.7 15.9 15.9 22.2 17.5 25.4

1219 mm and under 6.4 12.7 7.9 15.9 9.5 19.1
Over 1219 to 1524, incl over 6096 to 9144 7.9 15.9 9.5 19.1 12.7 19.1
Over 1524 to 2134, incl 11.1 17.5 12.7 19.1 15.9 22.2
Over 2134 to 2743, incl 14.3 19.1 15.9 22.2 19.1 25.4
Over 2743 15.9 22.2 17.5 25.4 22.2 25.4

1524 mm and under 11.1 28.6 12.7 31.8 15.9 34.9
Over 1524 to 2134, incl over 9144 to 12192 12.7 31.8 15.9 34.9 19.1 38.1
Over 2134 to 2743, incl 14.3 31.8 19.1 34.9 22.2 38.1
Over 2743 19.1 34.9 22.2 38.1 25.4 41.3

1524 mm and under 11.1 31.8 12.7 38.1 15.9 41.3
Over 1524 to 2134, incl over 12192 to 15240 12.7 34.9 15.9 38.1 19.1 41.3
Over 2134 to 2743, incl 15.9 34.9 19.1 38.1 22.2 41.3
Over 2743 19.1 38.1 22.2 41.3 25.4 44.3

1524 mm and under 12.7 44.5 15.9 47.6 19.1 47.6
Over 1524 to 2134, incl over 15240 15.9 44.5 19.1 47.6 22.2 47.6
Over 2134 to 2743, incl 15.9 44.5 19.1 47.6 22.2 47.6
Over 2743 22.2 44.5 25.4 50.8 28.6 57.2

AThe tolerance under specified width and length is 1⁄4in. (6.4 mm).
BRectangular plates over 1 in. (25.4 mm) in thickness are not commonly sheared and are machined or otherwise cut to length and width or produced in the size as rolled,

uncropped.

TABLE 16 Camber Tolerance for Plates

Tolerance = 1⁄8 in. (3.175 mm) 3 [ft (cm) of length/5 ft (152.4 cm)]

TABLE 17 Diameter Tolerance for Circular Plates

Specified Diameter, in. (mm)

Tolerance over Specified Diameter for Given Diameter and
Thickness (No Under Tolerance), in. (mm)

Thickness
To 3⁄8 (9.5),

excl

3⁄8 to 5⁄8 (9.5
to 15.9), excl

5⁄8 (15.9) and
over

To 60 (1524), excl 1⁄4(6.4) 3⁄8 (9.5) 1⁄2 (12.7)
60 to 84 (1524 to 2134), excl 5⁄16 (7.9) 7⁄16 (11.1) 9⁄16 (14.3)
84 to 108 (2134 to 2743), excl 3⁄8 (9.5) 1⁄2 (12.7) 5⁄8 (15.9)
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Specified Diameter, in. (mm)

Tolerance over Specified Diameter for Given Diameter and
Thickness (No Under Tolerance), in. (mm)

Thickness
To 3⁄8 (9.5),

excl

3⁄8 to 5⁄8 (9.5
to 15.9), excl

5⁄8 (15.9) and
over

108 to 130 (2743 to 3302), excl 7⁄16 (11.1) 9⁄16 (14.3) 11⁄16 (17.5)

TABLE 18 Flatness Tolerances for Plates

Specified
Thickness, in.

Flatness Tolerance (Deviation from a Flat Horizontal Surface) for Thickness and Width Given, in.

Width, in.

48 and
Under

Over 48 to
60, excl

60 to 72,
excl

72 to 84,
excl

84 to 96,
excl

96 to 108,
excl

108 to
120, excl

120 to
144, excl

144 and
Over

3⁄16 to 1⁄4, excl 3⁄4 11⁄16 11⁄4 13⁄8 15⁄8 15⁄8 17⁄8 2 ...
1⁄4 to 3⁄8, excl 11⁄16 3⁄4 15⁄16 11⁄8 13⁄8 17⁄16 19⁄16 17⁄8 ...
3⁄8 to 1⁄2, excl 1⁄2 9⁄16 11⁄16 3⁄4 15⁄16 11⁄8 11⁄4 17⁄16 13⁄4
1⁄2 to 3⁄4, excl 1⁄2 9⁄16 5⁄8 5⁄8 13⁄16 11⁄8 11⁄8 11⁄8 13⁄8
3⁄4 to 1, excl 1⁄2 9⁄16 5⁄8 5⁄8 3⁄4 13⁄16 15⁄16 1 11⁄8
1 to 11⁄2, excl 1⁄2 9⁄16 9⁄16 9⁄16 11⁄16 11⁄16 11⁄16 3⁄4 1
11⁄2 to 4, excl 3⁄16 5⁄16 3⁄8 7⁄16 1⁄2 9⁄16 5⁄8 3⁄4 7⁄8
4 to 6, excl 1⁄4 3⁄8 1⁄2 9⁄16 5⁄8 3⁄4 7⁄8 1 11⁄8

Specified
Thickness, mm

Flatness Tolerance (Deviation from a Flat Horizontal Surface) for Thickness and Width Given, mm

Width, mm

1219 and
Under

Over 1219
to 1524,

excl

1524 to
1829, excl

1829 to
2134, excl

2134 to
2438, excl

2438 to
2743, excl

2743 to
3048, excl

3048 to
3658, excl

3658 and
Over

4.8 to 6.4, excl 19.0 27.0 31.8 34.9 41.3 41.3 47.6 50.8 ...
6.4 to 9.5, excl 17.5 19.0 23.8 28.6 34.9 36.5 39.7 47.6 ...
9.5 to 12.7, excl 12.7 14.3 17.5 19.0 23.8 28.6 31.8 36.5 44.5
12.7 to 19.0, excl 12.7 14.3 15.9 15.9 20.6 28.6 28.6 28.6 34.9
19.0 to 25.4, excl 12.7 14.3 15.9 15.9 19.0 20.6 23.8 25.4 28.6
25.4 to 38.1, excl 12.7 14.3 14.3 14.3 17.5 17.5 17.5 19.0 25.4
38.1 to 102, excl 4.8 7.9 9.5 11.1 12.7 14.3 15.9 19.0 22.2
102 to 152, excl 6.4 9.5 12.7 14.3 15.9 19.0 22.2 25.4 28.6

TABLE 19 Recommended Plate Flame-Cutting Tolerances to Clean up in Machining

Specified Thickness, in.
(mm)

Machining Allowance per
Edge, in. (mm)

Under 2 (51) 1⁄4 (6.4)
Over 2 to 3 (51 to 76), incl 3⁄8 (9.5)
Over 3 to 6 (76 to 152), incl 1⁄2 (12.7)

TABLE 20 Abrasive-Cutting Width and Length Tolerances

Specified Thickness, in.
(mm)

Tolerance Over Specified
Width and Length, in. (mm)A

Width Length
Up to 11⁄4 (32)

Over 11⁄4 to 23⁄4 (32 to 70)

1⁄8 (3.2)
3⁄16 (4.8)

1⁄8 (3.2)
3⁄16 (4.8)

AThe tolerance under specified width and length is 1⁄8 in. (3.2 mm).

APPENDIX

(Nonmandatory Information)

X1. FINISHES

X1.1 Scope—This appendix lists the finishes in which
plate, sheet, and strip are normally supplied. These are subject
to change and the manufacturer should be consulted for the
latest information available.

X1.2 Sheet—The various types of finish procurable on
sheet products are:

X1.2.1 No. 1 Finish—Hot-rolled, annealed, and descaled.
X1.2.2 No. 2D Finish—Dull, cold-rolled finish.
X1.2.3 No. 2B Finish—Bright, cold-rolled finish.

X1.2.3.1 Bright-Annealed Finish—A bright cold-rolled fin-
ish retained by final annealing in a controlled atmosphere
furnace.

NOTE X1.1—Explanation of Finish:
No. 1—Produced on hand sheet mills by hot rolling to specified

thicknesses followed by annealing and descaling. Generally used in
industrial applications, such as for heat or corrosion resistance, where
smoothness and uniformity of finish is not of particular importance.

No. 2D—Produced on either hand sheet mills or continuous mills by
cold rolling to the specified thickness, annealing, and descaling. The dull
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finish may result from the descaling or pickling operation or may be
developed by a final light cold-rolled pass on dull rolls. The dull finish is
favorable for the retention of lubricants on the surface in deep drawing
operations. This finish is generally used in forming deep drawn articles
which may be polished after fabrication.

No. 2B—Commonly produced the same as No. 2D, except that the
annealed and descaled sheet receives a final light cold-rolled pass on
polished rolls. This is a general purpose cold-rolled finish. It is commonly
used for all but exceptionally difficult deep drawing application. This
finish is more readily polished than No. 1 or No. 2D finish.

Bright-Annealed Finish—A bright cold-rolled highly reflective finish
retained by final annealing in a controlled atmosphere furnace. The
purpose of the atmosphere is to prevent scaling or oxidation during
annealing. The atmosphere is usually comprised of either dry hydrogen or
a mixture of dry hydrogen and dry nitrogen (sometimes known as
dissociated ammonia).

X1.3 Strip—The various types of finish procurable on
cold-rolled strip products shall be as follows:

X1.3.1 No. 1 Finish—Cold-rolled to specified thickness,
annealed, and pickled.

X1.3.2 No. 2 Finish—Same as No. 1 finish, followed by a
final light cold-rolled pass, generally on highly-polished rolls.

X1.3.3 Bright-Annealed Finish—A bright cold-rolled finish
retained by final annealing in a controlled atmosphere furnace.

NOTE X1.2—Explanation of Finish:
No. 1—Appearance may be dull-gray matte to fairly reflective. This

finish is used for severely drawn or formed parts as well as for applications
where the brighter No. 2 finish is not required, such as in parts for heat
resistance.

No. 2—This finish has a smoother and more reflective surface. This is
a general purpose finish, widely used for household and automotive trim,
tableware, utensils, trays, etc.

Bright-Annealed Finish—A bright cold-rolled highly reflective finish
retained by final annealing in a controlled atmosphere furnace. The
purpose of the atmosphere is to prevent scaling or oxidation during
annealing. The atmosphere is usually comprised of either dry hydrogen or
a mixture of dry hydrogen and dry nitrogen (sometimes known as
dissociated ammonia).

X1.3.4 The various types of edges obtainable on strip are as
follows:

X1.3.5 No. 1 Edge—Rolled edge, either round or square as
specified.

X1.3.6 No. 3 Edge—An edge produced by slitting.
X1.3.7 No. 5 Edge—Approximately square edge produced

by rolling or filing after slitting.

X1.4 Plate—The types of finish obtainable on plate are as
follows:

X1.4.1 Hot-Rolled, Annealed—Scale not removed. Use of
plates in this condition is generally confined to heat-resisting
applications.

X1.4.2 Hot-Rolled, Annealed, Descaled—Scale removed by
a blast-cleaning or pickling operation. Finish commonly pre-
ferred for corrosion resisting applications or where non-flux
type welding operations will be performed.

X1.4.3 Cold-Rolled, Annealed—Bright-annealed finish or
scale removed by a blast-cleaning or pickling operation.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 540 – 97 (Reapproved 2002)

Standard Specification for
Palladium Electrical Contact Alloy 1

This standard is issued under the fixed designation B 540; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers an alloy containing palladium,
silver, copper, gold, platinum, and zinc in the form of wire, rod,
and strip for electrical contacts.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The SI units may be approximate.

1.3 The following safety hazard caveat pertains only to the
test methods portion, Section 6 of this specification.This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

1.4 It is the responsibility of the user to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet For this product/material as pro-
vided by the manufacturer.

2. Referenced Documents

2.1 ASTM Standards:
B 476 Specification for General Requirements for Wrought

Precious Metal Electrical Contact Materials2

E 8 Test Methods for Tension Testing of Metallic Materi-
als3

E 384 Test Method for Microindentation Hardness of Ma-
terials3

3. Materials and Manufacture

3.1 Raw materials shall be of such quality and purity that
the finished product will have the properties and characteristics
prescribed in this specification.

3.2 The material shall be finished by such operations (cold
working, heat treating, annealing, turning, grinding, pickling)
as are required to produce the prescribed properties.

4. Chemical Composition

4.1 Material produced under the specification shall meet the
requirements of chemical composition shown in Table 1.

5. Mechanical Properties

5.1 The contract or order may specify ultimate tensile
strength, elongation, mirohardness (Knoop or Vickers), or a
combination of these mechanical properties (as listed in Table
2, Table 3, and Table 4) as temper criterion. If the contract or
order does not specify a temper criterion, then the criterion for
temper designation will be ultimate tensile strength and elon-
gation.

6. Test Methods

6.1 Test methods shall be in accordance with Specification
B 476.

6.1.1 Knoop hardness tests shall be in accordance with Test
Method E 384. Material 0.005 in. (0.13 mm) in thickness
(diameter) and larger shall be tested using a 100-g indenter
load. Material less than 0.005 in. (0.13 mm) in thickness
(diameter) shall be tested using a 50-g indenter load. A
minimum of five hardness indentations shall be made on each
specimen. All indentations shall be made so that the long axis
of the indenter is parallel to the rolling or drawing direction of
the material. The hardness value reported shall be the average
of the five indentations.

6.1.2 All tension test specimens shall be full cross-section
size when practical (see Test Methods E 8).

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B2.05 on Precious Metals and Electrical Contact Materials.

Current edition approved Dec. 10, 1997. Published October 1998. Originally
published as B 540 – 70. Last previous edition B 540 – 91.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.

TABLE 1 Chemical Requirements

Element
Composition,

weight %

Palladium 34.0–36.0
Silver 29.0–31.0
Copper 13.5–14.5
Gold 9.5–10.5
Platinum 9.5–10.5
Zinc 0.8–1.2
Total platinum group metal impurities (iridium, osmium,

rhodium, ruthenium)
0.1 max

Total base metal impurities 0.2 max

1
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6.1.3 All tests shall be conducted in room temperature, 65 to
85°F (18.3 to 29.4°C).

6.2 Chemical analysis shall be performed by spectrochemi-
cal or wet analysis methods.

7. Inspection and Testing

7.1 Material furnished under this specification shall be
inspected and tested by the manufacturer as listed below:

7.1.1 Visual inspection at 103 magnification,

7.1.2 Tension or hardness tests, or both, for temper verifi-
cation,

7.1.3 Dimensional inspection, and
7.1.4 Chemical analysis when indicated by the purchase

order.

8. Keywords

8.1 contact; electrical contact material; palladium alloy;
precious metal

TABLE 2 Mechanical Properties of Wire A

(0.004 to 0.020 in. (0.1 to 0.5 mm) diameter)

Property

Temper

Solution-
Annealed

Stress-
Relieved

Ductile
Heat-Treated

Age-Hardened

Heat Treated
Age-Hardened

Tensile strength, ksi 110–130 140–170 160–190 160–200
Tensile strength, MPa 760–900 970–1170 1100–1310 1100–1380
Elongation, % in 2 in. (51 mm) 20 min 10–20 8–18 1–10
Hardness, Knoop B 200–260 280–340 320–370 350–410
Hardness, Vickers, 100-g load (50-g 190–250 265–340 320–380 330–400

under 0.005-diameter)
AThe limits to all properties apply only to the sizes specified.
BSee 7.1.1.

TABLE 3 Mechanical Properties of Wire A

(Over 0.020 to 0.040 in. (0.5 to 1.0 mm) diameter)

Property
Temper

Solution-Annealed Stress-Relieved Ductile-Hardened Age-Hardened

Tensile strength, ksi 105–130 130–170 155–180 160–200
Tensile strength, MPa 720–860 900–1170 1070–1240 1100–1380
Elongation, % in 2 in. (51 mm) 15 min 8–25 8–25 1–10
Hardness, Knoop B 200–260 280–340 310–360 340–400
Hardness, Vickers: 190–250 265–340 320–380 330–400

100-g load
AThe limits to all properties apply only to the sizes specified.
BSee 7.1.1.

TABLE 4 Mechanical Properties of Strip A

(0.003 to 0.020 in. (0.075 to 0.5 mm) thick)

Property
Temper

Solution-Annealed Stress-Relieved Ductile-Hardened Age-Hardened

Tensile strength, ksi 110–135 135–160 150–185 160–200
Tensile strength, MPa 760–930 930–1100 1030–1280 1100–1380
Elongation, % in 2 in. (51 mm) 12 min 8–25 8–25 1–10
Hardness, Knoop B 200–260 280–340 300–360 340–400
Hardness, Vickers 100-g load (50-g load under

0.005 thick)
185–255 265–340 320–380 330–400

AThe limits to all properties apply only to the sizes specified.
BSee 7.1.1.

B 540 – 97 (2002)
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APPENDIX

(Nonmandatory Information)

X1. REFERENCE PROPERTIES OF PALLADIUM ALLOY ELECTRICAL CONTACT MATERIAL

X1.1 Table X1.1 provides a list of typical property values

which are useful for engineering calculations in electrical

contact design and application.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X1.1 Typical Physical Properties

Solution-
Annealed

Stress-
Relieved

Ductile-
Hardened

Age-
Hardened

Resistivity, µV· cm 34.9 33.2 31.6 31.6
Density, Mg/m 3 11.8 11.8 11.8 11.8
Solidus temperature, °C 1015 1015 1015 1015
Linear coefficient of thermal expansion/°C (23-100°C) 13.5 3 10 −6 13.5 3 10 −6 13.5 3 10 −6 13.5 3 10 −6

Thermal emf versus platinum (0-100°C), µ V/°C −10 −9 −8 −8
Softening voltage, mV 220 220 220 220
Melting voltage, mV 385 ... 400 400
Fatigue strength (rotating-bending)

at 10 8 cycles:
ksi 50 50 50 50
MPa 345 345 345 345

Modulus of elasticity in tension:
ksi 17 3 10 3 17 3 10 3 17 3 10 3 17 3 10 3

MPa 117 3 10 3 117 3 10 3 117 3 10 3 117 3 10 3

Proportional limit:
ksi 90 135 135 145
MPa 620 930 930 1000

B 540 – 97 (2002)
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Designation: B 541 – 01

Standard Specification for
Gold Electrical Contact Alloy 1

This standard is issued under the fixed designation B 541; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers a gold-rich, age-hardenable
alloy in rod, wire, and strip form applicable to electrical
contacts.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The SI units may be approximate.

1.3 The following precautionary statement pertains to the
test method portion only, Section 7, of this specification.This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 476 Specification for General Requirements for Wrought

Precious Metal Electrical Contact Materials2

E 8 Test Methods of Tension Testing of Metallic Materials3

E 384 Test Method for Microhardness of Materials3

3. Materials and Manufacture

3.1 Raw materials shall be of such quality and purity that
the finished product will have the properties and characteristics
prescribed in this specification.

3.2 The material shall be finished by such operations (cold
working, annealing, turning, grinding, age hardening, etc.) as
are required to produce the prescribed properties.

4. Chemical Composition

4.1 Material produced under this specification shall meet the
requirements of Table 1 for chemical composition.

5. Condition

5.1 This specification covers the conditions and forms listed
in Table 2.

6. Mechanical Properties

6.1 Mechanical properties shall conform to Table 3 and
Table 4 as appropriate.

6.2 The contract or order may specify ultimate tensile
strength, elongation, microhardness (Knoop or Vickers), hard-
ness (Rockwell or Rockwell Superficial), or a combination of
these mechanical properties as temper criterion. If the contract
or order does not specify a temper criterion, then the criterion
for temper designation will be ultimate tensile strength and
elongation.

6.3 Mechanical properties of flattened wire, less than 0.012
in. (0.30 mm) thick shall conform to 6.1 (Table 5).

7. Test Methods

7.1 Test methods are in accordance with Specification
B 476.

7.2 All tension tests are in accordance with Methods E 8 and
tensile specimens are full cross-section size when practical.

7.3 Hardness is in accordance with Test Method E 384. Test
material 0.005 in. (0.13 mm) in thickness (diameter) and larger
using a 100-gf indenter load. Test material less than 0.005 in.

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals and Electrical Contact Materials.

Current edition approved June 10, 2001. Published August 2001. Originally
published as B 541 – 70. Last previous edition B 541 – 95.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.

TABLE 1 Chemical Requirements

Element Composition, Weight %

Nominal Range

Gold 71.5 70.5–72.5
Platinum 8.5 8.0–9.0
Silver 4.5 4.0–5.0
Copper 14.5 13.5–15.5
Zinc 1.0 0.7–1.3
Total base metal impurities ... 0.2 max
Total platinum group metal impurities ... 0.2 max

TABLE 2 Conditions and Forms

Process
Symbol

Form

Wire Strip Rod

Annealed
Stress relieved

A
S-R

X
X

X
X

X

Age hardened from solution
annealed condition

HT-A X X X

Age hardened from solution annealed
and cold-worked condition

HT-CW X X X

1
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in thickness (diameter) using a 50-gf indenter load. Make a
minimum of five hardness indentions on each specimen. Make
all indentions so that the long axis of the Knoop indenter is
parallel to the rolling or drawing direction of the material.

7.4 Perform chemical analysis by spectrochemical or wet
analysis methods.

7.5 Conduct all tests at room temperature (65 to 85°F) (18
to 29°C).

8. General Requirements

8.1 Specification B 476 shall apply to all materials produced
to this specification.

9. Inspection and Testing
9.1 Material furnished under this specification shall be

inspected and tested by the manufacturer as follows:

9.1.1 Visual inspection at 103 magnification,

9.1.2 Tension or hardness tests, or both, temper verification,

9.1.3 Dimensional inspection, and

9.1.4 Chemical analysis when indicated by the purchase
order.

10. Keywords

10.1 contacts; electrical contacts; gold alloy; gold-platinum-
silver; low contact resistance; low energy contact; non arcing
contact

TABLE 3 Mechanical Properties of Wire (0.004 to 0.020-in. (0.12 to 0.5-mm) diameter) A

Property Condition

A S-R HT-A HT-CW

Tensile strength, ksi 85–110 130–170 130–165 150–200
Tensile strength, MPa 590–760 900–1170 900–1140 1030–1380
Elongation, % in 5 in. or 125 mm 20 min 5–15 7–14 2–10
Hardness, Knoop, HK100

B 180–240 270–340 280–350 310–380
Hardness, Vickers HV100

B 180–250 270–340 285–360 290–370
A See 6.2.
B See 7.3.

TABLE 4 Mechanical Properties of Wire (0.021 to 0.080-in. (0.51 to 0.200-mm) diameter) A

Property Condition

A S-R HT-A HT-CW

Tensile strength, ksi 80–110 130–170 130–160 145–195
Tensile strength, MPa 550–760 900–1170 900–1100 1000–1340
Elongation, % in 2 in. or 50 mm 16 min 4–14 5–14 2–10
Hardness, Knoop HK100

B 180–240 270–340 270–340 290–370
Hardness, Vickers HV100

B 180–250 270–340 285–360 290–370
A See 6.2.
B See 7.3.

TABLE 5 Mechanical Properties of Strip (0.003 to 0.020-in. (0.12 to 0.5-mm) thick) A

Property Condition

A S-R HT-A HT-CW

Tensile strength, ksi 85–115 125–165 125–155 140–180
Tensile strength, MPa 590–790 860–1140 860–1070 970–1240
Elongation, % in 2 in. or 50 mm 12 min 3–16 3–12 2–10
Hardness, Knoop, HK100

B 200–250 270–340 270–340 290–370
Hardness, Vickers HV100

B 180–250 270–340 275–350 285–365
A See 6.2.
B See 7.3.

B 541
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APPENDIX

(Nonmandatory Information)

X1. REFERENCE PROPERTIES OF GOLD ELECTRICAL CONTACT ALLOY

X1.1 Table X1.1 lists typical property values that are useful
for engineering calculations.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X1.1 Typical Physical Properties

Property Units Condition

A S-R HT-A HT-CW

Resistivity V·cmil/ft
µV·cm

135
22.4

125
20.8

87
14.5

87
14.5

Conductivity percent IACS 7.7 8.3 12.2 12.2
Density g/cm 3

Troy oz/in. 3
15.9
8.37

15.9
8.37

15.9
8.37

15.9
8.37

Thermal expansion,
70–212°F (21–100°C)

°F −1 3 10 −6

°C −1 3 10 −6
7

12.6
7

12.6
7

12.6
7

12.6
Young’s modulus million psi

GPa
16
110

16
110

16
110

16
110

Shear modulus A million psi
GPa

...

...
...
...

5.5
38

5.5
38

Proportional limit ksi
MPa

70
480

120
830

115
790

130
900

Fatigue strength
Rotate/bend 10 8 cycles

ksi
MPa

35
250

...

...
...
...

30
210

Solidus temperature °C 925 925 925 925
Softening voltage mV 230 ... ... 150
Melting voltage mV 350 ... ... 360
Thermal emf versus Pt mV/°F + 1.7 + 2.2 + 2.2 + 2.2

mV/°C + 3 + 4 + 4 + 4
A Also known as modulus of rigidity or torsional modulus, G.

B 541
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Designation: B 542 – 00

Standard Terminology Relating to
Electrical Contacts and Their Use 1

This standard is issued under the fixed designation B 542; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 The terms included in this list are those that are peculiar
to electric contacts or general terms that have a specific
meaning when related to electric contacts. The definitions were
prepared assuming that the reader has a general knowledge in
a physical science but is unfamiliar with the terminology of the
literature of electric contacts.

2. Significance and Use

2.1 The terms in this standard are used in standards and
literature related to electric contacts, materials for electric
contacts and test methods for evaluating electric contacts.
These terms may be difficult to locate in a general purpose
dictionary or the definition in such a dictionary may not cover
the meaning applied in the field of electric contacts.

3. Terminology

a-spot—the areas of two mating contacts through which
current flows from one contact to the other.

activation—a process in which contamination of the surface of
contacts causes arcing at lower than usual voltage or arcing
persists at lower than usual current, or both. For example,
palladium contacts operated in an organic vapor produce
arcs at voltage and current less than the minimum arcing
voltage and current because of the presence of carbon on the
contact surfaces.

anode fall—the potential difference between the anode and the
electrical discharge plasma.

anodic (anode) material transfer—seematerial transfer.
arc discharge—a self-sustaining, high current density, high

temperature discharge, uniquely characterized by a cathode
fall nearly equal to the ionization potential of the gas or
vapor in which it exists.

arc, anode—the arc that occurs at less than a critical electrode
spacing (see arc, cathode), and results in anode material loss.

arc, cathode—the arc that occurs at greater than a critical
electrode spacing (see arc, anode), and results in cathode
material loss.

arc, shortest—a limiting state of an arc in which the total arc
voltage approaches the sum of the cathode and anode falls.

blowout—the displacement and lengthening of an arc to
facilitate its extinction. The blowout effect can be achieved
by a magnetic field, air blast, etc.

brush—a sliding contact member consisting of one or more
sliders (see sliders).

cathode fall—the potential difference between the cathode and
the electric discharge plasma.

cathodic (cathode) material transfer—seematerial transfer.
constriction resistance—the increase in resistance arising

from a change in current density distribution. In electric
contacts it is that portion of contact resistance resulting from
the convergence of current into the a-spots.

contact,n—a) a generic term that applies to a device or part of
a device and that has the capability of completing or
interrupting the flow of an electrical signal in a circuit. b)
may also be used with modifiers such as: electrical contact,
arcing contact, noble metal contact, separable contact, etc.

contact,adj—contact area, the part of an electrical device that
is actually touching and where the electrical signal is
expected to pass. Contact member, one of the electrical path
parts that can make or break an electrical path.

contact, arcing—an electrical contact whose primary mode of
wearout occurs on the contacting surfaces as a result of an
arc formed between separating or closing contact pairs.

contact bounce—the unwanted operation of contacts immedi-
ately following intentional operation.

contact(s), butting—a type of contacts in which the direction
of the motion of the moving contact is perpendicular to the
contact faces. The contacts close and open with no appre-
ciable sliding or rolling action.

contact chatter—the unwanted operation of contacts resulting
from external forces operating on them. For example,
vibration may cause contacts to open and close or “chatter.”

contact-closing force—the transient force between contacts
during closure. At the first instant of closure this force is
zero. It then builds up to a maximum value dependent on the
forces and inertia of the contact system and finally stabilizes
at the static contact force.

contact, composite—a contact made of two or more distinct
materials or alloys bonded to each other. For example, a
contact with a facing of a precious metal bonded to a
base-metal backing.

1 This terminology is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.91 on Editorial and Terminology.

Current edition approved Oct. 10, 2000. Published January 2001. Originally
published as B 542 – 32 T. Last previous edition B 542 – 99

1
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contact force—the force to close, maintain, or open contacts.
See alsoinsertion force, withdrawal force, and normal
force.

contact noise—a varying voltage across a pair of electric
contacts due to conditions at their interface.

contact, non-arcing—mating electrical contact surfaces that
do not experience wearout due to arc erosion that is opposite
of arcing contacts.

contact, pitted—a contact that has numerous discrete hollows
in its surface.

contact pressure—the force per unit area of physical contact
between two contacts. This term is frequently but improperly
used when contact force is meant. The area of physical
contact is usually difficult to determine and quite different
from the apparent area of contact.

contact resistance—the resistance to current flow offered by
the contact interface, comprising the sum of the constriction
resistance plus the film resistance.

NOTE 1—In a practical measurement, correction must be made for bulk
resistance consisting of contact material, lead wires, etc.

contact, screw—a contact fabricated with an external thread
for attachment to a support member or for adjustment.

contact, sliding—an electric contact which is expected to do
its primary function during sliding.

contact, solid—a monolithic contact member.
contact, spring—a contact system in which one piece of

material is used for both the driving spring and electric
contact.

contact, static—an electric junction designed for infrequent
separation and connection.

contacts, wiping—contacts that have some sliding motion
during opening or closing.

contact wipe—relative tangential motion between contacting
surfaces that occurs during the normal course of contact
closure.

corona (discharge)—a self-sustaining discharge characterized
by highly asymmetrical electric fields with the result that
ionization predominantly occurs near the electrode with the
higher potential gradient.

dark (or Townsend) discharge—a discharge which may or
may not be self-sustaining. It is characterized by a uniform
field, current in the microampere range, and a nonluminous
inter-electrode space.

electromigration—(1) Current-induced atomic diffusion in a
solid metal due to electron momentum and the potential
gradient, (2) electrochemical process of growth of metallic
path across an insulating surface under imposed electric
field.

DISCUSSION—The solid state process may cause significant material
transport in regions of high current density such as a-spots in contacts.
In devices with electrical contacts, the electrochemical process may
form shorts between conductors under certain environmental condi-
tions.

film resistance—that portion of the contact resistance that is
due to the presence of contaminants on one or both of the
contact members.

fine transfer—seematerial transfer, bridge.

fretting, n—small amplitude oscillatory motion, usually tan-
gential, between two solid surfaces in contact.

DISCUSSION—Here the termfretting refers only to the nature of the
motion without reference to the wear, corrosion, or other damage that
may ensue. The term fretting is often used to denotefretting corrosion
and other forms of fretting wear. Usage in this sense is discouraged
because of the ambiguity that may arise.

fretting corrosion—a form of fretting wear in which corrosion
plays a significant role.

DISCUSSION—In electrical contact interfaces involving non-noble
metals, fretting corrosion can cause rapid and substantial increases in
contact resistance as a result of localized appearance of insulating
oxides and oter corrosion products at the interface.

fretting wear—wear arising as a result of fretting. See
fretting .

friction polymerization —the process by which organic com-
pounds (such as adsorbed air pollutants) on mating surfaces
that move relative to each other polymerize to yield com-
pounds of high molecular weight.

NOTE 2—When this occurs on electrical contacts and the materials
formed remain on the surface, contact resistance may increase substan-
tially. The solid materials that are produced by the polymerization process
are called “friction polymers” or “frictional polymers.”

fritting (A-fritting) —an electric breakdown between mating
metallic contacts, separated by an insulating film, which
occurs when the field strength exceeds approximately
1 000 000 V/cm. Metallic bridges are produced through the
film if the fritting voltage is above the contact melting
voltage.

fritting voltage —the voltage at which fritting occurs.
glow discharge—a self-sustaining discharge characterized by

essentially symmetrical electrodes, low current density, and
a high cathode fall of about 200 V.

high resistance—contact resistance exceeding an arbitrary,
specified limit.

inrush current —a transient current that exists at the instant of
contact closure and persists for a relatively short time.

insertion force—the force required to mate two connector
halves.

material transfer—a general term to describe the carry-over
of material from one electrical contact to another.

NOTE 3—When the discussion becomes specific, the term “gain” or
“loss” is used with respect to a particular contact (for d-c application,
anode or cathode; for a-c application, stationary contact or movable
contact). For example, anode gain, anode loss, stationary contact gain.

material transfer, negative—seematerial transfer.
material transfer, positive—seematerial transfer.
material transfer, bridge—material transfer that occurs with-

out the presence of a gaseous electric discharge. The filament
of molten contact material that connects the two separating
contacts does not rupture in the middle; thus there is a gain
of material on one contact and a loss of material from the
other.

material transfer, cathode—movement of contact metal from
the cathode by means of a cathode arc.

material transfer, needle—material transfer that results in a
buildup with a smaller diameter and a relatively great length.
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noise—Seecontact noise.
normal force—that component of the force between contact-

ing bodies perpendicular to their interface.
opening force—the force available to open the contacts.
plasma—a partially or totally ionized gas or vapor.
porosity—in metallic coatings, the presence of any disontinu-

ity, crack, or hole in the coating that exposes a different
underlying metal.

positive column—that region of an electric discharge between
the cathode and anode falls.

screw contact—seecontact, screw.
self-sustaining discharge—a discharge in which all carriers

necessary for the transport of current in the discharge are
produced by this discharge itself.

showering—a particular form of corona discharge character-
ized by strongly ionized streamers or streams of luminous
plasma. It generally occurs at a field value just below that
which is required for a complete breakdown.

slider—that member of a sliding contact pair, normally the
smaller, which may be moved through a range of locations
on the opposing member.

sliding electrical contacts—contacting members that perform
their function while undergoing relative tangential motion.

slip ring—a continuous metal ring by means of which electri-
cal current can be conducted to or from brush contacts. One
electrical contact member is designed to rotate with respect
to the other.

slip ring assembly—two or more slip rings with connecting
leads or terminals that have been mounted to a common
structure.

slip ring capsule—an assembly that includes a slip ring
assembly, brushes, and bearings for conducting current on
multiple circuits from a stationary body to one that may
rotate.

spark, discharge—a non-self-sustaining discharge character-
ized by high luminosity and a ratio of lateral dimension to
length that is substantially smaller than unity.

sulfide creep—in electrical contacts, spontaneous migration of
a sulfide based corrosion product that occurs at elevated
humidity across a gold rich surface.

DISCUSSION—This process often involves copper sulfide produced by
corrosion on a copper alloy spring that, under severe conditions, can
completely cover a gold contact mounted on the spring.

tarnish—the chemical compound on the surface of a contact
resulting from the reaction of the contact material and the
inorganic constituents of the surrounding atmosphere.

tweak—to make a mechanical adjustment of a spring arm of an
electrical contact assembly to adjust the force or position of
the contact.

wiper—seeslider. The term “wiper” is sometimes used inter-
changeably with the more preferred term “slider.”

withdrawal force—the force required to separate two mated
connector halves.

4. Terminology Defined In Individual Standards For
Electric Contact Test Methods And Electric Contact
Materials

The following terms are defined in the terminology sections
of indicated standards.
Aluminum B 812
Bulk Resistance B 539, B 812
Conductor B 868
Connectability B 896
Contact Noise B 615
Contact Performance B 868
Contact Resistance B 667
Contact Resistance Probe B 667
Corrosion Products B 799, B 735
Decorations B 741, B 798
Dry Circuit B 539
Edge Noise B 615
Edgecard Connector B 885
Event B 878
Fretting B 896
Intermittence B 854
Lot B 476
Measurement Area B 735, B 741, B 798, B 799
Metallic Coatings B 735, B 741, B 798, B 799
Mixed Flowing Gas Test B 845
Open-Circuit Voltage B 539
Porosity B 735, B 741, B 798, B 799
Pressure Connection System B 812
Printed Wiring Board (Pwb)
Contacts

B 885

Printed Wiring Board (Pwb)
Fingers

B 885

Rated Current B 539
Reference Conductor B 812
Residential Applications B 812
Significant Surface B 735, B 741, B 798, B 799
Standard Test Current B 539
Static Contacts B 539
Switching Noise B 615
Underplate B 735, B 741, B 798, B 799

5. Index Of Keywords Used In Individual Standards For
Electric Contact Test Methods

Accelerated Testing B 810, B 845
Air Velocity B 827, B 845
Aluminum B 812
Aluminum Connections B 812
Arc Erosion B 576
Arcing Contacts B 576
Atmospheric Corrosion B 810, B 825, B 845
Atmospheric Corrosion Monitor B 826
Atmospheric Corrosion Testing B 826
Atmospheric Test Evaluation B 825
Bit Rate Error B 854
Cathodic Reduction B 825
Chlorine B 827, B 845
Circuit B 615
Classification B 868
Cleaning Technique B 810
Closed Arcing Contacts B 497
Conductor B 868
Connectability B 896
Connector B 845, B 868, B 539
Contact Resistance B 539, B 667, B 885, B 896
Contact Resistance Probe B 667
Contacts B 539, B 576, B 615, B 810, B 812, B 868
Contamination B 885
Control Coupon Evaluation B 825
Copper B 810
Corrosion B 827, B 845
Corrosion Film Analysis B 825
Corrosion Monitor B 808
Corrosive Gas Testing B 827, B 845
Corrosivity B 827
Corrosivity Monitor B 826, B 827
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Coulometry B 827
Creep B 896
Edgecard Connector B 885
Electrical B 615
Electrical Conductor B 896
Electrical Connection Systems B 868
Electrical Contacts B 576, B 615, B 810, B 845, B 868
Electrical Erosion B 576
Electrical Noise B 854
Electrical Resistance B 539
Electrical Resistance Probe B 826
Electrography B 741, B 798
Environmental B 827, B 845
Environmental Testing B 812, B 825, B 826
Event Detection B 878
Fretting Sensitivity B 896
Gel B 798
Gel Electrography B 798
Gold Coatings B 735, B 741, B 798, B 799
Gold Platings B 735, B 741, B 799
Humidity B 827, B 845
Humidity Testing B 812
Hydrogen Sulfide B 827, B 845
Junction Resistance B 539
Low Level Contact Resistance B 539
Mass Change B 810
Metallic B 868
Metallic Coatings B 741
Mixed Environmental Testing B 812
Mixed Flowing Gas B 845, B 827
Mixed Flowing Gas Testing B 810, B 826
Mixed Stress Testing B 812
Monitoring Environmental
Tests

B 825

Nanosecond Events B 878
Nanosecond Intermittences B 878
Neutral Bar B 812
Nitric Acid Vapor (Porosity)
Test

B 735

Nitrogen Dioxide B 845
Nitrogen Oxide B 827
Noise B 615
Palladium Coatings B 798, B 799
Palladium Platings B 798, B 799
Paper B 741
Paper Electrography B 741
Piezoelectric Crystals B 808
Plating B 798
Plating Porosity B 735, B 741, B 799
Pollutant B 827, B 845
Pore Corrosion B 827
Pore Corrosion Test B 735, B 799
Porosity B 798
Porosity Testing B 735, B 741, B 798, B 799
Pressure Connections B 812
Printed Wiring Board Fingers B 885
Quartz Crystal Microbalance B 827
Reliability B 845, B 854
Resistance B 615, B 854, B 868
Resistance Monitor B 827
Resistance Monitor Probe B 826
Sensors B 808
Separable Connections B 539
Sliding B 615
Stress Relaxation B 896
Stress Testing B 812
Sulfur B 827, B 845
Sulfur Dioxide B 827, B 845
Sulfur Dioxide Test B 799
Sulfurous Acid/So2 Test B 799
Tarnish B 827, B 845
Temperature B 845
Temperature Testing B 827
Test Calibration B 810
Testing B 845
Thermal Cycling B 812
Thinfilm Monitor B 808
Twist-On Connector B 812

Voltage B 615
Voltage Drop B 497
Weight Gain B 810

6. Index Of Keywords Used In Individual Standards For
Electric Contact Materials

analysis B 712, B 772
arcing contacts B 617, B 662, B 663, B 780
brushes B 613
cadmium B 781
cadmium oxide B 712, B 781
chemical composition B 772
clad materials B 731
coin silver alloy B 617
composite materials B 613
compositions B 617, B 628
conductivity B 780
contact alloy B 522, B 683, B 685
contact B 742
contact material B 731
contacts B 277, B 476, B 477, B 540, B 541, B 563, B 596,

B 631, B 662, B 663, B 693, B 702, B 712, B 772,
B 780, B 844

copper B 702
copper-tungsten B 702
electrical contact B 742
electrical contact alloy B 477, B 522, B 683, B 685
electrical contact materials B 277, B 476, B 540, B 596, B 684, B 693
electrical contacts B 541, B 563, B 613, B 617, B 628, B 662,

B 663, B 664, B 692, B 693, B 772, B 780
fine silver B 742
gold B 562
gold alloy B 477, B 541, B 596
gold coin B 596
gold-silver-platinum B 522, B 541, B 563
graphite B 664, B 692
hardness B 277
impurities B 617, B 628, B 693
internal oxidation B 781, B 844
iridium B 671
iridium alloy B 684
low contact resistance B 541, B 563, B 596
low energy contact B 541, B 563, B 596
medical material B 684
microhardness B 277
molybdenum B 662
molybdenum silver B 662
non arcing contact B 541, B 563, B 596
palladium B 589, B 683, B 685
palladium alloy B 731, B 540, B 563
palladium copper B 685
platinum B 561
platinum alloy B 684
platinum iridium alloy B 684
potassium B 712
powder metallurgy B 631, B 662, B 663, B 702, B 781, B 844
precious metal B 540, B 617, B 628, B 731, B 780
refined gold B 562
refined iridium B 671
refined palladium B 589
refined platinum B 561
refined rhodium B 616
refined ruthenium B 717
rhodium B 616
ruthenium B 717
silver B 631, B 662, B 663, B 664, B 692, B 712, B 781,

B 844, B 742
silver alloy B 617, B 731, B 780
silver copper alloy B 617, B 628
silver tungsten carbide B 663
silver-cadmium oxide B 781
silver-copper alloy B 780
silver-nickel B 693
silver-tin oxide B 844
silver-tungsten B 631
silver-cadmium oxide B 712
sliding contacts B 613, B 664, B 692
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sodium B 712
sponge B 561, B 589, B 616, B 671, B 717
tin oxide B 844
tungsten B 631, B 702
tungsten carbide B 663
tungsten carbide silver B 663
tungsten-copper B 702
tungsten-silver B 631

wire B 780
wrought B 742, B 781, B 844
wrought precious metal B 476

7. Keywords

Definitions; electric contacts; terminology
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Designation: B 542 – 04

Standard Terminology Relating to
Electrical Contacts and Their Use 1

This standard is issued under the fixed designation B 542; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 The terms included in this list are those that are peculiar
to electric contacts or general terms that have a specific
meaning when related to electric contacts. The definitions were
prepared assuming that the reader has a general knowledge in
a physical science but is unfamiliar with the terminology of the
literature of electric contacts.

2. Significance and Use

2.1 The terms in this standard are used in standards and
literature related to electric contacts, materials for electric
contacts and test methods for evaluating electric contacts.
These terms may be difficult to locate in a general purpose
dictionary or the definition in such a dictionary may not cover
the meaning applied in the field of electric contacts.

3. Terminology

a-spot—the areas of two mating contacts through which
current flows from one contact to the other.

activation—a process in which contamination of the surface of
contacts causes arcing at lower than usual voltage or arcing
persists at lower than usual current, or both. For example,
palladium contacts operated in an organic vapor produce
arcs at voltage and current less than the minimum arcing
voltage and current because of the presence of carbon on the
contact surfaces.

anode fall—the potential difference between the anode and the
electrical discharge plasma.

anodic (anode) material transfer—seematerial transfer.
arc discharge—a self-sustaining, high current density, high

temperature discharge, uniquely characterized by a cathode
fall nearly equal to the ionization potential of the gas or
vapor in which it exists.

arc, anode—the arc that occurs at less than a critical electrode
spacing (see arc, cathode), and results in anode material loss.

arc, cathode—the arc that occurs at greater than a critical
electrode spacing (see arc, anode), and results in cathode
material loss.

arc, shortest—a limiting state of an arc in which the total arc
voltage approaches the sum of the cathode and anode falls.

blowout—the displacement and lengthening of an arc to
facilitate its extinction. The blowout effect can be achieved
by a magnetic field, air blast, etc.

brush—a sliding contact member consisting of one or more
sliders (see sliders).

cathode fall—the potential difference between the cathode and
the electric discharge plasma.

cathodic (cathode) material transfer—seematerial transfer.
constriction resistance—the increase in resistance arising

from a change in current density distribution. In electric
contacts it is that portion of contact resistance resulting from
the convergence of current into the a-spots.

contact,n—a) a generic term that applies to a device or part of
a device and that has the capability of completing or
interrupting the flow of an electrical signal in a circuit. b)
may also be used with modifiers such as: electrical contact,
arcing contact, noble metal contact, separable contact, etc.

contact,adj—contact area, the part of an electrical device that
is actually touching and where the electrical signal is
expected to pass. Contact member, one of the electrical path
parts that can make or break an electrical path.

contact, arcing—an electrical contact whose primary mode of
wearout occurs on the contacting surfaces as a result of an
arc formed between separating or closing contact pairs.

contact bounce—the unwanted operation of contacts immedi-
ately following intentional operation.

contact(s), butting—a type of contacts in which the direction
of the motion of the moving contact is perpendicular to the
contact faces. The contacts close and open with no appre-
ciable sliding or rolling action.

contact chatter—the unwanted operation of contacts resulting
from external forces operating on them. For example,
vibration may cause contacts to open and close or “chatter.”

contact-closing force—the transient force between contacts
during closure. At the first instant of closure this force is
zero. It then builds up to a maximum value dependent on the
forces and inertia of the contact system and finally stabilizes
at the static contact force.

contact, composite—a contact made of two or more distinct
materials or alloys bonded to each other. For example, a
contact with a facing of a precious metal bonded to a
base-metal backing.

1 This terminology is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.91 on Terminology.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1932. Last previous edition approved in 2000 as B 542 – 00.
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contact force—the force to close, maintain, or open contacts.
See alsoinsertion force, withdrawal force, and normal
force.

contact noise—a varying voltage across a pair of electric
contacts due to conditions at their interface.

contact, non-arcing—mating electrical contact surfaces that
do not experience wearout due to arc erosion that is opposite
of arcing contacts.

contact, pitted—a contact that has numerous discrete hollows
in its surface.

contact pressure—the force per unit area of physical contact
between two contacts. This term is frequently but improperly
used when contact force is meant. The area of physical
contact is usually difficult to determine and quite different
from the apparent area of contact.

contact resistance—the resistance to current flow offered by
the contact interface, comprising the sum of the constriction
resistance plus the film resistance.

NOTE 1—In a practical measurement, correction must be made for bulk
resistance consisting of contact material, lead wires, etc.

contact, screw—a contact fabricated with an external thread
for attachment to a support member or for adjustment.

contact, sliding—an electric contact which is expected to do
its primary function during sliding.

contact, solid—a monolithic contact member.
contact, spring—a contact system in which one piece of

material is used for both the driving spring and electric
contact.

contact, static—an electric junction designed for infrequent
separation and connection.

contacts, wiping—contacts that have some sliding motion
during opening or closing.

contact wipe—relative tangential motion between contacting
surfaces that occurs during the normal course of contact
closure.

corona (discharge)—a self-sustaining discharge characterized
by highly asymmetrical electric fields with the result that
ionization predominantly occurs near the electrode with the
higher potential gradient.

dark (or Townsend) discharge—a discharge which may or
may not be self-sustaining. It is characterized by a uniform
field, current in the microampere range, and a nonluminous
inter-electrode space.

electromigration—(1) Current-induced atomic diffusion in a
solid metal due to electron momentum and the potential
gradient, (2) electrochemical process of growth of metallic
path across an insulating surface under imposed electric
field.

DISCUSSION—The solid state process may cause significant material
transport in regions of high current density such as a-spots in contacts.
In devices with electrical contacts, the electrochemical process may
form shorts between conductors under certain environmental condi-
tions.

film resistance—that portion of the contact resistance that is
due to the presence of contaminants on one or both of the
contact members.

fine transfer—seematerial transfer, bridge.

fretting, n—small amplitude oscillatory motion, usually tan-
gential, between two solid surfaces in contact.

DISCUSSION—Here the termfretting refers only to the nature of the
motion without reference to the wear, corrosion, or other damage that
may ensue. The term fretting is often used to denotefretting corrosion
and other forms of fretting wear. Usage in this sense is discouraged
because of the ambiguity that may arise.

fretting corrosion—a form of fretting wear in which corrosion
plays a significant role.

DISCUSSION—In electrical contact interfaces involving non-noble
metals, fretting corrosion can cause rapid and substantial increases in
contact resistance as a result of localized appearance of insulating
oxides and oter corrosion products at the interface.

fretting wear—wear arising as a result of fretting. See
fretting .

friction polymerization —the process by which organic com-
pounds (such as adsorbed air pollutants) on mating surfaces
that move relative to each other polymerize to yield com-
pounds of high molecular weight.

NOTE 2—When this occurs on electrical contacts and the materials
formed remain on the surface, contact resistance may increase substan-
tially. The solid materials that are produced by the polymerization process
are called “friction polymers” or “frictional polymers.”

fritting (A-fritting) —an electric breakdown between mating
metallic contacts, separated by an insulating film, which
occurs when the field strength exceeds approximately
1 000 000 V/cm. Metallic bridges are produced through the
film if the fritting voltage is above the contact melting
voltage.

fritting voltage —the voltage at which fritting occurs.
glow discharge—a self-sustaining discharge characterized by

essentially symmetrical electrodes, low current density, and
a high cathode fall of about 200 V.

high resistance—contact resistance exceeding an arbitrary,
specified limit.

inrush current —a transient current that exists at the instant of
contact closure and persists for a relatively short time.

insertion force—the force required to mate two connector
halves.

material transfer—a general term to describe the carry-over
of material from one electrical contact to another.

NOTE 3—When the discussion becomes specific, the term “gain” or
“loss” is used with respect to a particular contact (for d-c application,
anode or cathode; for a-c application, stationary contact or movable
contact). For example, anode gain, anode loss, stationary contact gain.

material transfer, negative—seematerial transfer.
material transfer, positive—seematerial transfer.
material transfer, bridge—material transfer that occurs with-

out the presence of a gaseous electric discharge. The filament
of molten contact material that connects the two separating
contacts does not rupture in the middle; thus there is a gain
of material on one contact and a loss of material from the
other.

material transfer, cathode—movement of contact metal from
the cathode by means of a cathode arc.

material transfer, needle—material transfer that results in a
buildup with a smaller diameter and a relatively great length.
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noise—Seecontact noise.
normal force—that component of the force between contact-

ing bodies perpendicular to their interface.
opening force—the force available to open the contacts.
plasma—a partially or totally ionized gas or vapor.
porosity—in metallic coatings, the presence of any disontinu-

ity, crack, or hole in the coating that exposes a different
underlying metal.

positive column—that region of an electric discharge between
the cathode and anode falls.

screw contact—seecontact, screw.
self-sustaining discharge—a discharge in which all carriers

necessary for the transport of current in the discharge are
produced by this discharge itself.

showering—a particular form of corona discharge character-
ized by strongly ionized streamers or streams of luminous
plasma. It generally occurs at a field value just below that
which is required for a complete breakdown.

slider—that member of a sliding contact pair, normally the
smaller, which may be moved through a range of locations
on the opposing member.

sliding electrical contacts—contacting members that perform
their function while undergoing relative tangential motion.

slip ring—a continuous metal ring by means of which electri-
cal current can be conducted to or from brush contacts. One
electrical contact member is designed to rotate with respect
to the other.

slip ring assembly—two or more slip rings with connecting
leads or terminals that have been mounted to a common
structure.

slip ring capsule—an assembly that includes a slip ring
assembly, brushes, and bearings for conducting current on
multiple circuits from a stationary body to one that may
rotate.

spark, discharge—a non-self-sustaining discharge character-
ized by high luminosity and a ratio of lateral dimension to
length that is substantially smaller than unity.

sulfide creep—in electrical contacts, spontaneous migration of
a sulfide based corrosion product that occurs at elevated
humidity across a gold rich surface.

DISCUSSION—This process often involves copper sulfide produced by
corrosion on a copper alloy spring that, under severe conditions, can
completely cover a gold contact mounted on the spring.

tarnish—the chemical compound on the surface of a contact
resulting from the reaction of the contact material and the
inorganic constituents of the surrounding atmosphere.

tweak—to make a mechanical adjustment of a spring arm of an
electrical contact assembly to adjust the force or position of
the contact.

wiper—seeslider. The term “wiper” is sometimes used inter-
changeably with the more preferred term “slider.”

withdrawal force—the force required to separate two mated
connector halves.

4. Terminology Defined In Individual Standards For
Electric Contact Test Methods And Electric Contact
Materials

The following terms are defined in the terminology sections
of indicated standards.
Aluminum B 812
Bulk Resistance B 539, B 812
Conductor B 868
Connectability B 896
Connection Resistance B 539
Contact Noise B 615
Contact Performance B 868
Contact Resistance B 667
Contact Resistance Probe B 667
Corrosion Products B 735, B 799, B 920
Crimp B 913
Crimp Barrel B 913
Crimped Connection B 913
Crimp Tab B 913
Crimp Terminal B 913
Decorations B 741, B 798
Dry Circuit B 539
Edge Noise B 615
Edgecard Connector B 885
Event B 878
Fretting B 896
Intermittence B 854
Lot B 476
Measurement Area B 735, B 741, B 798, B 799
Metallic Coatings B 735, B 741, B 798, B 799, B 920
Mixed Flowing Gas Test B 845
Open-Circuit Voltage B 539
Porosity B 735, B 741, B 798, B 799, B 920
Pressure Connection System B 812
Printed Wiring Board (Pwb)
Contacts

B 885

Printed Wiring Board (Pwb)
Fingers

B 885

Rated Current B 539
Reference Conductor B 812
Residential Applications B 812
Significant Surface B 735, B 741, B 798, B 799
Standard Test Current B 539
Static Contacts B 539
Switching Noise B 615
Underplate B 735, B 741, B 798, B 799, B 920

5. Index Of Keywords Used In Individual Standards For
Electric Contact Test Methods

Accelerated Testing B 810, B 845
Air Velocity B 827, B 845
Aluminum B 812
Aluminum Connections B 812
Arc Erosion B 576
Arcing Contacts B 576
Atmospheric Corrosion B 810, B 825, B 845
Atmospheric Corrosion Monitor B 826
Atmospheric Corrosion Testing B 826
Atmospheric Test Evaluation B 825
Bit Rate Error B 854
Cathodic Reduction B 825
Chlorine B 827, B 845
Circuit B 615
Classification B 868
Cleaning Technique B 810
Clorox B 920
Closed Arcing Contacts B 497
Conductor B 868
Connectability B 896
Connection Resistance B 539
Connector B 845, B 868, B 539
Contact Resistance B 539, B 667, B 885, B 896
Contact Resistance Probe B 667
Contacts B 539, B 576, B 615, B 810, B 812, B 868
Contamination B 885
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Control Coupon Evaluation B 825
Copper B 810
Corrosion B 827, B 845
Corrosion Film Analysis B 825
Corrosion Monitor B 808
Corrosive Gas Testing B 827, B 845
Corrosivity B 827
Corrosivity Monitor B 826, B 827
Coulometry B 827
Creep B 896
Edgecard Connector B 885
Electrical B 615
Electrical Conductor B 896
Electrical Connection Systems B 868
Electrical Contacts B 576, B 615, B 810, B 845, B 868, B 920
Electrical Erosion B 576
Electrical Noise B 854
Electrical Resistance B 539
Electrical Resistance Probe B 826
Electrography B 741, B 798
Environmental B 827, B 845
Environmental Testing B 812, B 825, B 826
Event Detection B 878
Fretting Sensitivity B 896
Gel B 798
Gel Electrography B 798
Gold Coatings B 735, B 741, B 798, B 799, B 920
Gold Platings B 735, B 741, B 799, B 920
Humidity B 827, B 845
Humidity Testing B 812
Hydrogen Sulfide B 827, B 845
Hypochlorite B 920
Junction Resistance B 539
Low Level Contact Resistance B 539
Mass Change B 810
Metallic B 868
Metallic Coatings B 741
Mixed Environmental Testing B 812
Mixed Flowing Gas B 845, B 827
Mixed Flowing Gas Testing B 810, B 826
Mixed Stress Testing B 812
Monitoring Environmental
Tests

B 825

Nanosecond Events B 878
Nanosecond Intermittences B 878
Neutral Bar B 812
Nitric Acid Vapor (Porosity)
Test

B 735

Nitrogen Dioxide B 845
Nitrogen Oxide B 827
Noise B 615
Palladium Coatings B 798, B 799, B 920
Palladium Platings B 798, B 799, B 920
Paper B 741
Paper Electrography B 741
Piezoelectric Crystals B 808
Plated Contacts B 920
Plating B 798
Plating Porosity B 735, B 741, B 799, B 920
Pollutant B 827, B 845
Pore Corrosion B 827
Pore Corrosion Test B 735, B 799, B 920
Pore Counting B 920
Porosity B 798
Porosity Screen Testing B 920
Porosity Testing B 735, B 741, B 798, B 799, B 920
Pressure Connections B 812
Printed Wiring Board Fingers B 885
Quartz Crystal Microbalance B 827
Reliability B 845, B 854
Resistance B 615, B 854, B 868
Resistance Monitor B 827
Resistance Monitor Probe B 826
Sensors B 808
Separable Connections B 539
Sliding B 615
Stress Relaxation B 896
Stress Testing B 812

Sulfur B 827, B 845
Sulfur Dioxide B 827, B 845
Sulfur Dioxide Test B 799
Sulfurous Acid/So2 Test B 799
Tarnish B 827, B 845
Temperature B 845
Temperature Testing B 827
Test Calibration B 810
Testing B 845
Thermal Cycling B 812
Thinfilm Monitor B 808
Twist-On Connector B 812
Voltage B 615
Voltage Drop B 497
Weight Gain B 810

6. Index Of Keywords Used In Individual Standards For
Electric Contact Materials

analysis B 712, B 772
arcing contacts B 617, B 662, B 663, B 780
brushes B 613
cadmium B 781
cadmium oxide B 712, B 781
chemical composition B 772
clad materials B 731
coin silver alloy B 617
composite materials B 613
compositions B 617, B 628
conductivity B 780
contact alloy B 522, B 683, B 685
contact B 742
contact material B 731
contacts B 277, B 476, B 477, B 540, B 541, B 563, B 596,

B 631, B 662, B 663, B 693, B 702, B 712, B 772,
B 780, B 844

copper B 702
copper-tungsten B 702
electrical contact B 742
electrical contact alloy B 477, B 522, B 683, B 685
electrical contact materials B 277, B 476, B 540, B 596, B 684, B 693
electrical contacts B 541, B 563, B 613, B 617, B 628, B 662,

B 663, B 664, B 692, B 693, B 772, B 780
fine silver B 742
gold B 562
gold alloy B 477, B 541, B 596
gold coin B 596
gold-silver-platinum B 522, B 541, B 563
graphite B 664, B 692
hardness B 277
impurities B 617, B 628, B 693
internal oxidation B 781, B 844
iridium B 671
iridium alloy B 684
low contact resistance B 541, B 563, B 596
low energy contact B 541, B 563, B 596
medical material B 684
microhardness B 277
molybdenum B 662
molybdenum silver B 662
non arcing contact B 541, B 563, B 596
palladium B 589, B 683, B 685
palladium alloy B 731, B 540, B 563
palladium copper B 685
platinum B 561
platinum alloy B 684
platinum iridium alloy B 684
potassium B 712
powder metallurgy B 631, B 662, B 663, B 702, B 781, B 844
precious metal B 540, B 617, B 628, B 731, B 780
refined gold B 562
refined iridium B 671
refined palladium B 589
refined platinum B 561
refined rhodium B 616
refined ruthenium B 717
rhodium B 616
ruthenium B 717
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silver B 631, B 662, B 663, B 664, B 692, B 712, B 781,
B 844, B 742

silver alloy B 617, B 731, B 780
silver copper alloy B 617, B 628
silver tungsten carbide B 663
silver-cadmium oxide B 781
silver-copper alloy B 780
silver-nickel B 693
silver-tin oxide B 844
silver-tungsten B 631
silver-cadmium oxide B 712
sliding contacts B 613, B 664, B 692
sodium B 712
sponge B 561, B 589, B 616, B 671, B 717

tin oxide B 844
tungsten B 631, B 702
tungsten carbide B 663
tungsten carbide silver B 663
tungsten-copper B 702
tungsten-silver B 631
wire B 780
wrought B 742, B 781, B 844
wrought precious metal B 476

7. Keywords

Definitions; electric contacts; terminology

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 546 – 04

Standard Specification for
Electric Fusion-Welded Ni-Cr-Co-Mo Alloy (UNS N06617),
Ni-Fe-Cr-Si Alloys (UNS N08330 and UNS N08332), Ni-Cr-
Fe-Al Alloy (UNS N06603), Ni-Cr-Fe Alloy (UNS N06025), and
Ni-Cr-Fe-Si Alloy (UNS N06045) Pipe 1

This standard is issued under the fixed designation B 546; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers electric fusion-welded nickel-
chromium-cobalt-molybdenum alloy UNS N06617, nickel-
iron-chromium-silicon alloys UNS N08330 and UNS N08332,
Ni-Cr-Fe-Al Alloy (UNS N06603), Ni-Cr-Fe Alloy UNS
N06025, and Ni-Cr-Fe-Si Alloy UNS N06045 pipe intended
for heat resisting applications and general corrosive service.

1.2 This specification covers pipe in sizes 3 in. (76.2 mm)
nominal diameter and larger and possessing a minimum wall
thickness of 0.083 in. (2.11 mm).

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufactureer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 168 Specification for Nickel-Chromium-Iron Alloys
(UNS N06600, N06601, N06603, N06690, N06693,
N06025, and N06045 ) and Nickel-Chromium-Cobalt-
Molybdenum Alloy (UNS N06617) Plate, Sheet, and Strip

B 536 Specification for Nickel-Iron-Chromium-Silicon Al-

loys (UNS N08330 and N08332) Plate, Sheet, and Strip
B 775 Specification for General Requirements for Nickel

and Nickel Alloy Welded Pipe
B 899 Terminology Relating to Non-ferrous Metals and

Alloys
E 10 Test Method for Brinell Hardness of Metallic Materi-

als
E 140 Hardness Conversion Tables for Metals (Relationship

Between Brinell Hardness, Vickers Hardness, Rockwell
Hardness, Rockwell Superficial Hardness, and Knoop
Hardness)

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys

2.2 ASME Standards:
Boiler and Pressure Vessel Code, Section VIII, Paragraph

UW-513

Boiler and Pressure Vessel Code, Section IX3

3. Terminology

3.1 Definitions:
3.1.1 Definitions for terms defined in Terminology B 899

shall apply unless otherwise defined by the requirements of this
document.

4. General Requirement

4.1 Material furnished in accordance with this specification
shall conform to the applicable requirements of the current
edition of Specification B 775 unless otherwise provided
herein.

5. Classification

5.1 Two classes of pipe are covered as follows:
5.1.1 Class 1—All welded joints to be 100 % inspected by

radiography.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1971. Last previous edition approved in 1998 as B 546 – 98.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from American Society of Mechanical Engineers (ASME), ASME
International Headquarters, Three Park Ave., New York, NY 10016-5990.

1
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5.1.2 Class 2—No radiographic examination is required.

6. Ordering Information

6.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

6.1.1 Alloy (Table 1),
6.1.2 ASTM designation and year of issue,
6.1.3 Class (See 5.1),
6.1.4 Dimensions (standard pipe size and schedule),
6.1.5 Length (specific or random),
6.1.6 Quantity (feet or number of pieces),
6.1.7 Certification—State if certification is required,
6.1.8 Whether type of filler metal and deposited composi-

tion is required (see 8.3),
6.1.9 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished, and
6.1.10 Purchaser Inspection—If purchaser wishes to wit-

ness tests or inspection of material at place of manufacture, the
purchase order must so state indicating which tests or inspec-
tions are to be witnessed.

7. Materials and Manufacture

7.1 Materials—The UNS N08330 and UNS N08332 alloy
plate material shall conform to the requirements of Specifica-
tion B 536. The UNS N06617, UNS N06603, UNS N06025,
and UNS N06045 alloy plate material shall conform to the
requirements of Specification B 168.

7.2 Welding:
7.2.1 The joints shall be double-welded, full-penetration

welds made by qualified operators in accordance with proce-
dures in the ASME Boiler and Pressure Vessel Code, Section
IX.

7.2.2 The weld shall be made either manually or automati-
cally by an electric process involving the deposition of filler
metal.

7.2.3 The joint shall be reinforced at the center of the weld
on each side of the formed plate by a weld bead at least1⁄16 in.
(1.6 mm) but not more than1⁄8 in. (3.2 mm). This reinforce-
ment (weld bead) may be removed at the manufacturer’s option
or by agreement between the manufacturer and the purchaser.
The contour of the reinforcement (weld bead) shall be smooth,
with no valley or groove along the edge or in the center of the
weld, and the deposited metal shall be fused smoothly and
uniformly into the formed-plate surface. The finish of the
welded joint shall be reasonably smooth and free of irregulari-
ties, grooves, or depressions.

7.2.4 Weld defects shall be repaired by removal to sound
metal and rewelding. Subsequent heat treatment and inspection
shall be as required on the original welds.

7.3 Heat Treatment—All pipe shall be furnished in the
annealed condition.

7.4 Surface Finish—The pipe shall be free from scale.
When bright annealing is used, descaling is not necessary.

8. Chemical Composition

8.1 The material shall conform to the composition limits
specified in Table 1. One test is required for each lot as defined
in Specification B 775.

8.2 If a product analysis is performed, it shall meet the
chemistry limits prescribed in Table 1, subject to the analysis
tolerances specified in Table 1 of Specification B 775.

8.3 The chromium and nickel content of the deposited weld
metal shall conform to the minimum chromium and nickel
contents required for the base metal. Note that the composition
of the deposited weld metal may not be the same as the base
metal. The user should establish suitability for his particular
application. When specified in the purchase order (see section
6.1.8), the manufacturer shall report the type of filler metal
used along with a chemical analysis of the deposited weld
metal.

9. Mechanical and Other Requirements

9.1 Tensile Properties:

TABLE 1 Chemical Requirements

Element
Composition Limits, %

N08330 N08332 N06603 N06617 N06025 N06045

Carbon 0.08 max 0.05–0.10 0.20-0.40 0.05–0.15 0.15–0.25 0.05–0.12
Manganese 2.00 max 2.00 max 0.15 max 1.0 max 0.15 max 1.0 max
Phosphorus 0.03 max 0.03 max 0.20 max ... 0.02 max 0.02 max
Sulfur 0.03 max 0.03 max 0.10 max 0.015 max 0.010 max 0.010 max
Silicon 0.75 to 1.50 0.75 to 1.50 0.50 max 1.0 max 0.5 max 2.5–3.0
Chromium 17.0 to 20.0 17.0 to 20.0 0.24-0.26 20.0–24.0 24.0–26.0 26.0–29.0
Nickel 34.0 to 37.0 34.0 to 37.0 Bal remainder Bal 45.0 min
Copper 1.00 max 1.00 max 0.50 max 0.5 max 0.1 max 0.3 max
Lead 0.005 max 0.005 max ... ... ... ...
Tin 0.025 max 0.025 max ... ... ... ...
Iron remainderA remainder 8.0–11.0 3.0 max 8.0–11.0 21.0–25.0
Aluminum ... ... 2.4-3.0 0.8–1.5 1.8–2.4 ...
Cobalt ... ... ... 10.0–15.0 ... ...
Molybdenum ... ... ... 8.0–10.0 ... ...
Zirconium ... ... 0.01–0.10 ... 0.01–0.10 ...
Yttrium ... ... 0.01–0.15 ... 0.05–0.12 ...
Cerium ... ... ... ... ... 0.3–0.09
Titanium ... ... 0.010-0.025 ... ... ...

A Element shall be determined arithmetically by difference.
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9.1.1 Transverse tension tests taken across the weld joints
shall meet the requirements shown in Table 2.

9.2 Transverse Guided-Bend Weld Tests:
9.2.1 Two bend test specimens shall be taken transversely

from the pipe. One shall be subject to a face guided-bend test
and the second to a root guided-bend test.

9.2.2 The bend test shall be acceptable if no cracks or other
defects exceeding1⁄8 in. (3.2 mm) in any direction be present in
the weld metal or between the weld and the pipe metal after
bending. Cracks which originate along the edges of the
specimen during testing and that are less than1⁄4 in. (6.4 mm)
measured in any direction, shall not be considered.

9.3 Pressure (Leak) Test—Any pipe that shows leaks during
hydrostatic testing shall be rejected.

9.4 Grain Size—Annealed alloy UNS N08332 shall con-
form to an average grain size of ASTM No. 5 or coarser.

9.5 Annealing Temperature—Alloy UNS N08330 shall be
annealed at 1900°F (1040°C) minimum. Alloy UNS N08332
shall be annealed at 2100°F (1150°C) minimum. Alloy UNS
N06617 shall be annealed at 2050°F (1121°C) minimum. Alloy
UNS N06025 shall be annealed at 2100°F (1150°C) minimum.
Alloy UNS N06603 and UNS N06045 shall be annealed at
2120°F (1160°C) minimum.

10. Permissible Variations in Dimensions

10.1 Permissible Variations—The dimensions at any point
in a length of pipe shall not exceed the following:

10.1.1 Straightness, Using a 10-ft. (3.05-m) straightedge
placed so that both ends are in contact with the pipe;1⁄8 in. (3.2
mm).

10.1.2 Thickness—The minimum wall thickness at any
point in the pipe shall not be more than 0.01 in. (0.25 mm)
under the nominal thickness.

10.2 Lengths:
10.2.1 Circumferentially welded joints of the same quality

as the longitudinal joints shall be permitted by agreement
between the manufacturer and the purchaser.

11. Workmanship, Finish, and Appearance

11.1 Finish—Pipe shall be furnished with oxide removed.
When final test treatment is performed in a protective atmo-
sphere, descaling is not necessary.

11.2 Weld Repair of Plate Defects Occurring During Pipe
Fabrication—Repair of injurious defects, which occur during
the fabrication of the pipe from plate, shall be permitted only
subject to the approval of the purchaser. Defects shall be
thoroughly checked out before welding. Inspection of weld
defects shall be by radiographic or liquid-penetrant technique,

at the option of the producer. If the pipe has already been
annealed, it shall be annealed again except in the case of small
voids, that in the estimation of the purchaser’s inspector, do not
require reannealing. Each length of repaired pipe shall be
subjected to the hydrostatic test.

12. Number of Tests Required

12.1 Transverse Tension Test—One test shall be made to
represent each lot of finished pipe.

12.2 Transverse Guided-Bend Weld Test—Two tests shall be
made to represent each lot of finished pipe.

12.3 Grain Size, Hardness—One test per lot.
12.4 Pressure (Leak) Test—Each length of pipe shall be

subjected to the hydrostatic test.
12.5 Chemical Analysis—One test per lot.

13. Specimen Preparation

13.1 Transverse-tension and bend-test specimens shall be
taken from the end of the finished pipe; the transverse-tension
and bend-test specimens shall be flattened cold before final
machining to size.

13.2 As an alternative to the requirements of 13.1, the test
specimens may be taken from a test plate of the same material
as the pipe, which is attached to the end of the cylinder and
welded as a prolongation of the pipe longitudinal seam.

13.3 Tension specimens shall be the full thickness of the
material and shall be machined to the form and dimensions
shown for large diameter products in Specification B 775.

13.4 The test specimens shall not be cut from the pipe or test
plate until after final anneal.

14. Test Methods

14.1 Chemical Composition—In case of disagreement, the
chemical composition shall be determined in accordance with
Test Methods E 1473.

14.2 Brinell Hardness—Test Method E 10.
14.3 Pressure (Leak) Test—Each length of pipe shall be

tested based on allowable fiber stress, for material as follows:
UNS N06617—23 300 psi (or 161 MPa)
UNS N08330—17 500 psi (or 121 MPa)
UNS N08332—16 600 psi (or 114 MPa)
UNS N06025—24 500 psi (or 169 MPa)
UNS N06045—22 500 psi (or 155 MPa)
UNS N06603—24 000 psi (or 165 MPa)

14.3.1 Visual examination is to be made when the material
is under pressure for hydrostatic testing. The full length of
material must be examined for leaks.

TABLE 2 Mechanical Properties

Alloy Condition
Tensile Strength,
min, psi (MPa)

Yield Strength,
0.2 %, offset,

min, psi (MPa)

Elongation in 2 in.
or 50 mm,

or 4D, min, %
HardnessA

UNS N08330 Annealed 70 000 (483) 30 000 (207) 30 70 to 90 HRB
UNS N08332 Annealed 67 000 (462) 27 000 (186) 30 65 to 88 HRB
UNS N06603 Annealed 94 000 (650) 43 000 (300) 25 ...
UNS N06617 Annealed 95 000 (655) 35 000 (240) 30 ...
UNS N06025 Annealed 98 000 (680) 39 000 (270) 30 ...
UNS N06045 Annealed 90 000 (620) 35 000 (240) 30 ...

A Hardness values are informative only and not to be construed as the basis for acceptance.
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14.4 Hardness Conversion—Hardness Conversion Tables
E 140.

14.5 Radiographic Examination:
14.5.1 For Class 1 welded-joint quality, all welded joints

shall be 100 % inspected by radiography.
14.5.2 Radiographic examination shall be in accordance

with the requirements of ASME Boiler and Pressure Vessel
Code, Section VIII, latest edition, Paragraph UW-51.

15. Packaging and Package Marking

15.1 Pipes which have been weld repaired in accordance
with 7.2.4 shall be marked WR.

16. Keywords

16.1 fusion-welded pipe; N08330; N08332; N06603;
N06617; N06025; N06045

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 550/B 550M – 02

Standard Specification for
Zirconium and Zirconium Alloy Bar and Wire 1

This standard is issued under the fixed designation B 550/B 550M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers three grades of zirconium and
zirconium alloy bar and wire.

1.2 Unless a single unit is used, for example corrosion mass
gain in mg/dm2, the values stated in either inch-pound or SI
units are to be regarded separately as standard. The values
stated in each system are not exact equivalents; therefore each
system must be used independently of the other. SI values
cannot be mixed with inch-pound values.

1.3 The following precautionary caveat pertains only to the
test methods portions of this specification.This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ASTM Standards:
E 8 Test Methods for Tension Testing of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 annealed—denotes material that exhibits a recrystal-

lized grain structure.
3.2 Lot Definitions:
3.2.1 castings—a lot shall consist of all castings produced

from the same pour.
3.2.2 ingot—no definition required.
3.2.3 rounds, flats, tubes, and wrought powder metallurgical

products (single definition, common to nuclear and non-
nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same

ingot or powder blend by the same reduction schedule and the
same heat treatment parameters. Unless otherwise agreed
between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace load for final batch anneal.

3.2.4 sponge—a lot shall consist of a single blend produced
at one time.

3.2.5 weld fittings—definition is to be mutually agreed upon
between manufacturer and the purchaser.

4. Classification

4.1 The bar or wire is to be furnished in three grades as
follows:

4.1.1 Grade R60702—Unalloyed zirconium.
4.1.2 Grade R60704—Zirconium-tin.
4.1.3 Grade R60705—Zirconium-niobium.

5. Ordering Information

5.1 Orders for material under this specification should
include the following information:

5.1.1 Quantity (weight or number of pieces),
5.1.2 Name of material (zirconium bar or wire) (Table 1),
5.1.3 Grade number (see 4.1),
5.1.4 ASTM designation and year of issue, and
5.1.5 Additions to the specification and supplementary re-

quirements, if required.

NOTE 1—A typical ordering description is as follows: 1000 lb (500 kg)
zirconium cold drawn bar, 0.35 in. (10 mm) in diameter by 10 ft (3 m) in
length, ASTM B 550 - 01, Grade R60702.

6. Materials and Manufacture

6.1 Bar and wire covered by this specification shall be
formed with conventional fabrication methods and equipment
found in primary ferrous and nonferrous metal plants.

6.2 Bar and wire will be supplied in the conditions pre-
scribed in Table 2.

6.3 The products covered include the sections and sizes
shown in Table 1.

7. Chemical Composition

7.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 3.

7.2 The manufacturer’s ingot analysis shall be considered
the chemical analysis for bar and wire, except for hydrogen and

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.02 on Zirconium and Hafnium.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 550 – 71. Last previous edition B 550/B 550M – 01.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-550 in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.

1
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nitrogen, which shall be determined on the finished product.
7.3 When requested by the purchaser and stated in the

purchase order, a product analysis for any elements listed in
Table 3 shall be made on the finished product.

7.3.1 The manufacturer’s analysis shall be considered as
verified if the check analysis confirms the manufacturer’s
reported values within the tolerances prescribed in Table 4.

8. Mechanical Properties

8.1 The annealed material shall conform to the requirements
for mechanical properties, at room temperature, as prescribed
in Table 5. Wire supplied for welding applications shall be
furnished with a temper suitable for uniform feeding in
semiautomatic or automatic welding equipment.

9. Permissible Variations in Dimensions

9.1 Unless otherwise specified, all bar or wire shall conform
to the permissible variations in dimensions prescribed in the
applicable Tables 6-14, inclusive.

10. Workmanship, Finish and Appearance

10.1 Bars in the hot-finished condition which will conform
to the tolerances prescribed in Tables 6 and 7, shall be
furnished with one of the following finishes as designated on
the purchase order:

10.1.1 Not descaled,
10.1.2 Mechanically descaled,
10.1.3 Mechanically descaled and pickled, and
10.1.4 Turned (round bars only).
10.2 Bars and wire in cold-finished condition, that will

conform to the tolerances prescribed in Tables 8-12, shall be
furnished with one of the following finishes as designated on
the purchase order.

10.2.1 Cold drawn or cold rolled, or swaged,
10.2.2 Turned (round bars only),

10.2.3 Centerless ground (round bars only), and
10.2.4 Polished (round bars only).
10.3 Bars or wire shall be free of cracks, seams, slivers,

blisters, burrs, and other injurious imperfections in accordance
with standards of acceptability agreed upon between the
manufacturer and the purchaser.

11. Significance of Numerical Limits

11.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
methods of Practice E 29.

Property
Rounded Unit for Observed or

Calculated Value
Chemical composition and tolerances
(when expressed as decimals)

nearest unit in the last right-hand
place of figures of the specified limit

Tensile strength and yield strength nearest 1000 psi (10 MPa)
Elongation nearest 1 %

12. Number of Tests and Retests

12.1 One longitudinal tension test shall be made from each
lot of bar and rod, see 13.1.

12.2 One chemistry test for hydrogen and nitrogen content
shall be made from each lot of finished product, see 13.2.

12.3 Retests:
12.3.1 If any sample or specimen exhibits obvious surface

contamination or improper preparation disqualifying it as a
truly representative sample, it shall be discarded and a new
sample or specimen substituted.

12.3.2 If the results of any tests of any lot do not conform to
the requirements specified, retests shall be made on additional
samples from the same lot, each of which shall conform to the
requirements specified.

13. Test Methods

13.1 Tension Tests—Conduct the tension test in accordance
with Test Methods E 8. Determine the yield strength by the
offset (0.2 %) method. Determine the tensile properties using a
strain rate of 0.003 to 0.007 in./in. (mm/mm)/min through the
yield strength. After the yield strength has been exceeded, the
cross-head speed may be increased to approximately 0.05
in./in. (mm/mm)/min to failure.

13.2 Chemical Tests—Conduct the chemical analysis by the
standard techniques normally used by the manufacturer.

TABLE 1 Product Sections and Size

Product Section Size

Bars: Hot-finished round, squares, octagons, and hexagons 1⁄4 in. (6.4 mm) and over in diameter or size
Hot-finished flats 1⁄4 in. (6.4 mm) to 10 in. (250 mm), incl, in width, and 1⁄8

in. (3.2 mm) and over in thickness
Cold-finished rounds, squares, octagons, hexagons, and

shapes
Over 1⁄2 in. (13 mm) in diameter or sizeA

Cold-finished flats 3⁄8 in. (9.5 mm) and over in width,B and 1⁄8 in. (3.2 mm)
and over in thicknessC

Wire: Cold-finished rounds, squares, octagons, hexagons, and
shapes

1⁄2 in. (13 mm) and under in diameter or size

Cold-finished flats 1⁄16 in. (1.6 mm) to under 3⁄8 in. (9.5 mm) in width, and
0.010 in. (.25 mm) to under 3⁄16 in. (4.8 mm) in
thickness

ASizes 1⁄2 in. (13 mm) and under are wire when in coils, and cut wire when finished in straight lengths.
BWidths less than 3⁄8 in. (9.5 mm) and thicknesses less than 3⁄16 in. (4.8 mm) are generally described as flat wire.
CThickness 1⁄8 in. (3.2 mm) to under 3⁄16 in. (4.8 mm) can be cold-rolled strip as well as bar.

TABLE 2 Condition

Form Condition

Bars hot finished
hot finished and annealed
cold finished
cold finished and annealed

Wire cold finished
cold finished and annealed
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14. Inspection

14.1 The manufacturer shall inspect the material covered by
this specification prior to shipment and, on request, shall
furnish the purchaser with certificates of test. If so specified in
the purchase order, the purchaser or his representative may
witness the testing and inspection of the material at the place of
manufacture. In such cases the purchaser shall state in his
purchase order which tests he desires to witness. The manu-
facturer shall give ample notice to the purchaser as to the time
and place of the designated tests. If the purchaser’s represen-
tative does not present himself at the time agreed upon for the
testing, the manufacturer shall consider the requirement for
purchaser’s inspection at the place of manufacture to be
waived.

14.2 The manufacturer shall afford the inspector represent-

ing the purchaser, without charge, all reasonable facilities to
satisfy him that the material is being furnished in accordance
with this specification. This inspection shall be so conducted as
not to interfere unnecessarily with the operation of the works.

15. Rejection

15.1 Rejection for failure of the material to meet the
requirements of this specification shall be reported to the
manufacturer within 60 calendar days from the receipt of the

TABLE 3 Chemical Requirements A

Element
Composition, %

Grades R60702 Grades R60704 Grades R60705

Zirconium + hafnium, min 99.2 97.5 95.5
Hafnium, max 4.5 4.5 4.5
Iron + chromium 0.2 max 0.2 to 0.4 0.2 max
Tin . . . 1.0 to 2.0 . . .
Hydrogen, max 0.005 0.005 0.005
Nitrogen, max 0.025 0.025 0.025
Carbon, max 0.05 0.05 0.05
Niobium . . . . . . 2.0 to 3.0
Oxygen, max 0.16 0.18 0.18

ABy agreement between the purchaser and the manufacturer, analysis may be required and limits established for elements and compounds not specified in the table
of chemical composition.

TABLE 4 Permissible Variation in Check Analysis Between
Different Laboratories

Element
Permissible Variation in

Product Analysis, %

Hydrogen 0.002
Nitrogen 0.01
Carbon 0.01
Hafnium 0.1
Iron + chromium 0.025
Tin 0.05
Niobium 0.05
Oxygen 0.02

TABLE 5 Tensile Requirements A

Grades
R60702 R60704 R60705

Tensile Strength, min, ksi (MPa) 55 (380) 60 (415) 80 (550)
Yield Strength, min, ksi (MPa) 30 (205) 35 (240) 55 (380)
Elongation in 2 in. or 50 mm min, %B 16 14 16

AFor bar only.
BWhen a sub-size specimen is used, the gage length shall be as specified in

Test Methods E 8 for the specimen.

TABLE 6 Dimensional Tolerances for Hot-Finished Rounds,
Squares, Octagons, and Hexagons

Specified Size, in. (mm)
Variation in

Size, in. (mm)
Out of Round,

Out of Square, in. (mm)

Up–0.500 (13) +0.030 –0 (+0.75) 0.025 (0.64)
Over 0.500–1.000 (13–25) +0.050 –0 (+1.3) 0.040 (1)
Over 1.000–2.000 (25–50) +0.070 –0 (+1.8) 0.060 (1.5)
Over 2.000-4.000 (50–100) +0.150 –0 (+3.8) 0.080 (2)
Over 4.000–6.000 (100–150) +0.250 –0 (+6.4) 0.100 (2.5)

TABLE 7 Dimensional Tolerances in Hot-Rolled Flat Bars

Thickness, in. (mm)
Variation in

Thickness, in. (mm)
Variation in Width,A

in. (mm)

Up–0.150 (3.8) +0.020 –0 (+0.5) 1⁄8 –0 (3.2)
Over 0.150–0.250 (3.8–6.3) +0.030 –0 (+0.75) 5⁄32 –0 (4.0)
Over 0.250–0.350 (6.3–8.9) +0.040 –0 (+1.0) 3⁄16 –0 (4.8)
Over 0.350–0.450 (8.9–11.4) +0.050 –0 (+1.3) 7⁄32 –0 (5.6)
Over 0.450–0550 (11.4–14) +0.070 –0 (+1.8) B

Over 0.550–1.500 (14–38) +0.080 –0 (+2.0) B

Over 1.500 (38) B B

AFor bars sheared from plate, width tolerances shall be as follows:
BDepends on size and quantity ordered.

Specified Thickness, in.
(mm)

Width Tolerances, in. (mm)

Over Under

Over 0.100–0.150 1⁄16 (1.6) 1⁄16 (1.6)
Over 0.150–0.250 5⁄64 (2.0) 5⁄64 (2.0)
Over 0.250–0.350 3⁄32 (2.4) 3⁄32 (2.4)
Over 0.350–0.450 7⁄64 (2.8) 7⁄64 (2.8)
Over 0.450–0.550 1⁄8 (3.2) 1⁄8 (3.2)
Over 0.550–0.650 5⁄32 (4.0) 5⁄32 (4.0)

TABLE 8 Permissible Variations in Sectional Dimensions for
Cold-Finished Bars in Rounds, Hexagons, Octagons, and

Squares

Specified Size, in. (mm)
Permissible Variation, in.A (mm)

Over Under
Rounds

Over 1⁄2–1, incl (13–25) 0.002 (0.05) 0.002 (0.05)
1–11⁄2, excl (25–38) 0.0025 (0.06) 0.0025 (0.06)
11⁄2–4, inclB (38–100) 0.003 (0.08) 0.003 (0.08)

Hexagons, Octagons, and Squares
Over 1⁄2–1, incl (13–25) 0 0.004 (0.10)
Over 1–2, excl (25–50) 0 0.006 (0.15)
Over 2–3, incl (50–75) 0 0.008 (0.20)
Over 3 (75) 0 0.010 (0.25)

AWhen it is necessary to heat treat or heat treat and pickle after cold finishing,
because of special hardness or mechanical property requirements, tolerances are
double those shown in the table.

BFor permissible variations on sizes over 4 in. (100 mm) the manufacturer
should be consulted.
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material by the purchaser. Unless otherwise specified, rejected
material may be returned to the manufacturer at the manufac-
turer’s expense, unless the purchaser receives, within three
weeks of the notice of rejection, other instructions for dispo-
sition.

16. Certification

16.1 A producer or supplier shall furnish the purchaser with
a certificate that the material was manufactured, sampled,
tested, and inspected in accordance with this specification and
has been found to meet the requirements. The certificate shall
include a report of the test results.

17. Referee

17.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

18. Product Marking

18.1 Each bundle, box, or coil shall be marked or tagged

legibly and conspicuously with the purchase order or contract
number, manufacturer’s private identification mark, the ASTM
designation, the grade, size, ingot number, and gross, net, and
tare weights.

19. Packaging and Package Marking

19.1 All material shall be boxed, crated, banded on skids, or
bundled in such a manner as to assure safe delivery to its
destination when properly transported by common carrier.

20. Keywords

20.1 bar; wire; zirconium; zirconium alloy

TABLE 9 Permissible Variations in Width and Thickness for
Cold-Finished Bars in Flats

Width, in. (mm)

Permissible Variations in Width for
Thicknesses Given, Over and Under,

in.A (mm)
1⁄4 (6.4) and under Over 1⁄4 (6.4)

Width
3⁄8–1, incl 0.004 (0.10) 0.002 (0.05)
Over 1–2, incl 0.006 (0.15) 0.003 (0.08)
Over 2–3, incl 0.008 (0.20) 0.004 (0.10)
Over 3–41⁄2, inclB 0.010 (0.25) 0.005 (0.13)

Thickness

Thickness, in. (mm)
Permissible Variations in Thickness

Over and Under, in.A (mm)
1⁄8–1, incl (3.2-25) 0.002 (0.05)
Over 1–2, incl (25–50) 0.003 (0.08)
Over 2–3, incl (50–75) 0.004 (0.10)
Over 3–41⁄2, inclB (75–115) 0.005 (0.13)

AWhen it is necessary to heat treat and pickle after cold finishing, because of
hardness or mechanical property requirements, tolerances are double those
shown in the table.

BFor permissible variations on widths and thicknesses over 41⁄2in. (115 mm) the
manufacturer should be consulted.

TABLE 10 Permissible Variations in Sectional Dimensions for
WireA

Specified Size, in. (mm)
Permissible Variation, in. (mm)

Over Under

Drawn, Centerless Ground, Centerless Ground and Polished
Round Wire, and Square WireB

1⁄2 (13) 0.002 (0.05) 0.002 (0.05)
Under 1⁄2–5⁄16, incl (13–18) 0.0015 (0.04) 0.0015 (0.04)
Under 5⁄16–0.044, incl (8–1.1) 0.001 (0.025) 0.001 (0.025)
Under 0.044–0.033, incl (1.1–0.8) 0.0008 (0.020) 0.0008 (0.020)
Under 0.033–0.024, incl (0.8–0.6) 0.0005 (0.013) 0.0005 (0.013)
Under 0.024–0.012, incl (0.6–0.3) 0.0004 (0.010) 0.0004 (0.010)
Under 0.012–0.008, incl (0.3–0.2) 0.0003 (0.008) 0.0003 (0.008)
Under 0.008–0.007, incl (0.2–1.8) 0.0002 (0.005) 0.0002 (0.005)
Under 0.007–0.00476, incl (0.18–0.12) 0.0002 (0.005) 0.0002 (0.005)
Under 0.00476–0.003, incl (0.12–0.08) 0.0001 (0.003) 0.0001 (0.003)

Drawn Wire in Hexagons and OctagonsC

1⁄2 0 0.004 (0.10)
Under 1⁄2–5⁄16, incl 0 0.003 (0.08)
Under 5⁄16–1⁄8, incl 0 0.002 (0.05)

Wire for Which the Final Operation is a Surface Treatment to Remove Scale or
Drawing Lubricant

1⁄2 0.004 (0.10) 0.004 (0.10)
Under 1⁄2–5⁄16, incl 0.003 (0.08) 0.003 (0.08)
Under 5⁄16–0.044, incl 0.002 (0.05) 0.002 (0.05)
Under 0.044–0.033, incl 0.0013 (0.03) 0.0013 (0.03)
Under 0.033–0.024, incl 0.0008 (0.02) 0.0008 (0.02)

AManufacturers should be consulted for all tolerances for half-round, oval, and
half-oval wires.

BThe maximum out-of-round tolerance for round wire is one half of the total size
tolerance shown in the above table.

CDimensions are across flats.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 11 Permissible Variations in Thickness and Width for Cold-Finished Flat Wire

Specified Width, in.
Permissible Variation in Thickness for Given

Thickness, Over or Under, in. (mm)
Permissible Variation in

Width, in. (mm)
Under 0.029 (0.74) 0.029 (0.75)–0.035 (0.89), excl 0.035 (0.89)–3⁄16 (4.80), incl Over Under

Under 3⁄8 (9.5) to 1⁄16 (1.6), incl 0.001 (0.025) 0.0015 (0.04) 0.002 (0.05) 0.005 (0.125) 0.005 (0.125)

TABLE 12 Permissible Variations in Length for Hot-Finished or Cold-Finished Bars

Specified Sizes of Rounds, Squares, Hexagons,
Octagons, and Widths of Flats, in.

Permissible Variation in Length, in. (mm)

To 12 ft (3.5 m), incl Over 12 ft (3.5 m) to 25 ft (7.6), incl

Over Under Over Under

To 2, incl (50) 1⁄2 (13) 0 3⁄4 (20) 0
Over 2–4, incl (50–100) 3⁄4 (20) 0 1 (25) 0
Over 4–6, incl (100–150) 1 (25) 0 11⁄4 (32) 0
Over 6–9, incl (150–225) 11⁄4 (32) 0 11⁄2 (38) 0
Over 9–12, incl (225–300) 11⁄2 (38) 0 2 (50) 0

Machine-Cut After Machine Staightening

To 3, incl 1⁄8 (3.2) 0 3⁄16 (4.8) 0
Over 3–6, incl 3⁄16 (4.8) 0 1⁄4 (6.4) 0
Over 6–9, incl 1⁄4 (6.4) 0 5⁄16 (8.0) 0
Over 9–12, incl 1⁄2 (13.0) 0 1⁄2 (13.0) 0

TABLE 13 Permissible Variations in Length for Round and Shape, Straightened and Cut Wire, and Exact Length Resheared Wire

Diameter, in. (mm) Length, ft (m)
Permissible Variation, in.

Over Under

0.125 (3.2) and under Up to 12 (3.5), incl 1⁄16 (1.6) 0
0.125 (3.2) and under Over 12 (3.5) 1⁄8 (3.2) 0
Over 0.125 (3.2) to 0.500 (13.0), incl Under 3 (1.0) 1⁄32 (0.8) 0
Over 0.125 (3.2) to 0.500 (13.0), incl 3 to 12, incl (1.0–3.5) 1⁄16 (1.6) 0
Over 0.125 (3.2) to 0.500 (13.0), incl Over 12 (3.5) 1⁄8 (3.2) 0

TABLE 14 Permissible Variations in Straightness for Hot- or Cold-Finished Bars A

Bars Permissible Variation
Hot finished 1⁄8 in. (3.2) in any 5 ft (1.5 m); but may not exceed 1⁄8 (0.4) 3 (number of feet (meters) in length/5)
Cold finished 1⁄16 in. (1.6) in any 5 ft (1.5 m); but may not exceed 1⁄16 (0.2) 3 (number of feet (meters) in length/5)

AThe measurement is taken on the concave side of the bar with a straight edge. Unless otherwise specified, hot-finished or cold-finished bars for machining purposes
are furnished machine-straightened to the tolerances specified in the Table.
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Designation: B 551/B 551M – 04

Standard Specification for
Zirconium and Zirconium Alloy Strip, Sheet, and Plate 1

This standard is issued under the fixed designation B 551/B 551M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers five grades of zirconium strip,
sheet, and plate.

1.2 Unless a single unit is used, for example corrosion mass
gain in mg/dm2, the values stated in either inch-pound or SI
units are to be regarded separately as standard. The values
stated in each system are not exact equivalents; therefore each
system must be used independently of the other. SI values
cannot be mixed with inch-pound values.

1.3 The following precautionary caveat pertains only to the
test method portions of this specification:This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ASTM Standards:3

E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 annealed—denotes material that exhibits a recrystal-

lized grain structure.
3.2 Lot Definitions:
3.2.1 castings, n—a lot shall consist of all castings produced

from the same pour.
3.2.2 ingot, n—no definition required.
3.2.3 rounds, flats, tubes, and wrought powder metallurgical

products (single definition, common to nuclear and non-

nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same
ingot or powder blend by the same reduction schedule and the
same heat treatment parameters. Unless otherwise agreed
between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace load for final batch anneal.

3.2.4 sponge, n—a lot shall consist of a single blend
produced at one time.

3.2.5 weld fittings, n—definition is to be mutually agreed
upon between manufacturer and the purchaser.

4. Classification

4.1 The strip, sheet, or plate is to be furnished in five grades
as follows:

4.1.1 Grade R60700—Low oxygen zirconium.
4.1.2 Grade R60702—Unalloyed zirconium.
4.1.3 Grade R60704—Zirconium-tin.
4.1.4 Grade R60705—Zirconium-niobium.
4.1.5 Grade R60706—Zirconium-niobium.

5. Ordering Information

5.1 Orders for material under this specification should
include the following information:

5.1.1 Quantity (weight or number of pieces),
5.1.2 Name of material (zirconium strip, sheet, or plate),
5.1.3 Grade number (see Section 4),
5.1.4 ASTM designation and year of issue,
5.1.5 Finish and appearance (Section 10), and
5.1.6 Additions to the specification and supplementary re-

quirements, if required.

NOTE 1—A typical ordering description is as follows: 9000-lb [5000
kg] zirconium sheet, 0.098 in. [2.5 mm] by 12 in. [300 mm] by 144 in. [3.5
m], ASTM B 551 - 01, Grade R60705.

6. Materials and Manufacture

6.1 The strip, sheet, and plate covered by this specification
shall be formed with conventional forging and rolling equip-
ment found in primary ferrous and nonferrous metal plants.

6.2 The strip, sheet, and plate shall be supplied in the
recrystallized annealed condition.

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.02 on Zirconium and Hafnium.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1971. Last previous edition approved in 2002 as B 551/B 551M – 02.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-551 in Section II of that Code.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



7. Chemical Composition

7.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1.

7.2 The manufacturer’s ingot analysis shall be considered
the chemical analysis for strip, sheet, and plate, except for
hydrogen and nitrogen, which shall be determined on the
finished product.

7.3 When requested by the purchaser and stated in the
purchase order, a product analysis for any elements listed in
Table 1 shall be made on the finished product.

7.3.1 The manufacturer’s analysis shall be considered as
verified if the check analysis confirms the manufacturer’s
reported values within the tolerances prescribed in Table 2.

8. Mechanical Properties

8.1 The material, as represented by the test specimens, shall
conform to the tensile properties prescribed in Table 3.

8.2 For strip and sheet, the bend test specimen shall stand
being bent at ambient temperature through an angle of 105°
without fracture in the outside of the bent portion. The bend
shall be made on a radius equal to that shown in Table 3 for the
applicable grade.

9. Permissible Variations in Dimensions

9.1 Thickness—The variation in thickness of strip, sheet,
and plate are given in the following tables:

9.1.1 Hot- and cold-rolled sheet, Table 4.
9.1.2 Hot-rolled strip, Table 5.
9.1.3 Cold-rolled strip, Table 6.
9.1.4 Plate, Table 7.
9.2 Width and Length—The variation in width and length

are given in the following tables:
9.2.1 Hot- and cold-rolled sheet, Table 8.
9.2.2 Hot-rolled strip, Tables 9 and 10.
9.2.3 Cold-rolled strip, Tables 11 and 10.
9.2.4 Plate, Table 12.
9.3 Crown Tolerances—The variations in crown tolerances

are given in the following tables:
9.3.1 Hot-rolled strip, Table 13.
9.3.2 Cold-rolled strip, Table 14.

9.4 Camber Tolerances—The variations in camber toler-
ances are given in the following tables.

9.4.1 Hot- and cold-rolled sheet, Table 15.
9.4.2 Hot- and cold-rolled strip, Table 16.
9.4.3 Plate, Table 17.
9.5 Diameter—The variation in diameter tolerance for cir-

cular plates is given in Table 18.
9.6 Weight—The permissible variation in weight for zirco-

nium sheet is given in Table 19.
9.7 Flatness—The permissible variation from a flat surface

for zirconium plate is given in Table 20.

10. Workmanship, Finish and Appearance

10.1 Flat-rolled product in the hot-rolled condition shall be
furnished with one of the following finishes as designated on
the order.

10.1.1 Not descaled,
10.1.2 Mechanically descaled,
10.1.3 Mechanically descaled and pickled, or
10.1.4 As-ground.
10.2 Material in the cold-rolled condition shall be furnished

with a bright cold-rolled finish, or finished by mechanical or
chemical methods.

10.3 The following types of edges are available:
10.3.1 Mill edge,
10.3.2 Slit edge,
10.3.3 Sheared edge, and
10.3.4 Machined edge.

TABLE 1 Chemical Requirements A

Element

Composition, %

Grades

R60700 R60702 R60704 R60705 R60706

Zirconium + hafnium, min 99.2 99.2 97.5 95.5 95.5
Hafnium, max 4.5 4.5 4.5 4.5 4.5
Iron + chromium 0.2 max 0.2 max 0.2 to 0.4 0.2 max 0.2 max
Tin ... . . . 1.0 to 2.0 . . . . . .
Hydrogen, max 0.005 0.005 0.005 0.005 0.005
Nitrogen, max 0.025 0.025 0.025 0.025 0.025
Carbon, max 0.05 0.05 0.05 0.05 0.05
Niobium ... . . . . . . 2.0 to 3.0 2.0 to 3.0
Oxygen, max 0.10 0.16 0.18 0.18 0.16

ABy agreement between the purchaser and the manufacturer, analysis may be required and limits established for elements and compounds not specified in the table
of chemical composition.

TABLE 2 Permissible Variation in Check Analysis Between
Different Laboratories

Element
Permissible Variation in

Product Analysis, %

Hydrogen 0.002
Nitrogen 0.01
Carbon 0.01
Hafnium 0.1
Iron + chromium 0.025
Tin 0.05
Niobium 0.05
Oxygen 0.02
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11. Significance of Numerical Limits

11.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
methods of Practice E 29.

Property
Rounded Unit for Observed or

Calculated Value

Chemical composition and tolerances
(when expressed as decimals)

nearest unit in the last right-hand place
of figures of the specified limit

Tensile strength and yield strength nearest 1000 psi (10 MPa]
Elongation nearest 1 %

12. Number of Tests and Retests
12.1 One longitudinal tension shall be made from each lot

(see 13.1).
12.2 One chemistry test for hydrogen and nitrogen content

shall be made from each lot of finished product (see 13.2).
12.3 Two bend tests, one in the longitudinal and one in the

transverse direction, shall be made from each lot (see 8.2).
12.4 Retests:
12.4.1 If any sample or specimen exhibits obvious surface

contamination or improper preparation disqualifying it as a
truly representative sample, it shall be discarded and a new
sample or specimen substituted.

12.4.2 If the results of any tests of any lot do not conform to
the requirements specified, retests shall be made on additional
sheet, strip, or plate of double the original number from the
same lot, each of which shall conform to the requirements
specified.

12.4.3 Retesting after failure of initial retests may be done
only with the approval of the purchaser.

13. Test Methods
13.1 Tension Tests—Conduct the tension test in accordance

with Test Methods E 8. Determine the yield strength by the
offset (0.2 %) method. Determine the tensile properties using a
strain rate of 0.003 to 0.007 in./in. [mm/mm]/min through the
yield strength. After the yield strength has been exceeded, the
cross-head speed may be increased to approximately 0.05
in./in. [mm/mm]/min to failure.

13.2 Chemical Tests—Conduct the chemical analysis by the
standard techniques normally used by the manufacturer.

TABLE 3 Tensile Requirements

Grades

R60700 R60702 R60704 R60705 R60706

Tensile strength, min, ksi [MPa] ... 55 [380] 60 [415] 80 [550] 74 [510]
Yield strength, min, ksi [MPa] ... 30 [205] 35 [240] 55 [380] 50 [345]
Tensile strength, max, ksi [MPa] 55 [380] ... ... ... ...
Yield strength, max, ksi [MPa] 44 [305] ... ... ... ...
Elongation in 2 in. or 50 mm, min, %A 20 16 14 16 14
Bend test radiusB 5T 5T 5T 3T 2.5T

AWhen a sub-size specimen is used, the gage length shall be as specified in Test Methods E 8 for that specimen.
BT equals the thickness of the bend test specimen. Bend tests are not applicable to material over 0.187 in. [4.8 mm] in thickness.

TABLE 4 Permissible Variations in Thickness of Hot- and
Cold-Rolled Zirconium Sheet A

Specified Thickness, in. [mm]
Permissible Variations in

Thickness, plus and minus, in.
[mm]

0.146–0.1875, excl [3.7–4.8] 0.014 [0.35]
0.131–0.145 [3.31–3.69] 0.012 [0.30]
0.115–0.130 [2.91–3.30] 0.010 [0.25]
0.099–0.114 [2.51–2.90] 0.009 [0.23]
0.084–0.098 [2.12–2.50] 0.008 [0.20]
0.073–0.083 [1.84–2.11] 0.007 [0.18]
0.059–0.072 [1.49–1.83] 0.006 [0.15]
0.041–0.058 [1.04–1.48] 0.005 [0.13]
0.027–0.040 [0.67–1.03] 0.004 [0.10]
0.017–0.026 [0.42-0.66] 0.003 [0.08]
0.008–0.016 [0.19–0.41] 0.002 [0.05]
0.006–0.007 [0.15–0.18] 0.0015 [0.04]
0.005 [0.13] 0.001 [0.025]

AThickness measurements are taken at least 3⁄8 in. [9.5 mm] in from edge.

TABLE 5 Permissible Variations in Thickness of Hot-Rolled
Zirconium Strip

Specified Width, in. [mm]

Variation from Specified Thickness
for Widths Given, Over and

Under, inA [mm]

0.187–0.118, incl 0.119–0.083, incl

To 31⁄2 incl 0.006 [0.15] 0.005 [0.13]
Over 31⁄2 –12, incl 0.007 [0.18] 0.006 [0.15]
Over 12–18, incl 0.008 [0.20] 0.008 [0.20]
Over 18–24, incl 0.010 [0.25] 0.010 [0.25]

AThickness measurements shall be taken 3⁄8 in. [9.5 mm] from edge. Tolerances
do not include crown.
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14. Inspection

14.1 The manufacturer shall inspect the material covered by
this specification prior to shipment and, on request, shall
furnish the purchaser with certificates of test. If so specified in
the purchase order, the purchaser or his representative may
witness the testing and inspection of the material at the place of
manufacturer. In such cases the purchaser shall state in his

purchase order which tests he desires to witness. The manu-
facturer shall give ample notice to the purchaser as to the time
and place of the designated tests. If the purchaser’s represen-
tative does not present himself at the time agreed upon for the
testing, the manufacturer shall consider the requirement for
purchaser’s inspection at the place of manufacture to be
waived.

14.2 The manufacturer shall afford the inspector represent-
ing the purchaser, without charge, all reasonable facilities to
satisfy him that the material is being furnished in accordance
with this specification. This inspection shall be so conducted as
to not interfere unnecessarily with the operation of the works.

TABLE 6 Permissible Variations in Thickness of Cold-Rolled Zirconium Strip

NOTE 1—For thickness under 0.010 in. [0.25 mm] in widths to 16 in. [400 mm] a tolerance of610 % of the thickness shall apply; in widths over 16
[400 mm] to 24 in. [600 mm] incl, a tolerance of615 % of the thickness shall apply.

NOTE 2—Thickness measurements shall be taken3⁄8 in. [9.5 mm] in from edge of the strip, except on widths less than 1 in. [2.5 mm] where the
tolerances are applicable for measurements at all locations.

NOTE 3—The tolerances given in this table do not include crown tolerances.

Specified Thickness, in. (mm]

Permissible Variations in Thickness, for Widths Given, Plus and Minus, in. [mm]

3⁄16 [4.8 mm]
incl, –1 [25 mm],

in. excl

1 [25 mm]–3
[75 mm] in.,

excl

3 [75 mm]–6
[150 mm] in.,

incl

Over 6
[150 mm]–9
[230 mm] in.,

incl

Over 9
[230 mm]–12
[300 mm] in.,

incl

Over 12
[300 mm]–16
[400 mm] in.,

incl

Over 16
[400 mm]–20
[500 mm] in.,

incl

Over 20
[500 mm]–24
[600 mm] in.,

incl

Under 3⁄16 –0.161, incl [4.8–4.1] 0.002 [0.05] 0.003 [.08] 0.004 [.10] 0.004 [.10] 0.004 [.10] 0.005 [.13] 0.006 [.16] 0.006 [.16]
0.160-0.100, incl [4.0-2.52] 0.002 [0.05] 0.002 [.05] 0.003 [.08] 0.004 [.10] 0.004 [.10] 0.004 [.10] 0.005 [.13] 0.005 [.13]
0.099–0.069, incl [2.51–1.75] 0.002 [0.05] 0.002 [.05] 0.003 [.08] 0.003 [.08] 0.003 [.08] 0.004 [.10] 0.004 [.10] 0.004 [.10]
0.068–0.050, incl [1.74–1.3] 0.002 [0.05] 0.002 [.05] 0.003 [.08] 0.003 [.08] 0.003 [.08] 0.003 [.08] 0.004 [.10] 0.004 [.10]
0.049–0.040, incl [1.29–1.00] 0.002 [0.05] 0.002 [.05] 0.0025 [.06] 0.003 [.08] 0.003 [0.8] 0.003 [.08] 0.004 [.10] 0.004 [.10]
0.039–0.035, incl [0.99–0.90] 0.002 [0.05] 0.002 [.05] 0.0025 [.06] 0.003 [.08] 0.003 [.08] 0.003 [.08] 0.003 [.08] 0.003 [.08]
0.034–0.029, incl [0.89–0.73] 0.0015 [.04] 0.0015 [.04] 0.002 [.05] 0.0025 [.06] 0.0025 [.06] 0.0025 [.06] 0.003 [.08] 0.003 [.08]
0.028–0.026, incl [0.72–0.66] 0.001 [.025] 0.0015 [.04] 0.0015 [.04] 0.002 [.05] 0.002 [.05] 0.002 [.05] 0.0025 [.06] 0.003 [.08]
0.025–0.020, incl [0.65–0.51] 0.001 [.025] 0.001 [.025] 0.0015 [.04] 0.002 [.05] 0.002 [.05] 0.002 [.05] 0.0025 [.06] 0.0025 [.06]
0.019–0.017, incl [0.50–0.43] 0.001 [.025] 0.001 [.025] 0.001 [.025] 0.0015 [.04] 0.0015 [.04] 0.002 [.05] 0.002 [.05] 0.002 [.05]
0.016–0.013, incl [0.42–0.32] 0.001 [.025] 0.001 [.025] 0.001 [.025] 0.0015 [.04] 0.0015 [.04] 0.0015 [.04] 0.002 [.05] 0.002 [.05]
0.012 [.30] 0.001 [.025] 0.001 [.025] 0.001 [.025] 0.001 [.025] 0.0015 [.04] 0.0015 [.04] 0.0015 [.04] 0.0015 [.04]
0.011 [.28] 0.001 [.025] 0.001 [.025] 0.001 [.025] 0.001 [.025] 0.001 [.025] 0.0015 [.04] 0.0015 [.04] 0.0015 [.04]
0.010 [.25] 0.001 [.025] 0.001 [.025] 0.001 [.025] 0.001 [.025] 0.001 [.025] 0.001 [.025] 0.0015 [.04] 0.0015 [.04]

TABLE 7 Permissible Variations in Thickness of Zirconium
PlateA

Specified Thickness,
in. [mm]

Permissible Variations in Thickness for
Widths Given, in. [mm]

To 84 in. [2.1 m], incl Over 84–120 in.
[2.1–3.05 m], incl

Plus Minus Plus Minus
1⁄8 [3.2]–3⁄8 [9.5], excl 0.046 [1.17] 0.01 [.25] 0.050 [1.3] 0.01 [.25]
3⁄8 [9.5]–3⁄4 [20], excl 0.054 [1.37] 0.01 [.25] 0.058 [1.47] 0.01 [.25]
3⁄4 [20]–1 [25], excl 0.060 [1.52] 0.01 [.25] 0.064 [1.62] 0.01 [.25]
1 [25]–2 [50]B, incl 0.070 [1.78] 0.01 [.25] 0.074 [1.88] 0.01 [.25]

AFor circles, the plus tolerances for the specified thicknesses apply to the
diameter of the circle corresponding to the width ranges shown. For plates of
irregular shape, the plus thickness tolerances apply to the greatest width corre-
sponding to the width ranges shown.

BFor permissible variations on plates over 2 in. [50 mm] thick, the producer
should be consulted.

TABLE 8 Permissible Variations in Width and Length of Hot- and
Cold-Rolled Zirconium Sheet

Specified Width, in. [m] for
Thickness Under 3⁄16 in. [4.8 mm]

Permissible Variations
in Width, in. [mm]

24–48, excl [7–14]
48 and over [14]

+1⁄8 , −0 [+3.2, −0]
+3⁄16 , −0 [+4.8, −0]

Specified Length, ft [m] Permissible Variations
in Length, in. [mm]

Up–10, incl [3]
Over 10–20, incl [3-6]

+1⁄2 , −0 [+13, −0]
+1, −0 [+25, −0]
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15. Rejection

15.1 Rejection for failure of the material to meet the
requirements of this specification shall be reported to the
manufacturer within 60 calendar days from the receipt of the
material by the purchaser. Unless otherwise specified, rejected
material may be returned to the manufacturer at the manufac-
turer’s expense, unless the purchaser receives, within three
weeks of the notice of rejection, other instructions for dispo-
sition.

16. Certification

16.1 A producer or supplier shall furnish the purchaser with
a certificate that the material was manufactured, sampled,
tested, and inspected in accordance with this specification and
has been found to meet the requirements. The certificate shall
include a report of the test results.

17. Referee

17.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

18. Product Marking
18.1 Identification—Unless otherwise specified, each plate,

sheet, and strip shall be marked in the respective location
indicated below, with the number of this specification, heat
number, manufacturer’s identification, and the nominal thick-
ness. The characters shall be not less than3⁄8 in. [9.52 mm] in
height, shall be applied using a suitable marking fluid, and shall
be capable of being removed with a hot alkaline cleaning
solution without rubbing. The marking shall have no deleteri-
ous effect on the material or its performance. The characters
shall be sufficiently stable to withstand ordinary handling

18.1.1 Plate, flat sheet, and flat strip over 6 in. [150 mm] in
width shall be marked in lengthwise rows of characters
recurring at intervals not greater than 3 in. [75 mm], the rows
being spaced not more than 1 in. [40 mm] apart and alterna-
tively staggered. Heat numbers shall occur at least three times
across the width of the material and at intervals not greater than
2 ft [0.6 m] along the length. As an option, when permitted by
the purchaser, each plate, sheet, or cut length strip may be
marked in at least one corner with the number of this
specification, heat number, manufacturer’s identification, and
the nominal thickness in inches or millimetres as required.

18.1.2 Flat strip 6 in. [150 mm] and under in width shall be
marked near one end.

18.1.3 Coiled sheet and strip shall be marked near the
outside end of the coil.

19. Packaging and Package Marking
19.1 Unless otherwise specified, material purchased under

this specification may be packaged for shipment either by
boxing, crating, single boarding, burlapping, or with no pro-
tection in accordance with the manufacturer’s standard prac-
tice.

20. Keywords
20.1 plate; sheet; strip; zirconium; zirconium alloy

TABLE 9 Permissible Variations in Width of Hot-Rolled Zirconium Strip

Specified Width, in. [mm]
Permissible Variation in Width, in. [mm]

Mill Edge Slit Edge Sheared Edge
Plus Minus Plus Minus Plus Minus

To 31⁄2 incl [90] 1⁄8 [3.2] 0 1⁄32 [0.8] 1⁄32 [0.8] 1⁄16 [0.6] 1⁄16 [0.6]
Over 31⁄2 –12, incl [90-300] 1⁄4 [6.4] 1⁄8 [3.2] 1⁄32 [0.8] 1⁄32 [0.8] 1⁄8 [3.2] 0
Over 12–18, incl [300-460] 3⁄8 [9.5] 1⁄8 [3.2] 3⁄64 [1.2] 3⁄64 [1.2] 1⁄8 [3.2] 0
Over 18–24, excl [460-600] 1⁄2 [13] 1⁄4 [6.4] 3⁄64 [1.2] 3⁄64 [1.2] 3⁄16 [4.8] 0

TABLE 10 Permissible Variations in Length of Hot- and
Cold-Rolled Zirconium Strip

Specified Length, ft [m]
Permissible Variations

in Length, in. [mm]

To 5, incl [1.5] +3⁄8 , –0 [+9.5,– 0]
Over 5–10, incl [1.5–3] +1⁄2 , –0 [+13, –0]
Over 10–20, incl [3–6.1] +⁄8 , –0 [+16, –0]
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TABLE 11 Permissible Variations in Width of Cold-Rolled Zirconium Strip (Slit Edge)

Specified Thickness, in. [mm]

Permissible Variations in Width, for Widths Given, Plus and Minus, in. [mm]

Under 1⁄2 [13]–3⁄16

[4.8 mm], in. incl

1⁄2 [13 mm]–6 [150
mm], in. incl

Over 6 [150]–9
[230 mm] in., incl

Over 9 [230 mm]–12
[300 mm] in., incl

Over 12 [300]–20
[500 mm] in. incl

Over 20 [500]–24
[600 mm] in., excl

Under 3⁄16 –0.161, incl [4.8–4.1] ... 0.016 [.41] 0.020 [.5] 0.020 [.5] 0.031 [.8] 0.031 [.8]
0.160–0.100, incl [4.0–2.52] 0.010 [.25] 0.010 [.25] 0.016 [.41] 0.016 [.41] 0.020 [.5] 0.020 [.5]
0.099–0.069, incl [2.51–1.75] 0.008 [.2] 0.008 [.2] 0.010 [.25] 0.010 [.25] 0.016 [.41] 0.020 [.5]
0.068 and under [1.74] 0.005 [.13] 0.005 [.13] 0.005 [.25] 0.010 [.25] 0.016 [.41] 0.020 [.5]

TABLE 12 Permissible Variations in Width and Length of Rectangular, Sheared Zirconium Plate

NOTE 1—The permissible variation under the specified width and length is1⁄4 in. [6.4 mm]
NOTE 2—Rectangular plates over 1 in. [25 mm] in thickness are not commonly sheared, and are machined or otherwise cut to length and width or

produced in the size as-rolled, uncropped.

Specified Length, in. [m] Specified Width, in. [m]

Permissible Variations Over Specified Dimension, for Thickness Given, in. [mm]

Under 3⁄8 in. [9.5 mm] 3⁄8 –5⁄8 in. [9.5–16 mm], excl 5⁄8 in. [16 mm] and Over

Width Length Width Length Width Length

Under 120 [3.05] Under 60 [1.52]
60-84 [1.52–2.1], excl
84-108 [2.1–2.74], excl
108 [2.74] or over

3⁄8 [9.5]
7⁄16 [11]
1⁄2 [13]
5⁄8 [16]

1⁄2 [13]
5⁄8 [16]
3⁄4 [20]
7⁄8 [22]

7⁄16 [11]
1⁄2 [13]
5⁄8 [16]
3⁄4 [20]

5⁄8 [16]
11⁄16 [17.5]
7⁄8 [22]
1 [25]

1⁄2 [13]
5⁄8 [16]
3⁄8 [9.5]
7⁄8 [22]

3⁄4 [20]
7⁄8 [22]
1 [25]
11⁄8 [28.6]

120–240 [3.05–6.1], excl Under 60 [1.52]
60–84 [1.52–2.1], excl
84–108 [2.1–2.74], excl
108 [2.74] or over

3⁄8 [9.5]
1⁄2 [13]
9⁄16 [14]
5⁄8 [16]

3⁄8 [16]
3⁄4 [20]
7⁄8 [22]
1 [25]

1⁄2 [13]
5⁄8 [16]
11⁄16 [17.5]
3⁄4 [20]

7⁄8 [22]
7⁄8 [22]
15⁄16 [24]
11⁄8 [28.6]

5⁄8 [16]
3⁄4 [20]
13⁄16 [20.6]
7⁄8 [22]

1 [25]
1 [25]
11⁄8 [28.6]
11⁄4 [32]

240–360 [6.1–9.15], excl Under 60 [1.52]
60–84 [1.52–2.1] excl
84–108 [2.1–2.74], excl
108 [2.74] or over

3⁄8 [9.5]
1⁄2 [13]
9⁄16 [14]
11⁄16 [17.5]

1 [25]
1 [25]
1 [25]
11⁄8 [28.6]

1⁄2 [13]
5⁄8 [16]
11⁄16 [17.5]
7⁄8 [22]

11⁄8 [28.6]
11⁄8 [28.6]
11⁄8 [28.6]
11⁄4 [32]

5⁄8 [16]
3⁄4 [20]
7⁄8 [22]
1 [25]

11⁄4 [32]
13⁄4 [32]
13⁄8 [3]
13⁄8 [35]

360–480 [9.5–12.2], excl Under 60 [1.52]
60–84 [1.52–2.1], excl
84–108 [2.1–2.74], excl
108 [2.74] or over

7⁄16 [11]
1⁄2 [13]
9⁄16 [14]
3⁄4 [20]

11⁄8 [28.6]
11⁄4 [32]
11⁄4 [32]
13⁄8 [35]

1⁄2 [13]
5⁄8 [16]
3⁄4 [20]
7⁄8 [22]

11⁄4 [32]
13⁄8 [35]
13⁄8 [35]
11⁄2 [38

5⁄8 [16]
3⁄4 [20]
7⁄8 [22]
1 [25]

11⁄2 [38]
11⁄2 [38]
11⁄2 [38]
15⁄8 [41]

480–600 [12.2–15.24], excl Under 60 [1.52]
60–84 [1.52–2.1], excl
84–108 [2.1–2.74], excl
108 [2.74] or over

7⁄16 [11]
1⁄2 [13]
5⁄8 [16]
3⁄4 [20]

11⁄4 [32]
13⁄8 [35]
13⁄8 [35]
11⁄2 [38]

1⁄2 [13]
5⁄8 [16]
3⁄4 [20]
7⁄8 [22]

11⁄2 [38]
11⁄2 [38]
11⁄2 [38]
15⁄8 [41]

5⁄8 [16]
3⁄4 [20]
7⁄8 [22]
1 [25]

15⁄6 [41]
15⁄6 [41]
15⁄6 [41]
13⁄4 [45]

600 [15.24] or over Under 60 [1.52]
60–84 [1.52–2.1], excl
84–108 [2.1–2.74], excl
108 [2.74] or over

1⁄2 [13]
5⁄8 [16]
5⁄8 [16]
7⁄8 [22]

13⁄4 [45]
13⁄4 [45]
13⁄4 [45]
13⁄4 [45]

5⁄8 [16]
3⁄4 [20]
3⁄4 [20]
1 [25]

17⁄8 [48]
17⁄8 [48]
17⁄8 [48]
2 [50]

5⁄8 [16]
7⁄8 [22]
7⁄8 [22]
11⁄8 [28.6]

17⁄8 [48]
17⁄8 [48]
17⁄8 [48]
21⁄4 [57]

TABLE 13 Crown Tolerances for Hot-Rolled Zirconium Strip

Specified Width, in. [mm]

Permissible Variation in
Thickness from Edge to

Center of Strip, for Widths
Given, in. [mm]

To 31⁄2 , incl [90] 0.003 [0.08]
Over 31⁄2 –12, incl [90–300] 0.004 [0.10]
Over 12–18, incl [300–460] 0.006 [0.15]
Over 18–24, excl [460–500] 0.008 [0.20]

TABLE 14 Crown Tolerances for Cold-Rolled Zirconium Strip

Specified Thickness, in. [mm]

Tolerance by which the Thickness at Middle of
Strip may be Greater than at the Edges, for

Widths Given, in. [mm]

To 5 [125],
incl

Over 5
[125]–12 [300],

incl

Over 12
[300]–24 [600],

inc.

0.005 [.13]–0.010 [.25], incl 0.00075[.02] 0.001[.025] 0.0015[.04]
Over 0.010 [.25]–0.025 [.64],

incl
0.001[0.25] 0.0015[.04] 0.002[.05]

Over 0.025 [.64]–0.065 [1.65],
incl

0.0015[.04] 0.002[.05] 0.0025[.06]

Over 0.065 [1.65]–3⁄16 [4.8],
excl

0.002[.05] 0.0025[.06] 0.003[.08]
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TABLE 15 Camber Tolerances for Hot- and Cold-Rolled
Zirconium Sheet A

Specified Width, in. [mm] Tolerance per Unit
Length of any 8 ft [24 m], in. [mm]

24–36, incl [600–900] 1⁄8 [3.2]
Over 36 [900] 3⁄32 [2.4]

ACamber is the greatest deviation of a side edge from a straight line, the
measurement being taken on the concave side with a straightedge.

TABLE 16 Camber Tolerance for Hot- and Cold-Rolled Zirconium
Strip A

Specified Width, in. [mm]
Tolerance, per Unit Length

of any 8 ft [2.44 m],
in. [mm]

To 11⁄2 , incl [38] 1⁄2 [13]
Over 11⁄2 –24, incl [38–600] 1⁄4 [6.4]

ACamber is the deviation of a side edge from a straight line. The measurement
is taken by placing an 8-ft [2.44 m] straight-edge on the concave side and
measuring the greatest distance between the strip edge and the straight edge.

TABLE 17 Camber Tolerance for Zirconium Plate A

Tolerance: 1⁄8 in. [3.2 mm]3 (number of meters/1.5)
(number of feet of length/5)

ACamber is the greatest deviation of a side edge from a straight line. The
measurement is taken by placing a straightedge on the concave side and
measuring the greatest distance between the plate edge and the straightedge.

TABLE 18 Diameter Tolerances for Circular Plates

Specified Diameter, in. [m]

Tolerance Over Specified Diameter for Given
Diameter and Thickness

(No Tolerance Under), in. [mm]

To 3⁄8 [9.5], incl,
in Thickness

3⁄8 to 5⁄8
[9.5–16] excl,
in Thickness

5⁄8 [16] and
Over in

ThicknessA

To 60 [1.5], excl 1⁄4 [6.4] 3⁄8 [9.5] 1⁄2 [13]
60–84 [1.5–2.1], incl 5⁄16 [8.0] 7⁄16 [11] 2⁄16 [14]
84–108 [2.1–2.8], excl 3⁄8 [9.5] 1⁄2 [13] 5⁄8 [16]
108–130 [2.8–3.3], incl 7⁄16 [11] 9⁄16 [14] 11⁄16 [17.5]

ACircular and sketch plates over 5⁄8 in. [16 mm] in thickness are not commonly
sheared and are machined or otherwise cut.

TABLE 19 Permissible Variations in Weight of Hot- and
Cold-Rolled Zirconium Sheet

The actual weight of any one item on an ordered thickness and size in any
finish is limited in overweight by the following tolerance:
Any item of 5 sheets or less or any item estimated to weigh 200 lb [100 kg]
or less, may actually weigh as much as 10 % over the estimated weight.
Any item of more than 5 sheets and estimated to weigh more than 200 lb
[100 kg] may actually weigh as much as 71⁄2 % over the estimated weight.
There is no under tolerance in weight for zirconium sheets, under tolerance
being restricted by the permissible thickness variations. Only random (or mill
size) sheets may be ordered on a square foot [meter] basis, and the number
of square feet [meter] shipped may exceed the number ordered by as much
as 5 %
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SUPPLEMENTARY REQUIREMENTS

S.1 Additional Requirements for Material to be Used for
Explosion Cladding

S1.1 These requirements apply exclusively for sheet and
plate to be used for explosion cladding.

S1.2 These requirements apply only to Grades R60700 and
R60702 and only in thicknesses ranging from 0.078 in. [2 mm]
to 0.78 in. [20 mm] inclusive.

S1.3 Additional flatness requirements:
S1.3.1 The permissible variation in flatness for zirconium

material grades R60700 and R60702 for explosion cladding
applications shall be1⁄2 that of the limits in Table 20. Localized
flatness variations shall not exceed 0.12 in. [3 mm] in 39 in. [1
m], as measured using a straight edge placed (balanced) at any
location on the plate surface.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 20 Permissible Variations From a Flat Surface for Annealed Zirconium Plate-inch [mm]

NOTE 1—Variations in flatness apply to plates up to 15 ft [4.6 m] in length, or to any 15 ft [4.6 m] of longer plates.
NOTE 2—If the longer dimension is under 36 in. [1 m], the variation is not greater than3⁄4 in. [6.4 mm].
NOTE 3—The shorter dimension specified is considered the width and the variation in flatness across the width does not exceed the tabular amount for

that dimension.
NOTE 4—The maximum deviation from a flat surface does not customarily exceed the tabular tolerance for the longer dimension specified.

Specified Thickness, in.
[mm]

Permissible Variations in Flatness, for Widths Given, Plus and Minus, in. [mm]

48 in. [1.2 m]
or Under

48 [1.2 m]−60
[1.5 m],

excl

60 [1.5 m]−72
[1.8 m],

excl

72 [1.8 m]−84
[2.1 m],

excl

84 [2.1 m]−96
[2.4 m],

excl

96 [2.4 m]−108
[2.74 m],

excl

108
[2.74 m]−120

[3.05 m],
excl

120
[3.05 m]−144

[3.7 m],
excl

144 [3.7 m]
and Over

1⁄8 [3.2]–1⁄4 [6.4], excl 3⁄4 [20] 11⁄16 [27] 11⁄4 [32] 13⁄8 [35] 15⁄8 [41] 15⁄8 [41] . . . . . . . . .
1⁄4 [6.4]–3⁄8 [9.5], excl 11⁄16 [17.5] 3⁄4 [20] 15⁄16 [24] 11⁄8 [28.6] 13⁄8 [35] 17⁄16 [36.5] 19⁄16 [40] 17⁄8 [48] . . .
3⁄8 [9.5]–1⁄2 [13], excl 1⁄2 [13] 9⁄16 [14] 11⁄16 [17.5] 3⁄4 [20] 15⁄16 [24] 11⁄8 [28.6] 11⁄4 [32] 17⁄16 [36.5] 13⁄4 [45]
1⁄2 [13]–3⁄4 [20], excl 1⁄2 [13] 9⁄16 [14] 5⁄8 [16] 5⁄8 [16] 13⁄16 [20.6] 11⁄8 [28.6] 11⁄8 [28.6] 11⁄8 [28.6] 13⁄8 [35]
3⁄4 [20]–1 [25], excl 1⁄2 [13] 9⁄16 [14] 5⁄8 [16] 5⁄8 [16] 3⁄4 [20] 13⁄16 [30] 15⁄16 [24] 1 [25] 11⁄8 [28.6]
1 [25]–11⁄2 [38], excl 1⁄2 [13] 9⁄16 [14] 9⁄16 [14] 9⁄16 [14] 11⁄16 [17.5] 11⁄16 [17.5] 11⁄16 [17.5] 3⁄4 [20] 1 [25]
11⁄2 [39]–4 [100], excl 3⁄16 [4.8] 5⁄16 [8] 3⁄8 [9.5] 7⁄16 [11] 1⁄2 [13] 9⁄16 [14] 5⁄8 [16] 3⁄4 [20] 7⁄8 [22]
4 [100]–6 [150], excl 1⁄4 [6.4] 3⁄8 [9.5] 1⁄2 [13] 9⁄16 [14] 5⁄8 [16] 3⁄4 [20] 7⁄8 [22] 1 [25] 11⁄8 [28.6]
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Designation: B 560 – 00

Standard Specification for
Modern Pewter Alloys 1

This standard is issued under the fixed designation B 560; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers three alloy types, made from
tin, antimony, and copper, used in the fabrication of pewter
articles by casting, spinning, drawing, or forming. The metal
may be supplied in the form of bars, ingots, rolled sheet, and
circles.

1.2 Pewter alloy shall be defined as having a composition
within the range from 90 to 98 % tin, 1 to 8 % antimony, and
0.25 to 3 % copper. Compositions are given in Table 1.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications2

E 51 Method for Spectrographic Analysis of Tin Alloys by
the Powder Technique3

E 57 Method for Chemical Analysis of White Metal Bear-
ing Alloys4

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition5

3. Classification

3.1 The hardness and workability of pewter varies with the
amount of antimony and copper alloyed with the tin. Casting
alloys generally contain less copper and a slightly higher tin
content than sheet alloys. The composition for castings (Type
1) and sheet (Type 2) are shown in Table 1, but individual

fabricators may choose compositions in the range given for
each type. A special-purpose alloy (Type 3), high in tin, is used
for articles requiring a softer metal. All types must conform to
the impurity limits shown in Table 1.

3.2 The following applies to all specified limits in this
standard: For purposes of determining conformance with these
specifications an observed value or a calculated value shall be
rounded “to the nearest unit” in the last right-hand place of
figures used in expressing the limiting value, in accordance
with the rounding method of Practice E 29.

4. Ordering Information

4.1 Orders for material under this specification should
include the following:

4.1.1 Quantity,
4.1.2 Form—bars, sheet, or circles,
4.1.3 Type and composition (Table 1),
4.1.4 Size (sheet—thickness, width and length; circles—

thickness and diameter), and
4.1.5 Marking.

5. Materials and Manufacture

5.1 The manufacturer shall use care to have each shipment
of each form as uniform in quality and composition as possible
and of a commercially satisfactory appearance.

6. Chemical Composition

6.1 The material shall conform to the requirements as to
chemical composition specified in Table 1. Nominal composi-
tions, agreed upon by the manufacturer and purchaser, may be
prescribed under this specification.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.02 on Refined Lead, Tin, Antimony, and Their Alloys.

Current edition approved Oct. 10, 2000. Published November 2000. Originally
published as B 560-72. Last previous edition B 560-94.

2 Annual Book of ASTM Standards, Vol 14.02.
3 Discontinued—see1984 Annual Book of ASTM Standards, Vol 03.06.
4 Discontinued—see1986 Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards, Vol 03.05.

TABLE 1 Chemical Requirements

Element

Composition, -wt%

Type 1 Casting
AlloyA

Type 2 Sheet AlloyB Type 3 Special
Purpose Alloys

UNS Number L13911 L13912 L13963

Tin 90–93 90–93 95–98
Antimony 6–8 5–7.5 1.0–3.0
Copper 0.25–2.0 1.5–3.0 1.0–2.0
Lead, max 0.05 0.05 0.05
Arsenic, max 0.05 0.05 0.05
Iron, max 0.015 0.015 0.015
Zinc, max 0.005 0.005 0.005

A Nominal Type 1 alloy composition: 92 Sn, 7.5 Sb, and 0.5 Cu.
B Nominal Type 2 alloy composition: 91 Sn, 7 Sb, and 2 Cu.

1
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7. Dimensions, Mass, and Permissible Variations

7.1 Sheet pewter is commercially available in thicknesses
from 0.031 to 0.0646 0.002 in. (0.79 to 1.63 mm) (Table 2).
Thinner sheet down to a thickness of 0.010 in. (0.25 mm) can
be supplied to special order. Sheet can be supplied in widths up
to 2 ft (0.6 m) and lengths up to 4 ft (1.2 m).

7.2 Circles are available in diameters from 2 to 20 in. (50.8
to 508 mm) and in thicknesses from 0.031 to 0.0646 0.002 in.
(Table 2).

7.3 Bars or ingots are nominally 5 lb (2.27 kg) in mass.

8. Workmanship, Finish, and Appearance

8.1 Surface defects in bars or ingots are of no importance.
Surface defects in sheet pewter or circles may be a cause for
rejection if the defects (pits or dents) cannot be removed to the
total satisfaction of the purchaser by polishing. Rejection of an
entire shipment should be made only if the surface defects are
present on a substantial percentage of the shipment.

9. Sampling

9.1 Unless otherwise agreed upon by the manufacturer and
the purchaser, heat (ladle) analyses furnished by the manufac-
turer shall be accepted as defining the composition of the
material furnished.

9.2 If samples for check analyses are desired, they shall be
so specified by the purchaser at the time of placement of the
order.

9.3 Check analyses samples shall consist of three bars or
ingots selected to represent a shipment of less than 1000 lb
(454 kg) and five bars or ingots to represent a shipment of over

1000 lb (454 kg). The bars shall be selected at random,
preferably under such conditions that every piece in the lot is
accessible for selection (for example, while shipment is being
loaded or unloaded). A saw cut shall be made entirely through
the piece on its long axis and the saw chips collected. Sawings
thoroughly mixed and split into three parts shall constitute the
samples for chemical analysis (Practice E 88).

9.4 For sheet, circles, and discs, a sample shall consist of
clippings from not more than 2 % of the shipment. The
minimum mass of sample shall be 250 g.

10. Chemical Analysis

10.1 In case of dispute, the chemical analysis shall be made
in accordance with Methods E 57 and E 51.

11. Rejection and Rehearing

11.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

12. Product Marking

12.1 At the option of the purchaser, the manufacturer’s
identifying mark shall be cast or stamped on each bar. The
numerical designation of the type shall be either cast on each
bar for identification or marked on the container. Sheet metal
shall be marked on the container as to type, for identification
purposes.

TABLE 2 Available Nominal Sizes and Mass of Pewter Metal Sheets

Gage 20 19 18 17 16 15 14

Thickness:
in. 0.031 0.035 0.040 0.045 0.050 0.057 0.064
mm 0.79 0.89 1.02 1.14 1.27 1.45 1.63

Mass:
oz/ft2 19.0 22.0 25.0 28.1 31.3 35.9 40.6
kg/m2 5.8 6.7 7.6 8.6 9.5 10.9 12.4

Circles

Gage 20 19 18 17 16 15 14

Diameter Nominal Mass

in. mm oz g oz g oz g oz g oz g oz g oz g

2 5.1 0.33 8.5 0.40 11.3 0.50 14.2 0.60 17.0 0.66 18.7 0.75 21.2 0.80 22.7
3 7.6 1.00 28.4 1.10 31.2 1.25 35.4 1.40 39.7 1.50 42.5 1.75 49.6 2.00 56.7
4 10.2 1.75 49.6 2.00 56.7 2.25 64.2 2.50 74.9 2.88 81.7 3.20 90.7 3.67 104
5 12.7 2.67 75.7 3.00 85.1 3.50 99.2 4.00 113 4.33 123 5.00 142 5.67 161
6 15.2 3.67 104 4.20 119 4.75 135 5.33 151 6.00 170 6.80 193 7.75 220
7 17.8 5.13 144 6.00 170 6.75 191 7.60 216 8.50 241 9.67 274 11.00 312
8 20.3 6.67 189 7.75 220 8.75 248 9.88 280 11.00 312 12.50 354 14.25 404
9 22.9 8.50 241 10.00 284 11.25 319 12.67 359 14.00 397 16.13 457 18.25 515

10 25.4 10.25 291 11.88 337 13.50 383 15.13 429 16.88 479 19.33 479 22.00 624
11 28.0 12.50 354 14.50 411 16.50 468 18.50 525 20.67 586 23.67 671 26.88 762
12 30.5 15.00 425 17.25 489 19.67 558 22.00 624 24.50 695 28.13 797 31.88 904
13 33.0 17.50 496 20.25 574 23.00 652 25.88 734 28.75 815 33.00 936 37.33 1068
14 35.6 20.33 576 23.50 666 26.75 758 30.00 851 33.50 950 38.33 1087 43.50 1233
15 38.1 23.33 661 27.00 766 30.75 872 34.50 978 38.50 1091 44.13 1251 50.00 1418
16 40.6 26.67 756 30.88 886 35.00 992 39.33 1115 43.75 1240 50.20 1424 56.88 1613
17 43.2 29.88 847 34.50 978 39.25 1113 44.13 1261 49.00 1389 56.30 1596 63.75 1807
18 45.7 33.67 955 39.00 1106 44.25 1255 49.75 1410 55.33 1569 63.50 1801 72.00 2041
19 48.3 37.40 1060 43.33 1228 49.25 1396 55.40 1571 61.50 1743 70.67 2003 80.00 2268
20 50.8 41.50 1177 48.00 1361 54.50 1545 61.33 1739 68.13 1931 78.25 2218 88.50 2509
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13. Keywords
13.1 bar; ingot; pewter; rolled sheet; tin–antimony–copper

alloys

APPENDIX

(Nonmandatory Information)

X1. ADDITIONAL INFORMATION

X1.1 Modern pewter can be fabricated into decorative and
utilitarian articles. Articles made from modern pewter have a
surface finish which very slowly tarnishes or discolors in the
atmosphere. Washing at intervals in soapy water, rinsing, and
immediately drying thoroughly removes surface grime and
renovates the appearance. Many pewter articles are designed to
dispense foods and beverages (mugs, tumblers, vegetable
dishes, water pitchers, etc.) and metal meeting this specifica-
tion is mandatory for these uses.

Pewter in the cast condition is harder than in any other form.
Rolling the cast metal alters the crystal structure and the rolled
sheet may be half as hard (see values below) as the cast metal,

but this is an advantage for spinning and forming. Typical
properties of an alloy containing 91 tin, 7 antimony, and 2
copper are:
Density 0.263 lb/in.3(7.3 mg/m3)
Liquidus 563°F (295°C)
Solidus 471°F (244°C)
Casting temperature range 600–625°F (316–324°C)
Hardness (HB):

As cast 23
Cold-rolled sheet 13
Annealed sheet 18

Tensile strength, psi (MPa):
Chill cast 9800 (67.6)
Cold-rolled sheet 7600 (52.4)
Annealed sheet 8600 (59.3)

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 561 – 94 (Reapproved 1999) e1

Standard Specification for
Refined Platinum 1

This standard is issued under the fixed designation B 561; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—UNS number was added in June 1999.

1. Scope

1.1 This specification covers refined platinum as sponge,
cast bar, and wrought forms (Note 1) in two grades as follows:

1.1.1 Grade 99.95 (UNS PO4995)— Platinum having a
purity of 99.95 %, min, and

1.1.2 Grade 99.99— Platinum having a purity of 99.99 %
min.

NOTE 1—Other forms of unfabricated platinum of commerce are not to
be excluded under this specification.

NOTE 2—For the purposes of determining conformance with this
specification, an observed value obtained from analysis shall be rounded
to the nearest unit in the last right hand place of figures used in expressing
the limiting value, in accordance with the rounding off method of Practice
E 29.

1.2 The values stated in inch-pound units are to be regarded
as the standard. SI units are provided for information only.

2. Referenced Documents

2.1 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications2

3. Materials and Manufacture

3.1 The metal may be produced by any refining process that
yields a product capable of meeting the chemical requirements
of this specification. The purchaser, upon request, shall be
informed of the refining process used.

3.2 The surfaces of bars and wrought forms shall exhibit
quality generally acceptable to the trade.

4. Chemical Composition

4.1 The refined platinum shall conform to the chemical
composition prescribed in Table 1.

5. Sampling

5.1 The value of this material is such that special attention
must be paid to sampling procedures. The purchaser and
manufacturer shall agree upon the sampling procedures used.

5.2 Lot Size—Sampling lots shall consist of the following:
5.2.1 Sponge—A single refining lot, and
5.2.2 Other Forms— A single melt or primary consolida-

tion.1 This specification is under the jurisdiction of ASTM Committee B-2 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals.

Current edition approved Feb. 15, 1994. Published April 1994. Originally
published as B 561 – 72. Last previous edition B 561 – 86.

2 Annual Book of ASTM Standards, Vol 14.02.

TABLE 1 Chemical Requirements

ElementA
Composition, %

Grade 99.95
(UNS PO4995)

Grade
99.99

Platinum, min (by difference) 99.95 99.99
Rhodium, max 0.03 0.005
Palladium, max 0.02 0.005
Ruthenium, max 0.01 0.002
Iridium, max 0.015 0.005
Gold, max 0.01 0.005
Silver, max 0.005 0.003
Lead, max 0.005 0.001
Tin, max 0.005 0.002
Zinc, max 0.005 0.002
Iron, max 0.01 0.005
Manganese, max 0.005 0.001
Copper, max 0.01 0.004
Silicon, max 0.01 0.005
Calcium, max 0.005 0.003
Magnesium, max 0.005 0.003
Aluminum, max 0.005 0.004
Nickel, max 0.005 0.001
Chromium, max 0.005 0.001
Antimony, max 0.005 0.002
Arsenic, max 0.005 0.002
Bismuth, max 0.005 0.002
Tellurium, max 0.005 0.004
Cadmium, max 0.005 ...
Molybdenum, max 0.01 0.004

ABy agreement between the manufacturer and purchaser, analyses may be
required and limits established for elements or compounds, including ignition loss,
not specified in this table.

1
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6. Methods of Analysis

6.1 Pending the development of standard ASTM methods of
chemical or spectrographic analysis, or both, the methods to be
used shall be a matter of agreement between the manufacturer
and the purchaser.

7. Rejection and Rehearing

7.1 Material that fails to conform to the requirements of this
specification may be rejected. Rejection should be reported to
the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for rehearing.

7.1.1 If the platinum satisfies the requirements of this
specification, it shall not be rejected for defects in the products
in which it is used.

7.2 Investigation of Claims—In a question of chemical
composition, a new sample shall be drawn by representatives
of both parties in accordance with Section 5. The properly
mixed and quartered sample shall be divided into three parts,
each of which shall be placed in a sealed package, one for
manufacturer, one for the purchaser, and one for an umpire, if
necessary.

8. Product Marking

8.1 The material shall be legibly identified by mark, label,
or tag with the following information: platinum (Pt),
Grade______ , lot or melt number, and weight to the nearest
0.001 troy oz (0.03 g).

9. Keywords

9.1 platinum; refined platinum; sponge

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 562 – 95 (Reapproved 1999)

Standard Specification for
Refined Gold 1

This standard is issued under the fixed designation B 562; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers refined gold in cast bar form
(Note 1).

1.1.1 Grade 99.5—Gold having a minimum fineness of 995.
1.1.2 Grade 99.95— Gold having a minimum fineness of

999.5.
1.1.3 Grade 99.99— Gold having a minimum fineness of

999.9.
1.1.4 Grade 99.995— Gold having a minimum fineness of

999.95.

NOTE 1—Other forms of unfabricated gold of commerce are not to be
excluded under this specification.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications2

E 1446 Test Method for Chemical Analysis of Refined Gold
by Direct Current Plasma Emission Spectroscopy3

3. Materials and Manufacture

3.1 The metal may be produced by any process that yields a
product capable of meeting the requirements of this specifica-
tion. The purchaser, upon request, shall be informed of the
refining process used.

3.2 The bars shall be of a quality generally acceptable to the
trade.

4. Chemical Composition

4.1 The refined gold shall conform to the chemical compo-
sition prescribed in Table 1.

NOTE 2—For purposes of determining conformance with this specifi-
cation, an observed value obtained from analysis shall be rounded to the
nearest unit in the last right-hand place of figures used in expressing the
limiting value, in accordance with the rounding method of Practice E 29.

5. Sampling

5.1 On agreement between the manufacturer and the pur-
chaser, a sample may be taken from the melt before pouring
(Note 3). The sample shall be in the form of shot or pins (Note
4 and Note 5).

NOTE 3—A single melt or bar(s) cast from a single melt shall constitute
a lot for sampling.

NOTE 4—Pins of3⁄8 in. (9.5 mm) or other suitable diameter may be cast
into graphite molds or drawn into evacuated glass tubes. In some cases it
may be necessary to draw the glass tube pins through 60-grit emery paper
before acid leaching to remove adhering glass particles.

NOTE 5—In order to avoid surface contamination, the sample, irrespec-
tive of its nature, is to be leached in hot 1 + 1 HCl for 5 min, washed in
water, rinsed twice in alcohol or acetone, and dried in a muffle at 110°C
before portions are taken for analysis.

5.2 On agreement between manufacturer and purchaser an
alternative sampling procedure may be used.

5.3 The amount of sample taken shall be sufficient to supply
three portions for analysis; the mass of each portion shall be
sufficient to permit the determination of its composition as set
forth in Table 1.

5.4 After mixing thoroughly, the sample shall be divided
into three parts, each placed in a package and sealed; one for
the manufacturer, one for the purchaser, and one for the
umpire.

5.5 All tools required are to be reserved exclusively for this
work.

6. Method of Analysis

6.1 Chemical composition of the materials set forth in this
specification shall be determined, in case of disagreement, in
accordance with Test Method E 1446. The selection of test
methods for the determination of elements not covered by that

1 This specification is under the jurisdiction of ASTM Committee B-2 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals.

Current edition approved Feb. 15, 1995. Published April 1995. Originally
published as B 562 – 72. Last previous edition B 562 – 86.

2 Annual Book of ASTM Standards, Vol 14.02.
3 Annual Book of ASTM Standards, Vol. 03.06.
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test method shall be a matter of agreement between the
manufacturer and the purchaser.

6.2 Chemical composition of materials required for Grade
99.5 refined gold shall be determined by a test method similar
to the fire assay test method listed in the appendix.

7. Rejection and Rehearing

7.1 Rejection:
7.1.1 Claims to be considered shall be made to the manu-

facturer in writing within 30 days of receipt of the material at
the purchaser’s plant, and the results of tests made by the
purchaser shall accompany such claims. The manufacturer
shall be given one week from the date of receipt of the
complaint to investigate his records, and shall then agree either
to satisfy the claim or to submit samples to an umpire. No
claim shall be considered unless a portion of the original gold
bars can be shown to the representative of the manufacturer.

7.1.2 Where the gold satisfies the requirements of this
specification, it shall not be condemned for defects in the
products in which it is used.

7.2 Investigation of Claims—In a question of chemical
composition, a sample shall be drawn by representatives of
both parties in accordance with Section 5. The sample shall be
suitably separated into three parts, each of which shall be
placed in a sealed package, one for the manufacturer, one for

the purchaser, and one for an umpire, if necessary. The
manufacturer and the purchaser shall each make an analysis,
and if the results do not establish or dismiss the claim to the
satisfaction of both parties, the third sample shall be submitted
to a mutually agreeable umpire, who shall determine the
question of fact, and whose determination shall be final.

8. Settlement of Claims

8.1 The expenses of the manufacturer’s representative and
of the umpire shall be paid by the loser or divided in proportion
to the concession made in case of compromise. In the case of
rejection being established, the damages shall be limited to the
payment of transportation charges both ways by the manufac-
turer for substitution of an equivalent weight of gold conform-
ing to this specification.

9. Product Marking

9.1 The brand by which the manufacturer can be identified
shall be cast or otherwise legibly marked upon each bar. The
bar shall be marked with the fineness together with the melt
number, bar number, and weight to the nearest 0.001 troy oz
(0.03 g).

10. Keywords

10.1 gold; refined gold

TABLE 1 Chemical Requirements

ElementA
Composition,%

Grade 99.5 Grade 99.95 Grade 99.99 Grade 99.995

Gold, min 99.5 ... ... ...
Gold, min (by difference) ... 99.95 99.99 99.995
Silver + copper, max ... 0.04 ... ...
Silver, max ... 0.035 0.009 0.001
Copper, max ... 0.02 0.005 0.001
Palladium, max ... 0.02 0.005 0.001
Iron, max ... 0.005 0.002 0.001
Lead, max ... 0.005 0.002 0.001
Silicon, max ... ... 0.005 0.001
Magnesium, max ... ... 0.003 0.001
Arsenic, max ... ... 0.003 ...
Bismuth, max ... ... 0.002 0.001
Tin, max ... ... 0.001 0.001
Chromium, max ... ... 0.0003 0.0003
Nickel, max ... ... 0.0003 ...
Manganese, max ... ... 0.0003 0.0003
ABy agreement between manufacturer and purchaser analyses may be required and limits established for elements not specified in this table.

B 562 – 95 (1999)

2



APPENDIX

(Nonmandatory Information)

X1. TEST METHOD FOR CHEMICAL ANALYSIS OF REFINED GOLD BY CUPELLATION FIRE ASSAY

X1.1 Scope

X1.1.1 This test method covers the cupellation analysis of
Grade 99.5 refined gold for gold content.

X1.2 Summary of Test Method

X1.2.1 The weighed sample along with required silver,
copper, and lead is cupelled until all base metal is absorbed and
only the precious metals remain. The silver is then removed by
dissolution with nitric acid. The remaining gold is dried,
annealed, and weighed. Synthetic proof samples of known
amounts of gold are also assayed and the sample is corrected
for gains or losses in the proof sample.

X1.3 Interferences

X1.3.1 The presence of the following elemental concentra-
tions will lead to erroneous results.

Element Max. %
Nickel, Iron, Tin 2.0
Tungsten 0.5
Paladium, Platinum 0.01
Iridium, Rhodium, Ruthenium, Osmium 0.01

X1.4 Apparatus

X1.4.1 Muffle furnace, capable of maintaining 1250°C and
having adjustable air flow control.

X1.4.2 Analytical balance, capable of weighing60.002
mg.

X1.4.3 Rolling mill.
X1.4.4 Platinum basket.

X1.5 Reagents and Materials

X1.5.1 Nitric acid, 22° Baume´, 1.169 6 0.01 specific
gravity by hydrometer.

X1.5.2 Nitric acid, 32° Baume´, 1.285 6 0.01 specific
gravity by hydrometer.

X1.5.3 Lead foil.
X1.5.4 Silver wire, 99.99 % (<0.001 ppt Au)
X1.5.5 Copper disks, 25 mg
X1.5.6 Proof gold wire, 99.999 %

X1.6 Procedure

X1.6.1 Sample Preparation—Wire brush chill pin samples
to remove glass particles from surface, then cut and roll. After
rolling, inspect the sample for inclusions or other signs of
segregation. Drillings and grain samples are as is.

X1.6.2 Weigh samples in triplicate at 0.50____ g and place
in 2.5-g lead cornucopias, along with 1.25 g of fine silver and
1/2 disk of copper.

X1.6.3 Prepare two proofs per sample. Weigh fine gold at
0.49756 0.00050 g. Add silver at 1.25 g, along with 1/2 disk
of copper.

X1.6.4 Close lead cornucopias and compress with pliers
into spheres to fit cupels. Place in numbered tray compart-
ments.

X1.6.5 Load a set of 15 (three rows of five) 1 in. magnesite
cupels into the muffle furnace (no air flow) at approximately
1225°C and allow to dry for 30 min. Calibrate the temperature
of the furnace by noting the temperature necessary to melt pure
gold.

X1.6.6 Carefully place each lead wrapped sample in a
cupel, starting with the next to the front row, as follows:

B B B B B
3A P 3B P 3C
2A P 2B P 2C
1A P 1B P 1C
B B B B B

where:
B = blank cupel, and
P = proof.

Close the door and wait 2 to 3 min until all samples become
molten. Open the draft and adjust after 1 min for sufficient draft
(fumes visibly rising off cupels and flowing back to vent in rear
of furnace).

X1.6.7 After 8 to 10 min the samples will appear silvery but
not solidified. At this point remove the cupels from the furnace
one at a time and place in front of the furnace door, where the
samples will immediately solidify and blink.

X1.6.8 Once cooled, remove beads from cupels with flat
pliers and place in dimpled porcelain trays.

X1.6.9 Clean beads by squeezing bead with flat plier and
brushing away adhering bone ash.

X1.6.10 Flatten beads with one middle blow and several
end blows. Roll beads to about 0.040 in. by passing twice
through hand roller, and anneal at 1550°F (843.3°C) for 7 min.

X1.6.11 Roll beads to a thickness of 0.015 in. by passing
twice through hand roller, and anneal again at 1550°F
(843.3°C) for 7 min. Finally roll beads to 0.012 in., and anneal
one final time at 1550°F (843.3°C) for 7 min. The edges of the
rolled bead must be smooth and have no roughness. It is
important that all fillets of each row are the same size and
thickness.

X1.6.12 Coil fillets into “coronets” or spirals using thin-
nose pliers or rolling tool.

X1.6.13 Place coronets in a platinum basket in a definite
pattern so as not to mix each coronet.

X1.6.14 Place the basket in 22° Baume´ nitric acid at 105°C
(boil gently) for 45 min, for full basket.

X1.6.15 Remove the basket, rinse with hot deionized water
and place in 32° Baume´ nitric acid at 110°C (boil gently) for 45
min, for full basket.

X1.6.16 Rinse the basket first in hot deionized water, then a
hot 5 % ammonium hydroxide solution rinse, and three more
hot deionized water rinses.

X1.6.17 Place the basket (still containing coronets) on the
hot plate and dry.

X1.6.18 Place the basket in an annealing furnace at 1550°F
(843.3°C) for 7 min.
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X1.6.19 Cool gold coronets and weigh.

X1.7 Calculation

X1.7.1 Gold Concentration:

Gold concentration in parts per thousand5
A 3 B 3 1000

C

where:

A = Final gold weight, g,
B = Average of two proof factors, and

Proof factor5
Initial proof gold weight, g
Final proof gold weight, g

C = Initial sample weight, g.
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of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
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responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
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Designation: B 563 – 01

Standard Specification for
Palladium-Silver-Copper Electrical Contact Alloy 1

This standard is issued under the fixed designation B 563; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers an alloy containing palladium,
silver, copper, platinum, and nickel in the form of wire, rod,
and strip for electrical contacts.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The SI units given in parentheses are for
information only.

1.3 The following precautionary statement pertains to the
test method portion only, Section 7, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 476 Specification for General Requirements for Wrought

Precious Metal Electrical Contact Materials2

E 8 Test Methods of Tension Testing of Metallic Materials3

E 384 Test Method for Microhardness of Materials3

3. Materials and Manufacture

3.1 Raw materials shall be of such quality and purity that
the finished product will have the properties and characteristics
prescribed in this specification.

3.2 The material shall be finished by such operations (cold
working, heat treating, annealing, turning, grinding, pickling)
and are required to produce the prescribed properties.

4. Chemical Composition

4.1 Material produced under this specification shall meet the
requirements of chemical composition shown in Table 1.

5. Mechanical Properties

5.1 The contract or order may specify ultimate tensile
strength, elongation, microhardness (Knoop or Vickers), hard-
ness (Rockwell or Rockwell Superficial), or a combination of
these mechanical properties as temper criterion. If the contract
or order does not specify a temper criterion, then the criterion
for temper designation will be ultimate tensile strength and
elongation.

5.2 The material shall conform to the mechanical properties
shown in Table 2, Table 3, or Table 4.

6. General Requirements

6.1 Specification B 476 shall apply to all materials produced
to this specification.

7. Test Methods

7.1 Test methods are in accordance with Specification
B 476.

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals.

Current edition approved May 10, 2001. Published June 2001. Originally
published as B 563 – 72. Last previous edition B 563 – 95.

2 Annual Book of ASTM Standards, Vol 03.04.
3 Annual Book of ASTM Standards, Vol 03.01.

TABLE 1 Chemical Requirements

Element
Composition,

weight %

Palladium 43.0–45.0
Silver 37.0–39.0

Copper 15.5–16.5
Platinum 0.8–1.2

Nickel 0.8–1.2
Total noble metal impurities 0.2 max
Total base metal impurities 0.2 max

TABLE 2 Mechanical Requirements for Wire 0.003 to 0.020 in.
(0.13 to 0.51 mm) Diameter A

Property Units

Temper
Age

HardenedSolution
Annealed

Stress
Relieved

Tensile strength ksi
MPa

100–120
689–827

135–165
930–1137

160–210
1034–1344

Elongation percent 20 min 8 min 1–10
Hardness, Knoop HK100

B 170–250 260–330 320–380
Hardness, Vickers HV100

B 170–240 240–330 290–370
ASee 7.1.
BSee 7.3.

1
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7.2 All tension tests are in accordance with Methods E 8 and
tensile specimens are full cross-section size when practical.
Elongation measurements should be based on a 2 in. (50 mm)
gage length.

7.3 Hardness is in accordance with Test Method E 384. Test
material 0.005 in. (0.13 mm) in thickness (diameter) and larger
using a 100 g indenter load. Test material less than 0.005 in. in
thickness (diameter) using a 50 g indenter load. Make a
minimum of five hardness indentations on each specimen.
Make all indentations so that the long axis of the Knoop
indenter is parallel to the rolling or drawing direction of the
material.

7.4 Perform chemical analysis by spectrochemical or wet
analysis methods.

7.5 Conduct all tests at room temperature (65 to 85°F), (18
to 29°C).

8. Inspection and Testing

8.1 Material furnished under this specification shall be
inspected and tested by the manufacturer as follows:

8.1.1 Visual inspection at 103 magnification,
8.1.2 Tension or hardness tests, or both, for temper verifi-

cation,
8.1.3 Dimensional inspection, and
8.1.4 Chemical analysis when indicated by the purchase

order.

9. Keywords

9.1 contacts; electrical contacts; palladium alloy; palladium-
silver-copper; low contact resistance; low energy contact; non
arcing contact

APPENDIX

(Nonmandatory Information)

X1. REFERENCE PROPERTIES FOR PALLADIUM ELECTRICAL CONTACT MATERIAL

X1.1 Table X1.1 contains a list of typical property values
which are useful for engineering calculations in electrical

contact design and application.

TABLE 3 Mechanical Requirements for Wire Over 0.020 to 0.060
in. (0.51 to 1.52 mm) Diameter A

Property Units

Temper

Solution
Annealed

Age
Hardened

Tensile strength ksi
MPa

100–120
689–827

160–210
1000–1310

Elongation percent 15 min 1–10
Hardness, Knoop HK100

B 170–250 340–400
Hardness, Vickers HV100

B 170–240 310–390
ASee 7.1.
BSee 7.3.

TABLE 4 Mechanical Requirements for Strip 0.003 to 0.015 in.
(0.076 to 0.38 mm) Thick A

Property Units

Temper
Age

HardenedSolution
Annealed

Stress
Relieved

Tensile strength ksi
MPa

100–120
689–827

140–170
965–1171

150–195
1034–1344

Elongation percent 15 min 8 min 1–13
Hardness, Knoop HK100

B 170–250 260–330 320–380
Hardness, Vickers HV100

B 170–240 250–320 290–370
ASee 7.1.
BSee 7.3.

B 563

2



ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X1.1 Physical Properties

Solution Annealed A Stress Relieved A Age Hardened

Resistivity:
V·cmil/ft 185 180 155
µV·cm 30.7 29.9 25.8

Density, g/cm 3 10.8 10.8 10.8
Solidus temperature, °C 1032 1032 1032
Linear coefficient of thermal expansion,° C (23 to 100°C) 13.5 3 10 − 6 13.5 3 10 − 6 13.5 3 10 − 6

Thermal emf versus platinum (0–100°C), µV/°C −18 ... −23
Softening voltage, mV ... ... 200
Melting voltage, mV ... ... 390
Fatigue strength (rotating-bending) at 10° stress reversals:

ksi
MPa

Modulus of elasticity in tension:

45
310

ksi
MPa

16 3 10 3

110 3 10 3
16 3 10 3

110 3 10 3
16 3 10 3

110 3 10 3

AMaterial in the solution-annealed and stress-relieved tempers may be age hardened by subjecting it to an elevated temperature for a specified period of time.
Temperatures ranging from 800 to 1000°F (430 to 540°C) at times from 10 to 45 min (the lower temperatures require the longer times) are ordinarily useful. When age
hardening is to be done by other than the material manufacturer, the manufacturer should be consulted for the time-temperature treatment most suitable for the purchaser’s
application.
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Designation: B 564 – 04

Standard Specification for
Nickel Alloy Forgings 1

This standard is issued under the fixed designation B 564; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This specification2 covers forgings of nickel alloy UNS
N02200, Ni-Cu alloy UNS N04400, Ni-Cr-Fe alloys UNS
N06600, UNS N06603, and UNS N06690, Ni-Cr-Mo-Nb alloy
UNS N06625, Ni-Cr-Mo-Si alloy UNS N06219, low-carbon
Ni-Mo-Cr alloys UNS N10276 and UNS N06022, Ni-Cr-
Mo-W alloy UNS N06110, low-carbon Ni-Cr-Mo-W alloy
UNS N06686, Ni-Fe-Cr-Mo-Cu alloy UNS N08825, Fe-Ni-Cr-
Mo-N alloy UNS N08367, low-carbon Ni-Cr-Mo alloys UNS
N06035, UNS N06058, and UNS N06059, low carbon Ni-Cr-
Mo-Cu alloy UNS N06200, Ni-Mo-Cr-Fe alloy UNS N10242,
Ni-Mo alloys UNS N10665 and UNS N10675, low-carbon
Ni-Fe-Cr-Mo-Cu alloy UNS N08031, Ni-Cr-W-Mo alloy UNS
N06230, Ni-Cr-Co-Mo alloy UNS N06617, Ni-Co-Cr-Si alloy
UNS N12160, Ni-Fe-Cr alloys, Ni-Mo alloy UNS N10629,
Ni-Cr-Fe-Al alloy UNS N06025, Ni-Cr-Fe-Si alloy UNS
N06045, Low-Carbon Ni-Mo-Cr-Ta alloy UNS N06210, Ni-
Mo-Cr-Fe alloy UNS N10624, and low-carbon Cr-Ni-Fe-N
alloy UNS R20033*.

1.1.1 The nickel-iron-chromium alloys are UNS N08120,
UNS N08800, UNS N08810, and UNS N08811. Alloy UNS
N08800 is normally employed in service temperatures up to
and including 1100°F (593°C). Alloys UNS N08810, N08120,
and UNS N08811 are normally employed in service tempera-
tures above 1100°F where resistance to creep and rupture is
required, and are annealed to develop controlled grain size for
optimum properties in this temperature range.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate

Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:3

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys

E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 76 Test Methods for Chemical Analysis of Nickel-Copper

Alloys4

E 112 Test Methods for Determining the Average Grain
Size

E 350 Test Methods for Chemical Analysis of Carbon Steel,
Low-Alloy Steel, Silicon Electrical Steel, Ingot Iron, and
Wrought Iron

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys

2.2 Military Standards:5

MIL-STD-129 Marking for Shipment and Storage
MIL-STD-271 Nondestructive Testing Requirements for

Metals

3. Ordering Information

3.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

3.1.1 Alloy (Table 1).
3.1.2 Condition (Table 2).
3.1.3 Quantity (mass or number of pieces).
3.1.4 Forging, sketch or drawing.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1972. Last previous edition approved in 2000 as B 564 – 00a.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-564 in Section II of that Code.

* New designations established in accordance with ASTM E 527 and SAE
J1086, Practice for Numbering Metals and Alloys (UNS).

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

4 Withdrawn.
5 Available from Standardization Documents Order Desk, DODSSP, Bldg. 4,

Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098

1

*A Summary of Changes section appears at the end of this standard.
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TABLE 1 Chemical Requirements

Composition, %

Element

Nickel-
Copper

Alloy UNS
N04400

Nickel-
Chromium-
Iron Alloy

UNS
N06600

Nickel-
Chromium-
Iron Alloy

UNS
N06690

Nickel-Iron
Chromium
Alloy UNS
N08120

Nickel-Iron-
Chromium
Alloy UNS
N08800

Nickel-Iron-
Chromium
Alloy UNS
N08810

Nickel-
Chromium-

Iron-
Aluminum
Alloy UNS
N06603

Nickel-
Chromium-

Iron-
Aluminum
Alloy UNS
N06025

Nickel-
Chromium-
Iron-Silicon
Alloy UNS
N06045

Low-
Carbon
Nickel-

Molybdenum-
Chromium-
Tantalum
Alloy UNS
N06210

Nickel 63.0A min 72.0A min 58.0 minA 35.0–39.0 30.0–35.0 30.0–35.0 balanceA balance 45 min remainderA

Copper 28.0–34.0 0.5 max 0.5 max 0.50 max 0.75 max 0.75 max 0.5 max 0.10 max 0.3 max ...
Iron 2.5 max 6.0–10.0 7.0–11.0 remainder 39.5 minA 39.5 minA 8.0–11.0 8.0–11.0 21.0–25.0 1.0 max
Manganese 2.0 max 1.0 max 0.5 max 1.5 1.5 max 1.5 max 0.15 max 0.15 1.0 0.5 max
Carbon 0.3 max 0.15 max 0.05 max 0.02–0.10 0.10 max 0.05–0.10 0.20–0.40 0.15–0.25 0.05–0.12 0.015 max
Silicon 0.5 max 0.5 max 0.5 max 1.0 1.0 max 1.0 max 0.5 max 0.5 2.5–3.0 0.08 max
Sulfur, max 0.024 0.015 0.015 0.03 0.015 0.015 0.010 0.01 0.010 0.02
Chromium ... 14.0–17.0 27.0–31.0 23.0–27.0 19.0–23.0 19.0–23.0 24.0–26.0 24.0–26.0 26.0–29.0 18.0-20.0
Aluminum ... ... ... 0.40 max 0.15–0.60 0.15–0.60 2.4–3.0 1.8–2.4 ... ...
Titanium ... ... ... 0.20 max 0.15–0.60 0.15–0.60 0.01–0.25 0.1–0.2 ... ...
Columbium

(Nb) +
tantalum

... ... ... 0.4–0.9 ... ... ... ... ... ...

Molybdenum ... ... ... 2.50 max ... ... ... ... ... 18.0-20.0
Phosphorus ... ... ... 0.040 max ... ... 0.02 max 0.02 max 0.02 max 0.02 max
Tungsten ... ... ... 2.50 max ... ... ... ... ... ...
Cobalt, max ... ... ... 3.0 ... ... ... ... ... 1.0
Vanadium,

max
... ... ... ... ... ... ... ... ... 0.35

Nitrogen ... ... ... 0.15–0.30 ... ... ... ... ... ...
Boron ... ... ... 0.010 max ... ... ... ... ... ...
Lanthanum
Aluminum +

Titanium

...

...
...
...

...

...
...
...

...

...
...
...

... ...
...

...

...
...

Nickel +
Molybdenum

... ... ... ... ... ... ... ... ... ...

Columbium
(Nb) max

... ... ... ... ... ... ... ... ... ...

Tantalum ... ... ... ... ... ... ... ... ... 1.5-2.2
Zirconium, max ... ... ... ... ... ... 0.01–0.10 0.01–0.10 ... ...
Cerium ... ... ... ... ... ... ... ... 0.03–0.09 ...
Yttrium ... ... ... ... ... ... 0.01–0.15 0.05–0.12 ... ...
A Element shall be determined arithmetically by difference.
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TABLE 1 Chemical Requirements (continued)

Element

Composition, %

Nickel-Iron-
Chromium
Alloy UNS

N08811

Nickel-
Chromium-

Molybdenum-
Columbium
Alloy UNS
N06625

Nickel-
Chromium-

Molybdenum-
Tungsten
Alloy UNS

N06110

Nickel-Iron
Chromium-

Molybdenum-
Copper Alloy
UNS N08825

Low-
Carbon
Nickel-
Molyb-
denum-

Chromium
Alloy UNS
N10276

Low-
Carbon
Nickel-
Molyb-
denum-
Chro-
mium

Alloy UNS
N06022

Iron-Nickel-
Chromium-

Molyb-
denum-
Nitrogen

Alloy
UNS

N08367

Low-
Carbon
Nickel-

Chromium
Molyb-
denum

Alloy UNS
N06059

Low-
Carbon
Nickel-

Chromium
Molyb-
denum

Alloy UNS
N06058

Nickel 30.0–35.0 58.0 minA 51.0 minA 38.0–46.0 remainderA remainderA 23.50–25.50 balanceA balance
Copper 0.75 max ... 0.50 max 1.5–3.0 ... ... 0.75 max 0.50 max 0.50 max
Iron 39.5 minA 5.0 max 1.0 max 22.0 minA 4.0–7.0 2.0–6.0 remainderA 1.5 max 1.5 max
Manganese 1.5 max 0.5 max 1.0 max 1.0 max 1.0 max 0.50 max 2.00 max 0.5 max 0.50 max
Carbon 0.06–0.10 0.10 max 0.15 max 0.05 max 0.010 max 0.015 max 0.030 max 0.010 max 0.010 max
Silicon 1.0 max 0.5 max 1.0 max 0.5 max 0.08 max 0.08 max 1.00 max 0.10 max 0.10 max
Sulfur, max 0.015 0.015 0.015 0.03 0.03 0.02 0.030 0.010 0.010
Chromium 19.0–23.0 20.0–23.0 28.0–33.0 19.5–23.5 14.5–16.5 20.0–22.5 20.0–22.0 22.0–24.0 20.0–23.0
Aluminum 0.15–0.60 0.4 max 1.0 max 0.2 max ... ... ... 0.1–0.4 0.40 max
Titanium 0.15–0.60 0.4 max 1.0 max 0.6–1.2 ... ... ... ... ...
Columbium

(Nb) +
tantalum

... 3.15–4.15 1.0 max ... ... ... ... ... ...

Molybdenum ... 8.0–10.0 9.0–12.0 2.5–3.5 15.0–17.0 12.5–14.5 6.00–7.00 15.0–16.5 19.0 - 21.0
Phosphorus ... 0.015 max 0.50 max ... 0.04 max 0.02 max 0.040 max 0.015 max 0.015 max
Tungsten ... ... 1.0-4.0 ... 3.0–4.5 2.5–3.5 ... ... 0.3 max
Cobalt ... ... ... ... 2.5 max 2.5 max ... 0.3 max 0.3 max
Vanadium,

max
... ... ... ... 0.35 0.35 ... ... ...

Nitrogen ... ... ... ... ... ... 0.18–0.25 ... 0.02 - 0.15
Boron ... ... ... ... ... ... ... ... ...
Lanthanum
Aluminum +

Titanium

...
0.85–1.20

...

...
...
...

...

...
...
...

...

...
...
...

...

...
...
...

Nickel +
Molybdenum

... ... ... ... ... ... ... ... ...

Columbium
(Nb), max

... ... ... ... ... ... ... ... ...

Tantalum ... ... ... ... ... ... ... ... ...
Zirconium,

max
... ... ... ... ... ... ... ... ...

Cerium ... ... ... ... ... ... ... ... ...
Yttrium ... ... ... ... ... ... ... ... ...
A Element shall be determined arithmetically by difference.

B 564 – 04

3



TABLE 1 Chemical Requirements (continued)

Composition, %

Element

Low-
Carbon
Nickel-

Chromium-
Molybdenum

Alloy
UNS

N06035

Low-
Carbon
Nickel-

Chromium-
Molyb-
dnum-
Copper
Alloy
UNS

N06200

Nickel-
Chromium-

Molyb-
dnum-
Silicon
Alloy
UNS

N06219

Low-
Carbon

Nickel-Iron
Chromium-

Molyb-
dnum-
Copper
Alloy
UNS

N08031

Nickel
Chro-
mium-

Tungsten-
Molyb-
denum

Alloy UNS
N06230

Nickel
Chromium-

Cobalt-
Molyb-
denum

Alloy UNS
N06617

Nickel-
Molyb-
denum
Alloy
UNS

N10629

Nickel-
Molyb-
denum
Alloy
UNS

N10665

Nickel remainderA remainderB balanceB 30.0–32.0 remainderA 44.5 min balance remainderA

Copper 0.30 max 1.3–1.9 0.50 max 1.0–1.4 ... 0.5 max 0.5 max ...
Iron 2.00 max 3.0 max 2.0-4.0 balanceB 3.0 max 3.0 max 1.0–6.0 2.0 max
Manganese 0.50 max 0.50 max 0.50 max 2.0 max 0.30–1.00 1.0 max 1.5 1.0 max
Carbon 0.050 max 0.010 max 0.05 max 0.015 max 0.05–0.15 0.05–0.15 0.010 max 0.02 max
Silicon 0.60 max 0.08 max 0.70-1.10 0.3 max 0.25–0.75 1.0 max 0.05 0.10 max
Sulfur, max 0.015 0.010 0.010 0.010 0.015 0.015 0.01 0.03
Chromium 32.25–34.25 22.0–24.0 18.0-22.0 26.0-28.0 20.0–24.0 20.0–24.0 0.5–1.5 1.0 max
Aluminum 0.40 max 0.50 max 0.50 max ... 0.20–0.50 0.8–1.5 0.1–0.5 ...
Titanium ... ... 0.50 max ... ... 0.6 max ... ...
Columbium

(Nb) +
tantalum

... ... ... ... ... ... ... ...

Molybdenum 7.60–9.00 15.0–17.0 7.0-9.0 6.0-7.0 1.0–3.0 8.0–10.0 26.0–30.0 26.0–30.0
Phosphorus 0.030 max 0.025 max 0.020 max 0.020 max 0.030 max ... 0.04 max 0.04 max
Tungsten 0.60 max ... ... ... 13.0–15.0 ... ... ...
Cobalt 1.00 max 2.0 max 1.0 max ... 5.0 max 10.0 min–

15.0 max
2.5 1.00 max

Vanadium,
max

0.20 ... ... ... ... ... ... ...

Nitrogen ... ... ... 0.15-0.25 ... ... ... ...
Boron ... ... ... ... 0.015 max 0.006 max ... ...
Lanthanum
Aluminum +

Titanium

... ... ... ... 0.005–0.050
...

...

...
...
...

...

Nickel +
Molybdenum

... ... ... ... ... ... ... ...

Columbium
(Nb), max

... ... ... ... ... ... ... ...

Tantalum ... ... ... ... ... ... ... ...
Zirconium,

max
... ... ... ... ... ... ... ...

Cerium ... ... ... ... ... ... ... ...
Yttrium ... ... ... ... ... ... ... ...

B Element shall be determined arithmetically by difference.
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TABLE 1 Chemical Requirements (continued)

Element

Composition, %

Nickel-
Molyb-
denum
Alloy
UNS

N10675

Nickel-
Molyb-
denum-

Chromium-
Iron Alloy

UNS
N10242

Low-
Carbon
Nickel-
Chro-
mium-
Molyb-
denum-

Tungsten
Alloy UNS
N06686

Nickel-
Cobalt-
Chro-
mium-
Silicon

Alloy UNS
N12160

Nickel
Alloy
UNS

N02200

Nickel-
Molyb-
denum
Chro-
mium-
Iron

Alloy UNS
N10624

Chromium-
Nickel-Iron-

Nitrogen
Alloy UNS
R20033

Nickel 65.0 min remainderA remainder remainderA 99.0A min remainderA 30.0–33.0
Copper 0.20 max ... ... ... 0.25 max 0.5 max 0.30–1.20
Iron 1.0–3.0 2.0 max 5.0 max 3.5 max 0.40 max 5.0-8.0 balanceA

Manganese 3.0 max 0.80 max 0.75 max 1.5 max 0.35 max 1.0 max 2.0
Carbon 0.01 max 0.03 0.010 max 0.15 max 0.15 max 0.01 max 0.015 max
Silicon 0.10 max 0.80 max 0.08 max 2.4–3.0 0.35 max 0.10 max 0.50
Sulfur, max 0.010 0.015 0.02 0.015 0.01 0.01 max 0.01
Chromium 1.0–3.0 7.0-9.0 19.0–23.0 26.0–30.0 ... 6.0-10.0 31.0–35.0
Aluminum 0.50 max 0.50 max ... ... ... 0.5 max ...
Titanium 0.20 max ... 0.02–0.25 0.20–0.80 ... ... ...
Columbium

(Nb) +
tantalum

... ... ... ... ... ... ...

Molybdenum 27.0–32.0 24.0-26.0 15.0–17.0 1.0 max ... 21.0-25.0 0.50–2.0
Phosphorus 0.030 max 0.030 max 0.04 max 0.030 max ... 0.025 max 0.02 max
Tungsten 3.0 max ... 3.0–4.4 1.0 max ... ... ...
Cobalt 3.0 max† 1.00 max ... 27.0–33.0† ... 1.0 max ...
Vanadium,

max
0.20 ... ... ... ... ... ...

Nitrogen ... ... ... ... ... ... 0.35–0.60
Boron ... 0.006 max ... ... ... ... ...
Lanthanum
Aluminum +

Titanium

...

...
...
...

...

...
...
...

...

...
... ...

...

Nickel +
Molybdenum

94.0–98.0 ... ... ... ... ... ...

Columbium
(Nb), max

0.20 ... ... 1.0 ... ... ...

Tantalum 0.20 max ... ... ... ... ... ...
Zirconium,

max
0.10 ... ... ... ... ... ...

Cerium ... ... ... ... ... ... ...
Yttrium ... ... ... ... ... ... ...

A Element shall be determined arithmetically by difference.
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3.1.5 Certification— State if certification or a report of test
results is required (14.1).

3.1.6 Samples for Product (Check) Analysis—Whether
samples for product (check) analysis should be furnished (see
4.2).

3.1.7 Purchaser Inspection—If the purchaser wishes to
witness tests or inspection of material at the place of manu-
facture, the purchase order must so state indicating which tests
or inspections are to be witnessed (12.1).

4. Chemical Composition

4.1 The material shall conform to the composition limits
specified in Table 1.

4.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations per Specification B 880.

5. Mechanical Properties and Other Requirements

5.1 Mechanical Properties—The material shall conform to
the mechanical properties specified in Table 2.

5.2 Grain Size—Annealed alloys (UNS N08810, N08120,
and UNS N08811) shall conform to an average grain size of
ASTM No. 5 or coarser.

6. Dimensions and Permissible Variations

6.1 Dimensions and tolerances shall be as specified on the
applicable forging sketch or drawing.

7. Workmanship, Finish, and Appearance

7.1 The material shall be uniform in quality and condition,
sound, and free of injurious imperfections.

TABLE 2 Mechanical Property Requirements A

Material and Condition

Maximum
Section

Thickness,
in. (mm)

Tensile
Strength,
min, ksi
(MPa)

Yield
Strength,

0.2 %
Offset, min,
ksi (MPa)

Elongation
in

2 in. or 50
mm or 4D,

min, %

Nickel alloy UNS N02200,
annealed

... 55 (380) 15 (105) 40

Nickel-copper alloy UNS
N04400, annealed

... 70 (483) 25 (172) 35

Nickel-chromium-iron alloy
UNS N06600, annealed

... 80 (552) 35 (241) 30

UNS N06690, annealed ... 85 (586) 35 (241) 30
Low-carbon nickel-chromium
molybdenum

Alloy UNS N06035 ... 85 (586) 35 (241) 30
Alloy UNS N06058 ... 110 (760) 52 (3600 40
Alloy UNS N06059 ... 100 (690) 45 (310) 45
Low carbon nickel-chromium
molybdenum-copper alloy

UNS N06200

... 100 (690) 41 (283) 45

Nickel-iron-chromium alloys:
Annealed (alloy UNS
N08120)

... 90 (621) 40 (276) 30

Annealed (alloy UNS
N08800)

... 75 (517) 30 (207) 30

Annealed (alloys
UNS N08810 and
UNS N08811)

... 65 (448) 25 (172) 30

Nickel-chromium-molybenum-
columbium alloy UNS
N06625, annealed

Up to 4
(102), incl

120 (827) 60 (414) 30

TABLE 2 Continued

Material and Condition

Maximum
Section

Thickness,
in. (mm)

Tensile
Strength,
min, ksi
(MPa)

Yield
Strength,

0.2 %
Offset, min,
ksi (MPa)

Elongation
in

2 in. or 50
mm or 4D,

min, %

Over 4B

(102) to
10 (254),
incl

110 (758) 50 (345) 25

Nickel-chromium-
molybdenum-tungsten alloy
UNS N06110, annealed

Up to 4
(102), incl

95 (655) 45 (310) 60

Over 4
(102) to
10 (254),
incl

90 (621) 40 (276) 50

Nickel-iron-chromium-
molybdenum-copper alloy
UNS N08825

... 85 (586) 35 (241) 30

Low carbon nickel-chrom-
ium-molybdenum alloy

UNS N10276, annealed

... 100 (690) 41 (283) 40

Low-carbon nickel-chrom-
ium-molybdenum alloy

UNS N06022

... 100 (690) 45 (310) 45

Iron-nickel-chromium-molyb-
denum-nitrogen alloy
UNS N08367

... 95 (655) 45 (310) 30

Low-carbon nickel-iron-
chromium-molybdenum-
copper-alloy UNS N08031

... 94 (650) 40 (276) 40

Nickel-chromium-tungsten-
molybdenum alloy UNS
N06230, annealedC

... 110 (758) 45 (310) 40

Nickel-chromium-cobalt-
molybdenum alloy UNS
N06617

... 95 (655) 35 (241) 35

Nickel-molybdenum alloy
UNS N10665, annealed

... 110 (760) 51 (350) 40

Nickel-molybdenum alloy
UNS N10675, annealed

... 110 (760) 51 (350) 40

Nickel-molybdenum-
chromium-iron alloy
UNS N10242, annealed

... 105 (725) 45 (310) 40

Low-carbon nickel-chro-
mium-molybdenum-tung-
sten alloy UNS N06686

... 100 (690) 45 (310) 45

Nickel-cobalt-chromium
-silicon alloy UNS
N12160, annealed

... 90 (620) 35 (240) 40

Low-carbon chromium-
nickel-iron-nitrogen alloy
UNS R20033

... 109 (750) 55 (380) 40

Nickel-molybdenum alloy
UNS N10629, annealed

... 110 (760) 51 (350) 40

Nickel-chromium- iron-
aluminum alloy UNS
N06025, annealed

Up to 4
(102) incl.

98 (680) 39 (270) 30

Over 4
(102) to 12
(305) incl

84 (580) 39 (270) 15

Nickel-chromium- iron-
aluminum alloy UNS
N06603, annealed

... 94 (650) 43 (300) 25

Nickel-chromium-iron-silicon
alloy UNS N06045, annealed

... 90 (620) 35 (240) 35

Nickel-molybdenum-
chromium-iron
alloy UNS N10624, annealed

... 104 (720) 46 (320) 40

Low-carbon nickel-
molybdenum-chromium-
tantalum
alloy UNS N06210, annealed

... 100 (690) 45 (310) 45
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TABLE 2 Continued

Material and Condition

Maximum
Section

Thickness,
in. (mm)

Tensile
Strength,
min, ksi
(MPa)

Yield
Strength,

0.2 %
Offset, min,
ksi (MPa)

Elongation
in

2 in. or 50
mm or 4D,

min, %

Nickel-chromium-
molybdenum-silicon alloy

UNS N06219

... 96 (660) 39 (270) 50

A Forging quality is furnished to chemical requirements and surface inspection
only.

B Over 4 to 10-in. (102 to 254-mm) diameter for parts machined from forged bar.
C Solution annealed at a minimum temperature of 2150° F (1177° C) followed by

a water quench or rapidly cooled by other means.

8. Sampling

8.1 Lot Definition:

8.1.1 A lot for chemical analysis shall consist of one heat.

8.1.2 A lot for mechanical properties and grain size testing
shall consist of all material from the same heat, size, finish,
condition, and processed at one time.

8.2 Test Material Selection:

8.2.1 Chemical Analysis—Representative samples shall be
taken during pouring or subsequent processing.

8.2.1.1 Product (check) analysis shall be wholly the respon-
sibility of the purchaser.

8.2.2 Mechanical Properties and Grain Size—Samples of
the material to provide test specimens for mechanical proper-
ties and grain size shall be taken from such locations in each lot
as to be representative of that lot.

9. Number of Tests

9.1 Chemical Analysis—One test per lot.

9.2 Mechanical Properties—One test per lot.

9.3 Grain Size—For alloys N08810, N08120, and UNS
N08811, one test per lot.

10. Specimen Preparation

10.1 The tension test specimen representing each lot shall
be taken from a forging or from a test prolongation.

10.2 The axis of the specimen shall be located at any point
midway between the center and the surface of solid forgings
and at any point midway between the inner and outer surfaces
of the wall of hollow forgings, and shall be parallel to the
direction of greatest metal flow.

10.3 The specimens shall be the largest possible round type
shown in Test Methods E 8.

11. Test Methods

11.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following methods:

Test ASTM Designation
Chemical Analysis E 76, E 350, E 1473
Tension E 8
Rounding Procedure E 29
Grain Size E 112

11.2 The measurement of average grain size may be carried
out by the planimetric method, the comparison method, or the
intercept method described in Test Methods E 112. In case of
dispute, the“ referee” method for determining average grain
size shall be the planimetric method.

11.3 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value, or a calculated value, shall
be rounded as indicated as follows, in accordance with the
rounding method of Practice E 29:

Test
Rounded Unit for Observed or

Calculated Value
Chemical composition nearest unit in the last right-hand place

of figures of the specified limit
Tensile strength, yield strength nearest 1000 psi (6.9 MPa)
Elongation nearest 1 %
Grain size:

0.0024 in. (0.060 mm) or larger nearest multiple of 0.0002 in. (0.005 mm)
less than 0.0024 in. (0.060 mm) nearest multiple of 0.0001 in. (0.002 mm)

12. Inspection

12.1 Inspection of the material by the purchaser shall be
made as agreed upon between the purchaser and the seller as
part of the purchase contract.

13. Rejection and Rehearing

13.1 Material, tested by the purchaser, that fails to conform
to the requirements of this specification may be rejected.
Rejection should be reported to the producer or supplier
promptly and in writing. In case of dissatisfaction with the
results of the test, the producer or supplier may make claim for
a rehearing.

14. Certification

14.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

15. Product Marking

15.1 The material shall be marked legibly with the name of
the material, this specification number, the heat number and
condition, and such other information as may be defined in the
contract or order.

16. Keywords

16.1 nickel alloy forgings
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. Government.

S1. Referenced Documents

S 1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein.

S 1.1.1Federal Standards:
Fed. Std. No. 102 Preservation, Packaging and Packing

Levels
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products
S 1.1.2Military Standards:
MIL-STD-129 Marking for Shipment and Storage
S 1.1.3Military Specification:
MIL-C-3993 Packaging of Copper
MIL-STD-792 Copper-Base Alloy Mill Products

S2. Chemical Composition

S 2.1 UNS alloy N04400 shall conform to the composition
limits specified in Table 1 except as specified in Table S2.1

S3 Mechanical Properties

S 3.1 Mechanical property requirements for UNS alloy
N04400 forgings in the hot finished and hot finished/high
tensile conditions shall be as specified in Table S3.1

S4. Number of Tests

S 4.1 One tensile specimen is required for each forging
greater than 250 pounds in as shipped weight.

S5. Nondestructive Tests

S 5.1 When specified by the purchaser, each piece of each lot
shall be inspected. The purchaser shall specify if one or both
tests are required.

S 5.2Ultrasonic Tests:
S 5.2.1General Requirements:
S 5.2.1.1 Ultrasonic testing shall be performed in accordance

with MIL-STD-271 as modified by the requirements specified
herein. Testing shall be done by a longitudinal wave or shear
wave technique as specified herein.

S 5.2.1.2 Acoustic compatibility between the production
material and the calibration standard material shall be within
75 %. If the acoustic compatibility is within 25 %, no gain

compensation is required for the examination. If acoustic
compatibility difference is between 25 % and 75 %, a change
in the gain or dB controls shall be accomplished to compensate
for the differences in acoustic compatibility. This method
cannot be used if the ultrasonic noise level exceeds 50 % of the
rejection value.

S 5.2.2Calibration:
S 5.2.2.1Shear Wave—The shear wave test shall be cali-

brated on two notches, one notch cut into the inside and one
into the outside surface. The notches shall be cut axially and
shall have a depth of 5 % of the material thickness of1⁄4 in. (6.4
mm), whichever is less. Notch length shall not exceed 1 in.
(25.4 mm). Notches shall be made either in the piece to be
examined or in a separate defect-free specimen of the same size
(within 6 1⁄8 in. (3.18 mm), shape, material, and condition, or
acoustically similar material. The position and amplitude of the
response from each notch shall be marked on the instrument
screen or a transparent overly, and these marks shall be used as
the evaluation reference. Indications that appear between these
points shall be evaluated on the basis of a straight line joining
the two peak amplitudes.

S 5.2.2.2Longitudinal Wave—The longitudinal wave test
shall be calibrated on a flat-bottomed reference hole of a given
diameter in accordance with Table S5.1 for specified material
thickness drilled either into the piece to be tested or into a
separate defect-free specimen of the same size (within6 1⁄8 in
(3.18 mm), shape, material, and condition, or acoustically
similar material. Holes are to be drilled to midsection and the
bottom of the hole shall be parallel to the entrant surface. The
ultrasonic test instrument shall be adjusted so that the response
from the reference hole shall not be less than 25 % and not
more than 75 % of screen height.

S 5.2.2.3 Recalibration—During quality conformance in-
spection, any realignment of the search unit that will cause a
decrease in the calibrated sensitivity and resolution, or both, or
any change in search unit, couplant, instrument settings, or
scanning speed from that used for calibration shall require
recalibration. Recalibration shall be performed at least once per
8-h shift.

S 5.2.3 Procedure—Paragraph S 5.2.3.1 through S 5.2.3.4
describe the requirements for rod, bar, and simple forged
shapes.

S 5.2.3.1Rod—Rod shall be testing using the longitudinal
wave technique. The scanning path shall be circumferential or
helical with the beam directed along a radius of the rod.

S 5.2.3.2Bar—Bar shall be tested using the longitudinal
wave technique through one side of each pair of parallel sides
(thickness and width only).

S 5.2.3.3 Ring and Hollow Round Products—Rings and
other hollow cylindrical products shall be tested using the shear
wave method by the contact or immersion technique. The shear
wave entrant angle shall be such to ensure reflection from the
notch or notches used in calibration. For contact testing, the

TABLE S2.1 Chemical Requirements

Composition Limits, %

Element UNS 04400

Carbon 0.2 max
Sulfur 0.015 max
Aluminum 0.5 max
Lead 0.006 max
Tin 0.006 max
Zinc 0.02 max
Phosphorous 0.02 max
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search unit shall be fitted with a wedge or shoe machined to fit
the curvature of the piece being inspected. The product also
shall be inspected with a longitudinal wave test from the
external circumferential and end surfaces.

S 5.2.3.4 Disc or Pancake Forgings—Disc or pancake
forgings shall be inspected with a longitudinal wave technique
from both parallel surfaces.

S 5.2.4Acceptance Criteria:
S 5.2.4.1Shear Wave—Any material that produces indica-

tions equal to or larger than the response from the reference
notch or higher than the straight line joining the two peak
amplitudes shall be rejected.

S 5.2.4.2Longitudinal Wave—Any material that produces
indications equal to or larger than the response from the
reference hole, or that produces a complete loss of back
reflection shall be rejected. Material shall be tested using a
square, rectangular, or circular transducer having an effective
area of one square inch or less, but no dimension shall be
smaller than the diameter of the reference hole. In the event of
disagreement on the degree of back reflection loss, it shall be
determined by the contact method using a 1 to1-1/8 in. (25.4
to 28.6 mm) diameter transducer or one whose area falls within
this range.

S 5.2.4.3Reference Notch Removal—If reference notches or
flat-bottomed holes are made in the material to be tested, they
shall be so located than their subsequent removal will not
impair the suitability of the material for its intended use.

S 5.3Liquid Penetrant Inspection:
S 5.3.1Procedure—Liquid penetrant inspection shall be in

accordance with MIL-STD-271.
S 5.3.2Surface Requirements—The surface produced by hot

working is not suitable for liquid penetrant testing Therefore,
liquid penetrant testing will not be applicable to products
ordered with a hot finished surface.

S 5.3.3 Acceptance Criteria—Linear defects revealed by
liquid penetrant inspection shall be explored by grinding or
other suitable means. Depth of defects shall not exceed the
dimensional tolerance of the material.

S6. Quality Assurance

S 6.1Responsibility for Inspection:
S 6.1.1 Unless otherwise specified in the contract or pur-

chase order, the manufacturer is responsible for the perfor-
mance of all inspections and test requirements specified.
Except as otherwise specified in the contract or purchase order,
the manufacturer may use his own or any other suitable
facilities for the performance of the inspection and test
requirements unless disapproved by the purchaser at the time
the order is placed. The purchaser shall have the right to
perform any of the inspections or tests set forth when such
inspections and tests are deemed necessary to ensure that the
material conforms to prescribed requirements.

S7. Identification Marking

S 7.1 All material shall be properly marked for identification
in accordance with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used. In
addition, the method and location of marking shall be in
accordance with MIL-STD-792. Forging stock shall be marked
with low stress die stamps or vibroetching.

S8. Preparation for Delivery

S 8.1Preservation, Packaging, and Packing:
S 8.1.1Military Agencies—The material shall be separated

by size, composition, grade, or class, and shall be preserved
and packaged level A or C, and packed Level A, B, or C as
specified in the contract or purchase order.

S 8.1.2Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions for the various levels of
packaging protection.

S 8.2Marking:
S 8.2.1Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S 8.2.2Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

TABLE S3.1 Mechanical Properties of UNS N04400 Forgings

Condition and Diameter Between Parallel
Surfaces, in. (mm)

Tensile Strength, min, psi
(Mpa)

Yield Strength, min, psi (Mpa)
(0.2% offset)

Elongation in 2 in. or
50 mm, or 4D, min, %

Hot Finished -to 12 (305) 80 000 (552) 40 000 (276) 30
Hot Finished -over 12 (305) 75 000 (517) 40 000 (276) 30

Hot Finished/High Tensile - Rounds 3 to 6 (76 to
152) inclusive

95 000 (655) 70 000 (483) 20

Hot Finished/High Tensile - Rounds over 6 to 12
(152 to 305) and hex, squares, and flats 3 to 12

(76 to 305)

85 000 (586) 60 000 (414) 25

TABLE S5.1 Ultrasonic Testing Reference Hole for Rod, Bar,
Disc, Pancake Forgings, and Forgings

Material Thickness, in. (mm) Hole Diameter, in. (mm)

Up to and including 6 (152) 1⁄8 5(3.18)
Over 6 (152) and including 16 (406) 1⁄4 (6.4)

Over 16 (406) As agreed upon
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SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue
(B 564 – 00a) that may impact the use of this standard.

(1) Added alloy N06035 to Scope.
(2) Added safety caveat to Scope.
(3) Added alloy N06035 chemistry and mechanical properties

to Table 1 and Table 2, respectively.

(4) Added correct alloy nomenclature to Table 1.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 572 – 03

Standard Specification for
UNS N06002, UNS N06230, UNS N12160, and UNS R30556
Rod1

This standard is issued under the fixed designation B 572; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers alloys UNS N06002, UNS
N06230, UNS N12160, and UNS R30556* in the form of rod
for heat resisting and general-corrosive service.

1.2 The following products are covered under this specifi-
cation:

1.2.1 Rods5⁄16 to 3⁄4 in. (7.94 to 19.05 mm) exclusive in
diameter, hot or cold finished, solution-annealed, and pickled
or mechanically descaled.

1.2.2 Rods3⁄4 to 31⁄2 in. (19.05 to 88.9 mm) inclusive in
diameter, hot or cold finished, solution annealed, ground, or
turned.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications5

E 55 Practice for Sampling Wrought Nonferrous Metals and
Alloys for Determination of Chemical Composition6

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 rod—product of round solid section furnished in

straight lengths.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to the following:

4.1.1 Alloy .
4.1.2 DimensionsNominal diameter and length. The shortest

useable multiple length should be specified (Table 1).
4.1.3 Certification—State if certification or a report of test

results is required (Section 16).
4.1.4 Purchaser Inspection—State which tests or inspec-

tions are to be witnessed (Section 13).
4.1.5 Samples for Product (Check) Analysis—State whether

samples should be furnished (9.2.2).

5. Chemical Composition

5.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 2.

5.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the requirements specified in
Table 2 subject to the permissible tolerances in Specification
B 880.

6. Mechanical and Other Requirements

6.1 The mechanical properties of the material at room
temperature shall conform to those shown in Table 3.

6.2 Grain Size—Annealed alloy (UNS N12160) shall con-
form to an average grain size of ASTM Number 5 or coarser.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1972. Last previous edition approved in 1998 as B 572 - 98a.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-572 in Section II of that Code.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.

5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.05.
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7. Dimensions, Mass, and Permissible Variations

7.1 Diameter—The permissible variations from the speci-
fied diameter shall be as prescribed in Table 4.

7.2 Out-of-Roundness—The permissible variation in round-
ness shall be as prescribed in Table 4.

7.3 Machining Allowances—When the surfaces of finished
material are to be machined, the following allowances are
suggested for normal machining operations:

7.3.1 As-finished(Annealed and Descaled)—For diameters
of 5⁄16 to 11⁄16 in. (7.94 to 17.46 mm) inclusive, an allowance of
1⁄16 in. (1.59 mm) on the diameter should be made for finish
machining.

7.4 Length:
7.4.1 Unless multiple, nominal, or cut lengths are specified,

random mill lengths shall be furnished.
7.4.2 The permissible variations in length of multiple,

nominal, or cut length rod shall be as prescribed in Table 1.
Where rods are ordered in multiple lengths, a1⁄4 -in. (6.35-mm)
length addition shall be allowed for each uncut multiple length.

7.5 Ends:
7.5.1 Rods ordered to random or nominal lengths shall be

furnished with either cropped or sawed ends.
7.5.2 Rods ordered to cut lengths shall be furnished with

square saw cut or machined ends.
7.6 Weight—For calculations of mass or weight, the follow-

ing densities shall be used:
Alloy Density

lb/in.3 (g/cm3)
N06002 0.297 (8.23)
N06230 0.324 (8.97)
N12160 0.292 (8.08)
R30556 0.297 (8.23)

7.7 Straightness—The maximum curvature (depth of chord)
shall not exceed 0.050 in. multiplied by the length of the chord
in feet (0.04 mm multiplied by the length in centimetres).

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, and free of injurious defects.

9. Sampling

9.1 Lots for Chemical Analysis and Mechanical Testing:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot of bar for mechanical testing shall be defined as

the material from one heat in the same condition and specified
diameter.

9.2 Sampling for Chemical Analysis:

TABLE 1 Permissible Variations in Length of Rods

Random mill lengths 2 to 12 ft (610 to 3660 mm) long with not more
than 25 weight % under 4 ft (1.22 m).

Multiple lengths Furnished in multiples of a specified unit length,
within the length limits indicated above.
For each multiple, an allowance of 1⁄4 in. (6.35

mm) shall be made for cutting, unless otherwise
specified. At the manufacturer’s option,
individual specified unit lengths may be

furnished.
Nominal lengths Specified nominal lengths having a range of not

less than 2 ft (610 mm) with no short lengths
allowed.

Cut lengths A specified length to which all rods shall be
cut with a permissible variation of + 1⁄8 in.
(3.17 mm) − 0.

TABLE 2 Chemical Requirements

Element
Composition Limits, %

UNS N06002 UNS N06230 UNS N12160 UNS R30556

Nickel remainderA remainderA remainderA 19.0–22.5
Iron 17.0–20.0 3.0 max 3.5 max remainderA

Chromium 20.5–23.0 20.0–24.0 26.0-30.0 21.0–23.0
Cobalt 0.5–2.5 5.0 max 27.0-33.0 16.0–21.0
Molybdenum 8.0–10.0 1.0–3.00 1.0 max 2.5–4.0
Tungsten 0.2–1.0 13.0–15.0 1.0 max 2.0–3.5
Carbon 0.05–0.15 0.05–0.15 0.15 max 0.05–0.15
Silicon 1.00 max 0.25–0.75 2.4-3.0 0.20–0.80
Manganese 1.00 max 0.30–1.00 1.5 max 0.50–2.00
Phosphorus 0.04 0.030 max 0.030 max 0.04 max
Sulfur 0.03 0.015 max 0.015 max 0.015 max
Columbium ... ... 1.0 max 0.30 max
Tantalum ... ... ... 0.30–1.25
Aluminum ... 0.20–0.50 ... 0.10–0.50
Zirconium ... ... ... 0.001–0.10
Lanthanum ... 0.005–0.050 ... 0.005–0.10
Nitrogen ... ... ... 0.10–0.30
Boron ... 0.015 max ... 0.02 max
Titanium ... ... 0.20–0.80 ...

A See 12.1.1.

TABLE 3 Mechanical Property Requirements

UNS

Tensile
Strength, min,

ksi (MPA)

Yield Strength
(0.2 % Offset),
min, ksi (MPa)

Elongation in
2 in. (50.8

mm) or 4DA

min, %

N06002 95 (660) 35 (240) 35
N06230B 110 (760) 45 (310) 40
N12160C 90 (620) 35 (240) 40
R30556D 100 (690) 45 (310) 40

A D refers to the diameter of the tension specimen.
B Solution annealed at a temperature between 2200 to 2275°F (1204 to 1246°C)

followed by a water quench or rapidly cooled by other means.
C Solution annealed at 1950°F (1065°C) minimum.
D Solution annealed at 2100°F (1150°C) minimum.

TABLE 4 Permissible Variations in Diameter and Out-of-Roundness of Finished Rods

Specified Diameter, in. (mm)
Permissible Variations, in. (mm)

Diameter
Out of Roundness, max

+ −
Hot-Finished, Annealed, and Descaled Rods

5⁄16 to 7⁄16 (7.94–11.11), incl 0.012 (0.30) 0.012 (0.30) 0.018 (0.46)
Over 7⁄16 to 5⁄8 (11.11–15.87), incl 0.014 (0.36) 0.014 (0.36) 0.020 (0.51)
Over 5⁄8 to 3⁄4 (15.87–19.05), excl 0.016 (0.41) 0.016 (0.41) 0.024 (0.61)

Hot-Finished, Annealed, and Ground or Turned Rods
3⁄4 to 31⁄2 (19.05–88.9), incl 0.010 (0.25) 0 0.008 (0.20)
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9.2.1 A representative sample shall be obtained from each
heat during pouring or subsequent processing.

9.2.2 Product (check) analysis shall be wholly the respon-
sibility of the purchaser.

9.3 Sampling for Mechanical Testing—A representative
sample shall be taken from each lot of finished material.

10. Number of Tests and Retests

10.1 Chemical Analysis, One test per heat.
10.2 Tension Tests—One test per lot.
10.3 Retests—If the specimen used in the mechanical test of

any lot fails to meet the specified requirements, two additional
specimens shall be taken from different sample pieces and
tested. The results of the tests on both of these specimens shall
meet the specified requirements.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material
after final heat treatment and tested in the direction of
fabrication.

11.2 Tension test specimens shall be any of the standard or
subsized specimens shown in Test Methods E 8.

11.3 In the event of disagreement, the referee specimen
shall be the largest possible round specimen shown in Test
Methods E 8.

12. Test Methods

12.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall be
determined, in case of disagreement, in accordance with the
following ASTM methods:

12.1.1 Chemical Analysis—Test Methods E 1473. For ele-
ments not covered by Test Methods E 1473, the referee method
shall be as agreed upon between the manufacturer and the
purchaser. The composition of the remainder element shall be
determined arithmetically by difference.

12.1.2 Tension Test—Test Methods E 8.
12.1.3 Method of Sampling—Practice E 55.
12.1.4 Determining Significant Places—Practice E 29.
12.2 For purposes of determining compliance with the

limits in this specification, an observed value or a calculated
value shall be rounded in accordance with the rounding method
of Practice E 29:

Requirements
Rounded Unit for Observed or

Calculated Value

Chemical composition and tolerance nearest unit in the last right-hand
place of figures of the specified
limit

Tensile strength and yield strength nearest 1000 psi (7 MPa)
Elongation nearest 1 %

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material, tested by the purchaser, that fails to conform
to the requirements of this specification may be rejected.
Rejection should be reported to the producer or supplier
promptly and in writing. In case of dissatisfaction with the
results of the test, the producer or supplier may make claim for
a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 Each piece of material1⁄2 in. (12.7 mm) and over in
diameter shall be marked with this specification number alloy,
name of the material, and size of the product.

16.2 Each bundle or shipping container shall be marked
with the name of the material; this specification number alloy;
the size; gross, tare, and net weight; consignor and consignee
address; contract or order number; and such other information
as may be defined in the contract or order.

17. Keywords

17.1 rod; N06002; N06230; N12160; R30556
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APPENDIX

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary for optimum performance, and the manu-

facturer shall be consulted for details.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 573 – 00

Standard Specification for
Nickel-Molybdenum-Chromium-Iron Alloys (UNS N10003,
N10242)* Rod1

This standard is issued under the fixed designation B 573; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers nickel-molybdenum-
chromium-iron alloys (UNS N10003 and UNS N10242)* rod
for use in general corrosive service.

1.2 The following products are covered under this specifi-
cation:

1.2.1 Rods5⁄16to 3⁄4 in. (7.94 to 19.05 mm) excl in diameter,
hot or cold finished, annealed, and pickled or mechanically
descaled.

1.2.2 Rods3⁄4to 31⁄2 in. (19.05 to 88.9 mm) incl in diameter,
hot or cold finished, annealed, ground, or turned.

1.3 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 rod—a product of round solid section furnished in

straight lengths.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include but are not limited to
the following:

4.1.1 Dimensions—Nominal diameter and length. The
shortest usable multiple length shall be specified (Table 1).

4.1.2 Certification— State if certification or a report of test
results is required (Section 15).

4.1.3 Purchaser Inspection—State which tests or inspec-
tions are to be witnessed (Section 13).

4.1.4 Samples for Product (Check) Analysis—State whether
samples shall be furnished (9.2.2).

5. Chemical Composition

5.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 2.

5.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the requirements specified in
Table 2 subject to the permissible tolerances in B 880.

6. Mechanical Properties and Other Requirements

6.1 The mechanical properties of the material at room
temperature shall conform to those shown in Table 3.

7. Dimensions and Permissible Variations

7.1 Diameter—The permissible variations from the speci-
fied diameter shall be as prescribed in Table 4.

7.2 Out-of-Roundness— The permissible variation in
roundness shall be as prescribed in Table 4.

7.3 Machining Allowances—When the surfaces of finished
material are to be machined, the following allowances are
suggested for normal machining operations:

7.3.1 As-finished (Annealed and Descaled)—For diameters
of 5⁄16to 11⁄16 in. (7.94 to 17.46 mm) incl, an allowance of1⁄16 in.
(1.59 mm) on the diameter should be made for finish machin-
ing.

7.4 Length:
7.4.1 Unless multiple, nominal, or cut lengths are specified,

random mill lengths shall be furnished.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Thier Alloys.

Current edition approved May 10, 2000. Published June 2000. Originally
published as B 573 – 72. Last previous edition B 573 – 95a.

2 For ASME Boiler and Pressure Vessel Code applications see Specification
SB-573 in Section II of that Code.

* New designation established in accordance with ASTM E527 and SAE J1086,
Recommended Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.06.
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7.4.2 The permissible variations in length of multiple,
nominal, or cut length rod shall be as prescribed in Table 1.
Where rods are ordered in multiple lengths,1⁄4 in. (6.35 mm)
length addition shall be allowed for each uncut multiple length.

7.5 Ends:
7.5.1 Rods ordered to random or nominal lengths shall be

furnished with either cropped or sawed ends.
7.5.2 Rods ordered to cut lengths shall be furnished with

square saw cut or machined ends.
7.6 Weight—For calculation of mass or weight, the follow-

ing densities shall be used:
Alloy lb/in3 g/cm3

N10003 0.317 8.78
N10242 0.327 9.05

7.7 Straightness— The maximum curvature (depth of
chord) shall not exceed 0.050 in. multiplied by the length of the
chord in feet (0.04 mm multiplied by the length in centimetres).

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, and free of injurious imperfections.

9. Sampling

9.1 Lots for Chemical Analysis and Mechanical Testing:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot of bar for mechanical testing shall be defined as

the material from one heat in the same condition and specified
diameter.

9.2 Sampling for Chemical Analysis:
9.2.1 A representative sample shall be obtained from each

heat during pouring or subsequent processing.
9.2.2 Product (check) analysis shall be wholly the respon-

sibility of the purchaser.
9.3 Sampling for Mechanical Testing—A representative

sample shall be taken from each lot of finished material.

10. Number of Tests and Retests

10.1 Chemical Analysis—One test per heat.
10.2 Tension Tests— One test per lot.
10.3 Retests—If the specimen used in the mechanical test of

any lot fails to meet the specified requirements, two additional
specimens shall be taken from different sample pieces and
tested. The results of the tests on both of these specimens shall
meet the specified requirements.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material
after final heat-treatment and tested in the direction of fabri-
cation.

11.2 Tension test specimens shall be any of the standard or
subsized specimens shown in Test Methods E 8.

11.3 In the event of disagreement, the referee specimen
shall be the largest possible round specimen shown in Test
Methods E 8.

12. Test Methods

12.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall be
determined, in case of disagreement, in accordance with the
following ASTM methods:

12.1.1 Chemical Analysis—Test Methods E 1473.
12.1.2 Tension Test— Test Methods E 8.
12.1.3 Determining Significant Places—Practice E 29.
12.2 For purposes of determining compliance with the

limits in this specification, an observed value or a calculated
value shall be rounded in accordance with the rounding method
of Practice E 29:

Requirements
Rounded Unit for Observed or

Calculated Value

Chemical composition and tolerance nearest unit in the last right-hand place
of figures of the specified limit

Tensile strength and yield strength nearest 1000 psi (7 MPa)
Elongation nearest 1 %

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

TABLE 1 Permissible Variations in Length of Rods

Random mill
lengths

2 to 12 ft (610 to 3660 mm) long with not more than
25 weight % under 4 ft (1.22 m).

Multiple
lengths

Furnished in multiples of a specified unit length,
within the length limits indicated above. For each
multiple, an allowance of 1⁄4 in. (6.35 mm) shall
be made for cutting, unless otherwise specified. At
the manufacturer’s option, individual specified unit
lengths may be furnished.

Nominal
lengths

Specified nominal lengths having a range of not less
than 2 ft (610 mm) with no short lengths allowed.

Cut lengths A specified length to which all rods shall be cut with
a permissible variation of + 1⁄8 in. (3.17
mm) − 0.

TABLE 2 Chemical Requirements

Element
Composition, %

UNS N10242 UNS N10003

Chromium 7.0-9.0 6.0–8.0
Iron, max 2.0 5.0
Carbon 0.03 max 0.04–0.08
Silicon, max 0.80 1.00
Cobalt, max 1.00 0.20
Manganese, max 0.80 1.00
Tungsten, max ... 0.50
Vanadium, max ... 0.50
Molybdenum 24.0-26.0 15.0–18.0
Phosphorus, max 0.030 0.015
Sulfur, max 0.015 0.020
Aluminum plus titanium, max ... 0.50
Copper, max 0.50 0.35
Boron, max 0.006 0.010
Nickel remainder remainder
Aluminum, max 0.50 ...

TABLE 3 Mechanical Property Requirements

UNS Tensile Strength,
min,

ksi (MPa)

Yield Strength (0.2
% Offset), min, ksi

(MPa)

Elongation in 2 in.
(50.8 mm) or 4DA

min, %

N10003 100 000(690) 40 000(280) 35
N10242 105 000(725) 45 000(310) 40

A4D— D refers to the diameter of the tension specimen.
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14. Rejection and Rehearing

14.1 Material tested by the purchaser that fails to conform to
the requirements of this specification may be rejected. Rejec-
tion should be reported to the producer or supplier promptly
and in writing. In case of dissatisfaction with the results of the
test, the producer or supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 Each piece of material1⁄2 in. (12.7 mm) and over in
diameter shall be marked with this specification number, name
of the material, and size of the product.

16.2 Each bundle or shipping container shall be marked
with the name of the material; this specification number; the
size; gross, tare, and net weight; consignor and consignee
address; contract or order number; and such other information
as may be defined in the contract or order.

17. Keywords

17.1 rod; UNS N10003; UNS N10242

APPENDIX

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary for optimum performance, and themanu-
facturer shall be consulted for details.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 4 Permissible Variations in Diameter and Out-of-Roundness of Finished Rods

Specified Diameter, in. (mm)
Permissible Variations, in. (mm)

Diameter
Out of Roundness, max

Plus Minus
Hot-Finished, Annealed, and Descaled Rods

5⁄16 to 7⁄16 (7.94 to 11.11), incl 0.012 (0.30) 0.012 (0.30) 0.018 (0.46)
Over 7⁄16 to 5⁄8(11.11 to 15.87), incl 0.014 (0.36) 0.014 (0.36) 0.020 (0.51)
Over 5⁄8 to 3⁄4 (15.87 to 19.05), excl 0.016 (0.41) 0.016 (0.41) 0.024 (0.61)

Hot-Finished, Annealed, and Ground or Turned Rods
3⁄4to 31⁄2 (19.05–88.9), incl 0.010 (0.25) 0 0.008 (0.20)
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Designation: B 574 – 04

Standard Specification for
Low-Carbon Nickel-Chromium-Molybdenum, Low-Carbon
Nickel-Molybdenum-Chromium-Tantalum, Low-Carbon
Nickel-Chromium-Molybdenum-Copper, and Low-Carbon
Nickel-Chromium-Molybdenum-Tungsten Alloy Rod 1

This standard is issued under the fixed designation B 574; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification2 covers rod of low-carbon nickel-
chromium-molybdenum alloys (UNS N10276, N06022,
N06035, N06455, N06058, and N06059)*, low-carbon nickel-
molybdenum-chromium-tantalum (UNS N06210), low-carbon
nickel-chromium-molybdenum-copper alloy (UNS N06200),
and low-carbon nickel-chromium-molybdenum-tungsten
(UNS N06686) as shown in Table 1, for use in general
corrosive service.

1.2 The following products are covered under this specifi-
cation:

1.2.1 Rods5⁄16 to 3⁄4 in. (7.94 to 19.05 mm), exclusive, in
diameter, hot or cold finished, solution annealed and pickled, or
mechanically descaled.

1.2.2 Rods3⁄4 to 31⁄2 in. (19.05 to 88.9 mm), inclusive, in
diameter, hot or cold finished, solution annealed, ground or
turned.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:3

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys

E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 55 Practice for Sampling Wrought Nonferrous Metals and

Alloys for Determination of Chemical Composition
E 1473 Test Methods for Chemical Analysis of Nickel,

Cobalt, and High-Temperature Alloys

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 rod, n—a product of round solid section furnished in

straight lengths.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to the following:

4.1.1 Alloy—Table 1.
4.1.2 Dimensions—Nominal diameter and length. The

shortest useable multiple length should be specified (Table 2).
4.1.3 Certification— State if certification or a report of test

results is required (Section 15).
4.1.4 Purchaser Inspection—State which tests or inspec-

tions are to be witnessed (Section 13).
4.1.5 Samples for Product (Check) Analysis—State whether

samples should be furnished (9.2.2).

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1972. Last previous edition approved in 1999 as B 574 – 99a.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-574 in Section II of that Code.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 1.

5.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the product (check) analysis
variations per Specification B 880.

6. Mechanical Properties and Other Requirements

6.1 The mechanical properties of the material at room
temperature shall conform to those shown in Table 3.

7. Dimensions and Permissible Variations

7.1 Diameter—The permissible variations from the speci-
fied diameter shall be as prescribed in Table 2.

7.2 Out of Roundness— The permissible variation in round-
ness shall be as prescribed in Table 2.

7.3 Machining Allowances—When the surfaces of finished
material are to be machined, the following allowances are
suggested for normal machining operations.

7.3.1 As-finished (Annealed and Descaled)—For diameters
of 5⁄16 to 11⁄16 in. (7.94 to 17.46 mm) inclusive, an allowance of
1⁄16 in. (1.59 mm) on the diameter should be made for finish
machining.

7.4 Length:

7.4.1 Unless multiple, nominal, or cut lengths are specified,
random mill lengths shall be furnished.

7.4.2 The permissible variations in length of multiple,
nominal, or cut length rod shall be as prescribed in Table 4.
Where rods are ordered in multiple lengths, a1⁄4-in. (6.35-mm)
length addition shall be allowed for each uncut multiple length.

7.5 Ends:

TABLE 1 Chemical Requirements

Element

Composition Limits, %

Alloy
N06035

Alloy
N10276

Alloy
N06022

Alloy
N06455

Alloy
N06059

Alloy
N06058

Alloy
N06200

Alloy
N06210

Alloy
N06686

Molybdenum 7.60–9.00 15.0–17.0 12.5–14.5 14.0–17.0 15.0–16.5 19.0 - 21.0 15.0–17.0 18.0–20.0 15.0-17.0
Chromium 32.25–34.25 14.5–16.5 20.0–22.5 14.0–18.0 22.0–24.0 20.0- 23.0 22.0–24.0 18.0–20.0 19.0-23.0
Iron 2.00 max 4.0–7.0 2.0–6.0 3.0 max 1.5, max 1.5, max 3.0 max 1.0 max 5.0 max
Tungsten 0.60 max 3.0–4.5 2.5–3.5 ... ... 0.3 max ... ... 3.0-4.4
Cobalt, max 1.00 2.5 2.5 2.0 0.3 0.3 max 2.0 max 1.0 ...
Carbon, max 0.050 0.010 0.015 0.015 0.010 0.010 0.010 0.015 0.010
Silicon, max 0.60 0.08 0.08 0.08 0.10 0.10 0.08 0.08 0.08
Manganese, max 0.50 1.0 0.50 1.0 0.5 0.5 0.5 0.5 0.75
Vanadium, max 0.20 0.35 0.35 ... ... ... ... 0.35 ...
Phosphorus, max 0.030 0.04 0.02 0.04 0.015 0.015 0.025 0.02 0.04
Sulfur, max 0.015 0.03 0.02 0.03 0.010 0.010 0.010 0.02 0.02
Titanium ... ... ... 0.7 max ... ... ... ... 0.02-0.25
Nickel remainderA remainderA remainderA remainderA Bal Bal remainderA remainderA remainderA

Aluminum 0.40 max ... ... ... 0.1–0.4 0.40 max 0.50 max ... ...
Copper 0.30 max ... ... ... 0.50 max 0.50 max 1.3–1.9 ... ...
Tantalum ... ... ... ... ... ... ... 1.5–2.2 ...

ASee 12.1.1.

TABLE 2 Permissible Variations in Diameter and Out-of-Roundness of Finished Rods

Specified Diameter, in. (mm)
Permissible Variations, in. (mm)

Diameter
Out of Roundness, max

+ −
5⁄16 Hot-Finished, Annealed, and Descaled Rods

5⁄16 –7⁄16 (7.94–11.11), incl 0.012 (0.30) 0.012 (0.30) 0.018 (0.46)
Over 7⁄16 –5⁄8 (11.11–15.87), incl 0.014 (0.36) 0.014 (0.36) 0.020 (0.51)
Over 5⁄8 –3⁄4 (15.87–19.05), excl 0.016 (0.41) 0.016 (0.41) 0.024 (0.61)

Hot-Finished, Annealed, and Ground or Turned Rods
3⁄4 –31⁄2 (19.05–88.9), incl 0.010 (0.25) 0 0.008 (0.20)

TABLE 3 Mechanical Property Requirements

Alloy Tensile Strength, min, psi (MPa)
Yield Strength (0.2 % Offset), min, psi

(MPa)

Elongation in 2 in.
(50.8 mm) or 4DA

min, %

N10276 100 000 (690) 41 000 (283) 40
N06022 100 000 (690) 45 000 (310) 45
N06035 85 000 (586) 35 000 (241) 30
N06455 100 000 (690) 40 000 (276) 40
N06058 110 000 (760) 52 000 (360) 40
N06059 100 000 (690) 45 000 (310) 45
N06200 100 000 (690) 41 000 (283) 45
N06686 100 000 (690) 45 000 (310) 45
N06210 100 000 (690) 45 000 (310) 45

AD refers to the diameter of the tension specimen.

B 574 – 04
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7.5.1 Rods ordered to random or nominal lengths shall be
furnished with either cropped or sawed ends.

7.5.2 Rods ordered to cut lengths shall be furnished with
square sawcut or machined ends.

7.6 Weight—For calculations of mass or weight, the follow-
ing densities shall be used:

Alloy Density
lb/in.3 g/cm3

N10276 0.321 8.87
N06022 0.314 8.69
N06035 0.296 8.18
N06455 0.312 8.64
N06058 0.318 8.80
N06059 0.311 8.60
N06200 0.307 8.50
N06686 0.315 8.73
N06210 0.316 8.76

7.7 Straightness— The maximum curvature (depth of
chord) shall not exceed 0.050 in. multiplied by the length of the
chord in feet (0.04 mm multiplied by the length in centimetres).

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, and free of injurious imperfections.

9. Sampling

9.1 Lots for Chemical Analysis and Mechanical Testing:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot of bar for mechanical testing shall be defined as

the material from one heat in the same condition and specified
diameter.

9.2 Sampling for Chemical Analysis:
9.2.1 A representative sample shall be obtained from each

heat during pouring or subsequent processing.
9.2.2 Product (check) analysis shall be wholly the respon-

sibility of the purchaser.
9.3 Sampling for Mechanical Testing—A representative

sample shall be taken from each lot of finished material.

10. Number of Tests and Retests

10.1 Chemical Analysis—One test per heat.
10.2 Tension Tests— One test per lot.
10.3 Retests—If the specimen used in the mechanical test of

any lot fails to meet the specified requirements, two additional
specimens shall be taken from different sample pieces and

tested. The results of the tests on both of these specimens shall
meet the specified requirements.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material
after final heat-treatment and tested in the direction of fabri-
cation.

11.2 Tension test specimens shall be any of the standard or
subsized specimens shown in Test Methods E 8.

11.3 In the event of disagreement, the referee specimen
shall be the largest possible round specimen shown in Test
Methods E 8.

12. Test Methods

12.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall be
determined, in case of disagreement, in accordance with the
following ASTM methods:

12.1.1 Chemical Analysis—Tests Methods E 1473, For ele-
ments not covered by Test Methods E 1473, the referee method
shall be as agreed upon between the manufacturer and the
purchaser. The nickel composition shall be determined arith-
metically by difference.

12.1.2 Tension Test—Test Methods E 8.
12.1.3 Method of Sampling—Practice E 55.
12.1.4 Determining Significant Places—Practice E 29.
12.2 For purposes of determining compliance with the

limits in this specification, an observed value or a calculated
value shall be rounded in accordance with the rounding method
of Practice E 29:

Requirements Rounded Unit for Observed or
Calculated Value

Chemical composition and
tolerances

nearest unit in the last right-hand place of
figures of the specified limit

Tensile strength and yield
strength

nearest 1000 psi (7 MPa)

Elongation nearest 1 %

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
by the manufacturer and the purchaser as part of the purchase
contract.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

TABLE 4 Permissible Variations in Length of Rods

Random mill lengths 2 to 12 ft (610 to 3660 mm) long with not more
than 25 weight % under 4 ft (1.22 m).

Multiple lengths Furnished in multiples of a specified unit length, within
the length limits indicated above. For
each multiple, an allowance of 1⁄4 in. (6.35
mm) shall be made for cutting, unless
otherwise specified. At the manufacturer’s

option, individual specified unit lengths may be
furnished.

Nominal lengths Specified nominal lengths having a range of not
less than 2 ft (610 mm) with no short lengths
allowed.

Cut lengths A specified length to which all rods shall be cut
with a permissible variation of 61⁄8 in. (3.17
mm) − 0.

B 574 – 04
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16. Product Marking

16.1 Each piece of material1⁄2 in. (12.7 mm) and over in
diameter shall be marked with the specification number, alloy,
heat number, manufacturer’s identification, and size. The
markings shall have no deleterious effect on the material or its
performance and shall be sufficiently stable to withstand
normal handling.

16.2 Each bundle or shipping container shall be marked
with the name of the material; this specification number; alloy;

the size; gross, tare and net weight; consignor and consignee
address; contract or order number; and such other information
as may be defined in the contract or order.

17. Keywords

17.1 N06022; N06035; N06058; N06059; N06200;
N06210; N06455; N06686; N10276; rod

APPENDIX

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary for optimum performance and the manu-
facturer shall be consulted for details.

SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue
(B 574 – 99a) that may impact the use of this standard.

(1) Added alloy N06035 correct nomenclature to Scope.
(2) Added safety caveat to Scope.

(3) Added alloy N06035 chemistry and minimum mechanical
properties and density to 7.6, Table 1, and Table 3.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 575 – 04

Standard Specification for
Low-Carbon Nickel-Chromium-Molybdenum, Low-Carbon
Nickel-Chromium-Molybdenum-Copper, Low-Carbon Nickel-
Chromium-Molybdenum-Tantalum, and Low-Carbon Nickel-
Chromium-Molybdenum-Tungsten Alloy Plate, Sheet, and
Strip 1

This standard is issued under the fixed designation B 575; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification2 covers plate, sheet, and strip of
low-carbon nickel-chromium-molybdenum alloys (UNS
N10276, N06022, N06455, N06035, UNS N06058, UNS
N06059)*, low-carbon nickel-chromium-molybdenum-copper
alloy (UNS N06200), low-carbon nickel-chromium-
molybdenum-tantalum alloy (UNS N06210), and low-carbon
nickel-chromium-molybdenum-tungsten alloy (UNS N06686)
as shown in Table 1, for use in general corrosive service.

1.2 The following products are covered under this specifi-
cation:

1.2.1 Sheet and Strip— Hot or cold rolled, solution an-
nealed, and descaled unless solution anneal is performed in an
atmosphere yielding a bright finish.

1.2.2 Plate—Hot or cold rolled, solution annealed, and
descaled.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:3

B 906 Specification for General Requirements for Flat-
Rolled Nickel and Nickel Alloys Plate, Sheet and Strip

E 112 Test Methods for Determining the Average Grain
Size

E 140 Hardness Conversion Tables for Metals

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 cold-rolled plate, n—material 3⁄16 to 3⁄8 in. (4.76 to

9.52 mm), inclusive, in thickness.
3.1.2 hot-rolled plate, n—material 3⁄16 in. (4.76 mm) and

over in thickness.
3.1.3 plate, n—material 3⁄16 in. (4.76 mm) and over in

thickness.
3.1.4 sheet and strip, n—material under3⁄16 in. (4.76 mm) in

thickness.

4. General Requirements

4.1 Material furnished to this specification shall conform to
the applicable requirements of Specification B 906 unless
otherwise provided herein.

5. Ordering Information

5.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to the following:

5.1.1 Alloy—Table 1,
5.1.2 Dimensions—Thickness (in decimals of an inch),

width, and length (inch or fractions of an inch),

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1972. Last previous edition approved in 1999 as B 575 - 99a.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-575 in Section II of that Code.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



5.1.3 Optional Requirement—Plate; state how plate is to be
cut (Specification B 906, Table A2.3),

5.1.4 Certification—State if certification or a report of test
results is required (Specification B 906, Section 21),

5.1.5 Purchase Inspection—State which tests or inspections
are to be witnessed (Specification B 906, Section 18), and

5.1.6 Samples for Product (Check) Analysis—State whether
samples should be furnished (Specification B 906, 7.2.2).

6. Chemical Composition

6.1 The material shall conform to the composition limits
specified in Table 1.

6.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the requirements specified in
Table 1 and Specification B 906.

7. Mechanical Properties and Other Requirements

7.1 Tensile Properties—The material shall conform to the
room temperature tensile properties prescribed in Table 2.

7.2 Hardness—The hardness values given in Table 2 are
informative only.

7.3 Grain Size for Sheet and Strip— Sheet and strip shall
conform to the grain sizes as illustrated in Plate 1 of Test
Methods E 112. The requirements shall be as indicated in Table
3.

8. Dimensions, Mass, and Permissible Variations

8.1 Weight—For calculations of mass or weight, the follow-
ing densities shall be used:

Density
Alloy lb/in.3 g/cm3

N10276 0.321 (8.87)
N06022 0.314 (8.69)
N06455 0.312 (8.64)
N06035 0.296 (8.18)
N06058 0.318 (8.80)
N06059 0.311 (8.60)
N06200 0.307 (8.50)
N06210 0.316 (8.76)
N06686 0.315 (8.73)

8.2 Thickness:
8.2.1 Plate—The permissible variations in thickness of

plate shall be as prescribed in Specification B 906, Table A2.1.
8.2.2 Sheet and Strip— The permissible variations in thick-

ness of sheet and strip shall be as prescribed in Specification

TABLE 1 Chemical Requirements

Element

Composition Limits, %

Alloy
N06035

Alloy
N10276

Alloy
N06022

Alloy
N06455

Alloy
N06059

Alloy
N06058

Alloy
N06200

Alloy
N06210

Alloy
N06686

Molybdenum 7.60–9.00 15.0–17.0 12.5–14.5 14.0–17.0 15.0–16.5 19.0 - 21.0 15.0–17.0 18.0–20.0 15.0-17.0
Chromium 32.25–34.25 14.5–16.5 20.0–22.5 14.0–18.0 22.0–24.0 20.0- 23.0 22.0–24.0 18.0–20.0 19.0-23.0
Iron 2.00 max 4.0–7.0 2.0–6.0 3.0 max 1.5, max 1.5, max 3.0 max 1.0 max 5.0 max
Tungsten 0.60 max 3.0–4.5 2.5–3.5 ... ... 0.3 max ... ... 3.0-4.4
Cobalt, max 1.00 2.5 2.5 2.0 0.3 0.3 2.0 max 1.0 ...
Carbon, max 0.050 0.010 0.015 0.015 0.010 0.010 0.010 0.015 0.010
Silicon, max 0.60 0.08 0.08 0.08 0.10 0.10 0.08 0.08 0.08
Manganese, max 0.50 1.0 0.50 1.0 0.5 0.5 0.50 0.5 0.75
Vanadium, max 0.20 0.35 0.35 ... ... ... ... 0.35 ...
Phosphorus, max 0.030 0.04 0.02 0.04 0.015 0.015 0.025 0.02 0.04
Sulfur, max 0.015 0.03 0.02 0.03 0.010 0.010 0.010 0.02 0.02
Titanium ... ... ... 0.7 max ... ... ... ... 0.02-0.25
Nickel remainderA remainderA remainderA remainderA Bal Bal remainderA remainderA remainderA

Aluminum 0.40 max ... ... ... 0.1–0.4 0.40 max 0.50 max ... ...
Copper 0.30 max ... ... ... 0.50 max 0.50 max 1.3–1.9 ... ...
Tantalum ... ... ... ... ... ... ... 1.5–2.2 ...

AShall be determined arithmetically by difference.

TABLE 2 Mechanical Property Requirements

Alloy
Tensile Strength, min, psi

(MPa)

Yield Strength (0.2 %
Offset), min, psi

(MPa)

Elongation in 2 in.
(50.8 mm) or 4DA

min, %

Rockwell Hardness,B

max

N10276 100 000 (690) 41 000 (283) 40 100 HRB
N06022 100 000 (690) 45 000 (310) 45 100 HRB
N06455 100 000 (690) 40 000 (276) 40 100 HRB
N06035 85 000 (586) 35 000 (241) 30 100 HRB
N06058 110 000 (760) 52 000 (360) 40 100 HRB
N06059 100 000 (690) 45 000 (310) 45 100 HRB
N06200 100 000 (690) 41 000 (283) 45 100 HRB
N06686 100 000 (690) 45 000 (310) 45 100 HRB
N06210 100 000 (690) 45 000 (310) 45 100 HRB

AD refers to the diameter of the tension specimen.
BHardness values are shown for information purposes only and are not to be used as a basis of acceptance or rejection. For approximate hardness conversions, see

Hardness Conversion Tables E 140.

TABLE 3 Grain Size for Annealed Sheet

Thickness, in. (mm)
ASTM Micrograin Size

Number
Average Grain Diameter,

mm (in.)
0.125 (3.175) and

under
3.0 or finer 0.127 (0.0050)

Over 0.125 (3.175) 1.5 or finer 0.214 (0.0084)
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B 906, Table A2.2. The thickness shall be measured with the
micrometer spindle3⁄8 in. (9.525 mm) or more from any edge
for material 1 in. (25.4 mm) or over in width and at any place
on material under 1 in. (25.4 mm) in width.

8.3 Width:
8.3.1 Plate—The permissible variations in width of rectan-

gular plates shall be as prescribed in Specification B 906, Table
A2.3.

8.3.2 Sheet and Strip—The permissible variations in width
for sheet and strip shall be as prescribed in Specification B 906,
Table A2.4.

8.4 Length:
8.4.1 Plate—Permissible variations in the length of rectan-

gular plate shall be as prescribed in Specification B 906, Table
A2.3.

8.4.2 Sheet and Strip— Sheet and strip may be ordered to
cut lengths, in which case a variation of1⁄8 in. (3.175 mm) over
the specified length shall be permitted, with a 0 minus
tolerance.

8.5 Straightness:
8.5.1 The edgewise curvature (depth of chord) of flat sheet,

strip, and plate shall not exceed 0.05 in. (1.27 mm) multiplied
by the length in feet or 0.04 mm multiplied by the length in
centimetres.

8.5.2 Straightness for coiled strip is subject to agreement
between the manufacturer and the purchaser.

8.6 Squareness(Sheet)—For sheets of all thicknesses and
widths of 6 in. (152.4 mm) or more, the angle between adjacent
sides shall be 906 0.15° (1⁄16 in. in 24 in. of 2.6 mm/m).

8.7 Flatness—Plate, sheet, and strip shall be commercially
flat.

8.8 Edges:
8.8.1 Plates shall have sheared or cut (machined, abrasive

cut, powder cut, or inert arc cut) edges, as specified.
8.8.2 Sheet and strip shall have sheared or slit edges.

9. Product Marking

9.1 Each plate, sheet, or strip shall be marked on one face
with the specification number, alloy, heat number, manufactur-
er’s identification, and size. The markings shall have no
deleterious effect on the material or its performance and shall
be sufficiently stable to withstand normal handling.

9.2 Each bundle or shipping container shall be marked with
the name of the material; this specification number; alloy; the
size; gross, tare, and net weight; consignor and consignee
address; contract or order number; and such other information
as may be defined in the contract or order.

10. Keywords

10.1 N06022; N06035; N06058; N06059; N06200;
N06210; N06455; N06686; N10276; plate; sheet; strip

APPENDIX

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary for optimum performance, and the manu-
facturer shall be consulted for details.

SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue
(B 575 – 99a) that may impact the use of this standard.

(1) Added alloy N06035 to Scope.
(2) Added safety caveat to Scope.
(3) General Requirements updated to Specification B 906.

(4) Added alloy N06035 chemistry and mechanical properties
to 8.1, Table 1, and Table 2.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
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Designation: B 576 – 94 (Reapproved 1999)

Standard Guide for
Arc Erosion Testing of Electrical Contact Materials 1

This standard is issued under the fixed designation B 576; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide covers the major variables which affect the
rate of arc erosion of electrical contact materials and serves as
a guide in developing more detailed specifications for arc-
erosion tests.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.3 Arc erosion testing involves some vaporization of ma-
terial. It is the responsibility of the user to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for the material being tested.

2. Significance and Use

2.1 The significance of the variables set forth in this guide
was proved by various laboratories using several test systems
at test currents ranging from 100 to 35 000 A. These variables
will be significant for any case where voltage and current are
sufficient to produce arcing.

3. Major Variables

3.1 Shape, Area, and Thickness:
3.1.1 The area, shape, and thickness of the contact affect the

erosion rates. As an example of shape effects, the radius of the
spherical crown affects the erosion in at least two ways: (1) it
changes the effective diameter of the contact and, (2) it affects
the manner in which the arc moves about on the surface of the
contact. A contact with a hemispherical crown presents no
sharp edges that would result in different amounts of erosion
products for a given amount of arcing and aids in the control of
the arc when operating in air and other gases.

3.1.2 The contacts may be given a type of normal shape and
surface roughness by a number of arcing operations prior to
recording the contact loss. There may be a difference in the
effect of shape and diameter for different environments.

3.1.3 Contact mounting, attachment, and bond integrity can
affect the arc erosion of materials and should be specified.

3.2 Contact Velocity and Maximum Arc Length—The veloc-
ity of separation and the maximum arc length affect the erosion
rate and, therefore, should be specified in formulating a test.

3.3 Contact Orientation:
3.3.1 The orientation of the contacts with respect to the

earth’s gravitational field may affect the erosion rate and,
therefore, should be specified. For example, the mating planes
of the contacts might be vertical or horizontal.

3.3.2 If the contact’s mating planes are horizontal and a
direct test current is used, the specifications should state
whether the anode or cathode is in the upper position.

3.4 Environment:
3.4.1 The type, pressure, temperature, and humidity of the

gas atmosphere or the type, pressure, and temperature of the
surrounding oil, affect the erosion rate and should be specified.

3.4.2 The erosion rate in air may be quite different than that
under oil.

3.5 Arcing Current:
3.5.1 An increase in arc current will cause an increase in the

arc-erosion rate per coulomb of arcing, and thus it must be
specified.

3.5.2 It follows then that the wave form of the arc current is
important and source voltage and load current should be
specified.

3.6 Arcing Time—The time duration of individual arcs on an
electrical contact affects the erosion rate and thus it should be
specified.

3.7 Closing Force, Speed, and Bounce— The severity of the
damage caused by the closing arcs depends on the closing
speed, closing force, and the number of bounces. All these
three can be measured. The arc erosion that occurs because of
closing arcs caused by contact bounce can be duplicated by
properly specifying other items in this list with particular
emphasis on contact velocity and maximum arc length. Un-
wanted closing arcs can be effectively eliminated from a
contact test device, for example, by causing the test current to
flow through the contacts after the contacts have been closed.

3.8 Contact Body Temperature—The mating contacts of a
contact pair might have different temperatures and both should
be measured or specified just before the arcing operation.

1 This test method is under the jurisdiction of ASTM Committee B-2 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals.

Current edition approved April 15, 1994. Published June 1994. Originally
published as B 576–73. Last previous edition B 576–89.
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3.9 Total Number of Arcing Operations— The total number
of arcs or, in other words, the time duration of the tests, must
be specified for several reasons. First, the shape of the contact
may change as the test progresses; secondly, chemical actions
may take place to change the erosion rate as, for example, by
formation of silver oxide on silver or tungsten oxide on
tungsten.

3.10 Arc Motion—Arc motion produced by any means, such
as magnetic fields, is important and should be specified.

3.11 Polarity:
3.11.1 Polarity may affect erosion rates and should be

specified, that is, is it constant or alternating.

3.11.2 Tests in which the polarity is constant may give
different erosion rates than those in which the polarity changes.
Polarity effect could cause different surface conditions for
successive arcs.

3.12 Operation Rate—The operation rate affects the oper-
ating temperature of the contact and, therefore, the erosion rate.

3.13 Opening Speed and Opening Force—These two fac-
tors affect the severity of the damage caused by the opening
arc.

4. Keywords

4.1 arcing contacts; arc erosion; contacts; electrical con-
tacts; electrical erosion

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 581 – 02

Standard Specification for
Nickel-Chromium-Iron-Molybdenum-Copper Alloy Rod 1

This standard is issued under the fixed designation B 581; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers rod of Ni-Cr-Fe-Mo-Cu al-
loys (UNS N06007, N06975, N06985, N06030, and N08031)*
as shown in Tables 1-3, for use in general corrosive service.

1.2 The following products are covered under this specifi-
cation:

1.2.1 Rods5⁄16 to 3⁄4 in. (7.94 to 19.05 mm) excl in diameter,
hot- or cold-finished, solution annealed and pickled or me-
chanically descaled.

1.2.2 Rods3⁄4 to 31⁄2 in. (19.05 to 88.9 mm) incl in diameter,
hot- or cold-finished, solution annealed, ground or turned.

1.3 The values stated in inch-pound units are to be regarded
as the standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemi-

cal Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 55 Practice for Sampling Wrought Nonferrous Metals and

Alloys for Determination of Chemical Composition6

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 rod—material of round solid section furnished in

straight lengths.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to the following:

4.1.1 Alloy—Table 1.
4.1.2 Dimensions—Nominal diameter and length. The

shortest useable multiple length shall be specified (Table 4).
4.1.3 Certification— State if certification or a report of test

results is required (Section 16).
4.1.4 Purchaser Inspection—State which tests or inspec-

tions are to be witnessed (Section 14).
4.1.5 Samples for Product(Check)Analysis—State whether

samples shall be furnished (10.2.2).

5. Chemical Composition

5.1 Heat Analysis— The material shall conform to the
composition limits specified in Table 1.

5.2 Product (Check) Analysis—If a product (check) analy-
sis is made by the purchaser, the material shall conform to the
requirements specified in Table 1 subject to the permissible
tolerances in Specification B 880.

6. Mechanical and Other Requirements

6.1 The material shall conform to the requirements of Table
2.

7. Straightness

7.1 The maximum curvature (depth of cord) shall not
exceed 0.050 in. multiplied by the length in feet (0.04 mm
multiplied by the length in centimetres).

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
approved in 1973. Last previous edition approved in 1997 as B 581 – 97.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-581 in Section II of that Code.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02. 6 Annual Book of ASTM Standards, Vol 03.05.
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8. Permissible Variations in Dimensions

8.1 Diameter—The permissible variations from the speci-
fied diameter and out-of-roundness shall be as prescribed in
Table 3.

8.2 Machining Allowances—When the surfaces of finished
material are to be machined, the following allowances are
suggested for normal machining operations:

8.2.1 As-Finished Rounds(Annealed and Descaled)—For
diameters of5⁄16 to 11⁄16 in. (7.94 to 17.46 mm) incl, an
allowance of1⁄16 in. (1.59 mm) on the diameter should be made
for finish machining.

8.3 Length—The permissible variations in length of finished
rods shall be as prescribed in Table 4. Unless otherwise
specified, random mill lengths shall be furnished. Rods ordered
to random or nominal lengths shall be furnished with either
cropped or saw-cut ends; material ordered to cut lengths shall
be furnished with square saw-cut or machined ends. Where
rods are ordered in multiple lengths, a1⁄4-in. (6.35-mm) length
addition shall be allowed for each uncut multiple length.

8.4 Weight—For calculation of mass or weight, the follow-
ing densities shall be used:

Density
Alloy lb/in.3 g/cm3

N06007 0.300 8.31
N06975 0.295 8.17
N06985 0.300 8.31

TABLE 1 Chemical Requirements

Element
Composition Limits, %

Alloy N06007 Alloy N06975 Alloy N06985 Alloy N06030 Alloy N08031

Nickel remainderA 47.0–52.0 remainderA remainderA 30.0-32.0
Chromium 21.0–23.5 23.0–26.0 21.0–23.5 28.0–31.5 26.0-28.0
Iron 18.0–21.0 remainderA 18.0–21.0 13.0–17.0 remainderA

Molybdenum 5.5–7.5 5.0–7.0 6.0–8.0 4.0–6.0 30.-7.0
Copper 1.5–2.5 0.70–1.20 1.5–2.5 1.0–2.4 1.0-1.4
Manganese 1.0–2.0 1.0 max 1.0 max 1.5 max 2.0 max
Cobalt, max 2.5 ... 5.0 max 5.0 max ...
Carbon, max 0.05 0.03 0.015 max 0.03 max 0.015
Tungsten 1.0 max ... 1.5 max 1.5–4.0 ...
Silicon, max 1.0 1.0 1.0 max 0.8 max 0.3
Phosphorus, max 0.04 0.03 0.04 max 0.04 max 0.020
Sulfur, max 0.03 0.03 0.03 max 0.02 max 0.010
Columbium + tantalum 1.75–2.50 ... 0.50 max 0.30–1.50 ...
Titanium ... 0.7–1.5 ... ... ...
Nitrogen 0.15-0.25 ... ... ... ...

ASee 13.1.1.

TABLE 2 Mechanical Property Requirements

Alloy Specified Diameter, in. (mm)
Tensile Strength min,

psi (MPa)
Yield Strength (0.2 %

Offset), min, psi (MPa)
Elongation in 2 in. or
50.8 mm or 4D A min

N06007 5⁄16 to 3⁄4 (7.94 to 19.05), incl 90 000 (621) 35 000 (241) 35
Over 3⁄4 to 31⁄2 (19.05 to 88.9), incl 85 000 (586) 30 000 (207) 30

N06975 5⁄16 to 31⁄2 (7.94 to 88.9), incl 85 000 (586) 32 000 (221) 40
N06985 5⁄16 to 3⁄4 (7.9 to 19.05), incl 90 000 (621) 35 000 (241) 45

Over 3⁄4 to 31⁄2 (19.05 to 88.9), incl 85 000 (586) 30 000 (207) 35
N06030 ... 85 000 (586) 35 000 (241) 30
N08031 All sizes 94 000 (648) 40 000 (276) 40

AD refers to the diameter of the tension specimen.

TABLE 3 Permissible Variations in Diameter and Out-of-Roundness of Rods

Specified Diameter, in. (mm)
Permissible Variations, in. (mm)

Diameter
Out-of-Roundness, max

+ −
Hot-Finished, Annealed, and Descaled Rods

5⁄16 to 7⁄16 (7.94 to 11.11), incl 0.012 (0.305) 0.012 (0.305) 0.018 (0.457)
Over 7⁄16 to 5⁄8 (11.11 to 15.87), incl 0.014 (0.355) 0.014 (0.355) 0.020 (0.508)
Over 5⁄8 to 3⁄4 (15.87 to 19.05), excl 0.016 (0.406) 0.016 (0.406) 0.024 (0.610)

Hot-Finished, Annealed, and Ground or Turned Rods
3⁄4 to 31⁄2 (19.05 to 88.9), incl 0.010 (0.254) 0 0.008 (0.203)

TABLE 4 Permissible Variations in Length of Rods

Random mill lengths 2 to 12 ft (61 to 366 cm) long with not
more than 25 weight % under 4 ft (122
cm).

Multiple lengths Furnished in multiples of a specified unit
length, within the length limits
indicated above. For each multiple, an
allowance of 1⁄4 in. (6.35 mm) will be
made for cutting, unless otherwise
specified. At the manufacturer’s
option, individual specified unit lengths
may be furnished.

Nominal lengths Specified nominal lengths having a
range of not less than 2 ft (61 cm)
with no short lengths allowed.

Cut lengths A specified length to which all rods will
be cut with a permissible variation of
+ 1⁄8 in. (3.17 mm), − 0.

B 581 – 02
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N06030 0.297 8.22
N08031 0.293 8.10

9. Workmanship, Finish, and Appearance

9.1 The material shall be uniform in quality and condition,
smooth, commercially straight, and free of injurious imperfec-
tions.

10. Sampling

10.1 Lots for Chemical Analysis and Mechanical Testing:
10.1.1 A lot for chemical analysis shall consist of one heat.
10.1.2 A lot of rod for mechanical testing shall be defined as

the material from one heat in the same condition and specified
thickness.

10.2 Sampling for Chemical Analysis:
10.2.1 A representative sample shall be obtained from each

lot during pouring or subsequent processing.
10.2.2 Product (check) analysis shall be wholly the respon-

sibility of the purchaser and shall conform to the product
(check) analysis variations per Specification B 880.

10.3 Sampling for Mechanical Testing:
10.3.1 A representative sample shall be taken from each lot

of finished material.

11. Number of Tests and Retests

11.1 Chemical Analysis—One test per lot.
11.2 Tension Tests— One test per lot.
11.3 Retests—If the specimen used in the mechanical test of

any lot fails to meet the specified requirements, two additional
specimens shall be taken from different sample pieces and
tested. The results of the tests on both of these specimens shall
meet the specified requirements.

12. Specimen Preparation

12.1 Tension test specimens shall be taken from material
after final heat treatment and tested in the direction of
fabrication.

12.2 Tension test specimens shall be any of the standard or
subsized specimens shown in Test Methods E 8.

12.3 In the event of disagreement, the referee specimen
shall be the largest possible round specimen shown in Test
Methods E 8.

13. Test Methods and Chemical Analysis

13.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall be
determined, in case of disagreement, in accordance with the
following ASTM methods:

13.1.1 Chemical Analysis—Test Methods E 1473. For ele-
ments not covered by Test Methods E 1473, the referee method

shall be as agreed upon between the manufacturer and pur-
chaser. The composition of the remainder element shall be
determined arithmetically by difference.

13.1.2 Tension Test— Test Methods E 8.
13.1.3 Method of Sampling—Practice E 55.
13.1.4 Determining Significant Places—Practice E 29.
13.2 For purposes of determining compliance with the

limits in this specification, an observed value or a calculated
value shall be rounded in accordance with the rounding method
of Practice E 29:

Requirements
Rounded Unit for Observed or Calculated

Value

Chemical composition and toler-
ances

nearest unit in the last right-hand place
of figures of the specified limit

Tensile strength and yield strength nearest 1000 psi (7 MPa)
Elongation nearest 1 %

14. Inspection

14.1 Inspection of the material shall be made as agreed upon
by the manufacturer and the purchaser as part of the purchase
contract.

15. Rejection and Rehearing

15.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16. Certification

16.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

17. Product Marking

17.1 Each piece of material1⁄2 in. (12.7 mm) and over in
diameter shall be marked with this specification number, name
of the material, and size of the product.

17.2 Each bundle or shipping container shall be marked
with the name of the material; this specification number; alloy;
the size; gross, tare and net weight; consignor and consignee
address; contract or other number; or such other information as
may be defined in the contract or order.

18. Keywords

18.1 rod; N06007; N06975; N06985; N06030; N08031
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APPENDIX

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary for optimum performance and the manu-

facturer shall be consulted for details.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 582 – 02

Standard Specification for
Nickel-Chromium-Iron-Molybdenum-Copper Alloy Plate,
Sheet, and Strip 1

This standard is issued under the fixed designation B 582; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 The specification2 covers plate, sheet, and strip of
nickel-chromium-iron-molybdenum-copper alloys (UNS
N06007, N06975, N06985, and N06030)* as shown in Table 1,
for use in general corrosive service.

1.2 The following products are covered under this specifi-
cation:

1.2.1 Sheet and Strip— Hot or cold rolled, solution an-
nealed, and descaled unless solution anneal is performed in an
atmosphere yielding a bright finish.

1.2.2 Plate—Hot or cold rolled, solution annealed, and
descaled.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 18 Test Methods for Rockwell Hardness and Rockwell

Superficial Hardness of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 55 Practice for Sampling Wrought Nonferrous Metals and
Alloys for Determination of Chemical Composition6

E 140 Hardness Conversion Tables for Metals (Relationship
Between Brinell Hardness, Vickers Hardness, Rockwell
Hardness, Rockwell Superficial Hardness, and Knoop
Hardness)4

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 cold-rolled plate—material3⁄16 to 3⁄8 in. (4.76 to 9.52

mm), inclusive, in thickness.
3.1.2 hot-rolled plate—material3⁄16 in. (4.76 mm) and over

in thickness.
3.1.3 plate—material 3⁄16 in. (4.76 mm) and over in

thickness.
3.1.4 sheet and strip—material under3⁄16 in. (4.76 mm) in

thickness.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Alloy—Table 1,
4.1.2 Dimensions—Thickness (in decimals of an inch),

width, and length (inch or fractions of an inch),
4.1.3 Optional Requirement, Plate—How the plate is to be

cut (see 7.1 and Table 2),
4.1.4 Certification—State if certification or a report of test

results is required (Section 16),
4.1.5 Purchaser Inspection—State which tests or inspec-

tions are to be witnessed (Section 14), and
4.1.6 Samples for Product(Check) Analysis—State whether

samples should be furnished (Section 5).

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 582 – 73. Last previous edition B 582 – 97.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-582 in Section II of that Code.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.

5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.05.
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5. Chemical Composition

5.1 Heat Analysis—The material shall conform to the com-
position limits specified in Table 1.

5.2 Product(Check) Analysis—If a product (check) analysis
is made by the purchaser, the material shall conform to the
requirements specified in Table 1 subject to the permissible
tolerances in Specification B 880.

6. Mechanical Properties and Other Requirements

6.1 Tensile Properties—The material shall conform to the
mechanical property requirements prescribed in Table 3.

6.2 Hardness—The hardness values given in Table 3 are
informative only.

7. Edges

7.1 Plates shall have sheared or cut machined, abrasive cut,
powder cut, or inert arc cut edges, as specified.

7.2 Sheet and strip shall have sheared or slit edges.

8. Permissible Variations in Dimensions

8.1 Weight—For calculation of mass or weight, the follow-
ing densities shall be used:

Density
Alloy lb/in.3 g/cm3

N06007 0.300 8.31
N06975 0.295 8.17
N06985 0.300 8.31
N06030 0.297 8.22

8.2 Thicknesses:
8.2.1 Plate—The permissible variations in thickness of

plate shall be as prescribed in Table 4.
8.2.2 Sheet and Strip—The permissible variations in thick-

ness of sheet and strip shall be as prescribed in Table 5. The
thickness shall be measured with the micrometer spindle3⁄8 in.
(9.52 mm) or more from any edge for material 1 in. (25.4 mm)
or over in width and at any place on material under 1 in. (25.4
mm) in width.

8.3 Width:
8.3.1 Plate—The permissible variations in width of rectan-

gular plates shall be as prescribed in Table 2.
8.3.2 Sheet and Strip—The permissible variations in width

for sheet and strip shall be as prescribed in Table 6.
8.4 Length:
8.4.1 Plate—Permissible variations in the length of rectan-

gular plate shall be as prescribed in Table 2.
8.4.2 Sheet and Strip—Sheet and strip may be ordered to cut

lengths, in which case a variation of1⁄8 in. (3.18 mm) over the
specified length shall be permitted, with a 0 minus tolerance.

8.5 Straightness—The edgewise curvature (depth of cord)
of sheet, strip, and plate shall not exceed 0.05 in./ft (4.2
mm/m).

8.6 Squareness (Sheet)—For sheets of all thickness and
widths of 6 in. (152.4 mm) or more, the angle between adjacent
sides shall be 906 0.15° (1⁄16 in. in 24 in. or 2.6 mm/m).

8.7 Flatness—Plate, sheet, and strip shall be commercially
flat.

9. Workmanship, Finish, and Appearance

9.1 The material shall be uniform in quality and condition,
smooth, and free of injurious imperfections.

TABLE 1 Chemical Requirements

Element
Composition Limits, %

Alloy N06007 Alloy N06975 Alloy N06985 Alloy N06030

Nickel remainderA 47.0 to 52.0 remainderA remainderA

Chromium 21.0 to 23.5 23.0 to 26.0 21.0 to 23.5 28.0 to 31.5
Iron 18.0 to 21.0 remainderA 18.0 to 21.0 13.0 to 17.0
Molybdenum 5.5 to 7.5 5.0 to 7.0 6.0 to 8.0 4.0 to 6.0
Copper 1.5 to 2.5 0.70 to 1.20 1.5 to 2.5 1.0 to 2.4
Manganese 1.0 to 2.0 1.0 max 1.0 max 1.5 max
Cobalt, max 2.5 ... 5.0 5.0
Carbon, max 0.05 0.03 0.015 0.03
Tungsten 1.0 max ... 1.5 max 1.5 to 4.0
Silicon, max 1.0 1.0 1.0 0.8
Phosphorus, max 0.04 0.03 0.04 0.04
Sulfur, max 0.03 0.03 0.03 0.02
Columbium + tantalum 1.75 to 2.50 ... 0.50 max 0.30 to 1.50
Titanium ... 0.70–1.50 ... ...

ASee 13.1.1.

TABLE 2 Permissible Variations in Width and Length of Sheared,
Torch-Cut, or Abrasive-Cut Rectangular Plate

Specified Thickness

Permissible Variations in Widths and Lengths for
Dimensions Given, in. (mm)

Up to 30 (760), incl Over 30 (760), incl

+ − + −

Inches

Sheared:
3⁄16 to 5⁄16 , incl
Over 5⁄16 to 1⁄2 , incl

3⁄16

1⁄4

1⁄8
1⁄8

1⁄4
3⁄8

1⁄8
1⁄8

Abrasive-cut:
3⁄16 to 11⁄2 , incl
Over 11⁄2 to 21⁄2 , incl

1⁄16

1⁄8

1⁄16

1⁄8

1⁄16

1⁄8

1⁄16

1⁄8
Torch-cut:A

3⁄16 to 2, excl
2 to 3, incl

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

Millimetres

Sheared:
4.76 to 7.94, incl
Over 7.94 to 12.70, incl

4.76
6.35

3.18
3.18

6.35
9.52

3.18
3.18

Abrasive-cut:
4.76 to 38.1, incl
Over 38.1 to 63.5, incl

1.59
3.18

1.59
3.18

1.59
3.18

1.59
3.18

Torch-cut:A

4.8 to 50.8, excl
50.8 to 76.2, incl

12.7
15.9

0
0

12.7
15.9

0
0

AThe tolerance spread shown for torch-cutting may be obtained all on the minus
side, or divided between the plus and the minus side, if so specified by the
purchaser.
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10. Sampling

10.1 Lots for Chemical Analysis and Mechanical Testing:
10.1.1 A lot for chemical analysis shall consist of one heat.

10.1.2 A lot of plate, sheet, or strip for mechanical testing
shall be defined as the material from one heat in the same
condition and specified thickness.

10.2 Sampling for Chemical Analysis:
10.2.1 A representative sample shall be obtained from each

lot during pouring or subsequent processing.
10.2.2 Product (check) analysis shall be wholly the respon-

sibility of the purchaser.
10.3 Sampling for Mechanical Testing:
10.3.1 Representative samples shall be taken from each lot

of finished material.

11. Number of Tests and Retests

11.1 Chemical Analysis—One test per lot.
11.2 Tension Tests—One test per lot.
11.3 Hardness Tests—One test per lot.
11.4 Retests—If one of the specimens used in the above

tests of any lot fails to meet the specified requirements, two
additional specimens shall be taken from different sample
pieces and tested. The results of the tests on both of these
specimens shall meet the specified requirements.

12. Specimen Preparation

12.1 Tension test specimens shall be taken from material in
the final condition and tested transverse to the direction of
rolling when width will permit.

12.2 Tension test specimens shall be any of the standard or
subsize specimens shown in Test Methods E 8.

12.3 In the event of disagreement, referee specimens shall
be as follows:

12.3.1 Full thickness of the material, machined to the form
and dimensions shown for the sheet-type specimen in Test
Methods E 8 for material under1⁄2 in. (12.7 mm) in thickness.

12.3.2 The largest possible round specimen shown in Test
Methods E 8 for material1⁄2 in. (12.7 mm) and over.

TABLE 3 Mechanical Property Requirements

Alloy Thickness, in. (mm)
Tensile Strength
min, psi (MPa)

Yield Strength
(0.2 % Offset),
min, psi (MPa)

Elongation in
2 in. or 50.8 mm
or 4DA min, %

Rockwell Hardness,B

max

Annealed Plate

N06007 3⁄16 to 3⁄4 (4.76 to 19.05), incl 90 000 (621) 35 000 (241) 35 100 HRB
Over 3⁄4 to 21⁄2 (19.05 to 63.5), incl 85 000 (586) 30 000 (207) 30 100 HRB

N06975 3⁄16 to 21⁄2 (4.76 to 63.5), incl 85 000 (586) 32 000 (221) 40 100 HRB
N06985 3⁄16 to 3⁄4 (4.76 to 19.05), incl 90 000 (621) 35 000 (241) 45 100 HRB

Over 3⁄4 to 21⁄2 (19.05 to 63.5), incl 85 000 (586) 30 000 (207) 35 100 HRB
N06030 ... 85 000 (586) 35 000 (241) 30 ...

Annealed Sheet

N06985 Over 0.020 (0.51) 90 000 (621) 35 000 (241) 45 100 HRB

Annealed Sheet and Strip

N06007
N06975

Over 0.020 (0.51)
Over 0.020 (0.51)

90 000 (621)
85 000 (586)

35 000 (241)
32 000 (221)

40
40

100 HRB
100 HRB

N06030 Over 0.020 (0.51) 85 000 (586) 35 000 (241) 30 ...
AD refers to the diameter of the tension specimen.
BHardness values are shown for information purposes only and are not to be used as a basis for rejection or acceptance. For approximate hardness conversions, see

Hardness Conversion Tables E 140.

TABLE 4 Permissible Variations in Thickness of Plate A

Specified Thickness, in. (mm)

Permissible Variations in Thickness, in.
(mm)B,C

+ −

3⁄16 to 7⁄32 (4.76 to 5.56), incl 0.021 (0.53) 0.010 (0.25)
Over 7⁄32 to 1⁄4 (5.56 to 6.35), incl 0.024 (0.61) 0.010 (0.25)
Over 1⁄4 to 3⁄8 (6.35 to 9.52), incl 0.027 (0.69) 0.010 (0.25)
Over 3⁄8 to 1⁄2 (9.52 to 12.70), incl 0.030 (0.76) 0.010 (0.25)
Over 1⁄2 to 5⁄8 (12.70 to 15.88), incl 0.035 (0.89) 0.010 (0.25)
Over 5⁄8 to 3⁄4 (15.88 to 19.05), incl 0.040 (1.02) 0.010 (0.25)
Over 3⁄4 to 7⁄8 (19.05 to 22.25), incl 0.045 (1.14) 0.010 (0.25)
Over 7⁄8 to 1 (22.25 to 25.4), incl 0.050 (1.27) 0.010 (0.25)
Over 1 to 21⁄2 (25.4 to 63.5), incl 5D 0.010 (0.25)

AApplicable to plate 48 in. (1.22 m) and under in width.
BMeasured 3⁄8 in. (9.52 mm) or more from any edge.
CBuffing or grinding for removal of light surface imperfections shall be permitted.

The depth of such buffed or ground areas shall not exceed the minimum tolerance
thickness.

DExpressed as percent of thickness.

TABLE 5 Permissible Variations in Thickness of Sheet A and Strip

Specified Thickness, in. (mm)

Permissible Variations in Thickness,
in.B,C (mm) (All Widths)

+ −

0.020 to 0.034 (0.51 to 0.86), incl 0.004 (0.10) 0.004 (0.10)
Over 0.034 to 0.056 (0.86 to 1.42), incl 0.005 (0.13) 0.005 (0.13)
Over 0.056 to 0.070 (1.42 to 1.78), incl 0.006 (0.15) 0.006 (0.15)
Over 0.070 to 0.078 (1.78 to 1.98), incl 0.007 (0.18) 0.007 (0.18)
Over 0.078 to 0.093 (1.98 to 2.36), incl 0.008 (0.20) 0.008 (0.20)
Over 0.093 to 0.109 (2.36 to 2.77), incl 0.009 (0.23) 0.009 (0.23)
Over 0.109 to 0.125 (2.77 to 3.18), incl 0.010 (0.25) 0.010 (0.25)
Over 0.125 to 0.140 (3.18 to 3.56), incl 0.013 (0.33) 0.010 (0.25)
Over 0.140 to 0.171 (3.56 to 4.34), incl 0.016 (0.41) 0.010 (0.25)
Over 0.171 to 0.187 (4.34 to 4.75), incl 0.018 (0.46) 0.010 (0.25)

AApplicable to sheet 48 in. (1.22 m) and under in width.
BMeasured 3⁄8 in. (9.52 mm) or more from any edge.
CBuffing for removal of light surface imperfections shall be permitted. The depth

of such buffed areas shall not exceed the permissible minus variation.
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13. Test Methods and Chemical Analysis

13.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall be
determined, in case of disagreement, in accordance with the
following ASTM standards:

13.1.1 Chemical Analysis—Test Methods E 1473. For ele-
ments not covered by Test Methods E 1473, the referee test
method shall be as agreed upon between the manufacturer and
the purchaser. The composition of the remainder element shall
be determined arithmetically by difference.

13.1.2 Tension Test—Test Methods E 8.
13.1.3 Rockwell Hardness Test—Test Methods E 18.
13.1.4 Hardness Conversion—Hardness Conversion Tables

E 140.
13.1.5 Determining Significant Places—Practice E 29.
13.1.6 Method of Sampling—Practice E 55.
13.2 For purposes of determining compliance with the

specified limits for requirements of the properties listed in the
following table, an observed or calculated value shall be
rounded in accordance with the rounding method of Practice
E 29.

Requirements Rounded unit for observed or calculated value

Chemical composi-
tion and tolerances

nearest unit in the last right-hand place of figures
of the specified limit

Tensile strength and yield
strength

nearest 1000 psi (7 MPa)

Elongation nearest 1 %

14. Inspection

14.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

15. Rejection and Rehearing

15.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16. Certification

16.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

17. Product Marking and Package Marking

17.1 Each plate, sheet, or strip shall be marked on one face
with the specification number, heat number, manufacturer’s
identification, and size. The markings shall have no deleterious
effect on the material or its performance and shall be suffi-
ciently stable to withstand normal handling.

17.2 Each bundle or shipping container shall be marked
with the name of the material; this specification number; alloy;
the size; gross, tare, and net weight; consignor and consignee
address; contract or order number; and such other information
as may be defined in the contract or order.

18. Keywords

18.1 plate; sheet; strip; N06007; N60975; N06985; N06030

APPENDIX

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary for optimum performance, and the manu-
facturer shall be consulted for details.

TABLE 6 Permissible Variations in Width of Sheet and Strip

Specified Thickness, in. (mm) Specified Width, in. (mm)
Permissible Variations in Specified Width, in.

(mm)
+ −

Sheet
0.187 (4.76) and under 2 (50.8) and over 0.125 (3.18) 0

Strip (Slit Edges)
Over 0.020 to 0.075 (0.51 to 1.90), incl 24 (610) and under 0.007 (0.18) 0.007 (0.18)
Over 0.075 to 0.100 (1.90 to 2.54), incl 24 (610) and under 0.009 (0.23) 0.009 (0.23)
Over 0.100 to 0.125 (2.54 to 3.18), incl 24 (610) and under 0.012 (0.30) 0.012 (0.30)
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
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United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
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Designation: B 589 – 94 (Reapproved 1999) e1

Standard Specification for
Refined Palladium 1

This standard is issued under the fixed designation B 589; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—UNS number was added in June 1999.

1. Scope

1.1 This specification covers refined palladium as sponge,
cast bar, and wrought forms (Note 1) in one grade as follows:

1.1.1 Grade 99.95 (UNS PO3995)— Palladium having a
purity of 99.95 %.

NOTE 1—Other forms of unfabricated palladium of commerce are not
to be excluded under this specification.

NOTE 2—For the purposes of determining conformance with this
specification, an observed value obtained from analysis shall be rounded
to the nearest unit in the last right hand place of figures used in expressing
the limiting value, in accordance with the rounding method of Practice
E 29.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications2

3. Materials and Manufacture

3.1 The metal may be produced by any refining process that
yields a product capable of meeting the chemical requirements
of this specification. The purchaser, upon request, shall be
informed of the refining process used.

3.2 The surfaces of bars and wrought forms shall exhibit
quality generally acceptable to the trade.

4. Chemical Composition

4.1 The refined palladium shall conform to the requirements
as to the chemical composition prescribed in Table 1.

5. Sampling

5.1 The value of this material is such that special attention
must be paid to sampling procedures. The purchaser and
manufacturer shall agree upon the sampling procedures used.

5.2 Lot Size—Sampling lots shall consist of the following:
5.2.1 Sponge—A single refining lot, and
5.2.2 Other Forms— A single melt or primary consolida-

tion.

6. Method of Analysis

6.1 Pending the development of standard ASTM methods of
chemical or spectrographic analysis, or both, the methods to be
used shall be a matter of agreement between the manufacturer
and the purchaser.

1 This specification is under the jurisdiction of ASTM Committee B-2 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals.

Current edition approved Feb. 15, 1994. Published April 1994. Originally
published as B 589 – 73. Last previous edition B 589 – 82 (1987).

2 Annual Book of ASTM Standards, Vol 14.02.

TABLE 1 Chemical Requirements

ElementA
Composition, %

Grade 99.95
(UNS PO3995)

Palladium, min (by difference) 99.95
Platinum, max ...
Rhodium, max ...
Ruthenium, max ...
Iridium, max ...

Total platinum group metals other than palladium, max 0.03
Gold, max 0.01
Silver, max 0.01
Lead, max 0.005
Tin, max 0.005
Zinc, max 0.0025
Iron, max 0.005
Copper, max 0.005
Silicon, max 0.005
Magnesium, max 0.005
Calcium, max 0.005
Aluminum, max 0.005
Nickel, max 0.005
Chromium, max 0.001
Cobalt, max 0.001
Manganese, max 0.001
Antimony, max 0.002

A By agreement between manufacturer and purchaser analyses may be
required and limits established for elements or compounds not specified in this
table.

1
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7. Rejection and Rehearing

7.1 Material that fails to conform to the requirements of this
specification may be rejected. Rejection should be reported to
the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for rehearing.

7.1.1 If the palladium satisfies the requirements of this
specification, it shall not be rejected for defects in the products
in which it is used.

7.2 Investigation of Claims—In a question of chemical
composition, a new sample shall be drawn by representatives
of both parties in accordance with Section 5. The properly

mixed and quartered sample shall be divided into three parts,
each of which shall be placed in a sealed package, one for the
manufacturer, one for the purchaser, and one for an umpire, if
necessary.

8. Product Marking

8.1 The material shall be legibly identified by mark, label,
or tag with the following information: palladium (Pd)
Grade_____ , lot or melt number, and weight to the nearest
0.001 troy oz (0.03 g).

9. Keywords

9.1 palladium; refined palladium; sponge

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 596 – 89 (Reapproved 1999)

Standard Specification for
Gold-Copper Alloy Electrical Contact Material 1

This standard is issued under the fixed designation B 596; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers a wrought alloy containing
gold and copper in the form of wire, rod, strip, and tubing for
electrical contacts.

1.2 The values stated in either inch-pound or SI units are to
be regarded separately as standard. The values in parentheses
are for information only.

1.3 The following precautionary statement pertains to the
test method portion only, Section 7, of this standard:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

1.4 It is the responsibility of the user to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
duced by the manufacturer.

2. Referenced Documents

2.1 ASTM Standards:
B 476 Specification for General Requirements for Wrought

Precious Metal Electrical Contact Materials2

E 8 Test Methods of Tension Testing of Metallic Materials3

E 384 Test Method for Microhardness of Materials3

3. Materials and Manufacture

3.1 Raw materials shall be of such quality and purity that
the finished product will have the properties and characteristics
prescribed in this specification.

3.2 The material shall be finished by such operations (cold
working, heat treating, annealing, turning, grinding, pickling)
as are required to produce the prescribed properties.

4. Chemical Composition

4.1 Materials produced under the specification shall meet
the requirements of chemical composition shown in Table 1.

5. Mechanical Properties

5.1 The contract or order may specify ultimate tensile
strength, elongation, microhardness (Knoop or Vickers), hard-
ness (Rockwell or Rockwell Superficial), or a combination of
these mechanical properties as temper criterion. If the contract
or order does not specify a temper criterion, then the criterion
for temper designation will be ultimate tensile strength.

5.2 The material shall conform to the mechanical properties
shown in Table 2, Table 3, Table 4, or Table 5.

5.3 The material shall be free of stress corrosion (as tested)
in accordance with 7.3.

6. General Requirements

6.1 Specification B 476 shall apply to all materials produced
to this specification.

7. Test Methods

7.1 Test methods shall be in accordance with Specification
B 476.

7.1.1 Knoop hardness tests shall be in accordance with Test
Method E 384. Material 0.005 in. (0.13 mm) in thickness (or
diameter) and larger shall be tested using a 100-g indenter load.
A minimum of five hardness indentations shall be made on
each specimen. The hardness value reported shall be the
average of the five indentations. Material less than 0.005 in. in
thickness (or diameter) shall be tested with a 50-g indenter
load.

7.1.2 All tension tests shall be in accordance with Method
E 8 and test specimens shall be full cross section, when
practical.

7.1.3 All tests shall be conducted at room temperature, 65 to
85°F (18 to 29°C).

7.2 Chemical analysis shall be performed by spectrochemi-
cal or wet analysis methods. Fire assay is an acceptable
alternative method for gold analysis.

7.3 The stress corrosion test shall be performed as follows:

1 This test method is under the jurisdiction of ASTM Committee B-2 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.09 on Electrical Contact Materials.

Current edition approved Sept. 29, 1989. Published November 1989. Originally
published as B 596 – 74. Last previous edition B 596 – 84.

2 Annual Book of ASTM Standards, Vol 03.04.
3 Annual Book of ASTM Standards, Vol 03.01.
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7.3.1 Immerse test samples in a test solution of the follow-
ing proportions for 30 min at room temperature:

7.3.1.1 Ferric Chloride (Fe Cl 3)—20 g,
7.3.1.2 Hydrochloric Acid (HCl) (conc)—80 mL, and
7.3.1.3 Distilled Water—250 mL.

7.3.2 Remove the samples, thoroughly rinse, and dry. Dis-
card the solution; do not reuse.

7.3.3 Examine for cracks visible to the naked eye.
7.3.4 If no cracks are visible, carry out the following

procedure:
7.3.4.1 Compress the ring or tube samples with pliers over

a mandrel whose outside diameter is approximately one half
the inside diameter of the ring.

7.3.4.2 Bend wire, rod or tube or strip samples 180° around
a pin whose diameter is approximately five times the wire or
strip thickness.

7.3.4.3 The material shall be considered free of stress
corrosion if the samples do not exhibit spontaneous cracking,
and if the samples do not show a greater tendency to crack than
samples that have not been immersed in the test solution but
have been compressed in the same manner.

8. Inspection and Testing

8.1 Material furnished under this specification shall be
inspected and tested by the manufacturer as listed below:

8.1.1 Visual inspection at 103 magnification.
8.1.2 Tension or hardness test, or both, for temper verifica-

tion.
8.1.3 Dimensional inspection.
8.1.4 Chemical analysis when indicated by the purchase

order.
8.1.5 Stress corrosion test.

9. Keywords

9.1 coin gold; contacts; electrical contacts; gold alloy; low
contact resistance; low energy contact; non arcing contact

APPENDIX

(Nonmandatory Information)

X1. REFERENCE PROPERTIES FOR GOLD—COPPER ELECTRICAL CONTACT MATERIAL

X1.1 The following is a list of typical property values
which are useful for engineering calculations in electrical
contact design and application.

Annealed
Resistivity

V·cmil/ft 76.4
µV·cm 12.7

Density, g/cm 3 17.32
Solidus temperature,° C 930

TABLE 1 Chemical Requirements

Element Weight, %

Gold 89.0–91.0
Copper balance 9.0–11.0
Total, noble metal impurities 0.2 max
Total, all other impurities 0.2 max

TABLE 2 Mechanical Properties of Wire (0.005 to 0.020 in. (0.13
to 0.51 mm) diameter)

Property
Temper,

Annealed Hard Drawn

Tensile strength, ksi (MPa) 75 max
(520 max)

90 min
(620 min)

Elongation in 2 in. or 50 mm, % 15 min 3 max
Hardness, Knoop, HK 100 A 170 max 200 min

ASee 7.1.1.

TABLE 3 Mechanical Properties of Wire (Over 0.020 to 0.060 in.
(0.51 to 1.52 mm) diameter)

Property
Temper,

Annealed Hard Drawn

Tensile strength, ksi (MPa) 65 max
(450 max)

80 min
(550 min)

Elongation in 2 in. or 50 mm, % 25 min 5 max
Hardness, Knoop, HK 100 A 170 max 200 min

ASee 7.1.1.

TABLE 4 Mechanical Properties of Strip (0.003 to 0.015 in. (0.076
to 0.38 mm) thick)

Property
Temper,

Annealed Hard Rolled

Tensile strength, ksi (MPa) 75 max
(520 max)

90 min
(620 min)

Elongation in 2 in. or 50 mm, % 15 min 3 max
Hardness, Knoop, HK 100 A 170 max 200 min

ASee 7.1.1.

TABLE 5 Mechanical Properties of Tubing (0.025 to 2.0 in. (0.64
to 51 mm) outside diameter)

Property
Temper,

Annealed Hard Drawn

Tensile strength, ksi (MPa) 75 max
(520 max)

90 min
(620 min)

Elongation in 2 in. or 50 mm, % 15 min 3 max
Hardness, Knoop, HK 100 A 170 max 200 min

ASee 7.1.1.
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Designation: B 599 – 92 (Reapproved 2003) e1

Standard Specification for
Nickel-Iron-Chromium-Molybdenum-Columbium Stabilized
Alloy (UNS N08700) Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 599; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Keywords were added editorially in November 2003.

1. Scope

1.1 This specification covers nickel-iron-
chromiummolydenum-columbium stabilized alloy (UNS
N08700)* plate, sheet, and strip in the solution-annealed
condition.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

A 262 Practices for Detecting Susceptibility to Intergranu-
lar Attack in Austenitic Stainless Steels

E 8 Test Methods for Tension Testing of Metallic Materials
E 10 Test Method for Brinell Hardness of Metallic Materi-

als
E 18 Test Methods for Rockwell Hardness and Rockwell

Superficial Hardness of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications

E 55 Practice for Sampling Wrought Nonferrous Metals and
Alloys for Determination of Chemical Composition

E 140 Hardness Conversion Tables for Metals (Relationship
Between Brinell Hardness, Vickers Hardness, Rockwell
Hardness, Rockwell Superficial Hardness, and Knoop
Hardness)

E 350 Test Methods for Chemical Analysis of Carbon
Steel, Low-Alloy Steel, Silicon Electrical Steel, Ingot Iron,
and Wrought Iron

E 353 Test Methods for Chemical Analysis of Stainless,
Heat-Resisting, Maraging, and Other Similar Chromium-
Nickel-Iron Alloys

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 The terms plate, sheet, and strip as used in this

specification are described as follows:
3.1.1.1 plate—material 0.1875 in. (4.76 mm) and over in

thickness and over 10 in. (254 mm) in width.
3.1.1.2 sheet—material under 0.1875 in. (4.76 mm) in

thickness and over 24 in. (610 mm) in width.
3.1.1.3 strip—material under 0.1875 in. (4.76 mm) in thick-

ness and under 24 in. (610 mm) in width.

4. Ordering Information

4.1 Orders for material under this specification should
include the following information:

4.1.1 Quantity (weight or number of pieces).
4.1.2 Name of material or UNS N08700.
4.1.3 Form (plate, sheet, or strip).
4.1.4 Dimensions.
4.1.5 Type of edge required (for strip only, see 9.4).
4.1.6 Finish (Section 10)—For sheet ordered with No. 4

finish, specify whether one or both sides are to be polished.
4.1.7 ASTM designation and year of issue.
4.1.8 Corrosion Test— State if intergranular corrosion test

is required (Section 8).
4.1.9 Marking—State if metal die identification is required

on plate1⁄4 in. (6.35 mm) or thicker (Section 17).

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved November 1, 2003. Published November 2003.
Originally approved in 1980. Last previous edition approved in 1992 as
B 599 – 92 (1997).

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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4.1.10 Certification or Test Reports—State if certification or
test reports are required (Section 16).

5. Materials and Manufacture

5.1 Heat Treatment— The final heat treatment shall be a
solution anneal. Minor cold working such as flattening or
temper rolling may be performed after the final solution
annealing treatment.

NOTE 1—This recommended solution anneal consists of heating to a
minimum temperature of 2000°F (1090°C) and cooling rapidly to room
temperature.

6. Chemical Composition

6.1 The material sampled, in accordance with 11.2, shall
conform to the composition limits prescribed in Table 1.

6.2 If a product analysis is subsequently made, the material
shall conform to the composition limits with the product
analysis variation prescribed in Table 2.

7. Mechanical Requirements

7.1 The material shall conform to the requirements as to the
mechanical property prescribed in Table 3.

8. Intergranular Corrosion Test

8.1 All material supplied to this specification shall be
capable of passing the intergranular corrosion test, but the test
need not be performed on any given lot unless it is specified on
the purchase order. If the test is specified, it shall be performed
by the manufacturer on specimens taken in the as-shipped
condition. Specimens shall be tested in the sensitized condition
(1 h at 1250°F (677°C)), and tested in accordance with Practice
C of Practices A 262. The corrosion rate shall not exceed 2.5
mils/month (165 mg/dm2·day).

9. Dimensions and Permissible Variations

9.1 Sheet—The material referred to as sheet shall conform
to the variations in dimensions prescribed in Tables 4-9,
inclusive.

9.2 Cold-Rolled Strip—The material referred to as cold-
rolled strip shall conform to the permissible variations in
dimensions prescribed in Tables 10-13, inclusive.

9.3 Plate—The material referred to as plate shall conform to
the permissible variations in dimensions prescribed in Tables
14-19, inclusive.

9.4 Edges for Cold-Rolled Strip:

9.4.1 The various types of edges procurable shall be as
follows:

9.4.1.1 No. 1 Edge—Rolled edge, contour as specified.
9.4.1.2 No. 3 Edge—An edge produced by slitting.
9.4.1.3 No. 5 Edge—Approximately square edge produced

by rolling or filing, or both, after slitting.

10. Workmanship, Finish, and Appearance

10.1 The material shall be free of injurious imperfections
and shall correspond to the designated finish as described as
follows:

10.1.1 Sheet—The various types of finish procurable on
sheet products shall be as follows:

10.1.1.1No. 1 Finish— Hot rolled, annealed, and descaled;
produced by hot rolling to specified thicknesses followed by
annealing and descaling (see 10.2).

10.1.1.2No. 2D Finish— Dull, cold-rolled finish; produced
by cold rolling to the specified thickness, annealing, and
descaling. The dull finish results from the descaling and
pickling operations.

10.1.1.3No. 2B Finish— Bright, cold-rolled finish; pro-
duced by giving a final light cold-rolled pass with polished
rolls, to a sheet that has been annealed and descaled.

10.1.1.4No. 4 Finish— General-purpose polished finish.
Following initial grinding with coarser abrasives, sheets are
generally finished last with abrasives approximately 120 to 150
mesh. Sheets can be produced with one or two sides polished.
When polished on one side only, the other side may be rough
ground in order to obtain the necessary flatness.

10.1.1.5Bright Annealed— Bright finish produced by cold
rolling to thickness, then annealing in a protective atmosphere.

10.1.2 Strip—The type of finish procurable on cold-rolled
strip shall be as follows:

10.1.2.1No. 1 Finish— Cold rolled to specified thickness,
annealed, and pickled (see 10.2). Appearance of this finish is a
dull gray.

10.1.2.2No. 2 Finish— Same as No. 1 finish, followed by
a final light cold-rolled pass, generally on highly polished rolls.

10.1.2.3Bright Annealed— Bright finish produced by cold
rolling to thickness, then annealing in a protective atmosphere.

10.1.3 Plate—The types of finish procurable on plates shall
be as follows:

10.1.3.1Hot- or Cold-Rolled, Annealed—Scale not re-
moved (see 10.2).

10.1.3.2Hot- or Cold-Rolled, Annealed, Descaled—Scale
removed by a blast cleaning or pickling operation (see 10.2).

TABLE 1 Chemical Requirements

Element Composition, %

Nickel 24.0–26.0
Iron remainderA

Chromium 19.0–23.0
Molybdenum 4.3–5.0
Columbium 8 3 carbon to 0.40
Carbon, max 0.04
Silicon, max 1.00
Manganese, max 2.00
Phosphorus, max 0.040
Sulfur, max 0.030
Copper, max 0.50

A Determined arithmetically by difference.

TABLE 2 Product (Check) Analysis

Element
Tolerances Over the Maximum

Limit or Under the Minimum
Limit, %

Nickel 0.20
Chromium 0.20
Molybdenum 0.10
Columbium 0.05
Carbon 0.01
Silicon 0.05
Manganese 0.04
Phosphorus 0.005
Sulfur 0.005
Copper 0.03

B 599 – 92 (2003)e1
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10.2 Spot grinding to remove surface imperfections is
permitted for material produced in accordance with 10.1.1.1,
10.1.2.1, 10.1.3.1, and 10.1.3.2, provided such grinding does
not reduce the thickness or width at any point beyond the
permissible variations in dimensions.

11. Sampling

11.1 Lots of Chemical Analysis, Mechanical Testing, and
Corrosion Testing:

11.1.1 A lot for chemical analysis shall consist of one heat.
11.1.2 Plate—A lot of plate for testing and inspection

purposes shall consist of the products resulting from the rolling
of one heat of material in the same condition and specified
thickness, solution annealed by the same practice, but in no
case more than 25 000 lb (11 340 kg).

11.1.3 Sheet and Strip— A lot of sheet or strip for testing
and inspection purposes shall consist of material from one heat
in the same form (sheet or strip), condition, finish, and
specified thickness, solution annealed by the same practice but
in no case more than 25 000 lb (11 340 kg).

11.2 Sampling for Chemical Analysis:
11.2.1 A representative sample shall be taken from each lot

during pouring or subsequent processing.

11.2.2 Product analysis, if performed, shall be wholly the
responsibility of the purchaser.

11.3 Sampling for Mechanical Tests:
11.3.1 A sample of the material to provide test specimens

for mechanical tests shall be taken from such a location in each
lot as to be representative of that lot.

11.3.2 When samples are to be taken after delivery, the
purchaser of material ordered to cut lengths may request on the
purchase order additional material of adequate size to provide
sample coupons for inspection purposes.

11.4 Sampling for Corrosion Tests—A sample for corrosion
testing shall be taken from a location chosen to be representa-
tive of the lot.

12. Number of Tests and Retests

12.1 In the case of sheet or strip supplied in coil form, two
or more tension tests (one from each end of each coil), and one
or more hardness tests shall be made on specimens taken from
each end of the coil. When material is supplied in flat sheet, flat
strip, or plate, one tension and one or more hardness tests shall
be made on each 100 or less sheets, strips, or plates of the same
lot. When specified, one corrosion test shall be conducted for
each lot.

12.2 If any specimens selected to represent any lot fail to
meet any of the test requirements, the material represented by
such specimens may be retested. If there is valid reason to
believe the result is not representative, the material may be
re-reannealed and retested.

TABLE 3 Mechanical Property Requirements

Form
Tensile Strength, min,

ksi (MPa)
Yield Strength (0.2 % offset),

min, ksi (MPa)
Elongation in 2 in. or 50 mm,

or 4D, min, %
Rockwell Hardness (or

equivalent)A

Sheet 80 (550) 35 (240) 30 75–90 HRB
Strip 80 (550) 35 (240) 30 75–90 HRB
Plate 80 (550) 35 (240) 30 75–90 HRB

A Hardness values are shown for information only and shall not constitute a basis for acceptance or rejection as long as the other mechanical properties are met.

TABLE 4 Thickness Tolerances for Hot-Rolled and Cold-Rolled
Sheets

Specified Thickness, in. (mm)
Tolerance, over and
under, in. (mm)

Over 0.145 to less than 0.1875 (3.68 to less than 4.76) 0.014 (0.36)
Over 0.130 to 0.145 (3.30 to 3.68), incl 0.012 (0.30)
Over 0.114 to 0.130 (2.90 to 3.30), incl 0.010 (0.25)
Over 0.098 to 0.114 (2.49 to 2.90), incl 0.009 (0.23)
Over 0.083 to 0.098 (2.11 to 2.49), incl 0.008 (0.20)
Over 0.072 to 0.083 (1.83 to 2.11), incl 0.007 (0.18)
Over 0.058 to 0.072 (1.47 to 1.83), incl 0.006 (0.15)
Over 0.040 to 0.058 (1.02 to 1.47), incl 0.005 (0.13)
Over 0.026 to 0.040 (0.66 to 1.02), incl 0.004 (0.10)
Over 0.016 to 0.026 (0.41 to 0.66), incl 0.003 (0.08)
Over 0.007 to 0.016 (0.18 to 0.41), incl 0.002 (0.05)
Over 0.005 to 0.007 (0.13 to 0.18), incl 0.0015 (0.04)
0.005 (0.13) 0.001 (0.03)

TABLE 5 Width and Length Tolerances for Hot-Rolled and Cold-
Rolled Resquared Sheets (Stretcher Leveled Flatness)

Specified Dimensions, in. (mm)
Tolerance, in. (mm)

Over Under

For thicknesses under 0.031 (0.79):
Widths up to 48 (1219), excl 1⁄16 (1.6) 0
Widths 48 (1219) and over 1⁄8 (3.2) 0
Lengths up to 120 (3048), excl 1⁄16 (1.6) 0
Lengths 120 (3048) and over 1⁄8 (3.2) 0

For thicknesses 0.031 (0.79) and
over:

All widths and lengths 1⁄4 (6.4) 0

TABLE 6 Width, Length, and Camber Tolerances for Hot-Rolled
and Cold-Rolled Sheets Not Resquared

Width Tolerances

Specified Thickness, in. (mm)

Tolerance for Specified Width,
in. (mm)

24 to 48 (610 to
1219), excl

48 (1219) and
Over

Less than 3⁄16 (4.76) 1⁄16 (1.6) over,
0 under

1⁄8 in. (3.2)
over,

0 under
Length Tolerances

Specified Length, ft (mm)
Tolerance, in. (mm)

Over Under
Up to 10 (3050), incl 1⁄4 (6.4) 0 (0)

Over 10 to 20 (3050 to 6100), incl 1⁄2 (12.7) 0 (0)
Camber TolerancesA

Specified Width, in. (mm)
Tolerance per Unit Length of any

8 ft
(2440 mm), in. (mm)

24 to 36 (610 to 914), incl 1⁄8 (3.2)
Over 36 (914) 3⁄32 (2.4)

A Camber is the greatest deviation of a side edge from a straight line, and
measurement is taken by placing an 8-ft (2440-mm) straightedge on the concave
side and measuring the greatest distance between the sheet edge and the
straightedge.
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13. Specimen Preparation

13.1 Tension test specimens from material under1⁄2 in. (12.7
mm) in thickness shall be of the full thickness of the material
and machined to the form and dimensions shown for the
sheet-type specimen in Test Methods E 8. Tension test speci-
mens from material1⁄2 in. (12.7 mm) and over shall be of the
full thickness of the material, machined to the form and
dimensions shown for the plate-type specimen in Test Methods
E 8, or shall be the largest possible round specimen shown in
Test Methods E 8. Tension test specimens shall be taken from
material after final heat treatment and shall be selected in the
transverse direction unless prohibited by width.

13.2 Corrosion test specimens shall be prepared so that at
least one major surface represents the as-supplied surface, with
only light surface grinding permitted on this surface.

14. Test Methods

14.1 Determine the chemical composition and properties of
the material as enumerated in this specification, in case of
disagreement, in accordance with the following methods:

Test ASTM Designations
Chemical analysis E 350, E 353A,B

Tension E 8
Brinell hardness E 10
Rockwell hardness E 18
Hardness conversion E 140
Rounding procedure E 29
Method of sampling for product analysis E 55
Intergranular corrosion test A 262, Practice C

AIron shall be determined arithmetically by difference.
BTest Method E 350 are to be used only for elements not covered by Test

Methods E 353.

14.2 For purpose of determining compliance with the limits
in this specification, an observed value or a calculated value
shall be rounded as indicated in accordance with the rounding
method of Practice E 29.

Requirements
Rounded Unit for Observed or

Calculated Value
Chemical composition hardness and toler-
ance (when expressed in decimals)

Nearest unit in the last right-hand
place of figures of the specified
limit

Tensile strength and yield strength nearest 1000 psi (7 MPa)
Elongation nearest 1 %

15. Rejection and Rehearing

15.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16. Certification

16.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

TABLE 7 Flatness Tolerances for Hot-Rolled and Cold-Rolled Sheets

Sheets not Specified to Stretcher Leveled Standard of Flatness

Specified Thickness, in. (mm) Width, in. (mm)
Flatness Tolerance (max Deviation from a

Horizontal Flat Surface), in. (mm)

0.062 (1.57) and over to 60 (1524), incl 1⁄2 (12.7)
over 60 to 72 (1524 to

1829), incl

3⁄4 (19.1)

over 72 (1829) 1 (25.4)
Under 0.062 (1.57) to 36 (914), incl 1⁄2 (12.7)

over 36 to 60 (914 to
1524), incl

3⁄4 (19.1)

over 60 (1524) 1 (25.4)

Sheets Specified to Stretcher Level Standard of Flatness

Specified Thickness, in. (mm) Width, in. (mm) Length, in. (mm) Flatness Tolerance, in. (mm)

Under (4.76) to 48 (1219), incl to 96 (2438), incl 1⁄8 (3.2)
Under 3⁄16 (4.76) to 48 (1219), incl over 96 (2438) 1⁄4 (6.4)
Under 3⁄16 (4.76) over 48 (1219) to 96 (2438), incl 1⁄4 (6.4)
Under 3⁄16 (4.76) over 48 (1219) over 96 (2438) 1⁄4 (6.4)

TABLE 8 Diameter Tolerances for Hot-Rolled and Cold-Rolled
Sheets, Sheared Circles

Specified
Thickness, in.

(mm)

Tolerance Over Specified Diameter (No
Tolerance Under), in. (mm)

Under 30 (762)
30 to 48 (762
to 1219), incl

Over 48 (1219)

Over 0.097
(2.46)

1⁄8 (3.2) 3⁄16 (4.8) 1⁄4 (6.4)

Over 0.057 to
0.097 (1.45 to

2.46), incl

3⁄32 (2.4) 5⁄32 (4.0) 7⁄32 (5.6)

0.057 (1.45) and
under

1⁄16 (1.6) 1⁄8 (3.2) 3⁄16 (4.8)

TABLE 9 Weight Tolerances for Hot-Rolled and Cold-Rolled
Sheets

It is not practicable to produce hot-rolled and cold-rolled sheets to exact
theoretical weight. Sheets of any one item of a specified thickness and size in
any finish may be overweight to the following extent:

(1) An item of five sheets or less, or an item estimated to weight 200 lb (90.7
kg) or less, may actually weigh as much as 10 % over the theoretical weight.

(2) An item of more than five sheets and estimated to weigh more than 200
lb (90.7 kg) may actually weigh as much as 71⁄2 % over the theoretical weight.

(3) The underweight variations for sheets are limited by the under thickness
tolerances shown in Table 4.
For determining theoretical weight the factor, 42 lb/ft2·in. (0.0008 kg/cm2·mm)
thickness may be used.
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17. Product Marking

17.1 Each piece (plate, sheet, strip, or coil) shall be marked
legibly with the specification number, UNS number, heat
number, and the name of the manufacturer. When specified,
marking shall be by die stamping on plates1⁄4 in. (6.35 mm) or
thicker.

18. Keywords

18.1 plate; sheet; strip; N08700

TABLE 10 Thickness Tolerances A,B ,C for Cold-Rolled Strip for the Thicknesses and Widths Given, Over and Under

Specified Thickness, in.

Width, in.

0.187 to 1,
incl

Over 1 to 3,
incl

Over 3 to 6,
incl

Over 6 to 9,
incl

Over 9 to
12, incl

Over 12 to
16, incl

Over 16 to
20, incl

Over 20 to
24, incl

Thickness Tolerance, in.

Over 0.160 to less than 0.1875 0.002 0.003 0.004 0.004 0.004 0.005 0.006 0.006
Over 0.099 to 0.160, incl 0.002 0.002 0.003 0.003 0.004 0.004 0.005 0.005
Over 0.068 to 0.099, incl 0.002 0.002 0.003 0.003 0.003 0.004 0.004 0.004
Over 0.049 to 0.068, incl 0.002 0.002 0.003 0.003 0.003 0.003 0.004 0.004
Over 0.039 to 0.049, incl 0.002 0.002 0.0025 0.003 0.003 0.003 0.004 0.004
Over 0.034 to 0.039, incl 0.002 0.002 0.0025 0.0025 0.003 0.003 0.003 0.003
Over 0.028 to 0.034, incl 0.0015 0.0015 0.002 0.002 0.0025 0.0025 0.003 0.003
Over 0.025 to 0.028, incl 0.001 0.0015 0.0015 0.002 0.002 0.002 0.0025 0.003
Over 0.019 to 0.025, incl 0.001 0.001 0.0015 0.0015 0.002 0.002 0.0025 0.0025
Over 0.016 to 0.019, incl 0.001 0.001 0.001 0.0015 0.0015 0.002 0.002 0.002
Over 0.012 to 0.016, incl 0.001 0.001 0.001 0.001 0.0015 0.0015 0.002 0.002
Over 0.011 to 0.012, incl 0.001 0.001 0.001 0.001 0.0015 0.0015 0.0015 0.0015
Over 0.010 to 0.011, incl 0.001 0.001 0.001 0.001 0.001 0.0015 0.0015 0.0015
0.010 0.001 0.001 0.001 0.001 0.001 0.001 0.0015 0.0015

Specified Thickness, mm

Width, mm

4.76 to 2.54
Over 25.4 to

76.2, incl
Over 76.2 to
152.4, incl

Over 152.4 to
228.6, incl

Over 228.6 to
304.8, incl

Over 304.8 to
406.4, incl

Over 406.4 to
508, incl

Over 508 to
609.6, incl

Thickness Tolerance, mm

Over 4.06 to less than 4.75 0.05 0.08 0.10 0.10 0.10 0.13 0.15 0.15
Over 2.51 to 4.06, incl 0.05 0.05 0.08 0.08 0.10 0.10 0.13 0.13
Over 1.73 to 2.51, incl 0.05 0.05 0.08 0.08 0.08 0.10 0.10 0.10
Over 1.24 to 1.73, incl 0.05 0.05 0.08 0.08 0.08 0.08 0.10 0.10
Over 0.99 to 1.24, incl 0.05 0.05 0.06 0.08 0.08 0.08 0.10 0.10
Over 0.86 to 0.99, incl 0.05 0.05 0.06 0.06 0.08 0.08 0.08 0.08
Over 0.71 to 0.86, incl 0.04 0.04 0.05 0.05 0.06 0.06 0.08 0.08
Over 0.64 to 0.71, incl 0.02 0.04 0.04 0.05 0.05 0.05 0.06 0.08
Over 0.48 to 0.64, incl 0.02 0.02 0.04 0.04 0.05 0.05 0.06 0.06
Over 0.41 to 0.48, incl 0.02 0.02 0.02 0.04 0.04 0.05 0.05 0.05
Over 0.30 to 0.41 incl 0.02 0.02 0.02 0.02 0.04 0.04 0.05 0.05
Over 0.28 to 0.30, incl 0.02 0.02 0.02 0.02 0.04 0.04 0.04 0.04
Over 0.25 to 0.28, incl 0.02 0.02 0.02 0.02 0.02 0.04 0.04 0.04
0.25 0.02 0.02 0.02 0.02 0.02 0.02 0.04 0.04

A For thicknesses under 0.010 to 0.005 in. (0.254 to 0.127 mm), incl, in widths up to and including 16 in. (406 mm), a tolerance of 610 % of the thickness applies. For
thicknesses under 0.010 to 0.005 in. (0.254 to 0.127 mm), incl, in widths over 16 to 24 in. (406 to 610 mm), excl, a tolerance of 615 % of the thickness applies. For thickness
tolerances on thicknesses under 0.005 in. (0.127 mm) in widths up to 24 in. (610 mm), excl, the producer should be consulted.

B Thickness measurements are taken 3⁄8 in. (9.5 mm) in from the edge of the strip, except that on widths less than 1 in. (25.4 mm) the tolerances are applicable for
measurements at all locations.

C The tolerances in this table do not include crown tolerances.

TABLE 11 Crown Tolerances for Cold-Rolled Strip

Specified Thickness, in. (mm)

Additional Thickness, at Middle of Strip Over That Shown in Table 10 for Edge Measurement, for
Widths and Thicknesses Given, in. (mm)

Width, in. (mm)

To 5 (127), incl Over 5 to 12 (127 to 305), incl
Over 12 to 24 (305 to

610), excl
0.005 to 0.010 (0.127 to 0.254), incl 0.0075 (0.19) 0.001 (0.02) 0.0015 (0.04)
Over 0.010 to 0.025 (0.254 to 0.635), incl 0.001 (0.02) 0.0015 (0.04) 0.002 (0.05)
Over 0.025 to 0.065 (0.635 to 1.65), incl 0.0015 (0.04) 0.002 (0.05) 0.0025 (0.06)
Over 0.065 to 0.1875 (1.65 to 4.76), excl 0.002 (0.05) 0.0025 (0.06) 0.003 (0.08)
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TABLE 12 Width Tolerances for Cold-Rolled Strip on Edge Nos. 1, 5, and 3

Edge Nos. 1 and 5

Specified Edge No. Width, in. Thickness, in.

Width Tolerance for Thickness and Width
Given, in.

Over Under

1 and 5 9⁄32 and under 1⁄16 and under 0.005 0.005
1 and 5 over 9⁄32 to 3⁄4 , incl 3⁄32 and under 0.005 0.005
1 and 5 over 3⁄4 to 5, incl 1⁄8 and under 0.005 0.005
5 over 5 to 9, incl 1⁄8 to 0.008, incl 0.010 0.010
5 over 9 to 20, incl 0.105 to 0.015 0.010 0.010
5 over 20 to 23 15⁄16 , incl 0.080 to 0.023 0.015 0.015

Edge No. 3

Specified Thickness, in.
Width Tolerance for Thickness and Width Given, Over and Under, in.

Under 1⁄2 to 3⁄16 , incl 1⁄2 to 6, incl Over 6 to 9, incl Over 9 to 12, incl Over 12 to 21, incl Over 21 to 24, incl

Under 0.1875 to 0.161,
incl

... 0.016 0.020 0.020 0.031 0.031

0.160 to 0.100, incl 0.010 0.010 0.016 0.016 0.020 0.020
0.099 to 0.069, incl 0.008 0.008 0.010 0.010 0.016 0.020
0.068 and under 0.005 0.005 0.005 0.010 0.016 0.020

Edge Nos. 1 and 5

Specified Edge No. Width, mm Thickness, mm

Width Tolerance for Thickness and Width
Given, mm

Over Under

1 and 5 7.1 and under 1.6 and under 0.13 0.13
1 and 5 Over 7.1 to 19.0, incl 2.4 and under 0.13 0.13
1 and 5 Over 19.0 to 127 3.2 and under 0.13 0.13
5 Over 127 to 229 3.2 to 0.203, incl 0.25 0.25
5 Over 229 to 508 2.7 to 0.381, incl 0.25 0.25
5 Over 508 to 608 2.0 to 0.584, incl 0.38 0.38

Edge No. 3

Specified Thickness,
mm

Width Tolerance for Thickness and Width Given, Over and Under, mm

Under 12.7 to 4.76,
incl 12.7 to 152, incl

Over 152 to 229,
incl

Over 229 to 305,
incl

Over 305 to 533,
incl

Over 533 to 610,
excl

Under 4.76 to 4.09, incl ... 0.41 0.51 0.51 0.79 0.79
4.06 to 2.54, incl 0.25 0.25 0.41 0.41 0.51 0.51
2.51 to 1.75, incl 0.20 0.20 0.25 0.25 0.41 0.51
1.73 and under 0.13 0.13 0.13 0.25 0.41 0.51

TABLE 13 Length and Camber A Tolerances for Cold-Rolled Strip

Length Tolerances

Specified Length, ft (mm)
Tolerance Over Specified Length (No

Under Tolerance), in. (mm)
To 5 (1524), incl 3⁄8 (9.5)
Over 5 to 10 (1520 to 3050), incl 1⁄2 (12.7)
Over 10 to 20 (3050 to 6100), incl 5⁄8 (15.9)

Camber Tolerances

Specified Width, in. (mm)
Tolerance per Unit Length of any 8 ft

(2440 mm), in. (mm)
To 11⁄2 (38.1), incl
Over 11⁄2 to 24 (38.1 to 610), excl

1⁄2 (12.7)
1⁄4 (6.4)

A Camber is the deviation of a side edge from a straight line, and measurement
is taken by placing an 8-ft straightedge on the concave side and measuring the
greatest distance between the strip edge and the straightedge.

B 599 – 92 (2003)e1

6



TABLE 14 Thickness A Tolerances on Plates B ,C

Specified Thickness, in. (mm)

Width, in. (mm) Tolerance Over Specified Thickness, in. (mm)

To 84 (2134), incl Over 84 to 120 (2134 to
3048), incl

Over 120 to 144 (3048 to
3658), incl

Over 144 (3658)

3⁄16 to 3⁄8 (4.76 to 9.53), excl 0.046 (1.17) 0.050 (1.27)
3⁄8 to 3⁄4 (9.53 to 19.05), excl 0.054 (1.37) 0.058 (1.47) 0.075 (1.91) 0.090 (2.29)
3⁄4 to 1 (19.05 to 25.4), excl 0.060 (1.52) 0.064 (1.63) 0.083 (2.11) 0.100 (2.54)
1 to 2 (25.4 to 50.8), incl 0.070 (1.78) 0.074 (1.88) 0.095 (2.41) 0.115 (2.92)

A Thickness is measured along the longitudinal edges of the plate at least 3⁄8 in. (9.53 mm), but not more than 3 in. (76.20 mm), from the edge.
B For circles, the above over-thickness tolerances apply to the diameter of the circle corresponding to the width ranges shown. For plates of irregular shape, the above

over-thickness tolerances apply to the greatest width corresponding to the width ranges shown.
C For plates up to 2 in. (50.8 mm), incl, in thickness, the tolerance under specified thickness is 0.01 in. (0.254 mm).
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TABLE 15 Width and Length Tolerances for Plates A,B

Width, in. Length, in.

Tolerance Over Specified Width and Length for Given Width, Length, and Thickness, in.

Under 3⁄8 in. 3⁄8 to 1⁄2 , incl, in
Thickness

Over 1⁄2 in Thickness

Width Length Width Length Width Length

48 and under 144 and under 1⁄8 3⁄16 3⁄16 1⁄4 5⁄16 3⁄8
Over 48 to 60, incl 3⁄16 1⁄4 1⁄4 5⁄16 3⁄8 7⁄16

Over 60 to 84, incl 1⁄4 5⁄16 5⁄16 3⁄8 7⁄16 1⁄2
Over 84 to 108, incl 5⁄16 3⁄8 3⁄8 7⁄16 1⁄2 9⁄16

Over 108 3⁄8 7⁄16 7⁄16 1⁄2 5⁄8 11⁄16

48 and under over 144 to 240 3⁄16 3⁄8 1⁄4 1⁄2 5⁄16 5⁄8
Over 48 to 60, incl 1⁄4 7⁄16 5⁄16 5⁄8 3⁄8 3⁄4
Over 60 to 84, incl 3⁄8 1⁄2 7⁄16 11⁄16 1⁄2 3⁄4
Over 84 to 108, incl 7⁄16 1⁄2 3⁄4 5⁄8 7⁄8
Over 108 1⁄2 5⁄8 5⁄8 7⁄8 11⁄16 1
48 and under over 240 to 360 1⁄4 1⁄2 5⁄16 5⁄8 3⁄8 3⁄4
Over 48 to 60, incl 5⁄16 5⁄8 3⁄8 3⁄4 1⁄2 3⁄4
Over 60 to 84, incl 7⁄16 11⁄16 1⁄2 3⁄4 5⁄8 7⁄8
Over 84 to 108, incl 9⁄16 3⁄4 5⁄8 7⁄8 3⁄4 1
Over 108 5⁄8 7⁄8 11⁄16 1 7⁄8 1
60 and under over 360 to 480 7⁄16 11⁄8 1⁄2 11⁄4 5⁄8 13⁄8
Over 60 to 84, incl 1⁄2 11⁄4 5⁄8 13⁄8 3⁄4 11⁄2
Over 84 to 108, incl 9⁄16 11⁄4 3⁄4 13⁄8 7⁄8 11⁄2
Over 108 3⁄4 13⁄8 7⁄8 11⁄2 1 15⁄8
60 and under over 480 to 600 7⁄16 11⁄4 1⁄2 11⁄2 5⁄8 15⁄8
Over 60 to 84, incl 1⁄2 13⁄8 5⁄8 11⁄2 3⁄4 15⁄8
Over 84 to 108, incl 5⁄8 13⁄8 3⁄4 11⁄2 7⁄8 15⁄8
Over 108 3⁄4 11⁄2 7⁄8 15⁄8 1 13⁄4 3⁄4
60 and under over 600 1⁄2 13⁄4 5⁄8 17⁄8 3⁄4 17⁄8
Over 60 to 84, incl 5⁄8 13⁄4 3⁄4 17⁄8 7⁄8 17⁄8
Over 84 to 108, incl 5⁄8 13⁄4 3⁄4 17⁄8 7⁄8 17⁄8
Over 108 7⁄8 13⁄4 1 2 11⁄8 21⁄4

Width, mm Length, mm

Tolerance Over Specified Width and Length for Given Width, Length, and Thickness, mm

Under 9.5 mm
9.5 to 12.7 mm incl, in

Thickness
Over 12.7 mm in Thickness

Width Length Width Length Width Length

1219 mm and under 3658 and under 3.2 4.8 4.8 6.4 7.9 9.5
Over 1219 to 1524, incl 4.8 6.4 6.4 7.9 9.5 11.1
Over 1524 to 2134, incl 6.4 7.9 7.9 9.5 11.1 12.7
Over 2134 to 2743, incl 7.9 9.5 9.5 11.1 12.7 14.3
Over 2743 9.5 11.1 11.1 12.7 15.9 17.5
1219 mm and under over 3658 to 6096 4.8 9.5 6.4 12.7 7.9 15.9
Over 1219 to 1524, incl 6.4 11.1 7.9 15.9 9.5 19.1
Over 1524 to 2134 9.5 12.7 11.1 17.5 12.7 19.1
Over 2134 to 2743, incl 11.1 14.3 12.7 19.1 15.9 22.2
Over 2743 12.7 15.9 15.9 22.2 17.5 25.4
1219 mm and under over 6096 to 9144 6.4 12.7 7.9 15.9 9.5 19.1
Over 1219 to 1524, incl 7.9 15.9 9.5 19.1 12.7 19.1
Over 1524 to 2134 11.1 17.5 12.7 19.1 15.9 22.2
Over 2134 to 2743, incl 14.3 19.1 15.9 22.2 19.1 25.4
Over 2743 15.9 22.2 17.5 25.4 22.2 25.4
1524 mm and under over 9144 to 12 192 11.1 28.6 12.7 31.8 15.9 34.9
Over 1524 to 2134, incl 12.7 31.8 15.9 34.9 19.1 38.1
Over 2134 to 2743, incl 14.3 31.8 19.1 34.9 22.2 38.1
Over 2743 19.1 34.9 22.2 38.1 25.4 41.3
1524 mm and under over 12 192 to 15 240 11.1 31.8 12.7 38.1 19.1 41.3
Over 1524 to 2134, incl 12.7 34.9 15.9 38.1 22.2 41.3
Over 2134 to 2743, incl 15.9 34.9 19.1 38.1 22.2 41.3
Over 2743 19.1 38.1 22.2 41.3 25.4 44.5
1524 mm and under over 15 240 12.7 44.5 15.9 47.6 19.1 47.6
Over 1524 to 2134, incl 15.9 44.5 19.1 47.6 22.2 47.6
Over 2134 to 2743, incl 15.9 44.5 19.1 47.6 22.2 47.6
Over 2743 22.2 44.5 25.4 50.8 28.6 57.2
A The tolerance under specified width and length is 1⁄4 in. (6.35 mm).
B Rectangular plates over 1 in. (25.4 mm) in thickness are not commonly sheared and are machined or otherwise cut to length and width or produced in the size as rolled,

uncropped.

TABLE 16 Camber Tolerance for Plates

Maximum camberA = 1⁄8 in. (3.2 mm) in any 5 ft (1524 mm)
A Camber is the deviation of a side edge from a straight line, and measurement

is taken by placing a 5-ft (1524-mm) straightedge on the concave side and
measuring the greatest distance between the plate and the straightedge.
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TABLE 17 Diameter Tolerances for Circular Plates

Specified Diameter, in. (mm)

Tolerance over Specified Diameter for Given Diameter and Thickness (No
Under Tolerance), in. (mm)

Thickness
To 0.375 (9.53), excl 0.375 to 0.625 (9.53 to 15.88), excl 0.625 (15.88) and over

To 60 (1524), excl 1⁄4 (6.4) 3⁄8 (9.5) 1⁄2 (12.7)
60 to 84 (1524 to 2134), excl 5⁄16 (7.9) 7⁄16 (11.1) 9⁄16 (14.3)
84 to 108 (2134 to 2743), excl 3⁄8 (9.5) 1⁄2 (12.7) 5⁄8 (15.9)
108 to 130 (2743 to 3302), excl 7⁄16 (11.1) 9⁄16 (14.3) 11⁄16 (17.5)

TABLE 18 Flatness Tolerances for Plates

Specified Thick-
ness, in.

Flatness Tolerance (Deviation from a Flat Horizontal Surface) for Thickness and Width
Given, in.

Width, in.

48 and
Under

Over 48 to
60, excl

60 to 72,
excl

72 to 84,
excl

84 to 96,
excl

96 to 108,
excl

108 to 120,
excl

120 to 144,
excl

144 and
Over

3⁄16 to 1⁄4 , excl 3⁄4 11⁄16 11⁄4 13⁄8 15⁄8 15⁄8 17⁄8 2
1⁄4 to 3⁄8 , excl 11⁄16 3⁄4 15⁄16 11⁄8 13⁄8 17⁄16 19⁄16 17⁄8
3⁄8 to 1⁄2 , excl 1⁄2 9⁄16 11⁄16 3⁄4 15⁄16 11⁄8 11⁄4 17⁄16 13⁄4
1⁄2 to 3⁄4 , excl 1⁄2 9⁄16 5⁄8 5⁄8 13⁄16 11⁄8 11⁄8 11⁄8 13⁄8
3⁄4 to 1, excl 1⁄2 9⁄16 5⁄8 5⁄8 3⁄4 13⁄16 15⁄16 1 11⁄8
1 to 11⁄2 , excl 1⁄2 9⁄16 9⁄16 9⁄16 11⁄16 11⁄16 11⁄16 3⁄4 1
11⁄2 to 4, excl 3⁄16 5⁄16 3⁄8 7⁄16 1⁄2 9⁄16 5⁄8 3⁄4 7⁄8
4 to 6, excl 1⁄4 3⁄8 1⁄2 9⁄16 5⁄8 3⁄4 1 11⁄8

Specified Thick-
ness, mm

Flatness Tolerance (Deviation from a Flat Horizontal Surface) for Thickness and Width Given, mm

Width, mm

1219 and
Under

Over 1219
to 1524,

excl

1524 to
1829, excl

1829 to
2134, excl

2134 to
2438, excl

2438 to
2743, excl

2743 to
3048, excl

3048 to
3658, excl

3658
and Over

4.76 to 6.35, excl 19.1 27.0 31.8 34.9 41.3 41.3 47.6 50.8
6.35 to 9.53, excl 17.5 19.1 23.8 28.6 34.9 36.5 39.7 47.6
9.53 to 12.7, excl 12.7 14.3 17.5 19.1 23.8 28.6 31.8 36.5 44.5
12.7 to 19.05, excl 12.7 14.3 15.9 15.9 20.6 28.6 28.6 28.6 34.9
19.05 to 25.4, excl 12.7 14.3 15.9 15.9 19.1 20.6 23.8 25.4 28.6
25.4 to 38.1, excl 12.7 14.3 14.3 14.3 17.5 17.5 17.5 19.1 25.4
38.1 to 102, excl 4.8 7.9 9.5 11.1 12.7 14.3 15.9 19.1 22.2
102 to 152, excl 6.4 9.5 12.7 14.3 15.9 19.1 22.2 25.4 28.6
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TABLE 19 Recommended Plate Flame-Cutting Tolerances to
Cleanup in Machining

Specified Thickness, in. (mm) Machining Allowance
per Edge, in. (mm)

2 (51) and under 1⁄4 (6.4)
Over 2 to 3 (51 to 76), incl 3⁄8 (9.5)
Over 3 to 6 (76 to 152), incl 1⁄2 (12.7)

TABLE 20 Abrasive-Cutting Width and Length Tolerances

Specified Thickness,
in. (mm)

Tolerance OverA Specified Width and Length, in.
(mm)

Width Length
Up to 11⁄4 (32)
Over 11⁄4 to 23⁄4
(32 to 70)

1⁄8 (3.2)
3⁄16 (4.8)

1⁄8 (3.2)
3⁄16 (4.8)

A The tolerance under the specified width and length is 1⁄8 in. (3.2 mm).
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Designation: B 600 – 91 (Reapproved 2002)

Standard Guide for
Descaling and Cleaning Titanium and Titanium Alloy
Surfaces 1

This standard is issued under the fixed designation B 600; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This guide covers a cleaning and descaling procedure
useful to producers, users, and fabricators of titanium and
titanium alloys for the removal of ordinary shop soils, oxides,
and scales resulting from heat treatment operations and foreign
substances present as surface contaminants.

1.2 It is not intended that these procedures be mandatory for
removal of any of the indicated soils but rather serve as a guide
when titanium and titanium alloys are being processed in the
wrought, cast, or fabricated form.

1.3 It is the intent that these soils be removed prior to
chemical milling, joining, plating, fabrication, and in any
situation where foreign substances interfere with the corrosion
resistance, stability, and quality of the finished product.

1.4 Acid etching may be required following cleaning when
the surface has an oxygen-contaminated layer or alpha case
present.

1.5 The values stated in inch-pound units are to be regarded
as the standard. The values in parentheses are for information
only.

1.6 This standard does not purport to address the safety
concerns, if any, associated with its use. It is the responsibility
of the user of this standard to consult and establish appropriate
safety and health practices and determine the applicability of
regulatory limitations prior to use.

2. Processing Soil Removal

2.1 It is recommended that grease, oil, and lubricants
employed in machining, forming, and fabricating operations on
titanium and titanium alloys be removed by alkaline or
emulsion soak-type cleaners and electrolytic alkaline cleaning
systems. In the electrolytic system the work may be either
anodic or cathodic polarity. Removal of these soils is recom-
mended prior to heat treatment or application of acid treatment
designated in 4.2. When electrolytic systems are employed, the

voltage should be controlled to prevent the occurrence of spark
discharge and subsequent pitting.

3. Blast Cleaning

3.1 Mechanical descaling methods such as sandblasting,
shot blasting, and vapor blasting may be used to remove hot
work scales and lubricants from titanium surfaces if followed
by thorough conditioning and cleaning as described in Section
4.

3.2 The sand used for blasting should be a high-grade,
washed, iron-free, silica sand. If carbon or low-alloy steel
products are sandblasted in the same facility, the sand used for
cleaning these products should not be used on titanium surfaces
and a separate sand supply should be provided.

3.3 Roughening of exposed surface areas may occur from
grit or shot if cleaning of the entire surface is accomplished by
blasting. Partial cleaning for preserving the surface finish is to
be preferred in conjunction with proper pickling procedures.

3.4 Blast cleaning that utilizes steel grit or sand containing
appreciable amounts of iron should be followed by acid
pickling to remove any embedded steel particles on the surface
of the titanium.

3.5 Any abrasive or shot blast cleaning may induce residual
compressive stresses in the surface of the material or titanium
structure. Warpage may occur in sections that are subsequently
chemical milled or contour machined.

3.6 In most cases, blast cleaning is not intended to eliminate
pickling procedures completely. Abrasives will not remove
surface layers contaminated with interstitial elements such as
carbon, oxygen, and nitrogen. When these elements are present
in excessive amounts, they are preferably removed by con-
trolled acid pickling in accordance with 4.3.

4. Pickling and Descaling

4.1 Recommended post treatment of shot or abrasive blasted
titanium surfaces may include acid pickling as described in
4.3.2, to ensure complete removal of metallic iron, oxide, scale,
and other surface contaminants. If the product is to be chemical
milled for the removal of the oxygen-contaminated layer, salt
bath conditioning may be required to avoid selectively etched
surfaces if configuration interferes with uniform blasting.

1 This guide is under the jurisdiction of ASTM Committee B10 on Reactive and
Refractory Metals and Alloys and is the direct responsibility of Subcommittee
B10.01 on Titanium.

Current edition approved March 15, 1991. Published May 1991. Originally
published as B 600 – 74. Last previous edition B 600 – 74 (1985).
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4.2 Scale and lubricant residues developed on mill, foundry,
forged, or fabricated titanium products usually require condi-
tioning by one of the following commercial methods prior to
final pickling as described in 4.3.2 to produce a completely
scale-free surface.

4.2.1 Proprietary solutions of caustic-based compounds in
tap water in accordance with the manufacturer’s recommenda-
tion.

4.2.2 Molten alkaline-based salt baths operating at 750 to
850°F (399 to 454°C) in accordance with prescribed proce-
dures.

4.2.3 Molten alkaline-based salt baths operating at 400°F
(204°C) in accordance with prescribed procedures.

4.2.4 Oxides and heat tints developed below 1100°F
(593°C) can frequently be removed by pickling in an acid
solution composed of 10 to 20 volume % (150 to 300 g/L) of
nitric acid (70 %) and 1 to 2 volume % (12 to 24 g/L) of
hydrofluoric acid (60 % at 120°F (49°C)).

4.2.5 Forged and hot-worked titanium alloys that have the
normal heat-developed scale mixed with graphitic or glass-type
lubricants may be conditioned in a molten alkaline-based salt
bath operating at 850°F (454°C) to effect complete solubility of
the complex scale. Following conditioning, the part should be
pickled as described in 4.3.2.

4.2.6 It is recommended that heat-treatable alpha beta and
beta alloys in the solution-treated condition that have been
processed at temperatures above 1100°F (593°C), with gra-
phitic and molybdenum disulfide lubricant residues mixed with
the heat-developed scale, be conditioned in a molten alkaline-
based salt bath operating at 400°F (204°C). After conditioning,
the part may be pickled in accordance with the treatment
described in 4.3.2.

4.2.7 Abrasive methods such as wheel or belt grinding,
segmented flapper wheels, and grit or shot blasting, when
available, may be used when surface configuration is such that
the scaled areas are readily accessible.

NOTE 1—Conditioning of titanium in high-temperature oxidizing salt
can generate galvanic currents where the work is contacting ferrous base
materials. Titanium is electrically positive or anodic with respect to these
ferrous materials, having an open circuit potential of approximately 0.60
V. The resulting discharge from the rack to the work piece can result in
surface over-heating and eventual ignition. This effect can be minimized
by maintaining bath temperature at or below 850°F (455°C) and by
providing titanium fixtures or aluminum insulation between the work and
the fixture.

NOTE 2—Heavily scaled forgings or hot-rolled materials can be me-
chanically abraded to remove excess surface contamination prior to salt
bath conditioning.

NOTE 3—Silicon-based protective coatings used to minimize scale
formation during hot forming or annealing of titanium alloys are soluble
in the molten salt bath. All of the coating should be removed prior to any
acid treatment.

4.3 Following mechanical abrading or chemical condition-
ing, the material may be further treated to completely clean the
surface in one of the following solutions:

4.3.1 After salt bath conditioning and water rinse, the
titanium or titanium alloy may be immersed in a sulfuric acid
solution to remove the converted scale product. It is recom-
mended that the acid solution be maintained at 150°F (66°C)
and a concentration of 10 to 40 volume % of sulfuric acid

(95 % solution by weight). Final brightening may be accom-
plished by a short immersion in the acid solution of 4.3.2.

4.3.2 Material that has been mechanically abraded in accor-
dance with 3.1 or chemically conditioned in accordance with
4.2.1, 4.2.2, or 4.2.3 may be finish cleaned by immersion in an
acid solution composed of 10 to 30 volume % (150 to 450 g/L)
of nitric acid (70 %) and 1 to 3 volume % (12 to 36 g/L) of
hydrofluoric acid (60 % at 120°F (49°C)), maintaining a ratio
of 10 parts nitric acid to 1 part hydrofluoric acid.

NOTE 4—Hot-formed or heat-treated titanium fabrications or assem-
blies that have a mixed surface contamination consisting of graphite or
molybdenum disulfide with titanium oxides should be conditioned in a
molten salt bath. The 400°F (204°C) temperature is preferred for these
structures to avoid any thermally induced distortion.

NOTE 5—In salt bath or alkaline water solution conditioning, the
titanium oxides present on the surface of the metal are chemically reacted
to form sodium titanate. This material is soluble in the sulfuric and
nitric-hydrofluoric acid pickles. The sulfuric acid solutions are not
appreciably corrosive to titanium or titanium alloys and can be further
inhibited by the addition of 0.25 to 1.0 % of cupric sulfate or ferrous
sulfate.

NOTE 6—Most of the acid pickling following molten salt bath condi-
tioning is accomplished in the sulfuric or nitric-hydrofluoric acid solution.
The material is cycled through the salt bath, water rinse, and sulfuric acid
until all of the scale has been completely removed. Final brightening is
obtained by a brief cycle in the nitric-hydrofluoric solution (4.3.2).

NOTE 7—In the nitric-hydrofluoric pickling solution, the ratio of nitric
acid to hydrofluoric acid is more important than the concentration of either
of these two acids. When this ratio is maintained at 10 to 1, hydrogen
absorption during pickling is minimized.

NOTE 8—In the processing of titanium mill products and fabrications,
an oxygen-rich layer is unavoidable where there is a combined exposure
to high temperatures and an oxidizing atmosphere. In the removal of this
oxygen-rich layer or alpha case by pickling in strong solutions of nitric
and hydrofluoric acids, it is extremely important that all residual oxide and
scale has been removed to prevent preferential etching of the finished
product.

NOTE 9—Hydrogen in excess of the specified amount may be removed
by vacuum annealing of the cleaned work piece.

5. Inspection

5.1 Visual inspection of material cleaned in accordance with
this guide should show no evidence of paint, oil, grease, glass,
graphite lubricant, scale, abrasive, iron, or other forms of
contamination.

5.2 Hydrogen absorption during the cleaning process should
be minimized and well within tolerable limits if the procedures
outlined are followed. Periodic monitoring of the cleaning
system can be accomplished by processing samples of known
hydrogen content through the complete system followed by
chemical analyses. A hydrogen increase greater than 20 ppm
over the original product analyses may be cause for replacing
the acids or adjusting the composition to reduce the extent of
hydrogen pickup.

5.3 Additional evaluation of product cleanliness may be
obtained by chemical milling of an expendable sample test
piece. It is recommended that approximately 0.001 to 0.002 in.
(0.025 to 0.05 mm) shall be removed from each surface. After
chemical milling, the surface should be uniformly smooth and
bright with the absence of peaks indicative of residual scale or
contamination.
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Designation: B 603 – 90 (Reapproved 2001)

Standard Specification for
Drawn or Rolled Iron-Chromium-Aluminum Alloys for
Electrical Heating Elements 1

This standard is issued under the fixed designation B 603; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers annealed, drawn, or rolled
shapes for electrical heating and resistance purposes of alloys
consisting mainly of iron, chromium, and aluminum as detailed
in Table 1.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:
A 751 Test Methods, Practices, and Terminology for

Chemical Analysis of Steel Products2

B 63 Test Method for Resistivity of Metallically Conduct-
ing Resistance and Contact Materials3

B 70 Test Method for Change of Resistance with Tempera-
ture of Metallic Materials for Electrical Heating3

B 78 Test Method of Accelerated Life of Iron-Chromium-
Aluminum Alloys for Electrical Heating3

3. Terminology

3.1 Definitions:
3.1.1 lot size—the lot size for determining compliance with

the requirements of this specification shall be one heat.

4. Significance and Use

4.1 This specificiation on iron-chromium-aluminum alloys
contains the requirements for chemistry, electrical resistance,
mechanical properties, resistance change with temperature, and
packaging.

4.2 Determination of properties is not required for routine
acceptance of material unless specified by the purchaser.

5. Chemical Requirements

5.1 The alloys shall conform to the requirements as to
chemical composition prescribed in Table 1.

5.2 Samples for Chemical Analysis—Specimens for chemi-
cal analysis may be taken either from the melt or from a sample
of finished material that is representative of the lot.

5.3 Chemical Analysis—The chemical analysis shall be
made in accordance with accepted practices.

6. Physical Requirements

6.1 The material shall be thoroughly and uniformly an-
nealed.

6.2 Wire shall conform to the following elongation require-
ments:

Size Elongation in
10-in. (250-mm)

minimum, %
0.0035 in. (No. 39 Awg)(0.089 mm) and larger 12
0.0031 to 0.0020 in. (Nos. 40 to 44 Awg)

(0.079 to 0.015 mm)
6

7. Nominal Resistivity

7.1 The nominal resistivity shall be the resistivity of the
wire as quenched from a temperature above 1450°F(788°C).
The numerical values of the resistivity range at 77°F(25°C)
shall be as shown in Table 1.

8. Test for Resistivity

8.1 The resistivity shall be determined in accordance with
Test Method B 63.

9. Nominal Electrical Resistance for Unit Length

9.1 The nominal resistance per unit length for round wire
shall be calculated from the nominal resistivities and the
nominal cross-sectional area.

NOTE 1—Actual values of resistivity and resistance change with tem-
perature have not been tabulated as they vary considerably with minor
composition differences. Individual manufacturers should be contacted for

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.10 on Thermostat Metals.

Current edition approved May 25, 1990. Published July 1990. Originally
published as B 603 – 75. Last previous edition B 603 – 77.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 03.04.

TABLE 1 Chemical Requirements

Class Resistivity Range Composition Range, %
V·cmil/ft µV·cm Al Cr

I 825 to 920 135 to 150 5.00 to 6.00 20 to 24
IIA 795 to 880 130 to 144 4.75 to 5.75 20 to 24
IIB 770 to 855 130 to 144 4.00 to 5.25 20 to 24
III 715 to 785 119 to 130 3.75 to 4.75 13 to 16
IV 665 to 735 111 to 122 2.75 to 3.75 12 to 15

1
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detailed information regarding their properties.
NOTE 2—When ribbon or flat wire is produced by rolling from round

wire, the cross section departs from that of a true rectangle by an amount
depending on the width-to-thickness ratio and the specific manufacturing
practice. The conventional formula for computing ohms per foot and feet
per pound is to consider the cross section as 17 % less than a true rectangle
when a width is more than 15 times the thickness and 6 % less than a true
rectangle in other cases. This is not valid in view of modern rolling
equipment and practices, but still is widely used as a basis of description.
Ribbon actually is made to a specified resistance per foot, and no tolerance
is specified for thickness. An alternative and a closer approximation would
be that for ribbon rolled from round wire, the electrical resistance would
be calculated on a cross 6 % less than a true rectangle.

10. Tolerance on Electrical Resistance per Unit Length

10.1 The actual resistance per unit length shall not vary
from the nominal resistance by more than the amounts shown
in Table 2.

NOTE 3—Tolerances on dimensions are not specified since the material
is used for resistance purposes in which the resistivity and the electrical
resistance per unit length rather than the dimensions are of prime
importance. The electrical resistance per unit length can be determined
more accurately than the dimensions of very small sizes on wire or strip.

11. Resistance Change with Temperature

11.1 The change in resistance with change in temperature
shall be measured in accordance with Test Method B 70.

12. Accelerated Life Test

12.1 When it is desired to determine the durability of the
material at high temperatures, life tests shall be made in
accordance with Method B 78. Test results may be reported
either in hours or in percentage of an accepted standard.

12.2 The life or durability value shall be the average of three
simultaneous determinations each, on wire specimens of the
materials and on the reference standard.

13. Finish

13.1 The material shall be as uniform and free from surface
defects such as splinters, cracks, splits, kinks, laminations,
scale, and other irregularities as the best commercial practice
will permit. The finish shall be either bright annealed or
oxidized, as specified.

14. Packing and Marking

14.1 Packing shall be subject to agreement between the
manufacturer and the purchaser.

14.2 The material as furnished under this specification shall
be identified by the name or symbol and color code of the
manufacturer and by melt number. The lot size for determining
compliance with the requirements of this specification shall be
one heat.

15. Keywords

15.1 electrical heating; heating elements; iron-chromium-
aluminum; resistance alloys; resistors
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TABLE 2 Electrical Resistance Tolerance

Resistance
Tolerance, %

Round Wire:
0.0050-in. (0.127-mm) diameter and larger 65
Finer than 0.0050 to 0.0020-in. (0.127 to

0.051-mm) diameter, incl
68

Finer than 0.0020-in. (0.051-mm) diameter 610
Strip:

Cold rolled 65
Hot rolled 68
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Designation: B 613 – 76 (Reapproved 2000)

Standard Guide for
Preparing Specifications for Miniature Brushes of
Composite Materials for Sliding Electric Contacts 1

This standard is issued under the fixed designation B 613; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide defines the criteria for composition, proper-
ties, and other requirements for brushes containing a matrix of
one or more conducting metallic elements or alloys and one or
more lubricating lamellar solids.

1.2 The resulting specification is intended for use where the
size (for example, 5 by 3 by 2 mm), shape, or other factors
preclude the determination of properties on specimens of the
bulk material from which individual brushes are made.

1.3 The requirements recommended herein have been found
to be desirable for most brush material composites. Care must
be taken in preparing a specification for a pre-existing material
that imposition of one or more provisions herein does not alter
the material or its performance.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 18 Test Methods for Rockwell Hardness and Rockwell

Superficial Hardness of Metallic Materials2

E 384 Test Method for Microhardness of Materials2

2.2 ANSI Standard:

C64.1 Brushes for Electrical Machines3

3. Requirements

3.1 Composition—Each constituent should be listed indi-
vidually by weight percent including tolerances if mutually
agreed upon by producer and user. Any analytical technique
may be used as agreed upon between the producer and user.

3.2 Density—An apparent density for the material should be
defined. The measurement and weight method defined by
ANSI C64.1 is preferred.

3.3 Resistivity—The resistivity should be defined for at least
one axis. The procedure defined by ANSI C64.1 may need to
be modified, as agreed upon between the producer and user, for
very small brushes.

3.4 Hardness—The bulk hardness of the brush material
should be defined. Rockwell superficial hardness tests,1⁄8 or 1⁄4
in.-ball, (Test Methods E 18) and Knoop, 500-g load (Test
Method E 384) have been used.

3.5 Strength—The strength of the brush material should be
defined. Transverse strength (ANSI C64.1) may be used when
the brushes are sufficiently large. Small brushes (for example,
5 by 3 by 2 mm) will require that other test procedures be used
(for example, shear strength).

3.6 Microstructure—All should be visually free of struc-
tural defects, cracks, etc., upon examination at 503. The
pressing direction, as evidenced by laminations, should be as
defined by the purchase order.

4. Keywords

4.1 brushes; composite materials; electrical contacts; sliding
contacts

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B2.05 on Precious Metals.

Current edition approved Oct. 29, 1976. Published December 1976.
2 Annual Book of ASTM Standards, Vol 03.01.

3 Available from the American National Standards Institute, 11 West 42nd Street,
13th Floor, New York, NY 10036.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

B 613

2



Designation: B 614 – 95 (Reapproved 2000)

Standard Practice for
Descaling and Cleaning Zirconium and Zirconium Alloy
Surfaces 1

This standard is issued under the fixed designation B 614; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice covers a cleaning and descaling procedure
useful to producers, users, and fabricators of zirconium and
zirconium alloys for the removal of ordinary shop soils, oxides,
and scales resulting from heat treatment operations and foreign
substances present as surface contaminants.

1.2 It is not intended that these procedures become manda-
tory for removal of any of the indicated soils but rather serve
as a guide when zirconium and zirconium alloys are being
processed in the wrought, cast, or fabricated form.

1.3 It is the intent that these soils be removed prior to
chemical milling, joining, plating, fabrication, and in any
situation where foreign substances interfere with the corrosion
resistance, stability, and quality of the finished product.

1.4 The values stated in inch-pound units are to be regarded
as the standard.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.For specific hazard
statements, see Section 6.

2. Processing Soil Removal

2.1 Grease, oil, and lubricants employed in machining,
forming, and fabricating operations on zirconium and zirco-
nium alloys should be removed by employing one of the
methods or a combination of methods as listed: (1) alkaline or
emulsion soak-type cleaners, (2) ultrasonic cleaning, (3) ac-
etone or trichloroethylene solvent washing or vapor degreas-
ing, or (4) electrolytic alkaline cleaning system. In the electro-
lytic system, the work can be either anodic or cathodic polarity
provided voltage and current density are controlled to avoid
anodizing. Removal of these soils is recommended prior to
heat treatment or application of acid treatment designated in
4.2.3. When electrolytic systems are employed, the voltage
should be controlled to prevent the occurrence of spark
discharge and subsequent pitting.

3. Blast Cleaning

3.1 Mechanical descaling methods such as sandblasting,
shot blasting, and vapor blasting may be used to remove hot
work scales and lubricants from zirconium surfaces if followed
by thorough conditioning and cleaning as described in Section
4.

3.2 Aluminum oxide, silicon carbide, silica sand, zircon
sand, and steel grit are acceptable media for mechanical
descaling. Periodic replacement of used media may be required
to avoid excessive working by dull particulate.

3.3 Roughening of exposed surface areas may occur from
grit or shot if cleaning of the entire surface is accomplished by
blasting. Partial cleaning for preserving the surface finish is to
be preferred in conjunction with proper pickling procedures.

3.4 Any abrasive or shot blast cleaning may induce residual
compressive stresses in the surface of the material or zirconium
structure. Warpage may occur in sections that are subsequently
chemical milled or contour machined.

3.5 In most cases, blast cleaning is not intended to eliminate
pickling procedures completely. However, there are cases
where blast cleaning does not need to be followed by a pickling
operation. Abrasives may not remove surface layers contami-
nated with interstitial elements such as carbon, oxygen, hydro-
gen, and nitrogen. When these elements are present in exces-
sive amounts, they are preferably removed by controlled acid
pickling in accordance with 4.3.

4. Pickling and Descaling

4.1 Recommended post treatment of shot or abrasive blasted
zirconium surfaces may include acid pickling as described in
4.3 to ensure complete removal of metallic iron, oxide, scale,
and other surface contaminants.

4.2 Scale and lubricant residues developed on mill, foundry,
forged, or fabricated zirconium products usually require con-
ditioning by one of the following commercial methods prior to
final pickling as described in 4.3 to produce a completely
scale-free surface.

4.2.1 Proprietary solutions of caustic- or organic-based
compounds in tap water in accordance with the manufacturer’s
recommendation.

4.2.2 Molten alkaline-based salt baths operating at 1200 to
1300°F (649 to 704°C) in accordance with prescribed proce-
dures.

1 This practice is under the jurisdiction of ASTM Committee B10 on Reactive
and Refractory Metals and Alloysand is the direct responsibility of Subcommittee
B10.02 on Zirconium and Hafnium.

Current edition approved Aug. 15, 1995. Published October 1995. Originally
published as B 614 – 77. Last previous edition B 614 – 77 (1989)e1.
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4.2.3 Oxides and heat tints developed below 1000°F
(538°C) can frequently be removed by pickling in an acid
solution composed of 25 to 50 volume % (350 to 700 g/L) of
nitric acid (70 %) and 3 to 7 volume % (36 to 84 g/L) of
hydrofluoric acid (60 %) at 120°F (49°C); balance tap water.

4.2.4 Abrasive methods such as wheel or belt grinding,
high-speed tool steel or carbide grinding, or both, segmented
flapper wheels, and grit or shot blasting, when available, may
be used when surface configuration is such that the scaled areas
are readily accessible.

NOTE 1—Weight losses per unit time of zirconium and zirconium alloys
pickled in a constant-temperature standard nitric-hydrofluoric acid solu-
tion are dependent on the concentration of hydrofluoric acid maintained.
For a pickling time of 7 min in a 100°F (38°C), 80 % (1120 g/L) nitric acid
pickle, weight losses of 1, 2, 3, 4, and 5 g/dm2 have been observed with
respective concentrations of 1, 2, 3, 4, and 5 % (12 to 60 g/L) hydrofluoric
acid. With a 30 % (420 g/L) nitric acid concentration, the equivalent
weight loss figures lie in the range of 1.75, 2.75, 3.75, 4.75, and 6.4 g/dm
2. Acid concentrations represent 70 weight % nitric acid and 49 weight %
hydrofluoric acid.

NOTE 2—Weight losses per unit time of zirconium and zirconium alloys
pickled in standard nitric-hydrofluoric pickling solutions are highly
temperature-dependent. For a pickling time of 7 min in a 39 volume %
(5469 g/L) and 3.5 volume % (42 g/L) hydrofluoric acid, weight losses
were 5, 8, and 11 g/dm2 at temperatures of 110°F (43°C), 140°F (60°C),
and 160°F (71°C), respectively.

4.3 Following mechanical abrading or chemical condition-
ing, the material may be further treated to clean the surface
completely using the following solution:

4.3.1 Material that has been mechanically abraded in accor-
dance with 3.1, or chemically conditioned in accordance with
4.2.1 and 4.2.2, may be finish-cleaned by immersion in an acid
solution composed of 25 to 50 volume % (350 to 700 g/L) of
nitric acid (70 %) and 3 to 7 volume % (36 to 84 g/L) of
hydrofluoric acid (60 %) at 120°F (49°C) maintaining a ratio of
10 parts nitric acid to 1 part hydrofluoric acid.

NOTE 3—Most of the acid pickling following molten salt bath condi-
tioning is accomplished in the sulfuric or nitric-hydrofluoric acid solution.
The material is cycled through the salt bath, water rinse, and sulfuric acid
until all of the scale has been completely removed. Final brightening is
obtained by a brief cycle in the nitric-hydrofluoric solution, in accordance
with 4.3.

NOTE 4—In the nitric-hydrofluoric pickling solution, the ratio of nitric
acid to hydrofluoric acid is more important than the concentration of either
of these two acids. When this ratio is maintained at 10 to 1, hydrogen
absorption during pickling is minimized.

NOTE 5—The components should be rinsed immediately and thor-
oughly in cold tap water following pickling to avoid staining of the
surfaces with residual fluorides or chlorides which may be detrimental in
some services.

NOTE 6—In the processing of zirconium mill products and fabrications,
an oxygen-rich layer is unavoidable where there is a combined exposure
to high temperatures and an oxidizing atmosphere. In the removal of this
oxygen-rich layer by pickling in strong solutions of nitric and hydrofluoric
acids, it is extremely important that all residual oxide and scale have been
removed to prevent preferential etching of the finished product.

5. Inspection

5.1 Visual inspection of material cleaned in accordance with
this practice should show no evidence of paint, oil, grease,
glass, graphite, lubricant, scale, abrasive, iron, or other forms
of contamination.

5.2 Hydrogen absorption during the cleaning process should
be minimized and well within tolerable limits if the procedures
outlined are followed. Periodic monitoring of the cleaning
system can be accomplished by processing samples of known
hydrogen content through the complete system followed by
chemical analyses. A hydrogen increase greater than 2 to 5 ppm
over the original product analyses may be cause for replacing
the acids or adjusting the composition to reduce the extent of
hydrogen pickup.

5.3 Additional evaluation of product cleanliness may be
obtained by chemical milling of an expendable sample test
piece. It is recommended that approximately 0.001 to 0.002 in.
(0.025 to 0.05 mm) shall be removed from each surface. After
chemical milling, the surface should be uniformly smooth and
bright with the absence of peaks indicative of residual scale or
contamination.

6. Hazards

6.1 Cleaning using this practice involves the use of hazard-
ous chemicals. These chemicals are as follows: acetone,
trichloroethylene, nitric acid, hydrofluoric acid, molten clean-
ing salts, and alkaline cleaning solutions. Before using any of
these materials consult a standard reference on safe use of
chemicals or the manufacturer’s recommendations for safe
handling.

6.2 Grinding and grit blasting of zirconium can create a fine
metal dust that is flammable and dangerous if allowed to
accumulate. Precautions should be taken to dispose of such
dust by burning in small (approximately 1-lb (0.45-kg)) quan-
tities.

7. Keywords

7.1 cleaning; descaling; zirconium; zirconium alloys

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).

B 614

2



Designation: B 615 – 79 (Reapproved 2000)

Standard Practice for
Measuring Electrical Contact Noise in Sliding Electrical
Contacts 1

This standard is issued under the fixed designation B 615; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice describes the practices and factors consid-
ered to be most important in the measurement of electrical
contact noise of sliding contacts.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Terminology

2.1 Definitions:
2.1.1 contact noise—the varying voltage across a pair of

electric contacts due to conditions at their interface. It is to be
distinguished from the variation of signal due to its transmis-
sion through electrical conductors (that is, induced voltages
due to adjacent sources). It is also to be distinguished from
acoustic noise which may be generated by the contact action.

2.1.1.1 Discussion—Stepwise change of resistance of a
wirewound potentiometer due to the definite resistance of a
single turn is not electrical contact noise.

2.1.2 switching or edge noise—the electrical contact noise
occurring during the period of transition from conduction to
non-conduction (or vice versa) of a switching device.

3. Significance and Use

3.1 Resistance or voltage values alone do not provide
sufficient detail for an engineering evaluation of contact noise.
This practice lists the test conditions that should be reported
with noise measurements and indicates some conditions (open
circuit voltages, currents, etc.) that have been used for quality
control and research studies. The use of these practices should
provide sufficient detail for an engineering interpretation of the
noise data and allow the tests to be repeated by another
laboratory.

4. Types of Testing

4.1 Type I—Qualification and acceptance testing of electro-
mechanical devices when low electrical contact noise is
important for proper functioning.

4.1.1 Electrical and mechanical parameters should closely
simulate the end use of the device.

4.1.2 Since the procedure is used as a method of quality
control, the test parameters must be duplicated each time the
test is conducted.

4.2 Type II—Measurement of contact voltage variation as a
method of studying tribological phenomena.

4.2.1 Tests are designed with specific diagnostic or research
goals.

4.2.2 Electrical and mechanical parameters are based on
considerations of basic contact physics and not the engineering
requirements of the device. Selected parameters may be varied
as part of the test. For example, rotational rate of a slip ring
may be varied to determine the surface velocity at which
hydrodynamic lift becomes important.

5. Test Conditions

5.1 The following test conditions should be controlled or
known to enable adequate evaluation of test results:

5.1.1 Electrical Parameters:
5.1.1.1 Current—Contact current and waveform should be

specified. The limitations of the instrument(s) being used to
measure the noise and adequacy of shielding from extraneous
noise sources must be considered when current level is chosen.
Type I tests may be made either at current levels chosen to
simulate those required in actual use or may be at higher
current levels in order to enhance test sensitivity provided any
such higher current magnitude shall be agreed upon between
the device user and producer (Note 1).

5.1.1.2 Source Voltage—The maximum open-circuit volt-
age (to the contacts) and the impedance of the source should be
specified. In Type I tests, the open-circuit voltage levels chosen
should simulate those required in actual use and may be at
more than one level if representative of the end use (Note 1).
In Type II tests, any voltage levels may be used depending on
the objectives of the studies being made (Note 2).

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.11 on Electrical Contact Test Methods.

Current edition approved June 29, 1979. Published September 1979. Originally
published as B 615 – 76. Last previous edition B 615 – 76.
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NOTE 1—A current of 100 mA from a constant-current (d-c) source
with a 6-V maximum open-circuit voltage is often used for Type I testing
of miniature slip ring-brush units intended for use in inertial guidance
systems.

NOTE 2—In Type II tests, one must consider the softening, melting, and
arc-sustaining voltages of the contacts being tested. Also, if it is not
desirable to frit (electrically puncture) organic or oxide surface films, an
open-circuit voltage of 20 mV or less must be used.

5.1.1.3 Load—The impedance of the load should be de-
fined. Capacitive and inductive loads may affect the observed
contact noise.

5.1.1.4 Circuit Arrangement—When multiple circuits are to
be tested on a sliding contact device the arrangement of the
circuits should be defined (for example, single circuit, pairs,
multiple circuits in series). Circuit pairs are often monitored for
Type I tests. Type II tests will often be conducted on single sets
of contacts since fundamental interpretations are simpler.

5.1.1.5 Detector Characteristics—The type of detector
should be defined along with its input impedance, resistance,
and frequency response.

5.1.1.6 Shielding—The entire circuit must be electrically
shielded to prevent pickup of stray noise from nearby equip-
ment or power lines which will introduce erroneous results. All
mechanical apparatus must be well grounded. The baseline
noise should be recorded while the contacts are static. This
value should be negligible when compared to the noise
measured from the operating contacts.

5.1.2 Mechanical Parameters:
5.1.2.1 Contact Surface Velocity—Since the dynamics of

the contacts are dependent upon the surface velocity, it should
be defined for any test.

5.1.2.2 Wipe Rate—The frequency of wiping across any
specified point of the contact surface should be defined. More
frequent wipes disperse films and lubricants, while less fre-
quent wiping allows film formation which may cause contact
noise.

5.1.2.3 Special Conditions—Additional description may be
necessary to define the mode of operation completely (for
example, amplitude and frequency of oscillation, duty cycle,
reversal of direction).

5.1.3 Environmental Conditions:
5.1.3.1 Temperature of Test—Temperature should be speci-

fied and held within specific limits.

5.1.3.2 Lubrication—Lubrication of the contacts should be
held constant to allow duplication of test. The type, thickness,
and method of lubricant application requires control.

5.1.3.3 Gaseous Environment—Conditions should be de-
fined as completely as possible. At least a designation such as“
laboratory atmosphere,” “closed glass chamber,” or“ enclosed
with drive motor,” should be included in the test description.

6. Apparatus and Techniques

6.1 Peak (-to-Peak) Instantaneous Noise(decreasing fre-
quency capability):

6.1.1 Oscilloscope.
6.1.2 Optical Recorder.
6.1.3 Peak-Reading Voltmeter.
6.1.4 D’Arsonval Recorder.
6.1.5 Servo Recorder.
6.2 RMS Noise:
6.2.1 True RMS Voltmeter.
6.2.2 Average to RMS Converting Voltmeter.
6.2.3 Servo Recorder.
6.3 Special Techniques:
6.3.1 Pulse Count, at specific level or levels.
6.3.2 Pulse Duration, at specific level or levels.
6.3.3 Spectrum Analysis.
6.3.4 Power Spectral Density.
6.3.5 Missing Pulse Count.
6.3.6 Pulse Alteration (phase, amplitude).
6.3.7 Transient Recorder.

7. Sampling

7.1 The sampling plan should be as mutually agreed by the
producer and user of the electromechanical device. Many
assemblies (for example, slip ring capsules for inertial guid-
ance platforms) are 100 % tested.

8. Procedure

8.1 The procedure that follows is generally accepted by
most organizations performing electrical contact noise tests. It
requires the minimum equipment and provides the basis for
reasonable interpretation.

8.1.1 The power source should be a battery or other power
supply of known characteristics.

FIG. 1 Circuit Diagram
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8.1.2 The readout should be an oscilloscope or a recorder
having a time constant appropriate for the application of the
device under test. Often the time constant is less than 0.01 s.

8.1.3 The circuit should be as shown in Fig. 1.

9. Record

9.1 The report of the noise test should include at least the
following details:

9.1.1 Type of test (Section 4),
9.1.2 Conditions of test (Section 5),
9.1.3 Technique of noise measurement (Section 6),

9.1.4 Noise values as a function of test time (the noise can
be reported as a resistance or a voltage),

9.1.5 Record of base line noise (5.1.1.6), and
9.1.6 Specification requirements (Type I tests) or objectives

of test (Type II).

10. Precision and Bias
10.1 The precision and bias will depend on the specific type

of test apparatus and test methods as described in Section 6.

11. Keywords
11.1 circuit; contacts; electrical; electrical contacts; noise;

resistance; sliding; voltage

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 616 – 96 (Reapproved 2000)

Standard Specification for
Refined Rhodium 1

This standard is issued under the fixed designation B 616; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers refined rhodium as sponge and
powder in three grades as follows:

1.1.1 Grade 99.80— Rhodium having a purity of 99.80 %,
1.1.2 Grade 99.90— Rhodium having a purity of 99.90 %,

and
1.1.3 Grade 99.95— Rhodium having a purity of 99.95 %.
1.1.4 For the purposes of determining conformance with

this specification, an observed value obtained from analysis
shall be rounded to the nearest unit in the last right-hand place
of figures used in expressing the limiting value, in accordance
with the rounding method of Practice E 29.

2. Referenced Documents

2.1 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications2, 3

3. Manufacture

3.1 The material may be produced by any refining process
that yields a product capable of meeting the chemical require-
ments of this specification. The purchaser, upon request, shall
be informed of the refining process used.

4. Chemical Requirements

4.1 The material should conform to the requirements for
chemical composition as prescribed in Table 1.

4.2 Analysis shall be made using the manufacturer’s stan-
dard methods. In the event of disagreement as to the chemical
composition of the metal, methods of chemical analysis for
reference purposes shall be determined by a mutually accept-
able laboratory.

5. Sampling

5.1 The value of this material is such that special attention
must be paid to sampling procedures. The purchaser and
manufacturer shall agree upon sampling procedures used.

5.2 Lot Size—Sampling lots shall consist of the following:
5.2.1 Sponge—A single refining lot and
5.2.2 Powder—A single refining lot.

6. Rejection and Rehearing

6.1 Material that fails to conform to the requirements of this
specification may be rejected. Rejection should be reported to
the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

6.2 Investigation of Claims—In a question of chemical
composition, a new sample shall be drawn by representatives
of both parties in accordance with Section 5. The properly
mixed and quartered sample shall be separated into three parts,
each of which shall be placed in a sealed package, one for the
manufacturer, one for the purchaser, and one for an umpire, if
necessary.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals.

Current edition approved May 10, 1996. Published June 1996. Originally
published as B 616 – 77. Last previous edition B 616 – 91.

2 Annual Book of ASTM Standards, Vol 14.02.
3 Compilation of Methods for Analytical Atomic Spectroscopy,8th ed., 1987,

available from ASTM.

TABLE 1 Chemical Requirements

ElementA
Composition, %

Grade
99.80

Grade
99.90

Grade
99.95

Rhodium, min (by difference) 99.80 99.90 99.95
Platinum, max 0.10 0.05 0.02
Iridium, max 0.10 0.05 0.02
Palladium, max 0.05 0.05 0.005
Ruthenium, max 0.05 0.05 0.01
Lead, max 0.01 0.01 0.005
Tin, max 0.01 0.01 0.003
Zinc, max 0.01 0.01 0.003
Arsenic, max 0.01 0.005 0.003
Bismuth, max 0.01 0.005 0.005
Cadmium, max 0.01 0.005 0.005
Iron, max 0.01 0.01 0.003
Silicon, max — 0.01 0.005
Silver, max — 0.02 0.005
Gold, max — 0.01 0.003
Copper, max — 0.01 0.005
Nickel, max — 0.01 0.003
Tellurium, max — 0.01 0.005
Magnesium, max — 0.01 0.005
Calcium, max — 0.01 0.005
Aluminum, max — 0.01 0.005
Chromium, max — 0.01 0.005
Manganese, max — 0.005 0.005
Antimony, max — 0.005 0.003
Cobalt, max — 0.005 0.001
Boron, max — 0.005 0.001

A By agreement between manufacturer and purchaser, analyses may be
required and limits established for elements or compounds not specified in this
table.

1
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6.3 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the metal to the
requirements of this specification by the purchaser, the umpire
sample is to be submitted to a mutually acceptable laboratory
for analysis. The results of the referee’s analysis shall be used
in determining conformance of the metal to this specification.

7. Product Marking

7.1 The material container shall be identified legibly by a
label or tag with the following information: rhodium (Rh),
Grade_____, lot number, and weight to the nearest 0.001 troy
oz (0.03 g).

8. Keywords

8.1 rhodium; refined rhodium; sponge

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 617 – 98 (Reapproved 2004)

Standard Specification for
Coin Silver Electrical Contact Alloy 1

This standard is issued under the fixed designation B 617; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers 90 % silver-10 % copper alloy
tubing, rod, wire, strip, and sheet material for electrical
contacts.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 277 Test Method for Hardness of Electrical Contact
Materials

B 476 Specification for General Requirements for Wrought
Precious Metal Electrical Contact Materials

3. Manufacture

3.1 Raw materials shall be of such quality and purity that
the finished product will have the properties and characteristics
prescribed in this specification.

3.2 The material shall be finished by such operations (cold
working, heat treating, annealing, turning, grinding, or pick-
ling) as are required to produce the prescribed properties.

4. Chemical Composition

4.1 Material produced under this specification shall meet the
requirements for chemical composition prescribed in Table 1.

5. Mechanical Requirements

5.1 Mechanical properties shall conform to the listings of
Table 2 or Table 3.

5.2 All test specimens shall be full thickness or diameter
when practical.

5.3 All tests are to be conducted at room temperature, about
68°F (20°C).

6. General Requirements

6.1 The provisions of Specification B 476 shall apply to all
materials produced to this specification.

7. Inspection and Testing

7.1 Material furnished under this specification shall be
inspected by the manufacturer as detailed in the applicable
provisions of Specification B 476 and as listed as follows:

7.1.1 Visual inspection at 103.
7.1.2 Temper test (hardness or tension, but not both). A

tension test is recommended for strip below 0.030-in. (0.8-mm)
thickness and for wire of any diameter.

7.1.3 Dimensional tests.
7.1.4 Spectrographic or chemical analysis when indicated

by the purchaser order.

8. Keywords

8.1 arcing contacts; coin silver alloy; compositions; electri-
cal contacts; impurities; precious metals; silver alloy; silver
copper alloy

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B2.05 on Precious Metals and Electrical Contact Materials.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1977. Last previous edition approved in 1998 as B 617 – 98.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

TABLE 1 Chemical Composition A

Element Weight %

Silver 89.6 to 91.0
Copper 9.0 to 10.4
Zinc 0.06 max
Iron 0.05 max
Cadmium 0.05 max
Lead 0.03 max
Nickel 0.01 max
Aluminum 0.005 max
Phosphorus 0.02 max
Total others 0.06 max

AAnalysis is regularly made for the elements for which specific limits are listed.
If, however, the presence of “other” elements is suspected or indicated in the
course of routine analysis, further analysis shall be made to determine that the
total of these “other” elements and the listed impurities are not in excess of the total
impurities limit.

1
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 U.S. Federal Standards:3

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
S1.1.2 U.S. Military Standards:3

MIL-STD-129 Marking for Shipment and Storage

S2. Quality Assurance

S2.1 Responsibility for Inspection—Unless otherwise speci-
fied in the contract or purchase order, the manufacturer is
responsible for the performance of all inspection and test
requirements specified. Except as otherwise specified in the

contract or purchase order, the manufacturer may use his own
or any other suitable facilities for the performance of the
inspection and test requirements, unless disapproved by the
purchaser at the time the order is placed. The purchaser shall
have the right to perform any of the inspections and tests set
forth when such inspections and tests are deemed necessary to
assure that the material conforms to prescribed requirements.

S3. Preparation for Delivery

S3.1 Preservation, Packaging, and Packing:
S3.1.1 Civil Agencies—The requirements of Fed. Std. No.

102 shall be referenced for definitions of the various levels of
packaging protection.

S3.2 Marking:
S3.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S3.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

3 Available from Standardization Documents Order Desk, DODSSP, Bldg. 4,
Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098

TABLE 2 Mechanical Properties of Sheet and Strip

Temper
Reduction in B & S

Numbers
(Reference)

Percent Re-
duction (Ref-

erence)

Ultimate Tensile Strength, psi
(MPa)

Minimum Elon-
gation in 2

in., %

Hardness,
Rockwell 30T

min max

A 0 0 36 000 47 000 20 42 to 50
(250) (320)

1⁄2 H 2 21 47 000 57 000 4 56 to 64
(320) (390)

3⁄4 H 3 29 53 000 63 000 2 58 to 67
(370) (430)

Hard 4 37 58 000 68 000 1 61 to 69
(400) (470)

Spring 8 60 67 000 75 000 1 64 to 72
(460) (520)

TABLE 3 Mechanical Properties of Wire, Rod, and Tubing

Temper
Reduction in B & S

Numbers
(Reference)

Percent Re-
duction (Ref-

erence)

Ultimate Tensile Strength, psi
(MPa)

Minimum Elon-
gation in 2

in., %

Hardness,
Rockwell 30T

min max

A 0 0 36 000 47 000 20 42 to 50
(250) (320)

1⁄8 H 1⁄2 11 42 000 52 000 8 49 to 57
(290) (360)

1⁄4 H 1 21 47 000 57 000 4 56 to 64
(320) (390)

1⁄2 H 2 37 56 000 66 000 4 58 to 66
(390) (460)

3⁄4 H 3 50 61 000 71 000 3 61 to 72
(420) (490)

Hard 4 60 65 000 74 000 2 64 to 72
(450) (510)

Spring 8 84 74 000 82 000 1 68 to 76
(510) (570)

B 617 – 98 (2004)
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APPENDIX

(Nonmandatory Information)

X1. TYPICAL PROPERTY VALUES

X1.1 The following is a list of typical property values which
are useful for engineering calculations in electrical contact
design and application.
Electrical conductivity, % IACS 83
Resistivity, V· cmil/ft 13

µV·cm 2.1
Solidus temperature, °C 777
Liquidus temperature, °C 870
Density, g/cm3

tr oz/in. 3
10.3
5.43

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 619 – 04

Standard Specification for
Welded Nickel and Nickel-Cobalt Alloy Pipe 1

This standard is issued under the fixed designation B 619; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification2 covers welded pipe of nickel and
nickel-cobalt alloys (UNS N10001; UNS N10242; UNS
N10665; UNS N12160; UNS N10624; UNS N10629; UNS
N10675; UNS N10276; UNS N06455; UNS N06007; UNS
N06975; UNS N08320; UNS N06002; UNS N06022; UNS
N06035; UNS N06058; UNS N06059; UNS N06200; UNS
N06985; UNS N06030; UNS R30556; UNS N08031; UNS
N06230; UNS N06686; UNS N06210; and UNS R20033)* as
shown in Table 1.

1.2 This specification covers pipe in Schedules 5S, 10S,
40S, and 80S through 8-in. nominal pipe size as set forth in
ANSI B36.19 (see Table 2).

1.3 Two classes of pipe are covered as follows:
1.3.1 Class I—As welded and solution annealed or welded

and sized and solution annealed.
1.3.2 Class II—Welded, cold worked, and solution an-

nealed.
1.4 All pipe shall be furnished in the solution annealed and

descaled condition. When atmosphere control is used, descal-
ing is not necessary.

1.5 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:3

B 775 Specification for General Requirements for Nickel
and Nickel Alloy Welded Pipe

2.2 ANSI Standards:
B36.19 Stainless Steel Pipe4

B2.1 Pipe Threads4

3. General Requirement

3.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 775
unless otherwise provided herein.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to the following:

4.1.1 Alloy (Table 1),
4.1.2 Class (see 1.3),
4.1.3 Quantity (feet or number of lengths),
4.1.4 Size (nominal size or outside diameter and schedule

number or average wall thickness),
4.1.5 Length—Specify cut length or random,
4.1.6 Certification— State if certification or a report of test

results is required,
4.1.7 Purchaser Inspection—State which tests or inspec-

tions are to be witnessed,
4.1.8 Ends—Plain ends cut and deburred will be furnished,

unless otherwise specified, and
4.1.9 Samples for Product (Check) Analysis—State whether

samples shall be furnished.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1981. Last previous edition approved in 2000 as B 619 –00.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-619 in Section II of that Code.

* New designation established in accordance with Practice E 527 and SAE
J1086, Practice for Numbering Metals and Alloys (UNS).

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

4 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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5. Materials and Manufacture

5.1 The pipe shall be made from flat-rolled alloy by an
automatic welding process with no addition of filler metal.

5.2 Subsequent to welding and prior to final heat treatment,
Class II pipes shall be cold worked either in both weld and base
metal or in weld metal only. The method of cold working may
be specified by the purchaser.

6. Chemical Composition

6.1 The material shall conform to the composition limits
specified in Table 1.

6.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the requirements specified in
Table 1 subject to the permissible tolerances in Specification
B 775.

7. Mechanical Properties and Other Requirements

7.1 Tension Test— The tensile properties of the material at
room temperature shall conform to those shown in Table 3.

7.1.1 One tension test shall be made on each lot of pipe.
7.2 Flattening Test— One flattening test shall be made on a

specimen from one end of one pipe from each lot.
7.3 Hydrostatic or Nondestructive Electric Test—Each pipe

shall be subjected to either the hydrostatic or the nondestruc-
tive electric test at the manufacturer’s option.

8. Dimensions and Permissible Variations

8.1 Wall Thickness— Variations in wall thickness shall not
exceed the specified nominal wall thickness by more than6
121⁄2 %, except as follows:

8.1.1 If weld beads are present on the inner surface of the
pipe, they shall not exceed the wall thickness of the pipe by
more than 20 % or 0.050 in. (1.27 mm), whichever is less, of

the specified nominal wall thickness for Class I pipe, and 5 %
or 0.005 in. (0.127 mm), whichever is less, of the specified
nominal wall thickness for Class II pipe.

8.1.2 Sunken welds in Class I pipe shall not be deeper than
15 % of the specified nominal wall thickness and never deeper
than 0.030 in. (0.79 mm). Class II pipe shall not have sunken
welds.

8.2 Outside Diameter— The permissible variations in out-
side diameter shall not exceed the limits prescribed in Table 4,
except as provided for in 8.1.2.

9. Keywords
9.1 UNS N06002; UNS N06007; UNS N06022; UNS

N06030; UNS N06035; UNS N06058; UNS N06059; UNS
N06200; UNS N06210; UNS N06230; UNS N06455; UNS
N06975; UNS N06985; UNS N08031; UNS N08320; UNS
N10001; UNS N10242; UNS N10276; UNS N10624; UNS
N10629; UNS N10665; UNS N10675; UNS R30556; welded
pipe

TABLE 2 Dimensions of Welded Pipe

NOTE 1—The following table is a partial reprint of Table 1 of ANSI B36.19.
NOTE 2—The decimal thickness listed for the respective pipe sizes represents their nominal or average wall dimensions.

Nominal
Pipe Size,

Outside Diameter
Nominal Wall Thickness

Schedule 5SA Schedule 10SA Schedule 40S Schedule 80S

in. in. mm in. mm in. mm in. mm in. mm

1⁄8 0.405 10.29 ... ... 0.049 1.24 0.068 1.73
1⁄4 0.540 13.72 ... ... 0.065 1.65 0.088 2.24
3⁄8 0.675 17.15 ... ... 0.065 1.65 0.091 2.31
1⁄2 0.840 21.34 0.065 1.65 0.083 2.11 0.109 2.77
3⁄4 1.050 26.67 0.065 1.65 0.083 2.11 0.113 2.87
1.0 1.315 33.41 0.065 1.65 0.109 2.77 0.133 3.38
11⁄4 1.660 42.16 0.065 1.65 0.109 2.77 0.140 3.56
11⁄2 1.900 48.26 0.065 1.65 0.109 2.77 0.145 3.68
2 2.375 60.03 0.065 1.65 0.109 2.77 0.154 3.91 0.218 5.54
21⁄2 2.875 73.03 0.083 2.11 0.120 3.05 0.203 5.16 0.276 7.01
3 3.500 88.90 0.083 2.11 0.120 3.05 0.216 5.33
31⁄2 4.000 101.60 0.083 2.11 0.120 3.05 0.226 5.74
4 4.500 114.30 0.083 2.11 0.120 3.05 0.237 6.02
5 5.563 141.30 0.109 2.77 0.134 3.40 0.258 6.55
6 6.625 168.28 0.109 2.77 0.134 3.40 0.280 7.11
8 8.625 219.18 0.109 2.77 0.148 3.76 0.322 8.18

ASchedules 5S and 10S wall thicknesses do not permit threading in accordance with ANSI B2.1-1960.
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TABLE 3 Mechanical Properties of Pipe

Alloy
Tensile Strength,
min, ksi (MPa)

Yield Strength
(0.2 % Offset),
min, ksi (MPa)

Elongation
in 2 in.

(50.8 mm)
or 4D,A

min, %

Ni-Mo Alloys
alloy N10001 100 (690) 45 (310) 40
alloy N10665 110 (760) 51 (350) 40
alloy N10675 110 (760) 51 (350) 40
alloy N10629 110 (760) 51 (350) 40
alloy N10624 104 (720) 46 (320) 40

Ni-Mo-Cr-Fe Alloy
alloy N10242 105 (725) 45 (310) 40

Low C Ni-Cr-Mo Alloys
alloy N10276 100 (690) 41 (283) 40
alloy N06022 100 (690) 45 (310) 45
alloy N06035 85 (586) 35 (241) 30
alloy N06455 100 (690) 40 (276) 40

Ni-Cr-Fe-Mo-Cu Alloys
alloy N06007 90 (621) 35 (241) 35
alloy N06975 85 (586) 32 (221) 40
alloy N06985 90 (621) 35 (241) 45
alloy N06030 85 (586) 35 (241) 30

Ni-Fe-Cr-Mo Alloy (N08320) 75 (517) 28 (193) 35
Ni-Cr-Mo-Fe Alloy (N06002) 100 (690) 40 (276) 35
Ni-Fe-Cr-Co Alloy (R30556) 100 (690) 45 (310) 40
Ni-Cr-W-Mo Alloy (N06230)B 110 (760) 45 (310) 40
Low C-Ni-Cr-Mo Alloys

alloy N06058 110 (760) 52 (360) 40
alloy N06059 100 (690) 45 (310) 45

Low C-Ni-Cr-Mo-Cu Alloy
(N06200)

100 (690) 41 (283) 45

Ni-Fe-Cr-Mo-Cu Low Carbon
Alloy (N08031)

94 (650) 40 (276) 40

Low C Ni-Cr-Mo-W Alloy
(N06686)

100 (690) 45 (310) 45

Ni-Co-Cr-Si alloy (N12160) 90 (620) 35 (240) 40
Cr-Ni-Fe-N Low Carbon Alloy

(R20033)
109 (750) 55 (380) 40

Low C Ni-Cr-Mo-Ta Alloy
(N06210)

100 (690) 45 (310) 45

AD refers to the diameter of the tension specimen.
BSolution annealed at a temperature between 2200 to 2275°F (1204 to 1246°C)

followed by a water quench or rapidly cooled by other means.

TABLE 4 Permissible Variations in Outside Diameter

Nominal
Pipe Size, in.

Permissible Variation in Outside DiameterA

in. mm

1⁄8 + 0.002 −0.006 + 0.05 −0.15
1⁄4 + 0.003 −0.008 + 0.08 −0.20
3⁄8 + 0.004 −0.008 + 0.08 −0.20
1⁄2 + 0.004 −0.010 + 0.10 −0.25
3⁄4 + 0.005 −0.012 + 0.13 −0.30
1 + 0.005 −0.012 + 0.13 −0.30
11⁄4 + 0.005 −0.012 + 0.13 −0.30
11⁄2 + 0.008 −0.015 + 0.20 −0.38
2 + 0.010 −0.016 + 0.25 −0.41
21⁄2 + 0.010 −0.016 + 0.25 −0.41
3 + 0.012 −0.018 + 0.30 −0.46
31⁄2 + 0.012 −0.018 + 0.30 −0.46
4 + 0.014 −0.020 + 0.36 −0.51
5 + 0.063 0.031 + 1.60 −0.79
6 + 0.063 0.031 + 1.60 −0.79
8 + 0.063 0.031 + 1.60 −0.79

AThe permissible variations in the above table apply to individual measure-
ments, including out of roundness (ovality).
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APPENDIX

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary for optimum performance, and the manu-
facturer shall be consulted for details.

SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue (B 619 – 00)
that may impact the use of this standard.

(1) Added safety caveat to Scope.
(2) Added new alloy N06035 to Scope.

(3) Added alloy N06035 composition and mechanical proper-
ties to Table 1 and Table 3.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 620 – 03

Standard Specification for
Nickel-Iron-Chromium-Molybdenum Alloy (UNS N08320)
Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 620; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers rolled nickel-iron-chromium-
molybdenum alloy (UNS N08320)* plate, sheet, and strip, for
use in general corrosive service.

1.2 The following products are covered under this specifi-
cation:

1.2.1 Sheet and Strip—Hot or cold rolled, solution an-
nealed, and descaled unless solution anneal is performed in an
atmosphere yielding a bright finish.

1.2.2 Plate—Hot rolled, solution annealed, and descaled.
1.3 The values stated in inch-pound units are to be regarded

as the standard.
1.4 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 906 Specification for General Requirements for Flat-

Rolled Nickel and Nickel Alloys Plate, Sheet, and Strip3

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 plate—material3⁄16 in. (4.76 mm) and over in thick-

ness.

3.1.2 sheet and strip—material under3⁄16 in. (4.76 mm) in
thickness.

4. General Requirements

4.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 906
unless otherwise provided herein.

5. Ordering Information

5.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

5.1.1 Dimensions—Thickness (in decimals of an inch),
width, and length (inch or fraction of an inch).

5.1.2 Certification—State if certification or a report of test
results is required (Specification B 906, Section 21).

5.1.3 Optional Requirement:
5.1.3.1 Plate—State how plate is to be cut (Specification

B 906, Table A2.3).
5.1.4 Purchase Inspection—State which tests or inspections

are to be witnessed (Specification B 906, Section 18).
5.1.5 Samples for Product (Check) Analysis—State whether

samples should be furnished (Specification B 906, Section
7.2.2).

6. Chemical Composition

6.1 The material shall conform to the composition limits
specified in Table 1.

6.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the requirements specified in
Table 1 and Specification B 906.

7. Mechanical Properties and Other Requirements

7.1 Tensile Properties—The material shall conform to the
room temperature tensile properties prescribed in Table 2.

7.2 Hardness—The hardness values given in Table 2 are
informative only.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1977. Last previous edition approved in 1998 as B 620 - 98a.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-620 in Section II of that Code.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Recommended Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.

1
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8. Dimensions, Mass, and Permissible Variations

8.1 Weight—The material covered by this specification shall
be assumed to weigh 0.291 lb/in.3(8.05 g/cm3).

8.2 Thickness:
8.2.1 Sheet and Strip—The thickness shall be measured

with the micrometer spindle3⁄8 in. (9.525 mm) or more from
any edge for material 1 in. (25.4 mm) or over in width and at
any place on material under 1 in. in width.

8.3 Length:
8.3.1 Sheet and Strip:

Sheet and strip may be ordered to cut lengths, in which case
a variation of1⁄8 in. (3.175 mm) over the specified length shall
be permitted with a zero minus tolerance.

8.4 Straightness:
8.4.1 The edgewise curvature (depth of cord) of flat sheet,

strip, and plate shall not exceed 0.05 in. multiplied by the
length in feet or 0.04 mm multiplied by the length in centime-
tres.

8.4.2 Straightness for coiled strip is subject to agreement
between the manufacturer and the purchaser.

8.5 Squareness(Sheet)—For sheets of all thicknesses and
widths of 6 in. (152.4 mm) or more, the angle between adjacent
sides shall be 906 0.15 deg (1⁄16 in./24 in. or 2.6 mm/m).

8.6 Flatness—Plate, sheet, and strip shall be commercially
flat.

8.7 Edges:
8.7.1 Plate shall have sheared or abrasive cut or plasma-

torch-cut edges as specified.
8.7.2 Sheet and strip shall have sheared or slit edges.

9. Product Marking
9.1 Each plate, sheet, or strip shall be marked on one face

with the specification number, alloy, heat number, manufactur-
er’s identification, and size. The markings shall have no
deleterious effect on the material or its performance and shall
be sufficiently stable to withstand normal handling.

9.2 Each bundle or shipping container shall be marked with
the name of the material; this specification number; alloy; the
size; gross, tare, and net weight; consignor and consignee
address; contract or order number; and such other information
as may be defined in the contract or order.

10. Keywords
10.1 plate; sheet; strip; N08320

APPENDIX

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary for optimum performance, and the manu-

facturer shall be consulted for details.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Chemical Requirements

Element Composition Limits, %

Nickel 25.0–27.0
Iron remainderA

Chromium 21.0–23.0
Molybdenum 4.0–6.0
Manganese, max 2.5
Carbon, max 0.05
Titanium, min 4 3 carbon
Silicon, max 1.00
Phosphorus, max 0.04
Sulfur, max 0.03

ASee Specification B 906.

TABLE 2 Mechanical Property Requirements

Tensile
Strength min,

psi (MPa)

Yield Strength
(0.2 % Offset)
min, psi (MPa)

Elongation in 2
in.

(50.8 mm) or
4DA min, %

Rockwell
Hardness,B

max

75 000 (517) 28 000 (193) 35 95 HRB
AD refers to the diameter of the tension specimen.
BHardness values are shown for information purposes only and are not to be

used as a basis for rejection or acceptance. For approximate hardness conver-
sions, see Hardness Conversion Tables E 140.

B 620 – 03
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Designation: B 621 – 02

Standard Specification for
Nickel-Iron-Chromium-Molybdenum Alloy (UNS N08320)
Rod1

This standard is issued under the fixed designation B 621; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers nickel-iron chromium-
molybdenum alloy (UNS N08320)* rod for use in general
corrosive service.

1.2 The following products are covered under this specifi-
cation:

1.2.1 Rods5⁄16 to 3⁄4 in. (7.94 to 19.05 mm) excl in diameter,
hot or cold finished, solution annealed and pickled or mechani-
cally descaled.

1.2.2 Rods3⁄4 to 31⁄2 in. (19.05 to 88.9 mm) incl in diameter,
hot or cold finished, solution annealed, ground or turned.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloy and Cobalt
Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 1473 Test Methods for Chemical Analysis of Nickel,

Cobalt, and High-Temperature Alloys6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 rod—a product of round solid section furnished in

straight lengths.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include but are
not limited to the following:

4.1.1 Dimensions—Nominal diameter and length. The
shortest useable multiple length shall be specified (Table 1).

4.1.2 Certification—State if certification or a report of test
results is required (Section 15).

4.1.3 Purchaser Inspection—State which tests or inspec-
tions are to be witnessed (Section 13).

4.1.4 Samples for Product (Check) Analysis—State
whether samples shall be furnished (9.2.2).

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 2.

5.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the requirements specified in
Table 2 subject to the permissible tolerances in Specification
B 880.

6. Mechanical Properties and Other Requirements

6.1 The mechanical properties of the material at room
temperature shall conform to those shown in Table 3.

7. Dimensions, Mass and Permissible Variations

7.1 Diameter—The permissible variations from the speci-
fied diameter shall be as prescribed in Table 4.

7.2 Out of Roundness—The permissible variation in round-
ness shall be as prescribed in Table 4.

7.3 Matching Allowances—When the surfaces of finished
material are to be machined, the following allowances are
suggested for normal machining operations:

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys .

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 621 – 77. Last previous edition B 621 – 95a.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-621 in Section II of that Code.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Recommended Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02. 6 Annual Book of ASTM Standards, Vol 03.05.

1
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7.3.1 As-finished (Annealed and Descaled)—For diameters
of 5⁄16 to 11⁄16 in. (7.94 to 17.46 mm) incl, an allowance of1⁄16

in. (1.59 mm) on the diameter should be made for finish
machining.

7.4 Length:
7.4.1 Unless multiple, nominal, or cut lengths are specified,

random mill lengths shall be furnished.
7.4.2 The permissible variations in length of multiple,

nominal, or cut length rod shall be as prescribed in Table 1.
Where rods are ordered in multiple lengths, an additional1⁄4 in.
(6.35 mm) in length shall be allowed for each uncut multiple
length.

7.5 Ends:
7.5.1 Rods ordered to random or nominal lengths shall be

furnished with either cropped or sawed ends.
7.5.2 Rods ordered to cut lengths shall be furnished with

square saw cut or machined ends.
7.6 Weight—The material covered by this specification shall

be assumed to weigh 0.291 lb/in.3(8.05 g/cm3).
7.7 Straightness—The maximum curvature (depth of cord)

shall not exceed 0.050 in. multiplied by the length of the cord
in feet (0.04 mm multiplied by the length in centimetres).

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, and free of injurious imperfections.

9. Sampling

9.1 Lots for Chemical Analysis and Mechanical Testing:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot of bar for mechanical testing shall be defined as

the material from one heat in the same condition and specified
diameter.

9.2 Sampling for Chemical Analysis:
9.2.1 A representative sample shall be obtained from each

heat during pouring or subsequent processing.
9.2.2 Product (check) analysis shall be wholly the respon-

sibility of the purchaser.
9.3 Sampling for Mechanical Testing:
9.3.1 A representative sample shall be taken from each lot of

finished material.

10. Number of Tests and Retests

10.1 Chemical Analysis—One test per heat.
10.2 Tension Tests—One test per lot.
10.3 Retests—If the specimen used in the mechanical test of

any lot fails to meet the specified requirements, two additional
specimens shall be taken from different sample pieces and
tested. The results of the tests on both of these specimens shall
meet the specified requirements.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material
after final heat-treatment and tested in the direction of fabri-
cation.

11.2 Tension test specimens shall be any of the standard or
subsized specimens shown in Test Methods E 8.

11.3 In the event of a disagreement, the referee specimen
shall be the largest possible round specimen shown in Test
Methods E 8.

12. Test Methods

12.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall be
determined, in case of disagreement, in accordance with the
following ASTM methods:

12.1.1 Chemical Analysis—Test Methods E 1473.
12.1.2 Tension Test—Test Methods E 8.
12.1.3 Determining Significant Places—Practice E 29.
12.2 For purposes of determining compliance with the

limits in this specification, an observed value or a calculated
value shall be rounded in accordance with the rounding method
of Practice E 29:

Requirements
Rounded Unit for Observed or

Calculated Value

Chemical composition and toler-
ance

nearest unit in the last right-hand place
of figures of the specified limit

Tensile strength and yield strength nearest 1000 psi (7 MPa)
Elongation nearest 1 %

TABLE 1 Permissible Variations in Length of Rods

Random mill lengths 2 to 12 ft (610 to 3660 mm) long
with not more than 25 weight % under
4 ft (1.22 m).

Multiple lengths Furnished in multiples of a
specified unit length, within the
length limits indicated above.
For each multiple, an allowance of 1⁄4 in. (6.35

mm) shall be made for cutting, unless
otherwise specified. At the
manufacturer’s option, individual
specified unit lengths may be furnished.

Nominal lengths Specified nominal lengths having
a range of not less than 2 ft (610
mm) with no short lengths allowed.

Cut lengths A specified length to which all
rods shall be cut with a permissible
variation of + 1⁄8 in. (3.17 mm) - 0.

TABLE 2 Chemical Requirements

Element Composition Limits,%

Nickel 25.0–27.0
Iron remainderA

Chromium 21.0–23.0
Molybdenum 4.0–6.0
Manganese, max 2.5
Carbon, max 0.05
Titanium, min 4 3 carbon
Silicon, max 1.00
Phosphorus, max 0.04
Sulfur, max 0.03

A See 12.1.1.

TABLE 3 Mechanical Property Requirements

Tensile Strength, min,
psi (MPa)

Yield Strength (0.2 %
Offset), min, psi (MPa)

Elongation in 2 in.
(50.8) or 4DA, min, %

75 000 (517) 28 000 (193) 35
AD refers to the diameter of the tension specimen.

B 621 – 02
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13. Inspection

13.1 Inspection of the material shall be made as agreed upon
by the manufacturer and the purchaser as part of the purchase
contract.

14. Rejection and Rehearing

14.1 Material tested by the purchaser that fails to conform to
the requirements of this specification may be rejected. Rejec-
tion should be reported to the producer or supplier promptly
and in writing. In case of dissatisfaction with the results of the
test, the producer or supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-

ments. When specified in the purchase order or contract, a
report of the test results shall be made.

16. Product Marking

16.1 Each piece of material1⁄2 in. (12.7 mm) or over in
diameter shall be marked with the specification number, alloy,
heat number, manufacturer’s identification, and size. The
markings shall have no deleterious effect on the material or its
performance and shall be sufficiently stable to withstand
normal handling.

16.2 Each bundle or shipping container shall be marked
with the name of the material; this specification number; alloy;
the size; gross, tare, and net weight; consignor and consignee
address; contract or order number; and such other information
as may be defined in the contract or order.

17. Keywords

17.1 rod; UNS N08320

APPENDIX

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary for optimum performance, and the manu-

facturer shall be consulted for details.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 4 Permissible Variations in Diameter and Out-of-Roundness of Finished Rods

Specified Diameter, in. (mm)
Permissible Variations, in. (mm)

Diameter
Out of Roundness, max

Plus Minus
Hot-Finished, Annealed, and Descaled Rods

5⁄16 to 7⁄16 (7.94–11.11), incl 0.012 (0.30) 0.012 (0.30) 0.018 (0.46)
Over 7⁄16 to 5⁄8 (11.11–15.87), incl 0.014 (0.36) 0.014 (0.36) 0.020 (0.51)
Over5⁄8 to 3⁄4 (15.87–19.05), excl 0.016 (0.41) 0.016 (0.41) 0.024 (0.61)

Hot-Finished, Annealed, and Ground or Turned Rods
3⁄4 to 31⁄2 (19.05–88.9), incl 0.010 (0.25) 0 0.008 (0.20)

B 621 – 02
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Designation: B 622 – 04

Standard Specification for
Seamless Nickel and Nickel-Cobalt Alloy Pipe and Tube 1

This standard is issued under the fixed designation B 622; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification2 covers seamless pipe and tube of
nickel and nickel-cobalt alloys (UNS N10001, UNS N10242,
UNS N10665, UNS N12160, UNS N10675, UNS N10276,
UNS N06455, UNS N06007, UNS N08320, UNS N06975,
UNS N06002, UNS N06985, UNS N06022, UNS N06035,
UNS N08135, UNS N06255, UNS N06058, UNS N06059,
UNS N06200, UNS N06030, UNS N08031, UNS R30556,
UNS N08535, UNS N06250, UNS N06060, UNS N06230,
UNS N06686, UNS N10629, UNS N06210, UNS N10624, and
UNS R20033)* as shown in Table 1.

1.2 Pipe and tube shall be supplied in the solution annealed
and descaled condition. When atmosphere control is used,
descaling is not necessary.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:3

B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys

E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 55 Practice for Sampling Wrought Nonferrous Metals and

Alloys for Determination of Chemical Composition
E 1473 Test Methods for Chemical Analysis of Nickel,

Cobalt, and High-Temperature Alloys

3. Terminology

3.1 Definitions:
3.1.1 average diameter, n—the average of the maximum

and minimum outside diameters, or the maximum and mini-
mum inside diameters, as determined at any cross section of
the tube.

3.1.2 pipe, n—seamless tube conforming to the particular
dimensions commercially known as standard pipe sizes (Ap-
pendix X2).

3.1.3 tube, n—a hollow product of round or any other cross
section having a continuous periphery.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to the following:

4.1.1 Alloy (Table 1).
4.1.2 Dimensions:
4.1.2.1 Tube—Outside diameter, minimum or average wall

thickness, and length.
4.1.2.2 Pipe—Standard pipe size and schedule (Appendix

X2).
4.1.3 Ends—Plain ends cut and deburred will be furnished.
4.1.4 Certification—State if certification or a report of test

results is required (Section 16).
4.1.5 Samples for Check Analysis—State whether samples

for check analysis should be furnished (10.2.2).
4.1.6 Purchaser Inspection—If the purchaser wishes to

witness tests or inspection of material at the place of manu-
facture, the purchase order must so state, indicating which tests
or inspections are to be witnessed (Section 14).

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1977. Last previous edition approved in 2000 as B 622 – 00.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-622 in Section II of that Code.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 1.

5.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the requirements specified in
Table 1 subject to the permissible tolerances per Specification
B 880.

6. Mechanical Properties

6.1 The mechanical properties of the material at room
temperature shall conform to those shown in Table 3.

7. Hydrostatic Test

7.1 Each pipe or tube shall be tested by the manufacturer to
an internal hydrostatic pressure, not to exceed 1000 psi (6.89
MPa), that will produce a fiber stress,S, in the tube wall,
calculated in accordance with the following equation:

P 5 2St/D (1)

where:
P = hydrostatic test pressure, psi (MPa),
S = allowable fiber stress of material in the condition

furnished, as follows:

TABLE 2 Permissible Variations in Outside Diameter and Wall
Thickness (Average Wall)

Wall Thickness, %

Specified
Outside Diameter

Outside
Diameter

Average Minimum Wall

+ – + – + –

Inches
0.500 to 5⁄8 , incl 0.005 0.005 12.5 12.5 25.0 0
Over 5⁄8 to 11⁄2 , incl 0.0075 0.0075 10.0 10.0 20.0 0
Over 11⁄2 to 31⁄2 , incl 0.010 0.010 10.0 10.0 22.0 0

Millimetres
12.7 to 15.88, incl 0.13 0.13 12.5 12.5 25.0 0
Over 15.88 to 38.100,
incl

0.190 0.190 10.0 10.0 20.0 0

Over 38.100 to 88.900,
incl

0.254 0.254 10.0 10.0 22.0 0

TABLE 3 Mechanical Properties of Pipe and Tube

Alloy
Tensile Strength,

min, ksi
(MPa)

Yield Strength
(0.2 % Offset)
min, ksi (MPa)

Elongation in 2
in.

(50.8 mm) or
4D,A min, %

Ni-Mo
UNS N10001 100 (690) 45 (310) 40
UNS N10665 110 (760) 51 (350) 40
UNS N10675 110 (760) 51 (350) 40
UNS N10629 110 (760) 51 (350) 40
UNS N10624 104 (720) 46 (320) 40

Ni-Mo-Cr-Fe
UNS N10242 105 (725) 45 (310) 40

Low C Ni-Cr-Mo
UNS N10276 100 (690) 41 (283) 40
UNS N06022 100 (690) 45 (310) 45
UNS N06035 85 (586) 35 (241) 30
UNS N06455 100 (690) 40 (276) 40

Ni-Cr-Fe-Mo-Cu
UNS N06007 90 (621) 35 (241) 35
UNS N06975 85 (586) 32 (221) 40
UNS N06985 90 (621) 35 (241) 40
UNS N06030
UNS N06255

85 (586)
85 (586)

35 (241)
32 (221)

30
40

UNS N06250 90 (621) 35 (241) 40
Ni-Fe-Cr-Mo

UNS N08320 75 (517) 28 (193) 35
UNS N08135 73 (503) 31 (214) 40

Ni-Cr-Mo-Fe
UNS N06002 100 (690) 40 (276) 35
UNS N06060 90 (621) 35 (241) 40

Ni-Fe-Cr-
Co–R30556

100 (690) 45 (310) 40

Ni-Cr-W-Mo
UNS N06230B 110 (760) 45 (310) 40

Low C-Ni-Cr-Mo
UNS N06058 110 (760) 52 (360) 40
UNS N06059 100 (690) 45 (310) 45

Low C-Ni-Cr-
Mo-Cu
UNS N06200 100 (690) 41 (283) 45
Ni-Fe-Cr-Mo-Cu
low

carbon
UNS N08031
UNS N08535 94 (650) 40 (276) 40

73 (503) 31 (214) 40
Low C Ni-Cr-
Mo-W

UNS N06686 100 (690) 45 (310) 45
Ni–Co–Cr–Si

UNS N12160 90 (620) 35 (240) 40
low carbon Cr-Ni-
Fe-N

UNS R20033 109 (750) 55 (380) 40
Low carbon Ni-
Mo-Cr-Ta

UNS N06210 100 (690) 45 (310) 45
A D refers to the diameter of the tension specimen.
B Solution annealed at a minimum temperature of 2200° F (1204° C) followed by

a water quench or rapidly cooled by other means.
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S
Alloy psi MPa

Nickel-molybdenum:
UNS N10001 25 000 172
UNS N10665 27 500 190
UNS N10675 27 500 190
UNS N10629 27 500 190
UNS N10624 26 000 180

Nickel-molybdenum-chromium-iron:
UNS N10242 26 500 182

Low carbon nickel-chromium-molybdenum:
UNS N10276 25 000 172
UNS N06022 25 000 172
UNS N06035 21 000 145
UNS N06455 25 000 172

Nickel-chromium-iron-molybdenum-copper:
UNS N06007 22 000 152
UNS N06975 21 000 145
UNS N06985 22 500 155
UNS N06030 21 000 145
UNS N06255 21 000 145
UNS N06250 22 500 155

Nickel-iron-chromium-molybdenum:
UNS N08320 18 500 127
UNS N08135 18 300 126

Nickel-chromium-molybdenum-iron:
UNS N06002 23 000 159
UNS N06060 22 500 155

Nickel-iron-chromium-cobalt:
UNS R30556 25 000 172

Nickel-chromium-tungsten-molybdenum:
UNS N06230 27 500 190

Low carbon nickel-chromium-molybdenum:
UNS N06058 27 500 190
UNS N06059 25 000 172
UNS N06200 25 000 172

Low carbon nickel-iron-chromium-molybdenum-
copper:

UNS N08031 22 500 155
UNS N08535 18 300 126

Low carbon nickel-chromium-molybdenum-
tungsten:

UNS N06686 25 000 172
Nickel-cobalt-chromium-silicon:

UNS N12160 22 500 155
Chromium-nickel-iron-nitrogen:

UNS R20033 27 000 186
Low carbon nickel-molybdenum-chromium-
tantalum:

UNS N06210 25 000 172

t = minimum wall thickness, in. (mm), equal to the speci-
fied average wall minus the permissible “minus” wall
tolerance (Table 2) or the specified minimum wall
thickness, and

D = outside diameter of the tube, in. (mm).
7.2 Any pipe or tube showing leaks during the hydrostatic

test shall be rejected.

8. Dimensions and Permissible Variations

8.1 Outside Diameter and Wall Thickness—The permissible
variations in the outside diameter and wall thickness of pipe
and tube shall not exceed those prescribed in Table 2.

8.2 Length—When pipe or tube is ordered cut-to-length, the
length shall not be less than that specified, but a variation
of + 1⁄8 in. (3.2 mm) shall be permitted, except that for lengths
over 30 ft (9.1 m), a variation of +1⁄4 in. (6.4 mm) shall be
permitted.

8.3 Straightness— Material shall be reasonably straight and
free of bends or kinks.

8.4 Weight—For calculation of mass or weight, the follow-
ing densities shall be used:

Alloy
Density

lb/in.3 g/cm3

Nickel-molybdenum:
UNS N10001 0.334 9.24
UNS N10242 0.327 9.05
UNS N10665 0.333 9.22
UNS N10675 0.333 9.22
UNS N10629 0.333 9.22
UNS N10624 0.322 8.9

Low carbon nickel-chromium-molybdenum: 0.296 8.18
UNS N10276 0.321 8.87
UNS N06022 0.314 8.69
UNS N06035 0.296 8.18
UNS N06455 0.312 8.64

Nickel-chromium-iron-molybdenum-copper:
UNS N06007 0.300 8.31
UNS N06975 0.295 8.17
UNS N06985 0.300 8.31
UNS N06030 0.297 8.22
UNS N06255 0.299 8.29
UNS N06250 0.307 8.58

Nickel-iron-chromium-molybdenum:
UNS N08320 0.291 8.05
UNS N08135 0.292 8.10

Nickel-chromium-molybdenum-iron:
UNS N06002 0.297 8.23
UNS N06060 0.315 8.71

Nickel-iron-chromium-cobalt:
UNS R30556 0.297 8.23

Nickel-chromium-tungsten-molybdenum:
UNS N06230 0.324 8.97

Low carbon nickel-chromium-molybdenum:
UNS N06058 0.318 8.80
UNS N06059 0.311 8.6
UNS N06200 0.307 8.50

Low carbon nickel-iron-chromium-molybdenum-
copper:

UNS N08031 0.29 8.1
UNS N08535 0.291 8.07

Low carbon nickel-chromium-molybdenum-
tungsten:

UNS N06686 0.315 8.73
Nickel-cobalt-chromium-silicon:

UNS N12160 0.292 8.08
Low carbon chromium-nickel-iron-nitrogen:

UNS R20033 0.29 8.1
Low carbon nickel-molybdenum-chromium-
tantalum:

UNS N06210 0.316 8.76

9. Workmanship, Finish, and Appearance

9.1 The material shall be uniform in quality and condition,
smooth, and free of injurious imperfections.

10. Sampling

10.1 Lots for Chemical Analysis and Mechanical Testing:
10.1.1 A lot for chemical analysis shall consist of one heat.
10.1.2 A lot of pipe or tube for mechanical testing shall be

defined as the material from one heat in the same condition and
specified cross section and in no case more than 10 000 lb
(4500 kg).

10.2 Sampling of Chemical Analysis:
10.2.1 A representative sample shall be taken from each lot

during pouring or subsequent processing.
10.2.2 Product (check) analysis shall be wholly the respon-

sibility of the purchaser.
10.3 Sampling for Mechanical Testing:
10.3.1 A representative sample shall be taken from each lot

of finished material.
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11. Number of Tests and Retests

11.1 Chemical Analysis—One test per lot.
11.2 Tension Test— One test per lot.
11.3 Retests—If the specimen used in the mechanical test of

any lot fails to meet the specified requirements, two additional
specimens shall be taken from different sample pieces and
tested. The results of the tests on both of these specimens shall
meet the specified requirements.

12. Specimen Preparation

12.1 Tension test specimens shall be taken from material
after final heat treatment and tested in the direction of
fabrication.

12.2 Whenever possible, all pipe and tube shall be tested in
full tubular size. When testing in full tubular size is not
possible, longitudinal strip specimens, or the largest possible
round specimen prepared in accordance with Test Methods E 8,
shall be used.

13. Test Methods

13.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall be
determined, in case of disagreement, in accordance with the
following methods:

13.1.1 Chemical Analysis—Test Methods E 1473. For ele-
ments not covered by Test Methods E 1473, the referee method
shall be as agreed upon between the manufacturer and the
purchaser. The elements listed as “remainder” shall be deter-
mined arithmetically by difference.

13.1.2 Tension Test—Test Methods E 8.
13.1.3 Determining Significant Places—Practice E 29.
13.1.4 Method of Sampling—Practice E 55.
13.2 For purposes of determining compliance with the

specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded in accordance with the rounding method of Practice
E 29.

Rounded Unit for Observed
Requirements or Calculated Value

Chemical composition nearest unit in the last right-hand place
and tolerances of figures of the specified limit

Tensile strength and yield nearest 1000 psi (7 MPa)
strength

Elongation nearest 1 %

14. Inspection

14.1 Inspection of the material shall be in accordance with
agreements between the manufacturer and the purchaser as part
of the purchase contract.

15. Rejection and Rehearing

15.1 Material, tested by the purchaser, that fails to conform
to the requirements of this specification may be rejected.
Rejection should be reported to the producer or supplier
promptly and in writing. In case of dissatisfaction with the
results of the test, the producer or supplier may make claim for
a rehearing.

16. Certification

16.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

17. Product Marking

17.1 Each piece of material1⁄2 in. (12.7 mm) and over in
diameter shall be marked with this specification number, alloy,
heat number, name of the material, and size of the product.

17.2 Each bundle or shipping container shall be marked
with the name of the material; specification number; alloy;
class; condition; size; gross, tare, and net weight; consignor
and consignee address; contract or order number; and such
information as may be defined in the contract or order.

18. Keywords

18.1 seamless pipe; seamless tube; UNS N06002; UNS
N06007; UNS N06022; UNS N06030; UNS N06035; UNS
N06058; UNS N06059; UNS N06060; UNS N06200; UNS
N06210; UNS N06230; UNS N06250; UNS N06255; UNS
N06455; UNS N06686; UNS N06975; UNS N06985; UNS
N08031; UNS N08135; UNS N08320; UNS N08535; UNS
N10001; UNS N10242; UNS N10276; UNS N10624; UNS
N10629; UNS N10665; UNS N10675; UNS N12160; UNS
R20033; UNS R30556

B 622 – 04
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APPENDIXES

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary for optimum performance and the manu-
facturer shall be consulted for details.

X2. PIPE SCHEDULES

X2.1 The schedules listed in Table X2.1 are regularly
available. This table is published for information only.

SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue (B 622–00)
that may impact the use of this standard.

(1) Added safety caveat to Scope. (2) Added new alloy chemistry and mechanical properties.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X2.1 Pipe Schedules A

Nominal Pipe Size, in. Outside Diameter
Nominal Wall Thickness

Schedule No. 10 Schedule No. 40 Schedule No. 80

Inches
1⁄4 0.540 0.065 0.088 ...
3⁄8 0.675 0.065 0.091 0.126
1⁄2 0.840 0.083 0.109 0.147
3⁄4 1.050 0.083 0.113 0.154
1 1.315 0.109 0.133 0.179
11⁄4 1.660 0.109 0.140 0.191
11⁄2 1.900 0.109 0.145 0.200
2 2.375 0.109 0.154 0.218
21⁄2 2.875 0.120 0.203 0.276
3 3.500 0.120 0.216 0.300

Millimetres
1⁄4 13.72 1.65 2.24 ...
3⁄8 17.14 1.65 2.31 3.20
1⁄2 21.34 2.11 2.77 3.73
3⁄4 26.67 2.11 2.87 3.91
1 33.40 2.77 3.38 4.55
11⁄4 42.16 2.77 3.56 4.85
11⁄2 48.26 2.77 3.68 5.08
2 60.32 2.77 3.91 5.54
21⁄2 73.02 3.05 5.16 7.04
3 88.90 3.05 5.49 7.62

A The pipe schedules shown conform with standards adopted by the American National Standards Institute.

B 622 – 04
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Designation: B 625 – 04

Standard Specification for
UNS N08904, UNS N08925, UNS N08031, UNS N08932,
UNS N08926, and UNS R20033 Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 625; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers alloys UNS N08904, UNS
N08925,* UNS N08031, UNS N08932, UNS N08926, and
UNS R20033 plate, sheet, and strip in the annealed temper.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 906 Specification for General Requirements for Flat-
Rolled Nickel and Nickel Alloys Plate, Sheet, and Strip

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 plate, n—material 3⁄16 in. (4.76 mm) and over in

thickness and over 10 in. (254 mm) in width.
3.1.2 sheet, n—material under3⁄16 in. (4.76 mm) in thick-

ness and 24 in. (609.6 mm) and over in width. Material under
3⁄16 in. (4.75 mm) in thickness and in all widths with No. 4
finish.

3.1.3 strip, n—material under3⁄16 in. (4.76 mm) in thickness
and under 24 in. (609.6 mm) in width.

4. General Requirements

4.1 Material furnished in accordance with this specification
shall conform to the applicable requirements of the current
edition of Specification B 906 unless otherwise provided
herein.

5. Ordering Information

5.1 Orders for material under this specification shall include
the following information:

5.1.1 Quantity (weight or number of pieces),
5.1.2 Alloy name or UNS number,
5.1.3 Form, plate, sheet or strip,
5.1.4 Dimensions,
5.1.5 Type edge required, for strip only (see Specification

B 906),
5.1.6 Finish (see Specification B 906)—For sheet with No.

4 finish, specify whether one or both sides are to be polished,
5.1.7 ASTM designation,
5.1.8 Additions to the specification or special requirements,
5.1.9 Certification or test reports—State if certification or

test reports are required, and
5.1.10 Source inspection—State if inspection is required.

6. Chemical Composition

6.1 The material shall conform to the composition limits
specified in Table 1. One test per lot is required as defined in
Specification B 906.

6.2 If a product analysis is made by the purchaser, the
material shall conform to the product (check) analysis varia-
tions in Specification B 906.

7. Mechanical Properties and Other Requirements

7.1 Tensile and Hardness Requirements—The material shall
conform to the mechanical property requirements specified in
Table 2. One test per lot is required as defined in Specification
B 906.

8. Dimensions and Permissible Variations

8.1 Sheet—The material shall be furnished in accordance
with the dimensional requirements established in Specification
B 906.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1977. Last previous edition approved in 1999 as B 625 – 99.

* New designation established in accordance with Practice E 527 and SAE
J1086, Practice for Numbering Metals and Alloys (UNS).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



9. Keywords

9.1 plate; sheet; strip; UNS N08031; UNS N08904; UNS
N08925; UNS N08926; UNS N08932; UNS R20033

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Chemical Requirements

Elements
Composition,%

UNS N08904 UNS N08925 UNS N08932 UNS N08031 UNS N08926 UNS R20033

Carbon, max 0.020 0.020 0.020 0.015 0.020 0.015
Manganese, max 2.00 1.00 2.00 2.0 2.00 2.0
Phosphorus, max 0.045 0.045 0.025 0.020 0.03 0.02
Sulfur, max 0.035 0.030 0.010 0.010 0.01 0.01
Silicon, max 1.00 0.50 0.40 0.3 0.5 0.50
Nickel 23.00–28.00 24.00–26.00 24.0–26.0 30.0–32.0 24.00–26.00 30.0–33.0
Chromium 19.00–23.00 19.00–21.00 24.0–26.0 26.0–28.0 19.00–21.00 31.0–35.0
Molybdenum 4.0–5.0 6.0–7.0 4.5–6.5 6.0–7.0 6.0–7.0 0.50–2.0
Copper 1.0–2.0 0.8–1.5 1.0–2.0 1.0–1.4 0.5–1.5 0.30–1.20
Nitrogen ... 0.10–0.20 0.15–0.25 0.15–0.25 0.15–0.25 0.35–0.60
Iron balance balance balance balance balance balance

TABLE 2 Mechanical Property Requirements

Alloy Form
Tensile Strength, min,

ksi (MPa)
Yield Strength (0.2 % offset), min, psi

(MPa)
Elongation in 2 in. or 50.8

mm, or 4D, min, %
Rockwell Hardness (or

equivalent)A

UNS N08904 sheet 71 (490) 31 000 (215) 35 70–90 HRB
strip 71 (490) 31 000 (215) 35 70–90 HRB
plate 71 (490) 31 000 (215) 35 70–90 HRB

UNS N08925 sheet 87 (600) 43 000 (295) 40 ...
strip 87 (600) 43 000 (295) 40 ...
plate 87 (600) 43 000 (295) 40 ...

UNS N08932 plate 87 (600) 44 000 (305) 40 ...
UNS N08031 sheet 94 (650) 40 000 (276) 40 ...

strip 94 (650) 40 000 (276) 40 ...
plate 94 (650) 40 000 (276) 40 ...

UNS N08926 sheet 94 (650) 43 000 (295) 35 ...
strip 94 (650) 43 000 (295) 35 ...
plate 94 (650) 43 000 (295) 35 ...

UNS R20033 sheet 109 (750) 55 000 (380) 40 ...
strip 109 (750) 55 000 (380) 40 ...
plate 109 (750) 55 000 (380) 40 ...

A Hardness values are shown for information only and shall not constitute a basis for acceptance or rejection as long as the other mechanical properties are met.

B 625 – 04
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Designation: B 626 – 04

Standard Specification for
Welded Nickel and Nickel-Cobalt Alloy Tube 1

This standard is issued under the fixed designation B 626; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification covers welded tubes made from the
nickel and nickel-cobalt alloys (UNS N10001, UNS N10242,
UNS N10665, UNS N12160, UNS N10629, UNS N10624,
UNS N10675, UNS N10276, UNS N06455, UNS N06007,
UNS N06975, UNS N08320, UNS N06985, UNS N06002,
UNS N06022, UNS N06030, UNS N06035, UNS N06058,
UNS N06059, UNS N06200, UNS N06210, UNS N08031,
UNS R30556, UNS N06230, UNS N06686, and UNS
R20033)* listed in Table 1 intended for heat exchanger and
condenser tubes and tubes for general corrosive service for
heat-resisting applications.

1.2 This specification covers tube1⁄8 to 31⁄2 in. (3.2 to 88.9
mm) in outside diameter and 0.015 to 0.148 in. (0.41 to 3.7
mm) inclusive, in wall thickness.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 751 Specification for General Requirements for Nickel
and Nickel Alloy Welded Tube

3. General Requirements

3.1 Material furnished in accordance with this specification
shall conform to the applicable requirements of the current
edition of Specification B 751 unless otherwise provided
herein.

4. Classification

4.1 Five classes of tube are covered as follows:
4.1.1 Class IA—Welded, sized, solution annealed, and non-

destructively tested in accordance with 4.2.1.
4.1.2 Class IB—Welded, sized, and solution annealed.
4.1.3 Class IIA—Welded, cold worked, solution annealed,

and nondestructively tested in accordance with 4.2.1.
4.1.4 Class IIB—Welded, cold worked, and solution an-

nealed.
4.1.5 Class III—Welded, cold worked, solution annealed,

and nondestructively tested in accordance with 4.2.2.
4.2 Nondestructive Tests:
4.2.1 Class IA and Class IIA Tubes—Each finished tube

shall be subjected to the hydrostatic test, the pneumatic test, or
the eddy current test at the manufacturer’s option.

4.2.2 Class III Tubes—Each finished tube shall be subjected
to the pneumatic test and the eddy current test. Tubes larger
than 11⁄2 in. (38.1 mm) in outside diameter may be subjected to
the hydrostatic test in lieu of the pneumatic test at the
manufacturer’s option.

5. Ordering Information

5.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to the following:

5.1.1 Alloy (Table 1),
5.1.2 Class (see 4),
5.1.3 Quantity (feet or number of lengths),
5.1.4 Size (outside diameter and average wall thickness),
5.1.5 Length (cut or random),
5.1.6 Certification—State if certification or a report of test

results is required,
5.1.7 Purchaser Inspection—State which tests or inspec-

tions are to be witnessed,

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published March 2004. Originally
approved in 1977. Last previous edition approved in 2003 as B 626 - 03.

* New designations established in accordance with ASTM E 527 and SAE
J1086, Practice for Numbering Metals and Alloys (UNS).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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5.1.8 Ends—Plain ends cut and deburred will be furnished,
unless otherwise specified, and

5.1.9 Samples for Product (Check) Analysis—State whether
samples shall be furnished.

6. Materials and Manufacture

6.1 The tubes shall be made from flat-rolled alloy by an
automatic welding process with no addition of filler metal.

6.2 Subsequent to welding and prior to final heat treatment,
Class II and Class III tubes shall be cold worked either in both
weld and base metal or in weld metal only. The method and
amount of cold working may be specified by the purchaser.
When cold drawn, the purchaser may specify the minimum
amount of reduction in cross-sectional area or wall thickness,
or both.

6.3 All tubes shall be furnished in the solution annealed and
descaled condition. When atmosphere control is used, descal-
ing is not necessary.

7. Chemical Composition

7.1 The material shall conform to the requirements for
chemical composition prescribed in Table 1. One test is
required for each lot as defined in Specification B 751.

7.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the requirements
specified in Table 1 subject to permissible variations specified
in Specification B 751.

8. Mechanical Properties and Other Requirements

8.1 Mechanical Properties—The material shall conform to
the mechanical properties prescribed in Table 2. One test is
required for each lot as defined in Specification B 751.

8.2 Flattening Test Requirements:
8.2.1 Evidence of laminated or unsound material or of

incomplete weld that is revealed during the entire flattening test
shall be cause for rejection.

8.2.2 Surface imperfections in the test specimens before
flattening, but revealed during the flattening test, shall be
judged in accordance with the finish requirements.

8.2.3 Superficial ruptures resulting from surface imperfec-
tions shall not be cause for rejection.

8.2.4 One test is required for each lot as defined in Speci-
fication B 751.

8.3 Flange Test Requirements:
8.3.1 Flange test specimens shall show no cracking or flaws.

Superficial ruptures resulting from surface imperfections shall
not be cause for rejection.

8.3.2 For tube less than 0.093 in. (2.36 mm) in inside
diameter and tube having a wall thickness equal to or greater
than the inside diameter, the flange test shall not be required.

8.3.3 One test is required for each lot as defined in Speci-
fication B 751.

8.4 Hydrostatic Test—When tested by the manufacturer,
each tube shall be subjected to the hydrostatic test per
Specification B 751.

8.5 Pneumatic Test—When tested by the manufacturer, each
tube shall be subjected to the pneumatic test per Specification
B 751.

8.6 Eddy Current Test—When tested by the manufacturer,
each tube shall be subjected to an electromagnetic (eddy
current) test per Specification B 751.

9. Keywords

9.1 UNS N10001; UNS N10242; UNS N10665; UNS
N12160; UNS N10629; UNS N10624; UNS N10675; UNS
N10276; UNS N06455; UNS N06007; UNS N06975; UNS
N08320; UNS N06985; UNS N06002; UNS N06022; UNS
N06030; UNS N06035; UNS N06058; UNS N06059; UNS
N06200; UNS N06210; UNS N08031; UNS N06230; UNS
N06686; UNS R30556; UNS R20033; welded tube

TABLE 2 Mechanical Properties

Alloy
Tensile Strength,
min, ksi (MPa)

Yield Strength
(0.2 Offset) min,

ksi (MPa)

Elongation
in 2 in.

(50.8 mm)
or 4DA,
min, %

Ni-Mo
UNS N10001 100 (690) 45 (310) 40
UNS N10665 110 (760) 51 (350) 40
UNS N10675 110 (760) 51 (350) 40
UNS N10629 110 (760) 51 (350) 40
UNS N10624 104 (720) 46 (320) 40

Ni-Mo-Cr-Fe
UNS N10242 105 (725) 45 (310) 40

Low C Ni-Cr-Mo
UNS N10276 100 (690) 41 (283) 40
UNS N06022 100 (690) 45 (310) 45
UNS N06035 85 (586) 35 (241) 30
UNS N06455 100 (690) 40 (276) 40

Ni-Cr-Fe-Mo-Cu
UNS N06007 90 (621) 35 (241) 35
UNS N06975 85 (586) 32 (221) 40
UNS N06985 90 (621) 35 (241) 45
UNS N06030 85 (586) 35 (241) 30

Ni-Fe-Cr-Mo
UNS N08320 75 (517) 28 (193) 35

Ni-Cr-Mo-Fe
UNS N06002 100 (690) 40 (276) 35

Ni-Fe-Cr-Co
UNS R30556 100 (690) 45 (310) 40

Ni-Cr-W-Mo
UNS N06230B 110 (760) 45 (310) 40

Low C-Ni-Cr-Mo
UNS N06058 110 (760) 52 (360) 40
UNS N06059 100 (690) 45 (310) 45

Low C-Ni-Cr-Mo-Cu
UNS N06200 100 (690) 41 (283) 45

low-carbon Ni-Fe-Cr-
Mo-Cu

UNS N08031 94 (650) 40 (276) 40
Low C-Ni-Cr-Mo-W

UNS N06686 100 (690) 45 (310) 45
Ni-Co-Cr-Si

UNS N12160 90 (620) 35 (240) 40
low Carbon Cr-Ni-Fe-N

UNS R20033 109 (750) 55 (380) 40
Low-C Ni-Mo-Cr-Ta

UNS N06210 100 (690) 45 (310) 45
A D refers to the diameter of the tension specimen.
B Solution annealed at a minimum temperature of 2200° F (1204° C) followed by

a water quench or rapidly cooled by other means.
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SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue (B 626 – 03)
that may impact the use of this standard.

(1) Added new alloy N06035 to Scope.
(2) Added new alloy N06035 chemistry and mechanical
properties to Table 1 and Table 2.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 628 – 98 (Reapproved 2004)

Standard Specification for
Silver-Copper Eutectic Electrical Contact Alloy 1

This standard is issued under the fixed designation B 628; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers 72 % silver-28 % copper (eu-
tectic) alloy rod, wire, strip, and sheet material for electrical
contacts.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 277 Test Method for Hardness of Electrical Contact
Materials

B 476 Specification for General Requirements for Wrought
Precious Metal Electrical Contact Materials

3. General Requirements

3.1 Specification B 476 and Test Method B 277 shall apply
to all materials produced to this specification.

4. Manufacture

4.1 Raw materials shall be of such quality and purity that
the finished product will have the properties and characteristics
prescribed in this specification.

4.2 The material shall be finished by such operations (cold
working, heat treating, annealing, turning, grinding, or pick-
ling) as are required to produce the prescribed properties.

5. Chemical Composition

5.1 Material produced under the specification shall conform
to the requirements as to chemical composition prescribed in
Table 1.

6. Mechanical Requirements

6.1 The material shall conform to the mechanical properties
prescribed in Table 2 or Table 3.

6.2 All test specimens shall be full thickness or diameter
when practical.

6.3 All tests are to be conducted at room temperature, about
68°F (20°C).

7. Inspection and Testing

7.1 Material furnished under this specification shall be
inspected by the manufacturer as detailed in the applicable
provisions of Specification B 476 and as listed below.

7.1.1 Visual inspection at 103.
7.1.2 Temper test (hardness or tension, but not both). A

tension test is recommended for strip below 0.030-in. (0.8-mm)
thickness and for wire of any diameter. A tension test is
preferred when permitted by part size and quantity.

7.1.3 Dimensional tests.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals and Electrical Contact Materials.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1977. Last previous edition approved in 1998 as B 628 – 98.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

TABLE 1 Chemical Composition A

Element Weight %

Silver 71.0 to 73.0
Copper balance
Total of all impurities 0.15
Zinc 0.06 max
Iron 0.05 max
Cadmium 0.05 max
Lead 0.03 max
Nickel 0.01 max
Aluminum 0.005 max
Phosphorus 0.03 max
Total others 0.06 max

AAnalysis is regularly made for the elements for which specific limits are listed.
If, however, the presence of “other” elements is suspected or indicated in the
course of routine analysis, further analysis shall be made to determine that the
total of these “other” elements and the listed impurities are not in excess of the total
impurities limit.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



7.1.4 Spectrographic or chemical analysis when indicated
by the purchase order.

8. Keywords

8.1 composition; electrical contacts; impurities; precious
metals; silver copper alloy

TABLE 2 Mechanical Properties of Sheet and Strip

Temper
Reduction in B & S

Numbers
(Reference)

Percent
Reduction

(Reference)

Ultimate Tensile Strength, psi (MPa) Minimum
Elongation
in 2 in., %

Hardness,
Rockwell 30 TMinimum Maximum

A 0 0 45 000 55 000 15 56–64
(310) (380)

1/4H 1 11 56 000 66 000 7 61–69
(390) (460)

1/2H 2 21 60 000 70 000 3 64–72
(410) (480)

3/4H 3 29 66 000 76 000 2 65–73
(460) (520)

Hard 4 37 69 000 79 000 2 66–74
(480) (550)

Extra hard 6 50 75 000 85 000 1 67–75
(520) (590)

Spring 8 60 83 000 93 000 1 68–76
(570) (640)

TABLE 3 Mechanical Properties of Wire and Rod

Temper
Reduction in B & S

Numbers
(Reference)

Percent
Reduction
(Reference)

Ultimate Tensile Strength, psi (MPa) Minimum
Elongation
in 2 in., %Minimum Maximum

A 0 0 45 000 55 000 15
(310) (380)

1/8H 1⁄2 11 52 000 62 000 7
(360) (430)

1/4H 1 21 58 000 68 000 5
(400) (470)

1/2H 2 37 65 000 75 000 4
(450) (520)

3/4H 3 50 70 000 80 000 4
(480) (550)

Hard 4 60 76 000 86 000 3
(520) (590)

Extra hard 6 75 85 000 95 000 2
(590) (660)

Spring 8 84 95 000 105 000 2
(660) (724)

Extra spring 10 90 105 000 115 000 1
(724) (793)
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. Government.

S1. Applicable Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 U.S. Federal Standards:3

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
S1.1.2 U.S. Military Standards:3

MIL-STD-129 Marking for Shipment and Storage

S2. Quality Assurance

S2.1 Responsibility for Inspection—Unless otherwise speci-
fied in the contract or purchase order, the manufacturer is
responsible for the performance of all inspection and test
requirements specified. Except as otherwise specified in the

contract or purchase order, the manufacturer may use his own
or any other suitable facilities for the performance of the
inspection and test requirements, unless disapproved by the
purchaser at the time the order is placed. The purchaser shall
have the right to perform any of the inspections and tests set
forth when such inspections and tests are deemed necessary to
assure that the material conforms to prescribed requirements.

S3. Preparation for Delivery

S3.1 Preservation, Packaging and Packing
S3.1.1 Civil Agencies—The requirements of Fed. Std. No.

102 shall be referenced for definitions of the various levels of
packaging protection.

S3.2 Marking:
S3.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S3.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

APPENDIX

(Nonmandatory Information)

X1. TYPICAL PROPERTY VALUES

X1.1 The following is a list of typical property values
which are useful for engineering calculations in electrical
contact design and application.
Electrical conductivity,% IACS 84
Resistivity,

V·cmil/ft 12.3
µV·cm 2.05

Solidus temperature, °C 779

Liquidus temperature, °C 779
Density,

g/cm3 10.0
tr oz/in.3 5.27

Elastic modulus,
psi 11 800 000

GPa 81.4

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

3 Available from Standardization Documents Order Desk, DODSSP, Bldg. 4,
Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098
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Designation: B 631 – 93 (Reapproved 2004)

Standard Specification for
Silver-Tungsten Electrical Contact Materials 1

This standard is issued under the fixed designation B 631; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers electrical contact components
made from silver-tungsten by powder-metallurgical proce-
dures.

1.2 This specification covers compositions within the silver-
tungsten system normally specified by users of contacts.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Safety Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 328 Test Method for Density, Oil Content, and Intercon-
nected Porosity of Sintered Metal Structural Parts and
Oil-Impregnated Bearings

3. Ordering Information

3.1 Orders for this material under this specification shall
include the following information:

3.1.1 Dimensions (see Section 7).
3.1.2 Chemical composition (see reference tables in the

Appendix X1 as a possible guide).
3.1.3 Physical properties (see Section 6 and Appendix X1 as

guideline).
3.1.4 Certification (see Section 13).
3.1.5 Other features as agreed upon between the purchaser

and manufacturer.

4. Chemical Composition

4.1 The material shall conform to composition limits as
agreed upon between the manufacturer and purchaser.

4.2 The chemical analysis shall be made in accordance with
the methods prescribed in the newest edition of theAnnual
Book of ASTM Standards, or by any other approved method
agreed upon between the manufacturer and purchaser.

5. Other Requirements

5.1 The manufacturer and purchaser shall agree on qualifi-
cation tests for determination of physical properties.

5.2 The tests shall be performed on production parts,
wherever practical or applicable (small size contacts do not
lend themselves to accurate conductivity measurement).

5.3 The tests shall be determined after consideration of the
function of the part.

5.4 The typical properties of the four most common types of
silver-tungsten contacts are given in the appendix.

6. Finishing of Contacts

6.1 The material shall be finished by such operations as
necessary to meet requirements agreed upon by the maker and
user of the contacts (braze alloy backing, tumbling to polish
surfaces, special surface finish, silver-rich surface layer, clean-
ing, etc.).

7. Permissible Variations in Dimensions

7.1 Permissible variations in dimensions shall be within the
limits specified on drawings describing the contacts and
accompanying the order, or shall be within the limits specified
in the purchase order.

8. Workmanship

8.1 The parts shall be free of defects in material or process-
ing that would seriously affect their performance.

9. Significance and Use

9.1 Proprietary methods for manufacture of these materials
vary significantly among suppliers, and these methods influ-
ence such properties as arc erosion, contact resistance, and
tendency to weld in service. Since the performance of contacts
in a device depends on numerous factors outside the contact
itself (opening speed, closing speed, contact pressure, contact

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals and Electrical Contact Materials.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1977. Last previous edition approved in 1993 as B 631 – 93 (1998).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1
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bounce, environmental variations, assembly technique and
variations, etc.) this specification cannot ensure performance
control in the application. As part of the qualification on initial
samples it is recommended that the user functionally electri-
cally test the materials for all devices applicable to the
material’s use. This specification will provide a means for the
contact manufacturer and contact user to reach agreement on
the details of material to be supplied for a specific use and
reasonable assurance that future lots will be similar in proper-
ties and microstructure to the initial test or sample contacts
supplied.

10. Sampling

10.1 Lot—Unless otherwise specified, a lot shall consist of
parts of the same form and dimensions, made of powders of the
same particle size range and composition, processed under the
same conditions, and submitted for inspection at one time.

10.2 Chemical Analysis—At least one sample for chemical
analysis shall be taken from each lot. A representative sample
of chips may be obtained by milling, drilling, or crushing at
least two pieces with dry tools, without lubrication. In order to
obtain oil-free chips, the parts selected for test shall have the
oil extracted in accordance with Test Method B 328.

10.2.1 These specification limits do not preclude the pos-
sible presence of other unnamed elements, impurities or
additives. Analysis shall be regularly made only for the minor
elements listed in the table. However, if a user knows of
elements that might be detrimental to their application or has

other reasons for requiring analysis for specific elements, then
agreement between manufacturer and purchaser for both limits
and methods of analysis should be required for elements not
specified.

10.3 Physical Tests—The manufacturer and purchaser shall
agree on a representative number of specimens for physical
tests including microstructure.

11. Inspection

11.1 Unless otherwise specified, inspection of parts supplied
on contract shall be made by the purchaser.

12. Rejection

12.1 Unless otherwise specified, rejections based on tests
made in accordance with the specification shall be reported to
the manufacturer within 30 days of the receipt of shipment.

13. Certification

13.1 A certification, when requested by the purchaser, based
on the manufacturer’s quality control, that the material con-
forms to the requirements of this specification, shall be
furnished upon request of the purchaser, provided the request is
made at the time of cost quotation and at the time of order
placement.

14. Keywords

14.1 contacts; powder metallurgy; silver; silver-tungsten;
tungsten; tungsten-silver

APPENDIX

(Nonmandatory Information)

X1. Typical Property Values

X1.1 Scope

X1.1.1 The following information provides guidelines for
users and manufacturers of silver-tungsten contact material.
Typical ranges of chemistry and properties are given for the
three most popular compositions, 27 silver/73 tungsten, 35
silver/65 tungsten, and 50 silver/50 tungsten. These properties
are influenced by the particle size, shape, and distribution of
tungsten, homogeneity, impurities or additives, and other
manufacturing process variables (Note). The best choice for a
given application should be decided mutually between the
purchaser and supplier using their mutual experience and
application of engineering knowledge.

NOTE X1.1— Table X1.1, Table X1.2, Table X1.3, and Table X1.4
represent the major manufacturing techniques used in industry. The size
and shape of the part is important in choosing the optimum technique as
well as other considerations such as frequency of operation of the device,
and how crucial is its application.

X1.2 With the knowledge that several types are available,
care should be taken to ensure that production lots are the same
in all respects as samples and that if a vendor change is made,
noticeable property or performance variations are possible.
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TABLE X1.1 Typical Chemical Ranges for Infiltrated Silver-Tungsten Contacts

Composition, A weight %

Class A Class B Class C

Tungsten remainder remainder remainder
Silver 25–29 33–37 47–51
Copper, max 0.2 0.2 0.2
Cobalt or nickel, max 1.0 1.0 1.0
Carbon, max 0.2 0.2 0.2
Total impurities, max 1.0 1.0 1.0

Properties

Data for typical physical properties of infiltrated sintered silver-tungsten contacts are given in this table for contacts having a mean tungsten particle size as
determined by a Fisher sub-sieve sizer of 1 to 6.5µ m.

Class A Class B Class C

Hardness, Rockwell B 85–105 73–86 50–60
Density, Mg/m 3 15.14–15.74 14.57–15.12 13.2–13.85
Electrical conductivity, % IACS 40–54 45–60 58–68
Theoretical density, min, % 96 96 96
Modulus of rupture, B

psi 110 000–130 000 108 000–120 000 80 000–82 000
MPa 760–900 740–830 550–570

Young’s modulus, B

psi 39.00 3 10 6 35 3 10 6 28.00 3 10 6

MPa 270 3 10 3 240 3 10 3 190 3 10 3

Tensile strength, B

psi 70 000 55 000 35 000
MPa 480 380 240

Coefficient of expansion, B

in./in.·°F 5.9 3 10 − 6 6.75 3 10 − 6 7.9 3 10 − 6

m/m·K 10.6 3 10 − 6 12.15 3 10 − 6 14.4 3 10 − 6

Thermal conductivity, B

Btu·in./h·ft 2·°F 2920 3130 3130
W/m·K 420 451 451
A Analysis is regularly made for the elements for which specific limits are listed. If, however, the presence of “other” elements is suspected or indicated in the course

of routine analysis, further analysis shall be made to determine that the total of these “other” elements and the listed impurities are not in excess of the total impurities limit.
B Items that are normally useful for engineering calculations in contact design but are not specified.

TABLE X1.2 Typical Chemical Ranges for High-Density Press and Sintered Silver-Tungsten Contacts

Composition, A weight %

Class A Class B Class C

Tungsten remainder remainder remainder
Silver 25–29 33–37 42–46
Nickel, cobalt, or copper, max 1.50 1.50 1.50
Carbon, max 0.20 0.20 0.20
Total impurities, max 0.50 0.50 0.50

Properties

Data for typical physical properties of pressed and sintered silver-tungsten contacts are given in this table for contacts having a mean tungsten particle size as
determined by a Fisher sub-sieve sizer, or 1 to 4 µm.

Class A Class B Class C

Hardness, Rockwell B 90–105 70–100 50–85
Density, Mg/m 3 14.7–15.6 14.1–14.8 13.3–14.0
Electrical conductivity, % IACS 38–50 45–60 52–67
Young’s modulus, B

psi 32 3 10 +6 30 3 10 +6 25 3 10 +6

MPa 220 3 10 +3 210 3 10 +3 170 3 10 +3

Coefficient of expansion, B

in./in.·°F 5.9 3 10 −6 6.77 3 10 −6 7.78 3 10 −6

m/m·K 10.6 3 10 −6 12.2 3 10 −6 14.00 3 10 −6

Thermal conductivity, B

Btu·in./h·ft 2·°F 2880 3160 3420
W/m·K 415 451 493
A Analysis is regularly made for the elements for which specific limits are listed. If, however, the presence of “other” elements is suspected or indicated in the course

of routine analysis, further analysis shall be made to determine that the total of these “other” elements and the listed impurities are not in excess of the total impurities limit.
B Items that are normally useful for engineering calculations in contact design but are not specified.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
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TABLE X1.3 Typical Chemical Ranges for Pressed, Sintered and Repressed Silver-Tungsten Contacts

Composition, A weight %

Class A Class B Class C

Tungsten remainder remainder remainder
Silver 25–29 33–37 48–52
Copper, max 0.2 0.2 0.2
Carbon, max 0.2 0.2 0.2
Total impurities, max 0.5 0.5 0.5

Properties

Data for typical physical properties of repressed, sintered silver-tungsten contacts are given in this table for contacts having a mean tungsten particle size as
determined by a Fisher sub-sieve sizer of 1 to 6.5 µm.

Class A Class B Class C

Hardness, Rockwell B 45–70 50–70 40–55
Density, Mg/m 3 14.95–15.31 14.18–14.93 12.92–13.67
Electrical conductivity,% IACS 38–45 42–55 50–65
Theoretical density, min, % 95 95 95

A Analysis is regularly made for the elements for which specific limits are listed. If, however, the presence of “other” elements is suspected or indicated in the course
of routine analysis, further analysis shall be made to determine that the total of these “other” elements and the listed impurities are not in excess of the total impurities limit.

TABLE X1.4 Typical Chemical Ranges for Low-Density Pressed and Sintered Silver-Tungsten Contacts

Composition, A weight %

Class A Class B Class C

Tungsten remainder remainder remainder
Silver 25–29 33–37 46–52
Copper, max 0.20 0.20 0.20
Carbon, max 0.20 0.20 0.20
Total impurities, max 0.50 0.50 0.50

Properties

Data for typical physical properties of pressed and sintered silver-tungsten contacts are given in this table for contacts having a mean tungsten particle size as
determined by a Fisher sub-sieve sizer of 1 to 4µ m.
Hardness, Rockwell B 55–70 45–60 35–50
Density, Mg/m 3 13.97–15.2 13.74–14.19 12.52–12.93
Electrical conductivity, % IACS 35–45 45–55 50–60
Young’s modulus, B

psi 32 3 10 + 6 30 3 10 + 6 25 3 10 + 6

MPa 220 3 10 + 3 210 3 10 + 3 170 3 10 + 3

Coefficient of expansion, B

in./in.·°F 5.9 3 10 − 6 6.77 3 10 − 6 7.78 3 10 − 6

m/m·K 10.6 3 10 − 6 12.2 3 10 − 6 14.00 3 10 − 6

Thermal conductivity, B

Btu·in./h·ft 2·°F 2880 3160 3420
W/m·K 415 451 493
A Analysis is regularly made for the elements for which specific limits are listed. If, however, the presence of “other” elements is suspected or indicated in the course

of routine analysis, further analysis shall be made to determine that the total of these “other” elements and the listed impurities are not in excess of the total impurities limit.
B Items that are normally useful for engineering calculations in contact design but are not specified.
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Designation: B 637 – 03

Standard Specification for
Precipitation-Hardening Nickel Alloy Bars, Forgings, and
Forging Stock for High-Temperature Service 1

This standard is issued under the fixed designation B 637; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification2 covers hot- and cold-worked
precipitation-hardenable nickel alloy rod, bar, forgings, and
forging stock for high-temperature service (Table 1).

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in brackets are for informa-
tion only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Analysis Limits for Nickel, Nickel Alloys and Cobalt
Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 139 Test Methods for Conducting Creep, Creep-Rupture,
and Stress-Rupture Tests of Metallic Materials4

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

3. Terminology

3.1 Definitions:
3.1.1 bar—material of rectangular (flats), hexagonal, oc-

tagonal, or square solid section in straight lengths.
3.1.2 rod—material of round solid section furnished in

straight lengths.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Alloy (Table 1).
4.1.2 Condition (temper) (Table 2).
4.1.3 Shape—Rod or bar (round, rectangle, square, hexa-

gon, octagon).
4.1.3.1 Forging (sketch or drawing).
4.1.4 Dimensions, including length.
4.1.5 Quantity (mass or number of pieces).
4.1.6 Forging Stock—Specify if material is stock for reforg-

ing.
4.1.7 Finish.
4.1.8 Certification—State if certification is required (Sec-

tion 15).
4.1.9 Samples for Product (Check) Analysis—Whether

samples for product (check) analysis shall be furnished (9.2).
4.1.10 Purchaser Inspection—If the purchaser wishes to

witness tests or inspection of material at the place of manu-
facture, the purchase order must so state indicating which tests
or inspections are to be witnessed (Section 13).

5. Chemical Composition

5.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations prescribed in Specification B 880.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1970. Last previous edition approved in 1998 as B 637 – 98.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-637 in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.05.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



TABLE 1 Chemical Requirements

Element
Composition

Limits, %
Composition

Limits, %

UNS N07252
(Formerly Grade

689)
UNS N07001 (Formerly Grade 685)

Carbon 0.10–0.20 0.03–0.10
Manganese 0.50 max 1.00 max
Silicon 0.50 max 0.75 max
Phosphorus 0.015 max 0.030 max
Sulfur 0.015 max 0.030 max
Chromium 18.00–20.00 18.00–21.00
Cobalt 9.00–11.00 12.00–15.00
Molybdenum 9.00–10.50 3.50–5.00
Titanium 2.25–2.75 2.75–3.25
Aluminum 0.75–1.25 1.20–1.60
Zirconium ... 0.02–0.12
Boron 0.003–0.01 0.003–0.01
Iron 5.00 max 2.00 max
Copper ... 0.50 max
Nickel remainderA remainderA

UNS N07500
(Formerly Grade

684)
UNS N07750 (Formerly Grade 688)

Carbon 0.15 max 0.08 max
Manganese 0.75 max 1.00 max
Silicon 0.75 max 0.50 max
Phosphorus 0.015 max ...
Sulfur 0.015 max 0.01 max
Chromium 15.00–20.00 14.00–17.00
Cobalt 13.00–20.00 1.00 maxB

Molybdenum 3.00–5.00 ...
Columbium

(Nb) + tantalum
... 0.70–1.20

Titanium 2.50–3.25 2.25–2.75
Aluminum 2.50–3.25 0.40–1.00
Boron 0.003–0.01 ...
Iron 4.00 max 5.00–9.00
Copper 0.15 max 0.50 max
Nickel remainderA 70.00 min

UNS N07718
(Formerly Grade

718)
UNS N07080 (Formerly Grade 80A)

Carbon 0.08 max 0.10 max
Manganese 0.35 max 1.00 max
Silicon 0.35 max 1.00 max
Phosphorus 0.015 max ...
Sulphur 0.015 max 0.015 max
Chromium 17.0–21.0 18.00–21.00
CobaltB 1.0 max ...
Molybdenum 2.80–3.30 ...
Columbium

(Nb) + tantalum
4.75–5.50 ...

Titanium 0.65–1.15 1.80–2.70
Aluminum 0.20–0.80 0.50–1.80
Boron 0.006 max ...
Iron remainderA 3.00 max
Copper 0.30 max ...
Nickel 50.0–55.0 remainderA

UNS N07752

Carbon 0.020–0.060
Manganese 1.00 max
Silicon 0.50 max
Phosphorus 0.008 max
Sulfur 0.003 max
Chromium 14.50–17.00
Cobalt 0.050 max
Columbium +

tantalum
0.70–1.20

Titanium 2.25–2.75
Aluminum 0.40–1.00
Boron 0.007 max
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6. Mechanical Properties

6.1 Unless otherwise specified, the material shall be sup-
plied in the solution treated condition, suitable for subsequent
age hardening.

6.2 The solution treated material shall be capable of meeting
the mechanical property requirements of Table 3, and the stress
rupture requirements of Table 4, following the precipitation
hardening treatment described in Table 2.

6.3 When the material is to be supplied in the solution
treated plus aged condition, the requirements of Table 3 and
Table 4 shall apply, with the precipitation hardening treatment
of Table 2, or as agreed upon between the purchaser and the
manufacturer as part of the purchase contract.

7. Dimensions and Permissible Variations

7.1 Diameter, Thickness, or Width—The permissible varia-
tions from the specified dimensions of cold-worked rod and bar
shall be as prescribed in Table 5, and of hot-worked rod and bar
as prescribed in Table 6.

7.1.1 Out of Round—Cold-worked and hot-worked rod, all
sizes, in straight lengths, shall not be out-of-round by more
than one half the total permissible variations in diameter shown
in Table 5 and Table 6, except for hot-worked rod1⁄2 in. [12.7
mm] and under, which may be out-of-round by the total
permissible variations in diameter shown in Table 6.

7.1.2 Corners—Cold-worked bar shall have practically ex-
act angles and sharp corners.

TABLE 1 Continued

Element
Composition

Limits, %
Composition

Limits, %

Iron 5.00–9.00
Copper 0.50 max
Zirconium 0.050 max
Vanadium 0.10 max
Nickel 70.0 min

A The element shall be determined arithmetically by difference.
B If determined.

TABLE 2 Heat Treatment A

Alloy
Recommended

Annealing Treatment
Recommended Solution

Treatment
Recommended Stabilizing

Treatment
Precipitation Hardening

Treatment

N07252 ... 1950 6 25°F [1066 6
14°C], hold 4 h, air cool

... 1400 6 25°F [760 6 14°C],
hold 15 h, air cool or
furnace cool

N07001 ... 1825 to 1900°F [996 to
1038°C], hold 4 h, oil
or water quench

1550 6 25°F [843 6 14°C],
hold 4 h, air cool

1400 6 25°F [760 6 14°C],
hold 16 h, air cool or
furnace cool

N07500 2150 6 25°F [1177 6
14°C], hold 2 h, air
cool (bars only)

1975 6 25°F [1080 6
14°C], hold 4 h, air cool

1550 6 25°F [843 6 14°C],
hold 24 h, air cool

1400 6 25°F [760 6 14°C],
hold 16 h, air cool or
furnace cool

N07750 Type 1
(Service above
1100°F) [593°C]

... 2100 6 25°F [1149 6
14°C], hold 2 to 4 h, air
cool

1550 6 25°F [843 6 14°C],
hold 24 h, air cool

1300 6 25°F [704 6 14°C],
hold 20 h, air cool or
furnace cool

N07750 Type 2
(Service up to
1100°F) [593°C]

... 1800 6 25°F [982 6
14°C], hold 1⁄2 h min,
cool at rate equivalent
to air cool or faster

... 1350 6 25°F [732 6 14°C],
hold 8 h, furnace cool to
1150 6 25°F [6216 14°C],
hold until total precipitation
heat treatment has
reached 18 h, air cool

N07750 Type 3 ... 1975 – 2050°F [1079 –
1121°C], hold 1 to 2 h,
air cool

... 1300 6 25°F [704 6 14°C],
hold 20 h, + 4 − 0 h,
air cool

N07752 Type 1 ... 1975 6 25°F [1080 6
14°C], hold 1 to 2 h,
cool by water or oil
quenching

... 1320 6 25°F [715 6 14°C],
hold 20 h, + 2, − 0 h,
air cool

N07752 Type 2 ... 1975 6 25°F [1080 6
14°C], hold 1 to 2 h,
cool by water or oil
quenching

... 1400 6 25°F [760 6 14°C],
hold 100 h, + 4, − 0 h,
air cool

N07718 ... 1700 to 1850°F [924 to
1010°C], hold 1⁄2 h min,
cool at rate equivalent
to air cool or faster

... 1325 6 25°F [718 6 14°C],
hold at temperature for 8
h, furnace cool to 1150
6 25°F [621 6 14°C],
hold until total precipitation
heat treatment time has
reached 18 h, air cool

N07080 ... 1950 6 25°F [1066 6
14°C], hold 8 h,
air cool

1560 6 25°F [849 6 14°C],
hold 24 h, air cool

1290 6 25°F [699 6 14°C],
hold 16 h, air cool

A The purchaser shall designate on the purchase order or inquiry any partial stage of heat treatment required on material to be shipped.
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7.1.3 Cut Lengths—A specified length to which all rod and
bar will be cut with a permissible variation of +1⁄8 in. [3.18
mm], − 0 for sizes 8 in. [203 mm] and less in diameter or the
distance between parallel surfaces. For larger sizes, the per-
missible variation shall be +1⁄4 in. [6.35 mm], − 0.

7.1.4 Straightness for Cold-Worked and Hot-Worked Rod
and Bar—The maximum curvature (depth of chord) shall not

exceed 0.050 in. multiplied by the length in feet [0.04 mm
multiplied by the length in centimetres]. Material under1⁄2 in.
[12.7 mm] in diameter or the distance between parallel surfaces
shall be reasonably straight and free of sharp bends and kinks.

7.1.5 For forgings, dimensions and tolerances shall be as
specified on the order, sketch, or drawing.

TABLE 3 Tensile and Hardness Requirements A

Alloy Heat Treatment

Tensile
Strength,
min, psi
[MPa]

Yield
Strength
(0.2 %
offset), min,
psi [MPa]

Elongation in
2 in. [50

mm]
or 4D,
min, %

Reduction
of Area,
min, %

Brinell
Hardness

N07252 solution + precipitation harden 160 000
[1100]

90 000
[620]

20 18 310 min

N07001 solution + stabilize + precipitation harden 160 000
[1100]

110 000
[760]

15B 18B 310 min

N07500 (rod and
bar)

anneal + solution + stabilize + precipitation harden 175 000
[120]

105 000
[725]

15 15 310 min

N07500 (forgings) solution + stabilize + precipitation harden 170 000
[1170]

100 000
[690]

20 18 310 min

N07750 Type 1 solution at 2100°F [1149°C] +
stabilize + precipitation harden

140 000
[965]

90 000
[620]

8 ... 262 min

N07750 Type 2C solution at 1800°F [982°C] + precipitation harden 170 000
[1170]

115 000
[790]

18 18 302 to 363

N07750 Type 2D solution at 1800°F [982°C] + precipitation harden 170 000
[1170]

115 000
[790]

15
(10)E

15
(12)E

302 to 363

N07750 Type 3 solution anneal at 2000°F [1093°C] + precipitation
harden

160 000
[1103], min
185 000
[1276], max

100 000
[689], min
130 000
[896], max

20 20 267–363,
Bm
27–40, Rc

N07752 Type 1 solution anneal at 1975°F [1080°C] + precipitation
harden

160 000
[1103], min

100 000
[689], min

20 20 267 to 363,
Ba

185 000
[1276], max

130 000
[896], max

27 to 40, Rc

N07752 Type 2 solution anneal at 1975°F (1080°C) + precipitation
harden

140 000
[965]

85 0000
[585]

20 20 ...

N07718 solution + precipitation harden 185 000
[1275]

150 000
[1034]

12
(6)E

15
(8)E

331 min

N07080 solution + stabilize + precipitation harden 135 000
[930]

90 000
[620]

20 ... ...

A The supplier shall demonstrate that the material will meet fully heat-treated properties after full heat treatment in accordance with Table 2.
B Forgings.
C Up to 2.50 in. [63.5 mm], exclusive.
D 2.50 to 4.00 in. [63.5 to 101.6 mm], exclusive.
E These values apply for tension specimens machined tangentially from near the center of large disk forgings over 50 in.2 [3225.8 mm2] in cross section or radially from

rings 3 in. [76.2 mm] or more in thickness.

TABLE 4 Stress-Rupture Requirements A

Alloy Heat Treatment
Test

Temperature,
°F [°C]

Stress, psi
[MPa]B

Minimum
Hours

Elongation in 2 in. or 50
mm (or 4D), min, %

N07252 solution + precipitation harden 1500
[816]

30 000
[205]

100 10

N07001 solution + stabilize + precipitation harden 1500
[816]

33 000
[230]

100 5

N07500 (rod and bar) anneal + solution + stabilize + precipitation harden 1500
[816]

38 000
[260]

100 5

N07500 (forgings) solution + stabilize + precipitation harden 1500
[816]

38 000
[260]

100 5

N07750 Type 1 solution at 2100°F [1149°C] + stabilize + precipitation
harden

1350
[732]

45 000
[310]

100 5 (3 if hours exceed
136)

N07718 solution + precipitation harden 1200
[649]

100 000
[690]

23 5

N07080 solution + stabilize + precipitation harden 1400
[760]

47 000
[325]

23 3.5

A The supplier shall demonstrate that the material will meet fully heat-treated properties after full heat treatment in accordance with Table 2.
B Test specimens meeting minimum requirements may be overloaded to produce rupture in a reasonable and practical time period.
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7.1.6 Dimensions and tolerances for forging stock shall be
as agreed upon between the purchaser and the manufacturer.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, commercially straight or flat, and free of injurious
imperfections.

9. Sampling

9.1 Lot—Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 Mechanical Properties—A lot for tension, hardness,

and stress-rupture testing shall consist of all material from the
same heat, nominal diameter or thickness, or forging size, and
condition (temper).

9.1.2.1 For forging stock, a lot shall consist of one heat.
9.1.2.2 Where material cannot be identified by heat, a lot

shall consist of not more than 500 lb [227 kg] of material in the
same size and condition (temper).

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples shall be

taken during pouring or subsequent processing.
9.2.1.1 Product (Check) Analysisshall be wholly the re-

sponsibility of the purchaser.

9.2.2 Mechanical Properties—Samples of the material to
provide test specimens for mechanical properties shall be taken
from such locations in each lot as to be representative of that
lot.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Tension—One test per lot.
10.3 Hardness—One test per lot.
10.4 Stress-Rupture—One test per lot.

11. Specimen Preparation

11.1 Rod and Bar:
11.1.1 Tension test specimens shall be taken from material

in the final condition (temper) and tested in the direction of
fabrication.

11.1.2 All rod and bar shall be tested in full cross-section
size when possible. When a full cross-section size test cannot
be performed, the largest possible round specimen shown in
Test Methods E 8 shall be used. Longitudinal strip specimens
shall be prepared in accordance with Test Methods E 8 for
rectangular bar up to1⁄2 in. [12.7 mm], inclusive, in thickness,
which are too wide to be pulled full size.

11.1.3 Forging stock test specimens shall be taken from a
forged-down coupon or a sample taken directly from stock.

11.2 Forgings:
11.2.1 The tension test specimen representing each lot shall

be taken from a forging or from a test prolongation.
11.2.2 The axis of the specimen shall be located at any point

midway between the center and the surface of solid forgings
and at any point midway between the inner and outer surfaces
of the wall of hollow forgings, and shall be parallel to the
direction of greatest metal flow.

11.2.3 The specimens shall be the largest possible round-
type shown in Test Methods E 8.

11.3 Stress-rupture specimens shall be the same as tension
specimens except modified as necessary for stress-rupture
testing in accordance with Test Methods E 139.

12. Test Methods

12.1 Determine the chemical composition and mechanical
and other properties of the material as enumerated in this
specification, in case of disagreement, in accordance with the
following methods:

Test ASTM Designation

Chemical analysis E 1473
Tension E 8
Rounding procedure E 29
Stress-rupture E 139

12.2 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded in accordance with the rounding method of Practice
E 29.

Test Rounded Unit for Observed Or
Calculated Value

TABLE 5 Permissible Variations in Diameter or Distance
Between Parallel Surfaces of Cold-Worked Rods and Bars

Specified Dimension, in. [mm]A
Permissible Variations from

Specified Dimension, in. [mm]

Plus Minus

Rods:
1⁄16 to 3⁄16 [1.59 to 4.76], excl 0 0.002 [0.051]
3⁄16 to 1⁄2 [4.76 to 12.70], excl 0 0.003 [0.076]
1⁄2 to 15⁄16 [12.70 to 23.81], incl 0.001 [0.025] 0.002 [0.051]
Over 15⁄16 to 115⁄16 [23.81 to 49.2], 0.0015 [0.038] 0.003 [0.076]

incl
Over 115⁄16 to 21⁄2 [49.2 to 63.5], 0.002 [0.051] 0.004 [0.102]

incl
Bars:

1⁄16 to 3⁄16 [1.59 to 4.76], excl
3⁄16 to 1⁄2 [4.76 to 12.7], excl

0
0

0.002 [0.051]
0.003 [0.076]

A Dimensions apply to the diameter of rods, to the distance between parallel
surfaces of hexagonal, octagonal, and square bar, and separately to width and
thickness of rectangular bar.

TABLE 6 Permissible Variations in Diameter or Distance
Between Parallel Surfaces of Hot-Worked Rods and Bars

Specified Dimension, in. [mm]A
Permissible Variations from

Specified Dimension, in. [mm]

+ −

Rod and bar, hot-finished:
1 [25.4] and under 0.016 [0.406] 0.016 [0.406]
Over 1 to 2 [25.4 to 50.8], incl 0.031 [0.787] 0.016 [0.406]
Over 2 to 4 [50.8 to 101.6], incl 0.047 [1.19] 0.031 [0.787]
Over 4 [101.6] 0.125 [3.18] 0.063 [1.60]

Rod, hot-finished and rough-turned
or ground:
Under 1 [25] 0.005 [0.13] 0.005 [0.13]
1 [25] and over 0.031 [0.79] 0

A Dimensions apply to the diameter of rods, to the distance between parallel
surfaces of hexagonal, octagonal, and square bar, and separately to width and
thickness of rectangular bar.
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Test Rounded Unit for Observed Or
Calculated Value

Chemical composition,
tolerances (when ex-
pressed in decimals),
and hardness

Nearest unit in the last right-
hand place of figures of the
specified limit. If two choices
are possible, as when the digits
dropped are exactly a 5 or a
5 followed only by zeros,
choose the one ending in an
even digit, with zero defined
as an even digit.

Tensile strength and yield
strength

Nearest 1000 psi [6.9 MPa]

Elongation Nearest 1 %
Rupture life 1 h

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material, tested by the purchaser, that fails to conform
to the requirements of this specification may be rejected.
Rejection should be reported to the producer or supplier

promptly and in writing. In case of dissatisfaction with the
results of the test, the producer or supplier may make claim for
a rehearing.

15. Certification
15.1 When specified in the purchase order or contract, a

producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

16. Product Marking
16.1 Each bundle or shipping container shall be marked

with the name of the material; condition (temper); this speci-
fication number; the size; gross, tare, and net weight; consignor
and consignee address; contract or order number; or such other
information as may be defined in the contract or order.

17. Keywords
17.1 N07252; N07001; N07500; N07750; N07718;

N07080; N07752; bar; billet

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 639 – 02

Standard Specification for
Precipitation Hardening Cobalt-Containing Alloys (UNS
R30155 and UNS R30816) Rod, Bar, Forgings, and Forging
Stock for High-Temperature Service 1

This standard is issued under the fixed designation B 639; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers hot- and cold-worked precipi-
tation hardenable cobalt-containing alloys (UNS R30155 and
UNS R30816) rod, bar, forgings, and forging stock for high-
temperature service.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 139 Test Methods for Conducting Creep, Creep-Rupture,
and Stress-Rupture Tests of Metallic Materials3

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys5

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 bar—material of rectangular (flats), hexagonal, oc-

tagonal, or square solid section in straight lengths.
3.1.2 rod—material of round solid section furnished in

straight lengths.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Alloy Name or UNS Number(see Table 1).
4.1.2 ASTM Designation, including year of issue. Table

2Table 3
4.1.3 Condition (temper) (Table 4).
4.1.4 Section—Rod or bar (round, rectangle, square, hexa-

gon, octagon).
4.1.4.1 Forging (sketch or drawing).
4.1.5 Dimensions, including length.
4.1.6 Quantity (mass or number of pieces).
4.1.7 Forging stock— Specify if material is stock for

reforging.
4.1.8 Finish.
4.1.9 Certification— State if certification or a report of test

results is required (Section 15).
4.1.10 Samples for Product (Check) Analysis—Whether

samples for product (check) analysis should be furnished (9.2).
4.1.11 Purchaser Inspection—If the purchaser wishes to

witness the tests or inspection of material at the place of
manufacture, the purchase order must so state indicating which
tests or inspections are to be witnessed (Section 13).

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

* New designation established in accordance with Practices E 527 and SAE
J1086. Practice for Numbering Metals and Alloys (UNS).

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as A 639 – 70. Redesignated B 639 in 1980. Last previous edition
B 639 – 97

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards,Vol 03.01.
4 Annual Book of ASTM Standards,Vol 14.02. 5 Annual Book of ASTM Standards, Vol 03.05.

1
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5. Chemical Composition

5.1 The material shall conform to the chemical composition
limits specified in Table 1.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations per Specification B 880.

6. Mechanical Requirements

6.1 Tensile and Hardness Requirements—The material shall
conform to the requirements for tensile and hardness properties
in Table 2.

6.2 Stress-Rupture Requirements—The material shall con-
form to the requirements for stress-rupture properties in Table
3.

7. Dimensions and Permissible Variations

7.1 Diameter, Thickness, or Width—The permissible varia-
tions from the specified dimensions of cold-worked rod and bar

shall be as prescribed in Table 5, and of hot-worked rod and bar
as prescribed in Table 6.

7.1.1 Out-of-Round— Cold-worked and hot-worked rod, all
sizes, in straight lengths, shall not be out-of-round by more
than one half the total permissible variations in diameter shown
in Table 5 and Table 6, except for hot-worked rod1⁄2 in. (12.7
mm) and under, which may be out-of-round by the total
permissible variations in diameter shown in Table 6.

7.1.2 Corners—Cold-worked bar shall have practically ex-
act angles and sharp corners.

7.1.3 Cut Lengths— A specified length to which all rod and
bar will be cut with a permissible variation of +1⁄8 in. (3.18

TABLE 1 Chemical Requirements

Element Composition Limits, % Composition Limits, %

UNS R30155 (Formerly
Grade 661)

UNS R30816 (Formerly
Grade 671)

Carbon 0.08 to 0.16 0.32 to 0.42
Manganese 1.00 to 2.00 1.00 to 2.00
Silicon 1.00 max 1.00 max
Phosphorus 0.040 max 0.040 max
Sulfur 0.030 max 0.030 max
Chromium 20.00 to 22.50 19.00 to 21.00
Nickel 19.00 to 21.00 19.00 to 21.00
Molybdenum 2.50 to 3.50 3.50 to 4.50
Tungsten 2.00 to 3.00 3.50 to 4.50
Columbium + tantalum 0.75 to 1.25 3.50 to 4.50
Iron remainderA 5.00 max
Cobalt 18.50 to 21.00 40.00 min
Nitrogen 0.20 max ...

AElement shall be determined arithmetically by difference.

TABLE 2 Tensile and Hardness Requirements A

Alloy Heat Treatment
Tensile Strength,
min, psi (MPa)

Yield Strength (0.2 %
offset), min, psi (MPa)

Elongation in 2 in.
or 50.8 mm or 4D,

min, %

Reduction
of Area,
min, %

Brinell
Hardness,

min
R30155 solution + precipitation harden 110 000 (760) 50 000 (345) 30 30 192
R30816 solution + precipitation harden 130 000 (895) 60 000 (415) 20 20 248
AThe supplier shall demonstrate that the material will meet fully heat-treated properties after full heat treatment in accordance with Table 4.

TABLE 3 Stress-Rupture Requirements A

Alloy Heat Treatment
Test Temperature, °F

(°C)
Stress, psi (MPa)B Minimum, h

Elongation in 2 in. or 50.8
mm, or 4D, min, %

R30155 solution + precipitation harden 1350 (732) 24 000 (165) 100 10
R30816 solution + precipitation harden 1350 (732) 38 000 (260) 100 8

AThe supplier shall demonstrate that material will meet fully heat-treated properties after full heat treatment in accordance with Table 4.
BTest specimens meeting minimum requirements may be overloaded to produce rupture in a reasonable and practical time period.

TABLE 4 Heat Treatment A

Alloy
Recommended Solution

Treatment
Precipitation Hardening Treatment

R30155 2125 to 2175°F (1162 to
1190°C) hold 30 min,
minimum, water quench

1475 to 1525°F (801 to 829°C)
hold 4 h, air cool or furnace
cool

R30816 2130 to 2170°F (1165 to
1187°C), hold 1 h, water
quench

1390 to 1410°F (754 to 765°C)
hold 12 h, air cool or furnace
cool

A The purchaser shall designate on the purchase order or inquiry any partial
stage of heat treatment required on the material to be shipped.

TABLE 5 Permissible Variations in Diameter or Distance
Between Parallel Surfaces of Cold-Worked Rod and Bar

Specified Dimension, in. (mm)A
Permissible Variations from

Specified Dimension, in. (mm)

+ −

Rods:
1⁄16 to 3⁄16 (1.59 to 4.76), excl 0 0.002 (0.051)
3⁄16 to 1⁄2 (4.76 to 12.70), excl 0 0.003 (0.076)
1⁄2 to 15⁄16 (12.70 to 23.81), incl 0.001 (0.025) 0.002 (0.051)
Over 15⁄16 to 115⁄16 (23.81 to 49.2),

incl
0.0015 (0.038) 0.003 (0.076)

Over 115⁄16 to 21⁄2 (49.2 to 63.5), incl 0.002 (0.051) 0.004 (0.102)
Bars:

1⁄16 to 3⁄16 (1.59 to 4.76), excl 0 0.002 (0.051)
3⁄16 to 1⁄2 (4.76 to 12.7), excl 0 0.003 (0.076)

A Dimensions apply to the diameter of rods, to the distance between parallel
surfaces of hexagonal, octagonal, and square bar, and separately to the width and
thickness of rectangular bar.
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mm), − 0 for sizes 8 in. (203 mm) and less in diameter or
distance between parallel surfaces. For larger sizes, the per-
missible variation shall be +1⁄4 in. (6.35 mm), − 0.

7.1.4 Straightness for Cold-Worked and Hot-Worked Rod
and Bar—The maximum curvature (depth of chord) shall not
exceed 0.050 in. multiplied by the length in feet (0.04 mm
multiplied by the length in centimetres). Material under1⁄2 in.
(12.7 mm) in diameter or distance between parallel surfaces
shall be reasonably straight and free of sharp bends and kinks.

7.1.5 For forgings, dimensions and tolerances shall be as
specified on the order, sketch, or drawing.

7.1.6 Dimensions and tolerances for forging stock shall be
as agreed upon between the purchaser and the supplier.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, commercially straight or flat, and free of injurious
imperfections.

9. Sampling

9.1 Lot—Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 Mechanical Properties—A lot for tension, hardness,

and stress-rupture testing shall consist of all material from the
same heat, nominal diameter or thickness, or forging size, and
condition (temper).

9.1.2.1 A lot for forging stock shall consist of one heat.
9.1.2.2 Where material cannot be identified by heat, a lot

shall consist of not more than 500 lb (227 kg) of material in the
same size and condition (temper).

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples shall be

taken during pouring or subsequent processing.
9.2.1.1 Product (Check) Analysisshall be wholly the re-

sponsibility of the purchaser.
9.2.2 Mechanical Properties—Samples of the material to

provide test specimens for mechanical properties shall be taken
from such locations in each lot as to be representative of that
lot.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Tension—One test per lot.
10.3 Hardness—One test per lot.
10.4 Stress-Rupture— One test per lot.

11. Specimen Preparation

11.1 Rod and Bar:
11.1.1 Tension test specimens shall be taken from material

in the final condition (temper) and tested in the direction of
fabrication.

11.1.2 All rod and bar shall be tested in full cross-section
size when possible. When a full cross-section size test cannot
be performed, the largest possible round specimen shown in
Test Methods E 8 shall be used. Longitudinal strip specimens
shall be prepared in accordance with Test Methods E 8 for
rectangular bar up to1⁄2 in. (12.7 mm), inclusive, in thickness,
which are too wide to be pulled full size.

11.1.3 Forging stock test specimens shall be taken from a
forged-down coupon or a sample taken directly from stock.

11.2 Forgings:
11.2.1 The tension test specimen representing each lot shall

be taken from a forging or from a test prolongation.
11.2.2 The axis of the specimen shall be located at any point

midway between the center and the surface of solid forgings
and at any point midway between the inner and outer surfaces
of the wall of hollow forgings, and shall be parallel to the
direction of greatest metal flow.

11.2.3 The specimens shall be the largest possible round-
type shown in Test Methods E 8.

11.3 Stress-rupture specimens shall be the same as tension
specimens except modified as necessary for stress-rupture
testing in accordance with Test Methods E 139.

12. Test Methods

12.1 Determine the chemical composition, mechanical and
other properties of the material as enumerated in this specifi-
cation, in case of disagreement, in accordance with the
following methods:

Test ASTM Designation
Chemical analysis E 1473
Tension E 8
Rounding procedure E 29
Stress rupture E 139

12.2 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated, in accordance with the rounding
method of Practice E 29.

Test Rounded Unit for Observed or
Calculated Value

Chemical composition, hard-
ness, and tolerances (when
expressed in decimals)

nearest unit in the last right-hand place of
figures of the specified limit. If two
choices are possible, as when the digits
dropped are exactly a 5 or a 5 followed
only by zeros, choose the one ending in
an even digit, with zero defined as an
even digit.

Tensile strength and yield
strength

nearest 1000 psi (6.9 MPa)

Elongation nearest 1 %
Rupture Life 1 h

13. Inspection

13.1 Inspection of the material shall be as agreed upon
between the purchaser and the supplier as part of the purchase
contract.

TABLE 6 Permissible Variations in Diameter or Distance
Between Parallel Surfaces of Hot-Worked Rods and Bars

Specified Dimension, in. (mm)A
Permissible Variations from

Specified Dimension, in. (mm)

+ −

Rod and bar, hot-finished:
1 (25.4) and under 0.016 (0.41) 0.016 (0.41)
Over 1 to 2 (25.4 to 50.8), incl 0.031 (0.79) 0.016 (0.41)
Over 2 to 4 (50.8 to 101.6), incl 0.047 (1.19) 0.031 (0.79)
Over 4 (101.6) 0.125 (3.18) 0.063 (1.60)

Rod, hot-finished and rough-turned or
ground:

Under 1 (25.4) 0.005 (0.13) 0.005 (0.13)
1 (25.4) and over 0.031 (0.79) 0

B 639 – 02

3



14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-

ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 The following shall be marked on the material or
included on the package, or on a label or tag attached thereto:
the name of the material or UNS Number, heat number,
condition (temper), this specification number, the size, gross,
tare, and net weight, consignor and consignee address, contract
or order number, or such other information as may be defined
in the contract or order.

17. Keywords

17.1 bar; forgings; rod; R30155; R30816

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 649 – 02

Standard Specification for
Ni-Fe-Cr-Mo-Cu Low-Carbon Alloy (UNS N08904),
Ni-Fe-Cr-Mo-Cu-N Low-Carbon Alloys (UNS N08925,
UNS N08031, and UNS N08926), and Cr-Ni-Fe-N
Low-Carbon Alloy (UNS R20033) Bar and Wire 1

This standard is issued under the fixed designation B 649; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers nickel-iron-chromium-
molybdenum-copper low-carbon alloys (UNS N08904)*,
nickel-iron-chromium-molybdenum-copper-nitrogen alloys
(UNS N08925, UNS N08031, and UNS N08926), and Cr-Ni-
Fe-N low-carbon alloy (UNS R20033) bar and wire.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys, and
Cobalt Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 55 Practice for Sampling Wrought Nonferrous Metals and
Alloys for Determination of Chemical Composition5

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys5

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 bars—hot-finished rounds, squares, octagons, and

hexagons:1⁄4 in. (6.35 mm) and over in diameter or size.
Hot-finished flats:1⁄4 in. to 10 in. (254 mm) inclusive in width,
1⁄8 in. (3.18 mm) and over in thickness. Cold-finished rounds,
squares, octagons, hexagons, and shapes: over1⁄2 in. (12.70
mm) in diameter or size. Cold-finished flats:3⁄8 in. (9.52 mm)
and over in width (see 3.1.1.1) and1⁄8 in. and over in thickness
(see 3.1.1.2).

3.1.1.1 Discussion—Widths less than3⁄8 in. (9.52 mm) and
thicknesses less than3⁄16 in. (4.76 mm) are described generally
as flat wire.

3.1.1.2 Discussion—Thickness1⁄8 in. to under3⁄16 in. (3.18
mm to under 4.76 mm) can be cold-rolled strip as well as bar.

3.1.2 wire—cold-finished only: round, square, octagon,
hexagon, and shape wire,1⁄2 in. (12.70 mm) and under in
diameter or size. Cold-finished only: flat wire,3⁄16 in. to under
3⁄8 in. (4.76 mm to under 9.52 mm) in width, 0.010 to under3⁄16

in. (0.25 to under 4.76 mm) in thickness.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered to this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Quantity (weight or number of pieces),
4.1.2 Alloy name or UNS number,
4.1.3 Form (bar or wire),
4.1.4 Dimensions,
4.1.5 Finish (Section 9),
4.1.6 ASTM designation and year of issue,
4.1.7 Exceptions to the specification or special require-

ments, and
4.1.8 Certification (Section 16). State if certification is

required.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved July 10, 2002. Published September 2002. Originally
published as B 649 - 81. Last previous edition B 649 - 95.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.05.

1
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5. Materials and Manufacture

5.1 Heat Treatment—The material shall be supplied in the
solution-treated condition except as noted below in 5.2.

NOTE 1—The recommended heat treatment shall consist of heating to a
temperature of 1920 to 2100°F (1050 to 1150°C) followed by water
quenching for UNS N08904, 2010 to 2100°F (1100–1150°C) followed by
water quenching for UNS N08925, UNS N08031, and UNS N08926, or
2010 to 2150°F (1100 to 1180°C) followed by water quenching or fast air
cool for UNS R20033.

5.2 The heat treatment shall be waived for forging quality
material.

6. Chemical Composition

6.1 The material sampled in accordance with 9.2 shall
conform to the requirements as to chemical composition
prescribed in Table 1.

6.2 Product Analysis(Formerly Check Analysis)—Product
analysis may be made by the purchaser to verify the identity of
the finished material representing each heat or lot. Such
analysis may be made by any of the commonly accepted
methods that will positively identify the material.

6.2.1 If a product analysis is made, the material shall
conform to the product check analysis variation per Specifica-
tion B 880.

7. Mechanical and Other Requirements

7.1 Tensile Requirements—The material shall conform to
the requirements as to the mechanical property prescribed in
Table 2.

8. Dimensions, Weights, and Permissible Variations

8.1 Bar—The material referred to as bar shall conform to
the variations in dimensions prescribed in Tables 3-11 inclu-
sive, as applicable.

8.2 Wire—The material referred to as wire shall conform to
the permissible variations in dimensions prescribed in Tables
12-16 inclusive, as applicable.

9. Workmanship, Finish, and Appearance

9.1 The material shall be uniform in quality and condition,
smooth, commercially straight or flat, and free of injurious
defects.

9.2 Bars in the hot-finished condition may be furnished with
one of the following finishes:

9.2.1 Scale not removed,

9.2.2 Pickled or descaled, or
9.2.3 Turned (rounds only).
9.3 Bars in the cold-finished condition may be furnished

with one of the following finishes:
9.3.1 Cold-drawn,
9.3.2 Centerless ground (rounds only), or
9.3.3 Polished (rounds only).
9.4 Wire in the cold-finished condition may be furnished

with one of the following finishes:
9.4.1 Cold-drawn,
9.4.2 Centerless ground (rounds only),
9.4.3 Polished (rounds only), or
9.4.4 Pickled.

10. Sampling

10.1 Lots for Chemical Analysis and Mechanical Testing:
10.1.1 A lot for chemical analysis shall consist of one heat.
10.1.2 A lot for testing and inspection purposes shall consist

of material from one heat of the same condition (temper),
finish, and cross section, and in no case more than 30 000 lb
(13 600 kg) in mass.

NOTE 2—Where material cannot be identified by heat, a lot shall consist
of not more than 500 lb (227 kg) of material in the same thickness and
condition, except that for pieces weighing over 500 lb, only one specimen
shall be taken.

10.2 Sampling for Chemical Analysis:
10.2.1 A representative sample shall be taken from each

heat during pouring or subsequent processing.
10.2.2 If the manufacturer determines that the material

meets the chemical requirements during pouring or subsequent
processing, he shall not be required to sample and analyze the
finished product.

TABLE 1 Chemical Requirements

Element
Composition, %

UNS N08904 UNS N08925 UNS N08031 UNS N08926 UNS R20033

Carbon, max 0.020 0.020 0.015 0.020 0.015
Manganese, max 2.00 1.00 2.0 2.00 2.0
Phosphorus, max 0.045 0.045 0.020 0.03 0.02
Sulfur, max 0.035 0.030 0.010 0.01 0.01
Silicon, max 1.00 0.50 0.3 0.5 0.50
Nickel 23.00–28.00 24.00–26.00 30.0–32.0 24.00–26.00 30.0–33.0
Chromium 19.00–23.00 19.00–21.00 26.0–28.0 19.00–21.00 31.0–35.0
Molybdenum 4.0–5.0 6.0–7.0 6.0–7.0 6.0–7.0 0.50–2.0
Copper 1.0–2.0 0.8–1.5 1.0–1.4 0.5–1.5 0.30–1.20
Nitrogen ... 0.1–0.2 0.15–0.25 0.15–0.25 0.35–0.60
Iron balance balance balance balance balance

TABLE 2 Mechanical Property Requirements A

Alloy

Cold Finished and Hot Finished Annealed, All Sizes

Tensile Strength,

min, psi (MPa)

Yield Strength
min, psi (MPa)

Elongation in
2 in. (50.8

mm), min, %

Forging
Quality, All

Sizes

UNS N08904 71 000 (490) 31 000 (220) 35 B

UNS N08925 87 000 (600) 43 000 (300) 40 B

UNS N08031 94 000 (650) 40 000 (270) 40 B

UNS N08926 94 000 (650) 43 000 (295) 35 B

UNS R20033 109 000 (750) 55 000 (380) 40 B

AFor wire only, tensile strength 90 000 to 120 000 psi (620 to 830 MPa).
BNo tensile properties are required on forging quality.
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10.2.3 Product analysis, if performed, shall be wholly the
responsibility of the purchaser.

10.3 Sampling for Mechanical Tests:
10.3.1 A sample of the material to provide test specimens

for mechanical tests shall be taken from such a location in each
lot as to be representative of that lot.

10.3.2 When samples are to be taken after delivery, the
purchaser of material ordered to cut lengths may request on the
purchase order additional material of adequate size to provide
sample coupons for inspection purposes.

11. Number of Tests

11.1 One chemical analysis shall be made on each lot in
accordance with 10.1.1.

11.2 One tension test shall be made on each lot in accor-
dance with 10.1.2.

11.2.1 If any specimens selected to represent any heat fail to
meet any of the test requirements, the material represented by
such specimens may be reheat-treated and resubmitted for test.

12. Specimen Preparation

12.1 Tension test specimens shall be taken from material
after final heat treatment and shall be selected in the longitu-
dinal direction. The tension test specimens shall conform to the
appropriate sections of Test Methods E 8.

13. Test Methods

13.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall, in case
of disagreement, be determined in accordance with the follow-
ing methods:

Test ASTM Designations

Chemical analysis B 649A

Tension E 8
Rounding procedure E 29
Method of sampling E 55

A Iron shall be determined arithmetically by difference.

13.2 For purposes of determining compliance with the
limits in this specification, an observed value or a calculated
value shall be rounded as indicated in accordance with the
rounding method of Practice E 29.

Requirements
Rounded Unit for Observed or

Calculated Value

Chemical composition nearest unit in the last right-hand
(when expressed in decimals) place of figures of the specified

limit
Tensile strength and yield strength nearest 1000 psi (7 MPa)
Elongation nearest 1 %

14. Inspection

14.1 Inspection of the material by the purchaser shall be
made as agreed upon between the purchaser and the seller as
part of and set forth in the purchase contract.

TABLE 3 Permissible Variations in Size of Hot-Finished Round and Square Bars

Permissible Variations from Specified Size, in. (mm) Out-of-RoundA or Out-of-Square,B

in. (mm)Over Under

1⁄4 (6.35) to 5⁄16 (7.94), inclCD E E E

Over 5⁄16 (7.94) to 7⁄16 (11.11), inclCD 0.006 (0.15) 0.006 (0.15) 0.009 (0.23)
Over 7⁄16 (11.11) to 5⁄8 (15.88), inclCD 0.007 (0.18) 0.007 (0.18) 0.010 (0.25)
Over 5⁄8 (15.88) to 7⁄8 (22.22), incl 0.008 (0.20) 0.008 (0.20) 0.012 (0.30)
Over 7⁄8 (22.22) to 1 (25.40), incl 0.009 (0.23) 0.009 (0.23) 0.013 (0.33)
Over 1 (25.40) to 11⁄8 (28.58), incl. 0.010 (0.25) 0.010 (0.25) 0.015 (0.38)
Over 11⁄8 (28.58) to 11⁄4 (31.75), incl 0.011 (0.28) 0.011 (0.28) 0.016 (0.41)
Over 11⁄4 (31.75) to 13⁄8 (34.92), incl 0.012 (0.30) 0.012 (0.30) 0.018 (0.46)
Over 13⁄8 (34.92) to 11⁄2 (38.10), incl 0.014 (0.36) 0.014 (0.36) 0.021 (0.53)
Over 11⁄2 (38.10) to 2 (50.80), incl 1⁄64 (0.40) 1⁄64 (0.40) 0.023 (0.58)
Over 2 (50.80) to 21⁄2 (63.50), incl 1⁄32 (0.79) 0 0.023 (0.58)
Over 21⁄2 (63.50) to 31⁄2 (88.90), incl 3⁄64 (1.19) 0 0.035 (0.89)
Over 31⁄2 (88.90) to 41⁄2 (114.30), incl 1⁄16 (1.59) 0 0.046 (1.17)
Over 41⁄2 (114.30) to 51⁄2 (139.70), incl 5⁄64 (1.98) 0 0.058 (1.47)
Over 51⁄2 (139.70) to 61⁄2 (165.10), incl 1⁄8 (3.18) 0 0.070 (1.78)
Over 61⁄2 (165.10) to 8 (203.20), incl 5⁄32 (3.97) 0 0.085 (2.18)

AOut-of-round is the difference between the maximum and minimum diameters of the bar, measured at the same cross section.
BOut-of-square section is the difference in the two dimensions at the same cross section of a square bar, each dimension being the distance between opposite faces.
CSize tolerances have not been evolved for rounds in the size range from 1⁄4 to 5⁄16 in. (6.35 to 7.94 mm), incl. Size tolerances have not been evolved for round sections

in the size range from 1⁄4 (6.35 mm) to approximately 5⁄8 in. (15.88 mm) in diameter which are produced on rod mills in coils.
DSquares in this size are not produced as hot-rolled products.
EVariations in size of coiled product made on rod mills are greater than size tolerances for product made on bar mills.

TABLE 4 Permissible Variations in Size of Hot-Finished Hexagonal and Octagonal Bars

Specified Sizes Measured Between Opposite Sides,
in. (mm)

Permissible Variations from Specified Size, in. (mm) Maximum Difference in 3
Measurements for Hexagons

only, in. (mm)Over Under

1⁄4 (6.35) to 1⁄2 (12.70), incl 0.007 (0.18) 0.007 (0.18) 0.011 (0.28)
Over 1⁄2 (12.70) to 1 (25.40), incl 0.010 (0.25) 0.010 (0.25) 0.015 (0.38)
Over 1 (25.40) to 11⁄2 (38.10), incl 0.021 (0.53) 0.021 (0.53) 0.025 (0.64)
Over 11⁄2 (38.10) to 2 (50.80), incl 1⁄32 (0.79) 1⁄32 (0.79) 1⁄32 (0.79)
Over 2 (50.80) to 21⁄2 (63.50), incl. 3⁄64 (1.19) 3⁄64 (1.19) 3⁄64 (1.19)
Over 21⁄2 (63.50) to 31⁄2 (88.90), incl 1⁄16 (1.59) 1⁄16 (1.59) 1⁄16 (1.59)
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15. Rejection and Rehearing

15.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16. Certification

16.1 If required by the purchaser in the contract or purchase
order, a manufacturer’s certification that the material was
manufactured and tested in accordance with this specification
shall be furnished at the time of shipment.

16.2 If required by the purchaser in the contract or purchase
order, a copy of the test results shall be furnished at the time of
shipment.

17. Packaging and Package Marking

17.1 Marking—Each bundle or box shall be tagged properly
with metal tags showing heat number, grade, condition, speci-
fication number, and size to assure proper identification.

TABLE 5 Permissible Variations in Thickness and Width for Hot-Finished Flat Bars

Specified Width, in. (mm)

Permissible Variations in Thickness for Thicknesses Given, in. (mm)

1⁄8 (3.18) to 1⁄2 (12.70), incl Over 1⁄2 (12.70) to 1 (25.40), incl Over 1 (25.40) to 2 (50.80), incl

Over Under Over Under Over Under

To 1 (25.40), incl 0.008 (0.20) 0.008 (0.20) 0.010 (0.25) 0.010 (0.25) ... ...
Over 1 (25.40) to 2 (50.80), incl 0.012 (0.30) 0.012 (0.30) 0.015 (0.38) 0.015 (0.38) 0.031 (0.79) 0.031 (0.79)
Over 2 (50.80) to 4 (101.60), incl 0.015 (0.38) 0.015 (0.38) 0.020 (0.51) 0.020 (0.51) 0.031 (0.79) 0.031 (0.79)
Over 4 (101.60) to 6 (152.40), incl 0.015 (0.38) 0.015 (0.38) 0.020 (0.51) 0.020 (0.51) 0.031 (0.79) 0.031 (0.79)
Over 6 (152.40) to 8 (203.20), incl 0.016 (0.41) 0.016 (0.41) 0.025 (0.64) 0.025 (0.64) 0.031 (0.79) 0.031 (0.79)
Over 8 (203.20) to 10 (254.00), incl 0.021 (0.53) 0.021 (0.53) 0.031 (0.79) 0.031 (0.79) 0.031 (0.79) 0.031 (0.79)

Over 2 (50.80) to 4 (101.60), incl Over 4 (101.60) to 6 (152.40), incl Over 6 (152.40) to 8 (203.20), incl

Over Under Over Under Over Under

To 1 (25.40), incl ... ... ... ... ... ...
Over 1 (25.40) to 2 (50.80), incl ... ... ... ... ... ...
Over 2 (50.80) to 4 (101.60), incl 0.062 (1.57) 0.031 (0.79) ... ... ... ...
Over 4 (101.60) to 6 (152.40), incl 0.062 (1.57) 0.031 (0.79) 0.093 (2.36) 0.062 (1.57) ... ...
Over 6 (152.40) to 8 (203.20), incl 0.062 (1.57) 0.031 (0.79) 0.093 (2.36) 0.062 (1.57) 0.125 (3.18) 0.156 (3.96)
Over 8 (203.20) to 10 (254.00), incl 0.062 (1.57) 0.031 (0.79) 0.093 (2.36) 0.062 (1.57) 0.125 (3.18) 0.156 (3.96)

Specified Width, in. (mm)
Permissible Variations in Width, in. (mm)

Over Under

To 1 (25.40), incl 0.015 (0.38) 0.015 (0.38)
Over 1 (25.40) to 2 (50.80), incl 0.031 (0.79) 0.031 (0.79)
Over 2 (50.80) to 4 (101.60), incl 0.062 (1.57) 0.031 (0.79)
Over 4 (101.60) to 6 (152.40), incl 0.093 (2.36) 0.062 (1.57)
Over 6 (152.40) to 8 (203.20), incl 0.125 (3.18) 0.156 (3.96)
Over 8 (203.20) to 10 (254.00), incl 0.156 (3.96) 0.187 (4.75)

TABLE 6 Permissible Variations in Size of Cold-Finished Round
Bars

Specified Size, in. (mm)
Permissible Variations from Specified

Size, in. (mm)A,B

Over Under
Over 1⁄2 (12.70) to 1 (25.40), excl 0.002 (0.05) 0.002 (0.05)
1 (25.40) to 11⁄2 (38.10), excl 0.0025 (0.06) 0.0025 (0.06)
11⁄2 (38.10) to 4 (101.60), inclC 0.003 (0.08) 0.003 (0.08)

AUnless otherwise specified, size tolerances are over and under as shown in the
above table. When required, however, they may be specified all over and nothing
under, or all under and nothing over, or any combination of over and under, if the
total spread in size tolerance for a specified size is not less than the total spread
shown in the table.

BWhen it is necessary to heat treat or heat treat and pickle after cold finishing,
size tolerances are double those shown in the table.

CCold-finished bars over 4 in. (101.60 mm) in diameter are produced; size
tolerances for such bars have not been evolved.

TABLE 7 Permissible Variations in Size of Cold-Finished
Hexagonal, Octagonal, and Square Bars

Specified Size, in. (mm)

Permissible Variations from Specified
Size, in. (mm)A

Over Under

Over 1⁄2 (12.70) to 1 (25.40),
incl

0 0.004 (0.10)

Over 1 (25.40) to 2 (50.80), incl 0 0.006 (0.15)
Over 2 (50.80) to 3 (76.20), incl 0 0.008 (0.20)
Over 3 (76.20) 0 0.010 (0.25)
AWhen it is necessary to heat treat or heat treat and pickle after cold finishing,

size tolerances are double those shown in the table.

TABLE 8 Permissible Variations in Width and Thickness of Cold-
Finished Flat Bars

Width, in. (mm)

Permissible Variations in Width,
over and under, in. (mm)A

For Thick-
nesses 1⁄4
(6.35) and

Under

For Thick-
nesses Over 1⁄4

(6.35)

3⁄8 (9.52) to 1 (25.40), incl 0.004 (0.10) 0.002 (0.05)
Over 1 (25.40) to 2 (50.80), incl 0.006 (0.15) 0.003 (0.08)
Over 2 (50.80) to 3 (76.20), incl 0.008 (0.20) 0.004 (0.10)
Over 3 (76.20) to 41⁄2 (114.30), incl 0.010 (0.25) 0.005 (0.13)

Thickness, in. (mm)
Permissible Variations in Thick-
ness, over and under, in. (mm)A

1⁄8 (3.18) to 1 (25.40), incl 0.002 (0.05)
Over 1 (25.40) to 2 (50.80), incl 0.003 (0.08)
Over 2 (50.80) to 3 (76.20), incl 0.004 (0.10)
Over 3 (76.20) to 41⁄2 (114.30), inclB 0.005 (0.13)

AWhen it is necessary to heat treat and pickle after cold finishing, size tolerances
are double those shown in the table.

BCold-finished flat bars over 41⁄2 in. (114.30 mm) wide or thick are produced;
width and thickness tolerances for such bars have not been evolved.
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17.1.1 Large diameter bars may be line marked showing
heat number, grade, condition, specification number, and size
at the manufacturer’s discretion.

17.2 Packaging—Bars or wire shall be bundled or boxed in
such a manner as to assure safe delivery to their destination
when properly transported by any common carrier.

18. Keywords

18.1 bar; UNS N08031; UNS N08904; UNS N08925; UNS
N08926; UNS R20033; wire

TABLE 9 Permissible Variations in Length of Hot-Finished or
Cold-Finished Bars

NOTE 1—The order should specify random lengths or specific lengths.
When random lengths are ordered, the length tolerance is not less than 24
in. (609.60 mm). When specific lengths are ordered, Table 9 or Table 10
shall apply.

Specified Size of Rounds,
Squares, Hexagons, and
Octagons, and Widths of

Flats,A in. (mm)

Permissible Variations in Length, in. (mm)

For Lengths Up to 12
ft (3658 mm), incl

For Lengths Over 12
ft (3658 mm) to 25 ft

(7620 mm), incl

Over Under Over Under

To 2 (50.80), incl 1⁄2 (12.70) 0 3⁄4 (19.05) 0
Over 2 (50.80) to 4 (101.60), incl 3⁄4 (19.05) 0 1 (25.40) 0
Over 4 (101.60) to 6 (152.40), incl 1 (25.40) 0 11⁄4 (31.75) 0
Over 6 (152.40) to 9 (228.60), incl 11⁄4 (31.75) 0 11⁄2 (38.10) 0
Over 9 (228.60) to 12 (304.80), incl 11⁄2 (38.10) 0 2 (50.80) 0

AThe maximum width of bar flats is 10 in. (254.00 mm).

TABLE 10 Permissible Variations in Length of Hot-Finished or
Cold-Finished Bars Machine Cut After Machine Straightening

NOTE 1—The order should specify random lengths or specific lengths.
When random lengths are ordered, the length tolerance is not less than 24
in. (609.60 mm). When specific lengths are ordered, Table 9 or Table 10
shall apply.

Specified Size of Rounds,
Squares, Hexagons, and
Octagons, and Widths of

Flats,A in. (mm)

For Lengths Up to
12 ft (3658 mm), incl

For Lengths Over 12
ft (3658 mm) to 25 ft

(7620 mm), incl

Over Under Over Under

To 3 (76.20), incl 1⁄8 (3.18) 0 3⁄16 (4.76) 0
Over 3 (76.20) to 6 (152.40), incl 3⁄16 (4.76) 0 1⁄4 (6.35) 0
Over 6 (152.40) to 9 (228.60), incl 1⁄4 (6.35) 0 5⁄16 (7.94) 0
Over 9 (228.60) to 12 (304.80), incl 1⁄2 (12.70) 0 1⁄2 (12.70) 0

AThe maximum width of bar flats is 10 in. (254.00 mm).

TABLE 11 Permissible Variations in Straightness of Machine
Straightened Hot-Finished or Cold-Finished Bars

Measurement is taken on the concave side of the bar with a straightedge.
Unless otherwise specified, hot-finished or cold-finished bars for machining
purposes are furnished machine straightened to the following tolerances:

Hot finished:
1⁄8 in. (3.18 mm) in any 5 ft (1524 mm), but may not exceed 1⁄8 in. (3.18 mm)

3 (length in feet (mm))/(5 ft (1524 mm))
Cold finished:

1⁄16 in. (1.59 mm) in any 5 ft (1524 mm), but may not exceed 1⁄16 in. (1.59
mm)3 (length in feet (mm))/(5 ft (1524 mm))

TABLE 12 Diameter and Out-of-Round Tolerances for Round
Wire (Drawn, Polished, Centerless Ground, Centerless Ground

and Polished) A,B,C

Specified Diameter, in. (mm)
Diameter Tolerance, in. (mm)

Over Under

0.5000 (12.70) 0.002 (0.05) 0.002 (0.05)
Under 0.5000 (12.70) to 0.3125 (7.94), incl 0.0015 (0.04) 0.0015 (0.04)
Under 0.3125 (7.94) to 0.0440 (1.12), incl 0.001 (0.03) 0.001 (0.03)
Under 0.0440 (1.12) to 0.0330 (0.84), incl. 0.0008 (0.02) 0.0008 (0.02)
Under 0.0330 (0.84) to 0.0240 (0.61), incl. 0.0005 (0.013) 0.0005 (0.013)
Under 0.0240 (0.61) to 0.0120 (0.30), incl. 0.0004 (0.010) 0.0004 (0.010)
Under 0.0120 (0.30) to 0.0080 (0.20), incl. 0.0003 (0.008) 0.0003 (0.008)
Under 0.0080 (0.20) to 0.0048 (0.12), incl. 0.0002 (0.005) 0.0002 (0.005)
Under 0.0048 (0.12) to 0.0030 (0.08), incl. 0.0001 (0.003) 0.0001 (0.003)

ADiameter tolerances are over and under as given in this table. Also, round wire
can be produced to tolerances all over and nothing under, or all under and nothing
over, or any combination over and under, if the total spread in diameter tolerances
for a specified diameter is not less than the total spread given in this table.

B The maximum out-of-round tolerance for round wire is one half of the total size
tolerance given in this table.

C When it is necessary to heat treat after cold finishing because of special
mechanical property requirements, tolerances are commonly double those shown.

TABLE 13 Size Tolerances for Drawn Wire in Hexagons,
Octagons, and Squares

Specified Size,A in. (mm)
Size Tolerance, in. (mm)

Over Under
1⁄2 (12.70)
Under 1⁄2 (12.70) to 5⁄16 (7.94), incl 0

0

0.004 (0.10)
0.003 (0.08)

Under 5⁄16 (7.94) to 1⁄8 (3.18), incl 0 0.002 (0.05)
ADistance across flats.

TABLE 14 Length Tolerances for Round and Shape, Straightened
and Cut Wire, Exact Length Resheared Wire

Diameter, in. (mm) Length, ft (mm)

Tolerance, in.
(mm)

Over Under

0.125 (3.18) and under Up to 12 (3658), incl 1⁄16 (1.59) 0
0.125 (3.18) and under Over 12 (3658) 1⁄8 (3.18) 0
Over 0.125 (3.18) to 0.500 (12.70), Under 3 (914) 1⁄32 (0.79) 0

incl
Over 0.125 (3.18) to 0.500 (12.70), 3 (914) to 12 (3658), 1⁄16 (1.59) 0

incl incl
Over 0.125 (3.18) to 0.500 (12.70), Over 12 (3658) 1⁄8 (3.18) 0

incl
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 15 Size Tolerances for Wire for Which the Final
Operation is a Surface Treatment for the Purpose of Removing

Scale or Drawing Lubricant

Specified Size, in. (mm)
Tolerance, in. (mm)

Over Under

1⁄2 (12.70) 0.004 (0.10) 0.004 (0.10)
Under 1⁄2 (12.70) to 5⁄16 (7.94), incl 0.003 (0.08) 0.003 (0.08)
Under 5⁄16 (7.94) to 0.044 (1.12), incl 0.002 (0.05) 0.002 (0.05)
Under 0.044 (1.12) to 0.033 (0.84), incl 0.0013 (0.03) 0.0013 (0.03)
Under 0.033 (0.84) to 0.024 (0.61), incl 0.0008 (0.02) 0.0008 (0.02)

TABLE 16 Thickness and Width Tolerances for Cold-Finished
Flat Wire

Specified Width,
in. (mm)

Thickness Tolerance, in. (mm),
over or under, for Given

Thicknesses, in. (mm)

Width Tolerance,
in. (mm)

Under
0.029
(0.74)

0.029
(0.74) to

0.035
(0.89), excl

0.035 (0.89)
to 3⁄16

(4.76), excl
Over Under

Under 3⁄8 (9.52) to
1⁄16 (1.59), incl

0.001
(0.03)

0.0015
(0.04)

0.002
(0.05)

0.005
(0.13)

0.005
(0.13)
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Designation: B 652/B 652M – 04

Standard Specification for
Niobium-Hafnium Alloy Ingots 1

This standard is issued under the fixed designation B 652/B 652M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers hafnium alloyed niobium in-
gots prepared by vacuum- or plasma- arc melting or electron-
beam furnace melting, or a combination of these methods, to
produce consolidated metal for processing to various mill
shapes.

1.2 The material covered by this specification is Grade
R04295, niobium-base alloy containing approximately 10 %
hafnium and 1 % titanium.

1.3 The values stated in either inch-pound or SI units are to
be regarded separately as standard. The values stated in each
system are not exact equivalents; therefore, each system must
be used independently of the other. SI values cannot be mixed
with inch-pound values.

2. Referenced Documents

2.1 ASTM Standards:2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

3. Ordering Information

3.1 Orders for material under this specification shall include
the following information as applicable:

3.1.1 General alloy description (see 1.2) and ASTM desig-
nation and year of issue,

3.1.2 Quantity in weight or pieces,
3.1.3 Size: diameter and length,
3.1.4 Chemistry (Section 5),
3.1.5 Quality and finish (see 7.2, 7.4, and 7.6),
3.1.6 Certifications and Reports (Section 13),
3.1.7 Packaging (Section 15), and
3.1.8 Disposition of rejected material (Section 11).

4. Materials and Manufacture

4.1 The ingot metal for this material may be vacuum- or
plasma-arc melted, electron-beam melted, or a combination of
these methods.

5. Chemical Composition

5.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1. Analysis for
elements, not listed in Table 1 and not normally expected in
niobium hafnium alloy, shall not be required unless specified at
time of purchase.

6. Permissible Variations in Quantity

6.1 For orders requiring up to 100 lb [45 kg] of ingots, the
manufacturer may overship up to a maximum of 20 %. For
orders up to 1000 lb [450 kg], the manufacturer may overship
up to a maximum of 10 %. The permissible overshipment shall
be negotiated for orders larger than 1000 lb [450 kg].

7. Workmanship, Finish, and Appearance

7.1 The manufacturer shall use care to have each lot of ingot
material as uniform in quality as possible.

7.2 When specified, the ingots shall be conditioned on the
surface to standards agreed upon between the purchaser and the
manufacturer.

7.3 In the conditioned ingot, no abrupt changes in diameter
or local depressions that will impair subsequent fabrication will
be permitted. The difference between maximum and minimum
radius of the conditioned ingot shall not exceed 5 % of the
maximum radius. Lands, grooves, and local depressions shall
be blended to a maximum angle of 30° to the axis of the ingot.

7.4 Each ingot should be tested for soundness by nonde-
structive test methods, such as dye penetrant and ultrasonic
tests, as mutually agreed upon between the purchaser and the
manufacturer.

7.5 Defects in ingots that exceed the acceptance standards
shall be removed by cropping or surface conditioning, which-
ever is appropriate. The manufacturer shall be permitted to
remove surface imperfections provided that after such removal,
the requirements of conditioning are met (7.3).

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.03 on Niobium and Tantalum.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1979. Last previous edition approved in 1996 as B 652/
B 652M – 96 (1999).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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7.6 The ingots shall be free of imperfections that would be
deemed injurious by the standards of acceptability agreed upon
between the purchaser and the manufacturer.

8. Number of Tests

8.1 Each ingot shall be tested for chemical composition in at
least three positions along the length of the ingot.

9. Significance of Numerical Limits

9.1 The following applies to all specified limits in this
standard for purposes of determining conformance with this
specification: The observed value or a calculated value shall be
rounded off to the nearest unit in the last right-hand digit used
in expressing the specification limit, in accordance with the
rounding-off method of Practice E 29.

10. Sampling

10.1 Care shall be exercised to ensure that the sample
selected for testing is representative of the material, and that it
is not contaminated by the sampling procedure. If there is any
question relating to the sampling techniques or to the analysis
thereof, the methods for sampling and analysis shall be as
agreed upon between the purchaser and the manufacturer.

11. Rejection

11.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection shall be reported

to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the tests, the producer or
supplier may make claim for a rehearing.

12. Rehearing

12.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

13. Certification

13.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the results shall be
furnished.

14. Product Marking

14.1 Each ingot shall be marked for identification by metal
die stamping the manufacturer’s ingot number on the top of the
ingot. Each box or skid shall be marked or tagged legibly and
conspicuously with the number, type of material, ingot num-
ber(s), manufacturer’s identification, nominal size, and the
gross, net, and tare weights.

15. Packaging

15.1 Unless otherwise specified, material purchased under
this specification must be boxed or banded on skids in such a
manner as to secure safe delivery to their destination when
properly transported by any common carrier.

16. Keywords

16.1 niobium-hafnium alloy ingots

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Chemical Requirements (Ingot)

Niobium-Hafnium Alloy Grade R04295

Element
Content, Maximum Weight % (Except
for Hf and Ti)

Carbon 0.015
Oxygen 0.025
Nitrogen 0.010
Hydrogen 0.0015
Hafnium 9–11
Titanium 0.7–1.3
Zirconium 0.700
Tungsten 0.500
Tantalum 0.500
Niobium by difference
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Designation: B 653/B 653M – 02

Standard Specification for
Seamless and Welded Zirconium and Zirconium Alloy
Welding Fittings 1

This standard is issued under the fixed designation B 653/B 653M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers fittings, factory made from
three grades of zirconium and zirconium alloys. The term
welding fittings applies to butt-welding parts such as 45 and
90° elbows, 180° returns, caps, tees, reducers, lap-joint stub
ends, and other types.

1.2 The values stated in either inch-pound units or SI units
are to be regarded separately as the standard. Within the text,
the SI units are shown in brackets. The values stated in each
system are not exact equivalents; therefore, each system must
be used independently of the other. Combining values from the
two systems may result in nonconformance with the specifi-
cation.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 493 Specification for Zirconium and Zirconium Alloy

Forgings2

B 523 Specification for Seamless and Welded Zirconium
and Zirconium Alloy Tubes2

B 550 Specification for Zirconium and Zirconium Alloy Bar
and Wire2

B 551 Specification for Zirconium and Zirconium Alloy
Strip, Sheet, and Plate2

B 614 Practice for Descaling and Cleaning Zirconium and
Zirconium Alloy Surfaces2

B 658 Specification for Seamless and Welded Zirconium
and Zirconium Alloy Pipe2

2.2 ANSI Standards:
B 16.9 Wrought Steel Butt-Welding Fittings3

B 36.19 Stainless Steel Pipe3

2.3 Manufacturers’ Standardization Society of the Valve
and Fittings Industry Standards:

SP-25 Standard Marking System for Valves, Fittings,
Flanges, and Unions4

SP-43 Standard Practice for Light Weight Stainless Steel
Fittings4

2.4 American Society of Mechanical Engineers:
ASME Boiler and Pressure Vessel Code, Sections VIII and

IX5

3. Terminology

3.1 Lot Definitions:
3.1.1 castings—a lot shall consist of all castings produced

from the same pour.
3.1.2 ingot—no definition required.
3.1.3 rounds, flats, tubes, and wrought powder metallurgical

products (single definition, common to nuclear and non-
nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same
ingot or powder blend by the same reduction schedule and the
same heat treatment parameters. Unless otherwise agreed
between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace loaf for final batch anneal.

3.1.4 sponge—a lot shall consist of a single blend produced
at one time.

3.1.5 weld fittings—definition is to be mutually agreed upon
between manufacturer and the purchaser.

4. Classification

4.1 The fittings are furnished in three grades as follows:
4.1.1 Grade R60702— Unalloyed zirconium.
4.1.2 Grade R60704— Zirconium-tin.
4.1.3 Grade R60705— Zirconium-niobium.

5. Ordering Information

5.1 Orders for materials under this specification shall in-
clude the following information:

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.02 on Zirconium and Hafnium.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 653 – 79. Last previous edition B 653/B 653M – 01.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,

4th Floor, New York, NY 10036.

4 Available from Manufacturers Standardization Society of the Valve and Fittings
Industry (MSS), 127 Park St., NE, Vienna, VA 22180-4602.

5 Available from American Society of Mechanical Engineers (ASME), ASME
International Headquarters, Three Park Ave., New York, NY 10016-5990.
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5.1.1 Quantity,
5.1.2 Name of material (zirconium fittings),
5.1.3 Grade number (see 4.1),
5.1.4 ASTM designation and year of issue,
5.1.5 Finish (see Section 9), and
5.1.6 Additions to the specification and supplementary re-

quirements, if required.

NOTE 1—A typical ordering description is as follows: 15 pieces,
zirconium, 4-in. (100 mm), Schedule 40, 90° long radius elbows, descaled,
ASTM B 653 - 01, Grade R60702. Supplementary Requirement S3 Stress
Relief Heat Treatment.

6. Materials and Manufacture

6.1 Forging, forming, or shaping operations may be per-
formed by hammering, pressing, piercing, extruding, upsetting,
rolling, bending, fusion welding, machining, or by a combina-
tion of these operations. The forming procedure shall be so
applied that it will not produce injurious defects in the fittings.

6.2 Fittings containing welded seams or other joints made
by welding shall comply with the following provisions:

6.2.1 Welded by welders, welding operators, and welding
procedures qualified under the provisions of Section IX of the
ASME Boiler and Pressure Vessel Code.

6.2.2 Filler metal, when used, shall be the same grade as the
base metal.

6.2.3 All welds on grade R60705 shall be stress relief
annealed within 14 days after welding to prevent delayed
hydride cracking.

7. Chemical Composition

7.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1.

7.2 The chemical analysis of the components of the fittings
need not be reported unless required by agreement between the
manufacturer and the purchaser and so stated in the purchase
order.

8. Tensile Requirements

8.1 The material shall conform to the requirements as to the
tensile properties prescribed in Table 1.

8.2 Tension tests of the finished fittings need not be reported
unless required by agreement between the manufacturer and
the purchaser and so stated in the purchase order.

9. Workmanship, Finish, and Appearance

9.1 For fittings covered by ANSI B16.9 or MSS SP-43, or
for fittings to be used with pipe ordered to ANSI B36.19, the
sizes, shapes, and dimensions of the fittings shall be as
specified in those standards.

9.2 The fittings shall be free of injurious external and
internal imperfections of a nature that will interfere with the
purpose for which the fittings are intended. Minor defects may
be removed by grinding, providing the wall thickness is not
decreased to less than the minimum thickness, and further
provided that the ground-out area shall be faired out.

10. Hydrostatic Tests

10.1 All fittings shall be capable of withstanding without
failure, leakage, or impairment of their serviceability, a test
pressure prescribed in the applicable standards in Table 1 for
the pipe or tubing with which the fitting is planned to be used.

10.2 Hydrostatic tests shall be performed and results re-
ported when required by the purchase order.

11. Inspection

11.1 The manufacturer shall inspect the material covered by
this specification prior to shipment and, on request, shall
furnish the purchaser with certificates of test. If so specified in
the purchase order, the purchaser or his representative may
witness the testing and inspection of the material at the place of
manufacture. In such cases the purchaser shall state in his
purchase order which tests he desires to witness. The manu-
facturer shall give ample notice to the purchaser as to the time
and place of the designated tests. If the purchaser’s represen-
tative does not present himself at the time agreed upon for the
testing, the manufacturer shall consider the requirement for the
purchaser’s inspection at the place of manufacture to be
waived.

11.2 The manufacturer shall afford the inspector represent-
ing the purchaser, without charge, all reasonable facilities to
satisfy him that the material is being furnished in accordance
with this specification. This inspection shall be so conducted as
not to interfere unnecessarily with the operation of the works.

12. Rejection

12.1 Rejection for failure of the material to meet the
requirements of this specification shall be reported to the
manufacturer within 60 calendar days from the receipt of the
material by the purchaser. Unless otherwise specified, rejected
material may be returned to the manufacturer at the manufac-
turer’s expense, unless the purchaser receives, within three
weeks of the notice of rejection, other instructions for dispo-
sition.

13. Certification

13.1 A producer or supplier shall furnish the purchaser with
a certificate that the material was manufactured, sampled,
tested, and inspected in accordance with this specification and

TABLE 1 Permissible Raw Materials

GradeA Product and ASTM Designation
Pipe Tube Plate Bar Forging

PZ 2 B 658
Grade R60702

B 523
Grade R60702

B 551
Grade R60702

B 550
Grade R60702

B 493
Grade R60702

PZ 4 B 658
Grade R60704

B 523
Grade R60704

B 551
Grade R60704

B 550
Grade R60704

B 493
Grade R60704

PZ 5 B 658
Grade R60705

B 523
Grade R60705

B 551
Grade R60705

B 550
Grade R60705

B 493
Grade R60705

A When fittings are of welded construction, the symbol shown shall be supplemented by the letter “W.”
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has been found to meet the requirements. The certificate shall
include a report of the test results.

13.2 All material incorporated within the fitting shall be
identified and shall be in accordance with the applicable
standards in Table 1.

14. Referee

14.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

15. Product Marking

15.1 Unless otherwise specified, the manufacturer’s name
or trademark, the schedule number, material, and size shall be
stamped (see Note 2), stenciled, electroetched, or otherwise

suitably marked on each fitting. In addition, each fitting shall
be marked with the identification grade symbol and suffix for
the respective specification listed in Table 1. On wall thick-
nesses thinner than Schedule 40S, no stamps or other indented
markings shall be used. When the size does not permit
complete marking, identification marks may be omitted in the
sequence shown in MSS SP-25.

NOTE 2—When steel stamps are used, they should be applied prior to
heat treatment and care should be taken so that the marking is not deep
enough to cause cracks or to reduce the wall thickness of the fitting below
the minimum allowed.

16. Packaging and Package Marking

16.1 The fittings shall be packaged suitably in such a
manner as to assure safe delivery to its destination when
properly transported by common carrier.

17. Keywords

17.1 fitting; pipe; zirconium; zirconium alloy

SUPPLEMENTARY REQUIREMENTS

Supplementary requirements shall not be considered unless specified in the order, in which event the
test shall be made by the manufacturer at the purchaser’s expense.

S1. Surface Inspection

S1.1 Liquid penetrant inspection may be performed on all
outside-diameter surfaces of the fittings and inside-diameter
surfaces where practicable. Acceptance shall be in accordance
with Appendix 8, Section VIII of the ASME Boiler and
Pressure Vessel Code.

S2. Radiographic Inspections of Welds

S2.1 Radiographic inspection may be performed on all
weldments of the fittings in accordance with paragraph UW-51,

Section VIII, of the ASME Boiler and Pressure Vessel Code.

S3. Stress-Relief Heat Treatment

S3.1 The stress-relieving treatment shall consist of holding
the fitting at a minimum temperature of 1100°F (600°C) for not
less than1⁄2 h/in. (25 mm) of the maximum thickness in a
nonreducing atmosphere.

S3.2 The minimum time at this temperature is 15 min. All
stress-relieved parts shall be cleaned subsequently and shall be
free of oxide scale contamination (see Practice B 614).

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 654/B 654M – 04

Standard Specification for
Niobium-Hafnium Alloy Foil, Sheet, Strip, and Plate 1

This standard is issued under the fixed designation B 654/B 654M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers hafnium alloyed niobium foil,
sheet, strip, and plate.

1.2 The material covered by this specification is R04295,
niobium-base alloy containing approximately 10 % hafnium
and 1 % titanium.

1.3 The values stated in either inch-pound units or SI units
are to be regarded separately as standard. Within the text, the
SI units are shown in brackets. The values stated in each
system are not exact equivalents; therefore, each system shall
be used independently of the other. Combining values from the
two systems may result in nonconformance with the specifi-
cation.

1.4 The following safety hazards caveat pertains only to the
test methods portion, Section 14, of this specification: This
standard does not purport to address all of the safety problems,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 652/B 652M Specification for Niobium-Hafnium Alloy
Ingots

E 8 Test Methods for Tension Testing of Metallic Materials
E 21 Test Methods for Elevated Temperature Tension Tests

of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications

3. Terminology

3.1 Definitions:
3.1.1 foil, n—a flat product less than 6 in. [150 mm] wide

and less than 0.005 in. [0.13 mm] in thickness.

3.1.2 lot, n—a lot is defined as that material produced from
one ingot and heat-treated at the same conditions.

3.1.3 plate, n—a flat product 6 in. [150 mm] or more in
width and more than3⁄16 in. [4.8 mm] in thickness.

3.1.4 sheet, n—a flat product 6 in. [150 mm] or more in
width and from 0.005 in. [0.13 mm] to3⁄16 in. [4.8 mm] in
thickness.

3.1.5 strip, n—a flat product, may be supplied in coil, less
than 6 in. [150 mm] wide and from 0.005 in. [0.13 mm] to3⁄16

in. [4.8 mm] in thickness.

4. Ordering Information

4.1 Orders for material under this specification should
include the following information as applicable:

4.1.1 General alloy description (see 1.2) and ASTM desig-
nation and year of issue,

4.1.2 Quantity in weight or pieces,
4.1.3 Size, diameter or thickness, width, and length, as

applicable,
4.1.4 Chemical Composition (Section 6),
4.1.5 Temper (Section 7),
4.1.6 Mechanical test temperature and limits (Sections 8

and 14),
4.1.7 Permissible dimensional tolerances and weight or

quantity variations (see 9.3),
4.1.8 Quality and finish (see 10.2),
4.1.9 Sampling (see 13.2),
4.1.10 Inspection Witnessing (see 15.2),
4.1.11 Certification Requirements (Section 18), and
4.1.12 Packaging (Section 20).

5. Materials and Manufacture

5.1 Materials covered by this specification shall be made
from ingots in accordance with Specification B 652/B 652M.

5.2 The various niobium-hafnium alloy products covered by
this specification are formed with the conventional extrusion,
forging, and rolling equipment normally available in metal
working plants.

6. Chemical Composition

6.1 The chemical composition of niobium-hafnium alloy
ingots and billets for conversion to finished products covered
by this specification shall conform to the requirements in Table
1. Analysis for elements, not listed in Table 1 and not normally

1 This specification is under the jurisdiction of Committee B10 on Reactive and
Refractory Metals and Alloys and is the direct responsibility of Subcommittee
B10.03 on Niobium and Tantalum.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1979. Last previous edition approved in 2003 as B 654 – 03.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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expected in niobium-hafnium alloy, shall not be required
unless specified at time of purchase.

6.2 The manufacturer’s ingot analysis shall be considered
the chemical analysis for products supplied under this specifi-
cation.

6.3 When specified in the purchase order, the manufacturer
shall test the product for elements specified in Table 2. The
results of the tests shall meet the limits shown in Table 2.

7. Temper Designations

7.1 Unless otherwise stated, the materials supplied under
this specification shall be in the annealed condition, defined as
at least 90 % recrystallized.

7.2 Other temper designations, such as cold-worked temper
or stress-relieved temper can be specified as agreed upon
between the purchaser and the manufacturer at the time of
purchase.

8. Mechanical Requirements

8.1 Materials in the annealed condition supplied under this
specification shall conform to the requirements for mechanical
properties as specified in Table 3. Unless otherwise specified in
the purchase order, the materials shall conform to the require-
ments for room temperature mechanical properties. The pur-
chaser may specify elevated temperature mechanical properties
at the time of purchase.

9. Permissible Variations

9.1 Dimensional tolerances—Tolerances on niobium-
hafnium alloy products covered by this specification shall be as
prescribed in Table 4.

9.2 Flatness tolerance for sheet and plate products supplied
under this specification shall be 6 % maximum, as determined
by the following equation (see Fig. 1):

Flatness, %5 ~H/L! 3 100 (1)

where:
H = maximum vertical distance between a flat reference

surface and the lower surface of the sheet, and
L = minimum horizontal distance between the highest

point on the sheet and the point of contact with a flat
reference surface. (The method for taking measure-
ments for calculation of sheet flatness is shown in Fig.
1. However, a value of H less than1⁄32 in. [0.8 mm]
shall not be cause for rejection.)

9.3 Quantity or Weight—For orders up to 100 ft [30 m], the
manufacturer may overship by 20 %. For orders up to 1000 lb
[450 kg] or 1000 ft [300 m], the manufacturer may overship by
10 %. The permissible overshipment for orders larger than this
quantity shall be negotiated at the time of purchase.

10. Quality and Finish

10.1 Niobium-hafnium alloy product shall be free of inju-
rious external and internal imperfections of a nature that will
interfere with the purpose for which it was intended. Material
may be finished as forged, rolled, extruded, swaged, drawn; in
a cleaned, machined, or ground condition. The manufacturer
shall be permitted to remove minor surface imperfections
provided such removal does not reduce the dimensions below
the minimum permitted by the tolerances in accordance with
Section 9.

10.2 Test methods for these defects and standards of accept-
ability shall be as agreed upon between the purchaser and the
manufacturer at the time of purchase.

11. Retests

11.1 If any sample or specimen exhibits obvious surface
contamination or improper preparation disqualifying it as a
truly representative sample, it shall be discarded and a new
sample or specimen substituted.

11.2 In case of failure, two additional specimens shall be
retested. If both retest specimens conform to this specification,
the original values shall be discarded and the material ac-
cepted.

11.3 If the results of the tests are not in conformance with
the requirements of this specification, the lot may be reworked
at the option of the manufacturer. The lot shall be acceptable if
the results of all tests, after reworking, conform to this
specification.

12. Significance of Numerical Limits

12.1 The following applies to all specified limits in this
standard for purposes of determining conformance with this
specification. The observed value or a calculated value shall be
rounded off “to the nearest unit” in the last right-hand digit
used in expressing the specification limit, in accordance with
the rounding-off method of Practice E 29.

TABLE 1 Chemical Requirements for Ingot

Niobium-Hafnium Alloy R04295

Element

Content, Maximum
Weight % (Except
Where Otherwise
Specified)

Carbon 0.015
Oxygen 0.025
Nitrogen 0.010
Hydrogen 0.0015
Hafnium 9–11
Titanium 0.7–1.3
Zirconium 0.700
Tungsten 0.500
Tantalum 0.500
Niobium by difference ...

TABLE 2 Additional Chemical Requirements for Finished
Product

Niobium-Hafnium Alloy R04295

Element
Content, Maximum

Weight %

Oxygen 0.035
Carbon 0.015
Nitrogen 0.010
Hydrogen 0.0015
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13. Sampling

13.1 Samples shall be taken from the material to determine
conformity to this specification. The samples shall be taken so
as to be representative of the finished products.

13.2 Care shall be exercised to ensure that the sample
selected for testing is representative of the material, and that it
is not contaminated by the sampling procedure. If there is any
question relating to the sampling techniques or analysis
thereof, the methods of sampling and analysis shall be as
agreed upon between the manufacturer and the purchaser.

14. Test Methods

14.1 The tensile limits shall apply to samples taken in either
the longitudinal or transverse direction of processing.

14.2 Room Temperature Tension Test—Conduct room tem-
perature tension tests in accordance with Test Methods E 8.
Determine the yield strength by the 0.2 % offset method. Small
size (1-in. [25-mm]) gage length specimens, proportional to the
standard specimen, can be used. Determine tensile properties
using a strain rate of 0.003 to 0.007 in./in.·min [mm/mm·min]

through the yield point. After the yield strength has been
exceeded, increase the cross-head speed to approximately 0.05
in./in.·min [mm/mm·min] to failure.

14.3 Elevated Temperature Tension Tests—Conduct el-
evated temperature tension tests in accordance with Test
Methods E 21 at the temperature shown in Table 3. One inch
[25 mm] gage lengths can be used. Strain rates shall be agreed
upon by purchaser and manufacturer.

14.4 Chemical tests—Conduct the chemical analyses by the
standard techniques normally used by the manufacturer.

15. Inspection

15.1 The manufacturer shall inspect the material covered by
this specification prior to shipment.

15.2 If so specified on the purchase order, the purchaser or
his representative may witness the testing and inspection of the
material at the place of manufacture. In such cases, the
purchaser shall state in his purchase order which tests he
desires to witness. The manufacturer shall give ample notice to
the purchaser as to the time and place of the designated test. If

TABLE 3 Mechanical Properties for Material, Annealed Condition A (90 % Minimum Recrystallized)

Ultimate Tensile
Strength, min, psi

[MPa]

Yield Strength
(0.2 % offset), min,

psi [MPa]

Elongation in 1 in.
[25 mm] gage length,

min, %

Material 0.05 in. [1.3 mm] and thinner:
Room temperature 56 000 [385] 40 000 [275] 20
2000 6 25°F [1100 6 15°C] 21 000 [145] 16 000 [110] 20

Material greater than 0.05 in. [1.3 mm] in
thickness:

Room temperature 54 000 [370] 38 000 [260] 20
2000 6 25°F [1100 6 15°C] 21 000 [145] 16 000 [110] 20

A Refer to Section 14 for conditions of mechanical property tests.

TABLE 4 Dimensional Tolerances for Niobium-Hafnium Alloy Flat-Rolled Products

Thickness of
Material, in. [mm in
lower table]

Tolerance on Thickness,A plus
or minus, in. [mm in lower table]

Tolerance on Width (slit),B plus
or minus, in. [mm in lower table]

Tolerance on Sheared Lengths, in.
[mm in lower table]

Width under
6 in. or 150 mm

Width 6 to
24 in. or 150 to

610 mm

Width under
6 in. or 150 mm

Width 6 to
24 in. or 150 to

610 mm

Length 12 in. or 305
mm and under

Length over 12 in.
or 305 mm

Plus Minus Plus Minus

0.005 to 0.010 excl 0.0005 0.001 0.012 ... 1⁄16 0 3⁄32 0
0.010 to 0.015 excl 0.0007 0.001 0.015 0.015 1⁄16 0 3⁄32 0
0.015 to 0.020 excl 0.0008 0.0015 0.015 0.015 1⁄16 0 3⁄32 0
0.020 to 0.030 excl 0.0015 0.0025 0.020 0.025 1⁄16 0 3⁄32 0
0.030 to 0.060 excl 0.0025 0.0035 0.025 0.030 1⁄16 0 3⁄32 0
0.060 to 0.090 excl 0.004 0.005 0.025 0.035 1⁄16 0 3⁄32 0
0.090 to 0.125 excl 0.006 0.007 ... ... 1⁄16 0 3⁄32 0
0.125 to 0.187 excl 0.010 0.010 ... ... 1⁄16 0 3⁄32 0
0.187 to 0.250 excl 0.015 0.015 ... ... 1⁄8 0 5⁄32 0
0.250 to 0.312 excl 0.020 0.020 ... ... 1⁄8 0 5⁄32 0
0.312 to 0.375 excl 0.025 0.025 ... ... 3⁄16 0 7⁄32 0

Millimetres

0.13 to .25 excl 0.013 0.025 0.30 ... 1.6 0 2.4 0
0.25 to 0.40 excl 0.018 0.025 0.4 0.4 1.6 0 2.4 0
0.40 to 0.50 excl 0.020 0.04 0.4 0.4 1.6 0 2.4 0
0.50 to 0.8 excl 0.04 0.06 0.5 0.6 1.6 0 2.4 0
0.8 to 1.5 excl 0.06 0.09 0.6 0.8 1.6 0 2.4 0
1.5 to 2.3 excl 0.10 0.13 0.6 0.9 1.6 0 2.4 0
2.3 to 3.2 excl 0.15 0.18 ... ... 1.6 0 2.4 0
3.2 to 4.8 excl 0.25 0.25 ... ... 1.6 0 2.4 0
4.8 to 6.4 excl 0.4 0.4 ... ... 3.2 0 4.0 0
6.4 to 8.0excl 0.5 0.5 ... ... 3.2 0 4.0 0
8.0 to 9.5 excl 0.6 0.6 ... ... 4.8 0 5.6 0
A Tolerance on thickness of sheet over 24 in. [600 mm] wide shall be 610 % of the thickness.
BTolerance on width of sheared sheet shall be + 1⁄16 , -0 in. [ + 1.6, -0 mm].
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the purchaser’s representative does not present himself at the
agreed upon time for the testing, and if no new date is agreed
upon, the manufacturer shall consider the requirement for the
purchaser’s inspection at the place of manufacture to be
waived. When the inspector representing the purchaser does
appear at the designated time and place, the manufacturer shall
afford him, without charge, all reasonable facilities to see that
the material is being furnished in accordance with this speci-
fication. This inspection shall be conducted so as not to
interfere unnecessarily with production operations.

16. Rejection and Rehearing

16.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

17. Referee

17.1 In the event of disagreement between the manufacturer
and the purchaser of the conformance of the material to the
requirements of this specification, or any special tests specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

18. Certification

18.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

19. Product Marking

19.1 Each coil of foil, sheet, strip, or plate shall be marked
or tagged legibly and conspicuously with the number of this
specification; temper; heat number; manufacturer’s identifica-
tion; nominal size; and the gross, net, and tare weights.

19.2 The manufacturer shall have the option of affixing tags
to each item in such a manner as to not damage or mar the
material. The tags shall show the same information specified in
19.1.

19.3 The product shall be marked with characters not less
than 3⁄8 in. [9.5 mm] in height, and shall be applied using a
suitable marking fluid capable of being removed with conven-
tional cleaning solutions. The markings, or their removal, shall
have no deleterious effect on the material or its performance.
The characters shall be sufficiently stable to withstand ordinary
handling.

19.4 Plate, flat sheet, and cut strip shall be marked in
lengthwise rows of characters recurring at intervals not greater
than 2 ft. [0.6 m], the rows being spaced not more than 3 in. [75
m] apart and alternately staggered.

19.5 Coiled sheet and strip shall be marked or tagged at the
outside end of the coil.

20. Packaging and Package Marking

20.1 Unless otherwise specified, material purchased under
this specification must be packed by box or other suitable
protective containers, and should be so marked as to indicate
the nature of the best handling.

21. Keywords

21.1 niobium-hafnium alloy foil; niobium-hafnium alloy
plate; niobium-hafnium alloy sheet; niobium-hafnium alloy
strip

FIG. 1 Plate and Sheet Flatness Tolerances
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
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Designation: B 655/B 655M – 04

Standard Specification for
Niobium-Hafnium Alloy Bar, Rod, and Wire 1

This standard is issued under the fixed designation B 655/B 655M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers hafnium alloyed niobium bar,
rod, and wire.

1.2 The material covered by this specification is R04295,
niobium-base alloy containing approximately 10 % hafnium
and 1 % titanium.

1.3 The values stated in either inch-pound units or SI units
are to be regarded separately as standard. Within the text, the
SI units are shown in brackets. The values stated in each
system are not exact equivalents; therefore, each system shall
be used independently of the other. Combining values from the
two systems may result in nonconformance with the specifi-
cation.

1.4 The following safety hazards caveat pertains only to the
test methods portion, Section 14, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 652/B 652M Specification for Niobium-Hafnium Alloy
Ingots

E 8 Test Methods for Tension Testing of Metallic Materials
E 21 Test Methods for Elevated Temperature Tension Tests

of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications

3. Terminology

3.1 Definitions:

3.1.1 bar, n—material less than 6 in. [150 mm] in width and
0.187 in. [4.8 mm] or greater in thickness, with a rectangular or
square cross section, supplied in straight lengths.

3.1.2 lot, n—a lot is defined as that material produced from
one ingot and heat treated at the same conditions.

3.1.3 rod, n—material 0.125 to 21⁄2 in. [3.2 to 64 mm] in
diameter in round, hexagonal, or octagonal cross section
supplied in straight lengths.

3.1.4 wire, n—material 0.020 to 0.124 in. [0.50 to 3.2 mm]
in diameter furnished in coils, spools, or on reels. Material less
than 0.020 in. [0.50 mm] in diameter is not covered in this
specification.

4. Ordering Information

4.1 Orders for material under this specification should
include the following information as applicable:

4.1.1 General alloy description (see 1.2) and ASTM desig-
nation and year of issue,

4.1.2 Quantity in weight or pieces,
4.1.3 Size, diameter, and length,
4.1.4 Chemical Composition (Section 6),
4.1.5 Temper (Section 7),
4.1.6 Mechanical test temperature and limits (Sections 8

and 14),
4.1.7 Permissible dimensional tolerances and weight or

quantity variations (see 9.2 and 9.4),
4.1.8 Quality and finish (see 10.2),
4.1.9 Sampling (see 13.2),
4.1.10 Inspection witnessing (see 15.2),
4.1.11 Certification requirements (Section 18), and
4.1.12 Packaging (Section 20),

5. Materials and Manufacture

5.1 Materials covered by this specification shall be made
from ingots in accordance with Specification B 652/B 652M.

5.2 The various niobium-hafnium alloy products covered by
this specification are formed with the conventional extrusion,
forging, swaging, rolling, and drawing equipment normally
available in metal working plants.

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.03 on Niobium and Tantalum.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1979. Last previous edition approved in 1996 as B 655/
B 655M – 96 (1999).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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6. Chemical Composition

6.1 The chemical composition of niobium-hafnium alloy
ingots and billets for conversion to finished products covered
by this specification shall conform to the requirements pre-
scribed in Table 1. Analysis for elements, not listed in Table 1
and not normally expected in niobium-hafnium alloy, shall not
be required unless specified at time of purchase.

6.2 The manufacturer’s ingot analysis shall be considered
the chemical analysis for products supplied under this specifi-
cation.

6.3 When specified in the purchase order, the manufacturer
shall test the product for elements specified in Table 2. The
results of the tests shall meet the limits shown in Table 2.

7. Temper Designations

7.1 Unless otherwise stated, the materials supplied under
this specification shall be in the annealed condition, defined as
at least 90 % recrystallized.

7.2 Other temper designations, such as cold-worked temper
or a stress-relieved temper can be specified as agreed upon
between purchaser and the manufacturer at the time of pur-
chase.

8. Mechanical Requirements

8.1 Materials in the annealed condition supplied under this
specification shall conform to the requirements for mechanical
properties as prescribed in Table 3. Unless otherwise specified
in the purchase, the materials shall conform to the requirements
for room temperature mechanical properties. In lieu of or in
addition to the room temperature properties, the purchaser may
specify elevated temperature mechanical properties in the
purchase order.

9. Permissible Variations

9.1 Tolerances on Rounds—Tolerances on niobium-
hafnium alloy round products covered by this specification
shall be as prescribed in Table 4.

9.2 Tolerances for Square, Rectangular, or Other Shapes—
Tolerances for forged or rolled square, rectangular, or other
shapes shall be as agreed upon between the purchaser and
manufacturer at the time of purchase.

9.3 Other Tolerances and Limitations:
9.3.1 The permissible variation in cut lengths shall not

exceed a total of1⁄4 in. [6.5 mm].

9.3.2 The permissible variation in straightness of rounds
shall not exceed 0.050 in. [1.25 mm] per foot [300 mm] in any
length.

9.4 Quantity or Weight—For orders up to 100 ft [30 m] the
manufacturer may overship up to 20 %. For orders up to 1000
lb [450 kg] or 1000 ft [300 m], the manufacturer may overship
up to 10 %. The permissible overshipment for orders larger
than this quantity shall be negotiated at the time of purchase.

10. Quality and Finish

10.1 Niobium-hafnium alloy bar, rod, and wire shall be free
of injurious external and internal imperfections of a nature that
will interfere with the purpose for which it is intended.
Material may be finished as forged, rolled, swaged, drawn; in
a cleaned, machined, or ground condition. The manufacturer
shall be permitted to remove minor surface imperfections
provided such removal does not reduce the dimensions below
the minimum permitted by the tolerances in accordance with
Section 9.

10.2 Test methods for these defects and standards of accept-
ability shall be as agreed upon between the purchaser and the
manufacturer at the time of purchase.

11. Retests

11.1 If any sample or specimen exhibits obvious surface
contamination or improper preparation disqualifying it as a
truly representative sample, it shall be discarded and a new
sample or specimen substituted.

11.2 In case of a failure, two additional specimens shall be
retested. If both retest specimens conform to this specification,
the original values shall be discarded and the material ac-
cepted.

11.3 If the results of the tests are not in conformance with
the requirements of this specification, the lot may be reworked
at the option of the manufacturer. The lot shall be acceptable if
the results of all tests, after reworking, conform to this
specification.

12. Significance of Numerical Limits

12.1 The following applies to all specified limits in this
standard for purposes of determining conformance with this
specification. The observed value or a calculated value shall be
rounded off to the nearest unit in the last right-hand digit used
in expressing the specification limit, in accordance with the
rounding-off method of Practice E 29.

13. Sampling

13.1 Samples shall be taken from the material to determine
conformity to this specification. The samples shall be taken so
as to be representative of the finished products.

TABLE 1 Chemical Requirements (Ingot)

Niobium-Hafnium Alloy Grade R04295

Element
Content, Maximum
Weight %, (Except Where
Otherwise Specified)

Carbon 0.015
Oxygen 0.025
Nitrogen 0.010
Hydrogen 0.0015
Hafnium 9–11
Titanium 0.7–1.3
Zirconium 0.700
Tungsten 0.500
Tantalum 0.500
Niobium by difference

TABLE 2 Additional Chemical Requirements for Finished
Product (When Specified by Purchaser)

Niobium-Hafnium Alloy Grade R04295

Element
Content, Maximum

Weight %

Oxygen 0.035
Carbon 0.015
Nitrogen 0.010
Hydrogen 0.0015
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13.2 Care shall be exercised to ensure that the sample
selected for testing is representative of the material, and that it
is not contaminated by the sampling procedure. If there is any
question relating to the sampling techniques or analysis
thereof, the methods of sampling and analysis shall be as
agreed upon between the manufacturer and the purchaser.

14. Test Methods

14.1 The tensile limits shall apply to samples taken in either
the longitudinal or transverse direction of processing.

14.2 Room Temperature Tension Test—Conduct room tem-
perature tension tests in accordance with Test Methods E 8.
Determine the yield strength by the 0.2 % offset method. Small
size 1-in. [25-mm] gage length specimens, proportional to the
standard specimen, can be used. Determine tensile properties
using a strain rate of 0.003 to 0.007 in./in.·min [mm/mm·min]
through the yield point. After the yield strength has been
exceeded, increase the cross-head speed to approximately 0.05
in./in.·min [mm/mm·min] to failure.

14.3 Elevated Temperature Tension Tests—Conduct el-
evated temperature tension tests in accordance with Section 8
and Test Methods E 21. One inch [25 mm] gage lengths can be
used. Strain rates shall be as agreed upon by purchaser and
seller.

14.4 Chemical Tests—Conduct the chemical analyses by the
standard techniques normally used by the manufacturer.

15. Inspection

15.1 The manufacturer shall inspect the material covered by
this specification prior to shipment.

15.2 If so specified on the purchase order, the purchaser or
his representative may witness the testing and inspection of the
material at the place of manufacture. In such cases, the
purchaser shall state in his purchase order which tests he
desires to witness. The manufacturer shall give ample notice to
the purchaser as to the time and place of the designated test. If
the purchaser’s representative does not present himself at the
agreed upon time for the testing, and if no new date is agreed
upon, the manufacturer shall consider the requirement for the
purchaser’s inspection at the place of manufacturer to be
waived. When the inspector representing the purchaser does
appear at the appointed time and place, the manufacturer shall
afford him, without charge, all reasonable facilities to see that
the material is being furnished in accordance with this speci-
fication. This inspection shall be conducted so as not to
interfere unnecessarily with production operations.

16. Rejection and Rehearing

16.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

17. Referee

17.1 In the event of disagreement between the manufacturer
and the purchaser of the conformance of the material to the
requirements of this specification, or any special tests specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

18. Certification

18.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

19. Product Marking

19.1 Each bar, rod, bundle, box, coil, or spool shall be
marked or tagged legibly and conspicuously with the number
of this specification; temper; heat number; manufacturer’s

TABLE 3 Mechanical Properties for Material, Annealed Condition A (90 % Minimum Recrystallized)

Ultimate Tensile Strength,
min, psi [MPa]

Yield Strength (0.2 % off-
set), min, psi [MPa]

Elongation in 1-
in. [25-mm] gage

length, min, %

Material 0.050 in. [1.27 mm] and smaller in
diameter:

Room temperature:
20006 25°F [1100 6 15°C]:

56 000 [385]
21 000 [145]

40 000 [275]
16 000 [110]

20
20

Material 0.051 in. [1.20 mm] and larger in
diameter:

Room temperature:
20006 25°F [1100 6 15°C]:

54 000 [370]
21 000 [145]

38 000 [260]
16 000 [110]

20
20

A Refer to Section 9 for conditions of mechanical property tests.

TABLE 4 Permissible Variations in Dimensions for Rolled,
Swaged, or Drawn Round Bar, Rod, and Wire

Diameter, in. [mm]
Tolerances, + or − ,

in. [mm]

0.020–0.030 excl [0.50–0.75] 0.00075 [0.02]
0.030–0.060 excl [0.75–1.50] 0.001 [0.03]
0.060–0.090 excl [1.50–2.3] 0.0015 [0.04]
0.090–0.125 excl [2.3–3.2] 0.002 [0.05]
0.125–0.187 excl [3.2–4.8] 0.003 [0.08]
0.187–0.375 excl [4.8–9.5] 0.004 [0.10]
0.375–0.500 excl [9.5–12.7] 0.005 [0.13]
0.500–0.625 excl [12.7–17] 0.007 [0.18]
0.625–0.750 excl [17–19] 0.008 [0.20]
0.750–1.000 excl [19–25] 0.010 [0.25]
1.000–1.500 excl [25–40] 0.015 [0.38]
1.500–2.000 excl [40–50] 0.020 [0.50]
2.000–2.500 excl [50–63] 0.030 [0.8]
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identification; nominal size; and the gross, net, and tare
weights. If marking fluids are used, they shall be of such a
nature as to be removed easily with cleaning solutions. The
markings or their removal shall have no deleterious effect upon
the material or its performance. The characters shall be
sufficiently stable to withstand ordinary handling.

20. Packaging and Package Marking

20.1 Unless otherwise specified, material purchased under
this specification must be packed by box or suitable protective
containers, and should be so marked as to indicate the nature of
the best handling.

21. Keywords

21.1 niobium-hafnium alloy bar; niobium-hafnium alloy
rod; niobium-hafnium alloy wire

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
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Designation: B 658/B 658M – 02

Standard Specification for
Seamless and Welded Zirconium and Zirconium Alloy Pipe 1

This standard is issued under the fixed designation B 658/B 658M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers three grades of seamless and
welded zirconium pipe.

1.2 Unless a single unit is used, for example corrosion mass
gain in mg/dm2, the values stated in either inch-pound or SI
units are to be regarded separately as standard. The values
stated in each system are not exact equivalents; therefore each
system must be used independently of the other. SI values
cannot be mixed with inch-pound values.

1.3 The following precautionary caveat pertains only to the
test methods portions of this specification.This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ASTM Standards:
E 8 Test Methods for Tension Testing of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

2.2 ANSI Standard:
B36.19 Stainless Steel Pipe5

2.3 ASME Standard:
ASME Boiler and Pressure Vessel Code, Section VIII6

ASME Boiler and Pressure Vessel Code, Section IX6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 annealed—for purposes of this specification “an-

nealed” denotes material that exhibits a recrystallized grain
structure.

3.2 Lot Definitions:
3.2.1 castings—a lot shall consist of all castings produced

from the same pour.
3.2.2 ingot—no definition required.
3.2.3 rounds, flats, tubes, and wrought powder metallurgical

products (single definition, common to nuclear and non-
nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same
ingot or powder blend by the same reduction schedule and the
same heat treatment parameters. Unless otherwise agreed
between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace load for final batch anneal.

3.2.4 sponge—a lot shall consist of a single blend produced
at one time.

3.2.5 weld fittings—definition is to be mutually agreed upon
between manufacturer and the purchaser.

4. Classification

4.1 The pipe is furnished in three grades as follows:
4.1.1 Grade R60702—Unalloyed zirconium.
4.1.2 Grade R60704—Zirconium-tin alloy.
4.1.3 Grade R60705—Zirconium-niobium alloy.

5. Ordering Information

5.1 Orders for materials under this specification should
include the following information:

5.1.1 Quantity (weight or total length),
5.1.2 Name of material (zirconium pipe),
5.1.3 Grade number (see 4.1),
5.1.4 Nominal pipe size and schedule (Table X1.1),
5.1.5 Lengths (random or specified cut lengths),
5.1.6 Method of manufacture (Section 6),
5.1.7 Workmanship and quality level requirements (Section

10),
5.1.8 ASTM designation and year of issue, and
5.1.9 Additions to the specification and supplementary re-

quirements, if required. See 7.3, 14.1, 15.1, and 18.1 for
additional optional requirements for the purchase order.

NOTE 1—A typical ordering description is as follows: 240-ft (70 mm)
zirconium pipe, seamless, descaled 3.0-in. (75 mm) Schedule 40 by 12-ft

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.02 on Zirconium and Hafnium.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 658 – 79. Last previous edition B 658 – 01.

2 For ASME Boiler and Pressure Vessel Code Applications, see related Specifi-
cation SB-658 in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,

4th Floor, New York, NY 10036.
6 Available from American Society of Mechanical Engineers (ASME), ASME

International Headquarters, Three Park Ave., New York, NY 10016-5990.

1
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(3 m) lengths, ASTM B 658 - 01, Grade R60702.

6. Materials and Manufacture

6.1 Seamless pipe shall be made from any seamless method
that will yield a product meeting this specification.

6.2 Pipe containing welded seams or other joints made by
welding shall comply with the following provisions:

6.2.1 Welded by welders, welding operators, and welding
procedures qualified under the provisions of Section IX of the
ASME Boiler and Pressure Vessel Code.

6.2.2 Filler metal, when used, shall be the same grade as the
base metal.

6.2.3 Welds in grade R60705 shall be stress relief annealed
within 14 days after welding to prevent delayed hydride
cracking.

6.3 The pipe shall be furnished in the annealed or stress-
relieved condition.

7. Chemical Composition

7.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1.

7.2 The manufacturer’s ingot analysis shall be considered
the chemical analysis for piping, except for hydrogen and
nitrogen, which shall be determined on the finished product.

7.3 When requested by the purchaser and stated in the
purchase order, a product analysis for any elements listed in
Table 1 shall be made on the finished product.

7.3.1 The manufacturer’s analysis shall be considered as
verified if the check analysis confirms the manufacturer’s
reported values within the tolerances prescribed in Table 2.

8. Tensile Requirements

8.1 The material, as represented by the test specimens, shall
conform to the tensile properties prescribed in Table 3.

9. Permissible Variations in Dimensions

9.1 Diameter—At any point (cross section) along the length
of the pipe, the variations in outside diameters shall not exceed
those prescribed in Table 4.

9.2 Thickness—The variation in thickness at any point shall
not be more than612.5 % of the nominal wall thickness
specified.

9.3 Length:
9.3.1 Pipe shall be furnished in lengths as specified in the

purchase order. No pipe shall be under the specified length and
not more than1⁄4 in. (6.4 mm) over that specified.

9.3.2 For pipe ordered to random lengths, the lengths and
variations shall be agreed upon between the manufacturer and
the purchaser.

NOTE 2—A system of standard pipe sizes approved by the American
National Standards Institute as ANSI B36.19, reproduced as Table X1.1,
shall apply, pending the development of similar standards for zirconium.

10. Workmanship, Finish and Appearance

10.1 The finished pipe shall be reasonably straight, shall
have smooth ends, free of burrs, and shall be free of cracks,
seams, blisters, and other injurious imperfections in accordance
with standards of acceptability agreed upon between the

TABLE 1 Chemical Requirements A

Element

Composition, %

R60702 UNS Grade Designation
R60704

R60705

Zirconium + hafnium, min 99.2 97.5 95.5
Hafnium, max 4.5 4.5 4.5
Iron + chromium 0.2 max 0.2 to 0.4 0.2 max
Tin . . . 1.0 to 2.0 . . .
Hydrogen, max 0.005 0.005 0.005
Nitrogen, max 0.025 0.025 0.025
Carbon, max 0.05 0.05 0.05
Niobium . . . . . . 2.0 to 3.0
Oxygen, max 0.16 0.18 0.18

ABy agreement between the purchaser and the manufacturer, analysis may be required and limits established for elements and compounds not specified in the table
of chemical compositions.

TABLE 2 Permissible Variation in Check Analysis Between
Different Laboratories

Element
Permissible Variation in Product

Analysis, %

Hydrogen 0.002
Nitrogen 0.01
Carbon 0.01
Hafnium 0.1
Iron + chromium 0.025
Tin 0.05
Niobium 0.05
Oxygen 0.02

TABLE 3 Tensile Requirements

UNS Grade Designations
R60702 R60704 R60705

Tensile strength,
min, ksi (MPa)

55 (380) 60 (415) 80 (550)

Yield strength, min,
ksi (MPa)

30 (205) 35 (240) 55 (380)

Elongation in 2 in.
or 50 mm,
min, %A

16 14 16

AWhen a sub-size specimen is used, the gage length shall be as specified in
Test Methods E 8 for that specimen.

TABLE 4 Permissible Variations in Diameter A

Nominal Diameter, in. (mm)

Permissible Variations in Outside
Diameter, in. (mm)

Over Under

1⁄8 to 11⁄2 (3.2 to 40), incl 1⁄64 (.4) 1⁄32 (.8)
Over 11⁄2 to 4 (40 to 100), excl 1⁄32 (.8) 1⁄32 (.8)
Over 4 to 8 (100 to 200), incl 1⁄16(1.6) 1⁄32 (.8)
Over 8 to 12 (200 to 305), excl 3⁄32(2.4) 1⁄32 (.8)

AFor seamless pipe only. Tolerances on welded pipe shall be as agreed upon
between the manufacturer and the purchaser.
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manufacturer and the purchaser. Minor defects may be re-
moved provided the dimensional tolerances in accordance with
Section 9 are not exceeded. Unless otherwise specified, the
pipe shall be furnished free of scale.

11. Significance of Numerical Limits

11.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
methods of Practice E 29.

Property Rounded Unit for Observed or
Calculated Value

Chemical composition and toler-
ances (when expressed as deci-
mals)

Nearest unit in the last right-hand
place of figures of the specified
limit

Tensile strength and yield strength Nearest 1000 psi (10 MPa)
Elongation Nearest 1 %

12. Number of Tests and Retests

12.1 One longitudinal tension test shall be made from each
lot, see13.1.

12.2 One chemistry test for hydrogen and nitrogen content
shall be made from each lot of finished product, see 13.3.

12.3 A hydrostatic proof test shall be performed on each
length of pipe, see 13.2.

12.4 Retests:
12.4.1 If any sample or specimen exhibits obvious surface

contamination or improper preparation disqualifying it as a
truly representative sample, it shall be discarded and a new
sample or specimen substituted.

12.4.2 If the results of any tests of any lot do not conform to
the requirements specified, retests shall be made on additional
pipe of double the original number from the same lot, each of
which shall conform to the requirements specified.

12.4.3 Retesting after failure of initial retests may be done
only with the approval of the purchaser.

13. Test Methods

13.1 Tension Tests—Conduct the tension test in accordance
with Test Methods E 8. Determine the yield strength by the
offset (0.2 %) method. Determine the tensile properties using a
strain rate of 0.003 to 0.007 in./in. (mm/mm)/min through the
yield strength. After the yield strength has been exceeded, the
cross-head speed may be increased to approximately 0.05
in./in. (mm/mm)/min to failure.

13.2 Hydrostatic Tests—Prior to dimensional checks, upset-
ting, swaging, expanding, or other forming operations, test
each pipe1⁄8 in. (3.2 mm) and larger in outside diameter, and
with wall thickness of 0.015 in. (0.4 mm) and over to a
hydrostatic pressure sufficient to produce a fiber stress of three
fourths of the minimum yield strength of the pipe, provided
that the test pressure does not exceed 5000 psi (35 MPa).
Determine the test pressure as follows:

P 5 2St/D (1)

where:
P = hydrostatic test pressure, psi (MPa),

S = allowable fiber stress of three fourths of the minimum
yield strength (Table 2), psi (MPa),

t = average wall thickness of the pipe, in. (mm), and
D = nominal diameter of the pipe, in. (mm).

13.3 Chemical Tests—Conduct the chemical analysis by the
standard techniques normally used by the manufacturer.

13.4 When specified in the purchase order, all butt welds
shall be 100 % radiographed or x-rayed per ASME Code
Section VIII, paragraph UW-51.

14. Inspection

14.1 The manufacturer shall inspect the material covered by
this specification prior to shipment and, on request, shall
furnish the purchaser with certificates of test. If so specified in
the purchase order, the purchaser or his representative may
witness the testing and inspection of the material at the place of
manufacture. In such cases, the purchaser shall state in his
purchase order which tests he desires to witness. The manu-
facturer shall give ample notice to the purchaser as to the time
and place of the designated tests. If the purchaser’s represen-
tative does not present himself at the time agreed upon for the
testing, the manufacturer shall consider the requirement for the
purchaser’s inspection at the place of manufacture to be
waived.

14.2 The manufacturer shall afford the inspector represent-
ing the purchaser, without charge, all reasonable facilities to
satisfy him that the material is being furnished in accordance
with this specification. This inspection shall be so conducted as
not to interfere unnecessarily with the operation of the works.

15. Rejection

15.1 Rejection for failure of the material to meet the
requirements of this specification shall be reported to the
manufacturer within 60 calendar days from the receipt of the
material by the purchaser. Unless otherwise specified, rejected
material may be returned to the manufacturer at the manufac-
turer’s expense, unless the purchaser receives, within three
weeks of the notice of rejection, other instructions for dispo-
sition.

16. Certification

16.1 A producer or supplier shall furnish the purchaser with
a certificate that the material was manufactured, sampled,
tested, and inspected in accordance with this specification and
has been found to meet the requirements. The certificate shall
include a report of the test results.

17. Referee

17.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

18. Product Marking

18.1 Unless otherwise specified, each length of pipe3⁄8 in.
(9.5 mm) nominal diameter and larger, manufactured in accor-
dance with this specification, shall be marked legibly, either by
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stenciling, stamping, or rolling, with the manufacturer’s private
identifying mark, the ASTM designation, the grade, and heat
number. On smaller than3⁄8-in. (9.5-mm) nominal diameter
pipe that is bundled, the same information may be stamped
legibly on a metal tag securely attached to each bundle.

19. Packaging and Package Marking

19.1 Pipe shall be packaged suitably in such a manner as to

assure safe delivery to its destination when properly trans-
ported by common carrier.

20. Keywords

20.1 pipe; zirconium; zirconium alloy

APPENDIX

(Nonmandatory Information)

X1. PIPE DIMENSIONS

X1.1 Table X1.1 is from Table 1of ANSI B36.19, with the SI units added in this standard.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X1.1 Dimensions of Welded and Seamless Zirconium Pipe

NOTE 1—The decimal thickness listed for the respective pipe sizes represents their nominal or average wall dimensions.

Nominal Pipe Size,
in. (mm)

Outside Diameter,
in. (mm)

Nominal Wall Thicknesss, in. (mm)

Schedule 5S Schedule 10S Schedule 40S Schedule 80S

1⁄8 (3.2) 0.405 (10.3) . . . 0.049 (1.24) 0.068 (1.73) 0.095 (2.41)
1⁄4 (6.4) 0.540 (13.7) . . . 0.065 (1.65) 0.088 (2.24) 0.119 (3.02)
3⁄8 (9.5) 0.675 (17.1) . . . 0.065 (1.65) 0.091 (2.31) 0.126 (3.20)
1⁄2 (13) 0.840 (21.3) 0.065 (1.65) 0.083 (2.11) 0.109 (2.77) 0.147 (3.73)
3⁄4 (20) 1.050 (26.7) 0.065 (1.65) 0.083 (2.11) 0.113 (2.87) 0.154 (3.91)
1 (25) 1.315 (33.4) 0.065 (1.65) 0.109 (2.77) 0.133 (3.38) 0.179 (4.55)

11⁄4 (32) 1.660 (42.2) 0.065 (1.65) 0.109 (2.77) 0.140 (3.56) 0.191 (4.85)
11⁄2 (38) 1.900 (48.3) 0.065 (1.65) 0.109 (2.77) 0.145 (3.68) 0.200 (5.08)

2 (50) 2.375 (60.3) 0.065 (1.65) 0.109 (2.77) 0.154 (3.91) 0.218 (5.54)
21⁄2 (64) 2.875 (73.0) 0.083 (2.11) 0.120 (3.05) 0.203 (5.16) 0.276 (7.01)

3 (76) 3.500 (88.9) 0.083 (2.11) 0.120 (3.05) 0.216 (5.49) 0.300 (7.62)
31⁄2 (90) 4.000 (101.6) 0.083 (2.11) 0.120 (3.05) 0.226 (5.74) 0.318 (8.08)

4 (100) 4.500 (114.3) 0.083 (2.11) 0.120 (3.05) 0.237 (6.02) 0.337 (8.56)
5 (125) 5.583 (141.3) 0.109 (2.77) 0.134 (3.40) 0.258 (6.55) 0.375 (9.52)
6 (150) 6.625 (168.3) 0.109 (2.77) 0.134 (3.40) 0.280 (7.11) 0.432 (10.97)
8 (200) 8.625 (219.1) 0.109 (2.77) 0.148 (3.76) 0.322 (8.18) 0.500 (12.7)

10 (250) 10.750 (273.0) 0.134 (3.40) 0.165 (4.19) 0.365 (9.27) 0.500 (12.7)
12 (300) 12.750 (323.8) 0.156 (3.96) 0.180 (4.57) 0.375 (9.52) 0.500 (12.7)
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Designation: B 662 – 94 (Reapproved 2000)

Standard Specification for
Silver-Molybdenum Electrical Contact Material 1

This standard is issued under the fixed designation B 662; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers electrical contact components
made from silver-molybdenum by powder metallurgical pro-
cedures.

1.2 This specification covers compositions within the silver-
molybdenum system normally specified by users of contacts.

1.3 It is the responsibility of the user to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer.

2. Referenced Documents

2.1 ASTM Standards:
B 328 Test Method for Density, Oil Content, and Intercon-

nected Porosity of Sintered Metal Structural Parts and
Oil-Impregnated Bearings2

3. Ordering Information

3.1 Orders for this material under this specification shall
include the following information:

3.1.1 Dimensions (see Section 10),
3.1.2 Chemical composition (see tables in the appendix as a

guideline),
3.1.3 Physical properties (see Section 5 and the appendix as

a guideline),
3.1.4 Certification (see Section 13), and
3.1.5 Other features as agreed upon between the manufac-

turer and purchaser.

4. Chemical Composition

4.1 The material shall conform to composition limits as
agreed upon between the manufacturer and the purchaser.

4.2 The chemical analysis shall be made in accordance with
the methods prescribed in the newest edition of Volume 01.02

of the Annual Book of ASTM Standardsor by any other
approved method agreed upon between the manufacturer and
the purchaser.

5. Physical Properties

5.1 The manufacturer and the purchaser shall agree on
qualification tests for determination of physical properties.

5.2 The tests shall be performed on production parts,
wherever practical or applicable. (Small size contacts do not
lend themselves to accurate conductivity measurement.)

5.3 The tests shall be determined after consideration of the
function of the part.

5.4 The typical properties of two most common types of
silver-molybdenum contacts are given in the appendix.

6. Finishing of Contacts

6.1 The material shall be finished by such operations as
necessary to meet requirements agreed upon between the
manufacturer and the purchaser of the contacts (braze alloy
backing, tumbling to polish surfaces, special surface finish,
silver-rich surface layer, cleaning, etc.).

7. Dimensions, Mass and Permissible Variations

7.1 Permissible variations in dimensions shall be within the
limits specified on drawings describing the contacts and
accompanying the order; or shall be within the limits specified
in the purchase order.

8. Workmanship, Finish, and Appearance

8.1 The parts shall be free of defects in material or process-
ing that would seriously affect their performance.

9. Significance and Use

9.1 Proprietary methods for the manufacture of these mate-
rials vary significantly among suppliers, and these methods
influence such properties as arc erosion, contact resistance, and
the tendency to weld in service. Since the performance of
contacts in a device depends on numerous factors outside the
contact itself (opening speed, closing speed, contact pressure,
contact bounce, environmental variations, assembly technique
and variations, etc.), this specification cannot ensure perfor-
mance control in the application. As part of the qualification on

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B2.05 on Precious Metals.

Current edition approved April 15, 1994. Published June 1994. Originally
published as B 662 – 79. Last previous edition B 662 – 89.

2 Annual Book of ASTM Standards, Vol 02.05.
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initial samples, it is recommended that the user functionally
and electrically test the materials for all devices applicable to
the material’s use. This specification will provide a means for
the contact manufacturer and contact user to reach agreement
on the details of the material to be supplied for a specific use,
and reasonable assurance that future lots will be similar in
properties and microstructure to the initial test or sample
contacts supplied.

10. Sampling

10.1 Lot—Unless otherwise specified, a lot shall consist of
parts of the same form and dimensions, made of powders of the
same particle size range and composition, processed under the
same conditions, and submitted for inspection at one time.

10.2 Chemical Analysis:
10.2.1 At least one sample for chemical analysis shall be

taken from each lot. A representative sample of chips may be
obtained by milling, drilling, or crushing at least two pieces
with dry tools, without lubrication. In order to obtain oil-free
chips, the parts selected for test shall have the oil extracted in
accordance with Test Method B 328 if necessary.

10.2.2 These specification limits do not preclude the pos-
sible presence of other unnamed elements, impurities, or
additives. Analysis shall be regularly made only for the minor
elements listed in the table. However, if a user knows of
elements that might be detrimental to their application or has
other reasons for requiring analysis for specific elements, then

agreement between manufacturer and purchaser for both limits
and methods of analysis should be required for elements not
specified.

10.3 Physical Tests—The manufacturer and the purchaser
shall agree on a representative number of specimens for
physical tests including microstructure.

11. Inspection

11.1 Unless otherwise specified, inspection of parts supplied
on contract shall be made by the purchaser.

12. Rejection

12.1 Unless otherwise specified, rejections based on tests
made in accordance with the specification shall be reported to
the manufacturer within 30 days of the receipt of shipment.

13. Certification

13.1 A certification, when requested by the user, based on
the manufacturer’s quality control that the material conforms to
the requirements of this specification, shall be furnished upon
request of the purchaser, provided the request is made at the
time of cost quotation and at the time of order placement.

14. Keywords

14.1 arcing contacts; contacts; electrical contacts; molyb-
denum; molybdenum silver; powder metallurgy; silver; silver
molybdenum

APPENDIX

(Nonmandatory Information)

X1. TYPICAL PROPERTY VALUES

X1.1 The following information provides guidelines for
users and manufacturers of silver-molybdenum contact mate-
rial. Typical ranges of chemistry and properties are given for
the two most popular compositions, 40 % silver/60 % molyb-
denum and 50 % silver/50 % molybdenum. These properties
are influenced by the particle size, shape, and distribution of
molybdenum, homogeneity, impurities or additives, and other
manufacturing process variables.

NOTE X1.1—Table X1.1 and Table X1.2 represent the major manufac-
turing techniques used in industry. The size and shape of the part is
important in choosing the optimum technique as well as other consider-

ations such as frequency of operation of the device, and how crucial is its
application.

X1.1.1 The best choice for a given application should be
mutually decided between the purchaser and the manufacturer
using their mutual experience and application engineering
knowledge.

X1.2 With the knowledge that several types are available,
care should be taken to ensure that production lots are the same
in all respects as samples, and that if a seller change is made,
noticeable property or performance variations are possible.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X1.1 Typical Chemical Ranges Infiltrated Silver-
Molybdenum Contacts

Composition, A weight, %

Class A1 Class A Class B

Silver 33 to 37 38 to 42 48 to 52
Molybdenum balance balance balance
Copper, max 0.5 0.5 0.5
Cobalt or nickel, max 0.5 0.5 0.5
Total impurities, max 1 1 1

Typical Properties

Class A1 Class A Class B

Hardness, Rockwell B 80 to 100 72 to 92 60 to 85
Density, Mg/m 3 10.3 10.3 10.3
Electrical conductivity, % IACS 35 to 45 45 to 50 50 to 55
Theoretical density, min, % 96 96 96

Properties

Class A Class B

Modulus of rupture: B

psi 135 000 110 000
MPa 931 758

Young’s modulus: B

psi 36.4 3 10 6 32 3 10 6

GPa 250 220
Tensile strength: B

psi 55 000 45 000
MPa 379 310

Coefficient of expansion: B

in./in.·°F 7.75 3 10 − 6 6.9 3 10 − 6

m/m·K 13.95 3 10 − 6 12.4 3 10 − 6

Thermal conductivity: B

Btu·in./h·ft 2·°F 2664 2988
W/m·K 384 431
AAnalysis is regularly made for the elements for which specific limits are listed.

If, however, the presence of“ other” elements is suspected or indicated in the
course of routine analysis, further analysis shall be made to determine that the
total of these “other” elements and the listed impurities are not in excess of the total
impurities limit.

BItems that are normally useful for engineering calculations in contact design but
are not specified.

TABLE X1.2 Typical Chemical Ranges Press, Sintered,
and Repressed Silver-Molybdenum Contacts

Composition, A weight, %

Class A Class B

Silver 38 to 42 48 to 52
Molybdenum balance balance
Nickel, cobalt, or copper, max 0.5 0.5
Total impurities, max 1 1

Typical Properties

Class A Class B

Rockwell B: 60 to 75 60 to 75
Hardness of repressed part 50 to 70 40 to 70
Hardness after annealing 10.3 10.3

Density, Mg/m 3 40 to 50 45 to 55
Electrical conductivity, % IACS
Modulus of rupture: B

psi 9800 8300
MPa 68 57

Theoretical density, min, % 95 95
A Analysis is regularly made for the elements for which specific limits are listed.

If, however, the presence of“ other” elements is suspected or indicated in the
course of routine analysis, further analysis shall be made to determine that the
total of these “other” elements and the listed impurities are not in excess of the total
impurities limit.

B Items that are normally useful for engineering calculations in contact design
but not specified.
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Designation: B 663 – 94 (Reapproved 2000)

Standard Specification for
Silver-Tungsten Carbide Electrical Contact Material 1

This standard is issued under the fixed designation B 663; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers electrical contact components
made from silver-tungsten carbide by powder metallurgical
procedures.

1.2 This specification covers compositions within the silver-
tungsten carbide system normally specified by users of con-
tacts.

1.3 It is the responsibility of the user to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material

2. Referenced Documents

2.1 ASTM Standards:
B 328 Test Method for Density, Oil Content, and Intercon-

nected Porosity of Sintered Metal Structural Parts and
Oil-Impregnated Bearings2

3. Significance and Use

3.1 Proprietary methods for the manufacture of these mate-
rials vary significantly among suppliers, and these methods
influence such properties as arc erosion, contact resistance, and
the tendency to weld in service. Since the performance of
contacts in a device depends on numerous factors outside the
contact itself (opening speed, closing speed, contact pressure,
contact bounce, environmental variations, assembly technique
and variations, etc.), this specification cannot ensure perfor-
mance control in the application. As part of the qualification on
initial samples, it is recommended that the user functionally
and electrically test the materials for all devices applicable to
the material’s use. This specification will provide a means for
the contact manufacturer and contact user to reach agreement
on the details of the material to be supplied for a specific use,
and reasonable assurance that future lots will be similar in
properties and microstructure to the initial test or sample
contacts supplied.

4. Ordering Information

4.1 Orders for this material under this specification shall
include the following information:

4.1.1 Dimensions (see Section 10),
4.1.2 Chemical composition (see tables in the appendix as a

possible guideline),
4.1.3 Physical properties (see Section 6 and appendix as a

guideline),
4.1.4 Certification (see Section 13), and
4.1.5 Other features as agreed upon between the manufac-

turer and purchaser.

5. Chemical Composition

5.1 The material shall conform to composition limits as
agreed upon between the manufacturer and the purchaser.

5.2 The chemical analysis shall be made in accordance with
the methods prescribed in the newest edition of Volume 01.02
of the Annual Book of ASTM Standardsor by any other
approved method agreed upon between the manufacturer and
the purchaser.

6. Physical Properties

6.1 The manufacturer and the purchaser shall agree on
qualification tests for determination of physical properties.

6.2 The tests shall be performed on production parts,
wherever practical or applicable. (Small size contacts do not
lend themselves to accurate conductivity measurement.)

6.3 The tests shall be determined after consideration of the
function of the part.

6.4 The typical properties of three most common types of
silver-tungsten contacts are given in the appendix.

7. Dimensions, Mass, and Permissible Variations

7.1 Permissible variations in dimensions shall be within the
limits specified on drawings describing the contacts and
accompanying the order, or shall be within the limits specified
in the purchase order.

8. Finishing of Contacts

8.1 The material shall be finished by such operations as
necessary to meet requirements agreed upon between the
manufacturer and the purchaser of the contacts (braze alloy

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B2.05 on Precious Metals.

Current edition approved April 15, 1994. Published June 1994. Originally
published as B 663 – 79. Last previous edition B 663 – 89.

2 Annual Book of ASTM Standards, Vol 02.05.
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backing, tumbling to polish surfaces, special surface finish,
silver-rich surface layer, cleaning, etc.).

9. Workmanship, Finish, and Appearance

9.1 The parts shall be free of defects in material or process-
ing, that would seriously affect their performance.

10. Sampling

10.1 Lot—Unless otherwise specified, a lot shall consist of
parts of the same form and dimensions, made of powders of the
same particle size range and composition, processed under the
same conditions, and submitted for inspection at one time.

10.2 Chemical Analysis
10.2.1 At least one sample for chemical analysis shall be

taken from each lot. A representative sample of chips may be
obtained by milling, drilling, or crushing at least two pieces
with dry tools, without lubrication. In order to obtain oil free
chips, the parts selected for test shall have the oil extracted in
accordance with Test Method B 328, if necessary.

10.2.2 These specification limits do not preclude the pos-
sible presence of other unnamed elements, impurities, or
additives. Analysis shall be regularly made only for the minor
elements listed in the table. However, if a user knows of
elements that might be detrimental to their application or has
other reasons for requiring analysis for specific elements, then

agreement between manufacturer and purchaser for both limits
and methods of analysis should be required for elements not
specified.

10.3 Physical Tests—The manufacturer and the purchaser
shall agree on a representative number of specimens for
physical tests including microstructure.

11. Inspection
11.1 Unless otherwise specified, inspection of parts sup-

plied on contract shall be made by the purchaser.

12. Rejection
12.1 Unless otherwise specified, rejections based on tests

made in accordance with the specification shall be reported to
the manufacturer within 30 days of the receipt of the shipment.

13. Certification
13.1 A certification, when requested by the user, based on

the manufacturer’s quality control that the material conforms to
the requirements of this specification, shall be furnished upon
request of the purchaser, provided the request is made at the
time of cost quotation and at the time of order placement.

14. Keywords
14.1 arcing contacts; contacts; electrical contacts; powder

metallurgy; silver; silver tungsten carbide; tungsten carbide;
tungsten carbide silver

APPENDIX

(Nonmandatory Information)

X1. TYPICAL PROPERTY VALUES

X1.1 The following information provides guidelines for
users and manufacturers of silver-tungsten carbide contact
material. Typical ranges of chemistry and properties are given
for the three most popular compositions, 40 % silver/60 %
tungsten carbide, 50 % silver/50 % tungsten carbide, 65 %
silver/35 % tungsten carbide. These properties are influenced
by the particle size, shape, and distribution of tungsten carbide,
homogeneity, impurities or additives, and other manufacturing
process variables..

NOTE X1.1—Table X1.1 and Table X1.2 represent the major manufac-
turing techniques used in industry. The size and shape of the part is

important in choosing the optimum technique as well as other consider-
ations such as frequency of operation of the device, and how crucial is its
application

X1.1.1 The best choice for a given application should be
mutually decided between the purchaser and the manufacturer
using their mutual experience and application engineering
knowledge.

X1.2 With the knowledge that several types are available,
care should be taken to ensure that production lots are the same
in all respects as samples and that if a seller change is made,
noticeable property or performance variations are possible.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

TABLE X1.1 Typical Chemical Ranges Infiltrated Silver-Tungsten Carbide Contacts

Composition, A Weight, %

Class A Class B Class C

Silver 38 to 42 48 to 52 63 to 67
Tungsten carbide balance balance balance
Copper, max 0.5 0.5 0.5
Cobalt or nickel, max 0.5 0.5 0.5
Total impurities, max 1 1 1

Typical Properties

Class A Class B Class C

Hardness, Rockwell B 95 to 105 86 to 96 50 to 65
Density, Mg/m 3 13.1 12.6 11.9
Electrical conductivity, % IACS 35 to 40 45 to 50 55 to 60
Theoretical density, min, % 96 96 96

Properties

Class A Class B Class C

Modulus of rupture: B

psi
MPa

120 000
827

95 000
655

80 000
552

Young’s modulus: B

psi
GPa

56 3 10 6

386
50 3 10 6

345
36 3 10 6

248
Tensile strength: B

psi
MPa

55 000
379

40 000
276

39 500
272

Coefficient of expansion: B

in./in.·°F
m/m·K

7.6 3 10 −6

13.7 3 10 −6
8.25 3 10 −6

14.8 3 10 −6
9.45 3 10 −6

17 3 10 −6

Thermal conductivity: B

Btu·in.h·ft 2·°F
W/m·K

2808
405

4392
633

4968
716

A Analysis is regularly made for the elements for which specific limits are listed. If, however, the presence of “other” elements is suspected or indicated in the course
of routine analysis, further analysis shall be made to determine that the total of these “other” elements and the listed impurities are not in excess of the total impurities limit.

B Items that are normally useful for engineering calculations in contact design but are not specified.

TABLE X1.2 Typical Chemical Ranges Press, Sintered, and Repressed Silver-Tungsten Carbide Contacts

Composition A Weight, %

Class A Class B Class C

Silver 38 to 42 48 to 52 63 to 67
Tungsten carbide balance balance balance
Copper, max 0.2 0.2 0.2
Nickel or cobalt, max 0.2 0.2 0.2
Total impurities, max 0.5 0.5 0.5

Typical Properties

Class A Class B Class C

Hardness, Rockwell B (as repressed) 60 to 70 60 to 70 40 to 55
Hardness, Rockwell B (annealed) 55 to 65 55 to 65 35 to 45
Density, Mg/m 3 13.1 12.6 11.9
Theoretical density, min,% 95 95 95
Modulus of rupture B

psi 70 000 62 000 60 000
MPa 483 427 414
A Analysis is regularly made for the elements for which specific limits are listed. If, however, the presence of “other” elements is suspected or indicated in the course

of routine analysis, further analysis shall be made to determine that the total of these “other” elements and the listed impurities are not in excess of the total impurities limit.
B Items that are normally useful for engineering calculations in contact design but are not specified.
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Designation: B 664 – 90 (Reapproved 2000)

Standard Specification for
80 % Silver-20 % Graphite Sliding Contact Material 1

This standard is issued under the fixed designation B 664; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification defines the criteria for composition
and other requirements for brushes with a nominal silver
content of 80 %, by weight, with the balance being substan-
tially graphite.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.3 It is the responsibility of the user to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer.

2. Referenced Documents

2.1 ASTM Standards:
B 613 Guide for Preparing Specifications for Miniature

Brushes of Composite Materials for Sliding Electric Con-
tacts2

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

2.2 ANSI Standard:
C64.1 Brushes for Electrical Machines4

3. Requirements

3.1 Chemical Composition, shall be as follows:
Silver 80 6 3 % (weight)
Graphite balance
Total metal impurities 1 % max
Percent ash in graphite (ANSI C64.1) 5 % max

3.2 Physical Properties—The following lot average prop-
erties must be met. Unless otherwise agreed between the
producer and the user, the number of samples shall be five.

3.2.1 Density—The minimum acceptable density shall be
5.15 g/cm3as determined by the measurement and weight
method defined by ANSI C64.1.

3.2.2 Shear Strength:
3.2.2.1 The shear strength for the normal and transverse

directions shall be measured for rectangular parallelepipeds
and shall be 2000 psi (14 MPa), minimum.

3.2.2.2 The shear strength for the longitudinal shear direc-
tion shall be measured for cylinders and shall be 1000 psi (6.9
MPa), minimum.

3.3 Microstructure—Parts shall be visually free of structural
defects, cracks, etc., upon examination at 503. The press
direction, as evidenced by laminations, shall be as defined by
the purchase order. Also the brush material shall not contain
abrasive particles that will sliver a metal alloy ring with a
hardness$110 HK10 0 when the brush force is equal to 30 g or
that necessary for 5.0 psi (34 kPa) pressure, whichever is
greater. A sliver is defined as a loose wear particle with one
dimension$503 the next smaller dimension. Although sliv-
ering can be caused by coarse abrasive particles, other param-
eters can contribute to slivering (for example, very high brush
force).

3.4 Source or grade of raw materials (for example, graphite)
or methods of manufacture shall not be changed without
notifying users.

4. Reference Properties

4.1 Because of their size, the following properties for
miniature brushes cannot always be determined; however,
these properties are typical for larger parts.

4.1.1 Superficial Hardness—The typical Rockwell superfi-
cial hardness for this material is 44 R15W as determined by
Test Method E 18 with a1⁄8-in. steel ball.

4.1.2 Specific Resistance—The typical specific resistance
for the material is 43 10−6V-in. (1 3 10− 7V-m) as deter-
mined by the method detailed in ANSI C64.1.

5. Certification

5.1 Material supplied under this specification shall be cer-
tified as meeting the requirements of this specification by the
producer of the material.

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B2.05 on Precious Metals.

Current edition approved Dec. 28, 1990. Published February 1991. Originally
published as B 664–79. Last previous edition B 664–81 (1986).

2 Annual Book of ASTM Standards, Vol 03.04.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Available from the American National Standards Institute, 11 West 42nd Street,

13th Floor, New York, N. Y. 10036.
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6. Keywords
6.1 electrical contacts; graphite; silver; sliding contacts

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
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Designation: B 667 – 97 (Reapproved 2003) e1

Standard Practice for
Construction and Use of a Probe for Measuring Electrical
Contact Resistance 1

This standard is issued under the fixed designation B 667; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Keywords were added editorially in December 2003.

1. Scope

1.1 This practice describes equipment and techniques for
measuring electrical contact resistance with a probe and the
presentation of results.

1.2 The values stated in SI units are to be regarded as
standard. The values given in parentheses are for information
only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 542 Terminology Relating to Electrical Contacts and
Their Use

3. Terminology

3.1 Definitions—Many terms used in this practice are de-
fined in Terminology B 542.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 contact resistance—the resistance to current flow

between two touching bodies, consisting of constriction resis-
tance and film resistance.

3.2.2 Discussion—Constriction resistance originates in the
fact that mating surfaces touch in most cases at only their high
spots, which are often called “asperities” or, more commonly,

a-spots. The current flow lines are then forced to constrict as
they funnel through these tiny areas. If oxide films or other
insulating layers interfere with these metal-to-metal contacts,
the contact resistance will be higher than when such layers are
absent (see 4.4 for bulk resistance limitation).

3.2.3 contact resistance probe—an apparatus for determin-
ing electrical contact resistance characteristics of a metal
surface.Probe, in this instance, should be distinguished from
the classical tool whose function it is to touch or move an
object.

4. Significance and Use

4.1 Electrical contact resistance is an important characteris-
tic of the contact in certain components, such as connectors,
switches, slip rings, and relays. Ordinarily, contact resistance is
required to be low and stable for proper functioning of many
devices or apparatus in which the component is used. It is more
convenient to determine contact resistance with a probe than to
incorporate the contact material into an actual component for
the purpose of measurement. However, if the probe contact
material is different from that employed in the component, the
results obtained may not be applicable to the device.

4.2 Information on contact resistance is useful in materials
development, in failure analysis studies, in the manufacturing
and quality control of contact devices, and in research.

4.3 Contact resistance is not a unique single-valued property
of a material. It is affected by the mechanical conditions of the
contact, the geometry and roughness of contacting surfaces,
surface cleanliness, and contact history, as well as by the
material properties of hardness and conductivity of both
contacting members. An objective of this practice is to define
and control many of the known variables in such a way that
valid comparisons of the contact properties of materials can be
made.

4.4 In some techniques for measuring contact resistance it is
not possible to eliminate bulk resistance, that is, the resistance
of the metal pieces comprising the contact and the resistance of
the wires and connections used to introduce the test current into

1 This practice is under the jurisdiction of ASTM Committee B02 on Nonferrous
Metals and Alloys and is the direct responsibility of Subcommittee B02.11 on
Electrical Contact Test Methods.

Current edition approved Nov. 1, 2003. Published December 2003. Originally
approved in 1980. Last previous edition approved in 1997 as B 667 – 97.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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the samples. In these cases, the measurement is actually of an
overall resistance, which is often confused with contact resis-
tance.

5. General Description of a Probe

5.1 A probe generally includes the following:
5.1.1 Fixtures for holding specimens of varied size and

shape and for attaching electrical leads to them.
5.1.2 A mechanism that applies a measurable load to the

specimen that can be increased, decreased, or held constant.
5.1.3 A shock mounted table to prevent any indigenous

vibrations from inadvertently altering the conditions at the
contact interface.

5.1.4 A reference surface (the probe) that is pressed against
the specimen and which is normally made of a noble metal.
Noble metals such as pure gold are used because they are
substantially free of oxide films and have the best likelihood of
obtaining reproducible results.

5.1.5 A current source with current and voltage measuring
instrumentation for determining contact resistance. Ordinarily,
contact resistance is determined at dry circuit conditions3 to
avoid changes that may occur due to voltage breakdown or
heating at the contact interface.

5.2 Additional electrical circuitry may be included to permit
related measurements to be obtained, such as the voltage
breakdown or the current versus voltage characteristics of
film-covered surfaces.

5.3 Probes are also convenient for determining the depen-
dence of contact resistance on sliding orwipe when a slide is
incorporated in the specimen holder. This permits the probe to
be moved small measurable distances after loading.

6. Design Aspects

6.1 The probe is mounted on one end of a pivoted beam, a
cantilever, or a coil spring. Force is applied by dead weight,
compression of the spring, bending of the cantilever, or
electromagnetically.

6.2 Probe holders have been designed so that force may be
applied to the contact and to an electronic load cell which is
mounted between the probe contact and a micrometer spindle
that can be advanced. An alternative design is to mount the
specimen on the load cell and to advance the probe directly
with the micrometer spindle. Load and contact resistance are
the usual parameters measured and recorded simultaneously.

6.3 A probe can be made by mounting a U-shaped free-
standing gold wire to the micrometer spindle (see Fig. 1(b)).
The load is measured after the probe is observed (preferably
electrically) to first touch the specimen from a preliminary
calibration (with a load cell) of micrometer advance versus
load. In some cases, where very small (to tens of milligrams)
forces are used, it may not be necessary to know the load
precisely. In such cases, fine (for example, 50-µm diameter),
straight, or U-shaped gold or platinum wires can be used as the
probe.

6.4 The apparatus must be isolated from vibration to avoid
damaging the surface film that may exist at the interface to be
evaluated. The slightest movement can translate into extremely
large stresses at the tops of small asperities. Likewise, bounce
should be avoided when touching the probe to the specimen.
Vibration may reveal itself as a noisy signal when contact
resistance is continuously monitored electronically.

6.4.1 For sensitive surfaces, a preliminary run should be
made on as-received (uncleaned) test specimens of the same
surface material as the samples to be measured. If the
vibration-induced fluctuations are greater than 10 %, additional
antivibrational measures should be taken.

3 See ASTM Standard B 539, Measuring Contact Resistance of Electrical
Connections (Static Contacts), in theAnnual Book of ASTM Standards, Vol 03.04.
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6.4.2 Wipe should not be introduced when contact resis-
tance versus load characteristics are being measured, since as
little as a few micrometers of lateral movement can drastically
change the contact resistance of samples having films.

NOTE 1—Some variation of contact resistance with time under load has
been found to occur for many materials.4 It is therefore recommended that,
for continuously monitored runs, the resistance at the final applied load
should also be recorded after a fixed dwell time, usually 10 to 30 s.

6.5 The power supply shall be capable of delivering a
pulse-free source under dry circuit conditions. To avoid errors
that may arise due to contact potentials and thermal EMF’s all
d-c measurements should be taken with forward and reverse
voltages and the results averaged. Measurements taken with
low frequency a-c sources automatically compensate for this
error.

7. Requirements of the Probe Contact

7.1 The probe is normally made with a pure gold surface,
although other noble metals can be used. The probe should be
smooth and have a large radius of curvature to minimize the
possibility that it may damage the specimen surface. An
exception to this latter recommendation are the wire probes
that are generally designed for low normal loads (6.3).

7.1.1 One early probe design5 that has seen much use is a
3.2-mm diameter solid gold rod having a hemispherical end.
Such probes have been used extensively to loads of 10 N. They
can be made by machining gold rods to finish dimensions,
followed by burnishing with a glass microscope slide or other
hard smooth surface, using care to maintain the radius of the
end.

7.1.2 Other common probe types are solid gold rivets
coined to a spherical end, with a radius of curvature of 1.6 mm,

4 Sproles, E. S., and Drozdowicz, M. H., “Development of an Automatic Contact
Resistance Probe,”Proceedings of the 14th International Conference on Electric
Contacts, Paris, June 1988, pp. 195–199.

5 For example, Antler, M., Auletta, L. V., and Conley, J., “An Automated Contact
Resistance Probe,”Review Science Instruments, Vol 34, 1963, p. 1317.

FIG. 1 Arrangement of Current and Voltage Leads to Probe and to Specimen (Typical)
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as well as balls or hemispheres of similar radius of curvature.
Pure gold platings have also been used successfully on these
spherical surfaces.

7.1.3 In special cases, materials other than noble metals and
shapes other than spherical may be used. However, contact
resistances obtained in these cases will usually be different
from those obtained with spherical gold probes, especially if
the specimen is film-covered.6

NOTE 2—In certain cases, it is of interest to use probes of metals similar
or identical to metals or platings of the test specimen. Probing with similar
metals is a procedure of particular practical interest.

7.2 When rods are used as probes, a newly fixtured probe
contact should be loaded and unloaded ten times against a hard,
clean, smooth surface such as an optical flat to obtain an
equilibrium shape, an end that is slightly flattened, before using
it to measure contact resistance. The force used should be the
maximum that will be employed in subsequent use of the
probe.

7.3 Alternatively, the chuck holding the rod, rivet, or ball
may be mounted in a stable position 10 to 15° from the
perpendicular. By this or similar means, a repositioning step for
each contact resistance measurement will provide a fresh area
on the probe (without preconditioning against the optical flat).

7.4 Fig. 1 illustrates different4-wire methods for fastening
current and voltage leads to the probe and specimen that
minimize (Fig. 1(a)) or eliminate (Fig. 1(b)) their bulk resis-
tance contributions to the measured value.

7.5 Transfer of nonmetallic film from the sample to the
probe may occur. Therefore, if fresh areas on the probe are not
used in accordance with 7.3, the tip may have to be wiped clean
frequently, for example, with lens tissue that has been moist-
ened with isopropyl alcohol or other appropriate solvent.
Pressurized propellents, such as fluorocarbons or propane,
should be avoided as they may chill the sample and introduce
contaminations of their own. Other cleaning techniques can
also be used.4

7.5.1 Metallic transfer to the gold probe surface has been
observed when soft metals, such as tin and tin-lead alloys, are
examined. This occurrence may affect the results of subsequent
probings. In these cases, an organic solvent will not be
adequate for cleaning the probe tip. Other cleaning procedures
are required, or else the probe tip should be renewed or the
probe area changed, if possible.

NOTE 3—With the solid gold rod probe, cleanliness is verified by
determining the contact resistance of a reference smooth noble metal
specimen, such as a freshly abraded solid gold flat, and comparing the
contact resistance with known values of resistance. These determinations
are best made at smaller loads than are used in the measurements of the
materials themselves. It is a good practice to periodically check the
repeatability, or ability of the probe to give similar contact resistances, by
probing a reference specimen having a thin, compact film. This provides
an excellent check of the integrity of the probe tip and the mechanical and
electrical functioning of the instrument. Some examples of film-covered
referencesare given in X1. In working with film-covered standards to
check measurement consistency, it is necessary to determine contact

resistance repeatedly, for example, by probing the standard ten or more
times, and to compare the median values and their spread at several loads.

7.5.2 It is good practice to remove contaminants from the
surface of the test specimen prior to testing, unless the
existence of the contaminant(s) is pertinent to the test. Ex-
amples of the latter would arise in the measurement of
field-exposed surfaces or in investigations of the contact
properties of lubricant- or inhibitor-covered samples.

8. Presentation of Results

8.1 Contact resistance values vary at different locations on
the specimen surface, except with uniformly clean, film-free
metals. Therefore, many contact resistance determinations
should be made at different places on the surface and statistical
methods used to present the results. It is common practice to
describe contact resistance by any of the following methods:

8.1.1 Contact Resistance-Load Characteristic Curves Plot-
ted on Logarithmic Coordinates with Medians and Extreme
Values or Standard Deviations Indicated at Various Loads—
Each point on such a curve should represent at least six
measurements, although ten or more determinations are pre-
ferred. This method is especially useful for clean metals or
metals having a uniform insulating film.

8.1.2 Frequency of Failure Versus Load, that is, the percent
of measurements at given loads which exceed a defined
resistance criterion. This method is preferred for go-no-go
resistance studies.

8.1.3 At a Given Load, Contact Resistance Probability
Distribution Plots or Cumulative Percent Plots, with Logarith-
mic Coordinates for Contact Resistance Values—This method
is particularly appropriate for field-exposed contact plating
with pore corrosion products and related heterogeneous distri-
bution of insulting contaminants.

8.2 Inspection of the samples is often helpful in determining
the cause and significance of unusual contact resistance distri-
butions.

9. Report

9.1 In reporting the results of probing tests, describe the
method used in full detail, including the following:

9.1.1 Probe metal, particularly the surface material, if
plated.

9.1.2 The shape and dimension of the probe.
9.1.3 If applicable, the load used to precondition the probe

tip (see 7.2).
9.1.4 The normal load(s) at which the contact resistance are

being reported. This is required even when resistance versus
load measurements are recorded continuously.

9.1.5 Resistance measurement circuitry (a-c or d-c). If d-c is
used, the resistance values should be averages of the values
obtained from forward and reverse voltages (see 6.5).

9.1.6 Sample description, particularly surface material, if
plated, including underplate.

9.1.7 Number of points probed on the sample surface, and
the distribution of these points if known.

10. Keywords

10.1 contact resistance; electrical contact; gold probe; reli-
ability; resistance probe; wire probe

6 See, for example, Antler, M., “Contact Resistance of Oxidized Metals:
Dependence on the Mating Material,”IEEE Trans. on Components, Hybrids, and
Manufacturing Technology, Vol 10, pp. 420–424, 1987.
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APPENDIX

(Nonmandatory Information)

X1. EXAMPLES OF FILM-COVERED REFERENCED SPECIMENS

X1.1 Film Covered Reference Specimens, for assuring the
repeatability of measurements with solid gold rod probes,
where the same point on the probe is used for more than one
area on the test specimen.

X1.1.1 Polished copper coupons, plated with 5 to 20 µm of
65 % Sn 35 % Ni alloy electrodeposit, then aged in air for 2000
h to develop a passive oxide film having a limiting thickness,7

has been used for this purpose because of its chemical stability
and ruggedness as a standard.

X1.1.2 Polished metals such as copper or nickel aged in
clean dry air may also be suitable standards, provided that
appropriate care is taken to protect such samples from possible
changes due to environmental exposure and from handling
during use.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

7 Antler, M., “Contact Resistance of Tin-Nickel Alloy Electrodeposits,”Journal
Electrochemical Society, Vol 125, No. 3, 1978, pp. 420–423.
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Designation: B 668 – 00

Standard Specification for
UNS N08028 Seamless Pipe and Tube 1

This standard is issued under the fixed designation B 668; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers UNS N08028 seamless cold-
finished or hot finished pipe and tube intended for general
corrosive service. The general requirements are covered in
Specification B 829.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:
B 829 Specification for General Requirements for Nickel

and Nickel Alloy Seamless Pipe and Tube2

3. General Requirement

3.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 829
unless otherwise provided herein.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information:

4.1.1 Alloy name or UNS number,
4.1.2 ASTM designation and year of issue,
4.1.3 Dimensions—
4.1.3.1 Outside diameter, minimum or average wall thick-

ness (in inches or millimetres, not gage number), and length,
4.1.3.2 Standard pipe size, schedule and length,
4.1.4 Quantity (feet or metres, or number of pieces),
4.1.5 Optional requirements,
4.1.6 Certification— State if certification is required,
4.1.7 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished, and
4.1.8 Purchaser Inspection—If the purchaser wishes to

witness tests or inspection of material at the place of manu-
facture, the purchase order must so state, indicating which tests
or inspections are to be witnessed.

5. Materials and Manufacture

5.1 Pipe and tube shall be furnished in the solution-annealed
condition.

NOTE 1—The recommended heat treatment shall consist of heating the
material to a temperature of 1975 to 2100°F (1080 to 1150°C) with
subsequent quenching in water or rapidly cooling by other means.

5.2 The scale shall be removed by suitable means. When
bright annealed, scale removal operations are not necessary.

6. Chemical Composition

6.1 The material shall conform to the requirement pre-
scribed in Table 1.

6.1.1 A chemical analysis shall be made on each lot of
material as described in Specification B 829.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to Table 1 subject to the
product (check) analysis variations prescribed in Specification
B 829.

7. Mechanical Properties and Other Requirements

7.1 The material shall conform to the mechanical properties
prescribed in Table 2. One test is required for each lot, as
defined in Specification B 829.

7.1.1 One tension test shall be made on each lot of pipe or
tube.

7.2 Flaring Test— One flaring test shall be made on a
specimen from one end of one pipe or tube from each lot of
finished tubes.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved May 10, 2000. Published June 2000. Originally
published as B 668 – 80. Last previous edition B 668 – 99.

2 Annual Book of ASTM Standards, Vol 02.04.

TABLE 1 Chemical Requirements

Element Composition, %

Carbon, max 0.030
Silicon, max 1.0
Manganese, max 2.50
Phosphorus, max 0.030
Sulfur, max 0.030
Chromium 26.0–28.0
Nickel 30.0–34.0
Molybdenum 3.0–4.0
Copper 0.6–1.4
Iron remainderA

A Determined arithmetically by difference.

1
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7.3 Hydrostatic Test or Nondestructive Test:
7.3.1 Each pipe or tube shall be subjected to either the

hydrostatic test or the nondestructive electric test at the
manufacturer’s option. The purchaser may specify which test is
to be used.

8. Dimensions and Permissible Variations

8.1 Outside Diameter and Wall Thickness—The permissible
variations in the outside diameter and the wall thickness shall
not exceed those prescribed in Tables 3, 4 and 5 of Specifica-
tion B 829.

9. Keywords

9.1 seamless tube; UNS N08028

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 2 Tensile Requirements

Tensile Strength,
min, ksi (MPa)

Yield Strength,
0.2 % Offset, min,

ksi (MPa)

Elongation in 2
in. (50.8 mm) or

4D, min, %
73 (500) 31 (214) 40

B 668

2



Designation: B 670 – 02

Standard Specification for
Precipitation-Hardening Nickel Alloy (UNS N07718) Plate,
Sheet, and Strip for High-Temperature Service 1

This standard is issued under the fixed designation B 670; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers rolled precipitation hardenable
nickel alloy (N07718)* plate, sheet, and strip in the annealed
condition (temper).

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 637 Specification for Precipitation-Hardening Nickel Al-

loy Bars, Forgings, and Forging Stock for High-
Temperature Service2

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 139 Test Methods for Conducting Creep, Creep-Rupture,
and Stress-Rupture Tests of Metallic Materials4

E 354 Test Methods for Chemical Analysis of High-
Temperature, Electrical, Magnetic, and Other Similar Iron,
Nickel, and Cobalt Alloys3

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys3

3. Terminology

3.1 Description of Terms Specific to This Standard—The
terms given in Table 1 shall apply.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered to this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Alloy—Name or UNS number (see Table 2).
4.1.2 ASTM designation, including year of issue.
4.1.3 Condition—See 6.1 and Appendix X1.
4.1.4 Finish—Appendix X1.
4.1.5 Dimensions—Thickness, width, and length.
4.1.6 Quantity:
4.1.7 Optional Requirements:
4.1.7.1 Sheet and Strip—Whether to be furnished in coil, in

cut straight lengths, or in random straight lengths.
4.1.7.2 Strip—Whether to be furnished with commercial slit

edge, square edge, or round edge.
4.1.7.3 Plate—Whether to be furnished specially flattened

(see 7.7.1); also how plate is to be cut (see 7.2.1 and 7.3.2).
4.1.8 Fabrication Details—Not mandatory but helpful to

the manufacturer:
4.1.8.1 Welding or Brazing—Process to be employed.
4.1.8.2 Plate—Whether material is to be hot-formed.
4.1.9 Certification—State if certification or a report of test

results is required (see Section 15).
4.1.10 Samples for Product (Check) Analysis—Whether

samples should be furnished (see 5.2).
4.1.11 Purchaser Inspection—If the purchaser wishes to

witness the tests or inspection of material at the place of
manufacture, the purchase order must so state indicating which
tests or inspections are to be witnessed (see Section 13).

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their and Alloys.

Current edition approved May 10, 2002. Published July 2002. Originally
published as A 670 – 72. Redesignated B 670 in 1978. Last previous edition
B 670 – 95.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.05.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.

1
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5. Chemical Composition

5.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 2.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations prescribed in Specification B 880.

6. Mechanical and Other Requirements

6.1 Tensile Properties—The material after precipitation
hardening shall conform to the tensile properties prescribed in
Table 3.

6.2 Stress-Rupture Properties—The material after precipi-
tation hardening shall conform to the stress-rupture properties
prescribed in Table 4.

7. Dimensions and Permissible Variations

7.1 Thickness and Weight:
7.1.1 Plate—The permissible variation under the specified

thickness and permissible excess in overweight shall not
exceed the amounts prescribed in Table 5.

7.1.1.1 For use with Table 5, plate shall be assumed to
weigh 0.296 lb/in.3(8.19 g/cm3).

7.1.2 Sheet and Strip—The permissible variations in thick-
ness of sheet and strip shall be as prescribed in Table 6. The
thickness of strip and sheet shall be measured with the
micrometer spindle3⁄8 in. (9.5 mm) or more from either edge
for material 1 in. (25.4 mm) or over in width and at any place
on the strip under 1 in. in width.

7.2 Width or Diameter:
7.2.1 Plate—The permissible variations in width of rectan-

gular plates and diameter of circular plates shall be as
prescribed in Table 7 and Table 8.

7.2.2 Sheet and Strip—The permissible variations in width
for sheet and strip shall be as prescribed in Table 9.

7.3 Length:
7.3.1 Sheet and strip of all sizes may be ordered to cut

lengths, in which case a variation of1⁄8 in. (3.2 mm) over the
specified length shall be permitted.

7.3.2 Permissible variations in length of rectangular plate
shall be as prescribed in Table 10.

7.4 Straightness:
7.4.1 The edgewise curvature (depth of chord) of flat sheet,

strip, and plate shall not exceed 0.05 in. multiplied by the
length of the product in feet (0.04 mm multiplied by the length
of the product in centimetres).

7.4.2 Straightness for coiled strip material is subject to
agreement between the manufacturer and the purchaser.

7.5 Edges:

TABLE 1 Product Description

Product Thickness, in. (mm) Width

Hot-rolled plateA 3⁄16 to 21⁄4 (4.8 to 57.2) (Table 5) Tables 7B and 8
Cold-rolled sheetC 0.010 to 0.250 (0.25 to 6.4), incl

(Table 6)
Table 9

0.005 to 0.250 (0.13 to 6.4), incl
(Table 6)

Cold-rolled stripC Table 9
AMaterial 3⁄16 to 1⁄4 in. (4.8 to 6.4 mm), incl, in thickness may be furnished as

sheet or plate provided the material meets the specification requirements for the
condition ordered.

BHot-rolled plate, in widths 10 in. (250 mm) and under, may be furnished as
hot-finished rectangles with sheared or cut edges in accordance with Specification
B 637, UNS N07718, provided the mechanical property requirements of this
specification are met.

CMaterial under 48 in. (1219 mm) in width may be furnished as sheet or strip
provided the material meets the specification requirements for the condition
ordered.

TABLE 2 Chemical Composition

Element Composition,%

Carbon 0.08 max
Manganese 0.35 max
Silicon 0.35 max
Phosphorus 0.015 max
Sulfur 0.015 max
Chromium 17.0 to 21.0
CobaltA 1.0 max
Molybdenum 2.80 to 3.30
Columbium (Nb) + tantalum 4.75 to 5.50
Titanium 0.65 to 1.15
Aluminum 0.20 to 0.80
IronB remainder
Copper 0.30 max
Nickel 50.0 to 55.0
Boron 0.006 max

AIf determined.
BIron shall be determined arithmetically by difference.

TABLE 3 Tensile Properties for Plate, Sheet, and Strip A

Nominal Thickness,
in. (mm)

Tensile
Strength min,

ksi (MPa)

Yield Strength
(0.2 % offset),

min, ksi
(MPa)

Elongation in 2
in. or 50 mm

(or 4D),
min, %

Up to 1.0 (25.4), incl 180 (1241) 150 (1034) 12

Over 1.0 to 2.25
(25.4 to 57.2), incl

180 (1241) 150 (1034) 10

AMaterial shall be supplied in the annealed condition (temper). The manufac-
turer shall demonstrate that annealed material is capable of meeting the properties
prescribed in Table 3 after precipitation heat treatment. Precipitation heat treat-
ment shall consist of heating to 1325 625°F (718 614°C), hold at temperature for
8 h, furnace cool to 1150 625°F (621 614°C), hold until total precipitation heat
treatment time has reached 18 h, and then air cool.

TABLE 4 Stress-Rupture Test at 1200°F (649°C) for Plate, Sheet,
and Strip A

Nominal Thickness,
in. (mm)

Stress,B ksi
(MPa)

Life, min,
h

Elongation in
2 in. or 50

mm (or 4D),
min, %

Up to 0.015 (0.38), incl 95 (655) 23 ...
Over 0.015 to 0.025 (0.38 to

0.64), incl
95 (655) 23 4

Over 0.025 to 1.5 (0.64 to
38.1), incl

100 (690) 23 4

AMaterial shall be supplied in the annealed condition (temper). The manufac-
turer shall demonstrate that annealed material is capable of meeting the properties
prescribed in Table 4 after precipitation heat treatment. Precipitation heat treat-
ment is as specified in footnote A of Table 3.

BTesting may be conducted at a stress higher than that specified but stress shall
not be changed while test is in process. Time to rupture and elongation require-
ments shall be as specified in Table 4.

Testing may also be conducted using incremental loading. In such case, the
stress specified in Table 4shall be maintained to rupture or for 48 h, whichever
occurs first. After the 48 h and at intervals of 8 to 16 h, preferably 8 to 10 h,
thereafter, the stress shall be increased in increments of 5000 psi (34.5 MPa).
Time to rupture and elongation requirements shall be as specified in Table 4.

B 670
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7.5.1 When finished edges of strip are specified in the
contract or purchase order, the following descriptions shall
apply:

7.5.1.1 Square-edge strip shall be supplied with finished
edges, with sharp, square corners, and without bevel or
rounding.

7.5.1.2 Round-edge strip shall be supplied with finished
edges, semicircular in form, and the diameter of the circle
forming the edge being equal to the strip thickness.

7.5.1.3 When no description of any required form of strip
edge is given, it shall be understood that edges such as those
resulting from slitting or shearing will be acceptable.

7.5.1.4 Sheet shall have sheared or slit edges.

7.5.1.5 Plate shall have sheared or cut (machined, abrasive-
cut, powder-cut, or inert-arc-cut) edges, as specified.

7.6 Squareness (Sheet)—For sheets of all thicknesses, the
angle between adjacent sides shall be 9060.15° (1⁄16 in. in 24
in.) (1.6 mm in 610 mm).

7.7 Flatness—Standard flatness tolerances for plate shall
conform to the requirements prescribed in Table 11. “Specially
flattened” plate when so specified, shall have permissible
variations in flatness as agreed upon between the manufacturer
and the purchaser.

TABLE 5 Permissible Variations in Thickness and Overweight of Rectangular Plates

NOTE 1—All plates shall be ordered to thickness and not to weight per square foot (centimetre). No plates shall vary more than 0.01 in. (0.25 mm)
under the thickness ordered, and the overweight of each lotA in each shipment shall not exceed the amount in the table. Spot grinding is permitted to
remove surface imperfections, such spots not to exceed 0.01 in. (0.25 mm) under the specified thickness.

Specified Thickness, in.
(mm)

Permissible Excess in Average WeightB,C per Square Foot of Plates for Widths Given in Inches (Millimetres) Expressed in
Percentage of Nominal Weights

Under 48
(1220)

48 to 60
(1220 to
1520),
excl

60 to 72
(1520 to
1830),
excl

72 to 84
(1830 to
2130),
excl

84 to 96
(2130 to
2440),
excl

96 to 108
(2440 to
2740),
excl

108 to 120
(2740 to
3050),
excl

120 to 132
(3050 to
3350),
excl

132 to 144
(3350 to
3660),
excl

144 to 160
(3660 to
4070),

incl

3⁄16 to 5⁄16 (4.8 to 7.9), excl 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ... ...
5⁄16 to 3⁄8 (7.9 to 9.5), excl 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ...
3⁄8 to (9.5 to 11.1), excl 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 19.5
7⁄16 to 1⁄2 (11.1 to 12.7), excl 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0
1⁄2 to 5⁄8 (12.7 to 15.9), excl 5.0 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5
5⁄8 to 3⁄4 (15.9 to 19.1), excl 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0
3⁄4 to 1 (19.1 to 25.4), excl 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5
1 to 21⁄4 (25.4 to 57.2), incl 5.0 5.0 5.5 6.5 7.0 8.0 8.5 10.0 11.5 13.0

AThe term “lot” applied to this table means all of the plates of each group width and each group thickness.
BThe permissible overweight for lots of circular and sketch plates shall be 25 % greater than the amounts given in this table.
CThe weight of individual plates shall not exceed the nominal weight by more than 11⁄4 times the amount given in this table and Footnote B.

TABLE 6 Permissible Variations in Thickness of Sheet and Strip
(Permissible Variations, Plus and Minus, in Thickness, in. (mm), for Widths Given in in. (mm))

Sheet

Specified Thickness, in. (mm)

Hot-Rolled Cold-Rolled

48 (1220) and
UnderA

Over 48 to 60
(1220 to 1520),

inclA
48 (1220) and

Under

Over 48 to 60
(1220 to 1520),

inclA

0.018 to 0.025 (0.46 to 0.64), incl 0.003 (0.08) 0.004 (0.10) 0.002 (0.05) 0.003 (0.08)
Over 0.025 to 0.034 (0.64 to 0.86), incl 0.004 (0.10) 0.005 (0.13) 0.003 (0.08) 0.004 (0.10)
Over 0.034 to 0.43 (0.86 to 1.1), incl 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.043 to 0.056 (1.1 to 1.4), incl 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.056 to 0.070 (1.4 to 1.8), incl 0.006 (0.15) 0.007 (0.18) 0.005 (0.13) 0.006 (0.15)
Over 0.070 to 0.078 (1.8 to 2.0), incl 0.007 (0.18) 0.008 (0.20) 0.006 (0.15) 0.007 (0.18)
Over 0.078 to 0.093 (2.0 to 2.4), incl 0.008 (0.20) 0.009 (0.23) 0.007 (0.18) 0.008 (0.20)
Over 0.093 to 0.109 (2.4 to 2.8), incl 0.009 (0.23) 0.010 (0.25) 0.007 (0.18) 0.009 (0.23)
Over 0.109 to 0.125 (2.8 to 3.2), incl 0.010 (0.25) 0.012 (0.31) 0.008 (0.20) 0.010 (0.25)
Over 0.125 to 0.140 (3.2 to 3.6), incl 0.012 (0.31) 0.014 (0.36) 0.008 (0.20) 0.010 (0.25)
Over 0.140 to 0.171 (3.6 to 4.3), incl 0.014 (0.36) 0.016 (0.41) 0.009 (0.23) 0.012 (0.31)
Over 0.171 to 0.187 (4.3 to 4.8), incl 0.015 (0.38) 0.017 (0.43) 0.010 (0.25) 0.013 (0.33)
Over 0.187 to 0.218 (4.8 to 5.5), incl 0.017 (0.43) 0.019 (0.48) 0.011 (0.28) 0.015 (0.38)
Over 0.218 to 0.234 (5.5 to 5.9), incl 0.018 (0.46) 0.020 (0.51) 0.012 (0.31) 0.016 (0.41)
Over 0.234 to 0.250 (5.9 to 6.4), incl 0.020 (0.51) 0.022 (0.56) 0.013 (0.33) 0.018 (0.46)

Cold-Rolled Strip

Specified Thickness, in. (mm) Widths 12 in. (305 mm) and under, 6A

Up to 0.050 (1.3), incl 0.0015 (0.04)
Over 0.050 to 0.093 (1.3 to 2.4), incl 0.0025 (0.06)
Over 0.093 to 0.125 (2.4 to 3.2), inclB 0.004 (0.11)

...
AMeasured 3⁄8 in. (9.5 mm) or more from either edge except for strip under 1 in. (25.4 mm) in width which is measured at any place.
BStandard sheet tolerances apply for thicknesses over 0.125 in. (3.2 mm) and for all thicknesses of strip over 12 in. (305 mm) wide.
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TABLE 7 Permissible Variations in Width A of Sheared, Plasma-Torch-Cut, and Abrasive-Cut Rectangular Plate B,C

Specified Thickness

Permissible Variations in Widths for Widths Given, in. (mm)

Up to 30 (760), incl
Over 30 to 72 (760
to 1830), incl

Over 72 to 108 (1830 to
2740), incl

Over 108 to 144 (2740
to 3660), incl

Over 144 to 160 (3660
to 4070), incl

Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus

Inches

Sheared:D
3⁄16 to 5⁄16, excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 ... ...
5⁄16 to 1⁄2, excl 1⁄4 1⁄8 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8
1⁄2 to 3⁄4, excl 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8
3⁄4 to 1, excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8
1 to 11⁄4, incl 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 1⁄8 1⁄8 1 1⁄8

Abrasive-cut:E,F

3⁄16 to 11⁄4, incl 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8
over 11⁄4 to 21⁄4, incl 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8

Plasma-torch-cut:G
3⁄16 to 11⁄2, excl 3⁄4 0 3⁄4 0 3⁄4 0 3⁄4 0 3⁄4 0
11⁄2 to 21⁄4, incl 1 1⁄4 1 1⁄4 1 1⁄4 1 1⁄4 1 1⁄4

Millimetres

Sheared:D

4.8 to 7.9, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 ... ...
7.9 to 12.7, excl 6.4 3.2 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2
12.7 to 19.0, excl 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.0 3.2
19.0 to 25.4, excl 12.7 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2
25.4 to 31.8, incl 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 25.4 3.2

Abrasive-cut:E,F

4.8 to 31.8, incl 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2
over 31.8 to 57.2, incl 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2

Plasma-torch-cut:G

4.8 to 38.1, excl 19.0 0 19.0 0 19.0 0 19.0 0 19.0 0
38.1 to 57.2, incl 25.4 6.4 25.4 6.4 25.4 6.4 25.4 6.4 25.4 6.4
APermissible variations in width for powder or inert-arc-cut plate shall be as agreed upon between the manufacturer and the purchaser.
BPermissible variations in machined, powder-, or inert-arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
CPermissible variations in plasma-torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
DThe minimum sheared width is 10 in. (254 mm) for material 3⁄4 in. (19.0 mm) and under in thickness and 20 in. (508 mm) for material over 3⁄4 in. in thickness.
EThe minimum abrasive-cut width is 2 in. (51 mm) and increases to 4 in. (102 mm) for thicker plates.
FThese tolerances are applicable to lengths of 240 in. (6100 mm), max. For lengths over 240 in., an additional 1⁄16 in. (1.6 mm) is permitted, both plus and minus.
GThe tolerance spread shown for plasma-torch cutting may be obtained all on the minus side, or divided between the plus and minus side if so specified by the purchaser.

TABLE 8 Permissible Variations in Diameter for Circular Plates

Sheared Plate

Specified Diameter, in. (mm)
Permissible Variations Over Specified Diameter for

Thickness Given, in. (mm)A

To 3⁄8 (9.5), incl
20 to 32 (508 to 813), excl 1⁄4 (6.4)
32 to 84 (813 to 2130), excl 5⁄16 (7.9)†
84 to 108 (2130 to 2740), excl 3⁄8 (9.5)
108 to 140 (2740 to 3560), incl 7⁄16 (11.1)

Plasma-Torch-Cut PlateB

Specified Diameter, in. (mm)

Permissible Variations in Specified Diameter for Thickness Given, in. (mm)C

Thickness, max, in. (mm)
3⁄16 to 11⁄2 (4.8 to 38.1), excl 11⁄2 to 21⁄4 (38.1 to 57.2), incl

Plus Minus Plus Minus

19 to 20 (483 to 508), excl 21⁄4 (57.2) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)
20 to 22 (508 to 559), excl 21⁄4 (57.2) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)
22 to 24 (559 to 610), excl 21⁄4 (57.2) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)
24 to 28 (610 to 711), excl 21⁄4 (57.2) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)
28 to 32 (711 to 812), excl 2 (50.8) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)
32 to 34 (812 to 864), excl 13⁄4 (44.5) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)
34 to 38 (864 to 965), excl 11⁄2 (38.1) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)
38 to 40 (965 to 1020), excl 11⁄4 (31.8) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)
40 to 140 (1020 to 3560), incl 21⁄4 (57.2) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)
ANo permissible variations under.
BPermissible variations in plasma-torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
CThe tolerance spread shown may also be obtained all on the minus side or divided between the plus and minus sides if so specified by the purchaser.
† Editorially corrected.
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8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and temper,
smooth, commercially straight or flat, and free of injurious
imperfections.

9. Sampling

9.1 Lot—Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot for tension and stress-rupture testing shall

consist of all material from the same heat, nominal thickness,
and condition.

9.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material in the
same thickness and condition, except for plates weighing over
500 lb, in which case only one specimen shall be taken.

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples shall be

taken during pouring or subsequent processing.
9.2.1.1 Product (Check) Analysis shall be wholly the

responsibility of the purchaser.
9.2.2 Tension and Stress-Rupture Testing—Samples of the

material to provide test specimens for tension and stress-
rupture testing shall be taken from such locations in each lot as
to be representative of that lot.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Tension— One test per lot.
10.3 Stress Rupture—One test per lot.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the annealed condition (temper). The specimen shall be trans-

verse to the direction of rolling when width will permit. The
test specimen shall be precipitation heat treated (see Table 3)
prior to testing.

11.2 Tension test specimens shall be any of the standard or
subsize specimens shown in Test Methods E 8.

11.3 In the event of disagreement, referee specimens shall
be as follows:

11.3.1 Full thickness of the material machined to the form
and dimensions shown for the sheet-type specimen in Test
Methods E 8 for material under1⁄2 in. (12.7 mm) in thickness.

11.3.2 The largest possible round specimen shown in Test
Methods E 8 for material1⁄2 in. (12.7 mm) and over.

11.4 Stress-rupture specimens shall be the same as tension
specimens except modified as necessary for stress-rupture
testing in accordance with Test Methods E 139.

12. Test Methods

12.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following methods:

Test ASTM Designation

Chemical analysis E 1473
Tension E 8
Rounding procedure E 29
Stress rupture E 139

12.2 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Recommended Practice E 29.

TABLE 9 Permissible Variations in Width of Sheet and Strip

Specified Thickness, in. (mm) Specified Width, in. (mm)
Permissible Variations in Specified Width, in. (mm)

Plus Minus

Sheet

Up to 0.250 (6.4) all 0.125 (3.2) 0

StripA

Under 0.075 (1.9) Up to 12 (305), incl
Over 12 to 48 (305 to 1219), incl

0.007 (0.18)
0.062 (1.6)

0.007 (0.18)
0

0.075 to 0.100 (1.9 to 2.5), incl Up to 12 (305), incl
Over 12 to 48 (305 to 1219), incl

0.009 (0.23)
0.062 (1.6)

0.009 (0.23)
0

Over 0.100 to 0.125 (2.5 to 3.2), incl Up to 12 (305), incl
Over 12 to 48 (305 to 1219), incl

0.012 (0.30)
0.062 (1.6)

0.012 (0.30)
0

Over 0.125 to 0.160 (3.2 to 4.1), incl Up to 12 (305) incl.
Over 12 to 48 (305 to 1219), incl

0.016 (0.41)
0.062 (1.6)

0.016 (0.41)
0

Over 0.160 to 0.187 (4.1 to 4.7), incl Up to 12 (305), incl
Over 12 to 48 (305 to 1219), incl

0.020 (0.51)
0.062 (1.6)

0.020 (0.51)
0

Over 0.187 to 0.250 (4.7 to 6.4), incl Up to 12 (305) incl
Over 12 to 48 (305 to 1219), incl

0.062 (1.6)
0.062 (1.6)

0.062 (1.6)
0.062 (1.6)

ARolled round or square-edge strip in thicknesses of 0.071 to 0.125 in. (1.8 to 3.2 mm), incl, in widths 3 in. (76.2 mm) and under, shall have permissible width variations
of 60.005 in. (60.130 mm). Permissible variations for other sizes shall be as agreed upon between the manufacturer and the purchaser.
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Test
Rounded Unit for Observed

or Calculated Value

Chemical composition (when
expressed in decimals)

nearest unit in the last right-hand place
of figures of the specified limit

If two choices are possible, as when the
digits dropped are exactly a 5, or a 5
followed only by zeros, choose the one
ending in an even digit, with zero
defined as an even digit.

Tensile strength and yield strength nearest 1000 psi (6.9 MPa)
Elongation nearest 1 %
Rupture life nearest 1 h

13. Inspection

13.1 Inspection of the material shall be agreed upon be-
tween the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that the material has been manufactured, tested, and
inspected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 Each plate, sheet, or strip shall be marked on one face
with the specification number, alloy, condition (temper), heat
number, manufacturer’s identification, and size. The markings
shall not have a deleterious effect on the material or its
performance and shall be sufficiently stable to withstand
normal handling.

16.2 When applicable, each bundle or shipping container
shall be marked with the name of the material, condition
(temper), this specification number, alloy, size, consignor and
consignee address, contract or order number, and such other
information as may be defined in the contract or order.

TABLE 10 Permissible Variations in Length A of Sheared, Plasma-Torch-Cut, B and Abrasive-Cut Rectangular Plate C

Specific Thickness

Permissible Variation in Length for Lengths Given, in. (mm)

Up to 60
(1520),

incl

Over 60 to
96 (1520
to 2440),

incl

Over 96 to
120 (2440
to 3050),

incl

Over 120 to
240 (3050
to 6096),

incl

Over 240 to
360 (6096
to 9144),

incl

Over 360 to
450 (9144
to 11 430),

incl

Over 450 to
540 (11 430
to 13 716),

incl

Over 540
(13 716)

Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus

Inches

Sheared:D
3⁄16 to 5⁄16, excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 ... ...
5⁄16 to 1⁄2, excl 3⁄8 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 1 1⁄8
1⁄2 to 3⁄4, excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8
3⁄4 to 1, excl 5⁄8 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8
1 to 11⁄4, incl 3⁄4 1⁄8 3⁄4 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8 ... ...

Abrasive-cut:E
3⁄16 to 11⁄4, incl
over 11⁄4 to 21⁄4,

incl

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

...

...
...
...

...

...
...
...

Plasma-torch-cut:E
3⁄16 to 11⁄2, excl
11⁄2 to 21⁄4, incl

3⁄4
1

0
1⁄4

3⁄4
1

0
1⁄4

3⁄4
1

0
1⁄4

3⁄4
1

0
1⁄4

3⁄4
1

0
1⁄4

3⁄4
1

0
1⁄4

3⁄4
1

0
1⁄4

3⁄4
1

0
1⁄4

Millimetres

Sheared:D

4.8 to 7.9, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 ... ...
7.9 to 12.7, excl 9.5 3.2 12.7 3.2 12.7 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 25.4 3.2
12.7 to 19.0, excl 12.7 3.2 12.7 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2
19.0 to 25.4, excl 15.9 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.2 3.2
25.4 to 31.8, incl 19.0 3.2 19.0 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.2 3.2 ... ...

Abrasive-cut:E

4.8 to 31.8, incl
over 31.8 to 57.2,

incl

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

...

...
...
...

...

...
...
...

Plasma-torch-cut:F

4.8 to 38.1, excl
38.1 to 57.2, incl

19.0
25.4

0
6.4

19.0
25.4

0
6.4

19.0
25.4

0
6.4

19.0
25.4

0
6.4

19.0
25.4

0
6.4

19.0
25.4

0
6.4

19.0
25.4

0
6.4

19.0
25.4

0
6.4

APermissible variations in length for powder- or inert-arc-cut plate shall be as agreed upon between the manufacturer and the purchaser.
BThe tolerance spread shown for plasma-torch cutting may be obtained all on the minus side or divided between the plus and minus sides if so specified by the purchaser.
CPermissible variations in machined, powder-, or inert-arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
DThe minimum sheared length is 10 in. (254 mm).
EAbrasive cut applicable to a maximum length of 144 to 400 in. (3658 to 10 160 mm) depending on the thickness and width ordered.
FThe tolerance spread shown for plasma-torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
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17. Keywords

17.1 N07718; plate; sheet; strip

APPENDIX

(Nonmandatory Information)

X1. CONDITIONS AND FINISHES NORMALLY SUPPLIED

X1.1 This appendix lists the conditions and finishes in
which plate, sheet, and strip are normally supplied.

X1.2 Plate—Hot-rolled, annealed, and descaled.

X1.3 Sheet—Cold-rolled, annealed, descaled, or bright an-
nealed.

X1.4 Strip Cold-rolled, annealed, descaled, or bright
annealed.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 11 Permissible Variations from Flatness of Rectangular, Circular, and Sketch Plates

NOTE 1—Permissible variations apply to plates up to 12 ft (3.66 m) in length, or to any 12 ft of longer plates. If the longer dimension is under 36 in.
(914 mm) the permissible variation is not greater than1⁄4 in. (6.4 mm).

NOTE 2—The shorter dimension specified is considered the width, and the permissible variation in flatness across the width does not exceed the tabular
amount for that dimension.

NOTE 3—The maximum deviation from a flat surface does not customarily exceed the tabular tolerance for the longer dimension specified.

Specified Thickness

Permissible Variations from a Flat Surface for Thickness and Widths Given, in. (mm)

To 48
(1220),
excl

48 to 60
(1220 to
1520),
excl

60 to 72
(1520 to
1830),
excl

72 to 84
(1830 to
2130),
excl

84 to 96
(2130 to
2440),
excl

96 to 108
(2440 to
2740),
excl

108 to 120
(2740 to
3050),
excl

120 to 144
(3050 to
3660),
excl

144
(3660)
and over

Inches

3⁄16 to 1⁄4, excl 3⁄4 11⁄16 11⁄4 13⁄8 15⁄8 15⁄8 ... ... ...
1⁄4 to 3⁄8, excl 11⁄16 3⁄4 15⁄16 11⁄8 13⁄8 17⁄16 19⁄16 17⁄8 ...
3⁄8 to 1⁄2, excl 1⁄2 9⁄16 11⁄16 3⁄4 15⁄16 11⁄8 11⁄4 17⁄16 13⁄4
1⁄2 to 3⁄4, excl 1⁄2 9⁄16 5⁄8 5⁄8 13⁄16 11⁄8 11⁄8 11⁄8 13⁄8
3⁄4 to 1, excl 1⁄2 9⁄16 5⁄8 5⁄8 3⁄4 13⁄16 15⁄16 1 11⁄8
1 to 2, excl 1⁄2 9⁄16 9⁄16 9⁄16 11⁄16 11⁄16 11⁄16 3⁄4 1
2 to 21⁄4, incl 1⁄4 5⁄16 3⁄8 7⁄16 1⁄2 9⁄16 5⁄8 3⁄4 7⁄8

Millimetres

4.8 to 6.4, excl 19.0 27.0 31.8 34.9 41.3 41.3 ... ... ...
6.4 to 9.5, excl 17.5 19.0 23.8 28.6 34.9 36.5 39.7 47.6 ...
9.5 to 12.7 excl 12.7 14.3 17.5 19.0 23.8 28.6 31.8 36.5 44.4
12.7 to 19.0, excl 12.7 14.3 15.9 15.9 20.6 28.6 28.6 28.6 34.9
19.0 to 25.4, excl 12.7 14.3 15.9 15.9 19.0 20.6 23.8 25.4 28.6
25.4 to 50.8, excl 12.7 14.3 14.3 14.3 17.5 17.5 17.5 19.0 25.4
50.8 to 57.2, incl 6.4 7.9 9.5 11.1 12.7 14.3 15.9 19.0 22.2
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Designation: B 671 – 81 (Reapproved 1999) e1

Standard Specification for
Refined Iridium 1

This standard is issued under the fixed designation B 671; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—UNS number was added in June 1999.

1. Scope

1.1 This specification covers refined iridium as sponge and
powder in two grades as follows:

1.1.1 Grade 99.80 (UNS PO6100)— Iridium having a
purity of 99.80 %.

1.1.2 Grade 99.90— Iridium having a purity of 99.90 %.

NOTE 1—For the purposes of determining conformance with this
specification, an observed value obtained from analysis shall be rounded
to the nearest unit in the last right-hand place of figures used in expressing
the limiting value, in accordance with the rounding method of Practice
E 29.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications2

3. Materials and Manufacture

3.1 The metal may be produced by any refining process that
yields a product capable of meeting the chemical requirements
of this specification. The purchaser, upon request, shall be
informed of the refining process used.

4. Chemical Composition

4.1 The refined iridium shall conform to the chemical
composition prescribed in Table 1.

5. Sampling

5.1 The value of this material is such that special attention
must be paid to sampling procedures. The purchaser and
manufacturer shall agree upon sampling procedures used.

5.2 Sampling lots shall consist of the following:
5.2.1 Sponge—A single refining lot.

5.2.2 Powder—A single refining lot.

6. Method of Analysis

6.1 Pending the development of standard ASTM methods of
chemical or spectrographic analysis, or both, the methods to be
used shall be a matter of agreement between manufacturer and
the purchaser.

7. Rejection and Rehearing

7.1 Material that fails to conform to the requirements of this
specification may be rejected. Rejection should be reported to
the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for rehearing.

7.1.1 If the iridium satisfies the requirements of this speci-
fication, it shall not be condemned for defects in the products
in which it is used.

7.2 Investigation of Claims—In a question of chemical
composition, a new sample shall be drawn by representatives
of both parties in accordance with Section 5. The properly
mixed and quartered sample shall be divided into three parts,

1 This specification is under the jurisdiction of ASTM Committee B-2 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals.

Current edition approved Jan. 30, 1981. Published March 1981. Originally
published as B 671 – 80. Last previous edition B 671 – 80.

2 Annual Book of ASTM Standards, Vol 14.02.

TABLE 1 Chemical Requirements

ElementA
Composition, %

Grade 99.80
(UNS PO6100)

Grade 99.90

Iridium, min (by difference) 99.80 99.90
Rhodium, max 0.15 0.05
Platinum, max 0.10 0.05
Palladium, max 0.05 0.05
Ruthenium, max 0.05 0.05
Lead, max 0.02 0.015
Silicon, max 0.02 0.01
Tin, max 0.01 0.01
Zinc, max 0.01 0.01
Arsenic, max 0.01 0.005
Bismuth, max 0.01 0.005
Cadmium, max 0.01 0.005
Iron, max 0.01 0.01
Silver, max — 0.02
Gold, max — 0.02
Copper, max — 0.02
Nickel, max — 0.02
Chromium, max — 0.02

A By agreement between manufacturer and purchaser, analyses may be
required and limits established for elements or compounds not specified in this
table.

1
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each of which shall be placed in a sealed package, one for the
manufacturer, one for the purchaser, and one for an umpire, if
necessary.

8. Product Marking

8.1 The material container shall be legibly identified by a
label or tag with the following information: Iridium (Ir), Grade
_____, lot number, and weight to the nearest 0.001 troy oz
(0.03 g).

9. Keywords

9.1 iridium; refined iridium; sponge

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 672 – 02

Standard Specification for
Nickel-Iron-Chromium-Molybdenum-Columbium Stabilized
Alloy (UNS N08700) Bar and Wire 1

This standard is issued under the fixed designation B 672; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers nickel-iron-chromium-
molybdenum-columbium stabilized alloy (UNS N08700)* bar.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
A 262 Practices for Detecting Susceptibility to Intergranu-

lar Attack in Austenitic Stainless Steels2

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 The terms bar and wire as used in this specification are
described as follows:

3.1.1.1 bars—hot-finished rounds, squares, octagons, and
hexagons:1⁄4 in. (6.35 mm) and over in diameter or size.
Hot-finished flats:1⁄4 in. to 10 in. (254 mm), inclusive, in width,
1⁄8 in. (3.18 mm) and over in thickness. Cold-finished rounds,
squares, octagons, hexagons, and shapes: over1⁄2 in. (12.7 mm)
in diameter or size. Cold-finished flats:3⁄8 in. (9.52 mm) and
over in width (see 3.1.1.1),1⁄8 in. and over in thickness.

(1) Thicknesses 0.125 in. to under 0.187 in. (3.18 mm to
under 4.76 mm) can be cold-rolled strip as well as bar.

3.1.1.2 wire—Cold-finished only: round, square, octagon,
hexagon, and shape wire,1⁄2 in. and under in diameter or size.
Cold-finished only: flat wire,3⁄16 in. (4.76 mm) to under 0.375
in. (9.52 mm) in width, 0.010 in. (0.254 mm) to under3⁄16 in.
thickness.

4. Ordering Information

4.1 Orders for material under this specification should
include the following information:

4.1.1 Quantity (weight or number of pieces).
4.1.2 Name of material or UNS N08700.
4.1.3 Form (bar).
4.1.4 Dimensions.
4.1.5 Finish.
4.1.6 ASTM designation and year of issue.
4.1.7 Corrosion Test—State if intergranular corrosion test is

required (Supplementary Requirements).
4.1.8 Certification or Test Reports—State if certification or

test reports are required (Section 14).

NOTE 1—A typical ordering description is as follows: 200 bars, UNS
N08700, 1 in. (25.4 mm) round by 10 to 14 ft (3.0 to 4.3 m), centerless
ground, ASTM B 672 dated____.

5. Materials and Manufacture

5.1 Heat Treatment—The final treatment shall be a solution
anneal. Straightening or cold finishing, or both, may be
performed after the final solution annealing operation. Cold
drawing to more than a minor sizing reduction (preferred
maximum 5 % in area) after final solution annealing is not
recommended.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 672 – 74. Last previous edition B 672 – 95.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.05.
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NOTE 2—The recommended solution anneal consists of heating to a
minimum temperature of 2000°F (1090°C) and cooling rapidly to room
temperature.

6. Chemical Composition

6.1 Heat analysis, on samples in accordance with 11.2, shall
conform to the requirements as to chemical composition
prescribed in Table 1.

6.2 If a product analysis is performed by the purchaser, the
material shall conform to the composition limits within the
product analysis variation prescribed in Specification B 880.

7. Mechanical Requirements

7.1 The material shall conform to the requirements as to the
mechanical property prescribed in Table 2.

8. Dimensions and Permissible Variations

8.1 Bar—Bars shall conform to the variations in dimensions
prescribed in Tables 3-11, inclusive, as applicable.

9. Workmanship, Finish, and Appearance

9.1 The product shall be uniform in quality and condition,
smooth, commercially straight or flat, and free of injurious
imperfections.

10. Sampling

10.1 Lot—Definition:
10.1.1 A lot for chemical analysis shall consist of one heat.
10.1.2 A lot for mechanical properties or corrosion testing

(Supplementary Requirement S1) shall consist of all material
from a heat and cross-sectional size, heat treated by the same
practice.

10.2 Test Material Selection:
10.2.1 Chemical Analysis—A representative sample from

each lot shall be taken during pouring or subsequent process-
ing.

10.2.1.1Product Check Analysisshall be wholly the respon-
sibility of the purchaser.

10.2.2 Mechanical Properties and Corrosion Test(Supple-
mentary Requirement S1)—Samples of the material to provide
test specimens shall be taken from such locations in each lot as
to be representative of that lot.

11. Number of Tests

11.1 Chemical Analysis—One test per lot.
11.2 Mechanical Properties and Corrosion Test(Supple-

mentary Requirement S1)—One test per lot.

12. Test Methods

12.1 Determine the chemical composition, mechanical
properties, and corrosion resistance of the material as enumer-
ated in this specification, in case of disagreement, in accor-
dance with the following methods:

Test
ASTM

Designation
Corrosion test (Supplementary Requirement S1) A 262, Practice C
Chemical analysis E 1473A

Tension E 8
Rounding procedure E 29

A Iron shall be determined arithmetically by difference.

13. Rejection and Rehearing

13.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

14. Certification

14.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

15. Product Marking

15.1 Each bundle, box, or bar shall be properly tagged with
metal tags showing heat number, UNS number, condition,
specification number, and size to assure proper identification.

16. Packaging and Package Marking

16.1 Bars shall be bundled or boxed in such a manner as to
assure safe delivery to their destination when properly trans-
ported by any common carrier.

17. Keywords

17.1 bar; nickel-iron-chromium-molybdenum-columbium;
UNS N08700

TABLE 1 Chemical Requirements

Element Composition, %

Nickel 24.0 to 26.0
Iron remainderA

Chromium 19.0 to 23.0
Molybdenum 4.3 to 5.0
Columbium 8 3 carbon to 0.40
Carbon, max 0.04
Silicon, max 1.00
Manganese, max 2.00
Phosphorus, max 0.040
Sulfur, max 0.030
Copper, max 0.50
ADetermined arithmetically by difference.
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TABLE 2 Mechanical Property Requirements

Condition
Material

Dimensions, in.
Test

Direction
Tensile Strength,
min, ksi (MPa)

Yield Strength
(0.2 % Offset),
min, ksi (MPa)

Elongation in 2 in.
or 50.8 mm,

or 4 D, min, %

Reduction of
Area, min,%

Annealed, hot-finished
or cold-finished

All Longitudinal 80 (550) 35 (240) 30.0 50.0

Annealed, hot-finished
or cold-finished

Widths, 3 and overA Transverse 80 (550) 35 (240) 25.0 40.0

AIf the material diameter or width is over 3 in. (76.2 mm), material may be tensile tested in the transverse direction.

TABLE 3 Permissible Variations in Size of Hot-Rolled Round and Square Bars

Permissible Variations from Specified Size,
in. (mm) Out-of-RoundA or Out-

of-Square,B in. (mm)
Over Under

0.250 (6.35) to 0.312 (7.94), inclC,D E E E

Over 0.312 (7.94) to 0.438 (11.11), inclC,D 0.006 (0.15) 0.006 (0.15) 0.009 (0.23)
Over 0.438 (11.11) to 0.625 (15.88), inclC,D 0.007 (0.18) 0.007 (0.18) 0.010 (0.25)
Over 0.625 (15.88) to 0.875 (22.22), incl 0.008 (0.20) 0.008 (0.20) 0.012 (0.30)
Over 0.875 (22.22) to 1.000 (25.40), incl 0.009 (0.23) 0.009 (0.23) 0.013 (0.33)
Over 1.000 (25.40) to 1.125 (28.58), incl 0.010 (0.25) 0.010 (0.25) 0.015 (0.38)
Over 1.125 (28.58) to 1.250 (31.75), incl 0.011 (0.28) 0.011 (0.28) 0.016 (0.41)
Over 1.250 (31.75) to 1.375 (34.92), incl 0.012 (0.30) 0.012 (0.30) 0.018 (0.46)
Over 1.375 (34.92) to 1.500 (38.10), incl 0.014 (0.36) 0.014 (0.36) 0.021 (0.53)
Over 1.500 (38.10) to 2.000 (50.80), incl 0.016 (0.40) 0.016 (0.40) 0.023 (0.58)
Over 2.000 (50.80) to 2.500 (63.50), incl 0.031 (0.79) 0 0.023 (0.58)
Over 2.500 (63.50) to 3.500 (88.90), incl 0.047 (1.19) 0 0.035 (0.89)
Over 3.500 (88.90) to 4.500 (114.30), incl 0.063 (1.59) 0 0.046 (1.17)
Over 4.500 (114.30) to 5.500 (139.70), incl 0.078 (1.98) 0 0.058 (1.47)
Over 5.500 (139.70) to 6.500 (165.10), incl 0.125 (3.18) 0 0.070 (1.78)
Over 6.500 (165.10) to 8.000 (203.20), incl 0.156 (3.97) 0 0.085 (2.18)

AOut-of-round is the difference between the minimum diameters of the bar, measured at the same cross section.
BOut-of-square section is the difference in the two dimensions at the same section of a square bar, each dimension being the distance between opposite faces.
CSize tolerances have not been evolved for rounds in the size range of 0.250 to 0.312 in. (6.35) to 7.94 mm), inclusive. Size tolerances have not been evolved for round

sections in the size range of 0.250 in. to approximately 0.625 in. (15.88 mm) in diameter which are produced on rod mills in coils.
DVariations in size of coiled product made on rod mills are greater than size tolerances for product made on bar mills.
ESquares in this size are not produced as hot-rolled products.

TABLE 4 Permissible Variations in Size of Hot-Rolled Hexagonal and Octagonal Bars

Specified Sizes Measured Between Opposite
Sides, in. (mm)

Permissible Variations from Specified Size,
in. (mm)

Maximum Difference in
3 Measurements for Hex-

agons only, in. (mm)Over Under

0.250 (6.35) to 0.500 (12.70), incl 0.007 (0.18) 0.007 (0.18) 0.011 (0.28)
Over 0.500 (12.70) to 1.000 (25.40), incl 0.010 (0.25) 0.010 (0.25) 0.015 (0.38)
Over 1.000 (25.40) to 1.500 (38.10), incl 0.021 (0.53) 0.021 (0.53) 0.025 (0.64)
Over 1.500 (38.10) to 2.000 (50.80), incl 0.031 (0.79) 0.031 (0.79) 0.031 (0.79)
Over 2.000 (50.80) to 2.500 (63.50), incl 0.047 (1.19) 0.047 (1.19) 0.047 (1.19)
Over 2.500 (63.50) to 3.500 (88.90), incl 0.063 (1.59) 0.063 (1.59) 0.063 (1.59)
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TABLE 5 Permissible Variations in Thickness and Width For Hot-Rolled Flat Bars

Specified Width, in.
(mm)

Permissible Variations in Thickness for Thickness Given, in. (mm)

0.125 (3.18) to 0.500 (12.70),
incl

Over 0.500 (12.70) to 1.000
(25.40), incl

Over 1.000 (25.40) to 2.000
(50.80), incl

Over Under Over Under Over Under

To 1.000 (25.40), incl 0.008 (0.20) 0.008 (0.20) 0.010 (0.25) 0.010 (0.25)
Over 1.000 (25.40) to 2.000

(50.80), incl
0.012 (0.30) 0.012 (0.30) 0.015 (0.38) 0.015 (0.38) 0.031 (0.79) 0.031 (0.79)

Over 2.000 (50.80) to 4.000
(101.60), incl

0.015 (0.38) 0.015 (0.38) 0.020 (0.51) 0.020 (0.51) 0.031 (0.79) 0.031 (0.79)

Over 4.000 (101.60) to 6.000
(152.40), incl

0.015 (0.38) 0.015 (0.38) 0.020 (0.51) 0.020 (0.51) 0.031 (0.79) 0.031 (0.79)

Over 6.000 (152.40) to 8.000
(203.20), incl

0.016 (0.41) 0.016 (0.41) 0.025 (0.41) 0.025 (0.41) 0.031 (0.79) 0.031 (0.79)

Over 8.000 (203.20) to 10.000
(254.00), incl

0.021 (0.53) 0.021 (0.53) 0.031 (0.79) 0.031 (0.79) 0.031 (0.79) 0.031 (0.79)

Over 2.000 (50.80) to 4.000
(101.60), incl

Over 4.000 (101.60) to 5.000
(152.40), incl

Over 6.000 (152.40) to 8.000
(203.20), incl

Over Under Over Under Over Under

To 1.000 (25.40), incl
Over 1.000 (25.40) to 2.000

(50.80), incl

...

...
...
...

...

...
...
...

...

...
...
...

Over 2.000 (50.80) to 4.000
(101.60), incl

0.062 (1.57) 0.031 (0.79) ... ... ... ...

Over 4.000 (101.60) to 6.000
(152.40), incl

0.062 (1.57) 0.031 (0.79) 0.093 (2.36) 0.062 (1.57) ... ...

Over 6.000 (152.40) to 8.000
(203.20), incl

0.062 (1.57) 0.031 (0.79) 0.093 (2.36) 0.062 (1.57) 0.125 (3.18) 0.156 (3.96)

Over 8.000 (203.20) to 10.000
(254.00), incl

0.062 (1.57) 0.031 (0.79) 0.093 (2.36) 0.062 (1.57) 0.125 (3.18) 0.156 (3.96)

Specified Width, in. (mm)
Permissible Variations in Width, in. (mm)

Over Under

To 1.000 (25.40), incl 0.015 (0.38) 0.015 (0.38)
Over 1.000 (25.40) to 2.000 (50.80), incl 0.031 (0.79) 0.031 (0.79)
Over 2.000 (50.80) to 4.000 (101.60), incl 0.062 (1.57) 0.031 (0.79)
Over 4.000 (101.60) to 6.000 (152.40), incl 0.093 (2.36) 0.062 (1.57)
Over 6.000 (152.40) to 8.000 (203.20), incl 0.125 (3.18) 0.156 (3.96)
Over 8.000 (203.20) to 10.000 (254.00), incl 0.156 (3.96) 0.187 (4.75)

TABLE 6 Permissible Variations in Size of Cold-Finished
Round Bars

Specified Size, in. (mm)
Permissible Variations from
Specified Size, in. (mm)A,B

Over Under
Over 0.500 (12.70) to 1.000

(25.40), excl
0.002 (0.05) 0.002 (0.05)

1.000 (25.40) to 1.500
(38.10), excl

0.0025 (0.06) 0.0025 (0.06)

1.500 (38.10) to 4.000
(101.60), inclC

0.003 (0.08) 0.003 (0.08)

AUnless otherwise specified, size tolerances are over and under as shown in
Table 7. When required, however, they may be specified all over and nothing
under, or all under and nothing over, or any combination of over and under, if the
total spread in size tolerance for a specified size is not less than the total spread
shown in the table.

BWhen it is necessary to heat treat or heat treat and pickle after cold finishing,
size tolerances are double those shown in the table.

CCold-finished bars over 4 in. (101.60 mm) in diameter are produced; size
tolerances for such bars have not been evolved.

TABLE 7 Permissible Variations in Size of Cold-Finished
Hexagonal, Octagonal, and Square Bars

Specified Size, in. (mm)

Permissible Vari-
ations from Specified

Size, in. (mm)A

Over Under

Over 0.500 (12.70) to 1.000 (25.40),
incl

0 0.004 (0.10)

Over 1.000 (25.40) to 2.000 (50.80),
incl

0 0.006 (0.15)

Over 2.000 (50.80) to 3.000 (76.20),
incl

0 0.008 (0.20)

Over 3.000 (76.20) 0 0.010 (0.25)
AWhen it is necessary to heat treat or heat treat and pickle after cold finishing,

size tolerances are double those shown in the table.
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TABLE 8 Permissible Variations in Width and Thickness of
Cold-Finished Flat Bars

Width, in. (mm)

Permissible Variations in
Width, over and under, in.

(mm)A

For Thick-
nesses 0.250

(6.35) and
Under

For Thick-
ness Over

0.250 (6.35)

0.375 (9.52) to 1.000
(25.40), incl

0.004 (0.10) 0.002 (0.05)

Over 1.000 (25.40) to 2.000
(50.80), incl

0.006 (0.15) 0.003 (0.08)

Over 2.000 (50.80) to 3.000
(76.20), incl

0.008 (0.20) 0.004 (0.10)

Over 3.000 (76.20) to 4.500
(114.30), incl

0.010 (0.25) 0.005 (0.13)

Thickness, in. (mm)
Permissible Variations in

Thickness, over and under,
in. (mm)A

0.125 (3.18) to 1.000
(25.40), incl

0.002 (0.05)

Over 1.000 (25.40) to 2.000
(50.80), incl

0.003 (0.08)

Over 2.000 (50.80) to 3.000
(76.20), incl

0.004 (0.10)

Over 3.000 (76.20) to 4.500
(114.30), inclB

0.005 (0.13)

AWhen it is necessary to heat treat and pickle after cold finishing, size tolerances
are double those shown in the table.

BCold-finished flat bars over 4.500 in. (114.30 mm) wide or thick are
produced; width and thickness tolerances for such bars have not been evolved.
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirement may be made a requirement when the purchaser specifies
it to be applicable.

S1. Intergranular Corrosion Test

S1.1 Material shall pass an intergranular corrosion test.
Specimens taken in the as-supplied condition, sensitized 1 h at

1250°F (677°C), and tested in accordance with Practice C of
Practices A 262 shall exhibit a corrosion rate equal to or less
than 2.5 mils/month (165 mg/dm2· day).

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 9 Permissible Variations in Length of Hot-Finished or Cold-Finished Bars A

NOTE 1—The order should specify random lengths. When random lengths are ordered, the length tolerance is not less than 24 in. (609.60 mm). When
specified lengths are ordered, Table 10 or Table 11 shall apply.

Specified Size of Rounds, Squares, Hexagons, and Octa-
gons and Widths of Flats, in. (mm)

Permissible Variations in Length, in. (mm)

For Lengths Up to 12 ft
(3658 mm), incl

For Lengths Over 12 ft (3658
mm) to 25 ft (7620 mm), incl

Over Under Over Under

To 2.000 (50.80), incl 0.500 (12.7) 0 0.750 (19.1) 0
Over 2.000 (50.80) to 4.000 (101.60), incl 0.750 (19.0) 0 1.000 (25.4) 0
Over 4.000 (101.60) to 6.000 (152.40), incl 1.000 (25.4) 0 1.250 (31.8) 0
Over 6.000 (152.40) to 9.000 (228.60), incl 1.250 (31.8) 0 1.500 (38.1) 0
Over 9.000 (228.60) to 12.000 (304.8), incl 1.500 (38.1) 0 2.000 (50.8) 0

A The maximum width of bar flats is 10 in. (254.00 mm).

TABLE 10 Permissible Variations in Length of Hot-Finished or Cold-Finished Bars Machine Cut After Machine Straightening

NOTE 1—The order should specify random lengths or specific lengths. When random lengths are ordered, the length tolerance is not less than 24 in.
(609.60 mm). When specific lengths are ordered, Table 10 or Table 11 shall apply.

Specified Size of Rounds, Squares, Hexagons, and Octa-
gons and Widths of Flats,A in. (mm)

For Lengths Up to 12 ft
(3658 mm), incl

For Lengths Over 12 (3658
mm) to 25 ft (7620 mm), incl

Over Under Over Under

To 3.000 (76.20), incl 0.125 (3.2) 0 0.063 (4.8) 0
Over 3.000 (76.20) to 6.000 (152.40), incl 0.063 (4.8) 0 0.250 (6.4) 0
Over 6.000 (152.40) to 9.000 (228.60), incl 0.250 (6.4) 0 0.188 (7.9) 0
Over 9.000 (228.60) to 12.000 (304.80), incl 0.500 (12.7) 0 0.500 (12.7) 0

AThe maximum width of bar flats is 10 in. (254.00 mm).

TABLE 11 Permissible Variations in Straightness of
Machine Straightened Hot-Finished or Cold-Finished Bars

Measurement is taken on the concave side of the bar with a straightedge.
Unless otherwise specified, hot-finished or cold-finished bars for machining
purposes are furnished machine straightened to the following tolerances:
Hot finished:

0.125 in. (3.2 mm) in any 5 ft (1524 mm), but may not exceed 0.125
in. 3 (length in feet (mm))/(5 ft (1524 mm))
Cold finish:

0.063 in. (1.6 mm) in any 5 ft (1524 mm), but may not exceed 0.063
in. 3 (length in feet (mm))/(5 ft (1524 mm))
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Designation: B 673 – 96 (Reapproved 2002) e1

Standard Specification for
UNS N08904, UNS N08925, and UNS N08926 Welded Pipe 1

This standard is issued under the fixed designation B 673; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Paragraph 1.4 was added editorially in June 2002.

1. Scope

1.1 This specification covers UNS N08904, UNS N08925,
and UNS N08926* welded pipe for general corrosion applica-
tions.

1.2 This specification covers pipe sizes in schedules shown
in Table 1.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in brackets are for informa-
tion only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 775 Specification for General Requirements for Nickel

and Nickel Alloy Welded Pipe2

2.2 ANSI Standards:
B36.19 Stainless Steel Pipe3

B2.1 Pipe Threads3

3. Classification

3.1 Class 1—Welded, cold worked, solution treated, and
nondestructively tested in accordance with 8.3.1.

3.2 Class 2—Welded, cold worked, solution treated, and
nondestructively tested in accordance with 8.3.2.

3.3 Class 3—As welded, solution treated, and nondestruc-
tively tested in accordance with 8.3.1.

4. General Requirement

4.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 775
unless otherwise provided herein.

5. Ordering Information

5.1 Orders for material under this specification should
include the following information:

5.1.1 Alloy name or UNS number,
5.1.2 Class,
5.1.3 Quantity (feet or number of lengths),
5.1.4 Size (nominal size or outside diameter and schedule

number or average wall thickness),
5.1.5 Length—Specify cut length or random,
5.1.6 Certification—State if certification or a report of test

results is required,
5.1.7 Purchaser Inspection—State which tests or inspec-

tions are to be witnessed,
5.1.8 Ends—Plain ends cut and deburred will be furnished,

unless otherwise specified, and
5.1.9 Samples for Product (Check) Analysis—State whether

samples shall be furnished.

6. Materials and Manufacture

6.1 Pipe shall be made from flat-rolled alloy by an auto-
matic welding process with no addition of filler metal. Subse-
quent to welding and before final solution treatment, Class 1
and Class 2 material shall be cold worked either in both weld
and base metal or in weld metal only.

NOTE 1—The recommended heat treatment shall consist of heating to a
temperature of 1985 to 2100°F [1085 to 1150°C] for UNS N08904 or
2010 to 2100°F [1100 to 1150°C] for UNS N08925 and UNS N08926,
followed by quenching in water or rapid cooling by other means.

6.2 Pipe shall be furnished with oxide removed. When
solution treatment is performed in a protective atmosphere,
descaling is not necessary.

NOTE 2—Pipe produced with the addition of filler metal is available.
The manufacturer must be consulted for applicable requirements.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys .

Current edition approved Oct. 10, 1996. Published December 1996. Originally
published as B 673 – 80. Last previous edition B 673 – 91.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

2 Annual Book of ASTM Standards, Vol 02.04.
3 Available from American National Standards Institute, 25 W. 43rd St., 4th

Floor, New York, NY 10036.
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7. Chemical Composition

7.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 2.

7.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations prescribed in Specification B 775.

8. Mechanical Properties and Other Requirements

8.1 Tension Test—The tensile properties of the material at
room temperature shall conform to those shown in Table 3.

8.1.1 One tension test shall be made on each lot of pipe.
8.2 Flattening Test—One flattening test shall be made on a

specimen from one end of one pipe from each lot.
8.3 Nondestructive Tests:

8.3.1 Class 1 and Class 3—Each piece in each lot shall be
subjected to one of the following four tests: hydrostatic,
pneumatic (air underwater), eddy-current, or ultrasonic.

8.3.2 Class 2—Each piece in each lot shall be subjected to
a leak test and an electric test as follows:

8.3.2.1 Leak Test—Hydrostatic or pneumatic (air underwa-
ter).

8.3.2.2 Electric Test—Eddy-current or ultrasonic.
8.3.3 The manufacturer shall have the option to test Class 1

or Class 2 and select the nondestructive test methods, if not
specified by the purchaser.

9. Dimensions and Permissible Variations

9.1 The outside diameter and nominal wall thickness shall
not exceed the permissible variations prescribed in Specifica-
tion B 775.

10. Keywords

10.1 UNS N08904; UNS N08925; UNS N08926; welded
pipe

TABLE 1 Dimensions of Welded Pipe

NOTE 1—The following table is a partial reprint of Table 1 of ANSI B36.19.
NOTE 2—The decimal thicknesses listed for the respective pipe sizes represent their nominal wall dimensions.
NOTE 3—1 in. = 25.4 mm.

Nominal
Pipe Size,

in.
Outside Diameter

Nominal Wall Thickness, in.

Schedule 5SA Schedule 10SA Schedule 40S Schedule 80S Schedule 160S

1⁄8 0.405 10.29 ... ... 0.049 1.25 0.068 1.73 0.095 2.41 ... ...
1⁄4 0.540 13.72 ... ... 0.065 1.65 0.088 2.24 0.119 3.02 ... ...
3⁄8 0.675 17.15 ... ... 0.065 1.65 0.091 2.31 0.126 3.20 ... ...
1⁄2 0.840 21.34 0.065 1.65 0.083 2.11 0.109 2.77 0.147 3.73 0.187 4.75
3⁄4 1.050 26.67 0.065 1.65 0.083 2.11 0.113 2.87 0.154 3.91 0.218 5.54
1 1.315 33.40 0.065 1.65 0.109 2.77 0.133 3.38 0.179 4.46 0.250 6.35
11⁄4 1.660 42.16 0.065 1.65 0.109 2.77 0.140 3.56 0.191 4.85 0.250 6.35
11⁄2 1.900 48.26 0.065 1.65 0.109 2.77 0.145 3.68 0.200 5.08 0.281 7.14
2 2.375 60.33 0.065 1.65 0.109 2.77 0.154 3.91 0.218 5.54 0.343 8.71
21⁄2 2.875 73.03 0.083 2.11 0.120 3.05 0.203 5.16 0.276 7.01 0.375 9.52
3 3.500 88.90 0.083 2.11 0.120 3.05 0.216 5.49 0.300 7.62 0.438 11.12
31⁄2 4.000 101.60 0.083 2.11 0.120 3.05 0.226 5.74 0.318 8.08 ... ...
4 4.500 114.30 0.083 2.11 0.120 3.05 0.237 6.02 0.337 8.56 0.581 13.41
5 5.563 141.30 0.109 2.77 0.134 3.40 0.258 6.55 0.375 9.52 0.625 15.88
6 6.625 168.30 0.109 2.77 0.134 3.40 0.280 7.11 0.432 10.97 0.718 18.24
8 8.625 219.07 0.109 2.77 0.148 3.76 0.322 8.18 0.500 12.70 0.906 23.01

10 10.750 273.05 0.134 3.40 0.165 4.19 0.365 9.27 0.500B 12.70B 1.125 28.58
12 12.75 323.85 0.156 3.96 0.180 4.57 0.375 9.52 0.500B 12.70B 1.312 33.32
14 14.00 355.60 0.156C 3.96 0.188 4.78 0.375 9.52 0.500 12.70 ... ...
16 16.00 406.40 0.165C 4.19 0.188 4.78 0.375 9.52 0.500 12.70 ... ...
18 18.00 457.20 0.165C 4.19 0.188 4.78 0.375 9.52 0.500 12.70 ... ...
20 20.00 508.00 0.188C 4.78 0.218C 5.54 0.375 9.52 0.500 12.70 ... ...
22 22.00 558.80 0.188C 4.78 0.218C 5.54 0.375 9.52 0.500 12.70 ... ...
24 24.00 609.60 0.218C 5.54 0.250 6.35 0.375 9.52 0.500 12.70 ... ...
30 30.00 762.00 0.250C 6.35 0.312 7.92 0.375 9.52 0.500 12.70 ... ...

A Schedule 5S and 10S wall thicknesses do not permit threading in accordance with ANSI B2.1.
B These do not conform to ANSI B31.10.
C These do not conform to ANSI for Welded and Seamless Wrought Steel Pipe (ANSI B36.10).

TABLE 2 Chemical Requirements

Element UNS N08904 UNS N08925 UNS N08926

Carbon, max 0.020 0.020 0.020
Manganese, max 2.0 1.0 2.00
Phosphorus, max 0.045 0.045 0.03
Sulfur, max 0.035 0.030 0.01
Silicon, max 1.00 0.50 0.5
Nickel 23.0 to 28.0 24.0 to 26.0 24.00 to 26.00
Chromium 19.0 to 23.0 19.0 to 21.0 19.00 to 21.00
Molybdenum 4.0 to 5.0 6.0 to 7.0 6.0 to 7.0
Copper 1.0 to 2.0 0.8 to 1.5 0.5 to 1.5
Nitrogen ... 0.1 to 0.2 0.15 to 0.25
IronA balance balance balance

A Iron shall be determined arithmetically by difference.

TABLE 3 Mechanical Properties

Alloy Temper

Tensile
Strength,
min, psi
[MPa]

Yield
Strength,

0.2 %
offset, min,
psi [MPa]

Elongation
in 2 in. or

50 mm, (or
4D), min,

%

UNS N08904 solution annealed 71 [490] 31 [220] 35
UNS N08925 solution annealed 87 [600] 43 [300] 40
UNS N08926 solution annealed 94 [650] 43 [295] 35
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
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Designation: B 674 – 96 (Reapproved 2002) e1

Standard Specification for
UNS N08904, UNS N08925, and UNS N08926 Welded Tube 1

This standard is issued under the fixed designation B 674; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Paragraph 1.4 was added editorially in June 2002.

1. Scope

1.1 This specification covers UNS N08904, UNS N08925,*
and UNS N08926 welded tube for general corrosion applica-
tions.

1.2 This specification covers outside diameter and nominal
wall tube.

1.2.1 The tube sizes covered by this specification are1⁄8 to 5
in. (3.2 to 127 mm) in outside diameter and 0.015 to 0.320 in.
(0.38 to 8.13 mm), inclusive, in wall thickness.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values stated in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 751 Specification for General Requirements for Nickel

and Nickel Alloy Welded Tube2

3. Ordering Information

3.1 Orders for material to this specification should include
the following information:

3.1.1 Quantity (feet or number of lengths),
3.1.2 UNS number,
3.1.3 Size (outsize diameter, minimum or average wall

thickness),
3.1.4 Length (random or specific),

3.1.5 Class, and
3.1.6 ASTM designation.
3.1.7 Product Analysis—State if required.
3.1.8 Certification—State if a certification or a report of test

results is required.
3.1.9 Purchaser Inspection—State which tests or inspec-

tions are to be witnessed, if any. Tables 1 and 2

4. Materials and Manufacture

4.1 Tube shall be made from flat-rolled alloy by an auto-
matic welding process with no addition or filler metal. Subse-
quent to welding and prior to final annealing, the material shall
be cold-worked in either the weld metal only or both weld and
base metal.

NOTE 1—The recommended heat treatment shall consist of heating to a
temperature of 1985 to 2100°F (1085 to 1150°C) for UNS N08904 or
2010 to 2100°F (1100 to 1150°C) for UNS N08925 and UNS N08926,
followed by quenching in water or rapid cooling by other means.

4.2 Tube shall be furnished with oxide removed. When
bright annealing is used, descaling is not necessary.

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 1. One test is required for each lot as defined
in Specification B 751.

5.2 If a product analysis is performed, it shall meet the
chemistry limits prescribed in Table 1, subject to the analysis
tolerances of Specification B 751.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 1996. Published December 1996. Originally
published as B 674 – 80. Last previous edition B 674 – 91.

* New designation established in accordance with Practice E 527 and SAE
J1086, Practice for Numbering Metals and Alloys (UNS).

2 Annual Book of ASTM Standards, Vol 02.04.

TABLE 1 Chemical Requirements

Element
Composition, %

UNS N08904 UNS N08925 UNS N08926

Carbon, max 0.020 0.020 0.020
Manganese, max 2.00 1.00 2.00
Phosphorus,
max

0.045 0.045 0.03

Sulfur, max 0.035 0.030 0.01
Silicon, max 1.00 0.50 0.5
Nickel 23.0 to 28.0 24.0 to 26.0 24.00 to 26.00
Chromium 19.0 to 23.0 19.0 to 21.0 19.00 to 21.00
Molybdenum 4.0 to 5.0 6.0 to 7.0 6.0 to 7.0
Copper 1.0 to 2.0 0.8 to 1.5 0.5 to 1.5
Nitrogen ... 0.1 to 0.2 0.15 to 0.25
Iron balance balance balance

1
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6. Mechanical and Other Properties

6.1 Mechanical Properties—The material shall conform to
the mechanical property requirements specified in Table 2. One
test is required for each lot as defined in Specification B 751.

6.2 Flattening Test—A flattening test shall be made on each
end of one tube per lot. Superficial ruptures resulting from
surface imperfections shall not be cause for rejection.

6.3 Flange Test—A flange test shall be made on each end of
one tube per lot.

6.4 Nondestructive Test Requirements:
6.4.1 Class 1—Each piece in each lot shall be subject to one

of the following four tests: hydrostatic, pneumatic (air under-
water), eddy current, or ultrasonic.

6.4.2 Class 2—Each piece in each lot shall be subjected to
a leak test and an electric test as follows:

6.4.2.1 Leak Test—Hydrostatic or pneumatic (air underwa-
ter).

6.4.2.2 Electric Test—Eddy current or ultrasonic.
6.5 The manufacturer shall have the option to test to Class

1 or 2 and select the nondestructive test methods, if not
specified by the purchaser.

7. General Requirements

7.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification B 751 unless otherwise provided herein.

8. Keywords

8.1 UNS N08904; UNS N08925; UNS N08926; welded
tube

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 2 Mechanical Properties

Alloy Temper
Tensile Strength, min,

psi (MPa)
Yield Strength, 0.2 %
offset, min, psi (MPa)

Elongation in 2 in. or
50 mm (or 4D), min, %

UNS N08904 solution annealed 71 (490) 31 (220) 35
UNS N08925 solution annealed 87 (600) 43 (295) 40
UNS N08926 solution annealed 94 (650) 43 (295) 35
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Designation: B 675 – 02

Standard Specification for
UNS N08367 Welded Pipe 1

This standard is issued under the fixed designation B 675; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers UNS N08367* welded pipe for
general corrosion applications.

1.2 Specification B 775 lists the dimensions of welded
stainless steel pipe as shown in ANSI B36.19. Pipe having
other dimensions may be furnished provided such pipe com-
plies with all other requirements of this specification.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 775 Specification for General Requirements for Nickel

and Nickel Alloy Welded Pipe2

B 899 Terminology Relating to Non-ferrous Metals and
Alloys2

3. Terminology

3.1 Terms defined in Terminology B 899 shall apply unless
otherwise defined in this standard.

4. General Requirement

4.1 Material furnished in accordance with this specification
shall conform to the applicable requirements of the current
edition of Specification B 775 unless otherwise provided
herein.

5. Classification

5.1 Class 1—Welded, cold worked, solution treated, and
each piece of each lot subjected to one of the following four
tests: hydrostatic, pneumatic (air underwater), eddy current, or
ultrasonic.

5.2 Class 2—Welded, cold worked, solution treated, and
each piece of each lot leak tested (hydrostatic or pneumatic)
plus electric tested (eddy current or ultrasonic).

6. Ordering Information

6.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

6.1.1 Alloy name or UNS number,
6.1.2 ASTM designation and year of issue,
6.1.3 Dimensions:
6.1.3.1 Pipe size,
6.1.3.2 Length (specific or random),
6.1.4 Class (see Section 5),
6.1.5 Quantity (feet or number of pieces),
6.1.6 Certification—State if certification is required,
6.1.7 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished, and
6.1.8 Purchaser Inspection—If the purchaser wishes to

witness tests or inspection of material at the place of manu-
facture, the purchase order must so state indicating which tests
or inspections are to be witnessed.

7. Material and Manufacture

7.1 Pipe shall be made from flat-rolled alloy by an auto-
matic welding process with no addition of filler metal. Subse-
quent to welding and prior to final solution treatment, Class 1
and Class 2 material shall be cold worked either in both weld
and base metal or in weld metal only.

NOTE 1—The recommended heat treatment shall consist of heating to a
minimum temperature of 2025°F (1105°C) for UNS N08367 and quench-
ing in water or rapidly cooling by other means.

7.2 Pipe shall be furnished with oxide removed. When
solution treatment is performed in a protective atmosphere,
descaling is not necessary.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 675 – 80. Last previous edition B 675 – 96e1.

* New designation established in accordance with Practice E 527 and SAE
J1086, Practice for Numbering Metals and Alloys (UNS).

2 Annual Book of ASTM Standards, Vol 02.04.
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8. Chemical Composition

8.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1. One test is
required for each lot as defined in Specification B 775.

8.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations specified in Specification B 775.

9. Mechanical Properties and Other Requirements

9.1 Mechanical Properties—The material shall conform to
the mechanical properties prescribed in Table 2. One test is
required for each lot as defined in Specification B 775.

9.2 Flattening Test Requirements:

9.2.1 Flattening test specimens shall show no cracks or
breaks on the inside, outside, or end surfaces during the first
step of the test.

9.2.2 Evidence of laminated or unsound material or of
incomplete weld that is revealed during the entire flattening test
shall be cause for rejection.

9.2.3 Surface imperfections not evident in the test speci-
mens before flattening, but revealed during the first step of the
flattening test, shall be judged in accordance with the finish
requirements.

9.2.4 Superficial ruptures resulting from surface imperfec-
tions shall not be cause for rejection.

9.3 Nondestructive Test Requirements:
9.3.1 Pipe shall be subjected to a pressure test or nonde-

structive electric test in accordance with Specification B 775.

10. Keywords

10.1 UNS N08367; welded pipe

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Chemical Requirements

Element
Composition Limits, %

N08367

Carbon 0.030 max
Manganese 2.00 max
Phosphorus 0.040 max
Sulfur 0.030 max
Silicon 1.00 max
Chromium 20.00–22.00
Nickel 23.50–25.50
Molybdenum 6.00–7.00
Nitrogen 0.18–0.25
IronA balance
Copper 0.75 max

A Iron shall be determined arithmetically by difference.

TABLE 2 Mechanical Properties

Type Gage

Tensile
Strength,
min, ksi
(MPa)

Yield
Strength,

(0.2 %
Offset),
min, ksi
(MPa)

Elongation
in 2 in. or
50 mm (or

4D), min, %

N08367 # 3 / 16
> 3 / 16

100 (690)
95 (655)

45 (310)
45 (310)

30
30

B 675 – 02
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Designation: B 676 – 03

Standard Specification for
UNS N08367 Welded Tube 1

This standard is issued under the fixed designation B 676; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification covers UNS N08367* welded tube for
general corrosion applications.

1.2 This specification covers outside diameter and nominal
wall tube.

1.2.1 The tube sizes covered by this specification are1⁄8 to 5
in. (3.2 to 127 mm) in outside diameter and 0.015 to 0.320 in.
(0.38 to 8.13 mm), inclusive, in wall thickness.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

A 1016/A 1016M Specification for General Requirements
for Ferritic Alloy Steel, Austentic Alloy Steel, and Stain-
less Steel Tubes

B 751 Specification for General Requirements for Nickel
and Nickel Alloy Welded Tube

B 899 Terminology Relating to Non-ferrous Metals and
Alloys

3. Terminology

3.1 Terms defined in Terminology B 899 shall apply unless
otherwise defined in this standard.

4. General Requirement

4.1 Material furnished in accordance with this specification
shall conform to the applicable requirements of Specification
B 751 unless otherwise provided herein.

5. Classification

5.1 Class 1—Welded, cold worked, solution treated, and
each piece of each lot subjected to one of the following four
tests: hydrostatic, pneumatic (air underwater), eddy current, or
ultrasonic.

5.2 Class 2—Welded, cold worked, solution treated, and
each piece of each lot leak tested (hydrostatic or pneumatic)
plus electric tested (eddy current or ultrasonic).

6. Ordering Information

6.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

6.1.1 Alloy name or UNS number,
6.1.2 ASTM designation and year of issue,
6.1.3 Dimensions:
6.1.3.1 Outside diameter and nominal wall thicknesses,

NOTE 1—Tube produced to outside diameter and minimum wall thick-
ness may be furnished upon agreement between the manufacturer and the
purchaser.

6.1.3.2 Length (specific or random),
6.1.4 Class (Section 5),

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Nov. 1, 2003. Published December 2003. Originally
approved in 1980. Last previous edition approved in 2002 as B 676 – 02.

*New designation established in accordance with Practice E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

TABLE 1 Chemical Requirements

Element
Composition Limits,%

N08367

Carbon 0.030 max
Manganese 2.00 max
Silicon 1.00 max
Phosphorus 0.040 max
Sulfur 0.030 max
Chromium 20.00 to 22.00
Nickel 23.50 to 25.50
Molybdenum 6.00 to 7.00
Nitrogen 0.18 to 0.25
IronA remainder
Copper 0.75 max

A Iron shall be determined arithmetically by difference.

1

*A Summary of Changes section appears at the end of this standard.
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6.1.5 Quantity (feet or number of pieces),
6.1.6 Certification— State if certification is required,
6.1.7 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished, and
6.1.8 Purchaser Inspection—If the purchaser wishes to

witness tests or inspection of material at the place of manu-
facture, the purchase order must so state indicating which tests
or inspections are to be witnessed.

7. Material and Manufacture

7.1 Tube shall be made from flat-rolled alloy by an auto-
matic welding process with no addition of filler metal. Subse-
quent to welding and prior to final solution treatment Class 1
and Class 2 material shall be cold worked either in both weld
and base metal or in weld metal only.

NOTE 2—The recommended heat treatment shall consist of heating to a
minimum temperature of 2025°F (1105°C) for Type N08367 and quench-
ing in water or rapidly cooling by other means.

7.2 Tube shall be furnished with oxide removed. When
solution treatment is performed in a protective atmosphere
descaling is not necessary.

8. Chemical Composition

8.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1. One test is
required for each lot as defined in Specification B 751.

8.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations specified in Specification B 751. Table 2

9. Mechanical Properties and Other Requirements

9.1 Mechanical Properties—The material shall conform to
the mechanical properties prescribed in Table 2. One test is
required for each lot as defined in Specification B 751.

9.2 Flattening Test Requirements:

9.2.1 One flattening test per lot shall be performed in
accordance with Specification B 751.

9.3 Flange Test Requirements:

9.3.1 Flange test specimens shall show no cracking or flaws.

9.3.2 For tube less than 0.093 in. (2.36 mm) in inside
diameter and tube having a wall thickness equal to or greater
than the inside diameter, the flange test shall not be required.

9.4 Reverse-Bend Requirements:

9.4.1 One reverse-bend test as defined in Specification
A 1016/A 1016M shall be performed on each lot of tubing.

9.4.2 Reverse-bend test specimens shall show no evidence
of cracks or lack of penetration in the weld, or of overlaps
resulting from the reduction in thickness of the weld areas by
cold working.

9.4.3 The reverse-bend test is not applicable when the
specified wall is 10 % or more of the specified outside
diameter, or the wall thickness is 0.134 in. [3.4 mm] or greater,
or the outside diameter size is less than 0.375 in. [9.5 mm].
Under these conditions the reverse flattening test of Specifica-
tion A 1016/A 1016M shall apply.

9.4.4 The lot definition for the reverse-bend test shall be
1500 ft [450 m] of finished tubing.

9.5 Nondestructive Test Requirements:

9.5.1 Tube shall be subjected to a pressure test or nonde-
structive electric test in accordance with Specification B 751.

10. Keywords

10.1 UNS N08367; welded tube

TABLE 2 Mechanical Properties

Type Condition (Temper) Gage
Tensile Strength,
min, ksi (MPa)

Yield Strength, 0.2 %
Offset, min, ksi (MPa)

Elongation in
2 in. or 50

mm (or 4D), min,%

N08367
Solution treated (Class 1

and Class 2)
#3⁄16

>3⁄16

100 (690)
95 (655)

45 (310)
45 (310)

30
30
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SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue (B 676 – 02)
that may impact the use of this standard.

(1) Clarify reverse bend and flattening requirements.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

B 676 – 03

3



Designation: B 677 – 04

Standard Specification for
UNS N08904, UNS N08925, and UNS N08926 Seamless Pipe
and Tube 1

This standard is issued under the fixed designation B 677; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers UNS N08904, UNS N08925,
and UNS N08926* seamless, cold-worked or hot-finished pipe
and tube intended for general corrosive service.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 829 Specification for General Requirements for Nickel
and Nickel Alloys Seamless Pipe and Tube

3. Terminology Definitions

3.1 average diameter, n—the average of the maximum and
minimum outside diameters as determined at any one cross
section of the tube or pipe.

3.2 pipe, n—seamless tube conforming to the particular
dimensions commercially known as standard pipe sizes (Ap-
pendix X1).

3.3 tube, n—a hollow product of round or any other cross
section having a continuous periphery.

4. General Requirements

4.1 Material furnished under this specification shall con-
form to the requirements of Specification B 829 unless other-
wise provided herein. In the case of conflict, the requirements
of this specification shall take precedence.

5. Ordering Information

5.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

5.1.1 Alloy name or UNS number.
5.1.2 ASTM designation and year of issue.
5.1.3 Finish.
5.1.4 Dimensions:
5.1.4.1 Tube—Outside diameter and the average or mini-

mum wall thickness.
5.1.4.2 Pipe—Standard pipe size and schedule (Appendix

X1).
5.1.4.3 Length, (cut to length or random).
5.1.5 Quantity (feet or number of pieces).
5.1.6 Nondestructive Testing(see 8.2):
5.1.6.1 Pressure Requirements—Test pressure if other than

required by 8.2.1.
5.1.6.2 Specify if an electric test is to be performed.
5.1.7 Ends—Plain ends cut and deburred will be furnished.

If threaded ends or ends beveled for welding are desired, give
details.

5.1.8 Certification— State if certification is required.
5.1.9 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished (see
7.2).

5.1.10 Purchaser Inspection—If the purchaser wishes to
witness tests or inspection of material at the place of manu-
facture, the purchase order must so state, indicating which tests
or inspections are to be witnessed.

6. Materials and Manufacture

6.1 The material shall be supplied in the solution-treated
condition.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1980. Last previous edition approved in 1999 as B 677 – 99.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Recommended Practice for Numbering Metals and Alloys (UNS).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1
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NOTE 1—The recommended heat treatment shall consist of heating to a
temperature of 1950 to 2100°F (1065 to 1150°C) for UNS N08904 or
2010 to 2100°F (1100 to 1150°C) for UNS N08925 and UNS N08926,
followed by quenching in water or rapid cooling by other means.

7. Chemical Composition

7.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1. One test is

required for each lot as defined in Specification B 829.
7.2 If a product (check) analysis is performed by the

purchaser, the material shall conform to the product (check)
analysis variations per Specification B 829.

8. Mechanical Properties and Other Requirements

8.1 Mechanical Properties—The material shall conform to
the mechanical properties prescribed in Table 2. One test is

required for each lot as defined in Specification B 829.

8.2 Nondestructive Tests:
Each pipe and tube shall be subjected to either a hydrostatic

test or a nondestructive electric test as described in Specifica-
tion B 829. The purchaser may specify which test is to be used.

8.2.1 Hydrostatic Test:
The fiber stress for the purpose of calculating the hydrostatic

test pressure shall be 20 000 psi (138 Mpa).

9. Dimensions and Permissible Variations

9.1 The permissible variations in dimensions set forth in
Specification B 829 shall apply.

10. Keywords

10.1 seamless pipe; seamless tube; N08904; N08925;
N08926

APPENDIX

(Nonmandatory Information)

X1. SCHEDULES OF COLD-WORKED SEAMLESS PIPE

X1.1 The schedules of cold-worked, seamless UNS
N08904 pipe as given in Table X1.1 are regularly available.
Other schedules may be furnished, and the manufacturer

should be consulted. Table X1.1 is published for information
only.

TABLE 1 Chemical Requirements

Element UNS N08904 UNS N08925 UNS N08926

Carbon, max 0.020 0.020 0.020
Manganese, max 2.0 1.0 2.00
Phosphorus, max 0.045 0.045 0.03
Sulfur, max 0.035 0.030 0.01
Silicon, max 1.00 0.50 0.5
Nickel 23.0 to 28.0 24.0 to 26.0 24.00 to 26.00
Chromium 19.0 to 23.0 19.0 to 21.0 19.00 to 21.00
Molybdenum 4.0 to 5.0 6.0 to 7.0 6.0 to 7.0
Copper 1.0 to 2.0 0.8 to 1.5 0.5 to 1.5
Nitrogen
IronA

...
balance

0.1 to 0.2
balance

0.15 to 0.25
balance

TABLE 2 Mechanical Properties of Pipe and Tube

Alloy Temper
Tensile Strength,
min, psi (MPa)

Yield Strength, 0.2 %
offset, min, psi (MPa)

Elongation in 2 in. or
50 mm (or 4D), min, %

UNS N08904 solution annealed 71 (490) 31 (220) 35
UNS N08925 solution annealed 87 (600) 43 (300) 40
UNS N08926 solution annealed 94 (650) 43 (295) 35

B 677 – 04
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X1.1 Pipe Schedules A

Nominal Pipe Size Outside Diameter
Nominal Wall Thickness

Schedule No. 5 Schedule No. 10 Schedule No. 40 Schedule No. 80

Inches

1⁄4 0.540 ... 0.065 0.088 ...
3⁄8 0.675 ... 0.065 0.091 0.126
1⁄2 0.840 0.065 0.083 0.109 0.147
3⁄4 1.050 0.065 0.083 0.113 0.154

1 1.315 0.065 0.109 0.133 0.179
11⁄4 1.660 0.065 0.109 0.140 0.191
11⁄2 1.900 0.065 0.109 0.145 0.200
2 2.375 0.065 0.109 0.154 0.218
21⁄2 2.875 0.083 0.120 0.203 0.276
3 3.500 0.083 0.120 0.216 0.300
31⁄2 4.000 0.083 0.120 0.226 0.318
4 4.500 0.083 0.120 0.237 0.337
5 5.563 ... ... 0.258 ...
6 6.625 ... ... 0.280 ...

Millimetres

6.35 13.72 ... 1.65 2.24 ...
9.52 17.14 ... 1.65 2.31 3.20

12.70 21.34 1.65 2.11 2.77 3.73
19.05 26.67 1.65 2.11 2.87 3.91
25.4 33.40 1.65 2.77 3.38 4.55
31.8 42.16 1.65 2.77 3.56 4.85
38.1 48.26 1.65 2.77 3.68 5.08
50.8 60.32 1.65 2.77 3.91 5.54
63.5 73.02 2.11 3.05 5.16 7.04
76.2 88.90 2.11 3.05 5.49 7.62
88.9 101.60 2.11 3.05 5.74 8.08

101.6 114.30 2.11 3.05 6.02 8.56
127.0 141.30 ... ... 6.55 ...
152.4 168.28 ... ... 7.11 ...

AThe pipe schedules shown conform with standards adopted by the American National Standards Institute.
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Designation: B 683 – 01

Standard Specification for
Pure Palladium Electrical Contact Material 1

This standard is issued under the fixed designation B 683; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers palladium in the form of rod,
wire, strip, and sheet material for electrical contacts.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The metric equivalents of inch-pound units
may be approximate.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.4 It is the responsibility of the user to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer.

2. Referenced Documents

2.1 ASTM Standards:
B 476 Specification for General Requirements for Wrought

Precious Metal Electrical Contact Materials2

B 589 Specification for Refined Palladium2

3. Manufacture

3.1 Raw materials shall be of such quality and purity that
the finished product will have the properties and characteristics
prescribed in this specification.

3.2 The material shall be finished by such operations (cold
working, annealing, turning, grinding, or pickling) as are
required to produce the prescribed properties.

4. Chemical Composition

4.1 Material produced under this specification shall meet the
requirements of chemical composition prescribed in Table 1.

NOTE 1—The chemical requirements for unfabricated palladium (re-
fined material) are covered in Specification B 589.

4.2 By agreement between the purchaser and the manufac-
turer, analysis may be required and limits established for
elements or compounds not specified in the table of chemical
composition.

5. Mechanical Requirements

5.1 The contract or order may specify ultimate tensile
strength, elongation, microhardness (Knoop or Vickers), hard-
ness (Rockwell or Rockwell Superficial), or a combination of
these mechanical properties as temper criterion. If the contract
or order does not specify a temper criterion, then the criterion
for temper designation will be ultimate tensile strength and
elongation.

5.2 Mechanical properties shall conform to the listings of
Table 2.

5.3 Since it is not always possible to tension test some parts
and shapes, the user and supplier should reach an agreement
with respect to the type of hardness tests and the acceptable
range that should be applicable. See Table 3 for typical
hardness values.

5.4 All test specimens shall be full size when practical.
5.5 All tests shall be conducted at room temperature, 65 to

85°F (18 to 29°C).

6. General Requirements

6.1 The provisions of Specification B 476 shall apply to all
materials produced to this specification.

7. Inspection and Testing

7.1 Material furnished under this specification shall be
inspected by the manufacturer as listed below:

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals and Electrical Contact Materials.

Current edition approved June 10, 2001. Published August 2001. Originally
published as B 683 – 80. Last previous edition B 683 – 90 (1995)e1.

2 Annual Book of ASTM Standards, Vol 02.04.

TABLE 1 Chemical Requirements

Element Weight, %

Pd 99.8 min
Total impurities 0.2 max
Pt group (Ir, Pt, Rh, Os, Ru) and Au, Ag, Cu 0.1 max
Total other impurities (within the following limits) 0.1 max
Pb, Sb, Bi, Sn, As, Cd, Zn 0.01 max each
Fe 0.015 max
Other elements 0.02 max each

1
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7.1.1 Visual inspection in accordance with 12.2.1 in Speci-
fication B 476.

7.1.2 Temper test (hardness or tension, but not both). A
tension test is recommended for strip below 0.030 in. (0.8 mm)

thickness and for wire of any diameter. A tension test is
preferred when permitted by part size and quantity.

7.1.3 Dimensional tests.

7.1.4 Spectrographic or chemical analysis when indicated
by the purchase order.

7.2 The purchaser shall perform such tests as are required to
verify the quality of material procured under the specification.

8. Keywords

8.1 contact alloy; electrical contact alloy; palladium

APPENDIX

(Nonmandatory Information)

X1. TYPICAL PROPERTY VALUES

X1.1 The following is a list of typical property values
which are useful for engineering calculations in electrical
contact design and application:
Electrical conductivity, % IACS (at 20°C)
Resistivity:

16

V·cmil/ft
µV·cm

64.8
10.8

Density:

g/cm3

tr oz/in.3
12.02
6.33

Solidus temperature, °C
Liquidus temperature, °C
Modulus of elasticity:

1554
1554

psi
GPa

16.3 3 106

112

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 2 Mechanical Properties

Reduction, % Ultimate Tensile Strength psi (MPa)
Minimum Elongation

in 2 in.

Temper Wire and Rod Sheet and Strip min max %

Annealed 0 0 23 000 (160) 33 000 (230) 10
1 / 4 H 21 11 39 000 (270) 49 000 (340) 2
1 / 2 H 37 27 47 000 (320) 57 000 (390) 1
Hard 60 37 50 000 (340) ... ...

TABLE 3 Typical Hardness Values, Sheet and Strip

Temper Reduction, % Rockwell 15T Knoop (100 g)A

Annealed 0 57 68
1 / 2 H 20.7 81 123

Hard 37.2 82 133
A The Knoop hardness indentations shall be made so that the long axis of the

indenter is parallel to the rolling direction of the material.
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Designation: B 684 – 97 (Reapproved 2002)

Standard Specification for
Platinum-Iridium Electrical Contact Materials 1

This standard is issued under the fixed designation B 684; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers an 85 % platinum—15 % iri-
dium alloy, and a 90 % platinum—10 % iridium alloy, in the
form of rod, wire, strip, and sheet material for electrical
contacts.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The metric equivalents of inch-pound units
may be approximate.

1.3 The original specification, B 684-81, covered the 85 %
platinum 15 % iridium alloy. The 1997 revision of this speci-
fication added the 90 % platinum 10 % iridium alloy.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 277 Test Method for Hardness of Electrical Contact

Materials2

B 476 Specification For General Requirements for Wrought
Precious Metal Electrical Contact Materials2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 384 Test Method for Microindentation Hardness of Ma-
terials3

3. Manufacture

3.1 Raw materials shall be of such quality and purity that
the finished product will have the properties and characteristics
prescribed in this specification.

3.2 The material shall be finished by such operations (cold
working, annealing, turning, grinding, or pickling) as are
required to produce the prescribed properties.

4. General Requirements

4.1 The provisions of Specification B 476 shall apply to all
materials produced to this specification.

5. Chemical Requirements

5.1 Material produced under the specification shall meet the
requirements of chemical composition prescribed in Table 1.

5.2 By agreement between purchaser and manufacturer,
analysis may be required and limits established for elements or
compounds not specified in the table of chemical composition.

NOTE 1—Analysis is regularly made for the elements for which specific
limits are listed. If, however, the presence of “other” elements is suspected
or indicated in the course of routine analysis, further analysis shall be
made to determine that the total of these “other” elements and the listed
impurities is not in excess of the total impurities limit.

6. Mechanical Requirements

6.1 The contract or order may specify ultimate tensile
strength, elongation, microhardness (Knoop or Vickers), hard-
ness (Rockwell or Rockwell Superficial), or a combination of
these mechanical properties as temper criterion. If the contract
or order does not specify a temper criterion, then the criterion
for temper designation will be ultimate tensile strength.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B2.05 on Precious Metals and Electrical Contact Materials.

Current edition approved Dec. 10, 1997. Published October 1998. Originally
published as B 684 – 81. Last previous edition B 684 – 92.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.

TABLE 1 Chemical Requirements

Element 85 Pt/15 Ir 90 Pt/10 Ir

Weight % Weight %

Pt balance balance
Ir 14.50-15.50 9.50-10.50
Total Impurities 0.2 max. 0.2 max.
Total Platinum Group (Pd, Rh, Os, Ru), Au 0.1 max. 0.1 max.
Total Other Impurities (including the

elements below)
0.1 max. 0.1 max.

Pb, Sb, Bi, Sn, As, Cd, Zn 0.01 max each 0.01 max each
Fe 0.015 max each 0.015 max each
Other elements 0.02 max each 0.02 max each

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



6.2 The mechanical properties shall conform to those prop-
erties listed in Table 2 and Table 3. The term“ work hardened”,
as used in these tables, refers to material which has been
subjected to a minimum of 30 % reduction in cross–sectional
area.

6.3 All test specimens shall be full size when practical.
6.4 All tests are to be conducted at room temperature, 65 to

85°F (18 to 29°C).

7. Test Methods

7.1 Test methods shall be in accordance with Specification
B 476.

7.1.1 Knoop hardness tests shall be in accordance with Test
Method E 384. Material 0.005 in. (0.13 mm) in thickness
(diameter) and larger shall be tested using a 100-g indenter
load. Material less than 0.005 in. (0.13 mm) in thickness
(diameter) shall be tested using a 50-g indenter load. A
minimum of five hardness indentations shall be made on each
specimen. All indentations shall be made so that the long axis
of the indenter is parallel to the rolling or drawing direction of
the material. The hardness value reported shall be the average
of the five indentations.

7.1.2 All tension test specimens shall be full cross-section
size when practical (see Test Methods E 8).

7.1.3 All tests shall be conducted in room temperature, 65 to
85°F (18.3 to 29.4°C).

7.2 Chemical analysis shall be performed by spectrochemi-
cal or wet analysis methods.

8. Inspection and Testing

8.1 Material furnished under this specification shall be
inspected and tested by the manufacturer as listed below:

8.1.1 Visual inspection per Specification B 476

8.1.2 Tension or hardness tests, or both, for temper verifi-
cation,

8.1.3 Dimensional inspection, and

8.1.4 Chemical analysis.

9. Keywords

9.1 electrical contact materials; iridium alloy; medical ma-
terial; platinum alloy; platinum iridium alloys

TABLE 2 Mechanical Properties of Wire

Property 85 Pt/15 Ir 90 Pt/10 Ir

Annealed Work Hardened Annealed Work Hardened

Ultimate Tensile 75 - 85 90 - 120 35 - 60 70 minimum
Strength, ksi (MPa) (520-590) (620-830) (240-410) (480 minimum)

Elongation, % in 30 minimum 1 - 10 30 minimum 1 - 10
2 in. gage length (51 mm)

Microhardness, — — — —
HK

B 684 – 97 (2002)
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APPENDIX

(Nonmandatory Information)

X1. TYPICAL PROPERTY VALUES

X1.1 Typical property values of 85 % platinum – 15 %
iridium are as follows:

Density, g/cm3 21.6
resistivity, µV.cm at 20°C approx. 28
solidus temperature, °C approx. 1790
liquidus temperature, °C approx. 1820

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 3 Mechanical Properties of Strip

Property 85 Pt/15 Ir 90 Pt/10 Ir

Annealed Work Hardened Annealed Work Hardened

Ultimate Tensile 75 - 85 90 - 120 35 - 60 70 minimum
Strength, ksi (MPa) (520-590) (620-830) (240-410) (480 minimum)

Elongation, % in 30 minimum 1 - 10 30 minimum 1 - 10
2 in. gage length (51 mm)

Microhardness, 130 - 190 200 minimum 130 - 190 200 minimum
HK
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Designation: B 685 – 01

Standard Specification for
Palladium-Copper Electrical Contact Material 1

This standard is issued under the fixed designation B 685; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers a 60 % palladium-40 % copper
alloy in the form of rod, wire, strip, and sheet material for
electrical contacts.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values in parentheses are for information
only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.4 It is the responsibility of the user to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product or material as
provided by the manufacturer. Table 1

2. Referenced Documents

2.1 ASTM Standards:
B 476 Specification for General Requirements for Wrought

Precious Metal Electrical Contact Materials2

3. Manufacture

3.1 Raw materials shall be of such quality and purity that
the finished product will have the properties and characteristics
prescribed in this specification.

3.2 The material shall be finished by such operations (cold
working, annealing, turning, grinding, or pickling) as are
required to produce the prescribed properties.

4. Chemical Composition

4.1 Material produced under the specification shall meet the
requirements of chemical composition prescribed in Table 2.

4.2 By agreement between purchaser and manufacturer,
analysis may be required and limits established for elements or
compounds not specified in the table of chemical composition.

5. Mechanical Requirements

5.1 The contract or order may specify ultimate tensile
strength, elongation, microhardness (Knoop or Vickers), hard-
ness (Rockwell or Rockwell Superficial), or a combination of
these mechanical properties as temper criterion. If the contract
or order does not specify a temper criterion, then the criterion
for temper designation will be ultimate tensile strength and
elongation.

5.2 Mechanical properties shall conform to the listings of
Table 3.

5.3 All test specimens shall be full size when practical.
5.4 All tests are to be conducted at room temperature, 65 to

85°F (18 to 29°C).

6. General Requirements

6.1 The provisions of Specifications B 476 shall apply to all
materials produced to this specification.

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals and Electrical Contact Materials.

Current edition approved June 10, 2001. Published August 2001. Originally
published as B 685 – 81. Last previous edition B 685 – 90 (1995)e1.

2 Annual Book of ASTM Standards, Vol 02.04.

TABLE 1 Typical Hardness Values for Strip A

Temper HR30T HR15T HK (100 g) B

Annealed 64 82 155

37 % reduction 81 92 255
A Specification for tensile and elongation properties or hardness ranges, but not

both, shall be agreed to between supplier and purchaser at the time of contracting
for delivery.

B The Knoop hardness indentations shall be made so that the long axis of the
indenter is parallel to the rolling direction of the material.

TABLE 2 Chemical Requirements

Element Weight, %

Pd
Cu

Balance
40.00 6 0.5

Ag 0.10 max
Fe 0.05 max
Zn 0.06 max
Cd 0.05 max
Pb 0.03 max
Al 0.005 max

Total other impurities 0.1
Total impurities 0.2

1
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7. Inspection and Testing

7.1 Material furnished under this specification shall be
inspected by the manufacturer as listed below:

7.1.1 Visual inspection in accordance with 11.2.1 in Speci-
fication B 476.

7.1.2 Temper test (hardness or tension, but not both). A
tension test is recommended for strip below 0.030 in. (0.8 mm)
thickness and for wire of any diameter. A tension test is
preferred when permitted by part size and quantity.

7.1.3 Dimensional tests.
7.1.4 Spectrographic or chemical analysis when indicated

by the purchase order.
7.2 The purchaser shall perform such tests as are required to

verify the quality of material procured under the specification.

8. Keywords

8.1 contact alloy; electrical contact alloy; palladium; palla-
dium copper

APPENDIX

(Nonmandatory Information)

X1. TYPICAL PHYSICAL PROPERTIES OF 60 Pd-40 Cu

X1.1 The following is a list of typical property values
which are useful for engineering calculations in electrical
contact design and application:
Electrical resistivity, µV·cm 35 (quenched)

3.5 (ordered)

Density, g/cm 3 at 20°C 10.6
Approximate liquidus, °C 1225
Approximate solidus, °C 1195

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 3 Mechanical Properties, Wire and Rod

Temper Ultimate Tensile Strength, psi (MPa) Minimum Elongation
in 2 in. (51 mm), %

min max

Annealed 85 000
(590)

105 000
(720)

20

75 % reduction 135 000
(930)
typical

...
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Designation: B 688 – 96 (Reapproved 2004)

Standard Specification for
Chromium-Nickel-Molybdenum-Iron (UNS N08366 and UNS
N08367) Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 688; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers chromium-nickel-
molybdenum-iron UNS N08366 and UNS N08367* plate,
sheet, and strip for use in corrosive service and heat-resisting
applications.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

E 8 Test Methods for Tension Testing of Metallic Materials
E 10 Test Method for Brinell Hardness of Metallic Materi-

als
E 18 Test Methods for Rockwell Hardness and Rockwell

Superficial Hardness of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 38 Methods for Chemical Analysis of Nickel-Chromium

and Nickel-Chromium-Iron Alloys3

E 140 Hardness Conversion Tables for Metals
E 354 Test Methods for Chemical Analysis of High-

Temperature, Electrical, Magnetic, and Other Similar Iron,

Nickel, and Cobalt Alloys

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 sheet, n—material under3⁄16 in. (5 mm) in thickness

and 24 in. (610 mm) and over in width.
3.1.2 strip, n—material under3⁄16 in. (5 mm) in thickness

and under 24 in. (610 mm) in width.
3.1.3 plate, n—material3⁄16 in. (5 mm) and over in thickness

and over 10 in. (254 mm) in width.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information, as required:

4.1.1 Quantity (feet, metres, or number of pieces),
4.1.2 Alloy name or UNS number,
4.1.3 Finish (hot-rolled or cold-rolled),
4.1.4 Dimensions (thickness, width, and length if cut-

length),
4.1.5 Certification, if required,
4.1.6 Purchaser’s inspection, if required,
4.1.7 ASTM designation and year of issue, and
4.1.8 Samples for product analysis, if required.

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 1.

5.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the permissible variations for
product (check) analysis in Table 1.

6. Mechanical Properties and Other Requirements

6.1 The material shall conform to the mechanical property
requirements specified in Table 2.

7. Dimensions and Permissible Variations

7.1 Sheet—Material shall conform to the variations speci-
fied in Tables 3-9, inclusive. There will be no flatness require-
ments for non-stretcher leveled sheet.

7.2 Strip—Material shall conform to the variations specified
in Tables 10-13, inclusive. Note that strip of all sizes may be
ordered to cut lengths in which case a variation of1⁄2 in. (13

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1981. Last previous edition approved in 1996 as B 688 – 96.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys (UNS).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Withdrawn.

1
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mm) over the specified length shall be permitted. There shall be
no flatness requirements for non-stretcher leveled strip.

7.3 Plate—Material shall conform to the variations speci-
fied in Tables 14-20, inclusive. Specially flattened plate, when

so specified, shall have permissible variations in flatness as
agreed upon between the manufacturer and purchaser.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, commercially straight or flat, and free of injurious
imperfections.

9. Sampling

9.1 Lot for Chemical Analysis and Mechanical Testing:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 Lots for mechanical testing shall consist of the mate-

rial from one heat, in the same condition, and of the same
nominal thickness.

9.2 Test Material Selection:
9.2.1 Chemical Analysis:

TABLE 1 Chemical Requirements

Element

Composition Limits, % Product (Check)
Analysis Varia-

tions, under min
or over max, of
the Specified
Limit of Ele-

ment, %

N08366 N08367

Carbon 0.035 max 0.030 max 0.005
Manganese 2.00 max 2.00 max 0.04
Silicon 1.00 max 1.00 max 0.05
Phosphorus 0.040 max 0.040 max 0.005
Sulfur 0.030 max 0.030 max 0.005
Chromium 20.00 to 22.00 20.00 to 22.00 0.25
Nickel 23.50 to 25.50 23.50 to 25.50 0.20
Molybdenum 6.00 to 7.00 6.00 to 7.00 0.15
Nitrogen ... 0.18 to 0.25 0.01
IronA remainder remainder ...
Copper ... 0.75 max 0.04

AIron shall be determined arithmetically by difference.

TABLE 2 Mechanical Properties for Plate, Sheet, and Strip

N08366 N08367

Yield strength, 0.2 % offset, min, ksi
(MPa)

35 (240) 45 (310)

Tensile strength, min, ksi (MPa)
#3⁄16 in. (4.8 mm) thick 75 (515) 100 (690)
>3⁄16 75 (515) 95 (655)

Elongation in 2 in. or 50 mm or 4D,
min, %

30A 30A

Hardness,B max
#3⁄16 in. (4.8 mm) thick 95 HRB 100 HRB
>3⁄16 212 HBN 240 HBN

ANot applicable for thickness under 0.015 in. (0.40 mm).
BHardness values (Brinell, Rockwell, or equivalent) are informative only and are

not to be construed as the basis for acceptance or rejection.

TABLE 3 Permissible Variations in Thickness for Hot-
Rolled Sheets in Cut Lengths, Cold-Rolled Sheets in Cut

Lengths and Coils

Specified Thickness,A in. (mm)

Permissible
Variations, Plus

and Minus

in. mm

Over 0.145 (3.68) to less than 3⁄16 (4.76) 0.014 0.36
Over 0.130 (3.30) to 0.145 (3.68), incl 0.012 0.30
Over 0.114 (2.90) to 0.130 (3.30), incl 0.010 0.25
Over 0.098 (2.49) to 0.114 (2.90), incl 0.009 0.23
Over 0.083 (2.11) to 0.098 (2.49), incl 0.008 0.20
Over 0.072 (1.83) to 0.083 (2.11), incl 0.007 0.18
Over 0.058 (1.47) to 0.072 (1.83), incl 0.006 0.15
Over 0.040 (1.02) to 0.058 (1.47), incl 0.005 0.13
Over 0.026 (0.66) to 0.040 (1.02), incl 0.004 0.10
Over 0.016 (0.41) to 0.026 (0.66), incl 0.003 0.08
Over 0.007 (0.18) to 0.016 (0.41), incl 0.002 0.05
Over 0.005 (0.13) to 0.007 (0.18), incl 0.0015 0.04
0.005 (0.13) 0.001 0.03

AThickness measurements are taken at least 3⁄8 in. (9.52 mm) from the edge of
the sheet.

TABLE 4 Permissible Variations in Width and Length
for Hot-Rolled and Cold-Rolled Resquared Sheets

(Stretcher Leveled Standard of Flatness)

Specified Dimensions, in. (mm)

Tolerances

Plus
Minus

in. mm

For thickness under 0.131 (3.33):
Widths up to 48 (1219) excl 1⁄16 2 0
Widths 48 (1219) and over 1⁄8 3 0
Lengths up to 120 (3048) excl 1⁄16 2 0
Lengths 120 (3048) and over 1⁄8 3 0

For thicknesses 0.131 (3.33) and over:
All widths and lengths 1⁄4 6 0

TABLE 5 Permissible Variations in Width for Hot-Rolled and
Cold-Rolled Sheets not Resquared and Cold-Rolled Coils

Specified Thickness, in.
(mm)

Tolerances for Specified
Width, in. (mm)

24 (610) to 48
(1219), excl

48 (1219) and
Over

Less than 3⁄16 (4.76) 1⁄16 (2) plus
0 minus

1⁄8 (3) plus
0 minus

TABLE 6 Permissible Variations in Camber for Hot-Rolled
and Cold-Rolled Sheets Not Required and Cold-Rolled Coils A

Specified Width, in. (mm)

Tolerance per
Unit Length of

Any 8 ft (2438 mm),
in. (mm)

24 (610) to 36 (914), incl 1⁄8 (3)
Over 36 (914) 1⁄16 (2)

ACamber is the greatest deviation of a side edge from a straight line and
measurement is taken by placing an 8-ft (2438-mm) straightedge on the concave
side and measuring the greatest distance between the sheet edge and the
straightedge.

TABLE 7 Permissible Variations in Length for Hot-
Rolled and Cold-Rolled Sheets Not Resquared

Length, ft (mm) Tolerances, in. (mm)
Up to 10 (3048), incl 1⁄4 (6) plus 0 minus
Over 10 (3048) to 20 (6096), incl 1⁄2 (13) plus 0 minus

B 688 – 96 (2004)
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9.2.1.1 An analysis of each lot shall be made by the
manufacturer from a representative sample obtained during the
pouring of the heat or subsequent processing.

9.2.1.2 If samples for product (check) analysis are specified,
a representative sample shall be taken from each lot (see 9.1.1)
of finished material.

9.2.2 Sampling for Mechanical Properties—Samples of the
material to provide test specimens for mechanical testing shall

be taken from such locations in each lot (see 9.1.2) as to be
representative of that lot.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Mechanical Tests—One test per lot.
10.3 Retests—If the specimen used in the mechanical test of

any lot fails to meet the specified requirements, two additional

TABLE 8 Permissible Variations in Flatness for Hot-Rolled and Cold-Rolled Sheets Specified to Stretcher-Leveled
Standard of Flatness

Specified Thickness, in. (mm) Width, in. (mm) Length, in. (mm) Flatness Tolerance,A in. (mm)

Under 3⁄16 (4.76) to 48 (1219), incl to 96 (2438), incl 1⁄8 (3)
Under 3⁄16 (4.76) to 48 (1219), incl over 96 (2438) 1⁄4 (6)
Under 3⁄16 (4.76) over 48 (1219) to 96 (2438), incl 1⁄4 (6)
Under 3⁄16 (4.76) over 48 (1219) over 96 (2438) 1⁄4 (6)

TABLE 9 Permissible Variations in Diameter for Hot-Rolled and Cold-Rolled Sheets, Sheared Circles

Specified Thickness, in. (mm)

Tolerance Over Specified Diameter (No Tolerance Under), in.
(mm)

Diameters Under 30
in. (762)

Diameters 30 (762)
to 48 in. (1219)

Diameters Over 48
in. (1219)

0.0972 (2.46) and thicker 1⁄8 (3) 3⁄16 (5) 1⁄4 (6)
0.0971 (2.46) to 0.0568 (1.45), incl 3⁄32 (2) 5⁄32 (4) 7⁄32 (6)
0.0567 (1.45) and thinner 1⁄16 (2) 1⁄8 (3) 3⁄16 (5)

TABLE 10 Permissible Variations in Thickness for Cold-Rolled Strip in Coils and Cut Lengths

NOTE 1— Thickness measurements are taken at least3⁄8 in. (9.52 mm) in from the edge of the strip, except that on widths less than 1 in. (25.4 mm),
the tolerances are applicable for measurements at all locations. The tolerances in this table include crown tolerances.

Specified Thickness, in. (mm)

Thickness Tolerances, for the Thickness and Widths Given, Plus and Minus, in. (mm)

Width, in. (mm)

3⁄16 (4.76) to 6 (152),
incl

Over 6 (152) to 12
(305), incl

Over 12 (305) to 24
(610), excl

Thickness TolerancesA

0.005 (0.13) to 0.010 (0.25), incl 10 % 10 % 10 %
Over 0.010 (0.25) to 0.011 (0.28), incl 0.0015 (0.04) 0.0015 (0.04) 0.0015 (0.04)
Over 0.011 (0.28) to 0.013 (0.33), incl 0.0015 (0.04) 0.0015 (0.04) 0.002 (0.05)
Over 0.013 (0.33) to 0.017 (0.43), incl 0.0015 (0.04) 0.002 (0.05) 0.002 (0.05)
Over 0.017 (0.43) to 0.020 (0.51), incl 0.0015 (0.04) 0.002 (0.05) 0.0025 (0.06)
Over 0.020 (0.51) to 0.029 (0.74), incl 0.002 (0.05) 0.0025 (0.06) 0.0025 (0.06)
Over 0.029 (0.74) to 0.035 (0.89), incl 0.002 (0.05) 0.003 (0.08) 0.003 (0.08)
Over 0.035 (0.89) to 0.050 (1.27), incl 0.0025 (0.06) 0.0035 (0.09) 0.0035 (0.09)
Over 0.050 (1.27) to 0.069 (1.75), incl 0.003 (0.08) 0.0035 (0.09) 0.0035 (0.09)
Over 0.069 (1.75) to 0.100 (2.54), incl 0.003 (0.08) 0.004 (0.10) 0.005 (0.13)
Over 0.100 (2.54) to 0.125 (2.98), incl 0.004 (0.10) 0.0045 (0.11) 0.005 (0.13)
Over 0.125 (2.98) to 0.161 (4.09), incl 0.0045 (0.11) 0.0045 (0.11) 0.005 (0.13)
Over 0.161 (4.09) to under 3⁄16 (4.76) 0.005 (0.13) 0.005 (0.13) 0.006 (0.15)

AThickness tolerances given in in. (mm) unless otherwise indicated.

TABLE 11 Permissible Variations in Width for Cold-Rolled Strip in Coils and Cut Lengths for Edge Nos. 1 and 5

Specified Edge
No.

Width, in. (mm) Thickness, in. (mm)

Width Tolerance for Thickness
and Width Given, in. (mm)

Plus Minus

1 and 5 3⁄32 (7.14) and under 1⁄16 (1.59) and under 0.005 (0.13) 0.005 (0.13)
1 and 5 over 3⁄32 (7.14) to 3⁄4 (19.05), incl 3⁄32 (2.38) and under 0.005 (0.13) 0.005 (0.13)
1 and 5 over 3⁄4 (19.05) to 5 (127), incl 1⁄8 (3.18) and under 0.005 (0.13) 0.005 (0.13)
5 over 5 (127.00) to 9 (228.60), incl 1⁄8 (3.18) to 0.008 (0.20), incl 0.010 (0.25) 0.010 (0.25)
5 over 9 (228.60) to 20 (508.00), incl 0.105 (2.67) to 0.015 (0.38) 0.010 (0.25) 0.010 (0.25)
5 over 20 (508.00) 0.080 (2.03) to 0.023 (0.58) 0.015 (0.38) 0.015 (0.38)
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specimens shall be taken from different sample pieces and
tested. The results of the tests on both of these specimens shall
meet the specified requirements.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the final condition and tested transverse to the direction of
rolling when width permits.

11.2 Tension test specimens shall be any of the standard or
sub-size specimens shown in Test Methods E 8. The largest
possible size specimen of Test Methods E 8 shall be used.

11.3 In the event of disagreement, referee specimens shall
be as follows:

11.3.1 Full thickness of the material machined to the form
and dimensions shown for the sheet-type specimen in Test
Methods E 8 for material under1⁄2 in. (13 mm) in thickness.

11.3.2 The largest possible round specimen shown in Test
Methods E 8 for material1⁄2 in. (13 mm) and over in thickness.

12. Test Methods

12.1 Determine the chemical composition and mechanical
properties of the material, as enumerated in this specification,
in the case of disagreement, in accordance with the following
ASTM methods:

12.1.1 Chemical Analysis—Methods E 38 and Test Methods
E 354.

12.1.1.1 Methods E 38 shall be used only for elements not
covered by Test Methods E 354.

12.2 Tension Test—Test Methods E 8.
12.3 Hardness Test—Test Method E 10 or Test Methods

E 18, as applicable.
12.4 Hardness Conversion—Hardness Conversion Tables

E 140.

12.5 Determination of Significant Places—For purposes of
determining compliance with the specified limits for the
requirements of the properties listed in the following table,
round an observed or a calculated value as indicated, in
accordance with the rounding methods of Practice E 29.

Requirements rounded unit for observed or
calculated value

Chemical composition nearest unit in the last right-
hand place of figures of the
specified limit

Tensile strength and yield
strength

nearest 1000 psi (7 MPa)

Elongation nearest 1 %
Brinell hardness tabular valueA

Rockwell hardness 1 Rockwell number
ARound the mean diameter of the Brinell impression to the nearest 0.05 mm and

report the corresponding hardness number read from the table without further
rounding.

13. Inspection

13.1 Inspection of the material shall be agreed upon be-
tween the purchaser and the supplier as part of the purchase
contract.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 Upon request of the purchaser in the contract or
purchase order, a manufacturer’s certification that the material
was manufactured and tested in accordance with this specifi-
cation together with a report of the test results shall be
furnished at the time of the shipment.

16. Product Marking

16.1 Each bundle or shipping container shall be marked
with the name of the material, heat number, condition (temper),
the specification number, the size, gross, tare and net weights,
consignor and consignee address, contract or order number, or
such other information as may be defined in the contract or
purchase order.

16.2 When agreed upon between purchaser and manufac-
turer, material shall be marked individually with the name of

TABLE 12 Permissible Variations in Width for Cold-Rolled Strip in Coils and Cut Lengths for Edge No. 3

Specified Thickness, in. (mm)

Width Tolerance, Plus and Minus for Thickness and Width Given, in. (mm)

Under 1⁄2
(12.70) to
3⁄16 (4.76),

incl

1⁄2 (12.70)
to 6

(152.40),
incl

Over 6
(152.40) to
9 (228.60),

incl

Over 9
(228.60) to

12
(304.80),

incl

Over 12
(304.80) to

20
(508.00),

incl

Over 20
(508.00) to

24
(609.60),

incl

Under 3⁄16 (4.76) to 0.161 (4.09), incl ... 0.016
(0.41)

0.020
(0.51)

0.020
(0.51)

0.031
(0.79)

0.031
(0.79)

0.160 (4.06) to 0.100 (2.54), incl 0.010
(0.25)

0.010
(0.25)

0.016
(0.41)

0.016
(0.41)

0.020
(0.51)

0.020
(0.51)

0.099 (2.51) to 0.069 (1.75), incl 0.008
(0.20)

0.008
(0.20)

0.010
(0.25)

0.010
(0.25)

0.016
(0.41)

0.020
(0.51)

0.068 (1.73) and under 0.005
(0.13)

0.005
(0.13)

0.005
(0.13)

0.010
(0.25)

0.016
(0.41)

0.020
(0.51)

TABLE 13 Permissible Variations in Camber for Cold-
Rolled Strip in Coils and Cut Lengths A

Specified Width, in. (mm)

Tolerance
per Unit

Length of
Any 8 ft

(2438 mm),
in. (mm)

To 11⁄2 (38.10), incl
Over 11⁄2 (38.10) to 24 (609.60), excl

1⁄2 (13)
1⁄4 (6)

ACamber is the deviation of a side edge from a straight line and measurement
is taken by placing an 8-ft (2438-mm) straightedge on the concave side and
measuring the greatest distance between the strip edge and the straightedge.
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the material, heat number, condition (temper), the specification
number, size, and producer’s name or mark.

17. Keywords

17.1 plate; sheet; strip; UNS N08367

TABLE 14 Permissible Variations in Thickness for Plates A,B

Specified Thickness, in. (mm)

Width, in. (mm)

To 84 (2134), incl
Over 84 (2134) to
120 (3048), incl

Over 120 (3048)
to 144 (3658), incl

Over 144 (3658)

Tolerance Over Specified Thickness,C in. (mm)
3⁄16 (4.76) to 3⁄8 (9.52), excl 0.045 (1.14) 0.050 (1.27) ... ...
3⁄8 (9.52) to 3⁄4 (19.05), excl 0.055 (1.40) 0.060 (1.52) 0.075 (1.90) 0.090 (2.29)
3⁄4 (19.05) to 1 (25.40), excl 0.060 (1.52) 0.065 (1.65) 0.085 (2.16) 0.100 (2.54)

A The tolerance under specified thickness is 0.01 in. (0.25 mm).
B Thickness is measured along the longitudinal edges of the plate at least 3⁄8 in. (9.52 mm), but not more than 3 in. (76.20 mm), from the edge.
CFor circles, the over thickness tolerances in this table apply to the diameter of the circle corresponding to the width ranges shown. For plates of irregular shape, the

over thickness tolerances apply to the greatest width corresponding to the width ranges shown.

TABLE 15 Permissible Variations in Width and Length for Rectangular Sheared Mill Plates and Universal Mill Plates

Width, in. (mm) Length, in. (mm)

Tolerances Over Specified Width and Length for Given Width, Length, and
Thickness,A in. (mm)

Under 3⁄8 in. (9.52 mm) in
Thickness

3⁄8 (9.52) to 1⁄2 (12.70 mm)
in., incl, in Thickness

Over 1⁄2 (12.70 mm) to 1
in. (25.40 mm) in

Thickness

Width Length Width Length Width Length

48 (1219) and under 144 (3658) and under 1⁄8 (3) 3⁄16 (5) 3⁄16 (5) 1⁄4 (6) 5⁄16 (8) 3⁄8 (10)
Over 48 (1219) to 60 (1524), incl 3⁄16 (5) 1⁄4 (6) 1⁄4 (6) 5⁄16 (8) 3⁄8 (10) 7⁄16 (11)
Over 60 (1524) to 84 (2134), incl 1⁄4 (6) 5⁄16 (8) 5⁄16 (8) 3⁄8 (10) 7⁄16 (11) 1⁄2 (13)
Over 84 (2134) to 108 (2743), incl 5⁄16 (8) 3⁄8 (10) 3⁄8 (10) 7⁄16 (11) 1⁄2 (13) 9⁄16 (14)
Over 108 (2743) 3⁄8 (10) 7⁄16 (11) 7⁄16 (11) 1⁄2 (13) 5⁄8 (16) 11⁄16 (17)
48 (1219) and under over 144 (3658) to 240 (6096) 3⁄16 (5) 3⁄8 (10) 1⁄4 (6) 1⁄2 (13) 5⁄16 (8) 5⁄8 (16)
Over 48 (1219) to 60 (1524), incl 1⁄4 (6) 7⁄16 (11) 5⁄16 (8) 5⁄8 (16) 3⁄8 (10) 3⁄4 (19)
Over 60 (1524) to 84 (2134), incl 3⁄8 (10) 1⁄2 (13) 7⁄16 (11) 11⁄16 (17) 1⁄2 (13) 3⁄4 (19)
Over 84 (2134) to 108 (2743), incl 7⁄16 (11) 9⁄16 (14) 1⁄2 (13) 3⁄4 (19) 5⁄8 (16) 7⁄8 (22)
Over 108 (2743) 1⁄2 (13) 5⁄8 (16) 5⁄8 (16) 7⁄8 (22) 11⁄16 (17) 1 (25)
48 (1219) and under over 240 (6096) to 360 (9144) 1⁄4 (6) 1⁄2 (13) 5⁄16 (8) 5⁄8 (16) 3⁄8 (10) 3⁄4 (19)
Over 48 (1219) to 60 (1524), incl 5⁄16 (8) 5⁄8 (16) 3⁄8 (10) 3⁄4 (19) 1⁄2 (13) 3⁄4 (19)
Over 60 (1524) to 84 (2134), incl 7⁄16 (11) 11⁄16 (17) 1⁄2 (13) 3⁄4 (19) 5⁄8 (16) 7⁄8 (22)
Over 84 (2134) to 108 (2743), incl 9⁄16 (14) 3⁄4 (19) 5⁄8 (16) 7⁄8 (22) 3⁄4 (19) 1 (25)
Over 108 (2743) 5⁄8 (16) 7⁄8 (22) 11⁄16 (17) 1 (25) 7⁄8 (22) 1 (25)
60 (1524) and under over 360 (9144) to 480 (12192) 7⁄16 (11) 11⁄8 (29) 1⁄2 (13) 11⁄4 (32) 5⁄8 (16) 13⁄8 (35)
Over 60 (1524) to 84 (2134), incl 1⁄2 (13) 11⁄4 (32) 5⁄8 (16) 13⁄8 (35) 3⁄4 (19) 11⁄2 (38)
Over 84 (2134) to 108 (2743), incl 9⁄16 (14) 11⁄4 (32) 3⁄4 (19) 13⁄8 (35) 7⁄8 (22) 11⁄2 (38)
Over 108 (2743) 3⁄4 (19) 13⁄8 (35) 7⁄8 (22) 11⁄2 (38) 1 (25) 15⁄8 (41)
60 (1524) and under over 480 (12192) to 600 (15240) 7⁄16 (11) 11⁄4 (32) 1⁄2 (13) 11⁄2 (38) 5⁄8 (16) 15⁄8 (41)
Over 60 (1524) to 84 (2134), incl 1⁄2 (13) 13⁄8 (35) 5⁄8 (16) 11⁄2 (38) 3⁄4 (19) 15⁄8 (41)
Over 84 (2134) to 108 (2743), incl 5⁄8 (16) 13⁄8 (35) 3⁄4 (19) 11⁄2 (38) 7⁄8 (22) 15⁄8 (41)
Over 108 (2743) 3⁄4 (19) 11⁄2 (38) 7⁄8 (22) 15⁄8 (41) 1 (25) 13⁄4 (44)
60 (1524) and under over 600 (15240) 1⁄2 (13) 13⁄4 (44) 5⁄8 (16) 17⁄8 (48) 3⁄4 (19) 17⁄8 (48)
Over 60 (1524) to 84 (2134), incl 5⁄8 (16) 13⁄4 (44) 3⁄4 (19) 17⁄8 (48) 7⁄8 (22) 17⁄8 (48)
Over 84 (2134) to 108 (2743), incl 5⁄8 (16) 13⁄4 (44) 3⁄4 (19) 17⁄8 (48) 7⁄8 (22) 17⁄8 (48)
Over 108 (2743) 7⁄8 (22) 13⁄4 (44) 1 (25) 2 (51) 11⁄8 (29) 21⁄4 (57)

AThe tolerance under specified width and length is 1⁄4 in. (6.35 mm).

TABLE 16 Permissible Variations in Annealed Plates

NOTE 1—Tolerances in this table apply to plates up to 15 ft (4572 mm) in length, or to any 15 ft (4572 mm) of longer plates.
NOTE 2—If the longer dimension is under 36 in. (914 mm), the thickness tolerance is not greater than1⁄4 in. (6.35 mm).

Specified Thickness,
in. (mm)

Flatness Tolerance (Deviation from a Horizontal Flat Surface) for Thicknesses and Widths Given, in. (mm)

Width, in. (mm)

48 (1219) or
Under

Over 48
(1219) to 60
(1524), excl

60 (1524) to
72 (1829),
excl

72 (1829) to
84 (2134),
excl

84 (2134) to
96 (2438),
excl

96 (2438) to
108 (2743),
excl

108 (2743) to
120 (3048),
excl

120 (3048) to
144 (3658),
excl

144 (3658)
and Over

3⁄16 (4.76) to 1⁄4 (6.35), excl 3⁄4 (19) 11⁄16 (27) 11⁄4 (32) 13⁄8 (35) 15⁄8 (41) 15⁄8 (41) 17⁄8 (48) 2 (51) ...
1⁄4 (6.35) to 3⁄8 (9.52), excl 11⁄16 (17) 3⁄4 (19) 15⁄16 (24) 11⁄8 (29) 13⁄8 (35) 17⁄16 (37) 19⁄16 (40) 17⁄8 (48) ...
3⁄8 (9.52) to 1⁄2 (12.70), excl 1⁄2 (13) 9⁄16 (14) 11⁄16 (17) 3⁄4 (19) 15⁄16 (24) 11⁄8 (29) 11⁄4 (32) 17⁄16 (37) 13⁄4 (44)
1⁄2 (12.70) to 3⁄4 (19.05), excl 1⁄2 (13) 9⁄16 (14) 5⁄8 (16) 5⁄8 (16) 13⁄16 (21) 11⁄8 (29) 11⁄8 (29) 11⁄8 (29) 13⁄8 (35)
3⁄4 (19.05) to 1 (25.40), excl 1⁄2 (13) 9⁄16 (14) 5⁄8 (16) 5⁄8 (16) 3⁄4 (19) 13⁄16 (21) 15⁄16 (24) 1 (25) 11⁄8 (29)
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 17 Permissible Variations in Camber for Sheared Mill and
Universal Mill Plates A

Maximum camber −1⁄8 in. in any 5 ft
−3 mm in any 1.524 m

ACamber is the deviation of a side edge from a straight line, and measurement
is taken by placing a 5-ft straightedge on the concave side and measuring the
greatest distance between the plate and the straightedge.

TABLE 18 Permissible Variations in Diameter for Circular Plates

Specified Diameter, in.
(mm)

Tolerance Over Specified Diam-
eter for Given Diameter and

Thickness,A in. (mm)

To 3⁄8
(9.52)

in., excl,
in Thick-

ness

3⁄8 (9.52)
to 5⁄8

(15.88)
in., excl,
in Thick-

ness

5⁄8 in.
(15.88) to
1 (25.4)
in Thick-

nessB

To 60 (1524), excl 1⁄4 (6) 3⁄8 (10) 1⁄2 (13)
60 (1524 mm) to 84 (2134 mm),
excl

5⁄16 (8) 7⁄16 (11) 9⁄16 (14)

84 (2134 mm) to 108 (2743
mm), excl

3⁄8 (10) 1⁄2 (13) 5⁄8 (16)

108 (2743 mm) to 180 (4572
mm), excl

7⁄16 (11) 9⁄16 (14) 11⁄16 (17)

ANo tolerance under.
BCircular and sketch plates over 5⁄8 in. (15.88 mm) in thickness are not

commonly sheared but are machined or flame cut.

TABLE 19 Recommended Flame Cutting Allowances to Clean
Up in Machining Plates, Circles, Rings, and Sketches A

Specified Thickness, in. (mm)
Machining Allow-

ance per Edge, in.
(mm)

1 (25.4) and under 1⁄4 (6)
ASupplier assumes the appropriate clean-up allowances have been included in

ordered dimension.

TABLE 20 Permissible Variations in Abrasive Cutting
Width and Length for Plates

Specified Thickness, in. (mm)
Tolerance Over Specified

Width and LengthA

Width Length
Up to 1 (25.4), incl 1⁄8 (3) 1⁄8 (3)

AThe tolerance under specified width and length is 1⁄8 in. (3.18 mm).
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Designation: B 690 – 02

Standard Specification for
Iron-Nickel-Chromium-Molybdenum Alloys (UNS N08366 and
UNS N08367) Seamless Pipe and Tube 1

This standard is issued under the fixed designation B 690; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers iron-nickel-chromium-
molybdenum alloys (UNS N08366 and UNS N08367)* cold-
finished annealed or hot-finished annealed seamless pipe and
tube intended for use in special corrosive service and for
heat-resisting applications.

1.2 Pipe and tube shall be supplied in the solution heat
treated and descaled condition. When bright annealing is used,
descaling is not necessary.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 The following safety hazards caveat pertains only to the
test method portion, Section 12, of this specification.This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to become familiar with all hazards including
those identified in the appropriate Material Safety Data Sheet
for this product/material as provided by the manufacturer, to
establish appropriate safety and health practices, and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
A 450/A 450M Specification for General Requirements for

Carbon, Ferritic Alloy, and Austenitic Alloy Steel Tubes2

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications5

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 average diameter, n—average of the maximum and

minimum outside diameters, or the maximum and minimum
inside diameters, as determined at any cross section of the tube.

3.1.2 pipe, n—seamless tube conforming to the particular
dimensions commercially known as standard pipe (Appendix
X1).

3.1.3 tube, n—hollow product of round or any other cross
section having a continuous periphery.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Quantity (feet, metres, or number of lengths),
4.1.2 Form (seamless tube or pipe),
4.1.3 Name of material or UNS number,
4.1.4 Finish,
4.1.5 Dimensions:
4.1.5.1 Tube—Outside diameter, minimum wall thickness,
4.1.5.2 Pipe—Standard pipe size and schedule (Appendix

X1),
4.1.5.3 Length—Specified or random,
4.1.6 Certification, if required (Section 15),
4.1.7 Purchaser’s inspection, if required, (Section 13),
4.1.8 ASTM designation and year of issue, and
4.1.9 Samples for product analysis, if required.

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 1.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals Alloys and is the direct responsibility of Subcommittee B02.07
on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 690 – 81. Last previous edition B 690 – 96.

* New designation established in accordance with ASTM E 527 and SAE S1086,
Practice for Numbering Metals and Alloys (UNS).

2 Annual Book of ASTM Standards, Vol 01.01.
3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.

5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.05.

1
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5.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the permissible variations for
product (check) analysis in Specification B 880.

6. Mechanical and Other Properties

6.1 The material shall conform to the mechanical property
requirements specified in Table 2.

6.2 Hydrostatic Test:
6.2.1 Each pipe or tube with an outside diameter1⁄8 in. (3.2

mm) and larger, or tubes with a wall thickness of 0.015 in.
(0.38 mm) and over, shall be tested by the manufacturer to an
internal hydrostatic pressure of 1000 psi (68.9 kPa) provided
that the fiber stress calculated in accordance with the following
equation does not exceed the allowable fiber stress,S, indicated
below:

S5 ~PD/2t! (1)

where:
S = allowable fiber stress for material in cold-drawn

condition, (1⁄4 3 UTS.) 16 700 psi (1150 kPa),
P = hydrostatic test pressure, psi (or kPa),
D = outside diameter of the tube or pipe, in. (or mm), and
t = minimum wall thickness, in. (or mm), equal to the

specified wall thickness minus the permissible“ mi-
nus” wall tolerance, Table 3, or the specified mini-
mum wall thickness.

6.2.2 Any pipe or tube showing leaks during hydrostatic test
shall be rejected.

6.2.3 When so agreed upon between the purchaser and
manufacturer at the time of the purchase order, pipe or tube
may be treated to 11⁄2 times the allowable fiber stress ofS in
6.2.1.

6.2.4 When specified by the purchaser, a nondestructive
electric test in accordance with Specification A 450/A 450M
may be used in place of or in addition to, the hydrostatic test.

7. Dimensions and Permissible Variations

7.1 Outside Diameter and Wall Thickness:
7.1.1 The permissible variations in the outside diameter and

wall thickness of pipe and tube shall not exceed those specified
in Table 3, Table 4, and Table 5.

7.1.2 Permissible variations given in Table 3, Table 4, and
Table 5 are applicable only to two dimensions.

7.2 Length—When pipe or tube is ordered cut-to-length, the
permissible variations in length shall be those specified in
Table 6 for tubes; the permissible variation in length for pipe
shall be plus1⁄4 in. (6.4 mm), minus 0 in.

7.3 Straightness—Material shall be reasonably straight and
free of bends and kinks.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, commercially straight or flat, and free of injurious
imperfections.

TABLE 1 Chemical Requirements

Element
Composition Limits, %

N08366 N08367

Carbon 0.035 max 0.030 max
Manganese 2.00 max 2.00 max
Silicon 1.00 max 1.00 max
Phosphorus 0.040 max 0.040 max
Sulfur 0.030 max 0.030 max
Chromium 20.00 to 22.00 20.00 to 22.00
Nickel 23.50 to 25.50 23.50 to 25.50
Molybdenum 6.00 to 7.00 6.00 to 7.00
Nitrogen ... 0.18 to 0.25
IronA remainder remainder
Copper 0.75 max

AIron shall be determined arithmetically by difference.

TABLE 2 Mechanical Properties of Pipe and Tube

Cold-Worked
Annealed N08366

Hot-Worked
Annealed
N08366

Cold-Worked or Hot-
Worked Annealed

N08367

Tensile strength,
min, ksi

(MPa)

75 (517) 75 (517) # 3 / 16 > 3 / 16

Yield strength, 0.2 %
offset, min, ksi

(MPa)

30 (206) 30 (206) 100 (670)
45 (310)

95 (655)
45 (310)

Elongation in 2 in. or
50

mm, or 4D, min,%

30 30 30 30

TABLE 3 Permissible Variations in Outside Diameter A Tube

Outside Diameter, in. (mm)
Permissible Variations, in. (mm)

Plus Minus

Hot-Finished Seamless Tubes

4 (101.6) and under 1⁄64 0.4) 1⁄32 (0.8)
Over 4 (101.6) to 71⁄2 (190.5) incl 1⁄64 (0.4) 3⁄64 (1.2)
Over 71⁄2 (190.5) to 9 (228.6) incl 1⁄64 (0.4) 1⁄16 (1.6)

Cold-Finished Seamless Tubes

Under 21⁄2 (63.5) 0.010 (0.25) 0.010 (0.25)
21⁄2 (63.5) to 3 (76.2), excl 0.012 (0.30) 0.012 (0.30)
3 (76.2) to 4 (101.6), incl 0.015 (0.38) 0.015 (0.38)
Over 4 (101.6) to 71⁄2 (190.5), incl 0.015 (0.38) 0.025 (0.64)
Over 71⁄2 (190.5) to 9 (228.6), incl 0.015 (0.38) 0.045 (1.14)

A These permissible variations include out-of-roundness. These permissible
variations in outside diameter apply to hot-finished seamless, and cold-drawn
seamless tubes before other fabricating operations such as upsetting, swaging,
expanding, bending, or polishing.

TABLE 4 Permissible Variations in Outside Diameter, Pipe

Nominal Pipe Size in. (mm)

Permissible Variations in Outside Diameter

Plus Minus

in. mm in. mm

1⁄8 (3.2) to 11⁄2 (38.1) incl 1⁄64 0.4 1⁄32 0.8
Over 11⁄2 (38.1) to 4

(101.6) incl

1⁄32 0.8 1⁄32 0.8

Over 4 (101.6) to 8
(203.2) incl

1⁄16 1.6 1⁄32 0.8

Over 8 (203.2) to 18
(457.2) incl

3⁄32 2.4 1⁄32 0.8

Over 18 (457.2) to 26
(660.4) incl

1⁄8 3.2 1⁄32 0.8

Over 26 (660.4) to 34
(863.6) incl

5⁄32 4.0 1⁄32 0.8

Over 34 (863.6) to 48
(1219.2) incl

3⁄16 4.8 1⁄32 0.8
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9. Sampling

9.1 Lot Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 Lots for mechanical testing and check analysis shall

consist of the material from one heat, in the same condition
(temper), and of the same specified size (excepting length) and
cross section.

9.2 Test Material Selection:
9.2.1 Sampling for Chemical Analysis:
9.2.1.1 An analysis of each lot shall be made by the

manufacturer from a representative sample obtained during the
pouring of the heat or subsequent processing.

9.2.1.2 If samples for product (check) analysis are specified,
a representative sample shall be taken from each lot (see 9.1.2)
of finished material.

9.2.2 Sampling for Mechanical Testing—Samples of the
material to provide test specimens for mechanical testing shall
be taken from such locations in each lot (see 9.1.2) as to be
representative of that lot.

10. Number of Tests and Retests

10.1 Chemical Analysis—One test per lot.
10.2 Mechanical Tests—Tension tests—One test per lot.
10.3 Nondestructive Test—Each piece in each lot (9.1.2).
10.4 Retests—If the specimen used in the mechanical test of

any lot fails to meet the specified requirements, an additional
specimen shall be taken from a different sample piece and
tested. The results of this test specimen shall meet the specified
requirements.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from the material
after final heat treatment and tested in the direction of
fabrication.

11.2 Whenever possible, all pipe and tube shall be tested in
full tubular size. When testing in full tubular size is not

possible, longitudinal strip specimens, or largest possible round
specimen prepared in accordance with Test Methods E 8, shall
be used.

12. Test Methods

12.1 Determine the chemical composition and mechanical
properties of the material, as enumerated in this specification,
in the case of disagreement, in accordance with the following
ASTM methods:

12.1.1 Chemical Analysis—Test Methods E 1473.
12.2 Tension Test—Test Methods E 8.
12.3 Determination of Significant Places—For purposes of

determining compliance with the specified limits for the
requirements of the properties listed in the following table,
round an observed or a calculated value as indicated, in
accordance with the rounding methods of Practice E 29.
Requirement Rounded Unit for Observed or Calculated Value

Chemical composition nearest unit in the last righthand place of figures of
the specified limit

Tensile strength nearest 1000 psi (7 MPa)
Yield strength
Elongation nearest 1 %

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

16. Product Marking

16.1 Material—The name or brand of the manufacturer, the
trade name of the material or UNS number, the letters ASTM,

TABLE 5 Permissible Variations in Wall Thickness A—Tube

Outside Diameter,
in. (mm)

Wall Thickness, %
0.095 (2.7) in. (mm)

and Under
Over 0.095 (2.7) to

0.150 (3.8) in. (mm), incl
Over 0.150 (3.8) to

0.180 (4.6) in. (mm), incl
Over 0.180 (4.6) in.

(mm)
Plus Minus Plus Minus Plus Minus Plus Minus

Seamless, Hot-Finished Tubes
4 (101.6) and under
Over 4 (101.6)

40
...

0
...

35
35

0
0

33
33

0
0

28
28

0
0

Seamless, Cold-Finished Tubes
Plus Minus

11⁄2 (38.1) and under
Over 11⁄2 (38.1)

20
22

0
0

AThese permissible variations in wall thickness apply only to tubes, except internal-upset tubes, as rolled or drawn, and before swaging, expanding, bending, polishing,
or other fabricating operations.

TABLE 6 Permissible Variations in Length A—Tube

Method of
Manufacture

Outside Diameter,
in. (mm)

Cut Length, in. (mm)
Plus Minus

Seamless, hot-finished
Seamless, cold-finished

all sizes
under 2 (50.8)
2 (50.8) and over

3⁄16 (4.8)
1⁄8 (3.2)

3⁄16 (4.8)

0
0
0

AThese permissible variations in length apply to tubes before bending. They
apply to cut lengths up to and including 24 ft (7.3 m). For lengths over 24 ft (7.3 m)
an additional over-tolerance of 1⁄8 in. (3.2 mm) for each 10 ft (3.0 m) or fraction
thereof shall be permissible up to a maximum of 1⁄2 in. (12.7 mm).
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the specification number, heat number, and nominal size shall
be legibly stenciled on each piece1⁄2 in. (12.7 mm) and over in
outside diameter, provided the length is not under 3 ft (914
mm). The material marking shall be any method which will not
result in harmful contamination.

16.1.1 For material less than1⁄2 in. (12.7 mm) in outside
diameter and material under 3 ft (914 mm) in length, the
information specified in 16.1 shall be either stenciled or
marked on a tag securely attached to the bundle or box in
which the tube is shipped.

16.2 Packaging—Each bundle or shipping container shall
be marked with the name or brand of the manufacturer, the
trade name of the material or UNS number, the letters ASTM,
the specification number, heat number, condition (temper), and
nominal size; gross, tare, and net weight; consignor and
consignee address; contract or order number; or such other
information as may be defined in the contract or order.

17. Keywords

17.1 seamless pipe; seamless tube; UNS N08367

APPENDIX

(Nonmandatory Information)

X1. SCHEDULES OF COLD-FINISHED SEAMLESS PIPE

X1.1 The schedules of cold-finished, seamless UNS
N08366 pipe as given in Table X1.1 are regularly available.
Other schedules may be furnished, and the manufacturer

should be consulted. Table X1.1 is published for information
only.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X1.1 Pipe Schedules A

Nominal Pipe Size Outside Diameter
Nominal Wall Thickness

Schedule No. 5 Schedule No. 10 Schedule No. 40 Schedule No. 80

Inches

1⁄4 0.540 ... 0.065 0.088 ...
3⁄8 0.675 ... 0.065 0.091 0.126
1⁄2 0.840 0.065 0.083 0.109 0.147
1⁄8 1.050 0.065 0.083 0.113 0.154

1 1.315 0.065 0.109 0.133 0.179
11⁄4 1.660 0.065 0.109 0.140 0.191
11⁄2 1.900 0.065 0.109 0.145 0.200

2 2.375 0.065 0.109 0.154 0.218
11⁄2 2.875 0.083 0.120 0.203 0.276

3 3.500 0.083 0.120 0.216 0.300
31⁄2 4.000 0.083 0.120 0.226 0.318

4 4.500 0.083 0.120 0.237 0.337
5 5.563 ... ... 0.258 ...
6 6.625 ... ... 0.280 ...

Millimetres

6.4 13.72 ... 1.65 2.24 ...
9.5 17.14 ... 1.65 2.31 3.20

12.7 21.34 1.65 2.11 2.77 3.73
19.1 26.67 1.65 2.11 2.87 3.91
25.4 33.40 1.65 2.77 3.38 4.55
31.8 42.16 1.65 2.77 3.56 4.85
38.1 48.26 1.65 2.77 3.68 5.08
50.8 60.32 1.65 2.77 3.91 5.54
63.5 73.02 2.11 3.05 5.16 7.04
76.2 88.90 2.11 3.05 5.49 7.62
88.9 101.60 2.11 3.05 5.74 8.08

101.6 114.30 2.11 3.05 6.02 8.56
127.0 141.30 ... ... 6.55 ...
152.4 168.28 ... ... 7.11 ...

AThe pipe schedules shown above conform with standards adopted by the American National Standards Institute.
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Designation: B 691 – 02

Standard Specification for
Iron-Nickel-Chromium-Molybdenum Alloys (UNS N08366 and
UNS N08367) Rod, Bar, and Wire 1

This standard is issued under the fixed designation B 691; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers iron-nickel-chromium-
molybdenum alloys (UNS N08366 and UNS N08367)* in the
form of hot-finished and cold-finished rounds, squares, hexa-
gons, octagons, and rectangles.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 The following safety hazards caveat pertains only to the
test methods portion, Section 12, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to become familiar with all hazards including
those identified in the appropriate Material Safety Data Sheet
for this product/material as provided by the manufacturer, to
establish appropriate safety and health practices, and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys, and
Cobalt Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys5

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 The terms rod, bar, and wire, as used in this specifi-

cation, are described as follows:
3.1.1.1 bar—hot-finished or cold-finished material of

round, square, hexagon, octagon, or rectangular solid section in
straight lengths.

3.1.1.2 rod—hot-finished material of round, square, hexa-
gon, octagon, or rectangular solid section furnished in coils for
subsequent cold drawing into finished products.

3.1.1.3 wire—cold-finished material of round, square, hexa-
gon, octagon, or rectangle solid section furnished in coils.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered to this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Quantity (feet, metres, or number of pieces),
4.1.2 Form (rod, bar, wire),
4.1.3 Name of material or UNS number,
4.1.4 Finish (see 8.2),
4.1.5 Dimensions, including length,
4.1.6 Certification, if required (Section 15),
4.1.7 Purchaser’s inspection, if required (Section 13),
4.1.8 ASTM designation and year of issue, and
4.1.9 Samples for product analysis, if required.

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 1.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved May 10, 2002. Published July 2002. Originally
published as B 691 – 81. Last previous edition B 691 – 95.

* New designation established in accordance with ASTM E 527 and SAE J1086,
Practice for Numbering Metals and Alloys.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02. 5 Annual Book of ASTM Standards, Vol 03.06.

1
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5.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the permissible variations for
product (check) analysis in Specification B 880.

6. Mechanical Properties and Other Requirements

6.1 The material shall conform to the mechanical property

requirements specified in Table 2.

7. Dimensions and Permissible Variations

7.1 Size:
7.1.1 Rounds—The permissible variations in size of cold-

finished round shall be as given in Table 3. For hot-finished
round bars and rod, they shall be as given in Table 4.

7.1.2 Squares—The permissible variations in size of cold-
finished square bars shall be as given in Table 5. For hot-
finished square bars and rods, they shall be as given in Table 4.

7.1.3 Hexagons and Octagons—The permissible variations
in size of cold-finished hexagons and octagons shall be as
given in Table 5. For hot-finished bar and rod hexagons and
octagons they shall be as given in Table 6.

7.1.4 Flats (Rectangles)—The permissible variations in
width and thickness of cold-finished flats shall be as given in
Table 7 for bars and for wire in Table 8. For hot-finished flat
bars and rods, the tolerances for width and thickness shall be as
given in Table 9.

7.2 Out-of-Round—Hot-finished rounds and cold-finished
rounds (except forging quality), all sizes, in straight lengths,
shall not be out-of-round by more than shown in Table 4 and
Table 3.

7.3 Corners—Cold-finished squares, rectangles, hexagons
and octagons will have equal angles and sharp corners.

7.4 Machining Allowances—When the surfaces of hot-
finished material are to be machined, the allowances given in
Table 10 are recommended for normal machining operations.

7.5 Length:
7.5.1 Unless multiple, nominal, or cut lengths are specified,

random mill lengths shall be furnished.
7.5.2 When bars are ordered in multiple lengths,1⁄4 in. (6.4

mm) will be allowed for each multiple cut, unless otherwise
specified.

7.5.3 The permissible variations in length of hot or cold-
finished bars shall be as specified in Table 11 or Table 12
depending upon whether or not the material is specified to be
machine-cut after straightening.

7.6 Ends:
7.6.1 Bars ordered to random or nominal lengths will be

furnished with either cropped or saw-cut ends.
7.6.2 Bars ordered to cut lengths will be furnished with

square saw-cut or machine cut ends.
7.7 Straightness:
7.7.1 The permissible variations in straightness of cold-

finished bars shall be as specified in Table 13.
7.7.2 The permissible variations in straightness of hot-

finished bars shall be as specified in Table 13.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, commercially straight or flat, and free of injurious
imperfections.

8.2 Finishes available include hot-rolled, hot rolled-
annealed-descaled, cold-drawn, ground, turned, and machined.

9. Sampling

9.1 Lot Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 Lots for mechanical testing shall consist of the mate-

rial from one heat, in the same condition (temper), and of the
same specified size (excepting length) and cross-section.

TABLE 1 Chemical Requirements

Element
Composition Limits, %

N08366 N08367

Carbon 0.035 max 0.030 max
Manganese 2.00 max 2.00 max
Silicon 1.00 max 1.00 max
Phosphorus 0.040 max 0.040 max
Sulfur 0.030 max 0.030 max
Chromium 20.00 to 22.00 20.00 to 22.00
Nickel 23.50 to 25.50 23.50 to 25.50
Molybdenum 6.00 to 7.00 6.00 to 7.00
Nitrogen ... 0.18 to 0.25
IronA remainder remainder
Copper ... 0.75 max

A Iron shall be determined arithmetically by difference.

TABLE 2 Mechanical Properties

Cold-Finished-An-
nealed and Hot-

Finished-Annealed
(All Sizes)

Forging Quality
(All Sizes)

N08366 N08367 N08366 N08367
Tensile strength, min,

ksi (MPa)
75 (517) 95 (655) A A

Yield strength, 0.2 %
offset, min, ksi (MPa)

30 (206) 45 (310) A A

Elongation in 2 in. or 50
mm, or 4D, min, %

30 30 A A

A No tensile properties are required on forging quality.

TABLE 3 Permissible Variations in Diameter Cold-
Finished Round Bars and Wire

Specified Diameter, in. (mm)

Diameter toler-
ance, in. (mm)A,B,C

Plus and Minus

0.0030 (0.076) to 0.0048 (0.122), excl 0.0001 (0.003)
0.0048 (0.122) to 0.0080 (0.203), excl 0.0002 (0.005)
0.0080 (0.203) to 0.0120 (0.305), excl 0.0003 (0.008)
0.0120 (0.305) to 0.0240 (0.610), excl 0.0004 (0.010)
0.0240 (0.610) to 0.0330 (0.838), excl 0.0005 (0.013)
0.0330 (0.838) to 0.0440 (1.118), excl 0.0008 (0.020)
0.0440 (1.118) to 0.3125 (7.938), excl 0.001 (0.03)
0.3125 (7.938) to 0.5000 (12.700), excl 0.0015 (0.038)
0.5000 (12.700) to 1.000 (25.4), excl 0.002 (0.05)
1.000 (25.40) to 1.500 (38.10), excl 0.0025 (0.06)
1.500 (38.10) to 4.000 (101.6), incl 0.003 (0.08)

A Diameter tolerances are over and under as shown in the above table. Also,
rounds can be produced to tolerances all over and nothing under, or all under and
nothing over, or any combination of over and under, if the total spread in diameter
tolerance for a specified diameter is not less than the total spread shown in the
table.

B The maximum out-of-round tolerance for round wire is one-half of the total size
tolerance shown in the above table.

C When it is necessary to heat treat or heat treat and pickle after cold finishing,
size tolerances are double those shown in the table for sizes 0.0240 in. (0.610 mm)
and over.
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9.2 Test Material Selection:
9.2.1 Sampling for Chemical Analysis:
9.2.1.1 An analysis of each lot shall be made by the

manufacturer from a representative sample obtained during the
pouring of the heat or subsequent processing.

9.2.1.2 If samples for product (check) analysis are specified,
a representative sample shall be taken from each lot of finished
material.

9.2.2 Sampling for Mechanical Testing—Samples of the
material to provide test specimens for mechanical testing shall

be taken from such locations in each lot (see 9.1.2) as to be
representative of that lot.

10. Number of Tests and Retests

10.1 Chemical Analysis—One test per lot.

10.2 Mechanical Tests and Tension Tests—One test per lot.

TABLE 4 Permissible Variations in Size of Hot-Finished Round and Square Bars and Rods

Specified size, in. (mm)

Permissible Variations from Specified Size,
in. (mm)

Out-of-RoundA or
Out-of-Square,B in.

(mm)
Plus Minus

1⁄4 (6.4) to 5⁄16 (7.9), incl 0.005 (0.13) 0.005 (0.13) 0.008 (0.20)
Over 5⁄16 (7.9) to 7⁄16 (11.1), incl 0.006 (0.15) 0.006 (0.15) 0.009 (0.23)
Over 7⁄16 (11.1) to 5⁄8 (15.9), incl 0.007 (0.18) 0.007 (0.18) 0.010 (0.25)
Over 5⁄8 (15.9) to 7⁄8 (22.2), incl 0.008 (0.20) 0.008 (0.20) 0.012 (0.30)
Over 7⁄8 (22.2) to 1 (25.4), incl 0.009 (0.23) 0.009 (0.23) 0.013 (0.33)
Over 1 (25.4) to 11⁄8 (28.6), incl 0.010 (0.25) 0.010 (0.25) 0.015 (0.38)
Over 11⁄8 (28.6) to 11⁄4 (31.8), incl 0.011 (0.28) 0.011 (0.28) 0.016 (0.41)
Over 11⁄4 (31.8) to 13⁄8 (34.9), incl 0.012 (0.30) 0.012 (0.30) 0.018 (0.46)
Over 13⁄8 (34.9) to 11⁄2 (38.1), incl 0.014 (0.36) 0.014 (0.36) 0.021 (0.53)
Over 11⁄2 (38.1) to 2 (50.8), incl 1⁄64 (0.4) 1⁄64 (0.4) 0.023 (0.58)
Over 2 (50.8) to 21⁄2 (63.5), incl 1⁄32 (0.8) 0 0.023 (0.58)
Over 21⁄2 (63.5) to 31⁄2 (88.9), incl 3⁄64 (1.2) 0 0.035 (0.89)
Over 31⁄2 (88.9) to 41⁄2 (114.3), incl 1⁄16 (1.6) 0 0.046 (1.17)
Over 41⁄2 (114.3) to 51⁄2 (139.7), incl 5⁄64 (2.0) 0 0.058 (1.47)
Over 51⁄2 (139.7) to 61⁄2 (165.1), incl 1⁄8 (3.2) 0 0.070 (1.78)
Over 61⁄2 (165.1) to 8 (203.2), incl 5⁄32 (4.0) 0 0.085 (2.16)

A Out-of-round is the difference between the maximum and minimum diameters of the bar, measured at the same cross section.
B Out-of-square section is the difference in the two dimensions at the same cross section of a square bar, each dimension being the distance between opposite faces.

TABLE 5 Permissible Variations in Distance Between
Parallel Surfaces of Cold Finished Hexagonal, Octagonal,

and Square Bars and Wire

Specified Size, in. (mm)

Permissible Varia-
tions from Speci-

fied Size, in.
(mm)A

Plus Minus

0.125 (3.18) to 0.3125 (7.938), excl 0 0.002 (0.05)
0.3125 (7.938) to 0.500 (12.70), excl 0 0.003 (0.08)
0.500 (12.70) to 1.000 (25.40), incl 0 0.004 (0.10)
Over 1 (25.40) to 2 (50.80), incl 0 0.006 (0.15)
Over 2 (50.80) to 3 (76.20), incl 0 0.008 (0.20)
Over 3 (76.20) 0 0.010 (0.25)

A When it is necessary to heat treat or heat treat and pickle after cold finishing,
size tolerances are double those shown in the table.

TABLE 6 Permissible Variations in Size of Hot-Finished Hexagonal and Octagonal Bars and Rods

Specified Sizes Measured Between Opposite
Sides, in. (mm)

Permissible Variations from Specified Size,
in. (mm)

Maximum Difference,
in. (mm), 3 Measure-
ments for Hexagons

OnlyPlus Minus

1⁄4 to 1⁄2 (6.4 to 12.7), incl 0.007 (0.18) 0.007 (0.18) 0.011 (0.28)
Over 1⁄2 to 1 (12.7) to (25.4), incl 0.010 (0.25) 0.010 (0.25) 0.015 (0.38)
Over 1 (25.4) to 11⁄2 (38.1), incl 0.021 (0.53) 0.021 (0.53) 0.025 (0.64)
Over 11⁄2 (38.1) to 2 (50.8), incl 1⁄32 (0.8) 1⁄32 (0.8) 1⁄32 (0.8)
Over 2 (50.8) to 21⁄2 (63.5), incl 3⁄64 (1.2) 3⁄64 (1.2) 3⁄64 (1.2)
Over 21⁄2 (63.5) to 31⁄2 (88.9), incl 1⁄16 (1.6) 1⁄16 (1.6) 1⁄16 (1.6)
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TABLE 7 Permissible Variations in Width and Thickness
of Cold-Finished Flat Bars

Width, in. (mm)

Width Tolerance, in. (mm),
Plus and MinusA

For Thick-
nesses 0.250
in. (6.35) and

Under

For Thick-
nesses Over

0.250 in.
(6.35)

0.375 (9.53) to 1 (25.40), incl 0.004 (0.10) 0.002 (0.05)
Over 1 (25.40) to 2 (50.80), incl 0.006 (0.15) 0.003 (0.08)
Over 2 (50.80) to 3 (76.20), incl 0.008 (0.20) 0.004 (0.10)
Over 3 (76.20) to 4.500 (114.30),

inclB
0.010 (0.25) 0.005 (0.13)

Thickness, in. (mm)

Thickness
Tolerance, in.

(mm), Plus
and MinusA

0.125 (3.18) to 1 (25.40), incl 0.002 (0.05)
Over 1 (25.40) to 2 (50.80), incl 0.003 (0.08)
Over 2 (50.80) to 3 (76.20), incl 0.004 (0.10)
Over 3 (76.20) to 4.500 (114.30),

inclB
0.005 (0.13)

A When it is necessary to heat treat or heat treat and pickle after cold finishing,
tolerances are double those shown in the table.

B Cold-finished flat bars over 4.500 in. (114.3 mm) wide or thick are produced:
width and thickness tolerances for such bars are not included herein.

TABLE 8 Permissible Variations in Width and Thickness of Cold-Finished Flat Coils A

Specified Width, in. (mm)

Permissible Variations in Thickness, in. (mm),
Plus and Minus, for Given Thicknesses, in. (mm)

Permissible Variations
in Width, in. (mm), for Given

Width, in. (mm)

Under 0.029
(0.74)

0.029 (0.74) to
0.035 (0.89), excl

0.035 (0.89) to
0.1875 (4.76),

excl
Plus Minus

0.0625 (1.588) to 0.375 (9.52), excl 0.001 (0.03) 0.0015 (0.038) 0.002 (0.05) 0.005 (0.13) 0.005 (0.13)
A Where it is necessary to heat treat or heat treat and pickle after cold finishing, size variations are double those shown in the table.

TABLE 9 Permissible Variations in Thickness and Width for Hot-Finished Flat Bars and Rods

Specified Widths, in.

Thickness Tolerances, in., for Thicknesses Given

1⁄8 to 1⁄2
incl

Over 1⁄2 to
1 incl

Over 1 to
2 incl

Over 2 to 4 incl Over 4 to 6 incl Over 6 to 8 incl Width Tolerance, in.

Plus and Minus Plus Minus Plus Minus Plus Minus Plus Minus

Up to 1, incl 0.008 0.010 ... ... ... ... ... ... ... 0.015 0.015
Over 1 to 2, incl 0.012 0.015 0.031 ... ... ... ... ... ... 0.031 0.031
Over 2 to 4, incl 0.015 0.020 0.031 0.062 0.031 ... ... ... ... 0.062 0.031
Over 4 to 6, incl 0.015 0.020 0.031 0.062 0.031 0.093 0.062 ... ... 0.093 0.062
Over 6 to 8, incl 0.016 0.025 0.031 0.062 0.031 0.093 0.062 0.125 0.156 0.125 0.156
Over 8 to 10, incl 0.021 0.031 0.031 0.062 0.031 0.093 0.062 0.125 0.156 0.156 0.187

SI Equivalents

Specified Widths, mm

Thickness Tolerances, mm, for Thicknesses Given

3.18 to
12.70 Incl

Over
12.70 to

25.40 Incl

Over
25.40 to

50.80 Incl

Over 50.80 to 101.6
Incl

Over 101.6 to 152.4
Incl

Over 152.4 to 203.2
Incl

Width Tolerance, Incl

Plus and Minus Plus Minus Plus Minus Plus Minus Plus Minus

Up to 25.40, incl 0.20 0.25 ... ... ... ... ... ... ... 0.38 0.38
Over 25.40 to 50.80, incl 0.30 0.38 0.79 ... ... ... ... ... ... 0.79 0.79
Over 50.80 to 101.60, incl 0.38 0.51 0.79 1.57 0.79 ... ... ... ... 1.57 0.79
Over 101.60 to 152.40, incl 0.38 0.51 0.79 1.57 0.79 2.36 1.57 ... ... 2.36 1.57
Over 152.40 to 203.20, incl 0.41 0.64 0.79 1.57 0.79 2.36 1.57 3.18 3.96 3.18 3.96
Over 203.20 to 254.00, incl 0.53 0.79 0.79 1.57 0.79 2.36 1.57 3.18 3.96 3.96 4.75
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TABLE 10 Normal Machining Allowances for Hot-Finished Material

Finished-Machined Dimensions for Conditions as Indicated Be-
low, in. (mm)A

On Diameter
for Rounds

Distance Be-
tween Paral-
lel Surfaces,
for Hexa-
gons,
Squares

For Rectangles

On Thick-
ness

On Width

Hot-finished:B

Up to 7⁄8 (22.2), incl 1⁄8 (3.2) 1⁄8 (3.2) 1⁄8 (3.2) 3⁄16 (4.8)
Over 7⁄8 to 17⁄8 (22.2 to 47.6), incl 1⁄8 (3.2) 3⁄16 (4.8) 1⁄8 (3.2) 3⁄16 (4.8)
Over 17⁄8 to 27⁄8 (47.6 to 73.0), incl 3⁄16 (4.8) 1⁄4 (6.4) ... 3⁄16 (4.8)
Over 27⁄8 to 313⁄16 (73.0 to 96.8), incl 1⁄4 (6.4) ... ... 3⁄16 (4.8)
Over 313⁄16 (96.8) 1⁄4 (6.4) ... ... 3⁄8 (9.5)

Hot-finished rounds:
Rough-turned:C
15⁄16 to 4 (23.8 to 101.6), incl in diameter
Over 4 to 12 (101.6 to 304.8). incl in diameter

1⁄16 (1.6)
1⁄8 (3.2)

...

...
...
...

...

...
Semi-smooth machined:
Over 21⁄2 to 4 (63.5 to 101.6), incl 1⁄16

D (1.6) ... ... ...
Over 21⁄2 to 4 (63.5 to 101.6), incl 1⁄8E (3.2) ... ... ...
Over 4 to 10 (101.6 to 254.0), incl 1⁄8F (3.2) ... ... ...
A Dimensions apply to diameter of rounds, to distance between parallel surfaces of hexagons and squares, and separately to width and thickness of rectangles.
B The allowances in Table 9 for hot-finished material are recommended for rounds machined in lengths of 3 ft (0.9 m) or less and for squares, hexagons, and rectangles

machined in lengths of 2 ft (0.6 m) or less. Hot-finished material to be machined in longer lengths should be specified showing the finished cross-sectional dimension and
the length in which the material will be machined in order that the manufacturer may supply material with sufficient oversize, including allowance for out-of-straightness.

C Applicable to 3 ft (0.9 m) max length.
D Applicable to 10 ft (3.0 m) max length.
E Applicable to lengths over 10 to 20 ft (3.0 to 6.1 m), incl.
F Applicable to 30 ft (9.1 m) max lengths.

TABLE 11 Permissible Variations in Length of Hot-Finished or Cold-Finished Bars

NOTE 1—These tolerances are not applicable when bars are ordered random length.

Specified Size of Rounds, Squares, Hexagons,
Octagons, and Widths of Flats, in. (mm)

Permissible Variations in Length, in. (mm)

To 12 ft (3658 mm)
Over 12 ft (3658 mm) to 25 ft

(7620 mm)

Plus Minus Plus Minus

Up to 2 (50.80), incl 1⁄2 (12.70) 0 3⁄4 (19.05) 0
Over 2 (50.80) to 4 (101.60), incl 3⁄4 (19.05) 0 1 (25.40) 0
Over 4 (101.6) to 6 (152.4), incl 1 (25.40) 0 11⁄4 (31.75) 0
Over 6 (152.4) to 9 (228.6), incl 11⁄4 (31.75) 0 11⁄2 (38.10) 0
Over 9 (228.6) to 12 (304.8) 11⁄2 (38.10) 0 2 (50.80) 0

TABLE 12 Permissible Variations in Length of Hot-Finished or Cold-Finished Bars Machine Cut After Machine Straightening

NOTE 1—These tolerances are not applicable when bars are ordered random length.

Specified Sizes of Rounds, Squares, Hexagons,
Octagons, and Widths of Flats, in. (mm) Length, ft (mm)

Tolerance, in. (mm)

Plus Minus

0.125 (3.18) and under up to 12 (3658), incl 1⁄16 (1.6) 0
0.125 (3.18) and under over 12 (3658) 1⁄8 (3.2) 0
Over 0.125 (3.18) to 0.500 (12.70), incl under 3 (914) 1⁄32 (0.8) 0
Over 0.125 (3.18) to 0.500 (12.70), incl 3 (914) to 12 (3658), incl 1⁄16 (1.6) 0
Over 0.125 (3.18) to 0.500 (12.70), incl over 12 (3658) 1⁄8 (3.2) 0
Over 0.500 (12.70) to 3 (76.20), incl up to 12 (3658), incl 1⁄8 (3.2) 0
Over 0.500 (12.70) to 3 (76.20), incl over 12 (3658) 3⁄16 (4.8) 0
Over 3 (76.20) to 6 (152.40), incl up to 12 (3658), incl 3⁄16 (4.8) 0
Over 3 (76.20) to 6 (152.40), incl over 12 (3658) 1⁄4 (6.4) 0
Over 6 (152.40) to 9 (228.60), incl up to 12 (3658), incl 1⁄4 (6.4) 0
Over 6 (152.40) to 9 (228.60), incl over 12 (3658) 5⁄16 (7.9) 0
Over 9 (228.60) to 12 (304.80), incl up to 12 (3658), incl 1⁄2 (12.7) 0
Over 9 (228.60) to 12 (304.80), incl over 12 (3658) 1⁄2 (12.7) 0
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10.3 Retests—If the specimen used in the mechanical test of
any lot fails to meet the specified requirements, an additional
specimen shall be taken from a different sample piece and
tested. The results of this test specimen shall meet the specified
requirements.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the final condition (temper) and tested in the direction of
fabrication.

11.2 All rod and bar shall be tested in full cross-section size
when possible. When a full cross-section size test cannot

be performed, the largest possible round specimen shown in
Test Methods E 8 shall be used. Longitudinal strip specimens
shall be prepared in accordance with Test Methods E 8 for flats
up to1⁄2 in. (12.7 mm), incl, in thickness that are too wide to be
pulled full size.

12. Test Methods

12.1 Determine the chemical composition and mechanical
properties of the material, as enumerated in this specification,
in the case of disagreement, in accordance with the following
ASTM methods:

12.1.1 Chemical Analysis—Test Methods E 1473.
12.2 Tension test— Test Methods E 8.
12.3 Determination of significant places—For purposes of

determining compliance with the specified limits for the
requirements of the properties listed in the following table,
round an observed or a calculated value as indicated, in
accordance with the rounding methods of Practice E 29.
Requirement Rounded unit for observed or calculated value
Chemical composition nearest unit in the last right-hand place of

figures of the specified limit
Tensile strength and

yield strength
nearest 1000 psi (7 MPa)

Elongation nearest 1 %

13. Inspection

13.1 Inspection of the material shall be agreed upon be-
tween the purchaser and the producer or supplier as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection shall be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

16. Product Marking

16.1 Each bundle or shipping container shall be marked
with the name of the material, UNS number, heat number,
condition (temper), the specification number, the size, gross,
tare, and net weights, consignor and consignee address, con-
tract or order number, or such other information as may be
defined in the contract or purchase order.

16.2 When so specified on the contract or purchase order,
larger size bars shall be marked individually with the name of
the material, heat number, condition (temper), the specification
number, size, and producer’s name or mark.

17. Keywords

17.1 bar; N08366; N08367; rod; wire

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

TABLE 13 Permissible Variations in Straightness of
Machine Straightened of Machine Straightened Hot-

Finished or Cold-Finished Bars

Measurement is taken on the concave side of the bar with a straightedge.
Unless otherwise specified, hot-finished or cold-finished bars for machining
purposes are furnished machine straightened to the following tolerances:
Hot-finished:

1⁄8 in. in any 5 ft; but may not exceed 1⁄8 in. 3 (length in ft/5)
or

3.2 mm in any 1.5 m; but may not exceed 3.2 3 (length in m/1.5)
Cold-finished:

1⁄16 in. in any 5 ft; but may not exceed 1⁄16 in. 3 (length in ft/5)
or

1.6 mm in any 1.5 m; but may not exceed 1.6 3 (length in m/1.5)

B 691 – 02

6



This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

B 691 – 02

7



Designation: B 692 – 90 (Reapproved 2000)

Standard Specification for
75 % Silver-25 % Graphite Sliding Contact Material 1

This standard is issued under the fixed designation B 692; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification defines the criteria for composition
and other requirements for brushes with a nominal silver
content of 75 weight % with the balance being substantially
graphite.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.3 It is the responsibility of the user to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer.

2. Referenced Documents

2.1 ASTM Standards:
B 613 Guide for Preparing Specifications for Miniature

Brushes of Composite Materials for Sliding Electric Con-
tacts2

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

2.2 ANSI Standard:
C64.1 Brushes for Electrical Machines4

3. Requirements

3.1 Chemical Compositionshall be as follows:
Silver 75 6 3 % (weight)
Graphite balance
Total metal impurities 1 % max
Percent ash in graphite (ANSI C64.1) 5 % max

3.2 Physical Properties—The following lot average proper-
ties must be met. Unless otherwise agreed between the pro-
ducer and the user, the number of samples shall be five.

3.2.1 Density—The minimum acceptable density shall be
4.6 g/cm3 as determined by the measurement and weight
method defined by ANSI C64.1.

3.2.2 Shear Strength:
3.2.2.1 The shear strength for the normal and transverse

directions shall be measured for rectangular parallelepipeds
and shall be 2000 psi (14 MPa), minimum.

3.2.2.2 The shear strength for the longitudinal shear direc-
tion shall be measured for cylinders and shall be 1000 psi (6.9
MPa), minimum.

3.3 Microstructure—Parts shall be visually free of structural
defects, cracks, etc., upon examination at 503. The press
direction, as evidenced by laminations, shall be as defined by
the purchase order. Also the brush material shall not contain
abrasive particles that will sliver a metal-alloy ring with a
hardness$110 HK10 0 when the brush force is equal to 30 g or
that necessary for 5.0 psi (34 kPa) pressure, whichever is
greater. A sliver is defined as a loose wear particle with one
dimension$503 the next smaller dimension. Although sliv-
ering can be caused by coarse abrasive particles, other param-
eters can contribute to slivering (for example, very high brush
force).

3.4 Source or Grade of Raw Materials(for example, graph-
ite) or methods of manufacture shall not be changed without
notifying users.

4. Reference Properties

4.1 Because of their size, the following properties can not
always be determined. However, these properties are typical
for larger parts.

4.1.1 Superficial Hardness—The typical superficial hard-
ness for this material is Rockwell 15W50 as determined by
Test Methods E 18 with a1⁄8-in. (3.2-mm) steel ball.

4.1.2 Specific Resistance—The typical specific resistance
for the material is 63 10 −6 V-in. (1.53 10 −7 V-m) as
determined by the method detailed in ANSI C64.1.

5. Certification

5.1 Material supplied under this specification shall be cer-
tified as meeting the requirements of this specification by the
producer of the material.

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B2.05 on Precious Metals.

Current edition approved Dec. 28, 1990. Published February 1991. Originally
published as B 692 – 81. Last previous edition B 692 – 81 (1986).

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Available from Standardization Documents, Order Desk, Bldg. 4 Section D,

700 Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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6. Keywords
6.1 electrical contacts; graphite; silver; sliding contacts

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
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Designation: B 693 – 91 (Reapproved 2001)

Standard Specification for
Silver-Nickel Electrical Contact Materials 1

This standard is issued under the fixed designation B 693; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers electrical contact components
made from silver nickel by powder metallurgical procedures.

1.2 This specification covers compositions within the silver-
nickel system normally specified by users of electrical con-
tacts.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.4 It is the responsibility of the user to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer.

2. Referenced Documents

2.1 ASTM Standards:
B 328 Test Method for Density, Oil Content, and Intercon-

nected Porosity of Sintered Metal Structural Parts and
Oil-Impregnated Bearings2

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 384 Test Method for Microindentation Hardness of Ma-
terials3

3. Ordering Information

3.1 Orders for this material under this specification shall
include the following information.

3.1.1 Dimensions (see Section 6).
3.1.2 Chemical composition (see reference table in Appen-

dix X1).
3.1.3 Physical properties (see Section 5 and reference table

in Appendix X1).
3.1.4 Certification (see Section 13).
3.1.5 Other features as agreed upon between the seller and

the user.

4. Chemical Composition

4.1 The material shall conform to composition limits as
agreed upon between the manufacturer and user.

4.2 The chemical analysis shall be made in accordance with
the methods described in the newest edition ofAnnual Book of
ASTM Standards,Vol 03.05 and 03.06, or by any other
approved method agreed upon between manufacturer and
purchaser.

5. Physical Requirements

5.1 The manufacturer and purchaser shall agree on qualifi-
cation tests for determination of physical properties.

5.2 The tests shall be performed on production parts,
wherever practical, or applicable. (Small size contacts do not
lend themselves to accurate conductivity measurement.)

5.3 The tests shall be determined after consideration of the
function of the part.

5.4 The typical properties of the most common types of
silver-nickel electrical contact materials are given in the
appendix.

6. Dimensions, Mass, and Permissible Variations

6.1 Permissible variations in dimensions shall be within the
limits specified on drawings describing the contacts and
accompanying the order, or shall be within the limits specified
in the purchase order.

7. Workmanship, Finish, and Appearance

7.1 The parts shall be free of defects in material or process-
ing, which would seriously affect their performance.

8. Sampling

8.1 Lot—Unless otherwise specified, a lot shall consist of
parts of the same form, and dimensions, made of powders of
the same particle size range and composition, processed under
the same conditions, and submitted for inspection at one time.

9. Number of Tests and Retests

9.1 Chemical Analysis—The manufacturer and purchaser
shall agree on a representative number of specimens for
chemical analysis. A representative sample of chips may be
obtained by milling, drilling, or crushing with dry tools,
(without lubrication). In order to obtain free chips, the parts

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B2.05 on Precious Metals and Electrical Contact Materials..

Current edition approved Aug. 15, 1991. Published November 1991. Originally
published as B 693 – 81. Last previous edition B 693 – 87.

2 Annual Book of ASTM Standards,Vol 02.05.
3 Annual Book of ASTM Standards, Vol 03.01.
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selected for test shall have the oil extracted in accordance with
Test Method B 328, if necessary.

9.2 Physical Tests—The manufacturer and purchaser shall
agree on a representative number of specimens, for physical
tests including microstructure.

10. Significance and Use

10.1 Proprietary methods for manufacture of these materials
vary significantly among suppliers and these methods influence
such properties as arc erosion, contact resistance, and the
tendency to weld in service. Since the performance of contacts
in a device depends on numerous factors outside the contact
itself (opening speed, closing speed, contact pressure, contact
bounce, environmental variations, assembly technique and
variations, etc.), this specification cannot ensure performance
control in the application. As part of the qualification on initial
samples, it is recommended that the user functionally test the
materials electrically for all devices applicable to the material’s
use. This specification provides a means for the contact
manufacturer and contact user to reach agreement on the
details of material to be supplied for a specific use and
reasonable assurance that future lots will be similar in proper-
ties and microstructure to the initial test or sample contact
supplied.

11. Inspection

11.1 Inspection of the material shall be agreed upon be-
tween the purchaser and the supplier as part of the purchase
contract.

12. Rejection and Rehearing

12.1 Unless otherwise specified, rejections based on tests
made in accordance with the specification shall be reported to
the manufacturer within 30 days of the receipt of shipment.

13. Certification

13.1 When a request is made at the time of cost quotation
and when specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

14. Keywords

14.1 contacts; electrical contacts; electrical contact materi-
als; impurities; silver-nickel

APPENDIX

(Nonmandatory Information)

X1. Typical Property Values

Scope X1.1 The following information provides guidelines for

TABLE X1.1 Typical Property Ranges or Values

Classification 90 Silver-
10 Nickel

85 Silver-
15 Nickel

80 Silver-
20 Nickel

70 Silver-
30 Nickel

60 Silver-
40 Nickel

50 Silver-
50 Nickel

Silver,% 89.0–91.0 84.0–86.0 79.0–81.0 69.0–71.0 59.0–61.0 49.0–51.0
Nickel, % balance balance balance balance balance balance
Total impurities, % 0.2 0.2 0.2 0.2 0.2 0.2
Theoretical density, g/cm3 A 10.31 10.22 10.13 9.96 9.79 9.63
Density theoretical, min, %:

Press-sinter-repress 97 96 96 ... 93 93
Fabricated 99 99 99 99 99 ...

Specific gravity for fabricated product,
min. g/cm3

10.2 ... 10.0 9.8 9.7 ...

Electrical conductivity:
% IACS 75–94 65–88 62–83 53–73 45–68 30–50
m/V·mm2 44–55 38–51 36–48 31–42 26–39 17–29

Hardness:
Press-sinter-repress R15T B 48–62 48–68 54–68 ... 58–68 60–77
Fabricated-HV500

A 50–90 ... 60–90 65–105 70–115 ...
Tensile strength of fabricated wire, ksi (MPa):

Temper:
Annealed 36.0 (248) 38.0 (262) ... 46.0 (317) ... ...
21 % reduction 45.0 (310) 54.0 (372) ... 61.0 (421) ... ...
60 % reduction 56.5 (390) 65.0 (448) ... 71.0 (490) ... ...
84 % reduction 61.0 (421) 68.0 (469) ... 77.0 (531) ... ...

ASee Test Method E 384.
BSee Test Methods E 18.
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users and manufacturers of silver-nickel contact materials
(Table X1.1). These properties are influenced by particle size,
homogeneity, impurities or additives, and other manufacturing
process variables. For example, the specific gravity and hard-
ness of fabricated wire or strip, in general, are higher than for
presssinter-repress materials. Tensile strength values versus the
amount of cold work for wire varies considerably depending
upon the annealing temperature used and the microstructure.

The best choice for a given application should be mutually
decided between the purchaser and the supplier, using their
mutual experience and application knowledge.

X1.2 With the knowledge that many manufacturing process
variables are available, if a vendor change is made, noticeable
property or performance variations are possible.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 702 – 93 (Reapproved 2004)

Standard Specification for
Copper-Tungsten Electrical Contact Material 1

This standard is issued under the fixed designation B 702; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers electrical contact components
made from copper tungsten by powder metallurgical proce-
dures.

1.2 This specification covers compositions within the cop-
per tungsten system normally specified by users of contacts.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Safety Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 328 Test Method for Density, Oil Content, and Intercon-
nected Porosity of Sintered Metal Structural Parts and
Oil-Impregnated Bearings

3. Significance and Use

3.1 Proprietary methods for manufacture of these materials
vary significantly among suppliers and these methods influence
such properties as arc erosion, contact resistance, and tendency
to weld in service. Since the performance of contacts in a
device depends on numerous factors outside the contact itself
(opening speed, closing speed, contact pressure, contact
bounce, environmental variations, assembly technique and
variations, etc.) this specification cannot ensure performance
control in the application. As part of the qualification on initial
samples it is recommended that the user functionally electri-
cally test the materials for all devices applicable to the
material’s use. This specification will provide a means for the
contact manufacturer and contact user to reach agreement on

the details of material to be supplied for a specified use and
reasonable assurance that future lots will be similar in proper-
ties and microstructure to the initial test or sample contacts
supplied.

4. Ordering Information

4.1 Orders for this material under this specification shall
include the following information:

4.1.1 Dimensions (see Section 8),
4.1.2 Chemical composition (see reference tables in Related

Material as possible guideline),
4.1.3 Physical properties (see Section 6 and reference tables

as guideline),
4.1.4 Certification (see Section 11), and
4.1.5 Other features as agreed upon between the vendor and

the user.

5. Chemical Requirements

5.1 The material shall conform to composition limits as
agreed upon between the manufacturer and the user.

5.2 The chemical analysis shall be made in accordance with
the methods prescribed in the newest edition ofAnnual Book of
ASTM Standards, or by any other approved method agreed
upon between the manufacturer and the purchaser.

6. Other Properties

6.1 The manufacturer and the purchaser shall agree on
qualification tests for determination of physical properties.

6.2 The tests shall be performed on production parts,
wherever practical or applicable. (Small size contacts do not
lend themselves to accurate conductivity measurement.)

6.3 The tests shall be determined after consideration of the
function of the part.

6.4 The typical properties of five most common types of
copper-tungsten contacts are given in Appendix X1.

7. Dimensions and Permissible Variations

7.1 Permissible variations in dimensions shall be within the
limits specified on drawings describing the contacts and
accompanying the order, or shall be within the limits specified
in the purchase order.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals and Electrical Contact Materials.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1982. Last previous edition approved in 1993 as B 702 – 93 (1998).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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8. Workmanship, Finish, and Appearance

8.1 The parts shall be free of defects in material or process-
ing, which would seriously affect their performance.

9. Sampling and Inspection

9.1 Lot—Unless otherwise specified, a lot shall consist of
parts of the same form, and dimensions, made of powders of
the same particle size range and composition, processed under
the same conditions, and submitted for inspection at one time.

9.2 Chemical Analysis—At least one sample for chemical
analysis shall be taken from each lot. A representative sample
of chips may be obtained by milling, drilling, or crushing at
least two pieces with dry tools, without lubrication. In order to
obtain oil-free chips, the parts selected for test shall have the
oil extracted in accordance with Method B 328, if necessary.

9.2.1 These specification limits do not preclude the possible
presence of other unnamed elements, impurities or additives.
Analysis shall be regularly made only for the minor elements
listed in the table. However, if a user knows of elements that
might be detrimental to their application or has other reasons
for requiring analysis for specific elements, then agreement

between manufacturer and purchaser for both limits and
methods of analysis should be required for elements not
specified.

9.3 Physical Tests—The manufacturer and the purchaser
shall agree on a representative number of specimens for
physical tests including microstructure.

10. Rejection and Rehearing

10.1 Unless otherwise specified, rejections based on tests
made in accordance with the specification shall be reported to
the manufacturer within 30 days of the receipt of shipment.

11. Certification

11.1 A certification, when requested by the user, based on
the manufacturer’s quality control, that the material conforms
to the requirements of this specification shall be furnished upon
request of the purchaser, provided the request is made at the
time of cost quotation and at the time of order placement.

12. Keywords

12.1 contacts; copper; copper–tungsten; powder metallurgy;
tungsten; tungsten–copper

APPENDIX

(Nonmandatory Information)

X1. TYPICAL PROPERTY VALUES

X1.1 Scope

X1.1.1 The following information provides guidelines for
users and manufacturers of copper-tungsten contact material.
Typical ranges of chemistry and properties are given for the
range of compositions available. Some manufacturers offer
specific compositions other than those listed. Properties are
influenced by the particle size, shape, and distribution of the
tungsten as well as by the presence of additives or other
manufacturing process variables. The best choice for a given

application should be mutually decided between the purchaser
and the supplier using their mutual experience and application
engineering knowledge.

X1.1.2 With the knowledge that several types of material
are available, care should be taken to ensure that production
lots are the same in all respects as samples and that if a vendor
change is made, noticeable property or performance variables
are possible. See Table X1.1 X1.1.

B 702 – 93 (2004)
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make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X1.1 Chemical Requirements A

Class A Class B Class C Class D Class E

Copper, % 48–52 38–42 28–32 23–27 18–22
Tungsten, % balance balance balance balance balance
Additives (Individual or total), max,% 1.00 1.00 1.00 1.00 1.00

Physical Properties B

Class A Class B Class C Class D Class E
Hardness, Rockwell B 69–83 77–90 85–98 89–102 94–106
Density, Mg/m 3 at 96 % theoretical 11.7 12.7 13.7 14.3 15.0
Electrical conductivity, C % IACS 56–64 49–57 44–52 41–48 38–45
Electrical conductivity, D % IACS 38–56 34–49 29–43 27–41 25–37
Note—Hardness and density values cover both types.

Physical Properties E

Class A Class B Class C Class D Class E
Tensile Strength, ksi MPa 50–60

344–413
55–65

379–448
75–85

516–585
85–95

585–654
90–100

620–689
Modulus of Rupture, ksi MPa 75–85

517–586
110–120
758–827

130–140
896–965

140–150
965–1034

150–160
1034–1103

Coefficient of Expansion, in./in.·
°F m/m·K

7.2 3 10 − 6

13 3 10 − 6
6.6 3 10 − 6

11.9 3 10 − 6
5.7 3 10 − 6

10.3 3 10 − 6
5.3 3 10 − 6

9.5 3 10 − 6
4.9 3 10 − 6

8.8 3 10 − 6

AAnalysis is regularly made for the elements for which specific limits are listed. If, however, the presence of“ other” elements is suspected or indicated in the course of
routine analysis, further analysis shall be made to determine that the total of these “other” elements and the listed impurities are not in excess of the total impurities limit.

BThese data do not constitute a part of the specifications. They indicate to the purchaser the properties that may be expected from a given particle size of powder. The
values will vary to some degree with the size of part, configuration of part, composition, and microstructure. Certain specific applications may require modification of these
basic materials. In such case, the properties required are determined by agreement between the purchaser and the supplier.

CTypical values for infiltrated type.
DTypical values for liquid phase sintered type.
E Items that are normally useful for engineering calculations in contact design but are not specified.
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Designation: B 704 – 03

Standard Specification for
Welded UNS N06625, UNS N06219 and UNS N08825 Alloy
Tubes 1

This standard is issued under the fixed designation B 704; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification covers welded UNS N06625, UNS
N06219 and UNS N08825 alloy boiler, heat exchanger, and
condenser tubes for general corrosion resisting and low or
high-temperature service.

1.2 This specification covers tubes1⁄8 to 5 in. (3.18 to 127
mm), inclusive, in outside diameter and 0.015 to 0.500 in. (0.38
to 12.70 mm), inclusive, in wall thickness. Specification B 751
lists the dimensional requirements of these sizes. Tubes having
other dimensions may be furnished provided such tubing
complies with all other requirements of this specification.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 751 Specification for General Requirements for Nickel
and Nickel Alloy Welded Tube

E 8 Test Methods for Tension Testing of Metallic Materials

3. Ordering Information

3.1 Orders for material to this specification should include
the following information:

3.1.1 Quantity (feet or number of lengths),

3.1.2 UNS number,
3.1.3 Size (outsize diameter, minimum or average wall

thickness),
3.1.4 Length (random or specific),
3.1.5 Class, and
3.1.6 Grade if UNS N06625 is specified. If neither grade of

N06625 is specified, grade 1 will be supplied.
3.1.7 ASTM designation.
3.1.8 Product Analysis—State if required.
3.1.9 Certification—State if a certification or a report of test

results is required.
3.1.10 Purchaser Inspection—State which tests or inspec-

tions are to be witnessed, if any.

4. Materials and Manufacture

4.1 Tube shall be made from flat-rolled alloy by an auto-
matic welding process with no addition or filler metal. Subse-
quent to welding and prior to final annealing, the material shall
be cold-worked in either the weld metal only or both weld and
base metal.

4.2 Tube shall be furnished with oxide removed. When
bright annealing is used, descaling is not necessary.

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 1. One test is required for each lot as defined
in Specification B 751.

5.2 If a product analysis is performed, it shall meet the
chemistry limits prescribed in Table 1, subject to the analysis
tolerances of Specification B 751.

6. Mechanical and Other Properties

6.1 Mechanical Properties—The material shall conform to
the mechanical property requirements specified in Table 2. One
test is required for each lot as defined in Specification B 751.

6.2 Flattening Test—A flattening test shall be made on each
end of one tube per lot. Superficial ruptures resulting from
surface imperfections shall not be cause for rejection.

6.3 Flange Test—A flange test shall be made on each end of
one tube per lot.

6.4 Nondestructive Test Requirements:

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Nov. 1, 2003. Published December 2003. Originally
approved in 1982. Last previous edition approved in 2000 as B 704 - 00.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.
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6.4.1 Class 1—Each piece in each lot shall be subject to one
of the following four tests: hydrostatic, pneumatic (air under-
water), eddy current, or ultrasonic.

6.4.2 Class 2—Each piece in each lot shall be subjected to
a leak test and an electric test as follows:

6.4.2.1 Leak Test—Hydrostatic or pneumatic (air underwa-
ter).

6.4.2.2 Electric Test—Eddy current or ultrasonic.
6.5 The manufacturer shall have the option to test to Class

1 or 2 and select the nondestructive test methods, if not
specified by the purchaser.

7. General Requirements

7.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification B 751 unless otherwise provided herein.

8. Product Marking

8.1 In addition to the requirements of Specification B 751,
UNS N06625 tubes shall be marked with grade information.

9. Keywords

9.1 UNS N06219; UNS N06625; UNS N08825; welded
tube

SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue (B 704 - 00)
that may impact the use of this standard.

(1) Added grade to ordering information and renumbered
Section 3.
(2) Added new Section 8, Product Marking.

(3) Added grade mechanical requirements to Table 2 and
footnote B.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Chemical Requirements

Composition Limits, %

UNS
N06625

UNS
N06219

UNS
N08825

Ni 58.0 minA Bal 38.0–46.0
Cr 20.0–23.0 18.0-22.0 19.5–23.5
Fe 5.0 max 2.0-4.0 22.0 minA

Mo 8.0–10.0 7.0-9.0 2.5 3.5
Cb + Ta 3.15–4.15 ... ...
C 0.10 max 0.05 max 0.05 max
Mn 0.50 max 0.50 max 1.0 max
Si 0.5 max 0.70-1.10 0.5 max
P 0.015 max 0.020 max ...
S 0.015 max 0.010 max 0.03 max
Al 0.4 max 0.50 max 0.2 max
Ti 0.40 max 0.50 max 0.6–1.2
Co (if determined) 1.0 max 1.0 max ...
Cu ... 0.50 max 1.5–3.0

AElement may be determined arithmetically by difference.

TABLE 2 Mechanical Property Requirements

Alloy Grade
Tensile Strength
min, psi (MPa)

Yield StrengthA

0.2 % Offset,
min, psi (MPa)

Elonga-
tion in 2
in. or 50
mm, min,

%

UNS N06625 1 (annealed) 120 000 (827) 60 000 (414) 30
UNS N06625 2 (solution

annealed)B
100 000 (690) 40 000 (276) 30

UNS N06219 ... 96 000 (660) 39 000 (270) 30
UNS N08825 ... 85 000 (586) 35 000 (240) 30

AYield strength shall be determined by the offset method at 0.2 % limiting
permanent set in accordance with Test Methods E 8.

BSolution annealed at 2000°F (1093°C) minimum, with or without subsequent
stabilization anneal at 1800°F (982°C) minimum to increase resistance to sensi-
tization.
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Designation: B 705 – 03

Standard Specification for
Nickel-Alloy (UNS N06625, N06219 and N08825) Welded
Pipe1

This standard is issued under the fixed designation B 705; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification covers welded UNS N06625,* UNS
N06219* and UNS N08825* pipe in the annealed condition
(temper) for general corrosion applications.

1.2 This specification covers pipe sizes in schedules shown
in Table 2 of Specification B 775.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 The following precautionary caveat pertains only to the
test methods portion, Section 8, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to become familiar with all hazards including
those identified in the appropriate Material Safety Data Sheet
for this product/material as provided by the manufacturer, to
establish appropriate safety and health practices, and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 751 Specification for General Requirements for Nickel
and Nickel Alloy Welded Tube

B 775 Specification for General Requirements for Nickel
and Nickel Alloy Welded Pipe

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys, and
Cobalt Alloys

3. General Requirement

3.1 Material furnished in accordance with this specification
shall conform to the applicable requirements of the current
edition of Specification B 775 unless otherwise provided
herein.

4. Definition of Terms

4.1 Class 1—Welded, cold-worked, annealed, and nonde-
structively tested in accordance with 9.1.

4.2 Class 2—Welded, cold-worked, annealed, and nonde-
structively tested in accordance with 9.2.

4.3 Grade 1—Annealed condition, relevant for UNS
N06625.

4.4 Grade 2—Solution annealed condition, relevant for
UNS N06625.

5. Ordering Information

5.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

5.1.1 Alloy name or UNS number,
5.1.2 ASTM designation,
5.1.3 Dimensions:
5.1.3.1 Pipe size,
5.1.3.2 Length (specific or random),
5.1.4 Class (see 3),
5.1.5 Grade if UNS N06625 is specified. If neither grade of

N06625 is specified, grade 1 will be supplied.
5.1.6 Quantity (feet or number of pieces),
5.1.7 Certification— State if certification is required,
5.1.8 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished (7.2),
and

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Nov. 1, 2003. Published December 2003. Originally
approved in 1982. Last previous edition approved in 2000 as B 705 – 00.

* New designation established in accordance with Practice E 527 and SAE
J 1086, Practice for Numbering Metals and Alloys (UNS).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1

*A Summary of Changes section appears at the end of this standard.
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5.1.9 Purchaser Inspection—If purchaser wishes to witness
tests or inspection of material at place of manufacture, the
purchase order must so state indicating which tests or inspec-
tions are to be witnesses.

6. Material and Manufacture
6.1 Pipe shall be made from flat-rolled alloy by an auto-

matic welding process with no addition of filler metal. Subse-
quent to welding and prior to final annealing, the material shall
be cold-worked in either the weld metal only or both weld and
base metal.

6.2 Pipe shall be furnished with oxide removed. When
bright annealing is used, descaling is not necessary.

7. Chemical Composition
7.1 The material shall conform to the composition limits

specified in Table 1. One test per lot shall be performed.
7.2 If a product (check) analysis is performed by the

purchaser, the material shall conform to the product (check)
analysis variations per Specification B 880.

8. Mechanical Properties and Other Requirements
8.1 Mechanical Properties—The material shall conform to

the mechanical properties specified in Table 2. One pipe per lot
shall be examined.

8.2 Flattening Test— A section of pipe not less than 4 in.
(102 mm) in length shall be capable of withstanding, without
cracking, flattening under a load applied gradually at room
temperature until the distance between the platens is five times
the wall thickness. The weld shall be positioned 90° from the
direction of the applied flattening force. One pipe per lot shall
be examined.

8.2.1 Superficial ruptures resulting from surface imperfec-
tions shall not be a cause for rejection.

9. Nondestructive Testing

9.1 Class 1—Each piece in each lot shall be subjected to
one of the following four tests: hydrostatic, pneumatic (air
underwater), eddy current, or ultrasonic.

9.2 Class 2—Each piece in each lot shall be subjected to a
leak test and an electric test as follows:

9.2.1 Leak Test—Hydrostatic or pneumatic (air underwater).
9.2.2 Electric Test— Eddy current or ultrasonic.
9.3 The manufacturer shall have the option to test to Class

1 or 2 and select the nondestructive test methods, if not
specified by the purchaser.

10. Product Marking

10.1 In addition to the requirements of Specification B 751,
UNS N06625 tubes shall be marked with grade information.

11. Keywords

11.1 N06219; N06625; N08825; welded pipe

SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue (B 705 – 00)
that may impact the use of this standard.

(1) Section 4 – Added grades to definition of terms.
(2) Section 5 – Added grade to ordering information.
(3) Section 10 – Added product marking of grade.

(4) Table 2 – Added mechanical property requirements for
grades 1 and 2 with note.

TABLE 1 Chemical Requirements

Composition Limits, %

UNS
N06625

UNS
N06219

UNS
N08825

Ni 58.0 minA Bal 38.0–46.0
Cr 20.0–23.0 18.0-22.0 19.5–23.5
Fe 5.0 max 2.0-4.0 22.0 minA

Mo 8.0–10.0 7.0-9.0 2.5 3.5
Cb + Ta 3.15–4.15 ... ...
C 0.10 max 0.05 max 0.05 max
Mn 0.50 max 0.50 max 1.0 max
Si 0.5 max 0.70-1.10 0.5 max
P 0.015 max 0.020 max ...
S 0.015 max 0.010 max 0.03 max
Al 0.4 max 0.50 max 0.2 max
Ti 0.40 max 0.50 max 0.6–1.2
Co (if determined) 1.0 max 1.0 max ...
Cu ... 0.50 max 1.5–3.0

AElement may be determined arithmetically by difference.

TABLE 2 Mechanical Property Requirements

Alloy Grade
Tensile Strength
min, psi (MPa)

Yield Strength
0.2 % Offset,

min, psi (MPa)

Elonga-
tion in 2
in. or 50
mm, min,

%

UNS N06625 1 (annealed) 120 000 (827) 60 000 (414) 30
UNS N06625 2 (solution

annealed)A
100 00 (690) 40 000 (276) 30

UNS N06219 96 000 (660) 39 000 (270) 30
UNS N08825 85 000 (586) 35 000 (240) 30

ASolution annealed at 2000°F (1093°C) minimum, with or without subsequent
stablization anneal at 1800°F (982°C) minimum to increase resistance to sensiti-
zation.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
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Designation: B 708 – 01

Standard Specification for
Tantalum and Tantalum Alloy Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 708; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers unalloyed and alloyed tanta-
lum plate, sheet, and strip.

1.2 The materials covered by this specification are:
1.2.1 R05200, unalloyed tantalum, electron-beam furnace

or vacuum-arc melt, or both,
1.2.2 R05400, unalloyed tantalum, powder-metallurgy con-

solidation,
1.2.3 R05255, tantalum alloy, 90 % tantalum, 10 % tung-

sten, electron-beam furnace of vacuum-arc melt, or both,
1.2.4 R05252, tantalum alloy, 97.5 % tantalum, 2.5 % tung-

sten, electron-beam furnace or vacuum-arc melt, or both.
1.2.5 R05240, tantalum alloy, 60 % tantalum, 40 % nobium,

electron-beam furnace or vacuum-arc melt.
1.3 The values stated in inch-pound units are to be regarded

as the standard. The values given in parentheses are for
information only.

1.4 The following precautionary caveat pertains only to the
test methods portion, Section 13, of this specification:This
standard does not purport to address all of the safety problems,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 8 Test Methods for Tension Testing of Metallic Materials2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications3

E 112 Test Methods for Determining the Average Grain
Size2

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 plate—a flat product more than 0.1853 in. (4.7 mm) in

thickness.

3.1.2 sheet—a flat product 6 in. (152.4 mm) or more in
width and from 0.005 in. (0.13 mm) to 0.1875 in. (4.76 mm) in
thickness.

3.1.3 strip—a flat product, may be supplied in coil, less than
6 in. (152.4 mm) in width and from 0.005 in. (0.13 mm) to
0.1875 in. (4.76 mm) in thickness.

3.1.4 lot—all material produced from the same ingot or a
single powder blend at one time with the same cross section,
and with the same nominal metallurgical parameters.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information as applicable:

4.1.1 Quantity (weight or number of pieces),
4.1.2 Name of material (tantalum plate, sheet, or strip),
4.1.3 Type (see 1.2),
4.1.4 Method of manufacture (Section 5),
4.1.5 ASTM designation,
4.1.6 Quality and finish (Section 10), and
4.1.7 Additions to the specification and supplementary re-

quirements if required.

5. Materials and Manufacture

5.1 Material covered by this specification shall be made
from vacuum-arc melted or electron-beam melted ingots or
powder metallurgy consolidated unalloyed tantalum.

5.2 The various tantalum mill products covered by this
specification are formed with the conventional extrusion,
forging, and rolling equipment normally available in metal
working plants.

6. Chemical Composition

6.1 The tantalum and tantalum alloy ingots and the tantalum
powder metallurgy consolidated ingots for conversion to fin-
ished products covered by this specification shall conform to
the requirements for chemical composition as prescribed in
Table 1 and Table 2.

6.1.1 Analysis for elements not listed in Table 1 and not
normally expected in tantalum shall not be required unless
specified at time of purchase.

6.2 The manufacturer’s ingot analysis shall be considered
the chemical analysis for products supplied under this specifi-
cation.

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.03 on Niobium and Tantalum.

Current edition approved Nov. 10, 2001. Published January 2002. Originally
published as B 708 – 82. Last previous edition B 708 – 98.

2 Annual Book of ASTM Standards, Vol 03.01.
3 Annual Book of ASTM Standards, Vol 14.02.

1
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6.3 When requested by the purchaser at the time of pur-
chase, the seller shall furnish a report certifying the values of
carbon, oxygen, nitrogen, and hydrogen as specified in Table 3

for each lot of material supplied. The performance of this
special provision shall be negotiated.

7. Mechanical Properties

7.1 Materials supplied under this specification shall con-
form to the requirements for mechanical properties as specified
in Table 4.

7.2 The performance of mechanical tests to this requirement
will be negotiated at time of purchase.

8. Metallurgical Properties

8.1 Materials supplied under this specification for sputtering
target applications (R0XXXX, R0YYYY, or R0ZZZZ) shall
conform to the requirements for metallurgical properties de-
scribed in Table 5.

9. Weight and Permissible Variations

9.1 Tolerances for thickness, width, and length for flat-
rolled products covered by this specification shall be as shown
in Table 6.

9.2 Flatness tolerance for sheet and plate products supplied
under this specification shall be a maximum of 6 % as
determined by the following equation (see Fig. 1):

Flatness, %5 ~H / L!3 100 (1)

where:
H = maximum vertical distance between a flat reference

surface and the lower surface of the sheet, and
L = minimum horizontal distance between the highest

point on the sheet and the point of contact with a flat
reference surface. (Figure 1 is included to illustrate
the method for taking measurements for calculation of
sheet flatness; however, a value ofH less than1⁄32in.
(0.794 mm) shall not be caused for rejection.)

9.3 Quantity or Weight—For orders requiring up to 100 lb
(45.4 kg), the manufacturer may overship by 10 %. When the
order is for guarantees up to 500 lb (226.8 kg), the manufac-
turer may overship an order by 5 %. The permissible overship-
ment for quantities larger than this shall be negotiated between
the purchaser and the manufacturer.

TABLE 1 Chemical Requirements

Content, max, weight %

Element

Electron-Beam Cast
(R05200) Vacuum-Arc

Cast (R05200)
Unalloyed Tantalum

Sintered
(R05400)
Unalloyed
Tantalum

Electron-Beam
Cast (R05255)

Vacuum-Arc
Cast (R05255)
90 % Tantalum
10 % Tungsten

Electron-Beam
Cast (R05252)

Vacuum-Arc Cast
(R05252) 97.5 %
Tantalum 2.5 %

Tungsten

Electron Beam Cast
(R05240) Vacuum-Arc
Cast (R05240) 60 %

Tantalum 40 %
Columbium

C 0.010 0.010 0.010 0.010 0.010
O 0.015 0.03 0.015 0.015 0.020
N 0.010 0.010 0.010 0.010 0.010
H 0.0015 0.0015 0.0015 0.0015 0.0015
Fe 0.010 0.010 0.010 0.010 0.010
Mo 0.020 0.020 0.020 0.020 0.020
Nb 0.100 0.100 0.100 0.50 35.0–42.0
Ni 0.010 0.010 0.010 0.010 0.010
Si 0.005 0.005 0.005 0.005 0.005
Ti 0.010 0.010 0.010 0.010 0.010
W 0.05 0.05 9.0–11.0 2.0–3.5 0.050
Ta remainder remainder remainder remainder remainder

TABLE 2 Additional Chemical Requirements

Chemistry-max contentA

Element

3N5 Purity
99.95 % Minimum

Electron Beam Cast
(R0XXXX) or Vacuum
Arc Cast (R0XXXX) or

Sintered (R0ZZZZ)
Unalloyed Tantalum

(Max. ppm)

4N Purity
99.99 % Minimum

Electron Beam Cast
(R0XXXX) or Vacuum
Arc Cast (R0YYYY) or

Sintered R0ZZZZ)
Unalloyed Tantalum

(Max. ppm)

C 40 40
O 100 100
N 40 40
H 10 10
S 1 1
Al 5 1
Ca 5 1
Cd 5 1
Cl 5 1
Co 5 1
Cr 5 1
Cu 5 1
Fe 5 1
Hf 5 1
K 1 1
Li 1 1

Mg 5 1
Mn 5 1
Mo 50 30
Na 1 1
Nb 400 80
Ni 5 1
Pb 5 1
Si 5 1
Sn 5 1
Ti 5 1
Th 0.005 0.005
V 5 1
W 150 80
Zn 5 1
Zr 5 1
Y 5 1
U 0.005 0.005

Others (each) 5 1
Total Metallic

Elements
500 100

AMetallic elements analyzed by GDMS, Gases (CONH) by Leco Methods.
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10. Workmanship, Finish, and Appearance

10.1 Tantalum and tantalum alloy plate, sheet, and strip
shall be free of injurious internal and external imperfections of
a nature that will interfere with the purpose for which it is
intended. Material may be finished as-rolled, as-cleaned, or
as-ground. The manufacturer shall be permitted to remove
minor surface imperfections if such removal does not reduce
the dimensions below the minimum permitted by the tolerances
specified in Table 3.

10.2 Methods of testing for these defects and standards of

acceptability shall be as agreed upon between the manufacturer
and the purchaser.

11. Number of Tests

11.1 If mechanical testing is required (see 7.2), perform a
longitudinal or transverse tension test on each lot of material.

11.2 If end-product chemical tests are required (see 6.3),
make the one chemical test from each lot of finished product.

12. Test Methods

12.1 Tension Tests—Prepare and test test specimens in
accordance with Test Methods E 8. Determine tensile proper-
ties using a strain rate of 0.003 to 0.007 in./(in.·min) to the
yield point and 0.02 to 0.05 in./(in.·min) to failure.

12.2 Chemical Tests—Conduct the chemical analysis in
accordance with established methods.

12.3 Retests—If any sample or specimen exhibits obvious
surface contamination or improper preparation disqualifying it
as a truly representative sample, discard it and substitute a new
sample or specimen.

13. Significance of Numerical Limits

13.1 For the purpose of determining compliance with the
specified limits for requirements on the properties listed in this
specification, observed and calculated values shall be rounded
as indicated by the rounding method of Practice E 29.

TABLE 3 Additional Chemical Requirements for Finished Product (When Specified by the Purchaser)

Content, max, weight %

Element

Electron-Beam Cast
(R05200) Vacuum-
Arc Cast (R05200)
Unalloyed Tantalum

Sintered (R05400)
Unalloyed Tantalum

Electron-Beam Cast
(R05255) Vacuum-
Arc Cast (R05255)
90 % Tantalum 10 %
Tungsten

Electron-Beam
Cast (R05252)
Vacuum-Arc Cast
(R05252)
97.5 % Tantalum
2.5 % Tungsten

Electron Beam
Cast (R05240)
Vacuum-Arc Cast
(R05240) 60 %
Tantalum 40 %
Columbium

O 0.025 0.035 0.025 0.025 0.025
N 0.010 0.010 0.010 0.010 0.010
H 0.0015 0.0015 0.0015 0.0015 0.0015
C 0.020 0.020 0.020 0.020 0.020

TABLE 4 Mechanical Properties for Plate, Sheet, and Strip

NOTE 1—Tantalum for sputtering target applications (R0XXXX, R0YYYY, or R0ZZZZ) is not tested and does have to meet the requirements of Table
4).

Grade and Form

Annealed Condition

Ultimate Tensile Strength,
min, psi (MPa)

Yield Strength, min, psi
(MPa) (2 % Offset)

Elongation, min, %
(1-in. Gage Length)

Unalloyed tantalum
(R05200)
(R05400)

Plate, sheet and strip
<0.060 in. thick 30 000 (207) 20 000 (138) 20
$0.060 in. thick 25 000 (172) 15 000 (103) 30

90 % tantalum 10 % tungsten
(R05255)

Sheet and strip 70 000 (482) 60 000 (414) 15
Plate 70 000 (482) 55 000 (379) 20
97.5 % tantalum 2.5 % tungsten

(R05252)
<0.125 in. thick 40 000 (276) 30 000 (207) 20
$0.125 in. thick 40 000 (276) 22 000 (152) 25

60 % tantalum 40 % columbium
(R05240)
<0.060 in. thick 35 000 (241) 20 000 (138) 25
$0.060 in. thick 35 000 (241) 15 000 (103) 25

TABLE 5 Metallurgical Properties for Tantalum plate for
Sputtering Target Application (R0XXXX, R0YYYY, or R0ZZZZ))

Grain Size and Structure Requirements - Sputtering Applications Only
Nominal Gauge Average Through Thickness

Grain SizeA
RecrystallizationB

.1259-.2999 ASTM 4 (90µ) or finer 98 % min.

.3009-.5009 ASTM 3 (125µ) or finer 98 % min.

.5019-.6509 ASTM 2 (180µ) or finer 98 % min.

.6519-1.259 Not Specified 90 % min.
AThe structure of all material shall be uniform throughout the thickness of the

plate. The grain size in individual areas shall not vary more than 2 ASTM grain size
numbers from the average through thickness grain size. Grain Size shall be tested
according to Test Methods E 112

BPercent Recrystallization shall be measured through the thickness of the plate.
The total thickness of unrecrystallized areas (bands) divided by the thickness of
the plate and multiplied by 100 shall be less that the stated requirement.
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14. Sampling

14.1 Samples shall be taken from the material to determine
conformity to this specification. The samples shall be taken so
as to be representative of the finished products.

14.2 Care shall be taken to ensure that the sample selected
for testing is representative of the material, and that it is not
contaminated by the sampling procedure. If there is any
question relating to the sampling technique, or to the testing
thereof, the methods of sampling and testing shall be as agreed
upon between the purchaser and the manufacturer.

15. Report

15.1 If requested, the manufacturer shall supply at least
three copies of a report of the chemical analysis and reports of

the results of tests of representative finished product to
determine properties required in Sections 6 and 7. The reports
shall include the purchase order number, this specification
number, and the quantity and number of items covered in the
shipment and a statement that the material was manufactured,
sampled, tested, and inspected in accordance with the specifi-
cation and has been found to meet the requirements.

16. Rejection and Rehearing

16.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

TABLE 6 Dimensional Tolerances for Tantalum Sheet and Plate

Thickness of
Tantalum in.
(mm)

Tolerance on Thickness,A plus or
minus, in. (mm)

Tolerance on Width (Slit),B

plus or minus, in. (mm)
Tolerance on Sheared Lengths,

in. (mm)

Width under 6 in
(152.4 mm)

Width 6 to 24 in.
(152.4 to 609.6 mm)

Width under 6 in.
(152.4 mm)

Width 6 to 24 in.
(152.4 to 609.6 mm)

Length 12 in. (304.8
mm) and Under

Length over 12 in.
(304.8 mm)

Plus Minus Plus Minus

0.0051 to 0.010
(0.129 to 0.254)

0.0005 (0.0127) 0.012 (0.305) 1⁄16

(1.59)
0 1⁄4

(6.35)
0

0.011 to 0.015
(0.279 to 0.381)

0.0007 (0.0178) 0.001 (0.0254) 0.015 (0.381) 0.015 (0.381) 1⁄16

(1.59)
0 1⁄4

(6.35)
0

0.016 to 0.020
(0.406 to 0.508)

0.0008 (0.0203) 0.0015 (0.0381) 0.015 (0.381) 0.015 (0.381) 1⁄16

(1.59)
0 1⁄4

(6.35)
0

0.021 to 0.030
(0.533 to 0.762)

0.0015 (0.0381) 0.0025 (0.0635) 0.020 (0.508) 0.025 (0.635) 1⁄16

(1.59)
0 1⁄4

(6.35)
0

0.031 to 0.060
(0.787 to 1.524)

0.0025 (0.0635) 0.0035 (0.0889) 0.025 (0.635) 0.030 (0.762) 1⁄16

(1.59)
0 1⁄4

(6.35)
0

0.061 to 0.090
(1.549 to 2.286)

0.004 (0.1016) 0.005 (0.1270) 0.025 (0.635) 0.035 (0.889) 1⁄16

(1.59)
0 1⁄4

(6.35)
0

0.091 to 0.125
(2.311 to 3.175)

0.006 (0.1524) 0.007 (0.1778) ... ... 1⁄16

(1.59)
0 1⁄4

(6.35)
0

0.126 to 0.187
(3.200 to 4.750)

0.010 (0.2540) 0.010 (0.2540) ... ... 1⁄16

(1.59)
0 1⁄4

(6.35)
0

ATolerance on thickness of sheet over 24 in. (609.6 mm) wide shall be 6 10 % of the thickness.
BTolerance on width of sheared sheet shall be + 1⁄4 in. (6.35 mm), − 0 in. (0 mm).

H = maximum distance between flat surface and lower surface of sheet.
L = minimum distance between highest point on sheet and point of contact with flat surface.

H = maximum distance between flat surface and lower surface of sheet.
L = minimum distance between highest point on sheet and point of contact with flat surface.

Flatness, percent = (H/L) 3 100

FIG. 1 Plate and Sheet Flatness Tolerances
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17. Referee

17.1 In the event of disagreement between the manufacturer
and the purchaser of the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually accepted referee shall perform the
tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

18. Packaging and Package Marking

18.1 When specified, each plate, sheet, and strip shall be
marked with the number of this specification, type, temper, lot
number, manufacturer’s identification, nominal thickness in
inches, and gross, net, and tare weights. Characters shall be not
less than3⁄8 in. (9.5 mm) in height, applied with a suitable

marking fluid and capable of being removed without rubbing.
The markings or their removal shall have no deleterious effect
the material or its performance. The characters shall be
sufficiently stable to withstand ordinary handling.

18.2 When specified, plate and flat sheet shall be marked in
lengthwise rows of characters recurring at intervals not greater
than 2 ft (0.6 m), the rows spaced not more than 3 in. (76 mm)
apart and alternately staggered.

18.3 When specified, coiled strip and sheet shall be marked
near the outside of the coil.

18.4 Unless otherwise specified, material purchased under
this specification must be packed by box or suitable protective
containers, and shall be so marked as to indicate the nature of
the best method of handling.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 709 – 04

Standard Specification for
Iron-Nickel-Chromium-Molybdenum Alloy (UNS N08028)*
Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 709; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers iron-nickel-chromium-
molybdenum alloy (UNS N08028)* plate, sheet, and strip in
the solution-annealed condition.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys

B 906 Specification for General Requirements for Flat-
Rolled Nickel and Nickel Alloy Plate, Sheet, and Strip

E 8 Test Methods for Tension Testing of Metallic Materials

3. Ordering Information

3.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to those specified in Ordering Information Section
in Specification B 906.

4. General Requirements

4.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification B 906, unless otherwise specified herein.

5. Materials and Manufacture

5.1 Heat Treatment—The final heat treatment shall be a
solution-anneal. Minor cold working such as flattening or
temper rolling may be performed after the final solution
annealing treatment.

NOTE 1—This recommended solution-anneal consists of heating to a
minimum temperature of 1975°F (1080°C) and cooling rapidly to room
temperature.

6. Chemical Composition

6.1 The material sampled in accordance with 10.2 shall
conform to the composition limits prescribed in Table 1.

6.2 If a product analysis is subsequently made, the material
shall conform to the composition limits with the product
analysis variation prescribed Specification B 880.

7. Mechanical Properties

7.1 The material shall conform to the requirements as to the
mechanical property prescribed in Table 2.

8. Dimensions and Permissible Variations

8.1 Sheet—Material furnished under this specification shall
conform to the applicable requirements of the current edition of
Specification B 906, except as specified in Tables 3 and 4.

8.2 Cold-Rolled Strip—Material furnished under this speci-
fication shall conform to the applicable requirements of the
current edition of Specification B 906, except as specified in
Tables 5-7.

8.3 Plate—Material furnished under this specification shall
conform to the applicable requirements of the current edition of
Specification B 906.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1982. Last previous edition approved in 1998 as B 709 – 98.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1
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9. Sampling

9.1 Sampling for Chemical Analysis, Mechanical Testing,
and Corrosion Testing shall be performed in accordance with
Specification B 906, except as specified herein:

9.1.1 Plate—A lot of plate for testing and inspection pur-
poses shall consist of the products resulting from the rolling of
one heat of material in the same condition and specified
thickness, solution annealed by the same practice, but in no
case more than 25 000 lb (11 340 kg).

9.1.2 Sheet and Strip— A lot of sheet or strip for testing and
inspection purposes shall consist of material from one heat in
the same form (sheet or strip), condition, finish, and specified

thickness, solution-annealed by the same practice but in no
case more than 25 000 lb (11 340 kg).

9.2 Sampling for Mechanical Tests:
9.2.1 When samples are to be taken after delivery, the

purchaser of material ordered to cut lengths may request on the
purchase order additional material of adequate size to provide
sample coupons for inspection purposes.

10. Number of Tests and Retests

10.1 In the case of sheet or strip supplied in coil form, two
or more tension tests (one from each end of each coil), and one
or more hardness tests shall be made on specimens taken from

TABLE 1 Chemical Requirements

Element Composition, %

Ni 29.5 to 32.5
Fe remainderA

Cr 26.0 to 28.0
Mo 3.0 to 4.0
C, max 0.030
Si, max 1.00
Mn, max 2.50
P, max 0.030
S, max 0.030
Cu 0.6 to 1.4

ADetermined arithmetically by difference.

TABLE 2 Mechanical Property Requirements

Form

Tensile
Strength,
min, ksi
(MPa)

Yield
Strength
(0.2 % off-
set), min,
ksi (MPa)

Elonga-
tion in 2
in. or 50
mm, or

4D, min,
%

Rockwell
Hardness (or
equivalent)A

Sheet 73 (500) 31 (214) 40 70–90 HRB
Strip 73 (500) 31 (214) 40 70–90 HRB
Plate 73 (500) 31 (214) 40 70–90 HRB

AHardness values are shown for information only and shall not constitute a basis for acceptance or rejection as long as the other mechanical properties are met.

TABLE 3 Flatness Tolerances for Hot-Rolled and Cold-Rolled Sheets

Sheets not Specified to Stretcher Leveled Standard of Flatness

Specified Thickness, in. (mm) Width, in. (mm)
Flatness Tolerance (max
Deviation from a Horizon-
tal Flat Surface), in. (mm)

0.062 (1.57) and over to 60 (1524), incl
over 60 to 72 (1524 to 1829), incl

1⁄2 (12.7)
3⁄4 (19.1)

over 72 (1829) 1 (25.4)

Under 0.062 (1.57) to 36 (914), incl
over 36 to 60 (914 to 1524), incl

1⁄2 (12.7)
3⁄4 (19.1)

over 60 (1524) 1 (25.4)

TABLE 4 Weight Tolerances for Hot-Rolled and Cold-
Rolled Sheets

It is not practicable to produce hot-rolled and cold-rolled sheets to exact theoretical weight. Sheets of any one item of a specified thickness
and size in any finish may be overweight to the following extent:

(1) An item of five sheets or less, or an item estimated to weigh 200 lb (90.7 kg) or less, may actually weigh as much as 10 % over the
theoretical weight.

(2) An item of more than five sheets and estimated to weigh more than 200 lb (90.7 kg) may actually weigh as much as 71⁄2 % over the
theoretical weight.

(3) The underweight variations for sheets are limited by the under thickness tolerances shown in Table 3 of Specification B 906.
For determining theoretical weight, the factor 42 lb/ft2·in. (0.0008 kg/cm2·mm) thickness may be used.
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each end of the coil. When material is supplied in flatsheet, flat
strip, or plate, one tension and one or more hardness tests shall
be made on each 100 or less sheets, strips, or plates of the same
lot. When specified, one corrosion test shall be conducted for
each lot.

10.2 If any specimens selected to represent any lot fail to
meet any of the test requirements, the material represented by

such specimens may be retested. If there is valid reason to
believe the result is not representative, the material may be
re-reannealed and retested.

11. Specimen Preparation

11.1 Tension test specimens from material under1⁄2 in. (12.7
mm) in thickness shall be of the full thickness of the material

TABLE 5 Thickness Tolerance A,B,C for Cold-Rolled Strip for the Thicknesses and Widths Given, Over and Under

Specified Thickness

Width, in.

0.187 to 1,
incl

Over 1 to
3, incl

Over 3 to
6, incl

Over 6 to
9, incl

Over 9 to
12, incl

Over 12 to
16, incl

Over 16 to
20, incl

Over 20 to
24, incl

Thickness Tolerance, in.

Over 0.160 to less than 0.002 0.003 0.004 0.004 0.004 0.005 0.006 0.006
0.187

Over 0.099 to 0.160, incl 0.002 0.002 0.003 0.003 0.004 0.004 0.005 0.005
Over 0.068 to 0.099, incl 0.002 0.002 0.003 0.003 0.003 0.004 0.004 0.004
Over 0.049 to 0.068, incl 0.002 0.002 0.003 0.003 0.003 0.003 0.004 0.004
Over 0.039 to 0.049, incl 0.002 0.002 0.0025 0.003 0.003 0.003 0.004 0.004
Over 0.034 to 0.039, incl 0.002 0.002 0.0025 0.0025 0.003 0.003 0.003 0.003
Over 0.028 to 0.034, incl 0.0015 0.0015 0.002 0.002 0.0025 0.0025 0.003 0.003
Over 0.025 to 0.028, incl 0.001 0.0015 0.0015 0.002 0.002 0.002 0.0025 0.003
Over 0.019 to 0.025, incl 0.001 0.001 0.0015 0.0015 0.002 0.002 0.0025 0.0025
Over 0.016 to 0.019, incl 0.001 0.001 0.001 0.0015 0.0015 0.002 0.002 0.002
Over 0.012 to 0.016, incl 0.001 0.001 0.001 0.001 0.0015 0.0015 0.002 0.002
Over 0.011 to 0.012, incl 0.001 0.001 0.001 0.001 0.0015 0.0015 0.0015 0.0015
Over 0.010 to 0.011, incl 0.001 0.001 0.001 0.001 0.001 0.0015 0.0015 0.0015
0.010 0.001 0.001 0.001 0.001 0.001 0.001 0.0015 0.0015

Specified Thickness, mm

Width, mm

4.76 to
25.4, incl

Over
25.4

to 76.2,
incl

Over 76.2
to 152.4,

incl

Over
152.4 to
228.6,

incl

Over
228.6 to

304.8, incl

Over
304.8 to
406.4,

incl

Over
406.4 to
508, incl

Over 508
to 609.6,

incl

Thickness Tolerance, mm

Over 4.06 to less than 0.05 0.08 0.10 0.10 0.10 0.13 0.15 0.15
4.76

Over 2.51 to 4.06, incl 0.05 0.05 0.08 0.08 0.10 0.10 0.13 0.13
Over 1.73 to 2.51, incl 0.05 0.05 0.08 0.08 0.08 0.10 0.10 0.10
Over 1.25 to 1.73, incl 0.05 0.05 0.08 0.08 0.08 0.08 0.10 0.10
Over 0.99 to 1.24, incl 0.05 0.05 0.06 0.08 0.08 0.08 0.10 0.10
Over 0.86 to 0.99, incl 0.05 0.05 0.06 0.06 0.08 0.08 0.08 0.08
Over 0.71 to 0.86, incl 0.04 0.04 0.05 0.05 0.06 0.06 0.08 0.08
Over 0.64 to 0.71, incl 0.02 0.04 0.04 0.05 0.05 0.05 0.06 0.08
Over 0.48 to 0.64, incl 0.02 0.02 0.04 0.04 0.05 0.05 0.06 0.06
Over 0.41 to 0.48, incl 0.02 0.02 0.02 0.04 0.04 0.05 0.05 0.05
Over 0.38 to 0.41, incl 0.02 0.02 0.02 0.02 0.04 0.04 0.05 0.05
Over 0.28 to 0.30, incl 0.02 0.02 0.02 0.02 0.04 0.04 0.04 0.04
Over 0.25 to 0.28, incl 0.02 0.02 0.02 0.02 0.02 0.04 0.04 0.04
0.25 0.02 0.02 0.02 0.02 0.02 0.02 0.04 0.04

AFor thickness under 0.010 to 0.005 in. (0.254 to 0.127 mm), inclusive, in widths up to and including 16 in. (406 mm), a tolerance of 610 % of the thickness applies.
For thicknesses under 0.010 to 0.005 in. (0.254 to 0.127 mm), inclusive, in widths over 16 to 24 in. (406 to 610 mm), exclusive, a tolerance of 615 % of the thickness
applies. For thickness tolerances on thicknesses under 0.005 in. (0.127 mm) in widths up to 24 in. (610 mm), exclusive, the producer should be consulted.

BThickness measurements are taken 3⁄8 in. (9.5 mm) in from the edge of the strip, except that on widths less than 1 in. (25.4 mm) the tolerances are applicable for
measurements at all locations.

CThe tolerances in this table do not include crown tolerances.

TABLE 6 Crown Tolerances for Cold-Rolled Strip

Specified Thickness, in. (mm)

Additional Thickness, at Middle of Strip over That Shown in Table 5 for
Edge Measurement, for Widths and Thicknesses Given, in. (mm)

Width, in. (mm)

To 5 (127), incl
Over 5 to 12 (127 to

305), incl
Over 12 to 24 (305 to

610), excl
0.005 to 0.010 (0.127 to 0.254), incl 0.0075 (0.19) 0.001 (0.02) 0.0015 (0.04)
Over 0.010 to 0.025 (0.254 to 0.635), incl 0.001 (0.02) 0.0015 (0.04) 0.002 (0.05)
Over 0.025 to 0.065 (0.635 to 1.65), incl 0.0015 (0.04) 0.002 (0.05) 0.0025 (0.06)
Over 0.065 to 0.187 (1.65 to 4.76), excl 0.002 (0.05) 0.0025 (0.06) 0.003 (0.08)
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and machined to the form and dimensions shown for the
sheet-type specimen in Test Methods E 8. Tension test speci-
mens from material1⁄2 in. (12.7 mm) and over shall be of the
full thickness of the material, machined to the form and
dimensions shown for the plate-type specimen in Test Methods
E 8. Tension test specimens shall be taken from material after

final heat treatment and shall be selected in the transverse
direction unless prohibited by width.

12. Keywords

12.1 N08028; plate; sheet; strip

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 7 Length and Camber Tolerances for Cold-
Rolled Strip

Length Tolerances

Specified Length, ft (mm)
Tolerance Over Speci-
fied Length (No Under
Tolerance), in. (mm)

To 5 (1524), incl 3⁄8 (9.5)
Over 5 to 10 (1520 to 3050), incl 1⁄2 (12.7)
Over 10 to 20 (3050 to 6100), incl 5⁄8 (15.9)
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Designation: B 710 – 04

Standard Specification for
Nickel-Iron-Chromium-Silicon Alloy Welded Pipe 1

This standard is issued under the fixed designation B 710; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers alloys UNS N08330 and UNS
N08332 in the form of welded pipe intended for heat-resisting
applications and general-corrosive service.

1.2 The pipe covered is nominal pipe sizes up to and
including size 12, with the nominal wall thicknesses given as
Schedules 5S, 10S, 40S, and 80S. Table 2 of Specification
B 775 is based on Table A1 of ANSI B36.19 and gives the
nominal dimension of these sizes. Table 3 of Specification
B 775 lists the dimensional requirements of these sizes. Pipe
having other dimensions may be furnished provided such pipe
complies with all other requirements of this specification.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:3

B 536 Specification for Nickel-Iron-Chromium-Silicon Al-
loy (UNS N08330 and N08332) Plate, Sheet, and Strip

B 775 Specification for General Requirements for Nickel
and Nickel Alloy Welded Pipe

B 899 Terminology Relating to Non-ferrous Metals and
Alloys

2.2 ANSI Standard:4

ANSI B36.19 Stainless Steel Pipe

3. Terminology

3.1 Definitions:
3.1.1 Definitions for terms defined in Terminology B 899

shall apply unless otherwise defined by the requirements of this
document.

4. General Requirement

4.1 Material furnished in accordance with this specification
shall conform to the applicable requirements of the current
edition of Specification B 775 unless otherwise provided
herein.

5. Ordering Information

5.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

5.1.1 Quantity (feet or number of lengths),
5.1.2 UNS number,
5.1.3 Size (nominal pipe size and schedule),
5.1.4 Length (random or specific),
5.1.5 ASTM designation,

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1982. Last previous edition approved in 1999 as B 710 – 99.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB710 in Section 11 of that code.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

4 Available from American National Standards Institute, 11 West 42nd St., 13th
Floor, New York, NY 10036.

TABLE 1 Chemical Requirements

Element Composition Limits, %

C ...A

Mn 2.00 max
P 0.03 max
S 0.03 max
Si 0.75–1.50
Cr 17.0–20.0
Ni 34.0–37.0
Cu 1.00 max
Pb 0.005 max
Sn 0.025 max
Fe remainderB

A Alloy UNS N08330: 0.08 max. Alloy UNS N08332: 0.05–0.10.
B lement shall be determined arithmetically by difference.

1
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5.1.6 Product Analysis— State if required.
5.1.7 Certification— State if a certification or report of test

results is required,
5.1.8 Purchaser Inspection—State which tests or inspec-

tions are to be witnessed, if any, and
5.1.9 Supplementary requirements, if any.

6. Materials and Manufacture

6.1 The pipe shall be made from flat-rolled alloy conform-
ing to Specification B 536, by an automatic welding process
with no addition of filler metal. Subsequent to welding and
prior to final heat treatment, the material shall be cold worked
either in both weld and base metal or in weld metal only.

6.2 Heat Treatment— Pipe of UNS N08330 alloy shall be
annealed at 1900°F (1040°C), minimum. Pipe of UNS N08332
alloy shall be annealed at 2100°F (1150°C), minimum.

7. Chemical Composition

7.1 The material shall conform to the composition limits
specified in Table 1. One test is required for each lot as defined
in Specification B 775.

7.2 If a product analysis is performed, it shall meet the
chemistry limits prescribed in Table 1, subject to the analysis
tolerances specified in Table 1 of Specification B 775.

8. Mechanical Properties and Other Requirements

8.1 Mechanical Properties—The material shall conform to
the mechanical property requirements specified in Table 2. One
test is required for each lot as defined in Specification B 775.

8.2 Flattening Test— A flattening test shall be made on each
end of one pipe per lot. Superficial ruptures resulting from
surface imperfections shall not be cause for rejection.

8.3 Nondestructive Test Requirements—Each pipe shall be
subjected to either a pressure test or a nondestructive electric
test at the manufacturer’s option. The purchaser may specify
which test is to be used.

8.4 Grain Size—Annealed alloy UNS N08332 shall con-
form to an average grain size of ASTM No. 5 or coarser.

9. Lengths

9.1 Lengths may be ordered as either random lengths
(normally 15 to 24 ft (4.6 to 8.3 m), with some agreed upon
allowance for shorts) or specific cut lengths.

10. Keywords

10.1 high-temperature alloy; welded pipe

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 2 Mechanical Properties

Alloy Condition
Tensile Strength, min,

psi (MPa)
Yield Strength, 0.2 %
offset, min, psi (MPa)

Elongation in 2 in. or
50 mm, or 4D, min,%

HardnessA

UNS N08330 annealed 70 000 (483) 30 000 (207) 30 70 to 90 HRB
UNS N08332 annealed 67 000 (462) 27 000 (186) 30 65 to 88 HRB

A Hardness values are informative only and not to be construed as the basis for acceptance.
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Designation: B 712 – 93 (Reapproved 1999)

Standard Guide for
Determination of Sodium and Potassium Content For Silver-
Cadmium Oxide Contact Materials 1

This standard is issued under the fixed designation B 712; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide describes procedures for use in conducting
analysis of silver-cadmium oxide materials for sodium and
potassium content. The exact methods for the performance of
this testing are not stated since many different procedures are
equally applicable. This guide points out specific procedures
for decreasing the chance of recognized potential errors and
specifies methods for increasing the sensitivity of the testing.

1.2 This standard may involve hazardous materials, opera-
tions, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of whoever uses this standard to consult and
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.
For specific precautions see Sections 4 and 6.

1.3 Whoever uses this standard should consult the Material
Safety Data Sheet concerning the products involved.

2. Referenced Documents

2.1 ASTM Standards:
E 50 Practices for Apparatus, Reagents, and Safety Precau-

tions for Chemical Analysis of Metals2

E 663 Practice for Flame Atomic Absorption Analysis3

2.2 Other Document:
Operation Guide for Chemical Analysis of Metals and

Metal Bearing Ores by Atomic Absorption Spectropho-
tometry4

3. Significance and Use

3.1 This guide is recommended for use in analyzing the
sodium and potassium content of silver-cadmium oxide mate-
rials and is meant to be used in conjunction with standard
methods of atomic absorption spectroscopy. The recommended

procedures cite methods for minimizing extraneous sodium
and potassium contamination through use of specific handling
procedures and shorter sample preparation methods. This guide
also recommends procedures that prevent the formation of
nonstable and potentially hazardous silver-acetylene com-
pounds.

4. Precautions

4.1 Since silver nitrate reacts with acetylene to form silver
acetylide, the guide recommends either alternative flames to
air–acetylene or the removal of silver from solution. Silver
acetylide is unstable and may explode violently upon being
disturbed.

5. Sampling

5.1 Handle the sample so as to avoid contamination by
sodium and potassium; avoid contact with hands.

6. Procedures

6.1 First clean the sample in nitric acid and distilled or
deionized water to remove extraneous surface contamination.
Test powder samples as received. Then store the samples in
such a manner as to minimize contamination.

6.2 Use a sample size of approximately 2 g ormore for each
test.

6.3 Handle the samples with gloves and utensils, never with
bare hands.

6.4 The use of TFE-fluorocarbon or other suitable substi-
tutes for glassware is recommended. If glass is used, aged glass
rather than new glass is recommended. Clean the glassware
with ammonia and rinse with deionized water. Avoid the use of
detergents.

6.5 Calibrate the instrument and determine the optimum
calibration-solution concentration in accordance with Practice
E 663 and other standards as cited in Section 2.

6.6 Fully dissolve the sample in a nitric acid solution in
accordance with standard procedures and concentrations rec-
ommended for the atomic absorption procedures and instru-
ments used. Also prepare a reagent blank.

1 This test method is under the jurisdiction of ASTM Committee B-2 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B2.05 on Precious Metals.

Current edition approved Aug. 15, 1993. Published October 1993. Originally
published as B 712 – 82. Last previous edition B 712 – 82 (1988).

2 Annual Book of ASTM Standards,Vol 03.05.
3 Annual Book of ASTM Standards,Vol 03.06.
4 1982 Annual Book of ASTM Standards, Part 12 (see Related Materials

Section).

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



6.7 An air-propane or air-hydrogen flame is recommended
rather than air-acetylene in order to prevent the formation of
silver acetylide. (Warning—Silver acetylide may explode
violently if disturbed.) The silver then may be left in solution.

6.8 If an air-acetylene flame is used, a precipitation and
settling procedure is recommended over filtrations for removal
of silver. A settling time of 24 h is recommended in laboratory
ware that will not contribute to contamination followed by
careful aspiration of the supernatant solution into the air-
acetylene flame. If the choice is made to remove the silver from
solution, the possibility of some of the sodium and potassium
being removed with the precipitate should be recognized.

7. Report

7.1 Since slight variations in technique can easily cause
discrepancies between laboratory results, the exact method
used shall be listed. The report statement shall include such
items as follows:

7.1.1 Sample size,
7.1.2 Type of solution containers used,
7.1.3 Whether silver was precipitated, and
7.1.4 Specific type of gas flame used.
7.2 Supplier and user shall reach agreement concerning all

variables in technique and procedure before attempting to
compare results of specific samples.

8. Precision

8.1 The precision is based on the tests performed by
competent operators of a number of different laboratories; see
Table 1 and Table 2. All the laboratories were given the basic
guidelines as described in this guide.

9. Keywords

9.1 analysis; cadmium oxide; contacts; potassium; silver;
silver–cadmium oxide; sodium

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Sodium Analysis

Mean, ppm
s

ppm %

7 4 57
35 8 23

190 26 14
500 94 19

TABLE 2 Potassium Analysis

Mean, ppm
s

ppm %

6 11 180
12 4 33
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Designation: B 717 – 96 (Reapproved 2000)

Standard Specification for
Refined Ruthenium 1

This standard is issued under the fixed designation B 717; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers refined ruthenium as sponge
and powder in one grade as follows:

1.1.1 Grade 99.80— Ruthenium having a purity of
99.80 %.

1.1.2 Grade 99.90— Ruthenium having a purity of
99.90 %.

NOTE 1—For the purposes of determining conformance with this
specification, an observed value obtained from analysis shall be rounded
to the nearest unit in the last right-hand place of figures used in expressing
the limiting value in accordance with the rounding method of Practice
E 29.

2. Referenced Documents

2.1 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications2

3. Manufacture

3.1 The material may be produced by any refining process
that yields a product capable of meeting the chemical require-
ments of this specification. The purchaser, upon request, shall
be informed of the refining process used.

4. Chemical Composition

4.1 The material should conform to the requirements for
chemical composition as prescribed in Table 1.

4.2 Analysis shall be made using the manufacturer’s stan-
dard methods. In the event of disagreement as to the chemical
composition of the metal, methods of chemical analysis for
reference purposes shall be determined by a mutually accept-
able laboratory.

5. Sampling

5.1 The value of this material is such that special attention
must be paid to the sampling procedures. The purchaser and
manufacturer shall agree upon the sampling procedures used.

5.2 Lot Size—Sampling lots shall consist of the following:
5.2.1 Sponge—A single refining lot.
5.2.2 Powder—A single refining lot.

6. Rejection and Rehearing

6.1 Material that fails to conform to the requirements of this
specification may be rejected. Rejection should be reported to
the manufacturer or supplier promptly and in writing. In case
of dissatisfaction with the results of the test, the producer or
supplier may make claim for rehearing.

6.2 Investigation of Claims—In a question of chemical
composition, a new sample shall be drawn by representatives
of both parties in accordance with Section 5. The properly
mixed and quartered sample shall be divided into three parts,
each of which shall be placed in a sealed package, one for the
manufacturer, one for the purchaser, and one for an umpire, if
necessary.

6.3 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the metal to the
requirements of this specification by the purchaser, the umpire
sample is to be submitted to a mutually acceptable laboratory
for analysis. The results of the referee’s analysis shall be used
in determining conformance of the metal to this specification.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Pressure Metals.

Current edition approved May 10, 1996. Published June 1996. Originally
published as B 717 – 83. Last previous edition B 717 – 84 (1991).

2 Annual Book of ASTM Standards, Vol 14.02.

TABLE 1 Chemical Requirements

ElementA
Composition, %

Grade 99.80 Grade 99.90

Ruthenium, min (by
difference)

99.80 99.90

Platinum, max 0.02 0.01
Palladium, max 0.05 0.005
Iridium, max 0.05 0.005
Rhodium, max 0.05 0.01
Osmium, max 0.06 0.005
Iron, max 0.05 0.02
Silicon, max 0.02 0.005
Copper, max 0.01 0.005
Calcium, max 0.01 0.005
Tin, max 0.01 0.005
Silver, max 0.01 0.005
Sodium, max 0.01 0.005
Gold, max 0.005 0.005
A Upon agreement between manufacturer and purchaser, analyses may be

required and limits established for elements or compounds not specified in this
table.

1
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7. Product Marking

7.1 The material shall be legibly identified by mark, label,
or tag with the following information: Ruthenium (Ru) Grade
__, lot or melt number, and weight to the nearest 0.001 troy oz
(0.03g).

8. Keywords

8.1 ruthenium; refined ruthenium; sponge

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 718 – 00

Standard Specification for
Nickel-Chromium-Molybdenum-Cobalt-Tungsten-Iron-Silicon
Alloy (UNS N06333) Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 718; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers wrought alloy UNS N06333
plate, sheet, and strip intended for heat resisting applications
and general corrosive service.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 10 Test Method for Brinell Hardness of Metallic Materi-
als3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 140 Hardness Conversion Tables for Metals3

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys5

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 plate, n—material 3⁄16 in. (4.76 mm) and over in

thickness and over 10 in. (254) mm in width.
3.1.2 sheet, n—material under3⁄16 in. (4.76 mm) in thick-

ness and 24 in. (610 mm) and over in width.
3.1.3 strip, n—material under3⁄16 in. (4.76 mm) in thickness

and under 24 in. (610 mm) in width.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include but are not limited to
the following:

4.1.1 Alloy name or UNS number.
4.1.2 Quantity.
4.1.3 ASTM Designation and year of issue.
4.1.4 Form (plate, sheet, or strip).
4.1.5 Dimensions—Thickness, Width, and Length.
4.1.6 Finish (Section 9).
4.1.7 Certification—State if certification is required (Sec-

tion 16).
4.1.8 Samples for Product (Check) Analysis—State whether

samples shall be furnished.
4.1.9 Purchaser Inspection—If a purchaser wishes to wit-

ness tests or inspections of material at the place of manufac-
ture, the purchase order must so state indicating which tests or
inspections are to be witnessed.

5. Material and Manufacture

5.1 All material shall be furnished in the annealed condi-
tion.

6. Chemical Requirements

6.1 The material shall conform to the requirements as to
chemical composition specified in Table 1.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in B 880.

7. Mechanical and Other Requirements

7.1 The mechanical properties of the material at room
temperature shall conform to those shown in Table 2.

8. Permissible Variations in Dimensions

8.1 Sheet, shall conform to the variations in dimensions
specified in Tables 3-5, inclusive.

8.2 Cold-Rolled Strip, shall conform to the permissible
variations in dimensions as specified in Tables 6-10 inclusive.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Nov. 10, 2000. Published November 2000. Originally
published as B 718 – 83. Last previous edition B 718 – 95.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.06.

1
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8.3 Plate, shall conform to the permissible variations in
dimensions specified in Tables 11-16, inclusive.

8.4 Sheet, Strip, and Plate—Material with No. 1 finish may
be ground to remove surface defects, provided such grinding
does not reduce the thickness, width, or length at any point
beyond the permissible variations in dimensions.

9. Workmanship, Finish, and Appearance

9.1 The material shall be uniform in quality and temper,
smooth, commercially straight, and free from injurious imper-
fections.

9.2 Available finishes are:
9.2.1 Sheet—No. 1 finish; hot rolled, annealed, and des-

caled, and No. 2 D finish; cold rolled, dull finish.
9.2.2 Strip—No. 1 finish; cold rolled, annealed, and des-

caled.
9.2.1 Plate—Hot rolled, annealed, and descaled.

10. Sampling

10.1 Lot Definitions:
10.1.1 A lot for chemical analysis shall consist of one heat.
10.1.2 A lot for mechanical properties shall consist of

material from one heat of the same condition and nominal
thickness.

10.2 Test-Material Selection:
10.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

10.2.1.1 Product (check) analysis shall be wholly the re-
sponsibility of the purchaser.

10.2.2 Mechanical Properties—Samples of the material to
provide test specimens for mechanical properties shall be taken
from such locations in each lot as to be representative of that
lot.

11. Number of Tests

11.1 Chemical Analysis—One test per lot.
11.2 Mechanical Properties—One test per lot.

12. Specimen Preparation

12.1 Tension test specimens shall be taken from material in
the final condition (temper). Tests shall be performed trans-
verse to the direction of rolling, where width will permit.

TABLE 1 Chemical Requirements

Element Composition Limits, %

Carbon 0.10 max
Manganese 2.0 max
Phosphorus 0.03
Sulfur 0.03
Silicon 1.5 max
Chromium 24.0–27.0
Nickel 44.0–48.0
Molybdenum 2.5–4.0
Cobalt 2.5–4.0
Tungsten 2.5–4.0
IronA Remainder

AElement may be determined arithmetically by difference.

TABLE 2 Mechanical Properties

Condition Tensile Strength, Min psi (MPa)
Yield Strength, 0.2 % Offset, Min

psi (MPa)
Elongation in 2 in. or 50 mm, or

4D, Min %
HardnessA

Annealed 80 000 (551) 35 000 (241) 30 75 to 95 HRB
AHardness values are informative only and not to be construed as the basis for acceptance.

TABLE 3 Thickness Tolerances for Hot-Rolled and Cold-Rolled
Sheets

Specified Thickness, in. (mm)
Tolerance Over and
Under, in. (mm)

Over 0.145 to less than 3⁄16 (3.68 to less 0.014 (0.36)
than 4.76)

Over 0.130 to 0.145 (3.30 to 3.68), incl 0.012 (0.30)
Over 0.114 to 0.130 (2.90 to 3.30), incl 0.010 (0.25)
Over 0.098 to 0.114 (2.49 to 2.90), incl 0.009 (0.23)
Over 0.083 to 0.098 (2.11 to 2.49), incl 0.008 (0.20)
Over 0.072 to 0.083 (1.83 to 2.11), incl 0.007 (0.18)
Over 0.058 to 0.072 (1.47 to 1.83), incl 0.006 (0.15)
Over 0.040 to 0.058 (1.02 to 1.47), incl 0.005 (0.13)
Over 0.026 to 0.040 (0.66 to 1.02), incl 0.004 (0.10)
Over 0.016 to 0.026 (0.41 to 0.66), incl 0.003 (0.08)
Over 0.007 to 0.016 (0.18 to 0.41), incl 0.002 (0.05)
Over 0.005 to 0.007 (0.13 to 0.18), incl 0.0015 (0.04)
0.005 (0.13) 0.001 (0.03)

TABLE 4 Width, Length, and Camber Tolerances for Hot-Rolled
and Cold-Rolled Sheets Not Resquared Nor Stretcher Leveled

Width Tolerances

Specified Thickness, in. (mm)

Tolerance for Specified Width,
in. (mm)

24 to 48 (610
to 1220), excl

48 in. (1220) and
over

Less than 3⁄16 in. (4.76) 1⁄16 (1.6)
over,

1⁄8 in. (3.2)
over,

0 under 0 under

Length Tolerances

Specified Length, ft (cm)
Tolerance, in. (mm)

Over Under
Up to 10 (305), incl 1⁄4 (6.4) 0 (0)
Over 10 to 20 (305 to 610),

incl

1⁄2 (12.7) 0 (0)

Camber TolerancesA

Specified Width, in. (mm) Tolerance per Unit Length of
any 8 ft (244 cm), in. (mm)

24 to 36 in. (610 to 914),
incl

1⁄8 (3.2)

Over 36 in. (914) 3⁄32 (2.4)
ACamber is the greatest deviation of a side edge from a straight line, and

measurement is taken by placing an 8-ft (2440-mm) straightedge on the concave
side and measuring the greatest distance between the sheet edge and the
straightedge.
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12.1.1 All material shall be tested in full cross-section size
when possible.

12.2 Tension-test specimens shall be as follows:
12.2.1 Full thickness of the material, machine to the form

and dimensions shown for the sheet-type specimen in Test
Methods E 8 for material up through1⁄2 in. (12.7 mm) in
thickness.

TABLE 5 Flatness Tolerances for Hot-Rolled and Cold-Rolled Sheets

Sheets not Specified to Stretcher Leveled Standard of Flatness

Specified Thickness, in. (mm) Width, in. (mm)
Flatness Tolerance (max Deviation from a

Horizontal Flat Surface), in. (mm)

0.062 (1.57) and over To 60 in. (1524), incl 1⁄2 (12.7)
Over 60 to 72 (1524 to 1829), incl 3⁄4 (19.1)
Over 72 (1829) 1 (25.4)

Under 0.062 (1.57) To 36 (914), incl 1⁄2 (12.7)
Over 36 to 60 (914 to 1524), incl 3⁄4 (19.1)
Over 60 (1524) 1 (25.4)

TABLE 6 Thickness Tolerances for Cold-Rolled Strip in Coils and Cut Lengths

NOTE 1—Thickness measurements are taken at least3⁄8 inch (9.5 mm) in from edge of the strip, except that on widths less than 1 in. (25.4 mm) the
tolerances are applicable for measurements at all locations.

NOTE 2—Above tolerances include crown.

Specified thickness, in. (mm)

Thickness Tolerances, in. (mm), for the Thicknesses and Widths Given, Over and
Under

Width, in. (mm)

3⁄16 (4.8) to 6 (152), incl Over 6 (152) to 12 (305), incl Over 12 (305) to 24 (610),
excl

0.005 (0.13) to 0.010 (0.25), incl 10 % 10 % 10 %
Over 0.010 (0.25) to 0.011 (0.28), incl 0.0015 (0.04) 0.0015 (0.04) 0.0015 (0.04)
Over 0.011 (0.28) to 0.013 (0.33), incl 0.0015 (0.04) 0.0015 (0.04) 0.002 (0.05)
Over 0.013 (0.33) to 0.017 (0.43), incl 0.0015 (0.04) 0.002 (0.05) 0.002 (0.05)
Over 0.017 (0.43) to 0.020 (0.51), incl 0.0015 (0.04) 0.002 (0.05) 0.0025 (0.06)
Over 0.020 (0.51) to 0.029 (0.74), incl 0.002 (0.05) 0.0025 (0.06) 0.0025 (0.06)
Over 0.029 (0.74) to 0.035 (0.89), incl 0.002 (0.05) 0.003 (0.08) 0.003 (0.08)
Over 0.035 (0.89) to 0.050 (1.27), incl 0.0025 (0.06) 0.0035 (0.09) 0.0035 (0.09)
Over 0.050 (1.27) to 0.069 (1.75), incl 0.003 (0.08) 0.0035 (0.09) 0.0035 (0.09)
Over 0.069 (1.75) to 0.100 (2.54), incl 0.003 (0.08) 0.004 (0.10) 0.005 (0.13)
Over 0.100 (2.54) to 0.125 (3.18), incl 0.004 (0.10) 0.0045 (0.11) 0.005 (0.13)
Over 0.125 (3.18) to 0.161 (4.09), incl 0.0045 (0.11) 0.0045 (0.11) 0.005 (0.13)
Over 0.161 (4.09) to 3⁄16 (4.76), excl 0.005 (0.13) 0.005 (0.13) 0.006 (0.15)

TABLE 7 Width Tolerances Cold-Rolled Strip in Coils and Cut Lengths Edge Nos. 1 and 5

Specified Edge No. Width in., (mm) Thickness, in. (mm)
Width Tolerance, in. (mm) for

Thickness and Width Given Over and
Under

1 and 5 9⁄32 (7.1) and under 1⁄16 (1.6) and under 0.005 (0.13)
1 and 5 Over 9⁄32 (7.1) to 3⁄4 (19.1), incl 3⁄32 (2.4) and under 0.005 (0.13)
1 and 5 Over 3⁄4 (19.1) to 5 (127), incl 1⁄8 (3.2) and under 0.005 (0.13)

5 Over 5 (127) to 9 (229), incl 1⁄8 (3.2) to .008 (.20), incl 0.010 (0.25)
5 Over 9 (229) to 20 (508), incl 0.105 (2.67) to 0.015 (0.38), incl 0.010 (0.25)
5 Over 20 (508) to 24 (610), excl 0.080 (2.03) to 0.023 (0.58), incl 0.015 (0.38)

TABLE 8 Width Tolerances Cold-Rolled Strip in Coils and Cut Lengths Edge No. 3

Specific Thickness, in. (mm)

Width Tolerances, in. (mm) Over and Under, for Thickness and Width Given

Under 1⁄2 (12.7) to
3⁄16 (4.8)

1⁄2 (12.7) to 6 (152)
Over 6 (152) to 9

(229)
Over 9 (229) to 12

(305)
Over 12 (305) to 20

(508)
Over 20 (508) to 24

(610)

0.068 (1.73) and under 0.005 (0.13) 0.005 (0.13) 0.005 (0.13) 0.010 (0.25) 0.016 (0.41) 0.020 (0.51)
Over 0.068 (1.73) to 0.099 (2.51), incl 0.008 (0.20) 0.008 (0.20) 0.010 (0.25) 0.010 (0.25) 0.016 (0.41) 0.020 (0.51)
Over 0.099 (2.51) to 0.160 (4.06), incl 0.010 (0.25) 0.010 (0.25) 0.016 (0.41) 0.016 (0.41) 0.020 (0.51) 0.020 (0.51)
Over 0.160 (4.06) to under
3⁄16 in. (4.76), excl

... 0.016 (0.41) 0.020 (0.51) 0.020 (0.51) 0.031 (0.79) 0.031 (0.79)

TABLE 9 Length Tolerances Cold-Rolled Strip in Cut Lengths

Specified Length, in. (mm)
Tolerance, in. (mm) Over Specified

Length, No Tolerance Under

Up to 60 (1524), incl 3⁄8 (9.5)
Over 60 (1524) to 120 (3048), incl 1⁄2 (12.7)
Over 120 (3048) to 240 (6096), incl 5⁄8 (15.9)
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12.2.2 The largest possible round specimen shown in Test
Methods E 8 for material over1⁄2 in. (12.7 mm).

13. Test Methods

13.1 Chemical Composition—Test Methods E 1473.
13.2 Tension Test—Test Methods E 8.
13.3 Rockwell Hardness—Test Methods E 18.
13.4 Brinell Hardness—Test Method E 10.
13.5 Hardness Conversion—Hardness Conversion Tables

E140.
13.6 Rounding Method—For purposes of determining com-

pliance with the limits in this specification, an observed value
or a calculated value shall be rounded off as indicated below, in
accordance with the rounding-off method of Practice E 29.

Requirement
Rounded-Off Unit for Observed or Calcu-

lated Value
Chemical composition
hardness and tolerances (when
expressed in decimals)

nearest unit in the last right-hand place of
figures of the specified limit. If two choices
are possible, as when the digits dropped
are exactly a 5 or a 5 followed only by ze-
ros, choose the one ending in an even digit
with zero defined as an even digit.

Tensile and yield strengths nearest 1000 psi (6.9 MPa)
Elongation nearest 1 %

14. Inspection

14.1 Inspection of the material by the purchaser shall be as
agreed upon by the purchaser and the supplier as part of the
purchase contract.

15. Rejection and Rehearing

15.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16. Certification

16.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

17. Packaging and Marking

17.1 Material shall be bundled or boxed in such a manner as
to assure undamaged delivery to its destination when properly
transported by a common carrier.

17.2 Each piece (or bundle, where applicable) shall be
marked with the grade of the material or UNS number and heat
number.

18. Keywords

18.1 plate; sheet; strip; UNS N06333

TABLE 10 Camber A Tolerances Cold-Rolled Strip in Coils and
Cut Lengths

Specified Width, in. (mm) Tolerance in. (mm) Per Unit Length
of any 8 ft (2440 mm)

Up to 1 1⁄2 (38.1), incl 1⁄2 (12.7)
Over 1 1⁄2 (38.1) to 24 (609.6), excl 1⁄4 (6.4)

ACamber is the deviation of a side edge from a straight line, and measurement
is taken by placing an 8-ft (2440-mm) straightedge on the concave side and
measuring the greatest distance between the strip edge and the straight edge.
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TABLE 11 Permissible Variations in Thickness for Plates A

Specified Thickness, in. (mm)

Width, in. (mm)

To 84 (2134), incl
Over 84 (2134) to 120
(3048), incl

Over 120 (3048) to 144
(3658), incl

Over 144 (3658)

Tolerance Over specified Thickness,A,B in. (mm)

3⁄16 (4.76) to 3⁄8 (9.52). excl 0.045 (1.14) 0.050 (1.27) ... ...
3⁄8 (9.52) to 3⁄4 (19.05), excl 0.055 (1.40) 0.060 (1.52) 0.075 (1.90) 0.090 (2.29)
3⁄4 (19.05) to 1 (25.40), excl 0.060 (1.52) 0.065 (1.65) 0.085 (2.16) 0.100 (2.54)
1 (25.40) to 2 (50.80), excl 0.070 (1.78) 0.075 (1.90) 0.095 (2.41) 0.115 (2.92)
2 (50.80) to 3 (76.20), excl 0.125 (3.18) 0.150 (3.81) 0.175 (4.44) 0.200 (5.08)
3 (76.20) to 4 (101.6), excl 0.175 (4.44) 0.210 (5.33) 0.245 (6.22) 0.280 (7.11)

AThickness is measured along the longitudinal edges of the plate at least 3⁄8 in. (9.52 mm), but not more than 3 in. (76.20 mm), from the edge.
BFor circles, the over thickness tolerances in this table apply to the diameter of the circle corresponding to the width ranges shown. For plates of irregular shape, the

over thickness tolerances apply to the greatest width corresponding to the width ranges shown. For plates up to 10 in. (254.0 mm), incl, in thickness, the tolerance under
the specified thickness is 0.010 in. (0.25 mm).
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TABLE 12 Width and Length Tolerances for Plates A,B

Width, in. Length, in.

Tolerance Over Specified Width and Length for Given Width, Length, and Thickness, in.

Under 3⁄8 in. 3⁄8 to 1⁄2 in., incl, in Thickness Over 1⁄2 in. in Thickness

Width Length Width Length Width Length

48 and under 144 and under 1⁄8 3⁄16 3⁄16 1⁄4 5⁄16 3⁄8
Over 48 to 60, incl 3⁄16 1⁄4 1⁄4 5⁄16 3⁄8 7⁄16

Over 60 to 84, incl 1⁄4 5⁄16 5⁄16 † 3⁄8 7⁄16 1⁄2
Over 84 to 108, incl 5⁄16 3⁄8 3⁄8 † 7⁄16 1⁄2 9⁄16

Over 108 3⁄8 7⁄16 7⁄16 † 1⁄2 5⁄8 11⁄16

48 and under over 144 to 240 3⁄16 3⁄8 1⁄4 1⁄2 5⁄16 5⁄8
Over 48 to 60, incl 1⁄4 7⁄16 5⁄16 5⁄8 3⁄8 3⁄4
Over 60 to 84, incl 3⁄8 1⁄2 7⁄16 11⁄16 1⁄2 3⁄4
Over 84 to 108, incl 7⁄16 9⁄16 1⁄2 3⁄4 5⁄8 7⁄8
Over 108 1⁄2 5⁄8 5⁄8 7⁄8 11⁄16 1

48 and under over 240 to 360 1⁄4 1⁄2 5⁄16 5⁄8 3⁄8 3⁄4
Over 48 to 60, incl 5⁄16 5⁄8 3⁄8 3⁄4 1⁄2 3⁄4
Over 60 to 84, incl 7⁄16 11⁄16 1⁄2 3⁄4 5⁄8 7⁄8
Over 84 to 108, incl 9⁄16 3⁄4 5⁄8 7⁄8 3⁄4 1
Over 108 5⁄8 7⁄8 11⁄16 1 7⁄8 1

60 and under over 360 to 480 7⁄16 11⁄8 1⁄2 11⁄4 5⁄8 13⁄8
Over 60 to 84, incl 1⁄2 11⁄4 5⁄8 13⁄8 3⁄4 11⁄2
Over 84 to 108, incl 9⁄16 11⁄4 3⁄4 13⁄8 7⁄8 11⁄2
Over 108 3⁄4 13⁄8 7⁄8 11⁄2 1 15⁄8

60 and under over 480 to 600 7⁄16 11⁄4 1⁄2 11⁄2 5⁄8 15⁄8
Over 60 to 84, incl 1⁄2 13⁄8 5⁄8 11⁄2 3⁄4 15⁄8
Over 84 to 108, incl 5⁄8 13⁄8 3⁄4 11⁄2 7⁄8 15⁄8
Over 108 3⁄4 11⁄2 7⁄8 15⁄8 1 13⁄4

60 and under over 600 1⁄2 13⁄4 5⁄8 17⁄8 3⁄4 17⁄8
Over 60 to 84, incl 5⁄8 13⁄4 3⁄4 17⁄8 7⁄8 17⁄8
Over 84 to 108, incl 5⁄8 13⁄4 3⁄4 17⁄8 7⁄8 17⁄8
Over 108 7⁄8 13⁄4 1 2 11⁄8 21⁄4

Width, mm Length, mm

Tolerance Over Specified Width and Length for Given Width, Length, and
Thickness, mm

Under 9.5 mm 9.5 to 12.7 mm, incl in
Thickness

Over 12.7 mm in
Thickness

Width Length Width Length Width Length

1219 mm and under 3.2 4.8 4.8 6.4 7.9 9.5
Over 1219 to 1524, incl 3658 and under 4.8 6.4 6.4 7.9 9.5 11.1
Over 1524 to 2134, incl 6.4 7.9 7.9 9.5 11.1 12.7
Over 2134 to 2743, incl 7.9 9.5 9.5 11.1 12.7 14.3
Over 2743 9.5 11.1 11.1 12.7 15.9 17.5

1219 mm and under 4.8 9.5 6.4 12.7 7.9 15.9
Over 1219 to 1524, incl over 3658 to 6096 6.4 11.1 7.9 15.9 9.5 19.1
Over 1524 to 2134, incl 9.5 12.7 11.1 17.5 12.7 19.1
Over 2134 to 2743, incl 11.1 14.3 12.7 19.1 15.9 22.2
Over 2743 12.7 15.9 15.9 22.2 17.5 25.4

1219 mm and under 6.4 12.7 7.9 15.9 9.5 19.1
Over 1219 to 1524, incl over 6096 to 9144 7.9 15.9 9.5 19.1 12.7 19.1
Over 1524 to 2134, incl 11.1 17.5 12.7 19.1 15.9 22.2
Over 2134 to 2743, incl 14.3 19.1 15.9 22.2 19.1 25.4
Over 2743 15.9 22.2 17.5 25.4 22.2 25.4

1524 mm and under 11.1 28.6 12.7 31.8 15.9 34.9
Over 1524 to 2134, incl over 9144 to 12 192 12.7 31.8 15.9 34.9 19.1 38.1
Over 2134 to 2743, incl 14.3 31.8 19.1 34.9 22.2 38.1
Over 2743 19.1 34.9 22.2 38.1 25.4 41.3

1524 mm and under 11.1 31.8 12.7 38.1 15.9 41.3
Over 1524 to 2134, incl over 12 192 to 15 240 12.7 34.9 15.9 38.1 19.1 41.3
Over 2134 to 2743, incl 15.9 34.9 19.1 38.1 22.2 41.3
Over 2743 19.1 38.1 22.2 41.3 25.4 44.3

1524 mm and under 12.7 44.5 15.9 47.6 19.1 47.6
Over 1524 to 2134, incl over 15 240 15.9 44.5 19.1 47.6 22.2 47.6
Over 2134 to 2743, incl 15.9 44.5 19.1 47.6 22.2 47.6
Over 2743 22.2 44.5 25.4 50.8 28.6 57.2

AThe tolerance under specified width and length is 1⁄4 in. (6.4 mm).
BRectangular plates over 1 in. (25.4 mm) in thickness are not commonly sheared and are machined or otherwise cut to length and width or produced in the size as rolled,

uncropped.
† Editorially corrected.
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TABLE 13 Camber Tolerance for Plates

Tolerance = 1⁄8 in. (3.2 mm) 3 [ft(cm) of length/5 ft (152 cm)]

TABLE 14 Flatness Tolerances for Plates, in.

Specified Thickness, in.

Flatness Tolerance (Deviation from A Flat Horizontal Surface) for Thickness and Width Given, in.

Width, in.

48 and Under
Over 48 to 60,

excl
60 to 72, excl 72 to 84, excl 84 to 96, excl

96 to 108,
excl

108 to 120,
excl

120 to 144,
excl

144 and
Over

3⁄16 to 1⁄4 , excl 3⁄4 1 1⁄16 11⁄4 13⁄8 15⁄8 15⁄8 17⁄8 2
1⁄4 to 3⁄8 , excl 11⁄16 3⁄4 15⁄16 11⁄8 13⁄8 1 7⁄16 1 9⁄16 17⁄8
3⁄8 to 1⁄2 , excl 1⁄2 9⁄16 11⁄16 3⁄4 15⁄16 11⁄8 11⁄4 17⁄16

1⁄2 to 3⁄4 , excl 1⁄2 9⁄16 5⁄8 5⁄8 13⁄16 11⁄8 11⁄8 11⁄8 13⁄4
3⁄4 to 1, excl 1⁄2 9⁄16 5⁄8 5⁄8 3⁄4 13⁄16 15⁄16 1 13⁄8
1 to 11⁄2 , excl 1⁄2 9⁄16 9⁄16 9⁄16 11⁄16 11⁄16 11⁄16 3⁄4 1 1⁄8
1 1⁄2 to 4, excl 3⁄16 5⁄16 3⁄8 7⁄16 1⁄2 9⁄16 5⁄8 3⁄4 1
4 to 6, excl 1⁄4 3⁄8 1⁄2 9⁄16 5⁄8 3⁄4 7⁄8 1 1 1⁄8

Flatness Tolerance (Deviation from A Flat Horizontal Surface) for Thickness and Width Given, mm

Specified Thickness, mm Width, mm

1219 and
Under

Over
1219 to
1524,
excl

1524 to
1829,
excl

1829 to
2134,
excl

2134 to
2438,
excl

2438 to
2743,
excl

2743 to
3048,
excl

3048 to
3658,
excl

3658
and
Over

4.76 to 6.35, excl 19.1 27.0 31.8 34.9 41.3 41.6 47.6 50.8
6.35 to 9.53, excl 17.5 19.1 23.8 28.6 34.9 36.5 39.7 47.6
9.53 to 12.7, excl 12.7 14.3 17.5 19.1 23.8 28.6 31.8 36.5 44.5

12.7 to 19.05, excl 12.7 14.3 15.9 15.9 20.6 28.6 28.6 28.6 34.9
19.05 to 25.4, excl 12.7 14.3 15.9 15.9 19.1 20.6 23.8 25.4 28.6
25.4 to 38.1, excl 12.7 14.3 14.3 14.3 17.5 17.5 17.5 19.1 25.4
38.1 to 102, excl 4.8 7.9 9.5 11.1 12.7 14.3 15.9 19.1 22.2
102 to 152, excl 6.4 9.5 12.7 14.3 15.9 19.1 22.2 25.4 28.6
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TABLE 15 Recommended Plate Flame-Cutting Tolerances to
Clean up in Machining

Specified Thickness, in. (mm)
Machining Allowance per Edge,

in. (mm)

Under 2 (51) 1⁄4 (6.4)
Over 2 to 3 (51 to 76), incl 3⁄8 (9.5)
Over 3 to 6 (76 to 152), incl 1⁄2 (12.7)

TABLE 16 Abrasive-Cutting Width and Length Tolerances

Specified Thickness, in. (mm)
Tolerance OverA Specified
Width and Length, in. (mm)

Width Length
Up to 11⁄4 (32) 1⁄8 (3.2) 1⁄8 (3.2)
Over 11⁄4 to 21⁄4 (32 to 70) 3⁄16 (4.8) 3⁄16 (4.8)

A The tolerance under specified width and length is 1⁄8 in. (3.2 mm).
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Designation: B 719 – 00

Standard Specification for
Nickel-Chromium-Molybdenum-Cobalt-Tungsten-
Iron-Silicon Alloy (UNS N06333) Bar 1

This standard is issued under the fixed designation B 719; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers wrought alloy UNS N06333 in
the form of hot-finished and cold-finished bars and flats
intended for heat resisting applications and general corrosive
service.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 10 Test Method for Brinell Hardness of Metallic Materi-
als3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 140 Hardness Conversion Tables for Metals3

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt and High-Temperature Alloys5

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 bars—material of round, hexagonal, octagonal, or

square solid section, furnished in straight lengths,1⁄4 in. [6.35
mm] and over in diameter or size.

3.1.2 flats—material1⁄4 to 10 in. [6.35 to 254 mm], inclu-
sive, in width and 120 in. [3.05 mm] and over in thickness.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 Alloy name or UNS number.
4.1.2 Quantity.
4.1.3 ASTM Designation and year of issue.
4.1.4 Section (round, square, hexagonal, and so forth).
4.1.5 Dimensions, including length.
4.1.6 Finish, hot or cold.
4.1.7 Certification—state if certification is required (Section

16).
4.1.8 Samples for Product (Check) Analysis—State whether

samples shall be furnished.
4.1.9 Purchaser Inspection—If a purchaser wishes to wit-

ness tests or inspections of material at the place of manufac-
ture, the purchase order must so state indicating which tests or
inspections are to be witnessed.

5. Material and Manufacture

5.1 All material shall be furnished in the annealed condi-
tion, except that cold-drawn hexagons may be given a cold
draw sizing pass subsequent to the final anneal.

NOTE 1—Hot-finished rectangular bar in widths 10 in. [254 mm] and
under may be furnished as hot-finished plate with sheared or cut edges.

6. Chemical Requirements

6.1 The material shall conform to the requirements as to
chemical composition specified in Table 1.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations per B 880.

7. Mechanical and Other Requirements

7.1 The mechanical properties of the material at room
temperature shall conform to those shown in Table 2.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved May 10, 2000. Published June 2000. Originally
published as B 719-83. Last previous edition B 719-83 (1994)

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.06.

1
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8. Permissible Variations in Dimensions

8.1 All bars shall conform to the permissible variations in
dimensions specified in Tables 3-8, inclusive.

9. Workmanship, Finish, and Appearance
9.1 The material shall be uniform in quality and condition,

smooth, commercially straight, and free from injurious imper-
fections.

10. Sampling
10.1 Lot Definitions:
10.1.1 A lot for chemical analysis shall consist of one heat.

10.1.2 A lot for mechanical properties shall consist of
material from one heat of the same condition and cross section,
and no more than 40 000 lb [18 100 kg] in mass.

10.2 Test Material Selection:
10.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

10.2.1.1 Product (check) analysis shall be wholly the re-
sponsibility of the purchaser.

10.2.2 Mechanical Properties—Samples of the material to
provide test specimens for mechanical properties shall be taken
from such locations in each lot as to be representative of that
lot.

11. Number of Tests

11.1 Chemical Analysis—One test per lot.
11.2 Mechanical Properties—One test per lot.

12. Specimen Preparation

12.1 Tension-test specimens shall be taken from material in
the final condition and tested in the direction of fabrication.

12.1.1 All material shall be tested in full cross-section size
when possible. When a full cross-section size test cannot be
performed, the largest possible round specimen in ASTM Test
Methods E 8 shall be used.

13. Test Methods

13.1 Determine the chemical composition, mechanical, and
other properties of the material as enumerated in this specifi-
cation, in case of disagreement, in accordance with the
following methods:

TABLE 1 Chemical Requirements

Element Composition Limits, %

Carbon 0.10 max
Manganese 2.0 max
Phosphorus 0.03
Sulfur 0.03
Silicon 1.5 max
Chromium 24.0–27.0
Nickel 44.0–48.0
Molybdenum 2.5–4.0
Cobalt 2.5–4.0
Tungsten 2.5–4.0
IronA remainder

AElement may be determined arithmetically by difference.

TABLE 2 Mechanical Properties

Tensile
Strength, min

psi [MPa]

Yield Strength,
0.2 % offset,

min. psi [MPa]

Elongation
in 2 in. or 50
mm, or 4D,

min%

HardnessA

80 000 [551] 35 000 [241] 30 75 to 95
HRB

AHardness values are informative only and not to be construed as the basis for
acceptance.

TABLE 3 Permissible Variations in Size of Hot-Rolled Round and Square Bars

NOTE 1—Out of round is the difference between the maximum and minimum diameters of the bar, measured at the same cross section.
NOTE 2—Out of square section is the difference in the two dimensions at the same cross section of a square bar, each dimension being the distance

between opposite faces.
NOTE 3—Size tolerances for rounds in the size range from1⁄4 in. [6.4 mm] to approximately5⁄8 in. [15.9 mm], which are produced on rod mills in coils,

are not shown herein.
NOTE 4—Variations in size of coiled product made on rod mills are greater than size tolerances for product made on bar mills.

Specified Size Size Tolerance
Out of Round (Note 1 )

or Out of Square Section
(Note 2)

in. mm
Over Under

in. mm
in. mm in. mm

1⁄4 to 5⁄16 6.4 to 7.9 0.005 0.13† 0.005 0.13 0.008 0.20
Over 5⁄16 to 7⁄16 7.9 to 11.1 0.006 0.15 0.006 0.15 0.009 0.23
Over 7⁄16 to 5⁄8 11.1 to 15.9 0.007 0.18 0.007 0.18 0.010 0.25
Over 5⁄8 to 7⁄8 15.9 to 22.2 0.008 0.20 0.008 0.20 0.012 0.30†
Over 7⁄8 to 1 22.2 to 25.4 0.009 0.23 0.009 0.23 0.013 0.33†
Over 1 to 11⁄8 25.4 to 28.6 0.010 0.25 0.010 0.25 0.015 0.38
Over 11⁄8 to 11⁄4 28.6 to 31.8 0.011 0.28 0.011 0.28 0.016 0.41
Over 11⁄4 to 13⁄8 31.8 to 34.9 0.012 0.30† 0.012 0.30† 0.018 0.46
Over 13⁄8 to 11⁄2 34.9 to 38.1 0.014 0.36 0.014 0.36 0.021 0.53
Over 11⁄2 to 2 38.1 to 50.8 1⁄64 0.4 1⁄64 0.4 0.023 0.58
Over 2 to 21⁄2 50.8 to 63.5 1⁄32 0.8 0 0.023 0.58
Over 21⁄2 to 31⁄2 63.5 to 88.9 3⁄64 1.2 0 0.035 0.89
Over 31⁄2 to 41⁄2 88.9 to 114.3 1⁄16 1.6 0 0.046 1.17
Over 41⁄2 to 51⁄2 114.3 to 139.7 5⁄64 2.0 0 0.058 1.46
Over 51⁄2 to 61⁄2 139.7 to 165.1 1⁄8 3.2 0 0.070 1.78
Over 61⁄2 to 8 165.1 to 203.2 5⁄32 4.0 0 0.085 2.16

† Editorially corrected.
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Test ASTM Designation

Chemical analysis E 1473
Tension E 8
Brinell Hardness E 10
Rockwell Hardness E 18
Hardness Conversion E 140
Rounding procedure E 29

TABLE 4 Permissible Variations in Thickness and Width for Hot-Rolled Flat Bars

Specified
Widths, in.

Thickness Tolerances, in., for Given Thickness

1⁄8 to 1⁄2 ,
incl

Over 1⁄2 to
1, incl

Over 1 to
2, incl

Over 2 to 4, incl Over 4 to 6, incl Over 6 to 8, incl Width Tolerance

Over and Under Over Under Over Under Over Under Over Under

To 1, incl 0.008 0.010 ... ... ... ... ... ... ... 0.015 0.015
Over 1 to 2, incl 0.012 0.015 0.031 ... ... ... ... ... ... 0.031 0.031
Over 2 to 4, incl 0.015 0.020 0.031 0.062 0.031 ... ... ... ... 0.062 0.031
Over 4 to 6, incl 0.015 0.020 0.031 0.062 0.031 0.093 0.062 ... ... 0.093 0.062
Over 6 to 8, incl 0.016 0.025 0.031 0.062 0.031 0.093 0.062 0.125 0.156 0.125 0.156
Over 8 to 10, incl 0.021 0.031 0.031 0.062 0.031 0.093 0.062 0.125 0.156 0.156 0.187

Thickness Tolerances, mm, for Given Thickness

3.2 to 12.7,
incl

Over 12.7 to
25.4, incl

Over 25.4 to
50.8, incl

Over 50.8 to
101.6, incl

Over 101.6 to
152.4, incl

Over 152.4 to
203.2, incl

Width Tolerance

Over and Under Over Under Over Under Over Under Over Under

To 25.4, incl 0.20 0.25 ... ... ... ... ... ... ... 0.38 0.38
25.4 to 50.8, incl 0.31 0.38 0.80 ... ... ... ... ... ... 0.80 0.80
50.8 to 101.6, incl 0.38 0.51 0.80 1.58 0.80 ... ... ... ... 1.58 0.80
101.6 to 152.4, incl 0.38 0.51 0.80 1.58 0.80 2.36 1.58 ... ... 2.36 1.58
152.4 to 203.2, incl 0.41 0.64 0.80 1.58 0.80 2.36 1.58 3.18 3.96 3.18 3.96
203.2 to 254.0, incl 0.53 0.80 0.80 1.58 0.80 2.36 1.58 3.18 3.96 3.96 4.75

TABLE 5 Permissible Variations in Size of Cold-Finished Round Bars

NOTE 1—Size tolerances are over and under as shown in the table. Also, rounds can be produced to tolerances all over and nothing under, or all under
and nothing over, or any combination of over and under, if the total spread in size tolerance for a specified size is not less than the total spread shown
in the table.

NOTE 2—When it is necessary to heat treat or heat treat and pickle after cold finishing, size tolerances are double those shown in the table.

Specified Size Size Tolerance (Note 1)

in. mm
Over Under

in. mm in. mm
Over 1⁄2 to 1, incl 12.7 to 25.4 0.002 0.05 0.002 0.05
1 to 11⁄2 , incl 25.4 to 38.1 0.0025 0.06 0.0025 0.06
11⁄2 to 4, incl 38.1 to 101.6 0.003 0.08 0.003 0.08

TABLE 6 Permissible Variations in Length of Hot-Finished or Cold-Finished Bars

NOTE 1— Tolerances in this table apply when specific lengths are ordered. When random lengths are ordered, the length range is not less than 24 in.
[610 mm].

Specified Sizes of Rounds, Squares, Hexagons,
Octagons, and Widths of Flats,A in. [mm]

Permissible Variations in Length, in. [mm]

To 12 ft [3.66 m], incl Over 12 to 25 ft [3.66 to 7.62 m], incl

Over Under Over Under

To 2, incl 51 1⁄2 [13] 0 3⁄4 [19] 0
Over 2 to 4, incl 51 to 102 3⁄4 [19] 0 1 [25] 0
Over 4 to 6, incl 102 to 152 1 [25] 0 11⁄4 [32] 0
Over 6 to 9, incl 152 to 229 11⁄4 [32] 0 11⁄2 [38] 0
Over 9 to 10, incl 229 to 254 11⁄2 [38] 0 2 [51] 0

AThe maximum width of bar flats is 10 in. [254 mm].
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Requirement Rounded-Off Unit for Observed
or Calculated Value

Chemical composition
and tolerances
(when expressed in
decimals)

Nearest unit in the last right-
hand place of figures of the
specified limit. If two choices
are possible, as when the
digits dropped are exactly a 5
or a 5 followed only by zeros,
choose the one ending in an
even digit with zero defined as
an even digit.

Tensile and yield
strengths

Nearest 1000 psi [6.9 MPa]

Elongation Nearest 1 %

14. Inspection
14.1 Inspection of the material by the purchaser shall be as

agreed upon by the purchaser and the supplier as part of the
purchase contract.

15. Rejection and Rehearing

15.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16. Certification

16.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

17. Packaging and Package Marking

17.1 Material shall be bundled or boxed in such a manner as
to assure undamaged delivery to its destination when properly
transported by a common carrier.

17.2 Each bundle or shipping container shall be marked
with the grade of the material or UNS number and heat
number.

18. Keywords

18.1 N06333; bar

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 7 Permissible Variations in Length of Hot-Finished or Cold-Finished Bars Machine-Cut after Machine Straightening

NOTE 1—Tolerances in this table apply when specific lengths are ordered. When random lengths are ordered, the length range is not less than 24 in.
[610 mm].

Specified Sizes of Rounds, Squares, Hexagons, Octagons, and
Widths of Flats,A in. [mm]

Permissible Variations in Length, in. [mm]
To 12 ft [3.66 m], incl Over 12 ft to 25 ft [3.66 to 7.62 m], incl

Over Under Over Under
To 3, incl 76 1⁄8 [3.2] 0 3⁄16 [4.8] 0
Over 3 to 6, incl 76 to 152 3⁄16 [4.8] 0 1⁄4 [6.4] 0
Over 6 to 9, incl 152 to 229 1⁄4 [6.4] 0 5⁄16 [7.9] 0
Over 9 to 12, incl 229 to 305 1⁄2 [12.7] 0 1⁄2 [12.7] 0

AThe maximum width of bar flats is 10 in. [254 mm].

TABLE 8 Permissible Variations in Straightness (Camber)
of Hot-Finished Bars and Cold-Finished Bars

NOTE 1—Measurement is taken on the concave side of the bar with a
straightedge, and it represents the greatest deviation of the side from a
straight line.

Hot-Finished Bars:
1⁄8 in. in any 5 ft, but may not exceed (1⁄8 3 number of feet in length)/5

[3.2 mm in any 1.5 m, but may not exceed (2.1 mm 3 number of metres in
length)/5]
Cold-Finished Bars:

1⁄16 in. in any 5 ft, but may not exceed (1⁄16 3 number of feet in length)/5
[1.6 mm in any 1.5 m, but may not exceed (1.05 mm 3 number of metres in
length)/5]

B 719 – 00

4



Designation: B 722 – 02

Standard Specification for
Nickel-Chromium-Molybdenum-Cobalt-Tungsten-Iron-Silicon
Alloy (UNS N06333) Seamless Pipe and Tube 1

This standard is issued under the fixed designation B 722; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers alloy N06333 in the form of
hot-finished and cold-finished seamless pipe and tube intended
for heat-resisting applications and general corrosive service.
The general requirements for pipe and tube are covered in
Specification B 829.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 829 Specification for General Requirements for Nickel

and Nickel Alloy Seamless Pipe and Tube2

3. General Requirement

3.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 829
unless otherwise provided herein.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include but are
not limited to the following:

4.1.1 Alloy name or UNS number.
4.1.2 ASTM designation and year of issue.

4.1.3 Quantity (feet or number of pieces).
4.1.4 Dimensions:
4.1.4.1 Pipe size.
4.1.4.2 Tube dimensions (outside or inside diameter and

nominal wall thickness).
4.1.4.3 Length (specific or random).
4.1.5 Certification— State if certification is required.
4.1.6 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished.
4.1.7 Purchaser Inspection—If purchaser wishes to witness

tests or inspection of material at place of manufacture, the
purchase order must so state indicating which tests or inspec-
tions are to be witnessed.

5. Mechanical and Other Requirements

5.1 The mechanical properties of the material at room
temperature shall conform to those shown in Table 1. The

sampling and specimen preparation are covered in Specifica-
tion B 829.

5.2 Any pipe or tube that shows leaks during hydrostatic
testing in accordance with 9.1 shall be rejected, but any leaking
areas may be cut out and the pipe retested as above.

6. Dimensions and Permissible Variations

6.1 The requirements of Specification B 829 will apply
except for hot-finished pipe and tube dimensional requirements
shown in Table 2.

7. Chemical Requirements

7.1 The material shall conform to the requirements as to
chemical composition specified in Table 3. One test is required
for each lot as defined in Specification B 829.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 722 – 83. Last previous edition B 722 - 95 (2000).

2 Annual Book of ASTM Standards, Vol 02.04.

TABLE 1 Mechanical Properties

Tensile
Strength, min

psi (MPa)

Yield Strength,
0.2 % offset,

min psi (MPa)

Elonga-
tion in 2
in. or 50
mm, or

4D, min. %

HardnessA

80 000 (551) 35 000 (241) 30 75 to 95
HRB

AHardness values are informative only and not to be construed as the basis for
acceptance.

1
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7.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Table 3 of Specification B 829.

8. Number of Tests

8.1 Chemical Analysis—One test per lot.

8.2 Tension Test— One longitudinal tension test shall be
made on a specimen from a pipe or tube representing 1 % of
the pipe or tube for each lot.

8.3 Pressure (Leak) Test—Each length of pipe or tube shall
be subjected to the hydrostatic test.

9. Test Methods

9.1 Pressure (Leak) Test—The allowable fiber stress for
hydrostatic testing purposes shall be 17 500 psi.

10. Keywords

10.1 seamless pipe; seamless tube; UNS N06333

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 2 Permissible Variations for Outside Diameter and Wall Thickness of Hot-Finished Pipe and Tube

NOTE 1—Ovality—For tube 5 in. (127 mm) and under in outside diameter the tolerance on the outside diameter applies for individual measurements
and includes ovality. For tube over 5 in. (127 mm) in outside diameter, the mean outside diameter shall conform to the permissible variations of this table,
and individual measurements shall not exceed twice the permissible variations of this table.

Nominal Outside Diameter, in. (mm)

Permissible Variations
Outside Diameter or Inside Diame-

ter, in. (mm)
% of Thickness of

Specified Average Wall
% of Thickness of

Specified Minimum Wall
Plus Minus Plus Minus Plus Minus

1⁄8 (3.2) to 11⁄2 (38), incl 0.015 (0.4) 0.031 (0.8) 12.5 12.5 28.5 0
Over 1 1⁄2 (38.1) to 4 (102), incl 0.031 (0.8) 0.031 (0.8) 12.5 12.5 28.5 0
Over 4 (102) to 8 (203), incl 0.062 (1.6) 0.031 (0.8) 12.5 12.5 28.5 0

TABLE 3 Chemical Requirements

Element
Composition

Limits, %

Carbon 0.10 max
Manganese 2.0 max
Phosphorus 0.03
Sulfur 0.03
Silicon 1.5 max
Chromium 24.0–27.0
Nickel 44.0–48.0
Molybdenum 2.5–4.0
Cobalt 2.5–4.0
Tungsten 2.5–4.0
IronA remainder

AElement may be determined arithmetically by difference.
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Designation: B 723 – 00

Standard Specification for
Nickel-Chromium-Molybdenum-Cobalt-Tungsten-Iron-Silicon
Alloy (UNS N06333) Welded Pipe 1

This standard is issued under the fixed designation B 723; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers wrought alloy UNS N06333 in
the form of welded pipe intended for heat-resisting applications
and general corrosive service.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 775 Specification for General Requirements for Nickel

and Nickel Alloy Seamless and Welded Pipe2

B 718 Specification for Nickel-Chromium–Molybdenum-
Cobalt-Tungsten-Iron-Silicon Alloy (UNS N06333) Plate,
Sheet, and Strip2

3. General Requirement

3.1 Material furnished in accordance with this specification
shall conform to the applicable requirements of the current
edition of Specification B 775 unless otherwise provided
herein.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 Alloy name or UNS number.
4.1.2 ASTM designation and year of issue.

4.1.3 Condition (temper) (Table 1).
4.1.4 Dimensions:
4.1.4.1 Nominal pipe size or outside diameter and schedule

number or nominal wall thickness.
4.1.4.2 Length (specific or random).
4.1.5 Quantity (feet or metres, or number of pieces).
4.1.6 Certification— State if certification or a report of test

results is required.
4.1.7 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished.
4.1.8 Purchaser Inspection—If purchaser wishes to witness

tests or inspection of material at place of manufacture, the
purchase order must so state indicating which tests or inspec-
tions are to be witnessed.

5. Material and Manufacture

5.1 The pipe shall be made from flat-rolled alloy conform-
ing to Specification B 718, by an automatic welding process
with no addition of filler metal.

5.2 Pipe shall be furnished annealed after welding, with
oxide removed. When final heat treatment is performed in a
protective atmosphere, descaling is not necessary.

6. Chemical Requirements

6.1 The material shall conform to the requirements as to
chemical composition specified in Table 1.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Table 1 of Specification B 775.

7. Mechanical and Other Requirements

7.1 The mechanical properties of the material at room
temperature shall conform to those shown in Table 2.

7.2 Flattening Test— One flattening test shall be made on
one end of one pipe from each lot.

7.3 Nondestructive Test Requirements:
7.3.1 Pipe shall be subjected to a pressure test or nonde-

structive electric test at the manufacturer’s option.

8. Dimensions and Permissible Variations

8.1 Lengths—Pipe lengths shall be in accordance with the
following regular practice.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2000. Published November 2000. Originally
published as B 723 – 83. Last previous edition B 723 – 95.

2 Annual Book of ASTM Standards, Vol 02.04.
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8.1.1 Unless otherwise agreed upon, all sizes from1⁄8 in.
(3.17 mm) to 8 in. (203 mm) nominal pipe size are available in
a length up to 24 ft (7.32 m). The aim range will be 20 to 24
ft (6.10 to 7.32 m) with the permissible range of 15 to 24 ft
(4.57 to 7.32 m). Short lengths are acceptable and the number
and minimum length shall be agreed upon between the
manufacturer and purchaser.

8.1.2 If definite cut lengths are desired the lengths acquired
shall be specified in the order. When material is ordered cut to

length, the length shall conform to the permissible variations
prescribed in Specification B 775.

8.1.3 No jointers are permitted unless otherwise specified.

9. Number of Tests

9.1 Chemical Analysis—One per lot.
9.2 Mechanical Properties—One test per lot.
9.3 Flattening—One test per lot.
9.4 Nondestructive— Each piece in each lot.

10. Keywords

10.1 UNS N06333; welded pipe;

TABLE 1 Chemical Requirements

Element
Composition

Limits, %

Carbon 0.10 max
Manganese 2.0 max
Phosphorus 0.03
Sulfur 0.03
Silicon 1.5 max
Chromium 24.0–27.0
Nickel 44.0–48.0
Molybdenum 2.5–4.0
Cobalt 2.5–4.0
Tungsten 2.5–4.0
IronA remainder

AElement may be determined arithmetically by difference.

TABLE 2 Mechanical Properties

Tensile
Strength, Min

psi (MPa)

Yield Strength,
0.2 % offset,

min psi (MPa)

Elonga-
tion in 2
in. or 50
mm, or
4D, min

%

HardnessA

80 000 (551) 35 000 (241) 30 75 to 95
HRB

AHardness values are informative only and not to be construed as the basis for
acceptance.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 3 Dimensions of Pipe

Nominal Pipe
Size, in.

Outside Diameter, in.
(mm)

Nominal Wall Thickness, in. (mm)

Schedule No. 5 Schedule No. 10 Schedule No. 40 Schedule No. 80

1⁄8 0.405 (10.29) ... 0.049 (1.24) 0.068 (1.73) 0.095 (2.41)
1⁄4 0.504 (13.72) ... 0.065 (1.65) 0.088 (2.24) 0.119 (3.02)
3⁄8 0.675 (17.15) ... 0.065 (1.65) 0.091 (2.31) 0.126 (3.20)
1⁄2 0.840 (21.34) 0.065 (1.65) 0.083 (2.11) 0.109 (2.77) 0.147 (3.73)
3⁄4 1.050 (26.67) 0.065 (1.65) 0.083 (2.11) 0.113 (2.87) 0.154 (3.91)

1 1.314 (33.38) 0.065 (1.65) 0.109 (2.77) 0.133 (3.38) 0.179 (4.55)
11⁄4 1.660 (42.16) 0.065 (1.65) 0.109 (2.77) 0.140 (3.56) 0.191 (4.85)
11⁄2 1.900 (48.26) 0.065 (1.65) 0.109 (2.77) 0.145 (3.68) 0.200 (5.08)
2 2.375 (60.33) 0.065 (1.65) 0.109 (2.77) 0.154 (3.91) 0.218 (5.54)
21⁄2 2.875 (73.03) 0.083 (2.11) 0.120 (3.05) 0.203 (5.16) 0.276 (7.01)
3 3.500 (88.90) 0.083 (2.11) 0.120 (3.05) 0.216 (5.49) 0.300 (7.62)
31⁄2 4.000 (101.60) 0.083 (2.11) 0.120 (3.05) 0.226 (5.74) 0.318 (8.08)
4 4.500 (114.30) 0.083 (2.11) 0.120 (3.05) 0.237 (6.02) 0.337 (8.56)
5 5.563 (141.30) 0.109 (2.77) 0.134 (3.40) 0.258 (6.55) 0.375 (9.53)
6 6.625 (168.28) 0.109 (2.77) 0.134 (3.40) 0.280 (7.11) 0.432 (10.97)
8 8.625 (219.08) 0.109 (2.77) 0.148 (3.76) 0.322 (8.18) 0.500 (12.70)

10 10.750 (273.05) 0.134 (3.40) 0.165 (4.19) 0.365 (9.27) 0.500 (12.70)
12 12.750 (323.85) 0.156 (3.96) 0.180 (4.57) 0.375 (9.53) 0.500 (12.70)
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Designation: B 725 – 93 (Reapproved 2003) e1

Standard Specification for
Welded Nickel (UNS N02200/UNS N02201) and Nickel
Copper Alloy (UNS N04400) Pipe 1

This standard is issued under the fixed designation B 725; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Keywords were added editorially in November 2003.

1. Scope

1.1 This specification covers nickel (UNS N02200) and low
carbon nickel (UNS N02201 and UNS N04400) in the form of
welded and annealed or welded and stress relieved pipe
intended for general corrosive service and for mechanical
applications.

1.2 This specification covers outside diameter and nominal
wall pipe in Schedules 5S, 10S, and 40S through 30-in.
nominal pipe size shown in ANSI B36.19 (see Table 1). Pipe
having other dimensions may be furnished provided such pipe
complies with all other requirements of this specification.

1.3 The values stated in inch-pound units are to be regarded
as the standard.

1.4 The following precautionary caveat pertains only to the
test methods portion, Section 12, of this specification:This
standard does not purport to address all of the safety problems,
if any, associated with its use. It is the responsibility of the user
of this standard to become familiar with all hazards including
those identified in the appropriate Material Safety Data Sheet
for this product/material as provided by the manufacturer, to
establish appropriate safety and health practices, and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 39 Test Methods for Chemical Analysis of Nickel
E 213 Practice for Ultrasonic Examination of Metal Pipe

and Tubing

E 571 Practice for Electromagnetic (Eddy–Current) Exami-
nation of Nickel and Nickel Alloy Tubular Products

2.2 ANSI Standards:3

B 1.20.1 Pipe Threads
B 36.10 Welded and Seamless Wrought Steel Pipe
B 36.19 Stainless Steel Pipe

3. Ordering Information

3.1 Orders for material under this specification shall include
the following information:

3.1.1 Alloy name or UNS number,
3.1.2 ASTM designation and date of issue,
3.1.3 Condition (temper) (Table 2),
3.1.4 Dimensions:
3.1.4.1 Nominal pipe size or outside diameter and schedule

number or nominal wall thickness (Table 1),
3.1.4.2 Length (specific or random),
3.1.5 Quantity—feet or metres, or number of pieces,
3.1.6 Certification—State if certification is required (Sec-

tion 15),
3.1.7 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished (9.2),
3.1.8 Purchaser Inspection—If the purchaser wishes to

witness tests or inspection of material at the place of manu-
facture, the purchase order must so state indicating which tests
or inspections are to be witnessed (Section 13),

3.1.9 Nondestructive Tests (see6.3)—Specify either Test
Category 1 or 2. If Test Category 1 is required, specify if either
a hydrostatic, eddy-current or ultrasonic test is to apply. If Test
Category 2 is required, specify if either an eddy-current or
ultrasonic test is to apply. See Section S1.

3.1.10 Supplementary Requirements.

4. Materials and Manufacture

4.1 Pipe shall be made from flat-rolled alloy by an auto-
matic welding process with no addition of filler metal. Subse-
quent to welding and prior to final heat treatment, the pipe shall

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Nov. 1, 2003. Published November 2003. Originally
approved in 1983. Last previous edition approved in 1993 as B 725 – 93.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036.

1
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be cold worked to assure that optimum corrosion resistance in
the weld area and base metal will be developed during heat
treatment.

4.2 Pipe shall be furnished with a scale free finish. When
bright annealing is used, descaling is not necessary.

5. Chemical Composition

5.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 3.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Table 3.

6. Mechanical Properties and Other Requirements

6.1 Mechanical Properties—The material shall conform to
the requirements for mechanical properties prescribed in Table
2.

TABLE 1 Dimensions of Welded Pipe

NOTE 1—The following table is a partial reprint of Table 1 of ANSI B36.19.
NOTE 2—The decimal thicknesses listed for the respective pipe size represent their nominal wall dimensions.

Nominal
Pipe Size, in.

Outside
Diameter

Nominal Wall Thickness

Schedule
5SA

Schedule
10SA

Schedule
40S

Schedule
80S

in. mm in. mm in. mm in. mm in. mm

1⁄8 0.405 10.29 ... ... 0.049 1.245 0.068 1.727 0.095 2.41
1⁄4 0.540 13.72 ... ... 0.065 1.651 0.088 2.235 0.119 3.02
3⁄8 0.675 17.15 ... 0.065 1.651 0.091 2.311 0.126 3.20
1⁄2 0.840 21.34 0.065 1.651 0.083 2.108 0.109 2.768 0.147 3.73
3⁄4 1.050 26.67 0.065 1.651 0.083 2.108 0.113 2.870 0.154 3.91
1 1.315 33.40 0.065 1.651 0.109 2.768 0.133 3.378 0.179 4.55

11⁄4 1.660 42.16 0.065 1.651 0.109 2.768 0.140 3.556 0.191 4.85
11⁄2 1.900 48.26 0.065 1.651 0.109 2.768 0.145 3.683 0.200 5.08
2 2.375 60.33 0.065 1.651 0.109 2.768 0.154 3.912 0.218 5.54

21⁄2 2.875 73.03 0.083 2.108 0.120 3.048 0.203 5.156 0.276 7.01
3 3.500 88.90 0.083 2.108 0.120 3.048 0.216 5.486 0.300 7.62

31⁄2 4.000 101.6 0.083 2.108 0.120 3.048 0.226 5.740 0.318 8.08
4 4.500 114.3 0.083 2.108 0.120 3.048 0.237 6.020 0.337 8.56
5 5.563 141.30 0.109 2.77 0.134 3.40 0.258 6.55 0.375 9.52
6 6.625 168.28 0.109 2.77 0.134 3.40 0.280 7.11 0.432 10.97
8 8.625 219.08 0.109 2.77 0.148 3.76 0.322 8.18 0.500 12.70

10 10.750 273.05 0.134 3.40 0.165 4.19 0.365 9.27 0.500B 12.70B

12 12.750 323.85 0.156 3.96 0.180 4.57 0.375B 9.52B 0.500B 12.70B

14 14.000 355.60 0.156 3.96 0.188B 4.78B ... ... ... . . .
16 16.000 406.40 0.165 4.19 0.188B 4.78B ... ... ... ...
18 18.000 457.20 0.165 4.19 0.188B 4.78B ... ... ... ...
20 20.000 508.00 0.188 4.78 0.218B 5.54B ... ... ... ...
22 22.000 558.80 0.188 4.78 0.218B 5.54B ... ... ... ...
24 24.000 609.60 0.218 5.54 0.250 6.35 ... ... ... ...
30 30.000 762.00 0.250 6.35 0.312 7.92 ... ... ... ...

A Schedules 5S and 10S wall thicknesses do not permit threading in accordance with ANSI B1.20.1.
B These do not conform to ANSI B36.10.

TABLE 2 Mechanical Properties of Pipe and Tube

Condition and
Size

Tensile Strength,
min, psi (MPa)

Yield Strength (0.2 % offset),
min, psi (MPa)

Elongation in 2 in.
or 50 mm (or 4D),

min, %

Nickel
Low-

Carbon
Nickel

UNS
N04400

Nickel
Low-

Carbon
Nickel

UNS
N04400

Nickel
Low-

Carbon
Nickel

UNS
N04400

Annealed
5 in. (127
mm)

and under
outside di-
ameter

55 000 (380) 50 000 (345) 70 000 (480) 15 000 (105) 12 000 (80) 28 000 (195) 35 35 35

Over 5 in.
(127 mm)

in outside
diameter

55 000 (380) 50 000 (345) 70 000 (480) 12 000 (80) 10 000 (70) 25 000 (170) 40 40 35

Stress-relieved
All sizes 65 000 (450) 60 000 (415) 85 000 (585) 40 000 (275) 30 000 (205) 55 000 (380) 15 15 15

B 725 – 93 (2003)e1

2



6.2 Flattening Test Requirements—Flattening test speci-
mens made in accordance with 12.3 shall show no cracks or
breaks on the inside, outside, or end surfaces.

6.3 Nondestructive Tests:
6.3.1 Pipe shall be subjected to the nondestructive tests

outlined in the following test categories.
6.3.1.1 Category 1—Hydrostatic, eddy-current, or ultra-

sonic test at the manufacturer’s option unless the purchaser
specifies in accordance with 3.1.9.

6.3.1.2 Category 2—Hydrostatic plus eddy-current or ultra-
sonic test at the manufacturer’s option unless the purchaser
specifies in accordance with 3.1.9.

6.3.1.3 The manufacturer shall have the option to use Test
Category 1 or 2 if the purchaser does not specify the test
category options in accordance with 3.1.9.

6.3.2 Hydrostatic Test—When tested in accordance with the
requirements of 12.4, any pipe that leaks shall be rejected. Any
leaking area may be cut out and the pipe retested.

6.3.3 Acceptance and Rejection—Pipe producing a signal
equal to or greater than the calibration imperfection shall be
subject to rejection.

6.3.3.1 Test signals produced by imperfections that cannot
be identified or produced by cracks or crack-like imperfections
shall result in rejection of the pipe subject to rework and retest.
To be accepted, the pipe must pass the same electric test to
which it was originally subjected provided that the dimensional
requirements are met.

6.3.3.2 If the imperfection is judged as injurious, the pipe
shall be rejected but may be reconditioned and retested
providing the dimensional requirements are met. To be ac-
cepted, retested pipe shall meet the original electric test
requirements.

6.3.3.3 If the imperfection is explored to the extent that it
can be identified as noninjurious, the pipe may be accepted
without further test, providing the imperfection does not
encroach on the minimum wall thickness.

7. Dimensions and Permissible Variations

7.1 The outside diameter shall not exceed the permissible
variations prescribed in Table 4.

7.1.1 Pipe having a specified wall thickness that is 3 % or
less of the outside diameter cannot be straightened properly
without a certain amount of ovality resulting in the diameter.
The limits to this ovality are stated in Footnote B of Table 4.

7.2 The wall thickness shall not vary from nominal by more
than6 121⁄2 %.

7.3 Straightness—Material shall be reasonably straight and
free of bends or kinks.

7.4 Length—Variations from the specified length shall not
exceed the amounts prescribed in Table 5.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and temper,
smooth, commercially straight, and free of injurious imperfec-
tions.

9. Sampling

9.1 Lots of Chemical Analysis and Mechanical Testing.
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot for mechanical properties and flattening testing

shall consist of all material from the same heat, nominal size
(excepting length), and condition (temper).

9.2 Test Material Selection.
9.2.1 Chemical Analysis—Representative samples shall be

taken during pouring or subsequent processing.
9.2.1.1 Product (check) analysis shall be wholly the respon-

sibility of the purchaser.
9.2.2 Mechanical Properties and Flattening Testing—

Samples of the material to provide test specimens shall be
taken from such locations in each lot as to be representative of
that lot.

TABLE 3 Chemical Requirements

Element

Composition, % Product (Check) Analysis
Variations, under min or

over max, of the Specified
Limit of Element

Nickel (UNS N02200)
Low-Carbon Nickel

(UNS N02201)
Nickel-Copper
(UNS N04400)

Nickel, min 99.0 99.0 63.0 0.60
Copper, max 0.25 0.25 28.0–34.0 0.03
Iron, max 0.40 0.40 2.5 0.03
Manganese, max 0.35 0.35 2.0 0.03
Carbon, max 0.15 ... 0.3 0.01
Carbon, max ... 0.02 ... 0.005
Silicon, max 0.35 0.35 0.5 0.03
Sulfur, max 0.01 0.01 0.024 0.003

TABLE 4 Permissible Variations in Outside Diameter

NPS Designator

Permissible Variations in Outside Diameter

Over Under

in. mm in. mm

1⁄8 to 11⁄2 , incl 1⁄64 (0.015) 0.4 1⁄32 (0.031) 0.8
Over 11⁄2 to 4, incl 1⁄32 (0.031) 0.8 1⁄32 (0.031) 0.8
Over 4 to 8, incl 1⁄16 (0.062) 1.6 1⁄32 (0.031) 0.8
Over 8 to 12, incl 3⁄32 (0.093) 2.4 1⁄32 (0.031) 0.8
Over 18 to 26, incl 1⁄8 (0.125) 3.2 1⁄32 (0.031) 0.8
Over 26 to 34, incl 5⁄32 (0.156) 4.0 1⁄32 (0.031) 0.8
Over 34 to 48, incl 3⁄16 (0.187) 4.8 1⁄32 (0.031) 0.8

TABLE 5 Permissible Variations in Length A

Outside Diameter, in.
(mm)

Cut Length, in. (mm)
Over Under

Under 2 (50.8) 1⁄8 (3.18) 0
2 (50.8) and over 3⁄16 (4.75) 0

A These permissible variations in length apply to pipe before bending. They
apply to cut lengths up to and including 24 ft (7.3 m). For lengths over 24 ft, an
additional over-tolerance of 1⁄8 in. (3.18 mm) for each 10 ft (3.0 m) or fraction
thereof shall be permissible up to a maximum additional over-tolerance of 1⁄2 in.
(12.7 mm).
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10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Mechanical Properties—One test per lot.
10.3 Flattening—One test per lot.
10.4 Nondestructive—Each piece in each lot.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the final condition (temper) and tested in the direction of
fabrication.

11.1.1 Whenever possible, all pipe shall be tested in full-
tubular size. When testing in full-tubular size is not possible,
longitudinal strip specimens shall be used. In the event of
disagreement when full-tubular testing is not possible, a
longitudinal strip specimen with reduced gage length in accor-
dance with Test Methods E 8 shall be used.

12. Test Methods

12.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following methods.

Test ASTM Designation

Chemical Analysis E 39
Tension E 8
Rounding procedure E 29

12.2 For purposes of determining compliance with the
limits in this specification, an observed value or a calculated
value shall be rounded in accordance with the rounding method
of Practice E 29:

Test
Rounded Unit for Observed

or Calculated Value

Chemical composition and nearest unit in the last right-
tolerances (when expressed hand place of figures of the
in decimals). specified limit.

Tensile strength and yield
strength.

nearest 1000 psi (6.9 MPa)

Elongation nearest 1 %

12.3 Flattening Test—Pipe shall be capable of withstanding,
without cracking, flattening under a load applied gradually at
room temperature until the distance between the platens is five
times the wall thickness. The weld shall be positioned 90 %
from the direction of the applied flattening force.

12.4 Hydrostatic Test—Each pipe shall be tested at a pres-
sure calculated by the following equation:

P 5 2St/D (1)

where:
P = hydrostatic test pressure, psi (or MPa),
t = specified wall thickness, in. (or mm),
D = specified outside diameter, in. (or mm), and
S = allowable fiber stress for material in the condition

furnished, as follows:
Nickel-Copper

Nickel
Low Carbon

Nickel
(Allowable

Fiber Stress)
Annealed

5 in. (127 mm) outside
diameter and under

10 000 psi
(70 MPa)

8000 psi
(55 MPa)

17 500 psi
(120 MPa)

Over 5 in. outside
diameter

8000 psi
(55 MPa)

6700 psi
(45 MPa)

16 700 psi
(115 MPa)

Nickel
Low Carbon

Nickel

Nickel-Copper
(Allowable

Fiber Stress)
Stress Relieved:

All sizes
16 200 psi

(110 MPa)
15 000 psi

(105 MPa)
21 200 psi
(145 MPa)

12.4.1 The test pressure shall be held for a minimum of 5s.
12.4.2 Visual examination shall be made when the pipe is

under pressure. The full length of the pipe must be examined
for leaks. If any pipe shows leaks during the hydrostatic test, it
shall be rejected.

12.5 Electric Test—Each pipe shall be tested with an
electric test in accordance with either Practice E 213 or E 571.

12.5.1 For eddy-current testing, the calibration pipe shall
contain, at the option of the manufacturer, any one of the
following discontinuities to establish a minimum sensitivity
level for rejection. The discontinuity shall be placed in the weld
if visible.

(a) Drilled Hole—A hole not larger than 0.031 in. (0.79
mm) in diameter shall be drilled radially and completely
through the wall, care being taken to avoid distortion of the
pipe while drilling.

(b) Transverse Tangential Notch—Using a round file or
tool with a 1⁄4-in. (6.4-mm) diameter, a notch shall be filed or
milled tangential to the surface and transverse to the longitu-
dinal axis of the pipe. This notch shall have a depth not
exceeding 121⁄2 % of the specified wall thickness of the pipe or
0.004 in. (0.102 mm), whichever is greater.

(c) Longitudinal Notch—A notch 0.031 in. (0.79 mm) or
less in width shall be machined in a radial plan parallel to the
pipe axis on the outside surface of the pipe, to have a depth not
exceeding 121⁄2 % of the specified wall thickness of the pipe or
0.004 in. (0.102 mm), whichever is greater. The length of the
notch shall be compatible with the testing method.

12.5.2 For ultrasonic testing, the longitudinal calibration
reference notches shall be at the option of the manufacturer,
any one of the three common notch shapes in accordance with
Practice E 213. The depth of the notch shall not exceed 121⁄2 %
of the specified wall thickness of the pipe or 0.004 in. (0.102
mm), whichever is greater. The notch shall be placed in the
weld if visible.

13. Inspection

13.1 Inspection of the material shall be agreed upon be-
tween the purchaser and the supplier as part of the purchase
contract.

TABLE 6 Fiber Stress Requirements for Hydrostatic Testing

Condition
and Size

Nickel,
psi (MPa)

Low Carbon
Nickel,

psi (MPa)

Annealed:
5 in. (127 mm)

outside diameter
and under

10 000 (70) 8 000 (55)

Over 5 in. outside
diameter

8 000 (55) 6 700 (45)

Stress relieved:
All sizes 16 200 (110) 15 000 (105)

B 725 – 93 (2003)e1

4



14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

16. Product Marking

16.1 The name or brand of the manufacturer, the name of
the material or UNS number from which the pipe is made, the

letters ASTM, the specification number, condition (temper),
heat number, test category for pipe outside diameters 1.5 in.
(38.1 mm) and under, and the nominal size shall be stenciled
legibly on each pipe1⁄2 in. (12.7 mm) and over in outside
diameter, provided the length is not under 3 ft (914 mm). The
material marking shall be by any method that will not result in
harmful contamination.

16.2 For pipe less than1⁄2 in. (12.7 mm) in diameter and
pipe under 3 ft (914 mm) in length, the information in
accordance with 16.1 shall be either stenciled or marked on a
tag securely attached to the bundle or box in which the pipe is
shipped.

17. Keywords

17.1 welded pipe; N02200; N02201; N04400

SUPPLEMENTARY REQUIREMENTS

One or more of the following supplementary requirements shall apply only when specified in the
purchase order.

S1. Supplementary Requirements for Pipe Requiring
Special Consideration

S1.1 The pipe may be furnished without cold working.
S1.2 The pipe may be furnished without a final heat

treatment.

S1.3 Pipe over 0.125 in. (3.175 mm) wall thickness may be
welded with the addition of matching filler metal.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 726 – 02

Standard Specification for
Nickel-Chromium-Molybdenum-Cobalt-Tungsten-Iron-Silicon
Alloy (UNS N06333) Welded Tube 1

This standard is issued under the fixed designation B 726; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers alloy UNS N06333 in the form
of welded tube intended for heat-resisting applications and
general corrosive service.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 The following precautionary statement pertains only to
the test methods portion, Section 13, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to become familiar with all hazards including
those identified in the appropriate Material Safety Data Sheet
for this product/material as provided by the manufacturer, to
establish appropriate safety and health practices, and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 718 Specification for Nickel-Chromium-Molybdenum-

Cobalt-Tungsten-Iron-Silicon Alloy (UNS N06333) Plate,
Sheet, and Strip2

B 751 Specification for General Requirements for Nickel
and Nickel Alloy Welded Tube2

3. General Requirement

3.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 751
unless otherwise provided herein.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered to this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Alloy or UNS number,
4.1.2 ASTM designation and date of issue,
4.1.3 Dimensions (outside or inside diameter and nominal-

wall thickness),
4.1.4 Length (specific or random),
4.1.5 Quantity (feet or number of pieces),
4.1.6 Certification—State if certification is required,
4.1.7 Samples for Product (Check) Analysis—State whether

samples should be furnished, and
4.1.8 Purchaser Inspection—If purchaser wishes to witness

tests or inspection of material at place of manufacture, the
purchase order must so state indicating which tests or inspec-
tions are to be witnessed.

5. Materials and Manufacture

5.1 The tube shall be made from flat-rolled alloy conform-
ing to Specification B 718, by an automatic welding process
with no addition of filler metal.

5.2 Tube shall be furnished annealed after welding, with
oxide removed. When the final heat treatment is performed in
a protective atmosphere, descaling is not necessary.

6. Chemical Composition

6.1 The material shall conform to the requirements as to
chemical composition specified in Table 1.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Specification B 751.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved May 10, 2002. Published July 2002. Originally
published as B 726 – 83. Last previous edition B 726 – 01.

2 Annual Book of ASTM Standards, Vol 02.04.

TABLE 1 Chemical Requirements

Element Composition Limits, %

Carbon 0.10 max
Manganese 2.0 max
Phosphorus 0.03
Sulfur 0.03
Silicon 1.5 max
Chromium 24.0 to 27.0
Nickel 44.0 to 48.0
Molybdenum 2.5 to 4.0
Cobalt 2.5 to 4.0
Tungsten 2.5 to 4.0
IronA remainder

A Element may be determined arithmetically by difference.

1
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7. Mechanical and Other Requirements

7.1 The mechanical properties of the material at room
temperature shall conform to those shown in Tables 2-4.

7.2 One test is required for each lot as defined in Specifi-
cation B 751.

7.3 Flattening Test—A flattening test shall be made on each
end of one tube per lot. Superficial ruptures resulting from
surface imperfections shall not be cause for rejection.

7.4 Flange Test—A flange test shall be made on each end of
one tube per lot.

7.5 Nondestructive Test Requirements:
7.5.1 Tubes shall be subjected to a pressure test or nonde-

structive electric test at the manufacturer’s option.
7.5.1.1 Leak Test—Hydrostatic or pneumatic (air underwa-

ter).
7.5.1.2 Electric Test—Eddy current or ultrasonic.

8. Keywords

8.1 UNS N06333; welded tube

TABLE 2 Mechanical Properties

Tensile
Strength,
min, psi
(MPa)

Yield Strength,
0.2 % offset,

min, psi (MPa)

Elongation
in 2 in. or
50 mm, or
4D, min, %

HardnessA

80 000
(551)

35 000
(241)

30 75 to 95
HRB

A Hardness values are informative only and not to be construed as the basis for
acceptance.

TABLE 3 Permissible Variations in Outside Diameter,
Ovality, and Wall Thickness of Welded Tube

NOTE 1—(1) These permissible variations in outside diameter apply
only to tubes as finished at the mill before subsequent swaging, expanding,
bending, polishing, or other fabricating operations. (2) Wall thickness
variation shall not exceed615 % of the nominal wall thickness for tube
under 1⁄2-in. (12.7-mm) outside diameter, and610 % of nominal wall
thickness for tube of outside diameter1⁄2 in. (12.7 mm) and over. (3) For
ovality values, the tolerance for average outside diameter at any one cross
section does not exceed the outside diameter tolerance for the applicable
outside diameter.

Outside Diameter, in.
(mm)

Permissible Variations in Outside
Diameter, in. (mm)

Plus Minus

Under 1 (25.4) 0.004 (0.10) 0.004 (0.10)
1 (25.4) to 11⁄2 (38.1), incl 0.006 (0.15) 0.006 (0.15)
Over 11⁄2 (38.1) to 2

(50.8), excl
0.008 (0.20) 0.008 (0.20)

2 (50.8) to 21⁄2 (63.5), excl 0.010 (0.25) 0.010 (0.25)
21⁄2 (63.5) to 3 (76.2), excl 0.012 (0.30) 0.012 (0.30)
3 (76.2) to 4 (102), incl 0.015 (0.38) 0.015 (0.38)
Over 4 (102) to 5 (127), incl 0.015 (0.38) 0.025 (0.63)
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TABLE 4 Permissible Variations in Length A

Outside Diameter,
in. (mm)

Cut Length, in. (mm)
Over Under

Under 2 (50.8)
2 (50.8) and over

1⁄8 (3.2)
3⁄16 (4.8)

0
0

A These permissible variations in length apply to tube before bending. They
apply to cut lengths up to and including 24 ft (7.3 m). For lengths over 24 ft (7.3 m),
and additional overtolerance of 1⁄8 in. (3.2 mm) for each 10 ft (3.0 m) or fraction
thereof shall be permissible up to a maximum additional overtolerance of 1⁄2 in.
(12.7 mm).
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Designation: B 729 – 00

Standard Specification for
Seamless UNS N08020, UNS N08026, and UNS N08024
Nickel-Alloy Pipe and Tube 1

This standard is issued under the fixed designation B 729; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers UNS N08020, UNS N08026,
and UNS N08024 seamless, cold-worked or hot finished pipe
and tube intended for general corrosive service.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 The following safety hazards caveat pertains only to the
test methods portion, Section 10, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 829 Specification for General Requirements for Nickel

and Nickel Alloys Seamless Pipe and Tube2

E 8 Test Methods for Tension Testing of Metallic Materials3

3. General Requirement

3.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 829
unless otherwise provided herein.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 Alloy name or UNS number.
4.1.2 ASTM designation and year of issue.
4.1.3 Finish.

4.1.4 Dimensions:
4.1.4.1 Tube—Specify outside diameter and the average or

minimum wall thickness.
4.1.4.2 Pipe—Specify standard pipe size and schedule.
4.1.4.3 Length, (cut to length or random).
4.1.5 Quantity (feet or number of pieces).
4.1.6 Nondestructive Testing(see 7.2):
4.1.6.1 Pressure Requirements—Test pressure if other than

required by 10.1.
4.1.6.2 Specify if an electric test is to be performed (see

7.2).
4.1.7 Ends—Plain ends cut and deburred will be furnished.

If threaded ends or ends beveled for welding are desired, give
details.

4.1.8 Certification—State if certification is required.
4.1.9 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished (see
6.2).

4.1.10 Purchaser Inspection—If the purchaser wishes to
witness tests or inspection of material at the place of manu-
facture, the purchase order must so state, indicating which tests
or inspections are to be witnessed.

5. Materials and Manufacture

5.1 The product of UNS N08020 alloy shall be furnished in
the stabilized-annealed condition. The product of UNS N08026
alloy shall be furnished in the solution-annealed condition. The
product of UNS N08024 alloy shall be furnished in the
annealed condition.

NOTE 1—The recommended annealing temperatures all followed by
quenching in water or rapidly cooling by other means are as follows: 1800
to 1850°F (982 to 1010°C) for UNS N08020, 2050 to 2200°F (1121 to
1204°C) for UNS N08026, and 1925 to 1975°F (1052 to 1079°C) for UNS
N08024.

6. Chemical Composition

6.1 The material shall conform to the composition limits
specified in Table 1. One test is required for each lot as defined
in Specification B 829.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2000. Published November 2000. Originally
published as B 729 – 84. Last previous edition B 729 – 99.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.

1
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6.2 If a product analysis is performed by the purchaser, the
material shall conform to the composition limits specified in
Table 1 subject to the product analysis tolerances specified in
Table 1 of Specification B 829.

7. Mechanical and Other Properties

7.1 Mechanical Properties—The material shall conform to
the mechanical property requirements specified in Table 2.

7.2 Pressure and Nondestructive Electric Test—Each pipe
and tube shall be subjected to either a pressure test or the
nondestructive electric test at the manufacturer’s option. The
purchaser may specify which test is to be used.

7.2.1 Any leaking areas may be cut out and the pipe retested
as above.

7.2.2 Test signals produced by imperfections such as the
following, may be judged as injurious or noninjurious, depend-
ing on visual observation of their severity or the type of signal
they produce on the testing equipment used, or both.

7.2.2.1 Dinges,
7.2.2.2 Straightener marks,
7.2.2.3 Scratches,
7.2.2.4 Steel die stamps, and

7.2.2.5 Stop marks.

8. Sampling

8.1 Product (Check) Analysisshall be wholly the responsi-
bility of the purchaser.

9. Number of Tests

9.1 Chemical Analysis—One test per lot.
9.2 Mechanical Properties—One test per lot.
9.3 Nondestructive Test—Each piece in each lot.

10. Test Methods

10.1 Hydrostatic Test:
10.1.1 Each pipe or tube shall be hydrostatically tested, at a

pressure not to exceed 2500 psi (17 MPa) for nominal sizes 3
in. (76 mm) and under, nor 2800 psi (19 MPa) for all nominal
sizes over 3 in. (76 mm). The allowable fiber stress for material
in the condition (temper) furnished is 20 000 psi (138 MPa),

10.1.2 Visual examination is to be made when the material
is under pressure. The full length of material must be examined
for leaks.

10.1.3 When so agreed upon between the manufacturer and
the purchaser, pipe or tube may be tested to one and one-half
times the allowable fiber stress given in 10.1.1.

11. Keywords

11.1 nickel-iron-chromium-molybdenum-copper-
columbium; seamless pipe; seamless tube; UNS N08020; UNS
N08024; UNS N08026

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Chemical Requirements

Element
Composition, %

UNS N08026 UNS N08020 UNS N08024

Carbon, max 0.03 0.07 0.03
Manganese, max 1.00 2.00 1.00
Phosphorus, max 0.03 0.045 0.035
Sulfur, max 0.03 0.035 0.035
Silicon, max 0.50 1.00 0.50
Nickel 33.00–37.20 32.00–38.00 35.00–40.00
Chromium 22.00–26.00 19.00–21.00 22.50–25.00
Molybdenum 5.00–6.70 2.00–3.00 3.50–5.00
Copper 2.00–4.00 3.00–4.00 0.50–1.50
Columbium (Nb) + tantalum ... 8 3 carbon-1.00 0.15–0.35
Nitrogen 0.10–0.16 ... ...
Iron remainderA remainderA remainderA

ABy difference.

TABLE 2 Mechanical Property Requirements

Tensile Strength,
min

Yield Strength,A

min
Elongation in 2 in.

(50.8 mm) or 4D min, %
ksi MPa ksi MPa
80 550 35 240 30.0

AYield strength shall be determined by the offset method at 0.2 % limiting
permanent set in accordance with Test Methods E 8.

B 729
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Designation: B 731 – 96 (Reapproved 2001)

Standard Specification for
60 % Palladium-40 % Silver Electrical Contact Material 1

This standard is issued under the fixed designation B 731; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers 60 % palladium-40 % silver
rod, wire, strip, and sheet material for electrical contacts.

2. Referenced Documents

2.1 ASTM Standards:
B 476 Specification for General Requirements forWrought

Precious Metal Electrical Contact Materials2

3. Manufacture

3.1 Raw materials shall be of such quality and purity that
the finished product will have the properties and characteristics
prescribed in this specification.

3.2 The material shall be finished by such operations (cold
working, heat treating, annealing, turning, grinding, or pick-
ling) as are required to produce the prescribed properties.

4. Chemical Requirements

4.1 Material produced under this specification shall meet the
requirements for chemical composition prescribed in Table 1,
in accordance with the practices prescribed in Specification
B 476.

4.2 Uniformity of composition shall be assured by the use of
good commercial preparation practices.

5. Mechanical Requirements

5.1 The contract or order may specify ultimate tensile
strength, elongation, microhardness (Knoop or Vickers), or a

combination of these mechanical properties (as listed in Table
2 or Table 3) as temper criterion. If the contract or order does
not specify a temper criterion, then the criterion for temper
designation will be ultimate tensile strength.

5.2 All test specimens shall be full thickness or diameter
when practical.

5.3 All tests are to be conducted at room temperature, about
68°F (20°C).

6. Inspection and Testing

6.1 Material furnished under this specification shall be
inspected by the manufacturer in accordance with Specification
B 476.

7. Keywords

7.1 clad materials; contact material; palladium alloy; pre-
cious metal; silver alloy1 This specification is under the jurisdiction of ASTM Committee B02 on

Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B2.05 on Precious Metals and Electrical Contact Materials.

Current edition approved May 10, 1996. Published July 1996. Originally
published as B 731 – 84. Last previous edition B 731 – 91.

2 Annual Book of ASTM Standards, Vol 02.04.

TABLE 1 Chemical Composition

Element Weight

Pd (by difference) 59.5 % min.
Ag 39.1 to 40.5 %
Cu 0.1 max
Total other noble metals A 0.2 max
Other Impurities:

Individual elements B 0.01 max
Collective total 0.10 max

A Other noble metals are Au, Pt, Rh, Ir, Ru, and Os.
BTypical metals are as indicated: Pb, Sn, Zn, Fe, Si, Mg, Ca, Al, Ni, Cr, Mn, Sb,

B, Co, Mo, and Te, Cd, and In.
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APPENDIX

(Nonmandatory Information)

X1. TYPICAL PROPERTY VALUES

X1.1 The following is a list of typical property values that
are useful for engineering calculations in electrical contact
design and application.
Electrical conductivity, % IACS
Resistivity,V· cmil/ft

4
258

Microhm·cm 43

Solidus temperature, °C 1290
Liquidus temperature, °C 1340
Density:

g/cm 3 11.35
tr oz/in. 3 5.98

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 2 Mechanical Properties of Sheet and Strip

Temper Reduction in B&S
Numbers

(Reference)

Percent Reduction
(Reference)

Ultimate Tensile Strength, psi (MPa) Minimum Elonga-
tion in 2 in., %

Typical
Microhardness

HK 100gmin max

A 0 0 50 000 (344) 80 000 (551) 30 120
1 / 2 H 2 21 70 000 (482) 90 000 (620) 2 170

Hard 4 37 80 000 (551) 100 000 (180) 1 180
Spring 8 60 90 000 (620) 120 000 (827) ... 200

TABLE 3 Mechanical Properties of Wire, Rod, and Tubing

Temper Reduction in B&S
Numbers

(Reference)

Percent Reduction
(Reference)

Ultimate Tensile Strength, psi (MPa) Minimum Elonga-
tion in 2 in., %

Knoop Hardness
(25 g, load)

min max

A 0 0 40 000 (275) 60 000 (414) 25 A 90–120
1 / 8 H 1 / 2 11 60 000 (414) 70 000 (482) 2 120–140
1 / 4 H 1 21 70 000 (482) 80 000 (551) 1 140–160
1 / 2 H 2 37 80 000 (551) 90 000 (620) 1 160–200

Hard 4 60 90 000 (620) 100 000 (689) 1 200–240
AWire in sizes less than 0.020 in. (0.5 mm) diameter and tubing of less than 0.010 in. (0.25 mm) wall thickness may be down to 15 %.

B 731
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Designation: B 735 – 95 (Reapproved 2000)

Standard Test Method for
Porosity in Gold Coatings on Metal Substrates by Nitric
Acid Vapor 1

This standard is issued under the fixed designation B 735; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers equipment and procedures for
using nitric acid vapor for determining porosity in gold
coatings, particularly electrodeposits and clad metals used on
electrical contacts.

1.2 This test method is designed to show whether the
porosity level is less or greater than some value that, by
experience, is considered by the user to be acceptable for the
intended application.

1.3 A variety of other porosity testing methods are described
in Guide B 765 and in the literature.2 , 3 Other porosity test
methods are B 741, B 798, B 799, and B 809.

1.4 The values stated in SI units are to be regarded as
standard. The values given in parentheses are for information
only.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.Specific precau-
tions are given in Section 8 and Note 3.

2. Referenced Documents

2.1 ASTM Standards:
B 374 Terminology Relating to Electroplating4

B 542 Terminology Relating to Electrical Contacts and
Their Use5

B 741 Test Method for Porosity In Gold Coatings on Metal
Substrates By Paper Electrography5

B 765 Guide to the Selection of Porosity Tests for Elec-
trodeposits and Related Metallic Coatings4

B 798 Test Method for Porosity in Gold or Palladium
Coatings on Metal Substrates by Gel-Bulk Electrography5

B 799 Test Method for Porosity in Gold and Palladium
Coatings by Sulfurous Acid/Sulfur-Dioxide Vapor5

B 809 Test Method for Porosity in Metallic Coatings by
Humid Sulfur Vapor (“Flowers-of-Sulfur”)4

3. Terminology

3.1 Definitions: Many terms used in this test method are
defined in Terminology B 542 and terms relating to metallic
coatings are defined in Terminology B 374.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 corrosion products—those reaction products emanat-

ing from the pores that protrude from, or are otherwise attached
to, the coating surface after a vapor test exposure.

3.2.2 measurement area (or “significant surface”)—the
surface that is examined for the presence of porosity. The
significant surfaces or measurement areas of the part to be
tested shall be indicated on the drawing of the part or by
provision of suitably marked samples.

3.2.3 Discussion—For specification purposes, the signifi-
cant surfaces or measurement areas are often defined as those
portions of the surface that are essential to the serviceability or
function of the part, such as its contact properties, or which can
be the source of corrosion products or tarnish films that
interfere with the function of the part.

3.2.4 metallic coatings—include platings, claddings, or
other metallic layers applied to the substrate. The coating can
comprise a single metallic layer or a combination of metallic
layers.

3.2.5 Porosity—the presence of any discontinuity, crack, or
hole in the coating that exposes a different underlying metal.

3.2.6 Underplate—a metallic coating layer between the
substrate and the topmost layer or layers. The thickness of an
underplate is usually greater than 0.8 µm (30 µin.).

4. Summary of Test Method

4.1 This test method employs nitric acid (HNO3) vapor at
low relative humidity. Reaction of the gas mixture with a
corrodible base metal at pore sites produces reaction products

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.11 on Electrical Contact Test Methods.

Current edition approved April 15, 1995. Published June 1995. Originally
published as B 735 – 84. Last previous edition B 735 – 92.

2 For example see: Nobel, F. J., Ostrow, B. D., and Thompson, D. W., “Porosity
Testing of Gold Deposits,”Plating, Vol 52, 1965, p. 1001.

3 S. J. Krumbein, Porosity Testing of Contact Platings,Proceedings, Connectors
and Interconnection Technology Symposium, Oct. 1987, p. 47.

4 Annual Book of ASTM Standards, Vol 02.05.
5 Annual Book of ASTM Standards, Vol 02.04.

1
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that appear as discrete spots on the gold surface. Individual
spots are counted with the aid of a loupe or low-power stereo
microscope.

4.2 This test method is suitable for inlays or claddings
containing 75 % or more of gold or for electroplatings con-
taining 95 % or more of gold on substrates of copper, nickel,
and their alloys, that are commonly used in electrical contacts.

4.3 The nitric acid vapor test is too severe to be used for
gold coatings less than 0.6 µm (25 µin.) in thickness. It is also
not suitable for coatings that are less noble than gold or
platinum, such as palladium and its alloys, or gold-flashed
palladium and its alloys.

4.4 This porosity test involves corrosion reactions in which
the products delineate defect sites in coatings. Since the
chemistry and properties of these products may not resemble
those found in natural or service environments, these tests are
not recommended for prediction of the electrical performance
of contacts unless correlation is first established with service
experience.

5. Significance and Use

5.1 Gold coatings are often specified for the contacts of
separable electrical connectors and other devices. Electrode-
posits are the form of gold that is most used on contacts,
although it is also employed as clad metal and as weldments on
the contact surface. The intrinsic nobility of gold enables it to
resist the formation of insulating oxide films that could
interfere with reliable contact operation.

5.2 In order that the nobility of gold be assured, porosity,
cracks, and other defects in the coating that expose base-metal
substrates and underplates must be minimal or absent, except
in those cases where it is feasible to use the contacts in
structures that shield the surface from the environment or
where corrosion inhibiting surface treatments for the deposit
are employed. The level of porosity in the coating that may be
tolerable depends on the severity of the environment to the
underplate or substrate, design factors for the contact device
like the force with which it is mated, circuit parameters, and the
reliability of contact operation that it is necessary to maintain.
Also, when present, the location of pores on the surface is
important. If the pores are few in number and are outside of the
zone of contact of the mating surfaces, their presence can often
be tolerated.

5.3 Methods for determining pores on a contact surface are
most suitable if they enable their precise location and numbers
to be determined. Contact surfaces are often curved or irregular
in shape, and testing methods should be suitable for them. In
addition, the severity of porosity-determining tests may vary.
This test method is regarded as severe.

5.4 The relationship of porosity levels revealed by particular
tests to contact behavior must be made by the user of these tests
through practical experience or by judgement. Thus, absence of
porosity in the coating may be a requirement for some
applications, while a few pores on the critical surfaces may be
acceptable for another. Such acceptance (or pass-fail) criteria
should be part of the product specification for the particular
product or part requiring the porosity test.

5.5 This test method is highly sensitive and is capable of
detecting virtually all porosity or other defects in gold coatings

that could participate in substrate corrosion reactions. The test
is rapid, simple, and inexpensive. In addition, it can be used on
contacts having complex geometry such as pin-socket contacts.
However, it is preferred that deeply recessed sockets be opened
to expose their critical surfaces prior to testing.

5.6 This test method is considered destructive in that it
reveals the presence of porosity by contaminating the surface
with corrosion products and by undercutting the coating at pore
sites or at the boundaries of unplated areas. Any parts exposed
to these tests shall not be placed in service.

5.7 This test method is intended to be used for quantitative
descriptions of porosity (such as number of pores per unit area
or per contact) only on coatings that have a pore density
sufficiently low that the corrosion sites are well separated and
can be readily resolved. As a general guideline this can be
achieved for pore densities up to about 100/cm2 or per 100
contacts. Above this value the tests are useful for the qualita-
tive detection and comparisons of porosity.

6. Apparatus

6.1 Test Chamber, may be any convenient size glass vessel
capable of being sealed with a glass lid, such as a glass
desiccator of 9 to 12 L capacity. The ratio of the air space in the
chamber (in cubic centimetres) to the nitric acid surface area
(in square centimetres) shall not be greater than 25:1.

6.2 Specimen Holders or Supports—Supports or hangers
shall be made from glass, polytetrafluoroethylene or other inert
materials. It is essential that the holders be so designed, and the
specimens so arranged, that the circulation of the vapor is not
impeded. Specimens shall be at least 75 mm (3 in.) from the
liquid surface and at least 25 mm (1 in.) from the vessel walls.
Also, the measurement areas of the specimens shall be at least
12 mm (0.5 in.) from each other.

6.2.1 Do not use a porcelain plate or any other structure that
would cover more than 30 % of the liquid surface cross-
sectional area. This is to ensure that movement of air and vapor
within the vessel will not be restricted during the test.

6.3 Stereomicroscope, having a 103 magnification, shall be
used for pore counting. In addition a movable source of
illumination capable of giving oblique lighting on the specimen
surface is also useful.

7. Reagent

7.1 Nitric Acid, Reagent Grade Concentrated 706 1 %
HNO3, sp gr 1.415 to 1.420.

8. Safety Hazards

8.1 Carry out this test method in a chemical fume hood,
since the gases that are released, mainly when the reaction
vessel is opened at the end of each test, are very corrosive.

8.2 Use caution, however, to ensure that drafts that are often
found in fume hoods do not cause significant cooling of the
chamber walls, that could lead to a rise in the relative humidity
and acceleration of the test (see 9.3). It is often convenient to
enclose the reaction vessel in a box with a loose-fitting cover.

8.3 Observe normal precautions in handling corrosive acids.
In particular, wear goggles completely enclosing the eyes when
handling nitric acid, and make eye wash facilities readily
available.

B 735 – 95 (2000)
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9. Procedure

9.1 Handle specimens as little as possible, and only with
tweezers, microscope-lens tissue, or clean, soft cotton gloves.
Prior to the test, inspect the samples under 103 magnification
for evidence of particulate matter. If present, such particles
shall be removed by blowing them off with clean, oil-free air.
If this is not successful discard the sample. Then, clean the
samples with solvents or solutions that do not contain chlori-
nated hydrocarbons, CFC’s, or other known ozone-destroying
compounds. The procedure outlined in Note 1 has been found
to give satisfactory results for platings with mild to moderate
surface contamination.

NOTE 1—Suggested cleaning procedure:
(1) Keep individual contacts separated if there is a possibility of

damage to the measurement areas during the various cleaning steps.
(2) Clean samples for 5 min in an ultrasonic cleaner which contains a

hot (65–85°C) 2 % aqueous solution of a mildly alkaline (pH 7.5–10)
detergent (such as Micro or Sparkleen).

(3) After ultrasonic cleaning, rinse samples under warm running tap
water for at least 5 s.

(4) Rinse samples ultrasonically for 2 min in fresh deionized water to
remove the last detergent residues.

(5) Immerse in fresh methanol or isopropanol, and ultrasonically“
agitate” for at least 30 s in order to remove the water from the samples.

(6) Remove and dry samples until the alcohol has completely evapo-
rated. If an air blast is used as an aid to drying, the air shall be oil free,
clean, and dry.

(7) Do not touch measurement area of the samples with bare fingers
after cleaning.

(8) Reinspect samples (under 103 magnification) for particulate matter
on the surface. If particulates are found, repeat the cleaning steps. Surface
cleanliness is extremely important; contaminants, such as plating salts,
organic films, and metal flakes may give erroneous indications of defects,
and are unacceptable.

NOTE 2—If large areas of exposed non-noble metal are present,
masking these areas may be necessary. However, when masking is done
with plater’s tape, take care not to inhibit the flow of acid vapor to the
measurement area.

9.2 The ambient temperature and the temperature of the
specimens and solution are 236 3°C at the beginning of the
test and maintained throughout the test period.

9.3 The relative humidity in the immediate vicinity of the
test chamber shall be no greater than 60 %,6 although 55 % or
below is preferred. If the relative humidity is greater than
60 %, do not run this test.

9.4 Add fresh HNO3 to the bottom of theclean and drytest
chamber, and immediately close the cover. After 306 5 min,
load the samples, using suitable fixtures, and replace the cover.
The ambient relative humidity shall be no greater than 60 %
during both the addition of the HNO3 and the insertion of the
samples.6

NOTE 3—Caution: Do not grease the rim of the desiccator nor its
cover. If desired, press a minimum of three strips of pressure sensitive
polytetrafluoroethylene tape (adhesive side down) at equal intervals
around the desiccator rim.

9.5 Unless otherwise specified, the exposure time to nitric
acid vapor shall be 606 5 min. An exposure time of 756 5
min is also commonly used for gold thicknesses in the 2 to 2.5
µm (75 to 100µ in.) range. A table of convenient exposure times
is given in the appendix.

NOTE 4—Variations in exposure time with thickness are often recom-
mended because pores in thicker coatings are deeper and their average
sizes are smaller than those in thinner coatings. The nitric acid medium
would therefore take longer to penetrate an average pore in thicker
coatings compared to thinner ones. On the other hand, when exposure
times are too long, the corrosion products will overlap and impair pore
delineation. A detailed discussion of these effects is given in Footnote 3.

9.6 Remove the samples at the end of the test and dry in an
oven at 1256 5°C for 30 6 5 min. Then remove from the
oven, and place directly into a desiccator containing active
desiccant, and allow to cool to room temperature.

NOTE 5—Discard the HNO3 in a safe, legally-acceptable manner.

9.7 Leave samples in dessicator until actually ready to start
the examination. Then open desiccator slowly, since cooling
specimens may create a partial vacuum.

9.8 The examination shall take place within 1.5 h of
removal from the oven.

9.9 Count individual pores at 103 magnification using
collimated incandescent illumination at an oblique angle below
15°. The pore sites will be delineated by the corrosion products
protruding from these sites. These solids may be transparent in
the case of gold-plated nickel or nickel underplate, and
exercise great care in counting, particularly with rough or
curved surfaces.

9.10 Measure and count a corrosion product when at least3⁄4
of the corrosion product falls within the measurement area. Do
not count corrosion products that initiate outside the measure-
ment area but fall within it, and that are irregular in shape, (see
Fig. 1).

9.11 Occasionally blisters may form with gold plated on
nickel or a nickel underplate. This may occur at pore sites and
may be due to entrapment of corrosion products beneath the
plating. Count the blisters as pores.

9.12 It is also good practice to make duplicate readings of
each area, and then average the two readings.

9.13 Define pore size by the longest diameter of the corro-
sion product. Corrosion products smaller than 0.05 mm (0.002
in.) are generally not resolvable at 103. Do not count them as
pores, even if they are observed (at higher magnification).

NOTE 6—If the corrosion products are being tabulated according to

6 For example see: Holden, C. A., and Luik, R., “Critical Nitric Acid Vapor Test
Parameters Affecting the Apparent Porosity of Thin and Selectively Plated Gold,”
Plating, Vol 69, May, 1982, p. 110. FIG. 1 Corrosion Product Counting
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size, a useful sizing technique is to tabulate the pores in accordance with
three size ranges. These are (approximately): 0.12 mm (0.005-in.) diam-
eter or less, between 0.12 and 0.40 mm (0.005 and 0.015-in.) diameter,
and greater than 0.40 mm (0.015-in.) diameter. A graduated reticle in the
microscope eyepiece is useful as an aid to counting and sizing.

10. Precision and Bias

10.1 Precision—The precision of this test method is being
investigated with gold-plated electrical contacts having a
nickel underplate. Round-robin results from a series of four
runs in each laboratory with a test of similar severity gave
coefficients of variation of less than 20 % in each of three
participating laboratories.7 However, poorer precision was
obtained when the results of the different laboratories were
compared.

10.2 Bias—The porosity of commercially produced contact
platings is a property with potentially large sample-to-sample
variability. 7 Since there is no acceptable reference material
suitable for determining the bias for porosity testing, no
statement on bias is being made.

11. Keywords

11.1 gold coatings; gold platings; nitric acid vapor (poros-
ity) test; plating porosity; pore corrosion test; porosity testing;
porosity testing; nitric acid vapor

APPENDIX

(Nonmandatory Information)

X1. TIME OF EXPOSURE TO NITRIC ACID VAPOR

X1.1 The exposure times recommended in this test method
are those that are sufficiently long to produce corrosion
products greater than 0.05 mm (0.002 in.) in diameter, but short
enough to prevent significant overlap of these products. If the
exposure time is too short, the corrosion products at many pore
sites may be too small to be easily seen at 103 magnification.
On the other hand, if the exposure time is too long, the
corrosion products may overlap or coalesce, thereby impairing
the ability to delineate the individual pore sites.3

X1.2 Table X1.1 may be helpful in specifying exposure
times for those gold coatings that are normally applied to
electrical contacts.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

7 Krumbein, S. J. and Holden, C. A. Jr., “Porosity Testing of Metallic Coatings,”
in Testing of Metallic and Inorganic Coatings, ASTM STP No. 947, W. B. Harding
and G. A. DiBari, eds., ASTM, 1987, p. 193.

TABLE X1.1 Exposure Time for Gold Coatings

Gold Thickness, µm (µin.) Exposure Time to Nitric
Acid Vapor, min

<0.6, (<25) ...
0.6 to 2.0 (25 to 80) 60 6 5
1.8 to 2.5 (75 to 100) 75 6 5

B 735 – 95 (2000)

4



Designation: B 737 – 01

Standard Specification for
Hot-Rolled and/or Cold-Finished Hafnium Rod and Wire 1

This standard is issued under the fixed designation B 737; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers hot- or cold-worked hafnium
rod and wire, or both.

1.2 This specification contains two material grades, one
specifically for nuclear applications (Grade R1) and one for
commercial applications for alloying (Grade R3).

1.3 The products covered include the following:
1.3.1 Rod3⁄8 to 1.0 in. (9.5 to 25.4 mm) in diameter.
1.3.2 Wire less than3⁄8 in. (9.5 mm) in diameter.
1.4 The values stated in inch-pound units are to be regarded

as the standard. The SI units given in parentheses are for
information only.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 8 Test Methods for Tension Testing of Metallic Materials2

E 21 Test Methods for Elevated Temperature Tension Tests
of Metallic Materials2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications3

3. Terminology

3.1 Lot Definitions:
3.1.1 castings—a lot shall consist of all castings produced

from the same pour.
3.1.2 ingot—no definition required.
3.1.3 rounds, flats, tubes, and wrought powder metallurgical

products (single definition, common to nuclear and non-
nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same
ingot or powder blend by the same reduction schedule and the

same heat treatment parameters. Unless otherwise agreed
between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace load for final batch anneal.

3.1.4 sponge—a lot shall consist of a single blend produced
at one time.

3.1.5 weld fittings—definition is to be mutually agreed upon
between manufacturer and the purchaser.

4. Ordering Information

4.1 Purchase orders for material under this specification
shall include the following information as required to ad-
equately describe the desired material:

4.1.1 Quantity (weight or number of pieces),
4.1.2 Name of material,
4.1.3 Form (rod, wire),
4.1.4 Metallurgical condition (Section 6),
4.1.5 Finish (Section 12),
4.1.6 Applicable dimensions (diameter and length),
4.1.7 Grade (Table 1), and
4.1.8 ASTM designation and year of issue.

NOTE 1—A typical ordering description is as follows: 500 lb hafnium
rod, annealed; mechanically descaled and pickled; 0.375 in. diameter by 6
in. minimum random lengths; Grade R1; ASTM Specification B 737.

4.2 In addition to the data specified in 4.1, the following
options and points of agreement between the manufacturer and
the purchaser shall be specified on the purchase order if
required:

4.2.1 Mechanical test temperature (see 8.1),
4.2.2 Tolerances (Section 10),
4.2.3 Workmanship standards (Section 13),
4.2.4 Special tests (Section 11),
4.2.5 Inspection (Section 16),
4.2.6 Zirconium analysis requirements (Table 1), and
4.2.7 The isotopic hafnium composition and its analysis, if

required, shall be mutually agreed upon by the purchaser and
producer.

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.02 on Zirconium and Hafnium.

Current edition approved Nov. 10, 2001. Published January 2002. Originally
published as B 737 – 84. Last previous edition B 737 – 90 (2000).

2 Annual Book of ASTM Standards,Vol 03.01.
3 Annual Book of ASTM Standards, Vol 14.02.
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5. Materials and Manufacture

5.1 Material covered by this specification shall be made by
conventional hot and cold working procedures, from ingots
produced by vacuum melting in electron beam or consumable
arc furnaces, or both, of a type conventionally used for reactive
metals.

6. Metallurgical Condition

6.1 All grades furnished under this specification shall be in
the recrystallization annealed condition unless otherwise speci-
fied.

7. Chemical Composition

7.1 The material shall conform to the requirements for
chemical composition as prescribed in Table 1.

7.2 The manufacturer’s ingot analysis shall be considered
the chemical analysis for material produced to this specifica-
tion except for hydrogen and nitrogen content which shall be
determined on the finished product.

7.3 Analysis shall be made using the manufacturer’s stan-
dard methods. In the event of disagreement as to the chemical
composition of the metal, methods of chemical analysis for
reference purposes shall be determined by a mutually accept-
able laboratory.

7.4 Sampling for chemical composition shall consist of
samples taken at top, middle, and bottom of the ingot. Samples
for hydrogen and nitrogen shall be taken as two random
samples from each lot at final size.

8. Mechanical Properties

8.1 Grade R1 in rod form shall conform to the requirements
prescribed in Table 2 for room temperature mechanical prop-
erties. Elevated temperature properties shall be used to deter-
mine compliance only when specified in the purchase order
(see Test Methods E 21).

8.2 The yield strength shall be determined by the offset
(0.2 %) method as prescribed in Test Methods E 8.

8.3 The tensile properties shall be determined using a strain
rate of 0.003 to 0.007 in./in.·min through the yield strength.
After the yield strength has been exceeded, the cross-head
speed shall be increased to approximately 0.05 in./in.·min to
failure.

8.4 Requirements for mechanical properties do not apply to
wire.

9. Corrosion Properties

9.1 Two samples chosen at random from each lot shall be
corrosion tested in water at 680°F (360°C), 2690 psi (18.5
MPa) for 672 + 8 − 0 h using the manufacturer’s standard
procedure.

9.2 Grade R1—Coupons shall exhibit a weight gain of not
more than 10 mg/dm2.

9.3 Grade R3—Test for information only, if required by
purchase order.

10. Permissible Variations in Dimensions

10.1 Rod and wire shall conform to the dimensional require-
ments for the specified product as prescribed in Tables 3-5.

11. Special Tests

11.1 Additional tests may be specified in the purchase order.
The test method and standards shall be agreed upon in advance
between manufacturer and purchaser.

12. Finish

12.1 Rods shall be furnished with one of the following
surface finishes as designated in the purchase order:

12.1.1 Mechanically descaled and pickled,
12.1.2 Centerless ground and pickled, or
12.1.3 Centerless ground, pickled, and oxidized.
12.2 Wire shall be furnished with one of the following

surface finishes as designated in the purchase order:
12.2.1 Conditioned and pickled, or
12.2.2 Conditioned, pickled, and oxidized.

13. Workmanship

13.1 Cracks, seams, slivers, blisters, burrs, and other inju-
rious imperfections shall not exceed standards of acceptability
agreed upon by the manufacturer and the purchaser.

14. Number of Test and Retests

14.1 Two random samples shall be taken from each lot.

TABLE 1 Chemical Requirements

Composition, Weight %

Element
Nuclear Grade

Alloying
Grade

Grade R1 Grade R3

Aluminum 0.010 0.050
Carbon 0.015 0.025
Chromium 0.010 0.050
Copper 0.010 ...
Hydrogen 0.0025 0.0050
Iron 0.050 0.0750
Molybdenum 0.0020 ...
Nickel 0.0050 ...
Niobium 0.010 ...
Nitrogen 0.010 0.0150
Oxygen 0.040 0.130
Silicon 0.010 0.050
Tantalum 0.020 ...
Tin 0.0050 ...
Titanium 0.010 0.050
Tungsten 0.0150 0.0150
Uranium 0.0010 ...
Vanadium 0.0050 ...
Zirconium A A

Hafnium balance balance
A Zirconium shall be reported. Acceptable levels shall be established by mutual

agreement between purchaser and producer.

TABLE 2 Mechanical Properties

Grade Condition Test Temperature
Tensile Strength, min

ksi (MPa)
Yield Strength, min

ksi (MPa)
Elongation in 2 in.
or 50 mm, min, %

R1 annealed RT 58 (400) 22 (151) 22
annealed 600°F (316°C) 25 (172) 11 (83) 32
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14.2 If any sample or specimen exhibits obvious contami-
nation, improper preparation, or flaws disqualifying it as a
representative sample, it shall be discarded and a new sample
or specimen substituted.

14.3 If the results of any test lot are not in conformance with
the requirements of this specification, the lot may be retested at
the option of the manufacturer. The frequency of the retest will
be double the initial number of tests and if the results of the
retest conform to the specification, then the retest values will
become the test values for certification. All test values, original
and retest, shall be reported to the purchaser.

15. Significance of Numerical Limits

15.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
methods of Practice E 29.

Property
Rounded Unit for Observed

or Calculated Value
Chemical composition, and

tolerances (when expressed as
decimals)

nearest unit in the last right-hand place of fig-
ures of the specified limit

Tensile strength and yield
strength

nearest 1000 psi (10 MPa)

Elongation nearest 1 %

16. Inspection

16.1 The manufacturer shall inspect the material covered by
this specification prior to shipment. If so specified in the
purchase order, the purchaser or his representative may witness
the testing and inspection of the material at the place of
manufacture. In such cases, the purchaser shall state in his
purchase order which test he desires to witness. The manufac-
turer shall give notice to the purchaser as to the time and place
of the designated tests. If the purchaser’s representative does
not present himself at the time agreed upon for the testing, the
manufacturer shall consider the requirement for purchaser’s
inspection at place of manufacture to be waived.

16.2 The manufacturer shall afford the inspector represent-
ing the purchaser, without charge, all reasonable facilities to
satisfy him that the material is being furnished in accordance
with this specification. This inspection shall be so conducted as
not to interfere unnecessarily with the operation of the works.

17. Rejection

17.1 Rejection for failure of the material to meet the
requirements of this specification shall be reported to the
manufacturer within 60 calendar days from the receipt of the
material by the purchaser. Unless otherwise specified, rejected
material may be returned to the manufacturer at the manufac-
turer’s expense, unless the purchaser receives, within 3 weeks
of the notice of rejection, other instructions for disposition.

18. Referee

18.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

19. Certification

19.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

20. Packaging and Package Marking

20.1 Each shipment shall be legibly and conspicuously
marked or tagged with the following information:

20.1.1 Purchase order or contract number,
20.1.2 Name of material,
20.1.3 Grade,
20.1.4 Size,
20.1.5 Lot, heat or ingot number,
20.1.6 Condition,
20.1.7 Gross, net, and tare weights, and
20.1.8 ASTM specification designation number.
20.2 All material shall be packaged in such a manner as to

ensure safe delivery to its destination when properly trans-
ported by any common carrier.

21. Keywords

21.1 hafnium; hafnium alloy; rod; wire

TABLE 3 Permissible Variations in Diameter for Hot- or Cold-
Finished Rod and Wire

Diameters, in. (mm)
Permissible Variations, in. (mm)A

Over Under

Up to 3⁄16 (4.8), incl 0.002 (0.05) 0.002 (0.05)
Over 3⁄16 to 5⁄8 (4.8 to16.0), incl 0.003 (0.08) 0.003 (0.08)
Over 5⁄8 to 3⁄4 (16.0 to 19.0), incl 0.004 (0.10) 0.004 (0.10)
Over 3⁄4 to 1.0 (19.0 to 25.4), incl 0.005 (0.13) 0.005 (0.13)

A When it is necessary to heat treat or heat treat and pickle after cold finishing,
because of special hardness, surface or mechanical property requirements,
tolerances are double those shown in the table.
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TABLE 4 Permissible Variations in Length for Hot- or Cold-Finished Rod and Wire

Diameter, in. (mm)
Permissible Variations, in. (mm)

Under 3 ft (1m) 3–12 ft (1–4m) Over 12 ft (4m)
Up to 3⁄8 (9.5), incl + 1⁄4 , − 0 ( + 6.4, − 0) + 1⁄2 , − 0 ( + 13.0, − 0) + 3⁄4 , − 0 ( + 19.0, − 0)
Over 3⁄8 to 1.0 (9.5 to 25.4) + 1⁄4 , − 0 ( + 6.4, − 0) + 3⁄8 , − 0 ( + 9.5, − 0) + 1⁄2 , − 0 ( + 13.0, − 0)
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 5 Permissible Variations in Straightness for Straight
Lengths Hot- or Cold-Finished Rod and Wire A

Diameter, in. (mm) Permissible Variations
Up to 3⁄8 (9.5), incl 3⁄32 in. (2.4 mm) in any 5 ft (1.5 m) but may not

exceed 3⁄32 in. (2.4 mm) 3 (number of feet in
length/5)

Over 3⁄8 to 1.0 (9.5 to 25.4) 1⁄16 in. (1.6 mm) in any 5 ft (1.5 m) but may not
exceed 1⁄16 in. (1.6 mm) 3 (number of feet in
length/5)

A The measurement is taken on the concave side of the bar with a straight- edge.
Unless otherwise specified, hot- or cold-finished bars for machining purposes are
furnished machine straightened to the tolerances specified in the table.
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Designation: B 739 – 03

Standard Specification for
Nickel-Iron-Chromium-Silicon Alloy Welded Tube 1

This standard is issued under the fixed designation B 739; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers alloys UNS N08330 and UNS
N08332 in the form of welded tube intended for heat resisting
applications and general corrosive service.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 536 Specification for Nickel-Iron-Chromium-Silicon Al-

loys (UNS N08330 and N08332) Plate, Sheet, and Strip2

B 751 Specification for General Requirements for Nickel
and Nickel Alloy Welded Tube2

3. General Requirement

3.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 751
unless otherwise provided herein.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Alloy (Table 1),
4.1.2 ASTM designation and year of issue,
4.1.3 Dimensions (outside or inside diameter and nominal

wall thickness),
4.1.4 Length (specific or random),
4.1.5 Quantity (feet or number of pieces),
4.1.6 Certification—State if certification is required,
4.1.7 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished, and
4.1.8 Purchaser Inspection—If purchaser wishes to witness

tests or inspection of material at place of manufacture, the
purchase order must so state indicating which tests or inspec-
tions are to be witnessed.

5. Materials and Manufacture

5.1 The tube shall be made from flat-rolled alloy conform-
ing to Specification B 536, by an automatic welding process
with no addition of filler metal. Subsequent to welding and
prior to final heat treatment, the tube shall be cold-worked
either in both weld and base metal or in weld metal only.

6. Chemical Composition

6.1 The material shall conform to the requirements, as to
chemical composition specified in Table 2.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations per Specification B 751.

7. Mechanical Properties and Other Requirements

7.1 The tensile properties of the material at room tempera-
ture shall conform to those shown in Table 1.

7.2 Grain Size—Annealed Alloy UNS N08332 shall con-
form to an average grain size of ASTM No. 5 or coarser.

7.3 Annealing Temperature—Alloy UNS N08330 shall be
annealed at 1900°F (1040°C) minimum. Alloy UNS N08332
shall be annealed at 2050°F (1120°C) minimum.

8. Keywords

8.1 welded tube; N08330; N08332

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1985. Last previous edition approved in 1998 as B 739 - 98.

2 Annual Book of ASTM Standards, Vol 02.04.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Mechanical Properties

Alloy Condition
Tensile Strength,
min, psi (MPa)

Yield Strength, 0.2 %
offset, min, psi

(MPa)

Elongation in 2 in. or
50 mm, or 4D, min,%

HardnessA

UNS N08330 Annealed 70 000 (483) 30 000 (207) 30 70–90 HRB
UNS N08332 Annealed 67 000 (462) 27 000 (186) 30 65–88 HRB

A Hardness values are informative only and not to be construed as the basis for acceptance.

TABLE 2 Chemical Requirements

Element Composition Limits, %

Carbon ...A

Manganese 2.00 max
Phosphorus 0.03 max
Sulfur 0.03 max
Silicon 0.75–1.50
Chromium 17.0–20.0
Nickel 34.0–37.0
Copper 1.00 max
Lead 0.005 max
Tin 0.025 max
Iron remainderB

A Alloy UNS N08330: 0.08 max.
Alloy UNS N08332: 0.05–0.10.

B Element shall be determined arithmetically by difference.
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Designation: B 741 – 95 (Reapproved 2000)

Standard Test Method for
Porosity In Gold Coatings On Metal Substrates By Paper
Electrography 1

This standard is issued under the fixed designation B 741; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers equipment and techniques for
determining porosity in gold coatings, particularly electrode-
posits and clad metals used on electrical contacts.

1.2 This test method is designed to show whether the
porosity level is less or greater than some value which by
experience is considered by the user to be acceptable for the
intended application.

1.3 This test method is suitable for flat surfaces, or with
appropriate fixtures, for gently curved surfaces.

1.4 A variety of other porosity testing methods are described
in Guide B 765 and in the literature. Detailed critical reviews
of porosity testing are also available.2 , 3 , 4 Other porosity test
methods are B735, B798, B799, and B809.

1.5 This test method is specifically designed for use with
gold coatings (>95 % gold) on substrates of copper and nickel
and their alloys. Although not covered in this standard,
variations of this test method may be found useful in evaluating
coatings other than gold.

1.6 The values stated in SI units are to be regarded as
standard. The values in parenthesis are for information only.

1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to its use.For a specific
precautionary statement, see Note 1.

2. Referenced Documents

2.1 ASTM Standards:

B 276 Test Method for Apparent Porosity in Cemented
Carbides5

B 374 Terminology Relating to Electroplating6

B 537 Practice for Rating of Electroplated Panels Subjected
to Atmospheric Exposure5

B 542 Terminology Relating to Electrical Contacts and
Their Use5

B 735 Test Method for Porosity in Gold Coatings on Metal
Substrates by Nitric Acid Vapor6

B 765 Guide for Selection of Porosity Tests for Electrode-
posits on Related Metallic Coatings5

B 798 Test Method for Porosity in Gold or Palladium
Coatings on Metal Substrates by Gel-Bulk Electrography6

B 799 Test Method for Porosity in Gold and Palladium
Coatings by Sulfurous Acid/Sulfur-Dioxide Vapor6

B 809 Test Method for Porosity in Metallic Coatings by
Humid Sulfur Vapor (“Flowers-of-Sulfur”)5

3. Terminology

3.1 Definitions—Many terms used in this test method are
defined in Terminology B 542 and terms relating to metallic
coatings are defined in Terminology B 374.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 decorations—those reaction products emanating from

the pores that provide visual contrast with the paper.
3.2.2 measurement area (or88significant surface’’)—the

surface that is examined for the presence of porosity. The
significant surfaces or measurement areas of the part to be
tested shall be indicated on the drawing of the part or by
provision of suitably marked samples.

3.2.3 Discussion—For specification purposes, the signifi-
cant surfaces or measurement areas are often defined as those
portions of the surface that are essential to the serviceability or
function of the part, such as its contact properties, or which can
be the source of corrosion products or tarnish films that
interfere with the function of the part.

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.11 on Electrical Contact Test Methods.

Current edition approved April 15, 1995. Published June 1995. Originally
published as B 741 – 85. Last previous edition B 741 – 90.

2 For example: Nobel, F. J., Ostrow, B. D., and Thompson, D. W., “Porosity
Testing of Gold Deposits,”Plating, Vol 52, 1965, p. 1001.

3 Clarke, M., in “Properties of Electrodeposits—Their Measurement and Signifi-
cance,” Edited by Sard, R., Leidheiser, H., and Ogburn, F.The Electrochemical
Society,Princeton, NJ, 1975.

4 Krumbein, S. J., “Porosity Testing of Contact Platings,”Proceedings, Connec-
tor and Interconnection Technology Symposium, Oct. 1987, Phila., PA, p. 47.

5 Annual Book of ASTM Standards, Vol 02.05.
6 Annual Book of ASTM Standards, Vol 02.04.
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3.2.4 metallic coatings—include platings, claddings, or
other metallic layers applied to the substrate. The coating can
comprise a single metallic layer or a combination of metallic
layers.

3.2.5 porosity—the presence of any discontinuity, crack, or
hole in the coating that exposes a different underlying metal.

3.2.6 underplate—a metallic coating layer between the
substrate and the topmost layer or layers. The thickness of an
underplate is usually greater than 0.8 µm (30 µin.).

4. Summary of Test Methods

4.1 This test method uses chemically impregnated moist-
ened paper pressed against the specimen surface at controlled
pressure.7 Current is passed from the specimen, which is
anodic, to an inert cathode, at a fixed voltage for a specified
time. Base metal ions at pore sites migrate to the paper where
a reaction occurs. Depending on the reagents employed, this
gives either colored products or colorless products that can be
made visible by developing the paper in appropriate chemical
vapors or solutions.

4.2 This porosity test involves corrosion reactions in which
the products delineate defect sites in coatings. Since the
chemistry and properties of these products may not resemble
those found in natural or service environments, these tests are
not recommended for prediction of the electrical performance
of contacts unless correlation is first established with service
experience.

5. Significance and Use

5.1 Gold coatings are often specified for the contacts of
separable electrical connectors and other devices. Electrode-
posits are the form of gold that is most used on contacts,
although it is also employed as clad metal and as weldments on
the contact surface. The intrinsic nobility of gold enables it to
resist the formation of insulating oxide films that could
interfere with reliable contact operation.

5.2 In order that the nobility of gold be assured, porosity,
cracks, and other defects in the coating that expose base metal
substrates and underplates must be minimal or absent, except
in those cases where it is feasible to use the contacts in
structures that shield the surface from the environment or
where corrosion inhibiting surface treatments for the deposit
are employed. The level of porosity in the coating that may be
tolerable depends on the severity of the environment to the
underplate or substrate, design factors for the contact device
like the force with which it is mated, circuit parameters, and the
reliability of contact operation that it is necessary to maintain.
Also, when present, the location of pores on the surface is
important. If the pores are few in number and are outside of the
zone of contact of the mating surfaces, their presence can often
be tolerated.

5.3 Methods for determining pores on a contact surface are
most suitable if they enable their precise location and numbers
to be determined. This test method is well suited to determin-
ing pore location. It is also well suited to determine the number

of pores per unit area up to a limit where the pore indications
begin to overlap to the extent that counting individual indica-
tions is not feasible.

5.4 The relationship of porosity levels revealed by particular
tests to contact behavior must be made by the user of these tests
through practical experience or by judgment. Thus, absence of
porosity in the coating may be a requirement for some
applications, while a few pores in the contact zone may be
acceptable for another.

5.5 The severity of porosity-determining tests may vary
from procedures capable of detecting all porosity to procedures
that detect only highly porous conditions. The test method in
this document is regarded as severe.

5.6 This test method is highly sensitive and is capable of
detecting virtually all porosity or other defects in gold coatings
that could participate in substrate corrosion reactions. The test
is rapid, simple, and inexpensive. It provides good pore
delineation in areas where there are several pores. The time for
this test is usually on the order of 60 s.

5.7 Since the results are printed on paper, a permanent
record of the porosity is obtained.

6. Limitations

6.1 This test is considered destructive in that it reveals the
presence of porosity by attacking the base metal areas and by
undercutting the gold coating at pore sites or at the edges of the
gold coated areas. Any parts exposed to this test shall not be
placed in service.

6.2 The paper electrographic procedure is used for gold
coatings on substrates of copper or copper alloys with or
without a nickel underlayer. This test is faster than the sulfur
dioxide, nitric acid vapor, and gel bulk electrographic tests, but
it requires that the test specimen be flat or of such shape that a
uniform clamping force can be applied.

6.3 This test is intended to be used for quantitative descrip-
tions of porosity (such as number of pores per unit area or per
contact) only on coatings that have a pore density sufficiently
low that the corrosion sites are well separated and can be
readily resolved. As a general guideline this can be achieved
for pore densities up to about 100/cm2. Above this value the
tests may still be useful for the qualitative detection and
comparisons of porosity.

7. Apparatus

7.1 Regulated Variable Power Supplyis required. The volt-
age shall have a ripple of less than 0.1 V at the working voltage
and be adjustable from 0 to 5 V with the capability of being set
to 60.2 V. The power supply shall not develop a voltage
transient that exceeds the test value by more than 0.1 V. The
voltmeter shall have a range of at least 0 to 7 V, capable of
readings to 0.2-V resolution. The ammeter shall have a range
of at least 0 to 10 mA with 0.5-mA resolution.

7.2 Press for Clamping Test Specimen and Paper Togeth-
er is required. The clamping force shall be adjustable so that
clamping pressures on the specimen from 0 to 3.4 MPa (0 to
500 lb/in2) can be produced. A means of measuring clamping
force must be provided. The accuracy of the force measure-
ment must be adequate to assure that the clamping pressure can
be measured with an accuracy of60.3 MPa (650 lb/in2). The

7 Noonan, H. N., “Electrographic Determination of Porosity in Gold Electrode-
posits,”Plating, Vol 53, 1966, pp. 461–470.

B 741

2



member applying the pressure shall be fabricated from
corrosion-resistant metal such as aluminum, stainless steel, or
titanium. A pressure member made from these materials shall
be lightly abraded periodically to remove the passivating layer
that develops with use. An alternative is to plate the member
with a coating of gold sufficiently thick and nonporous to
eliminate corrosion. The pressure member is connected to the
negative terminal of the power supply and the test specimen to
the positive. (see Fig. 1)

7.3 Dye Transfer Paper— cut in pieces large enough to
cover the test specimen.

7.4 Timer shall be used to determine the length of the test.
7.5 Stereomicroscopehaving 10X magnification and an

illuminator are required for inspection of the electrographic
print after the test.

8. Reagents

8.1 Use reagent or “certified” grade chemicals in the prepa-
ration of all solutions. In the case of ethanol, reagent grade
ethanol, or “specially-denatured” (with methyl and isopropyl
alcohols only) may be used.

9. Solutions

NOTE 1—Precaution: Observe good laboratory practice in handling all
chemicals so as to avoid contact of chemicals with the operator’s skin or
eyes.

9.1 Method Procedure A—Two Step Method:
9.1.1 The electrolyte is 0.01 M with respect to both sodium

chloride and sodium carbonate. It is prepared by dissolving
0.59 g of sodium chloride and 1.06 g sodium carbonate in
deionized water and adding deionized water to make 1 L.

9.1.2 The developing solution is prepared by first dissolving
the dimethylglyoxime in ethyl alcohol to make a 1 % solution.
This ethanol solution is then combined with an equal volume of
deionized water to which a few drops of ammonia have been
added. Pore decorations on paper with this developing solution
are red for nickel ions and green-to-brown for copper ions.

NOTE 2—Caution should be exercised in interpreting the results of this
test with certain substrates or underplates which may passivate with time.
An example is tin-nickel, a 1:1 intermetallic alloy having a weight
composition of approximately 65 % Sn-35 % Ni. This material is reactive
in these porosity tests when freshly plated, but becomes passive when
exposed to air over a period of days to weeks. The“ apparent” porosity of
gold at pore sites over such materials may appear to diminish with time,
following plating.

9.1.3 An alternative developing solution may be prepared
by dissolving 0.25 g of rubeanic acid (dithio oxamide, NH

2
-

CSCSNH2) in 100 mL of ethanol. The ethanol may be warmed
gently to aid in dissolving the solids. Pore decorations on paper
treated with this solution are green for copper ions and purple
for nickel ions, although the purple may be masked by the
green from any copper ions present.

9.2 Method Procedure B—Single Step Method:
9.2.1 This method uses a combined indicator-electrolyte

solution prepared by adding 20 g/L sodium chloride and
20 g/L of the disodium salt of dimethylglyoxime
(CH3C:NONaC:NONaCH3·8H 2O) to deionized water. A new
solution shall be prepared every two weeks or if the solution
appears other than colorless, whichever occurs first. The
solution shall be stored in a closed container. Pore decorations
on paper treated with this solution are green for copper ions
and red for nickel ions.

10. Procedure

10.1 Handle specimens as little as possible, and only with
tweezers, microscope-lens tissue, or clean, soft cotton gloves.
Prior to the test, inspect the samples under 103 magnification
for evidence of particulate matter. If present, such particles
shall be removed by blowing them off with clean, oil-free air.
If this is not successful discard the sample. Then, clean the
samples with solvents or solutions that do not contain chlori-
nated hydrocarbons, CFC’s or other known ozone-destroying
compounds. The procedure outlined in Note 3 has been found
to give satisfactory results for platings with mild to moderate
surface contamination.

NOTE 3—Suggested cleaning procedure:

(1) Keep individual contacts separated if there is a possibility of
damage to the measurement areas during the various cleaning steps.

(2) Clean samples for 5 min in an ultrasonic cleaner which contains a
hot (65–85°C) 2 % aqueous solution of a mildly alkaline (pH 7.5–10)
detergent (such as Micro or Sparkleen).

(3) After ultrasonic cleaning, rinse samples under warm running tap
water for at least 5 s.

(4) Rinse samples ultrasonically for 2 min in fresh deionized water to
remove the last detergent residues.

(5) Immerse in fresh methanol or isopropanol, and ultrasonically
“agitate” for at least 30 s in order to remove the water from the samples.

(6) Remove and dry samples until the alcohol has completely evapo-
rated. If an air blast is used as an aid to drying, the air shall be oil free,
clean, and dry.

(7) Do not touch measurement area of the samples with bare fingers
after cleaning.

(8) Re-inspect samples (under 103 magnification) for particulate matter
on the surface. If particulates are found, repeat the cleaning steps. Surface
cleanliness is extremely important; contaminants, such as plating salts,
organic films, and metal flakes may give erroneous indications of defects,
and are unacceptable.

FIG. 1 Schematic Diagram of the Paper-Electrography Test
Method
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10.2 Soak the dye transfer paper in the electrolyte solution
for at least 15 but less than 45 min (preferably 20 to 25 min).
Remove excess electrolyte from the paper by blotting with a
filter paper. Do not use paper that has been in contact with the
electrolyte for more than 45 min, since the emulsion on the
paper may be excessively softened. This could cause difficulty
later in the procedure.

NOTE 4—A good technique when conducting many tests is to initially
immerse three to five strips of paper, then add one strip as one is removed.
This allows continuous testing with about 5 min between samples.

10.3 Place the paper emulsion side (glossy side) down on
the test specimen and slide it under the clamping member.
Connect the clamping member to the negative terminal of the
power supply and the test specimen to the positive terminal.

10.4 Adjust the clamping force and the voltage. Values that
have been found satisfactory are a clamping force sufficient to
produce 1.0 MPa (150 psi) pressure, a voltage of 2 V6 10 %,
and a time of 60 s,63 s. (see 7.2 for comments on acceptable
pressure accuracy).

10.4.1 If the clamping pressure is too low, background color
from the reagents and base metal appearing at pore sites and
coating edges may obscure the color decorations. If the
pressure is too high, so much electrolyte may be squeezed from
the treated paper that few or no decorations will appear in the
print. This condition can be detected by testing a specimen on
which a scratch through the coating has been made.

10.4.2 The observed current typically falls in the range from
0.05 to 0.5 mA/cm2 (0.3 to 3.0 mA/in.2) of specimen area.
Much lower values indicate an electrical problem such as poor
contact due to a passivating layer or contamination. The low
current condition produces an inaccurate porosity print. A
high-current reading, that is, off scale, indicates a short circuit
between the electrodes. This can occur if the paper is out of
position. In either event, repeat the test with a new specimen.

10.5 Turn off the power, release the clamp, and carefully
peel the paper away from the specimen.

10.6 If Procedure A with the separate electrolyte and devel-
oping solutions is in use, dip the paper in the developing
solution or wipe with a cloth saturated with developing
solution. Then place the paper face down on somesoft paper
toweling and press with a roller to remove the excess devel-
oping solution. The paper can then be left to dry face up for
about 5 min (heating is usually not necessary with the paper
recommended in 7.3). Pore sites will appear as colored spots
(pore decorations) on the white paper. The paper may be kept
as a permanent record.

10.6.1 If Procedure B is used, no further development is
required.

10.7 Alternatively, the paper may be dried in an oven
operating between 50 and 70°C. Drying time will vary depend-
ing on temperature and the size of the paper. Remove the paper
immediately when it is dry; prolonged heating may cause the
paper to turn brown.

10.8 Examine the print under direct illumination (at an
angle of 75 to 90° to the surface). Either an incandescent lamp
or fluorescent ring light may be used.

10.9 If pores are to be counted, duplicate counts shall be
made of each, and the two readings averaged. Pore decorations

are often counted according to size. A useful sizing technique
is to tabulate the pores in accordance with three size ranges.
These are (approximately):

10.9.1 A 0.005-in. (0.13 mm) diameteror less.
10.9.2 Between 0.005 and 0.015-in. (0.13 and 0.38-mm)

diameter.
10.9.3 Greater than 0.015-in. (>0.38-mm) diameter. For

sizing purposes, the longest dimension is taken as the diameter.
If two or more, generally circular spots, overlap but appear to
have separate origins, each is counted as an individual pore and
classified in the appropriate size range.

NOTE 5—It is often difficult to determine if decorations on the print
which intersect the edge of the gold-coated area originate from defects in
the gold or from the base metal normally present beyond the edge of the
gold. It is, therefore, suggested that the supplier and user agree upon a
procedure for treating such decorations. If the edge of the coated area is
not critical in the performance of the part, it may be appropriate to
disregard decorations which appear to originate from locations within
0.005 in. (0.13 mm) of the coating edge.

11. Interpretation of Results and Report

11.1 Report:
11.1.1 The porosity evaluation shall be determined and

reported in accordance with one or more of the options
described in Guide B 765.

11.1.2 Option 1—The number and size of the pores in the
significant area. This is converted to a pore density in terms of
number of pores per square centimetre.

11.1.3 Option 2—The percentage of total area covered by
the pores.

11.1.4 Option 3—The area, in square millimetres, of the
largest spot on the significant surface.

11.2 Interpretation of Results:
11.2.1 In option 1, count individual pores at 103 magnifi-

cation in the significant area of the coating, as defined by the
specification or drawing of the product. In Option 2, compare
results with panels shown in Test Method B 276 and Practice
B 537, to those supplied as criteria by the purchaser. In Option
3, scan for the largest defect.

11.2.2 Criteria (Pass-Fail)—Pass-fail criteria, such as pore
count greater than 50/cm2(Option 1), or an area greater than
1 % (Option 2), or a spot or crack with a total area greater than
2.5 mm2 (Option 3), should be chosen in conformance to the
intended function of the coating and the intended use of the
objected coated. Such criteria should be agreed upon between
the supplier and purchaser.

12. Precision and Bias

12.1 Precision—The precision of this test method is being
investigated with gold-plated coupons having a nickel under-
plate. Round-robin results from a series of four runs in each
laboratory with a test of similar severity gave coefficients of
variation of less than 20 % in each of three participating
laboratories.8 However, poorer precision was obtained when
the results of the different laboratories were compared.

8 Krumbein, S. J., and Holden, C. A., “Porosity Testing of Metallic Coatings,”
Testing of Metallic and Inorganic Coatings, ASTM STP 947, Harding, W. B. and
DiBari, G. A. eds., ASTM, 1987, p. 193.
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12.2 Bias—The porosity of commercially produced contact
platings is a property with potentially large sample-to sample
variability. 8 Since there is no acceptable reference material
suitable for determining the bias for porosity testing, bias has
not been determined.

13. Keywords

13.1 electrography; paper; gold coatings; gold platings;
metallic coatings; paper electrography; plating porosity; poros-
ity testing
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Designation: B 742 – 90 (Reapproved 2000)

Standard Specification for
Fine Silver Electrical Contact Fabricated Material 1

This standard is issued under the fixed designation B 742; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers fine silver grade 99.9 % in
fabricated form. The forms covered are tubing, rod, wire, strip,
and sheet for electrical contact applications.

1.2 The electrical contact properties may vary dependent
upon the method of manufacture (refer to 6.3).

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.It is also the
responsibility of the user to become familiar with all hazards,
including those identified in the appropriate Material Safety
Data Sheet for this material as provided by the manufacturer.

1.4 The values stated in inch-pound units are to be regarded
as the standard. The SI units may be approximate.

2. Referenced Documents

2.1 ASTM Standards:
B 413 Specification for Refined Silver2

B 476 Specification for General Requirements for Wrought
Precious Metal Electrical Contact Materials2

3. Classification

3.1 This specification presently defines only one grade of
fine silver, 99.90 % minimum silver. It differs from the Grade
99.90 referred to in Specification B 413 in that the chemical
limits are slightly different. The reason for this is that Speci-
fication B 413 refers to “refined silver in cast bar form,”
whereas this Specification covers fabricated forms. The prop-
erties of silver are greatly dependent upon the amount and type
of elements present, up to 0.10 %.

3.2 Other types of silver containing appreciably lesser
amounts of impurities, and those with additives for special

purposes, are not covered by this specification, because the
mechanical properties can be appreciably different.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information:

4.1.1 Quantity (weight usually in troy ounces, or number of
units).

4.1.2 Name of material (fine silver).
4.1.3 Temper.
4.1.4 Dimensions; thickness, width, length, diameter, coil

size, or other pertinent sizes.
4.1.4.1 Form of Material: sheet, strip, disks, blanks, wire,

shaped wire, or other.
4.1.4.2 Form Furnished: flat lengths, coils, rod, straight

lengths, or other.
4.1.5 ASTM designation and date of issue.
4.1.6 Additions to the specification and supplementary re-

quirements, if required.

5. General Requirements

5.1 The provisions of Specification B 476 shall apply to all
materials produced to this specification.

6. Manufacture

6.1 The materials used for making this product shall be of
such quality and purity that the finished material will conform
to the requirements and properties prescribed in this specifica-
tion.

6.2 The material shall be produced by either hot or cold
working operations. It should be finished by such cold working
and annealing as may be necessary to meet the properties
specified.

6.3 After the initial shipment and approval has been made,
the supplier must notify the purchaser prior to making any
significant changes in process techniques, basic formulation, or
other factors that might affect the quality or the electrical
contact characteristics, such as weld resistance or erosion. Such
changes in process shall be immediately brought to the
attention of the purchaser for determination of the necessity for
requalification.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B2.05 on Precious Metals.

Current edition approved Aug. 31, 1990. Published January 1991. Originally
published as B 742 – 85. Last previous edition B 742 – 85.

2 Annual Book of ASTM Standards, Vol 02.04.
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7. Chemical Composition

7.1 Material produced under this specification shall meet the
requirements of chemical composition prescribed in Table 1.

7.2 By agreement between the purchaser and the manufac-
turer, analysis may be required and limits established for
elements or compounds not specified in the table of chemical
composition.

8. Mechanical Properties

8.1 The material shall conform to the mechanical properties
prescribed in Table 2 or Table 3.

8.2 Since it is not always possible to tension test some parts
and shapes, the user and supplier should reach an agreement
with respect to the type of hardness tests and the acceptable
range that should be applicable.

8.3 All test specimens shall be full size when practical.

8.4 All tests shall be conducted at room temperature, 65 to
85°F (18 to 29°C).

9. Inspection and Testing

9.1 All material produced to this specification shall be
inspected as detailed in the provisions of Specification B 476.

10. Certification

10.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

11. Keywords

11.1 contact; electrical contact; fine silver; silver; wrought

TABLE 1 Chemical Composition A

Element Weight %

Silver 99.90 min (by difference)
Silver and copper 99.95 min
Copper 0.10 max
Nickel 0.002 max
Cadmium 0.005 max
Zinc 0.005 max
Lead 0.025 max
Iron 0.005 max
Aluminum 0.002 max
Bismuth 0.001 max
Total others 0.05 max
Total of all impurities 0.10 max

A Elements, such as phosphorus, sodium, and lithium are not natural impurities
in this grade of silver and thus are not normally found in any appreciable quantities.
However, since they may be detrimental for certain electrical contact applications,
limits for these and other elements may be established by agreement between the
purchaser and manufacturer. Refer to 7.2.
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

S1.1.1 Federal Standards3

Fed. Std. No. 102 Preservation. Packaging and Packing
Levels.

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
S1.1.2 Military Standards3

MIL-STD-129 Marking for Shipment and Storage

S2. Quality Assurance

S2.1 Responsibility for Inspection—Unless otherwise speci-
fied in the contract or purchase order, the manufacturer is
responsible for the performance of all inspection and test
requirements specified. Except as otherwise specified in the

contract or purchase order, the manufacturer may use his own
or any other suitable facilities for the performance of the
inspection and test requirements unless disapproved by the
purchaser at the time the order is placed. The purchaser shall
have the right to perform any of the inspections and tests set
forth when such inspections and tests are deemed necessary to
assure that the material conforms to prescribed requirements.

S3. Preparation for Delivery
S3.1 Preservation, Packaging, Packing
S3.1.1 Civil Agencies—The requirements of Fed. Std. No.

102 shall be referenced for definitions of the various levels of
packaging protection.

S3.2 Marking:
S3.2.1 Military Agencies—In addition to any special mark-

ing required by the contract or purchase order, marking for
shipment shall be in accordance with MIL-STD-129.

S3.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.

3 Available from Standardization Documents, Order Desk, Bldg. 4, Section D,
700 Robbins Ave., Philadelphia, PA 19111-5094, ATTN: NPODS.

TABLE 2 Mechanical Properties of Sheet and Strip

NOTE 1—These hardness values are listed as “Typical,” because of the difficulty in establishing a range meaningful for all the thicknesses possible.
If the purchaser desires hardness specifications, rather than tensile strengths, he shall reach agreement with the supplier as to the proper and suitable
hardness scale and range for the particular size and form ordered.

Temper

Reduction
in B & S

Numbers
(Reference)

Percent
Reduction
(Reference)

Ultimate Tensile
Strength, psi (MPa)

Minimum
Elongation

in 2-in.
(51 mm), %

Typical
(see Note 1)

Hardness
Rockwell,

15 TMinimum Maximum

Annealed 0 0 24 000 (165) 30 000 (207) 25 59 max
1⁄2 H 2 21 30 000 (207) 37 000 (255) 8 72
Hard 4 37 37 000 (255) 44 000 (303) 3 76
Spring 8 60 44 000 (303) 51 000 (352) 1 80

TABLE 3 Mechanical Properties of Wire and Rod

Temper

Reduction
in B & S

Numbers
(Reference)

Percent
Reduction
(Reference)

Ultimate Tensile
Strength, psi (MPa)

Minimum
Elongation

in 2 in.
(51 mm), %Minimum Maximum

Annealed 0 0 24 000 (165) 30 000 (207) 25
1⁄8 H 1⁄2 11 26 000 (179) 33 000 (228) 15
1⁄4 H 1 21 30 000 (207) 37 000 (255) 4
1⁄2 H 2 37 39 000 (269) 46 000 (317) 4
Hard 4 60 42 000 (290) 49 000 (338) 2
Spring 8 84 46 000 (317) 54 000 (372) 1
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APPENDIX

(Nonmandatory Information)

X1. TYPICAL PROPERTY VALUES

X1.1 The following is a list of typical property values that
are useful for engineering calculations in electrical contact
design and application.
Electrical conductivity, % IACS

(volume basis)
100 (Note X1.1)

Resistivity, µV·cm 1.72 (Note X1.1)
Freezing point 961.93°C (1763.5°F) (Note X1.2)
Density approximately 20°C 10.49 Mg/m3(g/cm3)
Coefficient of thermal expansion,

Linear at 0 to 20°C
19.68 µm/m·K (10.93 µin./in.°F)

NOTE X1.1—The typical values listed for conductivity and resistivity
can vary. They depend upon the purity and the temper. For this reason,
even ranges of 95 to 103 % IACS for electrical conductivity and 1.67 to
1.81 µV·cm for resistivity can be exceeded.

NOTE X1.2—The freezing point of silver is a defined fixed point,
according to the International Practical Temperature Scale of 1968.4

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

4 For further information, refer toSymposium on Evolution of the International
Practical Temperature Scale of 1968, ASTM STP 565, ASTM, 1968.
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Designation: B 749 – 03

Standard Specification for
Lead and Lead Alloy Strip, Sheet, and Plate Products 1

This standard is issued under the fixed designation B 749; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers lead sheet, strip, and plate of
various alloys intended for use in chemical plants, sound
attenuation, roofing, vibration dampening, flashing and
weather stripping, waterproofing, and radiation shielding.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 29 Specification for Refined Lead2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 10 Test Method for Brinell Hardness of Metallic Materi-
als3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 37 Test Methods for Chemical Analysis of Pig Lead5

E 87 Methods for Chemical Analysis of Lead, Tin, Anti-
mony, and Their Alloys (Photometric Methods)6

E 112 Test Methods for Determining Average Grain Size3

3. Terminology Definitions

3.1 lot—shall consist of all the lead sheet, strip, or plate of
the same alloy produced by one manufacturer and offered for

delivery at one time for sampling and inspection from one
manufacturing or smelting heat.

3.2 plate—any product over 0.187 in. (4.75 mm) in thick-
ness and over 10 in. (254 mm) in width.

3.3 sheet—products 0.187 in. (4.75 mm) and under in
thickness and 24 in. (610 mm) or more in width.

3.4 strip—any product 0.187 in. (4.75 mm) and under in
thickness and less than 24 in. (610 mm) in width.

4. Ordering Information

4.1 Orders for material to this specification shall include the
following information:

4.1.1 Alloy (chemical composition) with variations speci-
fied.

4.1.2 Type (strip, sheet, or plate).
4.1.3 Condition including mechanical properties where ap-

plicable.
4.1.4 Dimensions.
4.1.5 Number of Pieces.
4.1.6 Certification—State if certification is required.
4.1.7 Sampling—Type of sampling required and whether

samples product (check) analysis shall be furnished.
4.1.8 Inspection Requirements—If purchaser wishes to wit-

ness tests or inspection of material at the place of manufacture,
the purchase order must so state indicating which tests or
inspections are to be witnessed.

4.1.9 Optional Requirements:
4.1.9.1 Strip and Sheet—Whether to be furnished in coils or

in cut straight lengths.
4.1.9.2 Sheet and Plate—Whether to be furnished in spe-

cially flattened condition.
4.1.9.3 Wrought Products—Minimum reduction required.

5. Materials and Manufacture

5.1 The lead sheet, strip, or plate shall be manufactured by
rolling or extruding the product from a lead work piece of
chemical composition specified in Table 1 or other specified
composition. The work piece may be prepared by conventional
casting into a mold or by continuous casting. Lead sheet or
strip may also be produced by direct continuous casting to the
desired thickness.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.02 on Refined Lead, Tin Antimony, and Their Alloys.

Current edition approved, June 10, 2003. Published July 2003. Originally
approved in 1985. Last previous edition approved in 1997 as B 749 - 97.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.05.
6 Discontinued—see1984 Annual Book of ASTM Standards, Vol 03.05.
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6. Chemical Composition

6.1 Lead sheet, strip, and plate shall conform to the chemi-
cal composition limits specified in the purchase order. The
appropriate ASTM or UNS alloy may be designated where
applicable. Table 1 lists the chemical requirements of several
grades of lead for information purposes.

NOTE 1—Soft lead sheet, strip, and plate is generally produced from
Specification B 29 grade copper-bearing lead.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product analysis
variation in chemical composition specified in the purchase
agreement or in the applicable alloy specification.

7. Mechanical Properties

7.1 The material shall conform to the mechanical properties
specified in the purchase order by way of testing (see Section
12).

8. Dimensions, Mass, and Permissible Variations

8.1 Thickness:
8.1.1 Sheet and Strip—For sheet and strip up to 0.100 in.

(2.54 mm), the variation in thickness shall not be more
than + 0.008 in. (0.200 mm) or − 0.006 in. (0.130 mm) or any
combination but not less than a range of 0.014 in. (0.330 mm)
from the ordered thickness. For sheet and strip ordered in
thickness over 0.100 in., the maximum variation shall not be
more than65 % of the thickness specified as shown in Table
2.

8.1.2 Plate—The plate shall not vary more than65 % of
the specified thickness as shown in Table 2.

8.1.3 Alternative Thickness—When specified, lead plate, as
well as strip sheet over 0.100 in. (2.54 mm) shall not vary in
thickness by more than + 0.031 in. (0.79 mm) and − 0 in. (0
mm).

8.1.4 Where specified and agreed to between manufacturer
and purchaser, thickness variation looser or tighter than listed
above may be applied.

8.2 Width and Length:
8.2.1 Rolls—lead sheet or strip in rolls shall not vary from

the ordered width by more than + 0.250 in. (6.35 mm)
or − 0.250 in. (6.35 mm) and for length of 25 ft (8 m) or less
shall be within 0.2 % of the ordered length. For length greater
than 25 ft (8 m), the length tolerance shall be negotiated
between the producer and the buyer.

8.2.2 Cut Pieces—Lead sheet, strip, or plate in flat cut
pieces shall not vary from the ordered length or width by more
than6 0.125 in. (3.18 mm).

8.2.3 Slit Strip—Slit strip in coils shall not vary from the
ordered width by more than 0.062 in. (1.59 mm).

8.3 Straightness:
8.3.1 The edgewise curvature (depth of curvature) of flat

strip, sheet, or plate shall not exceed 0.05 in. multiplied by the
length in feet of the piece (0.04 mm multiplied by the length in
centimeters).

8.3.2 Straightness of coiled strip material is subject to
agreement between manufacturer and purchaser.

8.4 Squareness—For products of all thickness, the angle
between adjacent sides shall be 906 15° (1⁄16 in. in 24 in.),
(1.59 mm in 610 mm). Alternatively, for cut length 10 ft (3 m)
and less, the length of the diagonals from end to end shall be
within 0.25 in. (6.2 mm) of each other.

8.5 Flatness—Flatness of the product sheet when specified
shall be as agreed upon between manufacturer and purchaser.

8.6 Any special tolerance other than those specified in the
above sections shall be agreed upon between manufacturer and
purchaser.

TABLE 1 Chemical Requirements A,B

Composition (Weight Percent)

Grade

Low Bismuth
Low Silver
Pure Lead,

maxC

Refined Pure
Lead, maxD

Pure Lead,
max

Chemical-Copper
LeadE

Sb 0.0005 0.0005 0.001 0.001 max
As 0.0005 0.0005 0.001 0.001 max
Sn 0.0005 0.0005 0.001 0.001 max
Sb As and Sn . . . . . . 0.002 0.002 max
Cu 0.0010 0.0010 0.0015 0.040–0.080
Ag 0.0010 0.0075 0.010 0.020 max
Bi 0.0015 0.025 0.05 0.025 max
Zn 0.0005 0.001 0.001 0.001 max
Te 0.0001 0.0001 . . . . . .
Ni 0.0002 0.0002 0.0005 0.002 max
Fe 0.0002 0.001 0.001 0.002 max
Lead (min) by

difference
99.995 99.97 99.94 99.90

UNS Number L50006 L50021 L50049 L51121
AThe following applies to all specified limits in Table 1: For the purpose of

determining conformance with this specification, an observed value obtained from
the analysis shall be rounded off “to the nearest unit” in the last right hand place
of figures used in expressing the limiting value, in accordance with the rounding
method of Practice E 29.

BBy agreement between the purchaser and the supplier, analyses may be
required and limits established for elements or compounds not specified in Table
1.

CThis grade is intended for chemical applications where low silver and low
bismuth contents are required.

DThis grade is intended for lead acid battery applications.
EThis grade is intended for applications requiring corrosion protection and

formability.

TABLE 2 Permissible Thickness Variation

NOTE 1—For ordering information, lead 1 in. thick weighs approxi-
mately 60 lb/ft2.

Specified
Thickness, in.

Maximum
Under, in.

Maximum
Over, in.

Maximum
Over Alternate,

in. (see section 8.13
8.1.3

0.015–0.100 0.005 0.005
0.101–0.130 0.006 0.006 0.031
0.131–0.150 0.007 0.007 0.031
0.151–0.170 0.008 0.008 0.031
0.171–0.190 0.009 0.009 0.031
0.191–0.210 0.010 0.010 0.031
0.211–0.230 0.011 0.011 0.031
0.231–0.250 0.012 0.012 0.031
0.251–0.270 0.013 0.013 0.031
0.271–0.290 0.014 0.014 0.031
0.291–0.310 0.015 0.015 0.031
0.311–0.400 0.016 0.020 0.031
0.401–0.500 0.016 0.025 0.031
0.501–0.600 0.016 0.030 0.031
0.601–0.630 0.016 0.031 0.031
Above–0.630 0.016 0.031 0.031
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9. Workmanship, Finish, and Appearance

9.1 The lead products shall be uniform in quality and
hardness, smooth, commercially straight and flat, and free of
injurious imperfections such as pits, dents, scratches, lamina-
tions, grit, foreign matter, porosity, or waves that may affect the
serviceability of material.

10. Sampling

10.1 A lot shall not exceed 10 000 lb (4540 kg). A lot for
alloys requiring mechanical testing shall be further limited to
the sheet having the same total material reduction and heat
treatment (as required) cycles from the same manufacturing or
smelting heat.

10.1.1 Identification—All material shall be identified by lot
number. Where material cannot be identified by heat, a lot shall
consist of not more than 1000 lb (454 kg) in the same thickness
and condition, except for plates weighing over 1000 lb, in
which case the one piece shall constitute the lot.

10.2 Test Material Selection:
10.2.1 Chemical Analysis—Representative samples shall be

taken either during pouring the casting prior to working or
during subsequent processing, such as rolling or cutting.

10.2.1.1 Where required, a product (check) sample shall be
taken and supplied to the purchaser. The analysis of the product
sample is the responsibility of the purchaser.

10.2.2 Mechanical Properties—Samples of the material to
provide test specimens for mechanical properties, hardness,
and grain size shall be taken from such locations in a lot as to
be representative of that lot.

10.3 Number of Tests:
10.3.1 Chemical Analysis—One test per lot.
10.3.2 Hardness—One test per lot.
10.3.3 Grain Size—One test per lot.

11. Specimen Preparation

11.1 Tension test specimens, if required, shall be taken in
the direction of rolling from the material in the final condition
of rolling and heat treatment or in the case of continuously cast
sheet in the casting direction and “as cast”’ state.

11.1.1 Tension test specimens shall be any of the standard or
subsize specimens shown in Test Methods E 8.

11.2 Hardness test specimens if required shall be taken from
the material in the final condition of rolling and heat treatment.
Tests shall use Rockwell “R” scale or 10 mm ball and 100 kg
load Brinell test.

11.2.1 The minimum thickness of a sample for hardness
testing shall be 10 times the depth of the impression. All
hardness tests must be obtained within 24 h after the final
processing for use.

12. Test Methods

12.1 The following test methods for determining chemical
composition, mechanical properties, and other properties of the

material shall be determined in cases of disagreement in
accordance with the following methods:

12.1.1 Chemical Analysis—Methods E 37 and E 87.
12.1.2 Tension—Test Methods E 8.
12.1.3 Hardness:
12.1.3.1 Rockwell “R” and Test Methods E 18.
12.1.3.2 Brinell and Test Method E 10.
12.1.4 Grain Size—Methods E 112.

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
by manufacturer and purchaser as part of the purchase contract.

14. Rejection and Rehearing

14.1 Material not conforming to any part of this specifica-
tion or to authorized modifications, will be subject to rejection
of the entire lot of material.

14.2 Retests for mechanical properties shall be permitted if
performed within one week of final processing for use.

14.3 Independent Tests—In the event of a dispute arising as
to the compliance of the lead alloy strip, sheet, or plate with the
requirements set forth in this specification, the purchaser may
require the submission of product (check) samples to an
independent laboratory for testing. The costs of such testing
shall be borne by the purchaser.

15. Certification

15.1 Upon request of the purchaser in a contract or order, a
manufacturer’s certification that the material was manufactured
and tested in accordance with this specification, together with
a report of the actual test results from each lot, shall be
furnished.

16. Product Marking

16.1 Each bundle or shipping container shall be marked
with the name of the alloy, the condition, this specification
number, the size, thickness, gross, net and tare weight, lot
number, consignor and consignee address, contract or purchase
order number, and any other such information as may be
defined in the contract or order.

16.2 Lead plate over1⁄2 in. thick, when required in the
contract or purchase order, shall be marked along one edge
with the alloy designation, manufacturer’s brand name, heat or
lot number, and customer’s number. The markings shall be
made with nonsoluble ink or point and shall be repeated at
intervals of not greater than 3 ft along the edge of the plate.

17. Packaging and Package Marking

17.1 The purchaser must state in the order or contract any
special packaging, crating, or transportation required.

18. Keywords

18.1 lead plate; lead sheet; lead strip; wrought lead
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
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Designation: B 750 – 03

Standard Specification for
GALFAN 1 (Zinc-5 % Aluminum-Mischmetal) Alloy in Ingot
Form for Hot-Dip Coatings 2

This standard is issued under the fixed designation B 750; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification covers GALFAN, zinc-5 %
aluminum-mischmetal (Zn-5Al-MM) alloy (UNS Z38510)3 in
ingot form for remelting for use in the production of hot-dip
coatings on steel. Alloy composition is specified in Table 1.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values stated in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 899 Terminology Relating to Non-ferrous Metals and

Alloys4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 47 Test Methods for Chemical Analysis of Zinc Die-
Casting Alloys6

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition7

E 527 Practice for Numbering Metals and Alloys (UNS)8

E 1277 Test Method for Chemical Analysis of Zinc–5 %
Aluminum–Mischmetal Alloys by ICP Emission Spec-
trometry7

2.2 Other Standard:

GF-1 Standard Practice for Determination of Cerium and
Lanthanum Compositions in GALFAN Alloy (5 %
-0.04 % La-0.04 % Ce-Bal SHG Zn)9

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 mischmetal—a naturally occurring mixture of rare-

earth elements in metallic form, primarily cerium and lantha-
num.

3.3 Abbreviations:

1 GALFAN is a registered trademark of the GALFAN Information Center, Inc.
2 This specification is under the jurisdiction of ASTM Committee B02 on

Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.04 on Zinc and Cadmium.

Current edition approved June 10, 2003. Published August 2003. Originally
approved in 1985. Last previous edition approved in 1999 as B 750 – 99e1.

3 UNS number in conformance with Practice E 527.
4 Annual Book of ASTM Standards, Vol 02.04.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Withdrawn; see1998 Annual Book of ASTM Standards, Vol 03.05.
7 Annual Book of ASTM Standards, Vol 03.05.
8 Annual Book of ASTM Standards, Vol 01.01.

9 Available from International Lead Zinc Research Organization, 2525 Meridian
Parkway, P.O. Box 12036, Research Triangle Park, NC 27709 – 2036.

TABLE 1 GALFAN, Zn-5Al-MM Alloy Ingot Chemical
Requirements A,B,C,D,E

Element
UNS Z38510
Composition,%

AluminumF 4.2–6.2
Cerium + lanthanum, total 0.03–0.10
Iron, max 0.075
Silicon, max 0.015
LeadG, max 0.005
CadmiumG, max 0.005
TinG, max 0.002
OthersH, each, max 0.02
OthersH, total, max 0.04
Zinc Remainder

A For purposes of acceptance and rejection, the observed value or calculated
value obtained from analysis should be rounded to the nearest unit in the last
right-hand place of figures, used in expressing the specified limit, in accordance
with the rounding procedure prescribed in Section 3 of Practice E 29.

B By agreement between purchaser and supplier, analysis may be required and
limits established for elements or compounds not specified in the table of chemical
composition.

CGALFAN, Zn-5Al-MM alloy ingot for hot-dip coatings may contain antimony,
copper, and magnesium in amounts of up to 0.002, 0.1, and 0.05 %, respectively.
No harmful effects have ever been noted due to the presence of these elements
up to these concentrations and, therefore, analyses are not required for these
elements.

D Magnesium may be specified by the buyer up to 0.1 % maximum.
E Zirconium and titanium may each be specified by the buyer up to 0.02 %

maximum.
F Aluminum may be specified by the buyer up to 8.2 % maximum.
G Lead and cadmium, and to a lesser extent tin and antimony, are known to

cause intergranular corrosion in zinc-aluminum alloys. For this reason it is
important to maintain the levels of these elements below the limits specified.

H Except antimony, copper, magnesium, zirconium, and titanium.

1

*A Summary of Changes section appears at the end of this standard.
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3.3.1 MM—mischmetal.
3.3.2 Zn-5Al-MM—zinc-5 % aluminum mischmetal.

4. Ordering Information

4.1 Orders for ingot under this specification shall include
the following information:

4.1.1 Quantity in pounds,
4.1.2 Alloy (Table 1),
4.1.3 Size, if not manufacturer’s standard,
4.1.4 Specification number and year of issue,
4.1.5 Inspection (Section 9), and
4.1.6 Product marking (Section 12).

5. Materials and Manufacture

5.1 The alloys may be made by any approved process.
5.2 The material covered by this specification shall be free

from dross, slag, or other harmful contamination.

6. Chemical Composition

6.1 Limits—The alloys shall conform to the requirements as
to chemical composition prescribed in Table 1. Conformance
shall be determined by the producer by analyzing samples
taken at the time ingots are made. If the producer has
determined the chemical composition of the metal during the
course of manufacture, he shall not be required to sample and
analyze the finished product.

7. Sampling

7.1 If the alloy is in the form of standard ingots at the
customer’s plant, the sample for chemical analysis shall be
taken in accordance with 7.1.1 to 7.1.5, inclusive.

7.1.1 Selection of Portion—A portion representative of the
total shipment or order shall be selected at random for the final
sample. The portion preferably shall be taken during loading or
unloading. At least one ingot shall be taken from every 10 000
lb (4530 kg), or fraction thereof, of each lot of alloy in the
shipment. From smaller lots, five ingots shall be taken.

7.1.2 Preparation of Sample—Each ingot shall be cleaned
thoroughly to rid the surface of extraneous material and drilled
or sawed, without lubricant in accordance with 7.1.3 or 7.1.4.
The drillings or sawings shall be subjected to the action of a
strong magnet to remove any adventitious iron with which the
sample may have become contaminated from the drill or saw.

7.1.3 Drilling —Two holes shall be drilled, preferably from
the bottom or brand side of each ingot, at two points located
along one diagonal of the ingot so that each point is halfway
between the center and one extremity of the diagonal. If two
holes from each ingot do not yield the weight of sample
prescribed in 7.1.5, a third hole shall be drilled at the center of
each ingot. Each hole shall be bored completely through the
ingot, care being taken to avoid starting the drill in a depression
and to adjust the feed to give drillings 0.010 to 0.020 in. (0.25
to 0.51 mm) in thickness. The drill used preferably shall be one
twisted from flat stock. The diameter of the drill shall be5⁄16 in.
(7.9 mm). The drillings shall be broken or cut with clean shears
into pieces not over1⁄2 in. in length and mixed thoroughly.

7.1.4 Sawing—Using, preferably, a heat treated high-speed
steel saw, make two cuts completely across the ingot from one
long side to the other. Each cut shall be approximately half way

between the center and each end. The width of the saw cut shall
be sufficient to give the weight of sample prescribed in 7.1.5,
and cuttings from all the ingots shall be mixed thoroughly to
form a uniform sample.

7.1.5 Size of Sample and Storage—The prepared sample
shall weigh at least 300 g. The properly mixed sample shall be
split into three equal parts, each of which shall be placed in a
sealed package, one for the manufacturer, one for the pur-
chaser, and one for a referee, if necessary. Tight, leakproof,
paper sample envelopes or cardboard cartons may be used to
hold the sample.

7.2 If the alloy is in shapes other than standard ingots, the
sampling procedure shall be agreed upon between the manu-
facturer or seller and the purchaser.

7.3 An optimal method of sampling for analysis may be by
melting together representative portions of each ingot selected,
and then sampling the liquid composite by casting suitable
specimens for either spectrographic or chemical analysis.

7.4 Samples for Spectrochemical and Other Methods of
Analysis—Samples for spectrochemical and other methods of
analysis shall be suitable for the form of material being
analyzed and the type of analytical method used.

7.5 Aspects of sampling and sample preparation not covered
specifically in this specification shall be carried out in accor-
dance with Practice E 88.

8. Analytical Methods

8.1 Method of Analysis—The determination of chemical
composition shall be made in accordance with suitable chemi-
cal (Test Method E 47 for tin), ICP argon plasma spectrometric
(Test Method E 1227) or other methods. In case of dispute, the
results secured by Test Method E 1277 shall be the basis of
acceptance.

8.2 A standard practice for X-ray fluorescence spectrometry
for determination of cerium and lanthanum in a zinc-5 %
aluminum alloy has been established by the International Lead
Zinc Research Organization (Standard Practice GF-1). In case
of dispute, the results secured by Test Method E 1277 shall be
the basis of acceptance.

9. Inspection

9.1 If the purchaser desires that his representative inspect or
witness the inspection and testing of the product prior to
shipment, such agreement shall be made by the purchaser and
producer or supplier as part of the contract or purchaser order.

9.2 When such inspection or witness of inspection and
testing is agreed upon, the producer or supplier shall afford the
purchaser’s representative all reasonable facilities to satisfy
him that the product meets the requirements of this specifica-
tion. Inspection and tests shall be conducted so there is no
unnecessary interference with the producer’s operations.

10. Rejection and Rehearing

10.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing. If the rehearing
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establishes that the material does not conform to the require-
ments of this specification, as much of the rejected original
material as possible shall be returned to the producer or
supplier.

11. Certification
11.1 When specified in the purchase order or contract, the

manufacturer’s or supplier’s certification shall be furnished to
the purchaser stating that samples representing each lot have
been manufactured, tested, and inspected in accordance with
this specification and the requirements have been met. When
specified in the purchase order or contract, a report of the test
results shall be furnished.

12. Product Marking
12.1 All ingots shall be properly marked for identification

with the producer’s name or brand.

12.2 Each bundle or skid shall be identified with the
producer’s heat, lot, or other identification mark.

13. Packaging and Package Marking

13.1 Unless otherwise specified, the ingot shall be packaged
to provide adequate protection during normal handling and
transportation. Each package shall contain only one alloy
unless otherwise agreed upon.

14. Keywords

14.1 GALFAN; hot dip coating alloy; zinc alloy; zinc-5 %
aluminum mischmetal alloy

SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue
(B 750 - 99e1) that may impact the use of this standard.

(1) Trade name GALFAN was added to the title, 1.1, Table 1
and Keywords.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 751 – 03

Standard Specification for
General Requirements for Nickel and Nickel Alloy Welded
Tube1

This standard is issued under the fixed designation B 751; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification contains various requirements that,
with the exception of Sections 6 and 7, are mandatory
requirements to the following ASTM nickel and nickel alloy,
longitudinally welded tubular product specifications:

Title of Specification
ASTM

Designation2,3

Welded UNS N08020, N08024, and UNS N08026 Alloy Tubes B 468
Welded UNS N08120, UNS N08800, UNS N08810, UNS
N08811 Alloy Tubes

B 515

Welded Nickel-Chromium-Iron Alloy (UNS N06600, UNS
N06603, UNS N06025, and UNS N06045) Tubes

B 516

Welded Nickel and Nickel-Cobalt Alloy Tube B 626
UNS N08904, UNS N08925, and UNS N08926 Welded Tube B 674
UNS N08366 and UNS N08367 Welded Tube B 676
Welded UNS N06625, N06219, and N08825 Alloy Tubes B 704
Ni-Cr-Mo-Co-W-Fe-Si Alloy (UNS N06333) Welded Tube B 726
Welded Nickel (UNS N02200/UNS N02201) and Nickel Cop-
per Alloy (UNS N04400) Tube

B 730

1.2 One or more of the test requirements of Section 6 apply
only if specifically stated in the product specification or in the
purchase order.

1.3 In case of conflict between a requirement of the product
specification and a requirement of this general specification,
only the requirement of the product specification need be
satisfied.

1.4 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 39 Test Methods for Chemical Analysis of Nickel6

E 76 Test Methods for Chemical Analysis of Nickel-Copper
Alloys7

E 112 Test Methods for Determining the Average Grain
Size4

E 213 Practice for Ultrasonic Examination of Metal Pipe
and Tubing8

E 273 Practice for Ultrasonic Examination of the Weld
Zone of Welded Pipe and Tubing8

E 309 Practice for Eddy-Current Examination of Steel Tu-
bular Products Using Magnetic Saturation8

E 426 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Seamless and Welded Tubular Products, Austen-
itic Stainless Steel and Similar Alloys8

E 571 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Nickel and Nickel Alloy Tubular Products8

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys7

2.2 Other Documents:
SNT-TC-1A Recommended Practice for Nondestructive

Personnel Qualification and Certification9

3. Terminology

3.1 Definitions:

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved June 10, 2003. Published July2003. Originally ap-
proved in 1985. Last previous edition approved in 2002 as B 751 - 02.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 02.01.

4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Discontinued; SeeAnnual Book of ASTM Standards, Vol 03.05.
7 Annual Book of ASTM Standards, Vol 03.05.
8 Annual Book of ASTM Standards, Vol 03.03.
9 Available from The American Society for Nondestructive Testing (ASNT), P.O.

Box 28518, 1711 Arlingate Ln., Columbus, OH 43228-0518.

1
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3.1.1 average diameter—the average of the maximum and
minimum outside diameters, as determined at any one cross
section of the tube.

3.1.2 nominal wall—a specified wall thickness with a plus
and minus tolerance from the specified thickness.

3.1.3 thin wall tube—tube with specified wall thickness 3 %
or less of the specified outside diameter.

3.1.4 welded tube—a hollow product of round or any other
cross section having a continuous periphery.

4. Dimensions and Permissible Variations

4.1 Diameter and Wall Thickness—Individual measure-
ments shall not exceed the tolerances specified in Table 1. The
permissible variation in outside diameter is not sufficient to
provide for ovality in thin-walled tubes. For thin-walled tubes
the maximum and minimum diameters at any cross section
shall not deviate from the nominal diameter by more than twice
the permissible variation in outside diameter given in the table;
however, the mean diameter at that cross section must still be
within the permissible variation.

4.2 Length—When material is ordered cut-to-length, the
length shall conform to the permissible variations prescribed in
Table 2.

4.3 Straightness—Material shall be reasonably straight and
free of bends and kinks.

4.4 Ends—Ends shall be plain or cut and deburred.

5. Workmanship, Finish, and Appearance

5.1 The material shall be uniform in quality and temper,
smooth, and free of imperfections that would render it unfit for
use.

6. Test Requirements

6.1 Flange Test:
6.1.1 A length of tube not less than three times the specified

diameter or 4 in. (102 mm), whichever is longer, shall be
capable of having a flange turned over at a right angle to the
body of the tube without cracking or showing imperfections
rejectable under the provisions of the product specification.
The width of the flange shall not be less than 15 % of the tube
diameter.

6.1.2 The flanged specimen shall not exhibit through wall
cracking or any cracking observable without magnification.

6.2 Flattening Test:
6.2.1 A length of tube not less than 4 in. (102 mm), shall be

flattened under a load applied gradually at room temperature

until the distance between the platens is five times the wall
thickness. The weld shall be positioned 90° from the direction
of the applied flattening force.

6.2.2 The flattened specimen shall not exhibit cracks.
6.2.3 Superficial ruptures resulting from surface imperfec-

tions shall not be a cause for rejection.
6.3 Flare Test—The flare test shall consist of flaring a test

specimen with an expanding tool having an included angle of
60° until the specified outside diameter has been increased by
30 %. The flared specimen shall not exhibit cracking through
the wall.

6.4 Pressure (Leak Test):
6.4.1 Hydrostatic—Each tube with an outside diameter1⁄8

in. (3 mm) and larger, and with wall thickness of 0.015 in.
(0.38 mm) and over, shall be tested by the manufacturer to an
internal hydrostatic pressure of 1000 psi (6.9 MPa) provided
that the fiber stress calculated in accordance with the following
equation does not exceed the allowable fiber stress,S, indicated
as follows:

P 5 2St/D (1)

where:
P = hydrostatic test pressure, psi (MPa),
S = allowable fiber stress, for material in the condition

(temper) furnished as specified in the product speci-
fication (S is calculated as the lower of2⁄3 of the
specified minimum 0.2 % offset yield strength or1⁄4 of
the specified minimum ultimate strength for the ma-
terial),

t = minimum wall thickness, in. (mm), equal to the
specified average wall minus the permissible minus
wall tolerance, or the specified minimum wall thick-
ness, and

D = outside diameter of the tube, in. (mm).
6.4.1.1 The test pressure must be held for a minimum of

5 s.

TABLE 1 Permissible Variations for Outside Diameter and Wall Thickness of Welded Tube A,B

Specified Outside Diameter Outside Diameter
Permissible Variations

of Thickness of
Specified Nominal Wall, %

Thickness of
Specified Minimum Wall,%

in. (mm) + − + − + −

Over 0.125 (3.2) to 5⁄8 (16), excl 0.004 (0.13) 0.005 (0.10) 12.5 12.5 28 0
5⁄8 (16) to 11⁄2 (38), incl 0.0075 (0.19) 0.0075 (0.19) 12.5 12.5 28 0
Over 11⁄2 (38) to 3 (76), incl 0.010 (0.25) 0.010 (0.25) 12.5 12.5 28 0
Over 3 (76) to 41⁄2 (114), incl 0.015 (0.38) 0.015 (0.38) 12.5 12.5 28 0
Over 41⁄2 (114) to 6 (152), incl 0.020 (0.51) 0.020 (0.51) 12.5 12.5 28 0

AThese permissible variations in outside diameter apply only to material as finished at the mill before subsequent swaging, expanding, bending, polishing, or other
fabricating operations.

BThe ovality provisions of 4.1 apply.

TABLE 2 Permissible Variations in Length A

Outside Diameter, in. (mm) Cut Length, in. (mm)
Over Under

Cold-finished: under 2 (50.8) 1⁄8 (3.2) 0
Hot-finished: 2 (50.8) and over 3⁄16 (4.8) 0
all sizes 3⁄16 (4.8) 0

AThese permissible variations in length apply to tube in straight lengths. They
apply to cut lengths up to and including 24 ft (7.3 m). For lengths over 24 ft an
additional over-tolerance of 1⁄8 in. (3.2 mm) for each 10 ft (3.0 m) or fraction thereof
shall be permissible up to a maximum additional over-tolerance of 1⁄2 in. (12.7 mm).
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NOTE 1—Testing at a pressure greater than 1000 psi can be done as
agreed upon by the purchaser and manufacturer provided that the
allowable fiber stress is not exceeded.

6.4.2 Pneumatic (Air Underwater) Test— Each tube with a
nominal wall thickness exceeding 0.025 in. (0.64 mm) shall be
tested at a minimum pressure of 150 psi (1.05 MPa). The test
pressure for tubes having a nominal wall thickness of 0.025 in.
(0.64 mm) and under shall be 75 psi (0.52 MPa) minimum. The
test pressure shall be held for a minimum of 5 s. Visual
examination is to be made when the material is submerged and
under pressure. The full length of material must be examined
for leaks.

6.4.3 If any tube shows leaks during hydrostatic or pneu-
matic testing, it shall be rejected.

6.5 Nondestructive Examination:

6.5.1 Each tube shall be examined by a nondestructive
examination method in accordance with Practices E 213,
E 309, E 426, or E 571. Upon agreement, Practice E 273 shall
be employed in addition to one of the full periphery tests. The
range of tube sizes that may be examined by each method shall
be subject to the limitations in the scope of that practice. In
case of conflict between these methods and practices and this
specification, the requirements of this specification shall pre-
vail

6.5.2 The following information is for the benefit of the user
of this specification.

6.5.2.1 Calibration standards for the nondestructive electric
test are convenient standards for calibration of nondestructive
testing equipment only. For several reasons, including shape,
orientation, width, etc., the correlation between the signal
produced in the electric test from an imperfection and from
calibration standards is only approximate. A purchaser inter-
ested in ascertaining the nature (type, size, location, and
orientation) of discontinuities that can be detected in the
specific application of these examinations should discuss this
with the manufacturer of the tubular product.

6.5.2.2 The ultrasonic examination referred to in this speci-
fication is intended to detect longitudinal discontinuities having
a reflective area similar to or larger than the calibration
reference notches specified in 6.5.8. The examination may not
detect circumferentially oriented imperfections or short, deep
defects.

6.5.2.3 The eddy current examination referenced in this
specification has the capability of detecting significant discon-
tinuities, especially of the short abrupt type. Practices E 309
and E 426 contain additional information regarding the capa-
bilities and limitations of eddy-current examination.

6.5.2.4 The hydrostatic test referred to in 6.4.1 is a test
method provided for in many product specifications. This test
has the capability of finding defects of a size permitting the test
fluid to leak through the tube wall and may be either visually
seen or detected by a loss of pressure. This test may not detect
very tight, through-the-wall defects or defects that extend an
appreciable distance into the wall without complete penetra-
tion.

6.5.2.5 A purchaser interested in ascertaining the nature
(type, size, location, and orientation) of discontinuities that can
be detected in the specific application of these examinations
should discuss this with the manufacturer of the tubular
products.

6.5.3 Time of Examination:
Nondestructive examination for specification acceptance

shall be performed after all deformation processing, heat
treating, welding, and straightening operations. This require-
ment does not preclude additional testing at earlier stages in the
processing.

6.5.4 Surface Condition:
6.5.4.1 All surfaces shall be free of scale, dirt, grease, paint,

or other foreign material that could interfere with interpretation
of test results. The methods used for cleaning and preparing the
surfaces for examination shall not be detrimental to the base
metal or the surface finish.

6.5.4.2 Excessive surface roughness or deep scratches can
produce signals that interfere with the test.

6.5.5 Extent of Examination:
6.5.5.1 The relative motion of the tube and the transduc-

er(s), coil(s), or sensor(s) shall be such that the entire tube
surface is scanned, except for end effects as noted in 6.5.5.2.

6.5.5.2 The existence of end effects is recognized, and the
extent of such effects shall be determined by the manufacturer,
and, if requested, shall be reported to the purchaser. Other
nondestructive tests may be applied to the end areas, subject to
agreement between the purchaser and the manufacturer.

6.5.6 Operator Qualifications:
6.5.6.1 The test unit operator shall be certified in accordance

with SNT TC-1-A, or an equivalent documented standard
agreeable to both purchaser and manufacturer.

6.5.7 Test Conditions:
6.5.7.1 For examination by the ultrasonic method, the mini-

mum nominal transducer frequency shall be 2.0 MHz, and the
maximum transducer size shall be 1.5 in. (38 mm).

6.5.7.2 For eddy current testing, the excitation coil fre-
quency shall be chosen to ensure adequate penetration, yet
provide good signal-to-noise ratio. The maximum coil fre-
quency shall be:

Specified Wall Thickness, in. (mm) Maximum Frequency, kHz

<0.050 in. (1.25 mm) 100
0.050 to 0.150 (1.25 to 3.80 mm) 50
>0.150 (3.80 mm) 10

6.5.8 Reference Standards:
6.5.8.1 Reference standards of convenient length shall be

prepared from a length of tube of the same grade, specified size
(outside diameter and wall thickness), surface finish, and heat
treatment condition as the tubing to be examined.

6.5.8.2 For eddy current testing, the reference standard shall
contain, at the option of the manufacturer, any one of the
following discontinuities:

(a) Drilled Hole—The reference standard shall contain
three or more holes, equally spaced circumferentially around
the tube and longitudinally separated by a sufficient distance to
allow distinct identification of the signal from each hole. The
holes shall be drilled radially and completely through the tube
wall, with care being taken to avoid distortion of the tube while
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drilling. The holes shall no be larger than 0.031 in. (0.8 mm) in
diameter. As an alternative, the producer may choose to drill
one hole and run the calibration standard through the test coil
three times, rotating the tube approximately 120° each time
More passes with smaller angular increments may be used,
provided testing of the full 360° of the coil is obtained. For
welded tubing, if the weld is visible, one of the multiple holes
or the single hole shall be drilled in the weld.

(b) Transverse Tangential Notch—Using a round tool or
file with a 1⁄4 in. (6.4 mm) diameter, a notch shall be milled or
filed tangential to the surface and transverse to the longitudinal
axis of the tube. Said notch shall have a depth not exceeding
12 1⁄2 % of the specified wall thickness of the tube or 0.04 in.
(0.1 mm), whichever is greater.

(c) Longitudinal Notch—A notch 0.031 in. (0.8 mm) or less
in width shall be machined in a radial plane parallel to the tube
axis on the outside surface of the tube, to have a depth not
exceeding 121⁄2 % of the specified wall thickness of the tube
or 0.004 in. (0.1 mm), whichever is greater. The length of the
notch shall be compatible with the testing method.

6.5.8.3 For ultrasonic testing, the reference ID and OD
notches shall be any one of the three common notch shapes
shown in Practice E 213, at the option of the manufacturer. The
depth of the notches shall not exceed 121⁄2 % of the specified
wall thickness of the tube or 0.004 in. (0.1 mm), whichever is
greater. The width of the notch shall not exceed two times the
depth. For welded tubing, the notches shall be placed in the
weld, if the weld is visible.

6.5.8.4 More or smaller reference discontinuities, or both,
may be used by agreement between the purchaser and the
manufacturer.

6.5.9 Standardization Procedure:
6.5.9.1 The test apparatus shall be standardized at the

beginning and end of each series of tubes of the same specified
size (diameter and wall thickness), grade and heat treatment
condition, and at intervals not exceeding 4 h during the
examination of such tubing. More frequent standardizations
may be performed at the manufacturer’s option or may be
required upon agreement between the purchaser and the
manufacturer.

6.5.9.2 The test apparatus shall also be standardized after
any change in test system settings, change of operator, equip-
ment repair, or interruption due to power loss or shutdown.

6.5.9.3 The reference standard shall be passed through the
test apparatus at the same speed and test system settings as the
tube to be tested, except that, at the manufacturer’s discretion,
the tubes may be tested at a higher sensitivity.

6.5.9.4 The signal-to-noise ratio for the reference standard
shall be 2.5:1 or greater, and the reference signal amplitude for
each discontinuity shall be at least 50 % of full scale of the
display. In establishing the noise level, extraneous signals from
identifiable surface imperfections on the reference standard
may be ignored. When reject filtering is used during UT
testing, linearity must be demonstrated.

6.5.9.5 If, upon any standardization, the reference signal
amplitude has decreased by at least 29 % (3.0 dB), the test
apparatus shall be considered out of standardization. The test
system settings may be changed, or the transducer(s), coil(s),

or sensor(s) adjusted, and the unit restandardized, but all tubes
tested since the last acceptable standardization must be re-
tested.

6.5.10 Evaluation of Imperfections:
6.5.10.1 Tubing producing a test signal equal to or greater

than the lowest signal produced by the reference standard shall
be designated suspect, shall be clearly marked or identified,
and shall be separated from the acceptable tubing.

6.5.10.2 Such suspect tubing shall be subject to one of the
following three dispositions:

(a) The tubes shall be rejected without further examination,
at the discretion of the manufacturer.

(b) If the test signal was produced by imperfections such as
scratches, surface roughness, dings, straightener marks, loose
ID bead and cutting chips, steel die stamps, stop marks, tube
reducer ripple, or chattered flash trim, the tubing shall be
accepted or rejected depending on visual observation of the
severity of the imperfection, the type of signal it produces on
the testing equipment used, or both.

(c) If the test signal was produced by imperfections that
cannot be identified, or was produced by cracks or crack-like
imperfections, the tubing shall be rejected.

6.5.10.3 Any tubes with imperfections of the types in
6.5.10.2, (a) and (b), exceeding 0.004 in. (0.1 mm) or 121⁄2 %
of the specified minimum wall thickness (whichever is greater)
in depth shall be rejected.

6.5.10.4 Rejected tubes may be reconditioned and retested
providing the wall thickness is not decreased to less than that
required by this or the product specification. If grinding is
performed, the outside diameter in the area of grinding may be
reduced by the amount so removed. To be accepted, recondi-
tioned tubes must pass the nondestructive examination by
which they were originally rejected.

6.6 Chemical Composition:
6.6.1 In case of disagreement, the chemical composition

shall be determined in accordance with Table 3.

6.6.2 The material shall conform to the chemical require-
ments prescribed in the individual specification.

6.6.3 The product (check) analysis of the material shall meet
the requirements for the ladle analysis within the tolerance
limits prescribed in Specification B 880.

6.7 Tension Test:
6.7.1 Tension testing shall be conducted in accordance with

Test Methods E 8.
6.7.2 The material shall conform to the tensile properties

prescribed in the individual specification.
6.8 Hardness Test—Hardness testing shall be conducted in

accordance with Test Methods E 18.
6.9 Grain Size—The measurement of average grain size

may be carried out by the planimetric method, the comparison
method, or the intercept method described in Test Methods

TABLE 3 Chemical Composition

UNS No. Prefixes ASTM Method

N02 E 39
N04 E 76
N06, N08 E 1473
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E 112. In case of dispute, the “referee” method for determining
average grain size shall be the intercept method.

6.10 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded in accordance with the rounding method of Practice
E 29:

Requirements
Rounded Unit for Observed

or Calculated Value
Chemical composition

and tolerances
nearest unit in the last right-hand place of figures
of the specified limit

Tensile strength and yield
strength

nearest 1000 psi (7 MPa)

Elongation nearest 1 %

7. Sampling

7.1 Lot—A lot for chemical analysis shall consist of one
heat.

7.1.1 A lot for all other testing shall consist of all material
from the same heat, nominal size (excepting length), and
condition (temper). When final heat treatment is in a batch-type
furnace, a lot shall include only those tubes of the same size
and the same heat which are heat-treated in the same furnace
charge. When the final heat treatment is in a continuous
furnace, a lot shall include all tubes of the same size and heat,
annealed in the same furnace at the same temperature, time at
temperature, and furnace speed, except not to exceed 20 000
lb.

7.1.2 Where material cannot be identified by heat, a lot shall
consist of not more than 500 lb (277 kg) of material of the same
alloy in the same condition (temper) and nominal size (except-
ing length).

NOTE 2—For tension, hardness, flare flattening, and flange test require-
ments, the term lot applies to all tubes prior to cutting.

7.2 Test Material Selection:
7.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

7.2.2 Mechanical and Other Properties— Samples of the
material to provide test specimens for mechanical and other
properties shall be taken from such locations in each lot as to
be representative of that lot. Test specimens shall be taken from
material in the final condition (temper).

8. Retests and Retreatment

8.1 Retests—If the results of the mechanical tests of any
group or lot do not conform to the requirements specified in the
individual specification, retests may be made on additional
tubes of double the original number from the same group or lot,
each of which shall conform to the requirements specified.

8.2 Retreatment—If the individual tube or the tubes selected
to represent any group or lot fail to conform to the test
requirements, the individual tubes or the group or lot repre-
sented may be reheat treated and resubmitted for test. Not more
than two reheat treatments shall be permitted.

9. Specimen Preparation

9.1 Room Temperature Tensile Specimen— Material shall
be tested in the direction of fabrication. Whenever possible, the

tube shall be tested in full tubular size. When testing in full
tubular size is not possible, longitudinal strip specimens or the
largest possible round specimen shall be used. In the event of
disagreement when full tubular testing is not possible, a
longitudinal strip specimen with reduced gage length as
contained in Test Methods E 8 shall be used.

9.2 Hardness Specimen—The hardness specimen shall be
prepared in accordance with Test Methods E 18. The test shall
be made on the inside diameter surface of a specimen cut from
the end or on the inside of the tube near the end, at the option
of the manufacturer.

9.3 Grain Size—If required, the grain size specimen shall be
a transverse sample representing full wall thickness.

10. Inspection

10.1 Inspection of the material shall be agreed upon by the
purchaser and the supplier as part of the purchase contract.

11. Rejection and Rehearing

11.1 Material tested by the purchaser that fails to conform to
the requirements of this specification may be rejected. Rejec-
tion should be reported to the producer or supplier promptly
and in writing. In case of dissatisfaction with the results of the
test, the producer or supplier may make claim for a rehearing.

12. Certification

12.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that the material has been manufactured, tested, and
inspected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

13. Product Marking

13.1 Material Marking:
13.1.1 The name or brand of the manufacturer, the name of

the material or UNS number, the letters ASTM, the product
specification number, heat number, class and nominal size shall
be legibly marked on each piece3⁄4 in. (19.0 mm) and over in
outside diameter, provided the length is not under 3 ft (914
mm). The material marking shall be by any method that will
not result in harmful contamination.

13.1.2 For material less than3⁄4 in. (19.0 mm) in outside
diameter and material under 3 ft (914 mm) in length, the
information specified in 13.1.1 shall be either legibly marked
on each piece or marked on a tag securely attached to the
bundle or box in which the tube is shipped at the option of the
manufacturer.

13.2 Packaging—The following information shall be
marked on the material or included on the package, or on a
label or tag attached thereto: The name of the material or UNS
number, heat number, condition (temper), the letters ASTM,
the product specification number, the size, gross, tare and net
weight, consignor and consignee address, contract or order
number, or such other information as may be defined by the
contract or purchase order.
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14. Keywords
14.1 welded tube

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 752 – 01

Standard Specification for
Castings, Zirconium-Base, Corrosion Resistant, for General
Application 1

This standard is issued under the fixed designation B 752; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers zirconium and zirconium-alloy
castings for general corrosion-resistant and industrial applica-
tions.

1.2 The values stated in either inch-pound units or SI units
are to be regarded separately as standard. Within the text, the
SI units are shown in brackets. The values stated in each
system are not exact equivalents; therefore, each system shall
be used independently of the other. Combining values from the
two systems may result in nonconformance with the specifi-
cation.

2. Referenced Documents

2.1 ASTM Standards:
A 802/A 802M Practice for Steel Castings, Surface Accep-

tance Standards, Visual Examination2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 10 Test Method for Brinell Hardness of Metallic Materi-
als3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 23 Test Methods for Notched Bar Impact Testing of
Metallic Materials3

E 94 Guide for Radiographic Testing4

E 142 Method for Controlling Quality of Radiographic
Testing4

E 165 Test Method for Liquid Penetrant Examination4

E 446 Reference Radiographs for Steel Castings Up to 2 in.
(51 mm) in Thickness4

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 pour—shall consist of all material melted and cast at

one time.
3.2 Lot Definitions:

3.2.1 castings—a lot shall consist of all castings produced
from the same pour.

3.2.2 ingot—no definition required.
3.2.3 rounds, flats, tubes, and wrought powder metallurgical

products (single definition, common to nuclear and non-
nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same
ingot or powder blend by the same reduction schedule and the
same heat treatment parameters. Unless otherwise agreed
between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace load for final batch anneal.

3.2.4 sponge—a lot shall consist of a single blend produced
at one time.

3.2.5 weld fittings—definition is to be mutually agreed upon
between manufacturer and the purchaser.

4. Ordering Information

4.1 Orders for castings to this specification shall include the
following, as required to describe the requirements adequately.

4.1.1 Description of the castings by pattern number or
drawing (dimensional tolerances shall be included on the
casting drawing),

4.1.2 Quantity,
4.1.3 Grade Designation (see Table 1),
4.1.4 Options in the specification, and
4.1.5 Supplementary requirements desired, including the

standards of acceptance.

5. Materials and Manufacture

5.1 Material for this specification shall be melted by con-
ventional processes used for reactive metals. Typical methods
include the consumable electrode and inductoslag melting
processes.

6. Chemical Composition

6.1 Pour Analysis— An analysis of each pour shall be made
by the producer from a sample such as a casting or test bar that
is representative of the pour. The chemical composition deter-
mined shall conform to the requirements specified for the
relevant grade in Table 1.

6.1.1 The elements listed in Table 1 are intentional alloying
additions of elements which are inherent to the manufacture of

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.02 on Zirconium and Hafnium.

Current edition approved Nov. 10, 2001. Published January 2002. Originally
published as B 752 – 85. Last previous edition B 752 – 97.

2 Annual Book of ASTM Standards, Vol 01.02.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 03.03.
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primary zirconium, zirconium sponge, mill product or castings.
6.1.1.1 Elements other than those listed in Table 1 are

deemed to be capable of occurring in the grades listed in Table
1 by and only by way of unregulated or unanalyzed scrap
additions to the pour. Therefore, pour analysis for elements not
listed in Table 1 shall be considered to be in excess of the intent
of this specification.

6.2 When agreed upon by producer and purchaser and
requested by the purchaser in his written purchase order,
chemical analysis shall be completed for specific residual
elements not listed in this specification.

6.3 Product Analysis— A product analysis may be made by
the purchaser on a representative casting from any lot. Because
of the possibility of oxygen or other interstitial contamination,
samples for oxygen, carbon, hydrogen, and nitrogen analysis
shall be taken no closer than1⁄4in. [6.3 mm] to a cast surface
except that castings too thin for this shall be analyzed on
representative material. The chemical composition determined
shall conform to the analysis in Table 1 within the check
analysis variations shown in Table 2 or shall be subject to
rejection by the purchaser.

6.4 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified
by the purchase, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

7. Heat Treatment

7.1 Unless otherwise specified in the contract, all castings
will be supplied in the as-cast condition except when post-weld
heat treatment is required.

7.2 If post-weld heat treatment is required, it shall consist of
a stress relief performed at 10506 50°F [5656 25°C] for a
minimum of 1⁄2h at temperature plus an additional1⁄2h at
temperature per inch of thickness for section sizes greater than
1 in. [25 mm]. After heat treatment, the castings should be
cooled in air or in the furnace to ambient temperature unless
otherwise agreed upon between the purchaser and producer.

8. Workmanship, Finish, and Appearance

8.1 All castings shall be made in a workmanlike manner and
shall conform to the dimensions in drawings furnished by the
purchaser before manufacturing is started. If the pattern is
supplied by the purchaser, the dimensions of the casting shall
be as predicted by the pattern.

8.2 The surface of the casting shall be free of adhering mold
material, scale, cracks, and hot tears as determined by visual
examination. Other surface discontinuities shall meet the visual
acceptance standards specified in the order. Practice A 802/
A 802M or other visual standards may be used to define
acceptable surface discontinuities and finish. Unacceptable
surface discontinuities shall be removed, and their removal
verified by visual examination of the resultant cavities.

9. Repair by Welding

9.1 If repairs are required, these shall be made using a
welding procedure and operators certified to quality require-
ments established by the producer. The procedures developed
shall be consistent with standard practices recommended for
reactive metal alloys. The producer shall maintain documenta-
tion on procedure and welder qualifications. Procedure modi-
fications or special arrangements shall be as agreed upon
between the producer and purchaser.

9.2 Weld repairs shall be considered major in the case of a
casting that has leaked on a hydrostatic test or when the depth
of the cavity after preparation for repair exceeds 20 % of the
actual wall thickness or 1 in. [25 mm], whichever is smaller, or
when the surface area of the cavity exceeds approximately 10
in.2 [6500 mm2]. All other weld repairs shall be considered
minor. Major and minor repairs shall be subject to the same
quality standards as are used to inspect the castings.

9.3 The composition of the deposited weld metal shall be
within the chemical requirements for each grade established in
Table 1.

9.4 All castings with major weld repairs shall be stress
relieved after repair in accordance with 7.2. Stress relief after
minor repairs is not required for grades 702C and 704C except
by agreement between the producer and the purchaser. Grade
705C must be stress relieved after any weld repair.

10. Inspection

10.1 The producer shall afford the purchaser’s inspector all
reasonable facilities necessary to satisfy him that the material
is being produced and furnished in accordance with this
specification. Foundry inspection by the purchaser shall not
interfere unnecessarily with the producer’s operations. All tests

TABLE 1 Chemical Requirements A

Grade Designation,
Composition, %

702C 704C 705C

Zirconium and hafnium,
min.

98.8 97.1 95.1

Hafnium, max
Iron and chro-

mium, max

4.5
0.3

4.5
0.3

4.5
0.3

Hydrogen, max 0.005 0.005 0.005
Nitrogen, max 0.03 0.03 0.03
Carbon, max 0.1 0.1 0.1
Oxygen, max 0.25 0.3 0.3
Phosphorus, max 0.01 0.01 0.01
Tin ... 1.0 to 2.0 ...
Niobium ... ... 2.0 to 3.0
A By agreement between the purchaser and the producer, analysis may be

required and limits established for elements and compounds not specified in this
table.

TABLE 2 Check Analysis Tolerances

Element
Maximum
of Range,
Weight, %

Permissible
Variation
in Check
Analysis

Nitrogen 0.03 + 0.006
Carbon 0.10 + 0.02
Hydrogen 0.005 + 0.001
Iron and chromium 0.30 + 0.06
Oxygen 0.25 + 0.05
Hafnium 4.50 + 0.50
Phosphorus 0.010 + 0.003
Tin 1.0 to 2.0 60.02
Niobium 2.0 to 3.0 60.015
Residuals 0.10 + 0.02
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and inspections, with the exception of product analysis (6.3),
shall be made at the place of manufacture, testing, or inspection
unless otherwise agreed upon.

11. Rejection

11.1 Any rejection based on test reports shall be reported to
the producer within 60 days from the receipt of the test reports
by the purchaser.

11.2 Material that shows unacceptable discontinuities as
determined by the acceptance standards specified on the order,
subsequent to acceptance at the producer’s works, will be
rejected, and the producer shall be notified within 60 days, or
as otherwise agreed upon.

12. Product Marking

12.1 Unless otherwise specified, the following shall apply:

12.1.1 Castings shall be marked for material identification
with the ASTM specification number (B 752) and grade
symbol, that is, 702C, 704C, or 705C.

12.1.2 The producer’s name or identification mark and the
pattern number shall be cast or stamped using low stress
stamps on all castings. Small size castings may be such that
marking must be limited consistent with the available area.

12.1.3 The marking of lot numbers on individual castings
shall be agreed upon between the producer and the purchaser.

12.1.4 Marking shall be in such a position as not to injure
the usefulness of the casting.

13. Keywords

13.1 castings; corrosion-resistant; zirconium; zirconium al-
loys

SUPPLEMENTARY REQUIREMENTS

Supplementary requirements shall be applied only when specified by the purchaser. Details of the
supplementary requirements shall be agreed upon between the producer and purchaser. The specified
tests shall be performed by the producer prior to shipment of the castings.

S1. Radiographic Examination

S1.1 The castings shall be examined for internal defects by
means of X rays or gamma rays. The procedure shall be in
accordance with Guide E 94 and Method E 142, and types and
degrees of discontinuities shall be judged by Reference Radio-
graphs E 446. The extent of examination and basis for accep-
tance shall be agreed upon between the producer and pur-
chaser.

S2. Liquid Penetrant Examination

S2.1 The castings shall be examined for surface disconti-
nuities by means of liquid penetrant examination. The exami-
nation shall be in accordance with Test Method E 165. Areas to
be inspected, methods and types of liquid penetrants to be used,
developing procedure, and basis for acceptance shall be agreed
upon between the producer and purchaser.

S3. Examination of Weld Preparation

S3.1 Cavities prepared for welding as a result of surface
discontinuities, such as cracks, open porosity, and so forth shall
be examined by means of liquid penetrant examination in order
to verify removal of such discontinuities.

S3.2 Weld repairs that are made to eliminate discontinuities
that are detected by radiography shall be re-radiographed to
verify that unacceptable discontinuities have been removed.

S4. Certification

S4.1 A test report shall be furnished. The test report shall
contain the results of the actual chemical analysis and other
tests specified by the purchaser.

S4.2 Each test report shall be signed by an authorized agent
of the seller or producer.

S4.3 The test report shall be furnished within 5 days of
shipment of the castings.

S5. Prior Approval of Major Weld Repairs

S5.1 Major weld repairs as defined and agreed upon be-
tween the producer and purchaser shall be subject to the prior
approval of the purchaser.

S6. Tension Test

S6.1 Tensile properties shall be determined on material
representing each pour. Properties shall be determined in the
as-cast condition unless the purchase order requires the prop-
erties be determined in the final condition after all heat
treatments (including isostatic pressing) have been completed
or unless otherwise specified in the purchase order. The results
shall conform to the requirements specified in Table 3.

S6.2 Test bars may be obtained from special test blocks cast
for that purpose or cut from castings processed with a lot.

S6.3 Tensile tests shall be made in accordance with the
requirements of Test Methods E 8. Tensile properties shall be

TABLE 3 Tensile and Hardness Requirements

Grade

Tensile
Strength,

min

Yield
Strength, 0.2 %

Offset, min

Elongation
in 1 in.

[51 mm]
length, min, %

Hardness,
HB, max

Hardness,
Rockwell,

max
ksi MPa ksi MPa

702C 55 [380] 40 [276] 12 210 B96
704C 60 [413] 40 [276] 10 235 B99
705C 70 [483] 50 [345] 12 235 B99
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determined using a strain rate of 0.003 to 0.007 in./in./min
[0.005 to 0.007 mm/mm/min] through the yield strength.

S6.4 If any test specimen shows defective machining or
develops flaws, it may be discarded and another specimen
substituted from the same pour.

S7. Hardness Test

S7.1 Hardness shall be determined on each lot. Hardness
shall be determined in the as-cast condition unless the purchase
order requires the hardness be determined in the final condition
after all heat treatments (including isostatic pressing) have
been completed or unless otherwise specified in the purchase
order. The results shall conform to the requirements specified
in Table 3.

S7.2 Hardness shall be determined on a sample cast for that
purpose, or on a casting randomly selected from a lot. If a
casting is used for a hardness sample, indentations shall be
made in a surface that will not be subsequently machined.
Hardness values reported shall be representative of the base
metal of the castings and not of any surface contamination
caused by mold-metal interactions.

S7.3 Hardness tests shall be made in accordance with the

requirements of Test Methods E 10 or E 18.

S8. Hot Isostatic Pressing (HIP)

S8.1 Hot Isostatic Pressing (HIP) shall be used to improve
as-cast properties or remove internal defects, or both. Tempera-
ture, time at temperature, and atmosphere shall be agreed upon
between supplier and purchaser.

S8.2 HIP may be substituted for required thermal treatment
provided all requirements for that treatment are met and
temperatures detrimental to the material properties are not
reached.

S9. Charpy Impact Test

S9.1 Charpy impact test properties shall be determined on
material representing each lot. Three Charpy V-notch speci-
mens shall be made from a test piece and tested in accordance
with Test Methods E 23. They shall be tested at room tempera-
ture unless otherwise agreed upon by the manufacturer and
purchaser and reported as absorbed energy. The condition of
the sample material and the acceptance limit shall be agreed to
by both the purchaser and the supplier.

APPENDIX

(Nonmandatory Information)

X1. RATIONALE (COMMENTARY)

X1.1 This specification is intended for use by purchasers or
producers, or both, of reactive metal castings for defining the
requirements and ensuring the properties of castings for unique
corrosion-resistant applications, that is, not for commodity
items which must meet all potential purchasers’ requirements.

X1.1.1 Users are advised to use the specification as a basis
for obtaining castings that will meet minimum acceptance

requirements established and revised by consensus of the
members of the committee.

X1.1.2 User requirements considered more stringent may be
met by the addition to the purchase order of one or more
supplementary requirements, which may include, but are not
limited to, those listed in Sections S1 through S8.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 753 – 01

Standard Specification for
Thermostat Component Alloys 1

This standard is issued under the fixed designation B 753; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification describes requirements for alloys to
be used as components in the manufacture of bonded multi-
component thermostat metal strip. More specifically it de-
scribes alloys having composition, and thermal expansion
suitable for application in thermostat metal sheet and strip.

2. Referenced Documents

2.1 ASTM Standards:
A 480 Specification for General Requirements for Flat-

Rolled Stainless and Heat-Resisting Steel Plate, Sheet, and
Strip2

B 63 Test Method for Resistivity of Metallically Conduct-
ing Resistance and Contact Materials3

B 388 Specification for Thermostat Metal Sheet and Strip3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 228 Test Method for Linear Thermal Expansion of Solid
Materials with a Vitreous Silica Dilatometer5

3. Ordering Information

3.1 Orders for this material under this specification shall
include the following information:

3.1.1 Alloy type,
3.1.2 Size,
3.1.3 Surface finish,
3.1.4 Marking and packaging, and
3.1.5 Certification, if required.

4. General Requirements

4.1 The material shall be free of scale, slivers, cracks,
seams, corrosion and other defects as best commercial practice
will permit. Surfaces shall be uniform and sufficiently clean so

that commonly used methods of surface preparation, or pre-
bond cleaning will allow bonding of the entire mating surfaces.
Since surface condition can vary for different alloys and
because bonding practices vary, product surface condition can
be agreed upon between supplier and purchaser.

5. Chemical Composition

5.1 The material shall be manufactured to the chemical
compositions shown in Table 1.

5.2 The manufacturer will insure uniformity of composition
throughout a heat lot to provide uniform thermal expansion and
electrical resistivity properties.

6. Thermal Expansion Requirements

6.1 Samples tested in accordance with 6.2 shall exhibit
thermal expansion properties described in Table 2.

6.2 One test sample representing each heat lot shall be
machined to a suitable specimen configuration, heat treated in
accordance with instructions in Table 2, and Test Method
E 228.

7. Electrical Resistivity

7.1 The electrical resistivity measured at room temperature
as in Test Method B 63 on suitably prepared and annealed
specimens shall conform to Table 3.

8. Temper

8.1 This product will be supplied in the annealed condition.
8.2 Hardness shall be measured on representative samples

from each heat treat lot and reported as Rockwell B hardness.
8.3 Hardness values shall conform to the requirements in

Table 4 tested as in Test Methods E 18.

9. Dimensions and Permissible Variations

9.1 Permissible variations in thickness and width shall
adhere to those described in Specification A 480. These are
shown in Table 5.

9.2 Edge camber shall conform to Specification A 480.
(Edge camber for widths >1-1⁄2 in. shall be a maximum1⁄4in. on
any 8-ft length.)

9.3 Maximum deviation across the width of the strip at a
given location shall not exceed 3 % of the nominal thickness.

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.10 on Thermostat Metals.

Current edition approved May 10, 2001. Published July 2001.Originally pub-
lished as B 753 - 86. Last previous edition B 753 - 86 (1998).

2 Annual Book of ASTM Standards,Vol 01.03.
3 Annual Book of ASTM Standards,Vol 02.04.
4 Annual Book of ASTM Standards,Vol 03.01.
5 Annual Book of ASTM Standards,Vol 14.02.
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9.4 Slitting burr shall be no greater than 10 % of the
thickness.

10. Certification

10.1 The manufacturer shall provide the purchaser with a
certification containing the following information:

10.1.1 Alloy type,
10.1.2 Specification number,
10.1.3 Dimensions,
10.1.4 Chemical composition by heat number,
10.1.5 Coefficient thermal expansion,
10.1.6 Hardness,
10.1.7 Quantity shipped,
10.1.8 Purchase order number,
10.1.9 Resistivity (optional), and
10.1.10 Manufacturer’s name.

11. Packaging and Marking

11.1 Packaging and unit size shipped shall be subject to
agreement between purchaser and supplier. Packaging will be
sufficient to prevent damage or spoilage in transit.

11.2 Marking shall contain the following information:

11.2.1 Manufacturer’s name,

11.2.2 Alloy type,

11.2.3 Heat number,

11.2.4 Size,

11.2.5 Shipped weight, and

11.2.6 Purchaser’s order number.

12. Investigation of Claims

12.1 Where any material fails to meet the requirements of
the specification, the material so designated shall be handled in
accordance with a mutual agreement between purchaser and
seller.

13. Keywords

13.1 alloys; chemical composition; components; controlled
thermal expansion; electrical resistivity; hardness; temper;
thermostat metal strip

TABLE 1 Suggested Compositions For Thermostat Alloys All Elements Indicated As Weight Percent

NOTE 1—Composition requirements show major elements as being nominal. These nominal requirements indicate they are to be adjusted by the
manufacturer so that the alloys meet the requirements for thermal expansion shown in Table 2. Other elements not shown, may be present in residual
amounts. These shall not be present in sufficient quantity as to significantly affect the performance in the intended application.

Alloy
Description

T-10 T-20 T-22 T-18 T-19 T-14 T-25

Carbon 0.1 max 0.05 max 0.12 nom 0.15 max 0.5 nom 0.5 max 0.15 max
Manganese 72.0 nom 6.5 nom 0.60 max 0.80 max 1.0 nom 9.0 nom 1.0 max
Silicon, max 0.25 0.3 0.30 0.50 0.40 0.30 1.0
Phosphorus, max 0.030 0.02 0.025 0.025 0.025 0.025 0.025
Sulfur, max 0.030 0.01 0.025 0.025 0.025 0.025 0.025
Chromium 0.25 max ... 3.0 nom 11.0 nom 2.0 nom ... 8.0 nom
Nickel, nom 10.0 20.0 22.0 18.0 19.0 14.0 25.0
Copper 18.0 nom ... ... ... ... ... ...
Aluminum ... ... ... ... ... 5.0 nom ...
Cobalt ... ... ... ... ... ... ...
Iron 1.0 max balance balance balance balance balance balance

Alloy
Description T-50 T-45 T-42 T-40 T-39 T-36 T-99

Carbon, max 0.15 max 0.15 0.15 0.15 0.15 0.15 0.15
Manganese, max 0.60 max 0.60 0.60 0.60 0.60 0.60 0.35
Silicon, max 0.40 0.40 0.40 0.40 0.40 0.40 0.35
Phosphorus, max 0.025 0.025 0.025 0.025 0.025 0.025 0.015
Sulfur, max 0.025 0.025 0.025 0.025 0.025 0.025 0.010
Chromium, max 0.50 max 0.50 0.50 0.50 0.50 0.25 0.50
Nickel, nom 50.0 nom 45.0 42.0 40.0 39.0 36.0 99.5
Copper ... ... ... ... ... ... 0.25 max
Aluminum ... ... ... ... ... ... ...
Cobalt, max 0.50 max 0.50 0.50 0.50 0.50 0.50 0.50
Iron balance balance balance balance balance balance 0.40 max
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TABLE 2 Linear Expansion Coefficients For Thermostat Alloys Values Shown Are 10 −6/F° From 77°F (25°C) To Temperatures Indicated A

Alloy
Description

200°F
(93°C)

300°F
(149°C) B

500°F
(260°C)

700°F
(371°C)

Anneal Temperature °F (°C) C

T-10 15.1 15.4 (64 %) 15.6 16.6 1450 (788)
T-20 10.9 11.1 (61–4 %) 11.4 11.5 1600 (871)
T-22 10.7 10.75 (64.5 %) 10.9 10.9 1600 (871)
T-18 10.0 10.0 (64 %) 10.2 10.4 2000 (1093)
T-19 11.1 10.8 (64 %) 11.2 11.2 1900 (1038)
T-14 9.8 10.4 (64 %) 10.7 10.9 2000 (1093)
T-25 9.8 9.8 (64 %) 10.0 10.1 1800 (982)
T-50 5.7 5.6 (68 %) 5.7 5.6 1600 (871)
T-45 4.4 4.3 (68 %) 4.1 4.0 1600 (871)
T-42 3.1 3.0 (68 %) 2.9 3.0 1600 (871)
T-40 2.0 2.2 (68 %) 2.2 3.0 1600 (871)
T-39 1.3–1.9 1.4–2.0 1.5–2.0 2.8–3.3 1600 (871)
T-36 0.5–1.1 0.8–1.4 2.0–2.7 3.7–4.4 1600 (871)
T-99 7.4 7.5 (64 %) 7.8 8.2 1300 (704)

A Linear Thermal Expansion Coefficients shown in English units in the above table can be converted to metric units (10−6/°C) by multiplying the value in the table by
1.8.

B Required thermal expansion coefficient for each alloy class at 300°F (149°C) are shown with allowable tolerance. Values shown at 200°F (93°C). 500°F (260°C) and
700°F (371°C) are typical and are provided for information only.

C Anneal temperature is shown for each class of alloy to be treated prior to thermal expansion testing. Anneal to be performed in protective atmosphere (Non-oxidizing)
for minimum one (1) hour, using heating rates up to 1000°F/h, (538°C/h) and cooling at rates 100 to 500°F (38 to 260°C) per hour.

TABLE 3 Nominal Electrical Resistivity of Thermostat Alloys Values Shown Are Ohm Circular Mil/Ft. (Microhm-CM)

NOTE 1—When required, electrical resistivity shall meet the nominal values shown, within a tolerance of64 %.
NOTE 2—Measurements are to be conducted on samples of uniform dimensions in accordance with Test Method B 63, on fully annealed specimens

representing each heat treat lot. Measurements are to be made at room temperature. 68 to 77°F (20 to 25°C).

Alloy Designation
T-10 T-20 T-22 T-18 T-19 T-14 T-25 T-50 T-45 T-42 T-40 T-39 T-36 T-99

1020
(170)

472
(78.5)

461
(77)

475
(79)

468
(78)

660
(110)

515
(85.6)

245
(40.7)

330
(54.8)

370
(61.5)

380
(63.2)

425
(70.6)

485
(80.6)

51
(8.5)

TABLE 4 Maximum Rockwell B Hardness Required For Thermostat Alloys

NOTE 1—Hardness (Rb) shall be measured for representative samples from each heat treat lot processed at the same time.

Alloy Designation
T-10 T-20 T-22 T-18 T-19 T-14 T-25 T-50 T-45 T-42 T-40 T-39 T-36 T-99

65 70 66 73 78 90 72 72 72 72 72 72 72 64
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TABLE 5 Permissible Variations In Dimensions For Thermostat
Alloy Strip A

NOTE 1—Thickness measurements are taken at least3⁄8 in. (9.52 mm) in from edge of the strip. Tolerances are applicable to measurements at all
locations.

Permissible Variations In Thickness Values Shown Over And Under, in. (mm)

Specified Thickness

Widths

3 / 16 (4.76) to
6 (152.4)

6 (152.4) to
13 (330.2)

0.035 (0.89) to 0.050 (1.27) incl 0.0025 (0.064) 0.0035 (0.089)
0.050 (1.27) to 0.069 (1.75) incl 0.003 (0.08) 0.0035 (0.089)
0.069 (1.75) to 0.100 (2.54) incl 0.003 (0.08) 0.004 (0.10)
0.100 (2.54) to 0.125 (3.18) incl 0.004 (0.10) 0.0045 (0.114)
0.125 (3.18) to 0.161 (4.09) incl 0.0045 (0.114) 0.0045 (0.114)
0.161 (4.09) to 0.187 (4.76) incl 0.005 (0.13) 0.005 (0.13)

Permissible Variations In Width, No. 3 Slit Edge Strip Values
Shown Over And Under, in. (mm)

Specified Thickness

Widths

0.5 (12.7) to
6 (152.4)

6 (152.4) to
9 (228.6)

9 (228.6) to
13 (330.2)

0.068 (1.73) and under 0.005 (0.13) 0.005 (0.13) 0.010 (0.25)
0.099 (2.51) to 0.069 (1.75) incl 0.008 (0.20) 0.010 (0.25) 0.010 (0.25)
0.160 (4.06) to 0.100 (2.54) incl 0.010 (0.25) 0.016 (0.41) 0.016 (0.41)
0.1875 (4.76) to 0.161 (4.09) incl 0.016 (0.41) 0.020 (0.51) 0.020 (0.51)

A This table is from Specification A 480. For sizes not listed in the table above, refer to appropriate table in Specification A 480.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 755 – 00

Standard Specification for
Nickel-Chromium-Molybdenum-Tungsten Alloys (UNS
N06110) Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 755; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers rolled nickel-chromium-
molybdenum-tungsten alloys (UNS N06110)2 plate, sheet, and
strip.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The SI units in parentheses are provided for
information only.

2. Referenced Documents

2.1 ASTM Standards:
B 756 Specification for Nickel-Chromium-Molybdenum-

Tungsten Alloy (UNS N06110) Rod and Bar3

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 The terms given in Table 1 shall apply.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 ASTM designation.
4.1.2 Alloy name or UNS number.
4.1.3 Condition—Table 2 and Appendix X1.
4.1.4 Finish—Appendix X1.
4.1.5 Dimensions—Thickness, width, and length.
4.1.6 Quantity.
4.1.7 Optional Requirements:
4.1.7.1 Sheet and Strip—Whether to be furnished in coil, in

cut straight lengths, or in random straight lengths, and
4.1.7.2 Plate—How plate is to be cut (Table 3 and Table 4).
4.1.8 Certification—State if certification is required (see

Section 15).
4.1.9 Samples for Product (Check) Analysis—Whether

samples for product (check) analysis should be furnished (see
5.2).

4.1.10 Purchaser Inspection—If the purchaser wishes to
witness tests or inspection of material at place of manufacture,
the purchase order must so state indicating which tests or
inspections are to be witnessed (see Section 13).

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 5.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations per B 880.

6. Mechanical Properties

6.1 The material shall conform to the mechanical properties
specified in Table 2.

7. Dimensions and Permissible Variations

7.1 Thickness and Weight:
7.1.1 Plate—For plate up to 2 in. (50.8 mm), inclusive, in

thickness, the permissible variation under the specified thick-
ness and permissible excess in overweight shall not exceed the
amounts prescribed in Table 6.

7.1.1.1 For use with Table 6, plate shall be assumed to
weigh 0.303 lb/in.3(8.386 g/cm3).

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2000. Published November 2000. Originally
published as B 755 – 86. Last previous edition B 755 – 98a.

2 New designation established in accordance with ASTM E527 and SAE J1086,
Recommended Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.06.

1
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7.1.2 Plate—For plate over 2 in. (50.8 mm) in thickness, the
permissible variations over the specified thickness shall not
exceed the amounts prescribed in Table 7.

7.1.3 Sheet and Strip—The permissible variations in thick-
ness of sheet and strip shall be as prescribed in Table 8. The
thickness of strip and sheet shall be measured with the
micrometer spindle3⁄8 in. (9.5 mm) or more from either edge
for material 1 in. (25.4 mm) or over in width and at any place
on the strip under 1 in. in width.

7.2 Width or Diameter:
7.2.1 Plate—The permissible variations in width or rectan-

gular plates and diameter of circular plates shall be as
prescribed in Table 3 and Table 9.

7.2.2 Sheet and Strip—The permissible variations in width
for sheet and strip shall be as prescribed in Table 10.

7.3 Length:
7.3.1 Sheet and strip of all sizes may be ordered to cut

lengths, in which case a variation of1⁄8 in. (3.2 mm) over the
specified length shall be permitted.

7.3.2 Permissible variations in length of rectangular plate
shall be as prescribed in Table 4.

7.4 Straightness:
7.4.1 The edgewise curvature (depth of chord) of flat sheet,

strip, and plate shall not exceed 0.05 in. multiplied by the
length in feet (0.04 mm multiplied by the length in centime-
ters).

7.4.2 Straightness for coiled material is subject to agree-
ment between the manufacturer and the purchaser.

7.5 Edges:
7.5.1 Sheet and strip shall have sheared or slit edges.
7.5.2 Plate shall have sheared or cut (machines, abrasive

cut, powder cut, or inert arc cut) edges, as specified.

7.6 Squareness(Sheet)—For sheets of all thicknesses, the
angle between adjacent sides shall be 906 0.15° (1⁄16 in. in 24
in.) 1.6 mm in 610 mm).

7.7 Flatness—Standard flatness tolerances for plate shall
conform to the requirements of Table 11.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and temper,
smooth, commercially straight or flat, and free of injurious
imperfections.

9. Sampling

9.1 Lot Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot for mechanical testing shall consist of all

material from the same heat, nominal thickness, and condition.
9.1.2.1 Where material cannot be identified by heat, a lot

shall consist of not more than 500 lb (227 kg) of material in the
same thickness and condition, except for plates weighing over
500 lb in which case only one specimen shall be taken.

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

9.2.1.1 Product (check)Analysis—Product analysis shall be
wholly the responsibility of the purchaser.

9.2.2 Mechanical Properties—Samples of the material to
provide test specimens for mechanical properties shall be taken
from such locations in each lot as to be representative of that
lot.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Mechanical Properties—One test per lot.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the final condition (temper) and tested transverse to the
direction of rolling when width will permit.

11.2 Tension test specimens shall be any of the standard or
subsize specimens shown in Test Methods E 8.

11.3 In the event of disagreement, referee specimens shall
be as follows:

11.3.1 Full thickness of the material, machined to the form
and dimensions shown for the sheet-type specimen in Test
Methods E 8 for material under1⁄2 in. (12.7 mm) in thickness.

11.3.2 The largest possible round specimen shown in Test
Methods E 8 for material1⁄2 in. (12.7 mm) and over.

TABLE 1 Product Description

Product Thickness, in. (mm) Width, in. (mm)

Hot-rolled plateA 3⁄16 (4.8) and over (Table 4 and Table 5) (Table 7)B

Hot-rolled sheetA 0.018 to 0.250 (0.46 to 6.4), incl (Table 6) (Table 9)
Cold-rolled sheetC 0.018 to 0.250 (0.46 to 6.4), incl (Table 6) (Table 9)
Cold rolled stripC 0.005 to 0.250 (0.13 to 6.4), incl (Table 6) (Table 9)

AMaterial 3⁄16 to 1⁄4 in. (4.8 to 6.4 mm), incl, in thickness may be furnished as sheet or plate provided the material meets the specification requirements for the condition
ordered.

B Hot-rolled plate, in widths 10 in. (254 mm) and under, may be furnished as hot-finished rectangles with shared or cut edges in accordance with Specification B 446
provided the mechanical property requirements of this specification are met.

CMaterial under 48 in. (1219 mm) in width may be furnished as sheet or strip provided the material meets the specification requirements for the condition ordered.

TABLE 2 Mechanical Properties for Plate, Sheet, and Strip (All
Thicknesses and Sizes Unless Otherwise Indicated)

Condition
(Temper)

Tensile strength,
min, ksi (MPa)

Yield strengthA

(0.2% offset), min,
ksi (MPa)

Elongation in 2 in.
or 50 mm (or 4D)

min,%B

Hot-Rolled PlateC

Annealed 95 (655) 45 (310) 50
Hot-Rolled Sheet

Annealed 95 (655) 45 (310) 50
Cold-Rolled Sheet

Annealed 95 (655) 45 (310) 50
Cold-Rolled Strip

Annealed 95 (655) 45 (310) 50
AYield strength requirementc do not apply to material under 0.020 in. (0.51 mm)

in thickness.
B Not applicable for thicknesses under 0.010 in. (0.25 mm).
CApplicable to 2.75 in. (70 mm) thickness and below.
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12. Test Methods

12.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following methods:

Test ASTM Designation
Chemical analysis E 1473
Tension E 8
Rounding procedure E 29

12.2 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded in accordance with the rounding method of Practice
E 29.

Test
Rounded Unit for Observed or

Calculated Value
Chemical composition, and
tolerances (when expressed
in decimals)

Nearest unit in the last right-hand place of fig-
ures of the specified limit. If two choices are
possible, as when the digits dropped are ex-
actly a 5, or a 5 followed only by zeros,
choose the one ending in an even digit, with
zero defined as an even digit.

Tensile strength and yield
strength

nearest 1000 psi (6.9 MPa)

Elongation nearest 1 %

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer promptly and in writing. In case of dissatisfac-
tion with the results of the test, the producer or supplier may
make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

TABLE 3 Permissible Variations in Width A of Sheared, Plasma Torch-Cut, and Abrasive-Cut Rectangular Plate BC

Specified Thickness

Permissible Variations in Widths for Widths Given, in. (mm)

Up to 30
(760), incl

Over 30 to
72

(760 to 1830),
incl

Over 72 to
108

(1830 to 2740),
incl

Over 108 to
144

(2740 to 3660),
incl

Over 144
to 160

(3660 to 4070),
incl

+ – + – + – + – + –

Inches

Sheared:D
3⁄16 to 5⁄16, excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 ... ...
5⁄16 to 1⁄2, excl 1⁄4 1⁄8 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8
1⁄2 to 3⁄4, excl 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8
3⁄4 to 1, excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8
1 to 11⁄4, incl 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 1 1⁄8

Abrasive-cut:E,F

3⁄16 to 11⁄4, incl 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8
Over 11⁄4 to 23⁄4, incl 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8

Plasma torch-cut:G
3⁄16 to 2, excl 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0
2 to 23⁄4, incl 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0

Millimetres

Sheared:D

4.8 to 7.9, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 ... ...
7.9 to 12.7, excl 6.4 3.2 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2
12.7 to 19.1, excl 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.1 3.2
19.1 to 25.4, excl 12.7 3.2 12.7 3.2 15.8 3.2 19.1 3.2 22.2 3.2
25.4 to 31.8, incl 15.9 3.2 15.9 3.2 19.1 3.2 22.2 3.2 25.4 3.2

Abrasive-cut:E,F

4.8 to 31.8, incl 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2
Over 31.8 to 69.8, incl 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2

Plasma torch-cut:G

4.8 to 50.8, excl 12.7 0 12.7 0 12.7 0 12.7 0 12.7 0
50.8 to 69.8, incl 15.9 0 15.9 0 12.7 0 12.7 0 12.7 0
APermissible variations in width for powder- or inert arc-cut plate shall be as agreed upon between the manufacturer and the purchaser.
BPermissible variations in machined, powder-, or inert arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
CPermissible variations in plasma torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
D The minimum sheared width is 24 in. (610 mm).
EThe minimum abrasive-cut width is 2 in. (50.8 mm) and increases to 4 in. (101.6 mm) for thicker plates.
FThese tolerances are applicable to lengths of 240 in. (6100 mm), max. For lengths over 240 in., an additional 1⁄16 in. (1.6 mm) is permitted, both plus and minus.
GThe tolerance spread shown for plasma torch cutting may be obtained all on the minus side, or divided between the plus and minus side if so specified by the purchaser.
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16. Product Marking

16.1 Each bundle or shipping container shall be marked
with the name of the material or UNS number; condition
(temper); this specification number; the size; gross, tare, and
net weight; consignor and consignee address; contract or order
number.

17. Keywords

17.1 plate; sheet; strip; N06110

TABLE 4 Permissible Variations in Length A of Sheared, Plasma-Torch-Cut, B and Abrasive-Cut Rectangular Plate C

Specific Thickness

Permissible Variation in Length for Lengths Given, in. (mm)

Up to 60
(1520), incl

Over 60
to 96

(1520 to 2440),
incl

Over 96
to 120

(2440 to 3050),
incl

Over 120
to 240

(3050 to 6096),
incl

Over 240
to 360

(6096 to 9144),
incl

Over 360
to 450

(9144 to
11 430), incl

Over 450
to 540

(11 430 to
13 716), incl

Over 540
(13 716)

Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus

Inches

Sheared:D
3⁄16 to 5⁄16, excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 ... ...
5⁄16 to 1⁄2, excl 3⁄8 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 1 1⁄8
1⁄2 to 3⁄4, excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8
3⁄4 to 1, excl 5⁄8 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8
1 to 11⁄4, incl 3⁄4 1⁄8 3⁄4 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8 ... ...

Abrasive-cut:E
3⁄16 to 11⁄4, incl
over 11⁄4 to 23⁄4, incl

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

1⁄8
3⁄16

1⁄8
1⁄8

...

...
...
...

...

...
...
...

Plasma-torch-cut:E
3⁄16 to 2, excl
2 to 23⁄4, incl

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

1⁄2
5⁄8

0
0

Millimetres

Sheared:D

4.8 to 7.94, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 ... ...
7.94 to 12.7, excl 9.5 3.2 12.7 3.2 12.7 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 25.4 3.2
12.7 to 19.0, excl 12.7 3.2 12.7 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2
19.0 to 25.4, excl 15.9 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.3 3.2
25.4 to 31.8, incl 19.0 3.2 19.0 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.3 3.2 ... ...

Abrasive-cut:E

4.8 to 31.8, incl
over 31.8 to 69.9, incl

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

3.2
4.8

3.2
3.2

...

...
...
...

...

...
...
...

Plasma-torch-cut:F

4.8 to 50.8, excl
50.8 to 69.8, incl

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

12.7
15.9

0
0

APermissible variations in length for powder- or inert arc-cut plate shall be agreed upon between the manufacturer and the purchaser.
BThe tolerance spread shown for plasma torch cutting may be obtained all on the minus side or divided between the plus and minus sides if so specified by the purchaser.
CPermissible variations in machined, powder- or inert arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
DThe minimum sheared length is 24 in. (610 mm).
EAbrasive cut applicable to a maximum length of 144 to 400 in. (3658 to 10 160 mm) depending on the thickness and width ordered.
FThe tolerance spread shown for plasma torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.

TABLE 5 Chemical Requirements

Element
Composition
Limits, %

C 0.15 max
Mn 1.0 max
Si 1.0 max
P 0.015 max
S 0.015 max
Cr 28.0 min

33.0 max
Cb 1.0 max
W 1.0 min

4.0 max
Mo 9.0 min

12.0 max
Fe 1.0 max
Al 1.0 max
Ti 1.0 max
NiA 51.0 min
Cu 0.50 max

AElement shall be determined arithmetically by difference.
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TABLE 6 Permissible Variations in Thickness and Overweight of Rectangular Plates

NOTE 1—All plates shall be ordered to thickness and not to weight per square foot. No plate shall vary more than 0.01 in. (0.3 mm) under the thickness
ordered, and the overweight of each lotA in each shipment shall not exceed the amount given in the table. Spot grinding is permitted to remove surface
imperfections, such as spots not to exceed 0.01 in. under the specified thickness.

Specified Thickness,
in. (mm)

Permissible Excess in Average WeightB,C per Square Foot of Plates for Widths Given in Inches (Millimetres) Expressed in
Percentage of Nominal Weights

Under 48
(1220)

48 to 60
(1220 to

1520), excl

60 to 72
(1520 to

1830), excl

72 to 84
(1830 to

2130), excl

84 to 96
(2130 to

2440, excl

96 to 108
(2440 to

2740), excl

108 to 120
(2740 to

3050), excl

120 to 132
(3050 to

3350), excl

132 to 144
(3350 to

3660), excl

144 to 160
(3660 to

4070), excl

3⁄16 to 5⁄16 (4.8 to 7.9), excl 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ...
5⁄16 to 3⁄8 (7.9 to 9.5), excl 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ...
3⁄8 to 7⁄16 (9.5 to 11.1), excl 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 19.5
7⁄16 to 1⁄2 (11.1 to 12.7), excl 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0
1⁄2 to 5⁄8 (12.7 to 15.9), excl 5.0 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5
5⁄8 to 3⁄4 (15.9 to 19.1), excl 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0
3⁄4 to 1 (19.1 to 25.4), excl 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5
1 to 2 (25.4 to 50.8), incl 4.0 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0

A The term “lot” applied to this table means all of the plates of each group width and each group thickness.
BThe permissible overweight for lots of circular and sketch plates shall be 25 % greater than the amounts given in this table.
CThe weight of individual plates shall not exceed the nominal weight by more than 11⁄4times the amount given in the table and Footnote B.

TABLE 7 Permissible Variations in Thickness for Rectangular Plates Over 2 in. (51 mm) in Thickness

NOTE 1—Permissible variation under specified thickness, 0.01 in. (0.3 mm).

Permissible Variations, in. (mm), over Specified
Thickness for Widths Given, in. (mm)

Specified Thickness, in. (mm) To 36 (915), excl
36 to 60 (915 to

1520), excl
60 to 84 (1520 to

2130), excl
84 to 120 (2130 to

3050), excl
120 to 132 (3050 to

3350), excl
132 (3350 and

over)
Over 2 to 23⁄4 (51 to 69.8), incl 1⁄16 (1.6) 3⁄32 (2.4) 7⁄64 (2.8) 1⁄8(3.2) 1⁄8 (3.2) 9⁄64 (3.6)

TABLE 8 Permissible Variations in Thickness of Sheet and Strip
(Permissible Variations, Plus and Minus, in Thickness, in. (mm), for Widths Given in in. (mm))

Specified Thickness,
in. (mm), incl

SheetA

Hot-Rolled Cold-Rolled

48 (1220) and
Under

Over 48 to 60
(1220 to 1520),

incl

48 (1220) and
Under

Over 48 to 60
(1220 to 1520),

incl

0.018 to 0.025 (0.5 to 0.6) 0.003 (0.08) 0.004 (0.10) 0.002 (0.05) 0.003 (0.08)
Over 0.025 to 0.034 (0.6 to 0.9) 0.004 (0.10) 0.005 (0.13) 0.003 (0.08) 0.004 (0.10)
Over 0.034 to 0.043 (0.9 to 1.1) 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.043 to 0.056 (1.1 to 1.4) 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.056 to 0.070 (1.4 to 1.8) 0.006 (0.15) 0.007 (0.18) 0.005 (0.13) 0.006 (0.15)
Over 0.070 to 0.078 (1.8 to 1.9) 0.007 (0.18) 0.008 (0.20) 0.006 (0.15) 0.007 (0.18)
Over 0.078 to 0.093 (1.9 to 2.4) 0.008 (0.20) 0.009 (0.23) 0.007 (0.18) 0.008 (0.20)
Over 0.093 to 0.109 (2.4 to 2.8) 0.009 (0.23) 0.010 (0.25) 0.007 (0.18) 0.009 (0.23)
Over 0.109 to 0.125 (2.8 to 3.2) 0.010 (0.25) 0.012 (0.31) 0.008 (0.20) 0.010 (0.25)
Over 0.125 to 0.140 (3.2 to 3.6) 0.012 (0.31) 0.014 (0.36) 0.008 (0.20) 0.010 (0.25)
Over 0.140 to 0.171 (3.6 to 4.3) 0.014 (0.36) 0.016 (0.41) 0.009 (0.23) 0.012 (0.31)
Over 0.171 to 0.187 (4.3 to 4.8) 0.015 (0.38) 0.017 (0.43) 0.010 (0.25) 0.013 (0.33)

Cold-Rolled StripA,B

Specified Thickness, in. (mm), incl Widths 12 in. (305 mm) and under, plus
and minus

Up to 0.050 (1.27), incl 0.0015 (0.038)
Over 0.050 to 0.093 (1.27 to 2.39) 0.0025 (0.063)
Over 0.093 to 0.125 (2.39 to 3.18) 0.004 (0.11)

AMeasured 3⁄8 in. (9.5 mm) or more from edge except for strip under 1 in. (25.4 mm) in width which is measured at any place.
BStandard sheet tolerances apply for thickness over 0.125 in. (3.2 mm) and for all thicknesses of strip over 12 in. (305 mm) wide.
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TABLE 9 Permissible Variations in Diameter for Circular Plates

Sheared Plate

Specified Diameter, in. (mm)
Permissible Variations Over Specified Diameter

for Thickness Given, in. (mm)A

To 3⁄8 (9.5), incl
20 to 32 (508 to 813), excl 1⁄4 (6.4)
32 to 84 (813 to 2130), excl 5⁄16 (7.9)
84 to 108 (2130 to 2740), excl 3⁄8 (9.5)
108 to 140 (2740 to 3580), incl 7⁄16 (11.1)

Plasma Torch-Cut PlateB

Specified Diameter,
in. (mm)A

Permissible Variations in Specified Diameter
for Thickness Given, in. (mm)C

Thickness max,
in. (mm)

3⁄16 to 2 (4.8 to 50.8),
excl

2 to 23⁄4 (50.8 to 69.8),
incl

Plus Minus Plus Minus

19 to 20 (483 to 508), excl 23⁄4 (69.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
20 to 22 (508 to 559), excl 23⁄4 (69.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
22 to 24 (559 to 610), excl 21⁄2 (63.5) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
24 to 28 (610 to 711), excl 21⁄4 (57.3) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
28 to 32 (711 to 812), excl 2 (50.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
32 to 34 (812 to 864), excl 13⁄4 (44.5) 1⁄2 (12.7) 0 ... ...
34 to 38 (864 to 965), excl 11⁄2 (38.1) 1⁄2 (12.7) 0 ... ...
38 to 40 (965 to 1020), excl 11⁄4 (31.8) 1⁄2 (12.7) 0 ... ...
40 to 140 (1020 to 3560), incl 23⁄4 (69.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0

ANo permissible variations under.
BPermissible variations in plasma torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
CThe tolerance spread shown may also be obtained all on the minus side or divided between the plus and minus sides if so specified by the purchaser.

TABLE 10 Permissible Variations in Width of Sheet and Strip

Specified Thickness,
in. (mm)

Specified Width,
in. (mm)

Permissible Variations
in Specified Width,

in. (mm)

Plus Minus

Sheet

Up to 0.250 (6.35) All 0.125 (3.18) 0

Strip

Under 0.075 (1.9) Up to 12 (305), incl 0.007 (0.18) 0.007 (0.18)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

0.075 to 0.100 (1.9 to 2.5), incl Up to 12 (305), incl 0.009 (0.23) 0.009 (0.23)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.100 to 0.125 (2.5 to 3.2), incl Up to 12 (305), incl 0.012 (0.30) 0.012 (0.30)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.125 to 0.160 (3.2 to 4.1), incl Up to 12 (305), incl 0.016 (0.41) 0.016 (0.41)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.160 to 0.187 (4.1 to 4.7), incl Up to 12 (305), incl 0.020 (0.51) 0.020 (0.51)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0
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APPENDIX

(Nonmandatory Information)

X1. CONDITIONS AND FINISHES NORMALLY SUPPLIED

X1.1 Scope

X1.1.1 This appendix lists the conditions and finishes in
which plate, sheet, and strip are normally supplied. These are
subject to change and the manufacturer should be consulted for
the latest information available.

X1.2 Plate

X1.2.1 Hot-rolled, annealed, and descaled.

X1.3 Sheet

X1.3.1 Hot-rolled, annealed, and descaled.
X1.3.2 Cold-rolled, annealed, and descaled or bright an-

nealed.

X1.4 Strip

X1.4.1 Cold-rolled, annealed, descaled, or bright annealed.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 11 Permissible Variations From Flatness of Rectangular, Circular, and Sketch Plates

NOTE 1—Permissible variations apply to plates up to 12 ft (3.66 m) in length, or to any 12 ft of longer plates.
NOTE 2—If the longer dimension is under 36 in. (914 mm) the permissible variation is not greater than1⁄2 in. (12.7 mm).
NOTE 3—The shorter dimension specified is considered the width, and the permissible variation in flatness across the width does not exceed the tubular

amount of that dimension.
NOTE 4—The maximum deviation from a flat surface does not customarily exceed the tabular tolerance for the longer dimension specified.

Specified
Thickness

Permissible Variations from a Flat Surface for Thickness and Widths Given, in. (mm)

To 48
(1220),

excl

48 to 60
(1220 to

1520), excl

60 to 72
(1520 to

1830), excl

72 to 84
(1830 to

2130), excl

84 to 96
(2130 to

2440), excl

96 to 108
(2440 to

2740), excl

108 to 120
(2740 to

3050), excl

120 to 144
(3050 to

3660), excl

144
(3660)

and over

Inches

3⁄16 to 1⁄4, excl 11⁄2 21⁄8 21⁄2 23⁄4 31⁄4 31⁄4 ... ... ...
1⁄4 to 3⁄8, excl 13⁄8 11⁄2 17⁄8 21⁄4 23⁄4 27⁄8 31⁄8 33⁄4 ...
3⁄8 to 1⁄2, excl 1 11⁄8 13⁄8 11⁄2 17⁄8 21⁄4 21⁄2 27⁄8 31⁄2
1⁄2 to 3⁄4, excl 1 11⁄8 11⁄4 11⁄4 15⁄8 21⁄4 21⁄4 21⁄4 23⁄4
3⁄4 to 1, excl 1 11⁄8 11⁄4 11⁄4 11⁄2 15⁄8 17⁄8 2 21⁄4
1 to 2, excl 1 11⁄8 11⁄8 11⁄8 13⁄8 13⁄8 13⁄8 11⁄2 2
2 to 23⁄4, incl 1⁄2 5⁄8 3⁄4 7⁄8 1 11⁄8 11⁄4 11⁄2 13⁄4

Millimetres

4.8 to 6.4, excl 38.1 54.0 63.5 69.8 82.6 82.6 ... ... ...
6.4 to 9.5, excl 34.9 38.1 47.6 57.2 69.8 73.0 79.4 95.2 ...
9.5 to 12.7, excl 25.4 28.6 34.9 38.1 47.6 57.2 63.5 73.0 88.9
12.7 to 19.0, excl 25.4 28.6 31.8 31.8 41.3 57.2 57.2 57.2 69.8
19.0 to 25.4, excl 25.4 28.6 31.8 31.8 38.1 41.3 47.6 50.8 57.2
25.4 to 50.8, excl 25.4 28.6 28.6 28.6 34.9 34.9 34.9 38.1 50.8
50.8 to 70.0, incl 12.7 15.9 19.0 22.2 25.4 28.6 31.8 38.1 44.4
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Designation: B 756 – 00

Standard Specification for
Nickel-Chromium-Molybdenum-Tungsten Alloy (UNS
N06110) Rod and Bar 1

This standard is issued under the fixed designation B 756; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers nickel-chromium-
molybdenum-tungsten (UNS N06110)2 in the form of hot-
worked rod and bar and cold-worked rod in the conditions
shown in Table 1.

1.2 The values stated in inch-pound units are to be regarded
as the standards. The SI units in parentheses are provided for
information only.

2. Referenced Documents

2.1 ASTM Standards:
B 755 Specification for Nickel-Chromium-Molybdenum-

Tungsten Alloys (UNS N06110) Plate, Sheet, and Strip3

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys, and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High–Temperature Alloys6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 bar—material of rectangular (flats) or square solid

section up to and including 10 in. (254 mm) in width and1⁄8 in.
(3.2 mm) and over in thickness in straight lengths.

DISCUSSION — Hot-worked rectangular bar in widths 10 in.
and under may be furnished as hot-rolled plate with sheared or
cut edges in accordance with Specification B, provided the
mechanical property requirements of Specification B are met.

3.1.2 rod—material of round solid section furnished in
straight lengths.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

4.1.1 ASTM Designation.
4.1.2 UNS Number.
4.1.3 Section—Rod (round) or bar (square or rectangular).
4.1.4 Dimensions—Dimensions including length.
4.1.5 Condition (see Appendix).
4.1.6 Finish (Section 8).
4.1.7 Quantity—Feet, (or metres) or number pieces.
4.1.8 Certification— State if certification is required (see

Section 15).
4.1.9 Samples for Product(Check)Analysis—State whether

samples for product (check) analysis should be furnished (see
5.2).

4.1.10 Purchaser Inspection(see Section 13)—If purchaser
wishes to witness test or inspection of material at place of
manufacture, the purchase order must so state indicating which
test or inspections are to be witnessed.

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 2.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations per B 880.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2000. Published November 2000. Originally
published as B 756 – 86. Last previous edition B 756 – 98a.

2 New designation established in accordance with ASTM E527 and SAE J1086,
Recommended Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.06.

TABLE 1 Mechanical Properties

Condition and Diameter
or Distance Between
Parallel Surfaces in.
(mm)

Tensile
Strength
min, ksi
(MPa)

Yield
Strength

(0.2%
Offset),
min, ksi
(MPa)

Elongation
in 2 in.

or 50 mm
or 4D, min,

%

Cold-worked rods and
hot-worked rod and bar,
annealed:

Up to 4 (102), incl 95 (655) 45 (310) 60
Over 4 (102) to 10 (254), incl 90 (621) 40 (276) 50
Forging quality (all sizes) A A A

A Forging quality is furnished to chemical requirements and surface inspection
only. No tensile properties are required.

1
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6. Mechanical and Other Properties

6.1 Mechanical Properties—The material shall conform to
the mechanical properties specified in Table 1.

7. Dimensions and Permissible Variations

7.1 Diameter, Thickness, or Width—The permissible varia-
tions from the specified dimensions of cold worked rod shall be
as prescribed in Table 3, and of hot-worked rod and bar as
prescribed in Table 4.

7.2 Out-of-Round— Hot-worked rods and cold-worked rods
(except forging quality) all sizes, in straight lengths, shall not
be out-of-round by more than one half the total permissible
variations in diameter shown in Table 3 and Table 4, except for
hot-worked rods1⁄2 in. (12.7 mm) in diameter and under, which
may be out-of-round by the total permissible variations in
diameter shown in Table 4.

7.3 Machining Allowances for Hot-Worked Materials—
When the surfaces of hot-worked products are to be machined,
the allowances prescribed in Table 5 are recommended for
normal machining operations.

7.4 Length—The permissible variations in length of cold-
worked and hot-worked rod and bar shall be as prescribed in
Table 6.

7.4.1 Rods and bars ordered to random or nominal lengths
will be furnished with either cropped or saw-cut ends; material
ordered to cut lengths will be furnished with square saw-cut or
machined ends.

7.5 Straightness:
7.5.1 The permissible variations in straightness of cold-

worked rod as determined by the departure from straightness
shall be as prescribed in Table 7.

7.5.2 The permissible variations in straightness of hot-
worked rod and bar as determined by the departure from
straightness shall be as specified in Table 8.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, commercially straight or flat, and free of injurious
imperfections.

9. Sampling

9.1 Lot Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot for mechanical properties testing shall consist of

all material from the same heat, nominal diameter or thickness,
and condition.

9.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material in the
same size and condition except that a single piece weighing
over 500 lb shall be considered as one lot.

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

9.2.1.1 Product (check) analysis shall be wholly the respon-
sibility of the purchaser.

9.2.2 Mechanical Properties—Samples of the material to
provide test specimens for mechanical properties shall be taken
from such locations in each lot as to be representative of that
lot.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Tension—One test per lot.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the final condition and tested in the direction of fabrication.

TABLE 2 Chemical Requirements

Element
Composition
Limits,
%

C 0.15 max
Mn 1.0 max
Si 1.0 max
P 0.015 max
S 0.015 max
Cr 28.0 min

33.0 max
Cb 1.0 max
Co (if determined) 1.0 max
Mo 9.0 min

12.0 max
Fe 1.0 max
Al 1.0 max
Ti 1.0 max
W 1.0 min

4.0 max
NiA 51.0 min
Cu 0.50 max

A Element shall be determined arithmetically by difference.

TABLE 3 Permissible Variations in Diameter of Cold-Worked Rod

Specified Dimensions,
in. (mm)

Permissible Variations from Specified
Dimension, in. (mm)

+ −

1⁄16 (1.6) to 3⁄16 (4.8), excl 0 0.002 (0.05)
3⁄16 (4.8) to 1⁄2 (12.7), excl 0 0.003 (0.08)
1⁄2 (12.7) to 15⁄16 (23.8), incl 0.001 (0.03) 0.002 (0.05)
Over 15⁄16(23.8) to 115⁄16(49.2),
incl

0.0015 (0.04) 0.003 (0.08)

Over 115⁄16 (49.2) to 21⁄2(63.5),
incl

0.002 (0.05) 0.004 (0.10)

TABLE 4 Permissible Variations in Diameter or Distance
Between Parallel Surfaces of Hot-Worked Rod and Bar

Specified Dimension, in. (mm)A
Permissible Variations from

Specified Dimensions, in. (mm)

+ −

Rod and bar, hot-worked:
1 (25.4) and under 0.016 (0.41) 0.016 (0.41)
Over 1 (25.4) to 2 (50.8), incl 0.031 (0.79) 0.016 (0.41)
Over 2 (50.8) to 4 (101.6), incl 0.047 (1.19) 0.031 (0.79)
Over 4 (101.6) 0.125 (3.18) 0.063 (1.60)

Rod, rough-turned or ground:
Under 1 (25.4)
1 (25.4) and over

Forging quantity rod:B

0.005 (0.13)
0.031 (0.79)

0.005 (0.13)
0

Under 1 (25.4)
1 (25.4) and over

0.005 (0.13)
0.031 (0.79)

0.005 (0.13)
0

A Dimensions apply to diameter of rods, to distance between parallel surfaces of
squares, and separately to width and thickness of rectangles.

B Spot grinding is permitted to remove minor surface imperfections. The depth
of these spot ground areas shall not exceed 3 % of the diameter of the rod.
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11.1.1 All rod and bar shall be tested in full cross section
size when possible. When a full cross section size test cannot
be performed, the largest possible round specimen shown in
Test Methods E 8 shall be used. Longitudinal strip specimens
shall be prepared in accordance with Test Methods E 8 for
rectangular bar up to1⁄2 in. (12.7 mm), inclusive, in thicknesses
that are too wide to be pulled full size.

12. Test Methods

12.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specification
shall be determined in case of disagreement, in accordance
with the following methods:

Test ASTM Designation

Chemical analysis E 1473
Tension E 8
Rounding procedure E 29

12.2 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated below, in accordance with the round-
ing method of Practice E 29:

TABLE 5 Normal Machining Allowances for Hot-Worked Material

Finished-Machined Dimensions for
Finishes as Indicated Below,

in. (mm)A

Normal Machining Allowance,
in. (mm)

On Diameter,
for Rods

Distance
Between Parallel

Surfaces of
Square Bars

For Rectangular Bar

On
Thickness

On
Width

Hot-workedB

Up to 7⁄8(22.2), incl 1⁄8(3.2) 1⁄8 (3.2) 1⁄8 (3.2) 3⁄16 (4.8)
Over 7⁄8 to 1 7⁄8(22.2 to 47.6), incl 1⁄8(3.2) 3⁄16 (4.8) 1⁄8 (3.2) 3⁄16 (4.8)
Over 17⁄8 to 27⁄8 (47.6 to 73.0), incl 3⁄16 (4.8) 1⁄4(6.4) ... 3⁄16 (4.8)
Over 27⁄8 to 313⁄16 (73.0 to 96.8), incl 1⁄4 (6.4) ... ... 3⁄16 (4.8)
Over 313⁄16 (96.8) 1⁄4 (6.4) ... ... 3⁄8 (9.5)

Hot-worked rods, rough-turned or rough
ground:C

15⁄16 to 4 (23.8 to 101.6), incl in diameter 1⁄16(1.6) ... ... ...
Over 4 to 12 (101.6 to 304.8), incl in

diameter

1⁄8 (3.2) ... ... ...

A Dimensions apply to diameter of rods, to distance between parallel surfaces of square bar, and separately to width and thickness of rectangular bar.
B The allowances for hot-worked material in Table 5 are recommended for rods machined in lengths of 3 ft (0.91 m) or less and for bars machined in lengths of 2 ft (0.61

m) or less. Hot-worked material to be machined in longer lengths should be specified showing the finished cross-sectional dimension and the length in which the material
will be machined in order that the manufacturer may supply material with sufficient oversize, including allowance for out-of-straightness.

C Applicable to 3 ft (0.91 m) max length.

TABLE 6 Permissible Variations in Length of Rods and Bars

Random Mill Lengths:
Hot-worked—6 to 24 ft (1.83 to 7.31 m) long with not more than 25 weight % between 6 and 9 ft (1.83 and 2.74 m)A

Cold-worked—6 to 20 ft (1.83 to 6.1 m) long with not more than 25 weight % between 6 and 10 ft (1.83 and 3.05 m).
Multiple lengths—Furnished in multiples of a specified unit length, within the length limits indicated above. For each multiple, an allowance of 1⁄4 in. (6.4 mm) will

be made for cutting, unless otherwise specified. At the manufacturer’s option, individual specified unit lengths may be furnished.
Nominal lengths—Specified nominal lengths having a range of not less than 2 ft (610 mm) with no short lengths allowedB

Cut lengths:
A specified length to which all rods and bars will be cut with a permissible variation of plus 1⁄8 in. (3.2 mm), minus 0 for sizes 8 in. (203 mm) and less in diameter

or distance between parallel surfaces. For larger sizes, the permissible variation shall be + 1⁄4 in. (6.4 mm), − 0.
A For hot-worked sections weighing over 25 lb/ft (37 kg/m) and for smooth forged products, all sections, short lengths down to 2 ft (610 mm) may be furnished.
B For cold-worked rod under 1⁄2in. (12.7 mm) in diameter ordered to nominal or stock lengths with a 2-ft (610-mm) range, at least 93 % of such material shall be within

the range specified; the balance may be in shorter lengths but in no case shall lengths less than 4 ft (1220 mm) be furnished.

TABLE 7 Permissible Variations in Straightness of Cold-Worked
Rods

Specified Diameter,
in. (mm)A

Permissible Variations,
in. (mm)

Depth of Chord:

1⁄2 (12.7) to 2 1⁄2 (63.5), incl
0.030 (0.76) per ft
(305 mm) of length

A Material under 1⁄2 in. (12.7 mm) shall be reasonably straight and free of sharp
bends and kinks.

TABLE 8 Permissible Variations in Straightness of Hot-Worked
Rods and Bars A

Finish
Permissible Variations,

in./ft (mm/m)B

Rods and bars, hot-worked 0.050 (4.2)C

Rounds-hot-worked, rough
ground or rough turned

0.050 (4.2)C

A Not applicable to forging quality.
B Material under 1⁄2in. (12.7 mm) shall be reasonably straight and free of sharp

bends and kinks.
C The maximum curvature (depth of chord) shall not exceed the values indicated

multiplied by the length in feet.
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Test Rounded Unit for Observed Or
Calculated Value

Chemical composition and tolerance
(when expressed in decimals)

nearest unit in the last right-hand
place of figures of the specified
limit. If two choices are possible,
as when the digits dropped are
exactly a 5, or a 5 followed only
by zeros, choose the one ending
in an even digit with zero de-
fined as an even digit.

Tensile strength and yield strength nearest 1000 psi (6.9 MPa)
Elongation nearest 1 %

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the tests, the producer or
supplier may make the claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

16. Product Marking

16.1 The following information shall be marked on the
material or included on the package, or on a label or tag
attached thereto: The name of the material or UNS, heat
number, condition (temper), this specification number, the size,
gross, tare and net weight, consignor and consignee address,
contract or order number, or such other information as may be
defined in the contract or order.

17. Keywords

17.1 rod; bar; N06110

APPENDIX

(Nonmandatory Information)

X1. PROCURABLE CONDITIONS AND FINISHES

X1.1 The various conditions and finishes in which rod and
bar are procurable are as follows:

X1.1.1 Hot-worked, annealed—soft, with a tightly adherent
dark oxide.

X1.1.2 Hot-worked, annealed, and pickled—Same as
X1.1.1 except descaled for removal of mill oxide. Provides for
better surface inspection than does hot-worked, annealed
material and often employed where welding is involved where
removal of mill oxide is desired.

NOTE X1.1—Annealing prior to pickling may be required in order to
reduce the mill oxide since uniform pickling of an unreduced oxide is
difficult.

X1.1.3 Hot-worked, annealed, and rough ground—Similar
to X1.1.1 except rough ground.

X1.1.4 Hot-worked, annealed, and rough-turned—Sim ilar
to X1.1.1 except rough turned with a broad nosed tool similar

to a bar peeling operation and thus may not be straight.
Intended generally for machining where an overhauled surface
is desired, essentially for machined step down shafts or part
machined in short lengths of 3 ft (0.91 m) or less.

X1.1.5 Hot-worked, forging quality—Rough turned and
spot ground, as necessary, for sizes 1 in. (25.4 mm) in
diameter; rough ground and spot ground for sizes under 1 in. in
diameter. Material is selected from heats of known, good hot
malleability.

NOTE X1.2—For sizes 21⁄2 in. (63.5 mm) in diameter and less, cold-
worked rod may be used also for forging by virtue of the fact such rod
have been overhauled for removal of mechanical surface defect prior to
cold-working. In such cases, the user should run pilot forging tests to
ensure himself that such material has the desired hot malleability range.

X1.1.6 Cold-worked, annealed, and pickled hot-worked,
overhauled, cold-worked, annealed, descaled, and straightened.
Annealed for softness and with a dull matte finish.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 757 – 00

Standard Specification for
Nickel-Chromium-Molybdenum-Tungsten-Alloys (UNS
N06110) Welded Pipe 1

This standard is issued under the fixed designation B 757; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers welded UNS N061102 pipe in
the annealed condition (temper) for general corrosion applica-
tions.

1.2 This specification covers pipe sizes in schedules shown
in Table 1.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The SI units in parentheses are provided for
information only.

1.4 The following precautionary caveat pertains only to the
test method portion, Section 13, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 8 Test Methods for Tension Testing of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 38 Methods for Chemical Analysis of Nickel-Chromium
and Nickel-Chromium-Iron Alloys5

E 213 Practice for Ultrasonic Examination of Metal Pipe
and Tubing6

E 354 Test Methods for Chemical Analysis of High-
Temperature, Electrical, Magnetic, and Other Similar Iron,
Nickel, and Cobalt Alloys7

E 527 Practice for Numbering Metals and Alloys (UNS)8

E 571 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Nickel and Nickel Alloy Tubular Products6

2.2 ANSI Standards:
B2.1 Pipe Threads9

B36.19 Stainless Steel Pipe9

3. Classification

3.1 Class 1—Welded, cold-worked, annealed, and nonde-
structively tested in accordance with 11.4.1.

3.2 Class 2—Welded, cold-worked, annealed, and nonde-
structively tested in accordance with 11.4.2.

4. Ordering Information

4.1 Orders for material to this specification shall include the
following information:

4.1.1 Alloy Name or UNS number.
4.1.2 ASTM Designation.
4.1.3 Dimensions:
4.1.3.1 Pipe size (see Table 1).
4.1.3.2 Length (specific or random).
4.1.4 Class (see 11.4).
4.1.5 Quantity (feet or number of pieces).
4.1.6 Certification—State if certification is required (see

Section 16).
4.1.7 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished
(10.2).

4.1.8 Purchaser Inspection—If purchaser wishes to witness
tests or inspection of material at place of manufacture, the
purchase order must so state indicating which tests or inspec-
tions are to be witnessed (see Section 14).

5. Materials and Manufacture

5.1 Pipe shall be made from flat-rolled alloy by an auto-
matic welding process with no addition of filler metal. Subse-
quent to welding and prior to final annealing, the material shall
be cold-worked in either the weld metal only or both weld and
base metal.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2000. Published November 2000. Originally
published as B 757-90. Last previous edition B 757-99.

2 New designation established in accordance with ASTM E527 and SAEJ 1086,
Recommended Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Discontinued—see1989 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 03.03.
7 Annual Book of ASTM Standards, Vol 03.05.
8 Annual Book of ASTM Standards, Vol 01.01.

9 Available from American National Standards Institute, 11 W. 42nd St., 13th
Floor, New York, NY 10036.
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5.2 Pipe shall be furnished with oxide removed. When
bright annealing is used, descaling is not necessary.

6. Chemical Composition

6.1 The material shall conform to the composition limits
specified in Table 2.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Table 3.

7. Mechanical and Other Requirements

7.1 Mechanical Properties—The material shall conform to
the mechanical properties specified in Table 4.

7.2 Flattening Test—A section of pipe not less than 4 in.
(102 mm) in length shall be capable of withstanding, without
cracking, flattening under a load applied gradually at room
temperature until the distance between the platens is five times
the wall thickness. The weld shall be positioned 90° from the
direction of the applied flattening force.

7.2.1 Superficial ruptures resulting from surface imperfec-
tions shall not be a cause for rejection.

7.3 Nondestructive Test Requirements—Tube shall be sub-
jected to a pressure test or nondestructive electric test at the
manufacturer’s option (see 13.2).

7.3.1 Acceptance and Rejection—Material producing a sig-
nal equal to or greater than the calibration imperfection shall be
subject to rejection.

7.3.1.1 Test signals produced by imperfections that cannot
be identified or produced by cracks or crack-like imperfections
shall result in rejection of the pipe, subject to rework and retest.
To be accepted, the material shall pass the same electric test to
which it was originally subjected provided that the dimensional
requirements are met.

TABLE 1 Dimensions of Welded Pipe A

NOTE 1—The following table is a partial reprint of Table 1 of the American National Standard for Stainless Steel Pipe (ANSI B36.19).
NOTE 2—The decimal thicknesses for the respective pipe sizes represent their nominal wall dimensions.

Nominal Pipe
Size in.

Outside Diameter
in. (mm)

Nominal Wall Thickness, in. (mm)

Schedule
5SA

Schedule
10S

Schedule
40S

1⁄8 0.405 (10.29) ... 0.049 (1.25) 0.068 (1.73)
1⁄4 0.540 (13.72) ... 0.065 (1.65) 0.088 (2.24)
3⁄8 0.675 (17.15) ... 0.065 (1.65) 0.091 (2.31)
1⁄2 0.840 (21.34) 0.065 (1.65) 0.083 (2.11) 0.109 (2.77)
3⁄4 1.050 (26.67) 0.065 (1.65) 0.083 (2.11) 0.113 (2.87)
1 1.315 (33.40) 0.065 (1.65) 0.109 (2.77) 0.133 (3.38)
11⁄4 1.660 (42.16) 0.065 (1.65) 0.109 (2.77) 0.140 (3.56)
11⁄2 1.900 (48.26) 0.065 (1.65) 0.109 (2.77) 0.145 (3.68)
2 2.375 (60.33) 0.065 (1.65) 0.109 (2.77) 0.154 (3.91)
21⁄2 2.875 (73.03) 0.083 (2.11) 0.120 (3.05) ...
3 3.500 (88.90) 0.083 (2.11) 0.120 (3.05) ...
31⁄2 4.000 (101.6) 0.083 (2.11) 0.120 (3.05) ...
4 4,500 (114.3) 0.083 (2.11) 0.120 (3.05) 0.237 (6.02)
5 5.563 (141.3) 0.109 (2.77) 0.134 (3.40) ...
6 6.625 (168.3) 0.109 (2.77) 0.134 (3.40) ...

A Schedules 5S and 10S wall thicknesses do not permit threading in accordance with the American National Standard for Pipe Threads (ANSI B2.1).

TABLE 2 Chemical Requirements A

Composition Limits,%

UNS
N06110

Ni 51.0 min
Cr 28.0–33.0
Fe 1.0 max
Mo 9.0–12.0
W 1.0–4.0
C 0.15 max
Mn 1.0 max
Si 1.0 max
P 0.015 max
S 0.015 max
Al 1.0 max
Ti 1.0 max
Cu 0.5 max
Cb 1.0 max

A Element may be determined arithmetically by difference.

TABLE 3 Product (Check) Analysis Chemical Composition
Variations

Element
Specified Limit of
Element, % incl

Variation Under min or
Over max of the

Specified
Limit of Elements

Ni over 40.0 to 60.0 0.35
Cr over 25.0 to 35.0 0.25
Fe up to 1.0 0.05
Mo over 9.0 to 12.0 0.15
W over 1.0 to 4.0 0.07
C over 0.0 to 0.20 0.01
Mn up to 1.0 0.05
Si over 0.25 to 1.0 0.05
P up to 0.04 0.005
S up to 0.02 0.003

over 0.02 to 0.06 0.005
Al over 0.10 to 1.0 0.05
Ti over 0.10 to 0.50 0.03

over 0.50 to 1.0 0.04
over 1.0 to 2.0 0.05

Cb over 0.1 to 1.0 0.04
Cu up to 0.50 0.03

TABLE 4 Mechanical Property Requirements

Alloy
Tensile strength
min, psi (MPa)

Yield strength
0.2 % offset

min, psi
(MPa)

Elongation
in 2 in. or
50 mm,
min, %

UNS N06110 95000 (655) 45000 (310) 60
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7.3.1.2 If the imperfection is judged as injurious, the pipe
shall be rejected but may be reconditioned and retested
providing the dimensional requirements are met. To be ac-
cepted, retested material shall meet the original electric test
requirements.

7.3.1.3 If the imperfection is explored to the extent that it
can be identified as noninjurious, the material may be accepted
without further test provided the imperfection does not en-
croach on the minimum wall thickness.

8. Dimensions and Permissible Variations

8.1 Diameter and Wall Thickness—Outside diameter and
nominal wall thickness shall not exceed the permissible varia-
tions prescribed in Table 5.

8.1.1 Material having a specified wall thickness that is 3 %
or less of the outside diameter cannot be straightened properly
without a certain amount of ovality resulting in the diameter.
The limits to this ovality are stated in FootnoteC to Table 5.

8.2 Straightness— Material shall be reasonably straight and
free of bends or kinks.

8.3 Length—Variations from the specified length shall not
exceed the amounts prescribed in Table 6.

9. Workmanship, Finish, and Appearance

9.1 The material shall be uniform in quality and temper,
smooth, commercially straight, and free of injurious imperfec-
tions.

10. Sampling

10.1 Lot Definition:
10.1.1 A lot for chemical analysis shall consist of one heat.

10.1.2 A lot for mechanical properties and flattening testing,
shall consist of all material from the same heat, nominal size
(excepting length), and condition (temper).

10.2 Test Material Selection:
10.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

10.2.1.1 Product (check) analysis shall be wholly the re-
sponsibility of the purchaser.

10.2.2 Mechanical Properties and Flattening Testing—
Samples of the material to provide test specimens shall be
taken from such locations in each lot as to be representative of
that lot.

11. Number of Tests

11.1 Chemical Analysis—One test per lot.
11.2 Mechanical Properties—One test per lot.
11.3 Flattening—One test per lot.
11.4 Nondestructive:
11.4.1 Class 1—Each piece in each lot shall be subjected

to one of the following four tests, hydrostatic, pneumatic (air
underwater), eddy current, or ultrasonic.

11.4.2 Class 2—Each piece in each lot shall be subjected
to a leak test and an electric test as follows:

11.4.2.1 Leak Test—Hydrostatic or pneumatic (air under-
water).

11.4.2.2 Electric Test—Eddy current or ultrasonic.
11.4.3 The manufacturer shall have the option to test to

Class 1 or 2 and select the nondestructive test methods, if not
specified by the purchaser.

12. Specimen Preparation

12.1 Tension test specimens shall be taken from material in
the final condition (temper) and tested in the direction of
fabrication.

12.1.1 Whenever possible, all material shall be tested in full
tubular size. When testing in full tubular size is not possible,
longitudinal strip specimens shall be used. In the event of
disagreement when full tubular testing is not possible, a
longitudinal strip specimen with reduced gage length as
contained in Test Methods E 8 shall be used.

13. Test Methods

13.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following methods:

Test ASTM Designation
Chemical analysis E 38, E 354A

Tension E 8

TABLE 5 Permissible Variations in Outside Diameter A and Wall
Thickness B

IPS

Permissible Variations in Outside
Diameter, in. (mm)C

+ −

1⁄8 0.005(0.13) 0.005(0.13)
1⁄4 0.005(0.13) 0.005(0.13)
3⁄8 0.0075(0.19) 0.0075(0.19)
1⁄2 0.0075(0.19) 0.0075(0.19)
3⁄4 0.010(0.25) 0.0075(0.19)
1 0.010(0.25) 0.0075(0.19)
11⁄4 0.010(0.25) 0.010(0.25)
11⁄2 0.015(0.38) 0.010(0.25)
2 0.018(0.46) 0.010(0.25)
21⁄2 0.018(0.46) 0.010(0.25)
3 0.025(0.64) 0.010(0.25)
31⁄2 0.025(0.64) 0.015(0.38)
4 0.025(0.64) 0.015(0.38)
5 0.025(0.64) 0.020(0.51)
6 0.025(0.64) 0.030(0.76)

A These permissible variations in outside diameter apply only to material as
finished at the mill before subsequent swaging, expanding, bending, polishing, or
other fabricating operations.

B Wall thickness variation shall not exceed 612 % of the nominal wall thickness.
C Ovality is the difference between maximum and minimum outside diameter

measured at any one cross section. There is no additional tolerance for ovality on
material having a nominal wall thickness of more than 3 % of the outside diameter.
On this material, the average of maximum and minimum outside diameter
measurements will fall within the outside diameter tolerance shown in the table
above. An additional ovality allowance of twice the outside diameter tolerance
spreads shown above, applied one half plus and one half minus, is allowed for
material having nominal wall thickness of 3 % or less of nominal outside diameter.

TABLE 6 Permissible Variations in Lengths A

Outside diameter in.
(mm)

Cut length, in. (mm)
Over Under

Under 2 (50.8) 1⁄8(3) 0
2 (50.8) and over 3⁄16 (5) 0

A These permissible variations in length apply to pipe before bending. They
apply to cut lengths up to and including 24 ft (7.3 m). For lengths over 24 ft, an
additional over-tolerance of 1⁄8 in. (3 mm) for each 10 ft (3.0 m) or fraction thereof
shall be permissible up to a maximum additional over-tolerance of 1⁄2 in. (12.7 mm).
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Rounding proce-
dure

E 29

AMethods E 38 is to be used only for elements not covered by Test Methods
E 354.

13.2 Nondestructive Tests:
13.2.1 Hydrostatic Test—Test each piece at a pressure not

exceeding 1000 psi (6.9 MPa), calculated as follows:

P 5 2St/D, or (1)

S 5 PD/2t (2)

where:
P = hydrostatic test pressure, psi or MPa;
S = allowable fiber stress as follows: UNS N06110-35000

psi (242 MPa);
t = specified wall thickness, in. or mm; and
D = specified outside diameter, in. or mm.

13.2.1.1 Hold the test pressure for a minimum of 5 s.
13.2.1.2 Make visual examination when the material is

under pressure. Examine the full length of material for leaks. If
any pipe shows leaks during the hydrostatic test, reject it.

13.2.2 Pneumatic (Air Underwater) Test—Test each piece
at a pressure of 150 psi (1.05 MPa).

13.2.2.1 Hold the test pressure for a minimum of 5 s.
13.2.2.2 Make visual examination when the material is

submerged and is under pressure. Examine the full length of
material for leaks. If any piece shows leaks during the test,
reject it.

13.2.3 Electric Test—Give each pipe an electric test in
accordance with either Practice E 213 or Practice E 571. For
eddy-current testing, the calibration pipe shall contain, at the
option of the producer, any one of the following discontinuities
to establish a minimum sensitivity level for rejection. The
discontinuity shall be placed in the weld if visible.

13.2.3.1Drill Hole—Drill a hole, not larger than 0.031 in.
(0.79 mm) in diameter, radially and completely through the
wall, taking care to avoid distortion of the material while
drilling.

13.2.3.2Transverse Tangential Notch—Using a round file
or tool with a 1⁄4-in. (6.4 mm) diameter, file or mill a notch
tangential to the surface and transverse to the longitudinal axis
of the material. Said notch shall have a depth not exceeding
121⁄2 % of the specified wall thickness of the material or 0.004
in. (0.102 mm), whichever is greater.

13.2.3.3Longitudinal Notch—Machine a notch 0.031 in.
(0.79 mm) or less in width in a radial plane parallel to the
material axis on the outside surface of the pipe to have a depth
not exceeding 121⁄2 % of the specified wall thickness of the
material or 0.004 in. (0.102 mm), whichever is greater. The
length of the notch shall be compatible with the testing method.

13.2.3.4 For ultrasonic testing, a longitudinal calibration
notch shall be on the outside diameter and inside diameter. The
depth of the notch shall not exceed 121⁄2 % of the specified wall
thickness of the material or 0.004 in. (0.10 mm), whichever is
greater. Place the notch in the weld if visible.

13.3 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value, or a calculated value shall
be rounded as indicated below, in accordance with the round-
ing method of Practice E 29:

Test
Rounded unit for observed or

calculated value
Chemical Composition
and tolerances (when
expressed in dec
imals).

Nearest unit in the last right-hand place of figures
of the specified limit. If two choices are possible, as
when the digits dropped are exactly a 5 or a 5 fol-
lowed only by zeros, choose the one ending in an
even digit, with zero defined as an even digit.

Tensile strength, yield
strength

Nearest 1000 psi (6.9 MPa)

Elongation Nearest 1 %

14. Inspection

14.1 Inspection of the material shall be agreed upon be-
tween the purchaser and the supplier as part of the purchaser
contract.

15. Rejection and Rehearing

15.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16. Certification

16.1 Upon request of the purchaser in the contract or order,
a manufacturer’s certification that the material was manufac-
tured and tested in accordance with this specification together
with a report of the test results shall be furnished.

17. Product Marking

17.1 Material—The name or brand of the manufacturer, the
trade name of the material or UNS number, the letters ASTM,
the specification number, heat number, class, and nominal size
shall be legibly stenciled on each piece1⁄2 in. (12.7 mm) and
over in outside diameter, provided the length is not under 3 ft
(914 mm). The material marking shall be by any method that
will not result in harmful contamination.

17.1.1 For material less than1⁄2 in. in outside diameter and
material under 3 ft in length, the information specified in 17.1
shall be either stenciled or marked on a tag securely attached to
the bundle or box in which the pipe is shipped.

18. Packaging and Package Marking

18.1 Each bundle or shipping container shall be marked
with the name or brand of the manufacturer, the trade name of
the material or UNS number, the letters ASTM, the specifica-
tion number, heat number, class and nominal size; gross, tare,
and net weight; consignor and consignee address; contract or
order number; or such other information as may be defined in
the contract or order.
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responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 758 – 00

Standard Specification for
Nickel-Chromium-Molybdenum-Tungsten Alloys (UNS
N06110) Welded Tube 1

This standard is issued under the fixed designation B 758; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers welded UNS N061102 tube in
the annealed condition (temper) for general corrosion applica-
tions.

1.2 This specification covers outside diameter and nominal
wall tube.

1.2.1 The tube sizes covered by this specification are1⁄8 to 5
in. (3.2 to 127 mm) in outside diameter and 0.015 to 0.148 in.
(0.4 to 3.8 mm), inclusive, in wall thickness.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The SI units in parentheses are provided for
information only.

1.4 The following precautionary caveat pertains only to the
test method portion, Section 13, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 8 Test Methods for Tension Testing of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 38 Methods for Chemical Analysis of Nickel-Chromium
and Nickel-Chromium-Iron Alloys5

E 213 Practice for Ultrasonic Examination of Metal Pipe
and Tubing6

E 354 Test Methods for Chemical Analysis of High-
Temperature, Electrical, Magnetic, and Other Similar Iron,
Nickel, and Cobalt Alloys7

E 527 Practice for Numbering Metals and Alloys (UNS)8

E 571 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Nickel and Nickel Alloy Tubular Products6

3. Classification

3.1 Class 1—Welded, cold-worked, annealed, and nonde-
structively tested in accordance with 11.5.1.

3.2 Class 2—Welded, cold-worked, annealed, and nonde-
structively tested in accordance with 11.5.2.

4. Ordering Information

4.1 Orders for material conforming to this specification
shall include the following information:

4.1.1 Alloy name or UNS number.
4.1.2 ASTM designation and year of issue.
4.1.3 Dimensions:
4.1.3.1 Outside diameter and nominal wall thickness.

NOTE 1—Tube produced to outside diameter and minimum wall may be
furnished upon agreement between the manufacturer and the purchaser.

4.1.3.2 Length(specific or random).
4.1.4 Class(see 11.5).
4.1.5 Quantity (feet or number of pieces).
4.1.6 Certification—State if certification is required (Sec-

tion 16).
4.1.7 Samples for Product (Check) Analysis—State

whether samples for product (check) analysis should be fur-
nished (10.2).

4.1.8 Purchaser Inspection—If purchaser wishes to wit-
ness tests or inspection of material at place of manufacture, the
purchase order must so state indicating which tests or inspec-
tions are to be witnessed (Section 14).

5. Material and Manufacture

5.1 Tube shall be made from flat-rolled alloy by an auto-
matic welding process with no addition of filler metal. Subse-
quent to welding and prior to final annealing, the material shall
be cold-worked in either the weld metal only or both weld and
base metal.

5.2 Tube shall be furnished with oxide removed. When
bright annealing is used, descaling is not necessary.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2000. Published November 2000. Originally
published as B 758 – 86. Last previous edition B 758 – 99.

2 New designation established in accordance with ASTM E527 and SAE J1086,
Recommended Practice for Numbering Metals and Alloys (UNS).

3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Discontinued—see1989 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 03.03.
7 Annual Book of ASTM Standards,Vol 03.05. 8 Annual Book of ASTM Standards, Vol 01.01.
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6. Chemical Composition

6.1 The material shall conform to the composition limits
specified in Table 1.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Table 2.

7. Mechanical and Other Properties

7.1 Mechanical Properties—The material shall conform to
the mechanical properties specified in Table 3.

7.2 Flattening Test—A section of tube not less than 4 in.
(102 mm) in length shall be capable of withstanding, without
cracking, flattening under a load applied gradually at room
temperature until the distance between the platens is five times
the wall thickness. The weld shall be positioned 90° from the
direction of the applied flattening force.

7.2.1 Superficial ruptures resulting from surface imperfec-
tions shall not be a cause for rejection.

7.3 Flange Test—A section of tube shall be capable of
having a flange turned over at a right angle to the body of the
tube without through-wall cracking. The width of the flange
shall not be less than 15 % of the tube diameter.

7.4 Nondestructive Test Requirements— Tube shall be sub-
jected to nondestructive tests (see 13.2) at the manufacturer’s
option.

7.4.1 For ultrasonic testing, a longitudinal calibration notch
shall be made on the outside diameter and inside diameter. The
depth of the notch shall not exceed 121⁄2 % of the specified wall
thickness of the material or 0.004 in. (0.10 mm), whichever is
greater. Place the notch in the weld if visible.

7.4.2 Acceptance and Rejection—Material producing a sig-
nal equal to or greater than the calibration imperfections shall
be subject to rejection.

7.4.2.1 Test signals produced by imperfections that cannot
be identified or produced by cracks or crack-like imperfections
shall result in rejection of the tube, subject to rework and retest.

To be accepted, the material shall pass the same electric test to
which it was originally subjected provided that the dimensional
requirements are met.

7.4.2.2 If the imperfection is judged as injurious, the tube
shall be rejected but may be reconditioned and retested
providing the dimensional requirements are met. To be ac-
cepted, retested material shall meet the original electric test
requirements.

7.4.2.3 If the imperfection is explored to the extent that it
can be identified as noninjurious, the material may be accepted
without further test provided the imperfection does not en-
croach on the minimum wall thickness.

8. Dimensions and Permissible Variations

8.1 Diameter and Wall Thickness—Outside diameter and
nominal wall thickness shall not exceed the permissible varia-
tions prescribed in Table 4.

8.1.1 Material having a specified wall thickness that is 3 %,
or less, of the outside diameter cannot be straightened properly
without a certain amount of ovality resulting in the diameter.
The limits to this ovality are stated in Footnote B to Table 4.

8.2 Straightness—Material shall be reasonably straight and
free of bends or kinks.

8.3 Length—Variations from the specified length shall not
exceed the amounts prescribed in Table 5.

9. Workmanship, Finish, and Appearance

9.1 The material shall be uniform in quality and temper,
smooth, commercially straight, and free of injurious imperfec-
tions.

TABLE 1 Chemical Requirements

Element
Composition

Limits, %

Product (Check)
Analysis Varia-
tions under min
or over max, of
the Specified

Limit of Element

C 0.15 max 0.01
Mn 1.0 max 0.05
Si 1.0 max 0.05
P 0.015 max 0.005
S 0.015 max 0.003
Cr 28.0 min 0.25

33.0 max 0.25
Cb 1.0 max 0.05
Co (if determined) 1.0 max 0.05
Mo 9.0 min 0.15

12.0 max 0.15
Fe 1.0 max 0.07
Al 1.0 max 0.05
Ti 1.0 max 0.05
W 1.0 min 0.10

4.0 max 0.10
NiA 51.0 min 0.35
Cu 0.5 max 0.03

AElement shall be determined arithmetically by difference.

TABLE 2 Product (Check) Analysis Chemical Composition
Variations

Element
Specified Limit of

Element %

Variation under
min or over
max of the

Specified Limit
of Element

Nickel over 20.00 to 30.00, incl 0.25
over 30.00 to 40.00, incl 0.30

Tungsten over 1.00 to 4.00, incl 0.04
Iron over 0.75 to 2.50, incl 0.05
Manganese up to 1.00, incl 0.03
Carbon up to 0.20, incl 0.01
Silicon over 0.25 to 0.50, incl 0.03

over 0.50 to 1.00, incl 0.05
Sulfur up to 0.02, incl 0.003
Chromium over 25.00 to 35.00, incl 0.25
Aluminum over 0.10 to 0.50, incl 0.05

over 0.50 to 1.00, incl 0.10
Titanium over 0.10 to 0.50, incl 0.03

over 0.50 to 1.00, incl 0.04
Columbium +

Tantalum
up to 1.0, incl 0.04

Molybdenum over 5.0 to 20.0, incl 0.15
Phosphorus up to 0.04, incl 0.005

TABLE 3 Mechanical Property Requirements

Alloy
Tensile Strength

min, psi
(MPa)

Yield Strength
0.2 % offset

min, psi
(MPa)

Elongation
in 2 in. or
50 mm,
min, %

UNS N06110 95 000 (655) 45 000 (310) 60
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10. Sampling

10.1 Lot Definition:
10.1.1 A lot for chemical analysis shall consist of one heat.
10.1.2 A lot for mechanical properties, flattening, and flange

testing shall consist of all material from the same heat, nominal
size (excepting length), and condition (temper).

10.2 Test Material Selection:
10.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

10.2.1.1 Product (check) analysis shall be wholly the re-
sponsibility of the purchaser.

10.2.2 Mechanical Properties, Flattening, and Flange
Testing—Samples of the material to provide test specimens
shall be taken from such locations in each lot as to be
representative of that lot.

11. Number of Tests

11.1 Chemical Analysis—One test per lot.
11.2 Mechanical Properties—One test per lot.
11.3 Flattening—One test per lot.
11.4 Flange—One test per lot.
11.5 Nondestructive Tests:
11.5.1 Class 1—Each piece in each lot shall be subjected to

one of the following four tests: hydrostatic, pneumatic (air
underwater), eddy current, or ultrasonic.

11.5.2 Class 2—Each piece in each lot shall be subjected to
a leak test and an electric test as follows:

11.5.2.1Leak Test—Hydrostatic or pneumatic (air underwa-
ter).

11.5.2.2Electric Test—Eddy current or ultrasonic.
11.5.3 The manufacturer shall have the option to test to

Class 1 or 2 and select the nondestructive test methods, if not
specified by the purchaser.

12. Specimen Preparation

12.1 Tension test specimens shall be taken from material in
the final condition (temper) and tested in the direction of
fabrication.

12.1.1 Whenever possible, all material shall be tested in full
tubular size. When testing in full tubular size is not possible,
longitudinal strip specimens shall be used. In the event of
disagreement when full tubular testing is not possible, a
longitudinal strip specimen with reduced gage length as
contained in Test Methods E 8 shall be used.

13. Test Methods

13.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following methods:

Test ASTM Designation
Chemical analysis E 38, E354A

Tension E 8
Rounding procedure E 29

AMethods E 38 is to be used only for elements not covered by Test Methods
E 354.

13.2 Nondestructive Tests:
13.2.1 Hydrostatic Test—Test each piece at a pressure not

exceeding 1000 psi (6.9 MPa), calculated as follows:

P 5 2St/D, or (1)

S5 PD/2t (2)

where:
P = hydrostatic test pressure, psi or MPa;
S = allowable fiber stress as follows: UNS N06110-35000

psi (242 MPa);
t = specified wall thickness in. or mm; and
D = specified outside diameter, in. or mm.

13.2.1.1 Hold the test pressure for a minimum of 5 s.
13.2.1.2 Make visual examination when the material is

under pressure. Examine the full length of material for leaks. If
any tube shows leaks during the hydrostatic test, reject it.

13.2.2 Pneumatic (Air Underwater) Test— Test each piece
at a pressure of 150 psi (1.05 MPa).

13.2.2.1 Hold the test pressure for a minimum of 5 s.
13.2.2.2 Make visual examination when the material is

submerged and is under pressure. Examine the full length of
material for leaks. If any piece shows leaks during the test,
reject it.

TABLE 4 Permissible Variations in Outside Diameter A and Wall Thickness

Specified Outside Diameter, in.
(mm)

Permissible Variations

Outside Diameter, in. (mm)B Wall Thickness, %

Plus Minus Plus Minus

1⁄8(3.2) to 5⁄8 (15.9), excl 0.005 (0.13) 0.005 (0.13) 12.5 12.5
5⁄8(15.9) to 11⁄2 (38.1), incl 0.0075 (0.19) 0.0075 (0.19) 10.0 10.0
Over 11⁄2 (38.1) to 31⁄2 (88.9), incl 0.010 (0.25) 0.010 (0.25) 10.0 10.0
Over 31⁄2 (88.9) to 41⁄2 (114.3), incl 0.015 (0.38) 0.015 (0.38) 10.0 10.0
Over 41⁄2 (114.3) to 5 (127), incl 0.020 (0.51) 0.020 (0.51) 12.5 12.5

AThese permissible variations in outside diameter apply only to material as finished at the mill before subsequent swaging, expanding, bending, polishing, or other
fabricating operations.

BOvality is the difference between maximum and minimum outside diameter measured at any one cross section. There is no additional tolerance for ovality on material
having a nominal wall thickness of more than 3 % of the outside diameter. On this material, the average of maximum and minimum outside diameter measurements will
fall within the outside diameter tolerance shown in the table above. An additional ovality allowance of twice the outside diameter tolerance spreads shown above, applied
one half plus and one half minus, is allowed for material having nominal wall thickness of 3 % or less of nominal outside diameter.

TABLE 5 Permissible Variations in Length A

Outside Diameter
in. (mm)

Cut Length, in.
(mm)

Over Under
Under 2 (50.8) 1⁄8(3) 0
2 (50.8) and over 3⁄16 (5) 0

AThese permissible variations in length apply to tube before bending. They apply
to cut lengths up to and including 24 ft (7.3 m). For lengths over 24 ft, an additional
over-tolerance of 1⁄8 in. (3 mm) for each 10 ft (3.0 m) or fraction thereof shall be
permissible up to a maximum additional over-tolerance of 1⁄2 in. (12.7 mm).
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13.2.3 Electric Test—Give each tube an electric test in
accordance with either Practice E 213 or Practice E 571. For
eddy-current testing, the calibration tube shall contain, at the
option of the producer, any of the following discontinuities to
establish a minimum sensitivity level for rejection. The dis-
continuity shall be placed in the weld if visible.

13.2.3.1Drilled Hole—Drill a hole, not larger than 0.031-
in. (0.79-mm) diameter radially and completely through the
wall, taking care to avoid distortion of the material while
drilling.

13.2.3.2Transverse Tangential Notch—Using a round file
or tool with a 1⁄4-in. (6.4 mm) diameter, file or mill a notch
tangential to the surface and transverse to the longitudinal axis
of the material. Said notch shall have a depth not exceeding
121⁄2 % of the specified wall thickness of the material or 0.004
in. (0.102 mm), whichever is greater.

13.2.3.3Longitudinal Notch—Machine a notch 0.031 in.
(0.79 mm) or less in width in a radical plane parallel to the
material axis on the outside surface of the tube to have a depth
not exceeding 121⁄2 % of the specified wall thickness of the
material or 0.004 in. (0.102 mm), whichever is greater. The
length of the notch shall be compatible with the testing method.

13.3 Rounding Method—For the purpose of determining
compliance with the specified limits for requirements of the
properties listed in the following table, an observed value, or a
calculated value, shall be rounded as indicated below, in
accordance with the rounding method of Practice E 29:

Test
Rounded Unit for Observed or

Calculated Value

Chemical composition and toler-
ances (when expressed in deci-
mals)

Nearest unit in the last right-hand place of
figures of the specified limit. If two choices
are possible, as when the digits dropped are
exactly a 5 or a 5 followed only by zeros,
choose the one ending in an even digit, with
zero defined as an even digit.

Tensile strength, yield strength Nearest 1000 psi (6.9 MPa)
Elongation Nearest 1 %

14. Inspection
14.1 Inspection of the material shall be agreed upon be-

tween the purchaser and the supplier as part of the purchaser
contract.

15. Rejection and Rehearing

15.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16. Certification

16.1 Upon request of the purchaser in the contract or order,
a manufacturer’s certification that the material was manufac-
tured and tested in accordance with this specification together
with a report of the test results shall be furnished.

17. Product Marking

17.1 Material—The name or brand of the manufacturer, the
trade name of the material or UNS number, the letters ASTM,
the specification number, heat number, class and nominal size
shall be legibly stenciled on each piece1⁄2 in. (12.7 mm) and
over in outside diameter, provided the length is not under 3 ft
(914 mm). The material marking shall be by any method that
will not result in harmful contamination.

17.1.1 For material less than1⁄2 in. in outside diameter and
material under 3 ft in length, the information specified in 17.1
shall be either stenciled or marked on a tag securely attached to
the bundle or box in which the tube is shipped.

17.2 Packaging—Each bundle or shipping container shall
be marked with the name or brand of the manufacturer, the
trade name of the material or UNS number, the letters ASTM,
this specification number, heat number, class, and nominal size;
gross, tare, and net weight; consignor and consignee address;
contract or order number; or such other information as may be
defined in the contract or order.

18. Keywords

18.1 nickel-chromium-molybdenum-tungsten; UNS
N06110; welded tube

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 759 – 00

Standard Specification for
Nickel-Chromium-Molybdenum-Tungsten Alloys (UNS
N06110) Pipe and Tube 1

This standard is issued under the fixed designation B 759; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 cover nickel-chromium-
molybdenum-tungsten alloys (UNS N06110)3 in the form of
cold-worked seamless pipe and tube in the conditions shown in
Table 1.

1.2 Hot-worked material is available. Properties and per-
missible tolerances are to be agreed upon between the manu-
facturer and purchaser.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The SI units in parentheses are provided for
information only.

1.4 The following precautionary caveat pertains only to the
test method portion, Section 8, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 8 Test Methods for Tension Testing of Metallic Materials3

B 829 Spec for General Req. for Nickel and Nickel Alloys
Seamless Pipe and Tube3

3. Ordering Information

3.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for the safe and satisfactory
performance of material ordered under this specification.
Examples of such requirements include, but are not limited to,
the following:

3.1.1 Alloy name or UNS number.
3.1.2 ASTM Designation.
3.1.3 Condition.

3.1.4 Finish.
3.1.5 Dimensions.
3.1.5.1 Tube—Specify outside diameter and nominal or

minimum wall.
3.1.5.2 Pipe—Specify standard pipe size and schedule.
3.1.5.3 Length—Cut to length or random.
3.1.6 Quantity—Feet (or metres) or number of pieces.
3.1.7 Hydrostatic Pressure Requirements—Specify test

pressure if other than required by 8.1.
3.1.8 Certification— State if certification is required.
3.1.9 Samples for Product (Check) Analysis—State whether

samples for product (check) analysis should be furnished (see
4.2).

3.1.10 Purchaser Inspection—If purchaser wishes to wit-
ness tests or inspection of material at place of manufacture, the
purchase order must so state indicating which tests or inspec-
tions are to be witnessed (Section 9).

3.1.11 Small-Diameter and Light-Wall Tube (Converter
Sizes).

4. Chemical Composition

4.1 The material shall conform to the composition limits
specified in Table 2.

4.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in B 829.

5. Mechanical and Other Properties

5.1 Mechanical Properties—The material shall conform to
the tensile properties specified in Table 2.

5.2 Pressure and Nondestructive Electric Test—Each pipe
and tube shall be subjected to either a pressure test or the
nondestructive electric test at the manufacturer’s option. The
purchaser may specify which test is to be used.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2000. Published November 2000.
2 For ASME Boiler and Pressure Vessel Code application, see related Specifi-

cation SB-167 in Section II of that Code.
3 Annual Book of ASTM Standards, Vol 02.04.

TABLE 1 Mechanical Properties

Condition

Tensile
Strength,
min, ksi
(MPa)

Yield Strength
(0.2 % offset),

min, ksi
(MPa)

Elongation
in 2 in. or
50 mm (or
4D), min,

%
Cold-worked annealed 95 (655) 45 (310) 60

1
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5.2.1 Any leaking areas may be cut out and the pipe retested
as above.

5.2.2 Test signals produced by imperfections such as the
following, may be judged as injurious or noninjurious, depend-
ing on visual observation of their severity or the type of signal
they produce on the testing equipment used, or both.

5.2.2.1 Dinges,
5.2.2.2 Straightener marks,
5.2.2.3 Scratches,
5.2.2.4 Steel die stamps, and
5.2.2.5 Stop marks.

6. Sampling

6.1 Test Material Selection:
6.1.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

6.1.1.1 Product (check) analysis shall be wholly the respon-
sibility of the purchaser.

7. Number of Tests

7.1 Chemical Analysis—One test per lot.
7.2 Tension—One test per lot.
7.3 Pressure and Nondestructive Electric Test—Each tube

shall be subjected to either a pressure test or the nondestructive
electric test at the manufacturer’s option. The purchaser may
specify which test is to be used.

8. Test Methods

8.1 Hydrostatic Test— Each pipe or tube with an outside
diameter1⁄8in. (3 mm) and larger and with wall thickness of
0.015 in. (0.38 mm) and over shall be tested by the manufac-

turer to an internal hydrostatic pressure of 1000 psi (6.9 MPa)
provided that the fiber stress calculated in accordance with the
following equation does not exceed the allowable fiber stressS,
indicated as follows:

P 5 2St/D (1)

where:
P = hydrostatic test pressure, psi (or MPa),
S = allowable fiber stress, for material in the condition

(temper) furnished as follows: Cold worked annealed:
30 000 psi (242 MPa)

t = minimum wall thickness, in. (or mm), equal to the
specified nominal wall minus the permissible minus
wall tolerance, or the specified minimum wall thick-
ness, and,

D = outside diameter of the pipe or tube, in. (or mm).
8.1.1 When so agreed upon by the manufacturer and the

purchaser, pipe or tube may be tested to 11⁄2 times the
allowable fiber stress given in 8.1.

8.2 Pneumatic Test:
8.2.1 With no foreign material or moisture on the internal

surface, pressurize the tube internally to 150 psi (1034 Pa)
minimum with uncontaminated compressed air while submerg-
ing it in water of a clarity that permits unobstructed examina-
tion of the tube.

8.2.2 The tube shall be well-lighted, preferably by under-
water illumination.

8.2.3 Correct any evidence of air leakage of the pneumatic
couplings prior to testing.

8.2.4 After holding the pressure for not less than 5 s after the
surface of the water has become calm, inspect the entire length
of the tube.

8.3 Nondestructive Electric Test:
8.3.1 Test each tube with a nondestructive electric test in

accordance with Practice E 426. It is the intent of this test to
reject tube containing injurious defects.

8.3.2 The calibration tube shall contain, at the option of the
producer, either of the following discontinuities to establish a
minimum sensitivity level for rejection.

8.3.3 Drilled Hole— Drill a hole not larger than 0.031 in.
(0.79 mm) diameter radially and completely through the tube
wall, taking care to avoid distortion of the tube while drilling.

8.3.4 Transverse Tangential Notch—Using a round tool or
file with a 1⁄4 in. (6.4 mm) diameter, file or mill a notch
tangential to the surface and transverse to the longitudinal axis
of the tube. Said notch shall have a depth not exceeding 121⁄2 %
of the specified wall thickness of the tube or 0.004 in. (0.102
mm), whichever is greater.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

TABLE 2 Chemical Requirements

Element
Composition
Limits, %

C 0.15 max
Mn 1.0 max
Si 1.0 max
P 0.015 max
S 0.015 max
Cr 28.0 min/33.0 max
Cb 1.0 max
W 1.0 min/4.0 max
Mo 9.0 min/12.0 max
Fe 1.0 max
Al 1.0 max
Ti 1.0 max
NiA 51.0 min
Cu 0.50 max

AElement shall be determined arithmetically by difference.
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Designation: B 760 – 86 (Reapproved 1999)

Standard Specification for
Tungsten Plate, Sheet, and Foil 1

This standard is issued under the fixed designation B 760; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers unalloyed tungsten plate,
sheet, and foil.

1.2 The values stated in inch-pound units are to be regarded
as the standard.

2. Terminology

2.1 Definitions of Terms Specific to This Standard:
2.1.1 foil—any product less than 0.005 in. (0.13 mm) in

thickness.
2.1.2 plate—any product3⁄16 in. (4.75 mm) or more in

thickness.
2.1.3 sheet—any product 0.187 in. (4.75 mm) or less in

thickness, to a minimum of 0.005 in. (0.13 mm) in thickness.

3. Ordering Information

3.1 Orders for material under this specification shall include
the following information:

3.1.1 Material identification and temper designation,
3.1.2 Product form (Section 2),
3.1.3 Chemical requirements (Table 1),
3.1.4 Tolerances (Section 6, Table 2, and Fig. 1),
3.1.5 Workmanship and quality level requirements (Section

7),
3.1.6 Packaging (Section 13),
3.1.7 Marking (Section 12),
3.1.8 Certification and reports (Section 11), and
3.1.9 Disposition of rejected material (Section 10).

4. Materials and Manufacture

4.1 The various tungsten flat products covered by this
specification shall be produced using common rolling, forging,
or extrusion equipment, as normally found in primary mill
product plants. The ingot metal is consolidated employing
either the powder metallurgy or vacuum-arc-casting process.

5. Chemical Composition

5.1 The tungsten ingots or billets for conversion to finished
products covered by this specification shall conform to the

requirements of the chemical composition prescribed in Table
1.

5.2 Check Analysis:
5.2.1 Check analysis is an analysis made by the purchaser or

the manufacturer of the metal after it has been processed into
finished mill forms, and is either for the purpose of verifying
the composition of a heat or lot, or to determine variations in
the composition within a heat or lot.

5.2.2 Check analysis tolerances do not broaden the specified
heat analysis requirements but cover variations between labo-
ratories in the measurement of chemical content.

5.2.3 The manufacturer shall not ship material that is
outside the limits specified in Table 1, with the exception of
oxygen and nitrogen, whose percentage may vary with the
method of manufacture.

5.2.4 Check analysis limits shall be as specified in Table 1.

6. Permissible Variations in Dimensions

6.1 The thickness tolerances on tungsten products covered
by this specification shall be as specified in Table 2.

6.2 The width tolerances shall be as agreed upon between
the manufacturer and the purchaser. In general, shearing
tolerance will be6 1⁄16 in. (61.6 mm) and slitting tolerance will
be61⁄32 in. (60.8 mm).

6.3 The length and camber tolerances shall be as agreed
upon between the manufacturer and the purchaser. In general,
length and camber tolerances will show a maximum deviation
of + 1⁄16 in., − 0/ft (1.6 mm/m) of length.

6.4 Flatness tolerances on tungsten flat products shall be as
follows:

Thickness, in.(mm)
Flatness Deviation,

max,%
0.005–0.187 (0.13–4.75) 4
3/16–5/8 (4.75–15.9) 5

6.4.1 Determine flatness deviation (Fig. 1) as follows:

Flatness deviation, %5 ~H/L! 3 100

1 This specification is under the jurisdiction of ASTM Committee B-10 on
Reactive and Refractory Metals and Alloysand is the direct responsibility of
Subcommittee B10.04on Molybdenum and Tungsten.

Current edition approved Feb. 28, 1986. Published April 1986.

TABLE 1 Chemical Composition/Check Analysis

Element
Composition,

max, %
Permissable Variations in

Check Analysis, %

C 0.010 60.002
O 0.010 + 10 % relative
N 0.010 + 0.0005
Fe 0.010 + 0.001
Ni 0.010 + 0.001
Si 0.010 + 0.001

1
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where:
H 5 maximum vertical distance between a flat reference

surface and the lower surface of the flat product, and
L 5 minimum horizontal distance between the highest

point of the flat product where H is determined, and the
point of contact of the lower surface of the flat product
with a flat reference surface.

7. Workmanship, Finish, and Appearance

7.1 Tungsten plate, sheet, and foil shall be free of injurious
external and internal imperfections of a nature that will
interfere with the purpose for which it is intended.

7.2 Material may be supplied with as-rolled, as-cleaned,
as-machined, or as-ground finish.

7.3 The manufacturer shall be permitted to remove surface
imperfections provided such removal does not reduce the
dimensions below the minimum permitted by the tolerances for
that dimension.

8. Sampling

8.1 Care shall be exercised to ensure that the sample
selected for testing is representative of the material and form
and is not contaminated by the sampling procedure.

9. Methods of Chemical Analysis

9.1 The chemical composition enumerated in this specifica-
tion shall in case of disagreement, be determined in accordance

with the methods approved for referee purposes by ASTM.
Where such methods are not available, methods of analysis as
mutually agreed upon by the manufacturer and the purchaser
shall be employed.

10. Rejection

10.1 Material not conforming to this specification or to
authorized modifications shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the
manufacturer at the manufacturer’s expense unless the pur-
chaser receives, within 4 weeks of notice of rejection, other
instructions for disposition.

11. Certification

11.1 If requested, the manufacturer shall supply at least
three copies of a report of the chemical analysis of each heat or
powder metallurgy product from the powder lot represented in
the shipment, and reports of the result of tests of each size of
each heat or powder lot to determine properties.

11.2 The report shall include the purchase order number,
heat or powder lot number, this specification number, type and
temper condition, nominal thickness, and quantity and number
of items covered by the shipment.

12. Product Marking

12.1 Unless otherwise specified, each plate or sheet shall be
legibly and conspicuously marked or tagged with the number

TABLE 2 Permissible Thickness Variations

Specified Width,
in. (mm)

Specified Thickness,
in. (mm)

Thickness Tolerance,A

in. (mm)

12 (305) and under 0.005–0.010 (0.13–0.25), incl 60.001 (60.0254)
over 0.010–0.020 (0.25–0.51), incl 60.002 (60.0508)
over 0.020 (0.51) 610 %

Over 12–24 (305–610), over 0.010–0.025 (0.25–0.64), incl 60.0025 (60.0635)
incl over 0.025 (0.64) 610 %

ATolerances for foil shall be as agreed upon between the producer and the purchaser.

Flatness Deviation, % 5 (H/L) x 100

H 5 maximum distance between flat surface and lower surface of sheet.
L 5 minimum distance between highest point on sheet and point of contact with flat surface.

FIG. 1 Plate and Sheet Flatness Tolerances

B 760
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of this specification, material type and temper condition, heat
or lot number, manufacturer’s identification, and the nominal
thickness gage in inches. All markings must withstand ordinary
handling and shall be capable of removal with standard
cleaning solvents.

12.2 Coiled sheet and foil shall be similarly marked at the
outside end of each coil.

13. Packaging and Package Marking

13.1 Unless otherwise specified, material purchased under

this specification must be packaged by box or other suitable
protective containers and shall be so marked as to indicate the
nature of any special handling required.

14. Keywords

14.1 foil; plate; sheet; tungsten

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).

B 760

3



Designation: B 772 – 97 (Reapproved 2003)

Standard Guide for
Specifying the Chemical Compositions for Electrical
Contact Materials (Arcing and Nonarcing) 1

This standard is issued under the fixed designation B 772; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide provides suggested methods for users and
producers of electrical contact materials to specify the chemi-
cal compositions of these materials.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

E 1282 Guide for Specifying the Chemical Compositions
and Selecting Sampling Practices and Quantitative Analy-
sis Methods for Metals, Ores, and Related Material

3. Significance and Use

3.1 This guide should be used by committees or individuals
in specifying the chemical composition of electrical contact
materials.

4. Procedure

4.1 For Basic Alloy Element(s) and Component(s):
4.1.1 Specify the numerical limits of the elements as fol-

lows:
4.1.1.1 Major fractions of the alloy,
4.1.1.2 Tighter tolerances, or
4.1.1.3 Higher unit cost(s) or combination thereof.

4.1.2 One of these elements may be chosen to be specified
by “report by difference.” List the minimum value of this
element in a pair of parentheses before the clause “report by
difference.” Select this element or component according to one
or more of the following considerations:

4.1.2.1 Least precious,
4.1.2.2 Widest tolerance, and
4.1.2.3 Requiring the least precise or most costly method to

analyze.
4.2 For Impurities:
4.2.1 Specify only the tolerance limits of the elements

commonly occurring with the major elements (for example,
copper in silver); and the tolerance limits of the detrimental
elements (as recognized by the industry) which may be a
residue after fabrication (for example, sodium in Ag-CdO
material by the coprecipitation method).

4.2.2 Specify the tolerance limits for total impurities of all
the impurity elements.

4.3 Place the following note under the Table of Chemical
Compositions (see Table 1 for example) in the text of each
specification:

NOTE 1—Analysis is regularly made for the elements for which specific
limits are listed. If, however, the presence of “other” elements is suspected
or indicated in the course of routine analysis, further analysis shall be
made to determine that the total of these “other” elements and the listed
impurities is not in excess of the total impurities limit.

4.4 State under the section of Chemical Composition in the
text of each specification a clause as follows:

4.4.1 These specification limits do not preclude the possible
presence of other unnamed elements, impurities, or additives.
Analysis shall be regularly made only for the minor elements
listed in the table. However if a user knows of elements that
might be detrimental to their application or has other reasons
for requiring analysis for specific elements, then agreement
between manufacturer and purchaser for both limits and
methods of analysis should be required for elements not
specified.

4.5 Additional guidelines for specifying the chemical com-
positions and selecting sampling practices are covered in Guide
E 1282.

1 This guide is under the jurisdiction of ASTM Committee B02 on Nonferrous
Metals and Alloys and is the direct responsibility of Subcommittee B2.05 on
Precious Metals and Electrical Contact Materials.

Current edition approved Nov. 1, 2003. Published November 2003. Originally
approved in 1987. Last previous edition approved in 1997 as B 772 – 97.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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4.6 Example (For a hypothetical alloy):
75A-24.5B-0.5C

where:
A = precious metal,
B = base metal,
C = base metal, and
d, e, f, g, = typical or detrimental impurities.

5. Keywords

5.1 analysis; chemical composition; contacts; electrical con-
tact materials; impurities; tolerance limits

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Table of Chemical Compositions

NOTE 1—Analysis is regularly made for the elements for which specific
limits are listed. If, however, the presence of “other” elements is suspected
or indicated in the course of routine analysis, further analysis shall be
made to determine that the total of these “other” elements and the listed
impurities is not in excess of the total impurities limit.

Chemical Composition
Limits

Impurities

A = 74–76 d = 0.06 max
B = (23.5 Min.) Report by difference e = 0.05 max

f = 0.05 max
C = 0.35–0.65 g = 0.01 max

Total: 0.15 max

B 772 – 97 (2003)
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Designation: B 773 – 96 (Reapproved 2002) e1

Standard Guide for
Ultrasonic C-Scan Bond Evaluation of Brazed or Welded
Electrical Contact Assemblies 1

This standard is issued under the fixed designation B 773; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Paragraph 1.3 was corrected editorially in June 2002.

INTRODUCTION

This guidance document is the result of an investigation by the ASTM Committee B04.04 Task
Force on Ultrasonic Bond Testing of Electrical Contacts. Although ultrasonic interrogation is widely
employed as a non-destructive evaluation method, its application to the testing of electrical contact
bonds requires specific techniques.2,3 The desire to study the variation of technique and its effect upon
test results was responsible for a round-robin test program. The program was conducted in two phases
in an attempt to standardize practices which would improve testing agreement. This study provided
analysis and suggestions for reducing the variability of test results. The decision of the committee was
to publish a summary of this information to serve as guidelines for writing specifications that will
incorporate practices.

1. Scope

1.1 This guide describes ultrasonic testing procedures that
can be used for evaluating the bond quality of electrical contact
assemblies manufactured by brazing or welding.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 214 Practice for Immersed Ultrasonic Examination by the

Reflection Method Using Pulsed Longitudinal Waves4

E 500 Terminology Relating to Ultrasonic Examination5

E 1001 Practice for Detection and Evaluation of Disconti-
nuities by the Immersed Pulse-Echo Ultrasonic Method
using Longitudinal Waves4

2.2 American Society for Nondestructive Testing Standard
(ASNT):

SNT-TC-1A Recommended Practice for Personnel Qualifi-
cation and Certification in Nondestructive Testing6

3. Summary of Guide

3.1 Pulse-echo Technique—The pulse-echo technique is
employed as an ultrasonic testing method which displays
reflected energy pulses. A Piezoelectric transducer (typically
15–25 M Hz frequency with 0.5- to 1.5-in. (12.7- to 38.1-mm)
focal length in water) converts the original electrical pulse into
a mechanical sound wave and then also acts as a receiver of the
reflected mechanical energy, converting it back into useful
electrical energy. The electrical instrumentation used with the
transducer generates, receives, amplifies, and displays the
controlled electrical pulses. (See Practices E 214 and E 1001.)

3.2 C-Scan—The amplified electrical signals as received
from the transducer are gated for time/distance and establish
the depth of analysis. When the transducer (coupled through a
water medium) is made to traverse in the X-Y directions, the

1 This guide is under the jurisdiction of ASTM Committee B02 on Nonferrous
Metals and Alloys and is the direct responsibility of Subcommittee B02.11 on
Electrical Contact Test Methods.

Current edition approved May 10, 1996. Published July 1996. Originally
published as B 773 – 87. Last previous edition B 773 – 87 (1991)e1.

2 Buckley, R. I., Commey, R. R., Jr., and Popat, P. V.,“Nondestructive Ultrasonic
Inspection of Braze Bonds in High Current Electrical Contact Assemblies,”
Proceedings of the Holm Conference on Electrical Contacts, 1971, pp. 63–71.

3 Jost, E., and Fontaine, G., “Ultrasonic In-line Inspection Technique for Contact
Materials,” Proceedings of the Holm Conference on Electrical Contacts, 1979, pp.
209–213.

4 Annual Book of ASTM Standards, Vol 03.03.
5 Discontinued; see1991 Annual Book of ASTM Standards, Vol 03.03
6 Available from ASNT, 1711 Arlingate Lane, P.O. Box 28518, Columbus, OH

43228-0518.

1
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gated electrical signals are then used to describe a two-
dimensional plan view of defects in the interior of the tested
object(s). This plan view of defect information at a given depth
of analysis (that is, the brazed or welded layer within the
contact assembly) is called a C-scan. (See Terminology E 500.)

3.3 Data Presentation:
3.3.1 The gated C-scan signals are used to drive an X-Y

plotter/printer that provides a permanent record of the defect
plane being examined.

3.3.2 The sensitivity of the instrument (alarm levels) is
adjusted with the printer circuit by a technician to provide an
accurate resolution level for the true characterization of de-
fects.

3.3.3 The calibrated C-scan printed display can then be used
to evaluate the bonded area (or unbonded area shapes) of an
array of contacts under examination.

4. Significance and Use

4.1 This guide is recommended to be used in preparing
specifications for the non-destructive evaluation of brazed or
welded electrical contact bonded area.7 The recommended
procedures are meant to improve the reproducibility of test data
among various laboratories. Specific differences among equip-
ment models and technician skills do exist which will limit
absolute correlation. This guide provides an indication of the
degree of variability which has been observed as realistic
among industry participants.

4.2 Ultrasonic testing alone does not insure an understand-
ing of bonded integrity. Other attributes (that is, strength) may
require correlation with destructive test methods.

5. Procedure

5.1 Fabricated Standards—Standards must be produced
from good previously C-scanned parts from the same process
and dimensions as the parts to be examined. Each standard
should contain three flat-bottomed holes: 0.015-, 0.031-, 0.062-
in. (0.381-, 0.787-, 1.575-mm) diameter. The centerline spac-
ing of adjacent holes should equal the diameter of the next
larger hole. Require a flat end mill for finish cut and control

depth from 0.000 to 0.005 in. (0.000 to 0.127 mm) into the
actual brazed or welded layer.

5.2 System Calibration—The ultrasonic transducer, electri-
cal instrumentation and display printer should be capable of
accurate reproduction of the standard. Include this standard in
every array of tested parts as an indication of system perfor-
mance.

5.3 Standard Parts—Often it is necessary to obtain
matched, focused transducers to achieve interlaboratory corre-
lation of system resolution on fabricated standard sets. Never-
theless, display sensitivity differences can exist which are best
resolved by the use of actual parts as standards. The vendor and
user select an array of parts with various degrees of bond
interface defects and these parts are shared to demonstrate
reproducibility during each set-up.

5.4 Scan Traverse Parallelism—The tank bottom or support
plane for the parts under investigation must be parallel (0.005
in. (0.127 mm) maximum deviation) with the plane of the X-Y
rails of the scanner. The transducer and CRT display may be
used to measure this variation directly and then accomplish
verification by varying the location of standards over the full
traverse of the C-scan area.

5.5 Print Quality—In addition to electrical system calibra-
tions, it has been observed that printer performance can
significantly affect the accuracy of a C-scan display. Direct
particular care towards stylus parameters and thermal paper
characteristics.

5.6 Metallographic Examination—Verification of the ultra-
sonic C-scan evaluation must be conducted by destructive
metallographic examination of selected contact assemblies.
Scanning at various instrument sensitivities and then cutting
and peeling or mounting of contacts can provide good under-
standing and correlation of results for the technician.

5.7 Operator Training—Qualify the skill level of ultrasonic
technicians according to the guidelines of the American Soci-
ety for Nondestructive Testing. (See SNT-TC-1A.) Compe-
tence in metallographic examination and the use of area
estimating templates is also required.

6. Precision and Bias

6.1 Precision—The expected closeness of agreement is
based on tests performed during 1980–1982 by a number of
experienced industry laboratories (see Table 1 and Table 2).

7 Janitzki, A. S., and Schaefer, B., “The Influence of the Quality of Brazing on
the Erosion of Contacts,” Proceedings of the 9th International Conference on
Electrical Contact, 1978, pp. 389–394.

TABLE 1 First Round Robin Test Results for Brazed and Welded Electrical Contact Assemblies

Lot/Sample
Number

Total
Contact

Area (in. 2)

Unbonded Area (in. 2) A by Laboratory Number
Mean Range

1 2 3 4 5 6

Brazed
1/9 0.345 0.036 0.036 0.024 0.024 0.036 0.030 0.031 0.012
2/24 0.097 0.008 0.016 0.016 0.012 0.008 0.024 0.014 0.016
3/19 0.091 0.010 0.010 0.010 0.000 0.010 0.020 0.010 0.020
4/4 0.309 0.039 0.026 0.104 0.052 0.104 0.156 0.080 0.130
5/34 0.309 0.039 0.013 0.091 0.078 0.078 0.039 0.056 0.078
6/20 0.309 0.156 0.208 0.182 0.182 0.260 0.260 0.208 0.104

Percussion welded
7/6 0.309 0.156 0.234 0.234 0.290 0.286 0.286 0.248 0.134

Resolution of Fabricated Standards with Flat Bottomed Hole 0.015 In. Diameter
2/STD.
5/STD.

0.016
0.016

0.022
0.000

0.070
0.070

0.070
0.070

0.010
0.020

0.025
...

0.036
0.035

0.060
0.070

A 1 in. 2 = 645 mm 2.
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These laboratories were all given the same parts, standards, and
guidelines and involved various equipment that can be consid-
ered standard in the industry.

6.1.1 Table 1 provides reproducibility data from six differ-
ent laboratories which examined the same seven brazed con-
tacts taken from seven different lots and two of the standards
used during this study.

6.1.2 Table 2 provides repeatability data from the same six
laboratories which subsequently examined the same two con-
tact assemblies taken from two of the original seven lots and
the same two original standards.

6.1.3 This data shows much better relative correlation
among laboratories in regard to grading the specimens in terms
of unbonded area than in correlation of absolute values for
unbonded area.

6.2 Bias—Since there is no accepted standard or reference
material suitable for determining the systematic error for this
test method of measuring bonded area, no statement on bias
can be made.

7. Keywords

7.1 bond evaluation; braze evaluation; C-scan; contact as-
semblies; electrical contacts; ultrasonic C-scan; unltrasonic
testing

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
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address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
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TABLE 2 Second Round-Robin Test Results for Brazed Electrical Contact Assemblies

Lot/Sample
Number

Total
Contact

Area (in. 2)

Unbonded Area (in. 2) A by Laboratory Number
Mean Range

1 2 3 4 5 6

Brazed
2/25
5/34

0.097
0.309

0.006
0.020

...

...
0.006
0.039

0.012
0.078

0.004
0.020

0.016
0.026

0.009
0.037

0.010
0.058

Resolution of Fabricated Standards with Flat Bottomed Hole 0.015 In. Diameter
2/STD.
5/STD.

0.020
0.024

...
...

0.070
0.070

0.070
0.070

0.020
...

0.030
0.070

0.042
0.059

0.052
0.046
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Designation: B 774 – 00

Standard Specification for
Low Melting Point Alloys 1

This standard is issued under the fixed designation B 774; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers low-melting point metal alloys
and soldiers, including bismuth–tin, bismuth–lead, bismuth-
–tin–lead, bismuth–tin–lead–cadmium, bismuth–tin–lead–indi-
um–cadmium, bismuth–tin–lead–indium, indium–lead, and in-
dium–lead–silver, and indium–tin joining together two or more
metals at temperatures below their melting points; blocking for
support and removable borders; radiation shielding; fusible
plugs; fuses; tube bending; and punch setting.

1.1.1 This specification shall include those alloys having a
liquidus temperature not exceeding 361°F (183°C), the melting
point of the tin lead eutectic.

1.1.2 This specification includes low-melting point alloys in
the form of solid bars, ingots, powder and special forms, and in
the form of solid ribbon and wire.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 55 Practice for Sampling Wrought Nonferrous Metals and

Alloys for Determination of Chemical Composition2

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition2

2.2 Military Standard:
MIL-STD 129 Marking for Shipment and Storage3

2.3 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)3

3. Terminology

3.1 Definition:
3.1.1 producer— the primary manufacturer of the material.
3.2 Definitions of Terms Specific to This Standard:
3.2.1 liquidus—the lowest temperature at which an alloy is

fully transformed from a solid to a liquid.
3.2.2 lot—the term “lot” as used in this specification shall

be defined as follows:for solid alloy metal, a lot shall consist
of all the metal of the same time designation, produced from
the same batch of raw materials under essentially the same
conditions, and offered for inspection at one time.

3.2.3 lot number— the term “lot number” as used in this
specification refers to a numerical designation for a lot that is
traceable to a date of manufacture.

3.2.4 solidus—The highest temperature at which an alloy is
fully transformed from a liquid to a solid.

4. Classification

4.1 Type Designation— The type designation shall use the
following symbols to properly identify the material:

4.1.1 Alloy Composition—The composition is identified by
three numbers that relate to the melting point in degrees
Farenheit where it is eutectic or six numbers where it is a range
alloy.

4.1.2 Form—The form is indicated by a single letter in
accordance with Table 1.

4.1.3 Powder Mesh Size— The powder mesh size is iden-
tified by a size symbol number (Table 2).

5. Ordering Information

5.1 Orders for material under this specification shall indi-
cate the following information, as required, to adequately
describe the desired material:

5.1.1 Type designation (see 4.1),
5.1.2 Detailed requirements for special forms,
5.1.3 Dimensions of ribbon and wire solder (see 9.2),
5.1.4 Unit weight,
5.1.5 Packaging (see Section 18),
5.1.6 Marking (see Section 17),
5.1.7 ASTM specification designation and year of issue,

marked on the purchase order and on the package or spool, and

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.02 on Refined Lead, Tin, Antimony, and Their Alloys.

Current edition approved Oct. 10, 2000. Published November 2000. Originally
published as B 774-87. Last previous edition B 774-95).

2 Annual Book of ASTM Standards, Vol 03.05.
3 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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5.1.8 Special requirements, as agreed upon between sup-
plier and purchaser.

6. Materials and Manufacture

6.1 The producer shall use care to have each lot of alloy as
uniform in quality as practicable and of satisfactory appearance
in accordance with the best industrial practices. Each bar,
ingot, or other form in which the alloy is sold shall be uniform
in composition within the entire lot.

7. Chemical Composition

7.1 The composition of the alloys covered by this specifi-
cation shall be as shown in Table 3.

NOTE 1—By mutual agreement between the supplier and the purchaser,
analysis may be required and limits established for elements or com-
pounds not specified in Table 3.

8. Physical and Performance Requirements

8.1 Alloy must freeze within 2°F of its solidus.
8.2 Powder Mesh Size— The powder mesh size shall be as

specified in 5.1.1 and 4.1.3.

9. Dimensions and Unit Weight

9.1 Bar and Ingot— The dimensions and unit weight of bar
and ingot shall be agreed between the supplier and purchaser.

9.2 Wire (Solid)— The dimensions and unit weight of wire
alloys shall be as specified in 5.1.3 and 5.1.4. The tolerance on
the specified outside diameter shall be65 % or 60.002 in.
(0.05 mm), whichever is greater.

9.3 Other Forms:
9.3.1 Dimensions for ribbon and special forms shall be as

agreed between the supplier and purchaser.
9.3.2 The unit weight of alloy powder shall be as specified

in 5.1.4.

10. Workmanship, Finish, and Appearance

10.1 All forms of the alloys shall be processed in such a
manner as to be uniform in quality and free of defects that will
affect life, serviceability, or appearance.

11. Sampling for Chemical Analysis

11.1 Care must be taken to ensure that the sample selected
for testing is representative of the material. The method of
sampling shall consist of one of the following methods:

11.1.1 Samples may be taken from the final solidified cast or
fabricated product.

11.1.2 Representative samples may be obtained from the lot
of molten metal during casting. The molten sample shall be
poured into a cool mold, forming a bar approximately 0.25 in.
(6.4 mm) thick.

11.2 Frequency of Sampling—Frequency of sampling for
determination of chemical composition shall be in accordance
with Table 4. For spools and coils, the sample shall be obtained
by cutting back 6 ft (1.8 m) of wire from the free end and then
taking the next 6 ft for test. In other forms, an equivalent
sample shall be selected at random from the container.

TABLE 1 Form

Symbol Form

B bar
I ingot
P powder
R ribbon
S special (includes pellets, preforms, shot, etc.
W wire

TABLE 2 Powder Mesh Size

Size Symbol Powder Mesh Size

3 325
2 200
1 100

TABLE 3 Chemical Requirements Composition, wt. %
(range or maximum rules)

Alloy
Designation

Constituents — wt % Melting Points

Solidus Liquidus

Bi Pb Sn Cd In Ag Cu Sb Zn °F °C °F °C

117 44.2–45.2 22.1–23.1 7.8–8.8 4.8–5.8 18.6–19.6 0.001 0.08 0.1 0.08 117 47 117 47
129–133 48.14–50.14 16.92–18.92 10.55–12.55 129 54 133 56

136 48.5–49.5 17.5–18.5 11.5–12.5 0.005 20.5–21.5 0.001 0.08 0.1 0.08 136 58 136 58
158 49.5–50.5 26.2–27.2 12.8–13.8 9.5–10.5 0.008 0.001 0.08 0.1 0.08 158 70 158 70

158–165 49.5–50.5 24.45–25.45 12.0–13.0 12.0–13.0 0.10 158 70 165 74
158–190 42.0–43.0 37.2–38.2 10.8–11.8 8.0–9.0 0.008 0.001 0.08 0.1 0.08 158 70 190 88

174 56.5–57.5 0.05 16.5–17.5 0.005 25.5–26.5 0.001 0.08 0.1 0.08 174 79 174 79
203 52.0–53.0 31.5–32.5 15.0–16.0 0.005 0.008 0.001 0.08 0.1 0.08 203 95 203 95

203–239 49.5–50.5 24.5–25.5 24.5–25.5 203 95 239 115
216–217 53.5–54.5 25.5–26.5 19.5–20.5 216 102 217 103

255 55.0–56.0 44.0–45.0 0.01 0.005 0.008 0.001 0.08 0.1 0.08 255 124 255 124
281 57.5–58.5 0.05 41.5–42.5 0.005 0.008 0.01 0.08 0.1 0.08 281 138 281 138

281–338 39.5–40.5 0.05 59.5–60.5 0.005 0.008 0.01 0.08 0.1 0.08 281 138 338 170
291–325 13.5–14.5 42.5–43.5 42.5–43.5 0.005 0.008 0.01 0..08 0.1 0.08 291 144 325 163

244 0.01 0.05 47.5–48.5 0.005 51.5–52.5 0.01 0.08 0.1 0.08 244 118 244 118
296 0.01 0.05 0.01 0.005 96.5–97.5 2.8–3.2 0.08 0.1 0.08 296 147 296 147
293 0.01 29.9–31.1 50.7–51.7 17.7–18.7 0.008 0.01 0.08 0.1 0.08 293 145 293 145

300–302 0.01 14.5–15.5 0.01 0.005 79.5–80.5 4.5–5.5 0.08 0.1 0.08 300 149 302 150
307–323 0.01 17.5–18.5 69.5–70.5 0.005 11.5–12.5 0.01 0.08 0.1 0.08 307 153 323 162
320–345 0.01 29.5–30.5 0.01 0.005 69.5–70.5 0.01 0.08 0.1 0.08 320 160 345 174
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11.3 Other Aspects of Sampling—Other aspects of sampling
shall conform, in the case of bar and ingots, to Practice E 88.
For fabricated alloys the appropriate reference is Practice E 55.

12. Sample Preparation

12.1 Bar and Ingot— Each sample piece shall be cut in half,
and one half marked with sampling date and composition, and
shall be held in reserve. The remaining half shall be melted in
a clean container, mixed thoroughly and poured into a cool
mold, forming a bar approximately 0.25 in. (6.4 mm) thick.
Sampling may be performed by one of the following methods:

12.1.1 Sawing—If it is impractical to melt the bar or ingot
as specified in 12.1, saw cuts shall be made across each piece
at equal intervals of not more than 1 in. (25 mm) throughout its
length. No lubricants shall be used during sawing. The sample
shall consist of not less than 5 oz (143 g) of mixed sawings.

12.1.2 Drilling —The bar shall be drilled at least halfway
through from two opposite sides. A drill of about 0.50 in. (12.7
mm) in diameter is preferred. In drilling, the holes shall be
placed along a diagonal line from one corner of the pig to the
other. The drillings shall be clipped into pieces not over 0.50 in.
(12.7 mm) in length and mixed thoroughly. The sample shall
consist of not less than 5 oz (143 g).

13. Test Methods

13.1 Visual and Dimensional Examination:
13.1.1 Ribbon and Wire— Ribbon and wire shall be exam-

ined to verify that the dimensions, unit weight, and workman-
ship are in accordance with the applicable requirements.

13.1.2 Bar and Ingot— Bar and ingot shall be examined to
verify that the unit weight, marking, and workmanship are in
accordance with the applicable requirements.

13.2 Alloy Composition—In case of dispute, the chemical
analysis shall be as agreed by buyer and seller.

13.3 Alloy Freezing Point—This shall be determined by
plotting on a time temperature graph the results of a room
temperature cooldown to 72°F (22°C) on a 2-lb (1000-g)
sample of alloy, non-stirred using an ASTM approved ther-
mometer. An example of commercial equipment available for
this is a Leeds and Northrop Speedomax W.4 Use of a
differential scanning calorimeter is also permissible under this
section (Dupont Model 9125 or equivalent).

13.4 Powder Mesh Size— A minimum of 98 % of the
powder shall pass through the appropriate size sieve (see 4.1.3)
in order to be classified for that mesh size.

14. Inspection

14.1 Unless otherwise specified in the contract or purchase
order, the supplier is responsible for the performance of all
inspection requirements as specified herein. Except as other-
wise specified in the contract or order, the supplier may use his
own or any other facilities suitable for the performance of the
inspection requirements specified unless disapproved by the
purchaser. The purchaser reserves the right to perform any of
the inspections set forth in the specification where such
inspections are deemed necessary to ensure that supplies and
services conform to prescribed requirements.

14.1.1 Test Equipment and Inspection Facilities—Test and
measuring equipment and inspection facilities of sufficient
accuracy, quality, and quantity to permit performance of the
required inspection shall be established and maintained by the
supplier.

15. Rejection and Rehearing

15.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection shall be reported
to the producer or supplier promply and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make a claim for a rehearing.

16. Certification

16.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

17. Product Marking

17.1 The producer’s name or trademark shall be stamped or
cast on each bar or ingot. The alloy grade designation or
nominal composition, or both, shall be stamped on each bar or
ingot for identification along with the specification number.

17.2 Each spool or container shall be marked to show the
specification number, type designation, dimensions, and unit
weight of wire or other form and lot number. The producer’s
name or trademark shall be marked on the spool or container.

18. Packaging and Package Marking

18.1 The material shall be packaged to provide adequate
protection during normal handling and transportation. The type
of packaging and gross weight of containers shall, unless
otherwise agreed upon, be at the producer’s or supplier’s
discretion, provided that they are such as to ensure acceptance
by common or other carriers for safe transportation to the
delivery point.

18.1.1 For bar and ingot a lot number shall be marked on
each shipping container or inside package.

18.1.2 When special preservation, packaging and packing
requirements are agreed upon between purchaser and supplier,
marking for shipment of such material shall be in accordance
with Fed. Std. No. 123 for civil agencies and MIL-STD-129 for
military agencies.

4 Leeds and Northrop Speedomax W, available from Leeds and Northrop, MD
363-TR North Wales, PA 19454 has been found suitable for this purpose.

5 Differential Scanning Calorimeter Dupont Model 912, available from DuPont
Instrument Systems Division, Wilmington, DE 19898 has been found suitable for
this purpose.

TABLE 4 Frequency of Sampling

Size of Lot, lb (kg)
Number of Samples

(spools, coils,
containers or pieces)

Up to 1000 (450), incl 3
Over 1000 to 10 000 (450 to 4500), incl 5
Over 10 000 (4500) 10
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18.2 Each shipping container shall be marked with the
purchase order number, unit weight, and producer’s name or
trademark.

19. Keywords

19.1 bismuth; cadmium; freezing point; fuses; fusible al-
loys; indium; ingot; joining; lead; liquidus; low melting point

alloys; powder; silver; solder; solidus; tin; wire

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 775 – 02

Standard Specification for
General Requirements for Nickel and Nickel Alloy Welded
Pipe1

This standard is issued under the fixed designation B 775; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification contains various requirements that,
with the exception of Section 5 and Section 10, are mandatory
requirements to the following ASTM nickel and nickel alloy,
longitudinally welded piping specifications:2

Title of Specification
ASTM

Designation2

Welded UNS N08020, N08024, and N08026 Alloy Pipe B 464
Welded Nickel-Iron-Chromium Alloy Pipe B 514
Welded Nickel-Chromium-Iron-Alloy (UNS N06600,

UNS N06603, UNS N06025 and UNS N06045) Pipe
B 517

Welded Nickel and Nickel-Cobalt Alloy Pipe B 619
UNS N08904, UNS N08925, and UNS N08926 Welded Pipe B 673
UNS N08367 Welded Pipe B 675
Nickel-Alloy (UNS N06625, N06219, and N08825) Welded

Pipe
B 705

Ni-Cr-Mo-Co-W-Fe-Si Alloy (UNS N06333) Welded Pipe B 723
Welded Nickel (UNS N02200/UNS N02201) and Nickel

Copper Alloy (UNS N04400) Pipe
B 725

1.2 One or more of the test requirements of Section 5 apply
only if specifically stated in the product specification or in the
purchase order.

1.3 In case of conflict between a requirement of the product
specification and a requirement of this general specification,
only the requirement of the product specification needs to be
satisfied.

1.4 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 39 Test Methods for Chemical Analysis of Nickel5

E 76 Test Methods for Chemical Analysis of Nickel-Copper
Alloys6

E 112 Test Methods for Determining the Average Grain
Size3

E 213 Practice for Ultrasonic Examination of Metal Pipe
and Tubing7

E 426 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Seamless and Welded Tubular Products, Austen-
itic Stainless Steel and Similar Alloys7

E 571 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Nickel and Nickel Alloy Tubular Products7

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

2.2 ANSI Standards:8

B 1.20.1 Pipe Threads
B 36.10 Welded and Seamless Wrought Steel Pipe
B 36.19 Stainless Steel Pipe
2.3 Other Documents:9

ASME Boiler and Pressure Vessel Code, Section IX -
Welding and Brazing Qualifications

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 775 – 87. Last previous edition B 775 – 01.

2 Annual Book of ASTM Standards, Vol 02.04.

3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Discontinued; see1996 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 03.05.
7 Annual Book of ASTM Standards, Vol 03.03.
8 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,

4th Floor, New York, NY 10036.
9 Available from American Society of Mechanical Engineers (ASME), ASME

International Headquarters, Three Park Ave., New York, NY 10016-5990.

1
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3. Terminology

3.1 Definitions:
3.1.1 average diameter—the average of the maximum and

minimum outside diameters, as determined at any one cross
section of the pipe.

3.1.2 nominal wall—a specified wall thickness with a plus
or minus tolerance from the specified thickness.

3.1.3 welded pipe—a round hollow produced by forming
flat stock and joining the single longitudinal seam by welding,
and produced to the particular dimensions commercially
known as pipe sizes (NPS).

4. Chemical Composition

4.1 In case of disagreement, the chemical composition shall
be determined in accordance with the following methods:

UNS No. Prefixes ASTM Method
N02 E 39
N04 E 76

N06, N08 E 1473

4.2 The ladle analysis of the material shall conform to the
chemical requirements prescribed by the individual product
specification.

4.3 The product (check) analysis of the material shall meet
the requirements for the ladle analysis within the tolerance
limits prescribed in Specification B 880.

5. Test Requirements

5.1 Flattening Test:
5.1.1 A length of pipe not less than 4 in. (102 mm), shall be

flattened under a load applied gradually at room temperature
until the distance between the platens is five times the wall
thickness. The weld shall be positioned 90° from the direction
of the applied flattening force.

5.1.2 The flattened specimen shall not exhibit cracks.
5.1.3 Superficial ruptures resulting from surface imperfec-

tions shall not be a cause for rejection.
5.2 Transverse Guided-Bend Weld Test:
5.2.1 For welded pipe made with weld filler and at the

option of the manufacturer, the transverse guided bend weld
test may be substituted in lieu of the flattening test. Two bend
test specimens shall be taken transversely from pipe or the test
specimens may be taken from a test plate of the same material
and heat as the pipe, which is attached to the end of the
cylinder and welded as a prolongation of the pipe longitudinal
seam. Except as provided in 5.2.2, one shall be subject to a face
guided bend test and a second to a root guided bend test. One
specimen shall be bent with the inside surface of the pipe
against the plunger and the other with the outside surface of the
pipe against the plunger. Guided bend test specimens shall be
prepared and tested in accordance with Section IX, Part QW,
Paragraph QW 160 of the ASME Boiler and Pressure Vessel
Code and shall be one of the types shown in QW 463.1 of that
code.

5.2.2 For wall thicknesses over3⁄8 in. (9.5 mm) but less than
3⁄4 in. (19 mm) side bend tests may be made instead of the face
and root bend tests. For specified wall thicknesses3⁄4 in. and
over, both specimens shall be subjected to the side bend tests.
Side bend specimens shall be bent so that one of the side
surfaces becomes the convex surface of the bend specimen.

5.2.3 The bend test shall be acceptable if no cracks or other
defects exceeding1⁄8 in. (3 mm) in any direction be present in
the weld metal or between the weld and the pipe or plate metal
after bending. Cracks which originate along the edges of the
specimen during testing, and that are less than1⁄4 in. (6.5 mm)
measured in any direction shall not be considered.

5.3 Pressure (Leak Test):
5.3.1 Hydrostatic— Each pipe shall be tested by the manu-

facturer to an internal hydrostatic pressure of 1000 psi (6.9
MPa) provided that the fiber stress, calculated from the
following equation, does not exceed the allowable fiber stress
for the material:

P 5 2St/D (1)

where:
P = hydrostatic test pressure, psi (MPa),
S = allowable fiber stress, for material in the condition

(temper) furnished as specified in the product specifi-
cation (S is calculated as the lower of2⁄3 of the
specified minimum 0.2 % offset yield strength or1⁄4 of
the specified minimum ultimate strength for the mate-
rial),

t = minimum wall thickness permitted, in. (mm), includ-
ing minus tolerance, if any, and

D = nominal outside diameter of the pipe, in. (mm).
5.3.1.1 The test pressure must be held for a minimum of

5 s.

NOTE 1—Testing at a pressure greater than 1000 psi may be performed
upon agreement between the purchaser and manufacturer provided that the
allowable fiber stress is not exceeded.

5.3.2 Pneumatic (Air Underwater Test)—Each pipe shall be
tested at a pressure of 150 psi (1.05 MPa). The test pressure
shall be held for a minimum of 5 s. Visual examination is to be
made when the material is submerged and under pressure. The
full length of pipe must be examined for leaks.

5.3.3 If any pipe shows leaks during hydrostatic or pneu-
matic testing, it shall be rejected.

5.4 Nondestructive Electric Test:
5.4.1 Eddy Current Testing—Testing shall be conducted in

accordance with Practices E 426 or E 571. The eddy current
examination reference in this specification has the capability of
detecting significant discontinuities, especially of the short,
abrupt type.

5.4.1.1 Unless otherwise specified by the purchaser, the
calibration standard shall contain, at the option of the manu-
facturer, any one of the following discontinuities to establish a
minimum sensitivity level for rejection. The discontinuity shall
be placed in the weld if visible.

5.4.1.2 Drill Hole—A hole not larger than 0.031 in. (0.79
mm) diameter shall be drilled radially and completely through
the wall, care being taken to avoid distortion of the material
while drilling.

5.4.1.3 Transverse Tangential Notch—Using a round file or
tool with a 1⁄4 in. (6 mm) diameter, a notch shall be filed or
milled on the pipe outside diameter tangential to the surface
and transverse to the longitudinal axis of the material. Said
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notch shall have a depth not exceeding 12.5 % of the specified
wall thickness of the material, or 0.004 in. (0.10 mm),
whichever is greater.

5.4.2 Ultrasonic Testing—Testing shall be conducted in
accordance with Practice E 213. The ultrasonic examination
referred to in this specification is intended to detect longitudi-
nal discontinuities having a reflective area similar to or larger
than the calibration reference notches specified in 5.4.2.1. The
examination may not detect circumferentially oriented imper-
fections or short, deep defects.

5.4.2.1 For ultrasonic testing, longitudinal calibration
notches shall be machined on the outside and inside diameter
surfaces. The depth of the notches shall not exceed 12.5 % of
the specified wall thickness or 0.004 in. (0.10 mm), whichever
is greater. The notch shall be placed in the weld, if visible.

5.4.3 Calibration Frequency—The frequency of calibration
checks shall be as follows:

5.4.3.1 At the beginning of each production run.
5.4.3.2 At least every four hours during testing.
5.4.3.3 At the end of each production run.
5.4.3.4 After any suspected equipment malfunction or work

stoppage.
5.4.3.5 If, during any check, the equipment fails to detect

the calibration defects, the instrument must be recalibrated and
all material tested since the last satisfactory check shall be
retested.

5.4.4 Acceptance and Rejection—Material producing a sig-
nal equal to or greater than the calibration defect shall be
subject to rejection.

5.4.4.1 Test signals that are produced by imperfections that
cannot be identified or that are produced by cracks or crack-
like imperfections shall result in rejection of the pipe, subject
to rework and retest.

5.4.4.2 If the imperfection is judged as not fit for use, the
tube shall be rejected, but may be reconditioned and retested
providing the wall thickness requirements are met. To be
accepted, retested material shall meet the original electric test
requirements.

5.4.4.3 If the imperfection is explored to the extent that it
can be identified, and the pipe is determined to be fit for use,
the material may be accepted without further testing providing
the imperfection does not encroach on minimum wall thickness
requirements.

5.5 Tension Test— Tension testing shall be conducted in
accordance with Test Methods E 8.

5.5.1 The material shall conform to the tensile properties
prescribed in the individual product specification.

5.6 Hardness Test— Hardness testing shall be conducted in
accordance with Test Methods E 18.

5.7 Grain Size—The measurement of average grain size
may be carried out by the planimetric method, the comparison
method, or the intercept method described in Test Methods
E 112. In case of dispute, the “referee” method for determining
average grain size shall be the intercept method.

5.8 For purposes of determining compliance with the speci-
fied limits for requirements of the properties listed in the

following table, an observed value or a calculated value shall
be rounded in accordance with the rounding method of Practice
E 29:

Requirements
Rounded Unit for Observed

or Calculated Value

Chemical composition and tolerances nearest unit in the last right-hand
place of figures of the specified limit

Tensile strength and yield strength nearest 1000 psi (7 MPa)
Elongation nearest 1 %

6. Dimensions and Permissible Variations

6.1 Dimensions of pipe are shown in Table 1.
6.1.1 Permissible variations in outside diameter and wall

thickness are shown in Table 2.
6.2 Length—When material is ordered as cut-to-length, the

length shall conform to the permissible variations prescribed in
Table 3. When material is ordered to random lengths, the
lengths and variations shall be agreed upon between the
manufacturer and purchaser.

6.3 Straightness— Material shall be reasonably straight and
free of bends and kinks.

6.4 Ends—Ends shall be reasonably square and free from
burrs.

7. Workmanship, Finish, and Appearance

7.1 The material shall be uniform in quality and temper,
smooth, and free from imperfections that would render it unfit
for use.

8. Sampling

8.1 Lot Definition:
8.1.1 A lot for chemical analysis shall consist of one heat.
8.1.2 A lot for all other testing shall consist of all material

from the same heat, nominal size (excepting length), and
condition (temper). When final heat treatment is in a batch-type
furnace, a lot shall include only those pipes of the same size
and the same heat that are heat-treated in the same furnace
charge. When heat treatment is in a continuous furnace, a lot
shall include all pipe of the same size and heat, heat-treated in
the same furnace at the same temperature, time at temperature,
and furnace speed during one production run. At no time shall
a lot consist of more than 20 000 lb (9070 kg).

8.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material of the
same alloy in the same condition (temper) and nominal size
(excepting length).

NOTE 2—For tension, hardness and flattening test requirements, the
term lot applies to all lengths prior to cutting.

8.2 Test Material Selection:
8.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

8.2.2 Mechanical and Other Properties—Samples of the
material to provide test specimens for mechanical and other
properties shall be taken from such locations in each lot as to
be representative of that lot. Test specimens shall be taken from
material in the final condition (temper).
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9. Retests and Retreatment

9.1 Retests—If the results of the mechanical tests of any
group or lot do not conform to the requirements specified in the
individual specification, retests may be made on additional
pipes of double the original number from the same group or lot,
each of which shall conform to the requirements specified.

9.2 Retreatment— If the individual pipes or the pipes
selected to represent any group or lot fail to conform to the test

requirements, the individual pipes or the group or lot repre-
sented may be reheat treated and resubmitted for test. Not more
than two reheat treatments shall be permitted.

10. Specimen Preparation

10.1 Room Temperature Tensile Specimen:
10.1.1 Material shall be tested in the direction of fabrica-

tion. Whenever possible, the pipe shall be tested in full cross
section. When testing in full section is not possible, longitudi-
nal strip specimens or the largest possible round section shall
be used. In the event of disagreement when full section testing
is not possible, a longitudinal strip specimen with reduced gage
length as contained in Test Methods E 8 shall be used.

10.2 Hardness Specimen:
10.2.1 The hardness specimen shall be prepared in accor-

dance with Test Methods E 18. The test shall be made on the
inside diameter surface of a specimen cut from the end, or on
the inside of the pipe near the end, at the option of the
manufacturer.

TABLE 1 Dimensions of Pipe

NOTE 1—The following table is a reprint of Table 1 of ANSI B36.19.
NOTE 2—The decimal thicknesses listed for the respective pipe sizes represent their nominal wall dimensions.

NPS
Designator

Outside Diameter Nominal Wall Thickness

in. mm
Schedule 5SA Schedule 10SA Schedule 40S Schedule 80S

in. mm in. mm in. mm in. mm

1⁄8 0.405 10.29 ... ... 0.049 1.24 0.068 1.73 0.095 2.41
1⁄4 0.540 13.72 ... ... 0.065 1.65 0.088 2.24 0.119 3.02
3⁄8 0.675 17.15 ... ... 0.065 1.65 0.091 2.31 0.126 3.20
1⁄2 0.840 21.34 0.065 1.65 0.083 2.11 0.109 2.77 0.147 3.73
3⁄4 1.050 26.67 0.065 1.65 0.083 2.11 0.113 2.87 0.154 3.91
1.0 1.315 33.40 0.065 1.65 0.109 2.77 0.133 3.38 0.179 4.55
11⁄4 1.660 42.16 0.065 1.65 0.109 2.77 0.140 3.56 0.191 4.85
11⁄2 1.900 48.26 0.065 1.65 0.109 2.77 0.145 3.68 0.200 5.08
2 2.375 60.33 0.065 1.65 0.109 2.77 0.154 3.91 0.218 5.54
21⁄2 2.875 73.03 0.083 2.11 0.120 3.05 0.203 5.16 0.276 7.01
3 3.500 88.90 0.083 2.11 0.120 3.05 0.216 5.49 0.300 7.62
31⁄2 4.000 101.60 0.083 2.11 0.120 3.05 0.226 5.74 0.318 8.08
4 4.500 114.30 0.083 2.11 0.120 3.05 0.237 6.02 0.337 8.56
5 5.563 141.30 0.109 2.77 0.134 3.40 0.258 6.55 0.375 9.52
6 6.625 168.28 0.109 2.77 0.134 3.40 0.280 7.11 0.432 10.97
8 8.625 219.08 0.109 2.77 0.148 3.76 0.322 8.18 0.500 12.70

10 10.750 273.05 0.134 3.40 0.165 4.19 0.365 9.27 0.500B 12.70B

12 12.750 323.85 0.156 3.96 0.180 4.57 0.375B 9.52B 0.500B 12.70B

14 14.000 355.60 0.156 3.96 0.188B 4.78B ... ... ... ...
16 16.000 406.40 0.165 4.19 0.188B 4.78B ... ... ... ...
18 18.000 457.20 0.165 4.19 0.188B 4.78B ... ... ... ...
20 20.000 508.00 0.188 4.78 0.218B 5.54B ... ... ... ...
22 22.000 558.80 0.188 4.78 0.218B 5.54B ... ... ... ...
24 24.000 609.60 0.218 5.54 0.250 6.35 ... ... ... ...
30 30.000 762.00 0.250 6.35 0.312 7.92 ... ... ... ...

A Schedules 5S and 10S wall thicknesses do not permit threading in accordance with ANSI B1.20.1.
BThese do not conform to ANSI B36.10.

TABLE 2 Permissible Variations in Outside Diameter A ,B and Wall
Thickness C For Welded Pipe

NPS Designator

Permissible Variations in Outside Diameter

Over Under

in. mm in. mm

1⁄8 to 11⁄2, incl 1⁄64 (0.015) 0.4 1⁄32 (0.031) 0.8
Over 11⁄2 to 4, incl 1⁄32 (0.031) 0.8 1⁄32 (0.031) 0.8
Over 4 to 8, incl 1⁄16 (0.062) 1.6 1⁄32 (0.031) 0.8
Over 8 to 18, incl 3⁄32 (0.093) 2.4 1⁄32 (0.031) 0.8
Over 18 to 26, incl 1⁄8 (0.125) 3.2 1⁄32 (0.031) 0.8
Over 26 to 34, incl 5⁄32 (0.156) 4.0 1⁄32 (0.031) 0.8
Over 34 to 48, incl 3⁄16 (0.187) 4.8 1⁄32 (0.031) 0.8

A These permissible variations in outside diameter apply only to material as
finished at the mill before subsequent swaging, expanding, bending, polishing, or
other fabricating operations.

B Ovality is the difference between the maximum and the minimum outside
diameter measured at any one cross section. There is no additional tolerance for
ovality on material having a nominal wall thickness for more than 3 % of the
outside diameter. On this material, the average of the maximum and the minimum
outside diameter measurements will fall within the outside diameter tolerance
shown in Table 2. An additional ovality allowance of twice the outside diameter
tolerance spreads shown in Table 2, applied 61⁄2, is allowed for material having a
nominal wall thickness of 3 % or less of the nominal outside diameter.

C The wall thickness variation shall not exceed 612.5 % of the nominal wall
thickness.

TABLE 3 Permissible Variations in Cut Length A

Outside Diameter,
in. (mm)

Length Tolerance, in. (mm)

Over Under

Cold finished:
all sizes 1⁄4 (6.4) 0

Hot finished:
all sizes 1⁄4 (6.4) 0
A These permissible variations in length apply to pipe in straight lengths. They

apply to cut lengths up to and including 24 ft (7.3 m). For lengths over 24 ft, an
additional over-tolerance of 1⁄8 in. (3.2 mm) for each 10 ft (3.0 m) or fraction thereof
shall be permitted up to a maximum additional over-tolerance of 1⁄2 in. (12.7 mm).
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10.3 Grain Size:
10.3.1 If required, the grain size specimen shall be a

transverse sample representing full wall thickness.

11. Inspection
11.1 Witnessing of testing or inspection by the purchaser’s

representative shall be agreed upon by the purchaser and the
manufacturer as part of the purchase contract.

12. Rejection and Rehearing
12.1 Material tested by the purchaser that fails to conform to

the requirements of this specification may be rejected. Rejec-
tion should be reported to the supplier promptly and in writing.
In case of dissatisfaction with the results of the test, the
producer or supplier may make claim for a rehearing.

13. Certification
13.1 When specified in the purchase contract, a manufac-

turer’s certification shall be furnished to the purchaser stating
that the material has been manufactured, tested and inspected
in accordance with this specification, and that the test results on
representative samples meet specification requirements. When
specified in the purchase contract, a report of the test results
shall be furnished.

14. Product Marking
14.1 Material Marking:

14.1.1 The name or brand of the manufacturer, the name of
the material or UNS number, the letters ASTM, the product
specification number, heat number, class (if applicable) and
nominal pipe size shall be legibly marked on each piece1⁄2
NPS and larger and lengths greater than 3 ft (914 mm). The
material marking shall be by any method that will not result in
harmful contamination.

14.1.2 For material smaller than1⁄2 NPS, or lengths under 3
ft (914 mm), the information specified in 14.1.1 shall be legibly
marked on each piece or marked on a tag securely attached to
the bundle or box in which the material is shipped, at the option
of the manufacturer.

15. Packaging and Package Marking

15.1 The following information shall be marked on the
material or included on the package, or on a label or tag
attached thereto: name of the material or UNS number, heat
number, condition (temper), the letters ASTM, the product
specification number, the nominal pipe size, gross, tare, and net
weight, consignor and consignee addresses, contract or order
number, and such other information as may be defined by the
purchase contract.

16. Keywords

16.1 welded pipe

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 776 – 01a

Standard Specification for
Hafnium and Hafnium Alloy Strip, Sheet, and Plate 1

This standard is issued under the fixed designation B 776; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers two grades of hafnium strip,
sheet, and plate, one specifically for nuclear applications
(Grade R1) and one for commercial applications for alloying
(Grade R3).

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 8 Test Methods for Tension Testing of Metallic Materials2

E 21 Test Methods for Elevated Temperature Tension Tests
of Metallic Materials2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications3

3. Terminology

3.1 Lot Definitions:
3.1.1 castings—a lot shall consist of all castings produced

from the same pour.
3.1.2 ingot—no definition required.
3.1.3 rounds, flats, tubes, and wrought powder metallurgical

products (single definition, common to nuclear and non-
nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the ingot
or powder blend by the same reduction schedule and the same
heat treatment parameters. Unless otherwise agreed between
manufacturer and purchaser, a lot shall be limited to the
product of an 8 h period for final continuous anneal, or to a
single furnace load for final batch anneal.

3.1.4 sponge—a lot shall consist of a single blend produced
at one time.

3.1.5 weld fittings—definition is to be mutually agreed upon
between manufacturer and the purchaser.

4. Classification

4.1 The strip, sheet, or plate is to be furnished in one of the
two grades shown in Table 1.

5. Ordering Information

5.1 Purchase orders for material under this specification
shall include the following information as required to ad-
equately describe the desired material:

5.1.1 Quantity (weight or number of pieces),
5.1.2 Number of material,
5.1.3 Form (strip, sheet, plate),
5.1.4 Metallurgical condition (6.2),
5.1.5 Finish (Section 11),
5.1.6 Applicable dimensions (thickness, width, and length),
5.1.7 Grade (Table 1), and
5.1.8 ASTM designation and year of issue.

NOTE 1—A typical ordering description is as follows: twenty-eight
pieces hafnium plate, annealed; mechanically descaled and pickled; 0.158
in. by 6.000 in. thick by 18-in. long lengths; Grade R1; ASTM
B 776 – ___.

5.2 In addition to the data specified in 5.1, the following
options and points of agreement between the manufacturer and
the purchaser shall be specified on the purchase order if
required:

5.2.1 Mechanical test temperature (see 8.1),
5.2.2 Tolerances (Section 10),
5.2.3 Workmanship standards (Section 11),
5.2.4 Special or alternate tests (Sections 8 and 14),
5.2.5 Inspection (Section 16),
5.2.6 Corrosion testing (Section 9),
5.2.7 Zirconium analysis requirements (Table 1), and
5.2.8 The isotopic hafnium composition and its analysis, if

required, shall be mutually agreed upon by the purchaser and
producer.

6. Materials and Manufacture

6.1 The sheet, strip, or plate covered by this specification
shall be formed with conventional forging and rolling equip-
ment found in primary ferrous and nonferrous metal plants, and

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.02 on Zirconium and Hafnium.

Current edition approved Nov. 10, 2001. Published January 2002. Originally
published as B 776 – 87. Last previous edition B 776 – 01.

2 Annual Book of ASTM Standards, Vol 03.01.
3 Annual Book of ASTM Standards, Vol 14.02.
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made from ingots produced by vacuum melting in electron
beam or consumable arc furnaces, or both, of a type conven-
tionally used for reactive metals.

6.2 The sheet, strip, and plate shall be supplied in the
recrystallized annealed condition unless otherwise specified.

7. Chemical Compositions

7.1 The material shall conform to the chemical composition
requirements prescribed in Table 1.

7.2 The manufacturer’s ingot analysis shall be considered
the chemical analysis for sheet, strip, and plate, except for
hydrogen and nitrogen, which shall be determined on the
finished product.

7.3 When requested by the purchaser and stated in the
purchase order, a product analysis for any elements listed in
Table 1 shall be made on the finished product.

7.3.1 The manufacturer’s analysis shall be considered as
verified if the check analysis confirms the manufacturer’s
reported values within the tolerances prescribed in Table 2.

8. Mechanical Properties

8.1 Grade R1 shall conform to the requirements prescribed
in Table 3 for room temperature mechanical properties. El-
evated temperature properties shall be used to determine
compliance only when specified in the purchase order.

9. Corrosion Properties

9.1 When required by the purchaser and stated in the
purchase order, the following corrosion testing shall be per-
formed:

9.1.1 Two samples chosen at random from each lot shall be
corrosion tested in water at 680°F (360°C), 2690 psi for
672 + 8 − 0 husing the manufacturer’s standard procedure.

9.1.2 Grade R1—Coupons shall exhibit a weight gain of not
more than 10 mg/dm2.

9.1.3 Grade R3 will be tested for information only, if
required by purchase order.

10. Permissible Variations in Dimensions

10.1 Thickness—The variation in thickness of strip, sheet,
and plate are given in the following tables:

10.1.1 Cold-rolled sheet, Table 4.
10.1.2 Hot-rolled strip, Table 5,
10.1.3 Cold-rolled strip, Table 6.
10.2 Width and Length—The variation in width and length

are given in the following tables:
10.2.1 Hot- and cold-rolled sheet, Table 7 and Table 8.
10.2.2 Hot-rolled strip, Table 9.
10.2.3 Cold-rolled strip, Table 10.
10.3 Crown Tolerances—The variations in crown tolerances

are given in the following tables:
10.3.1 Hot-rolled strip, Table 11.
10.3.2 Cold-rolled strip, Table 12.
10.4 Camber Tolerances—The variations in camber toler-

ances are given in the following tables:
10.4.1 Hot- and cold-rolled sheet, Table 13.

TABLE 1 Chemical Requirements

Elements
Composition, weight

Grade R1 Grade R3

Aluminum 0.010 0.050
Carbon 0.015 0.025
Chromium 0.010 0.050
Copper 0.010 ...
Hydrogen 0.0025 0.0050
Iron 0.050 0.0750
Molybdenum 0.0020 ...
Nickel 0.0050 ...
Niobium 0.010 ...
Nitrogen 0.010 0.015
Oxygen 0.040 0.130
Silicon 0.010 0.050
Tantalum 0.020 ...
Tin 0.0050 ...
Titanium 0.010 0.050
Tungsten 0.0150 0.0150
Uranium 0.0010 ...
Vanadium 0.0050 ...
Zirconium A A

Hafnium balance balance
AZirconium shall be reported. Acceptable levels shall be established by mutual

agreement between purchaser and producer.

TABLE 2 Permissible Variation in Check Analysis Between
Different Laboratories

Element Permissible Variation in Product
Analysis, %

Hydrogen 0.002
Nitrogen 0.01
Carbon 0.01
Zirconium 0.02
Iron and Chromium 0.025
Tin 0.05
Niobium 0.05
Oxygen 0.02

TABLE 3 Mechanical Properties

Grade Condition
Test
Temperature

Tensile
Strength,
min ksi
(MPa)

Yield
Strength,
min ksi
(MPa)

Elongation,
(min %)

in
2 in.

(50 mm)

Longitudinal:
R1 annealed RT 58 (400) 22 (151) 20

annealed 600°F (316°C) 25 (172) 11 (83) 25

Transverse:
R1 annealed RT 45 (310) 25 (172) 20

annealed 600°F (316°C) 23 (158) 14 (96) 30

TABLE 4 Permissible Variation in Thickness of Cold-Rolled
Hafnium Sheet A

Specified Thickness, in.
Permissible Variations In

Thickness, 6 in.

0.146 – 0.1875, excl 0.007
0.131 – 0.145 0.006
0.115 – 0.130 0.005
0.099 – 0.114 0.0045
0.084 – 0.098 0.004
0.073 – 0.083 0.0035
0.059 – 0.072 0.003
0.041 – 0.058 0.0025
0.027 – 0.040 0.002
0.017 – 0.026 0.0015
0.008 – 0.016 0.001
0.006 – 0.007 0.0008
0.005 0.0005
AThickness measurements are taken at least 3⁄8 in. from edge.
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10.4.2 Hot- and cold-rolled strip, Table 14.
10.4.3 Plate, Table 15.
10.5 Flatness tolerances permissible for plate are given in

Table 16.

11. Workmanship, Finish, and Appearance

11.1 Cracks, seams, slivers, blisters, burrs, and other inju-
rious imperfections shall not exceed standards of acceptability
agreed upon by the manufacturer and the purchaser.

11.2 Flat-rolled product in the hot-rolled condition shall be
furnished with one of the following finishes as designated on
the order.

11.2.1 Not descaled,
11.2.2 Mechanically descaled, and
11.2.3 Mechanically descaled and pickled.
11.3 Material in the cold-rolled condition shall be furnished

with a bright cold-rolled finish, or finished by mechanical or
chemical methods.

11.4 The following types of edges are available:
11.4.1 Mill edge,
11.4.2 Slit edge,
11.4.3 Sheared edge, and
11.4.4 Machined edge.

12. Number of Tests and Retests

12.1 Two tension tests shall be made from each lot, one in
the longitudinal and one in the transverse direction at each of
the required temperatures.

12.2 Two chemistry tests for hydrogen and nitrogen content
shall be made from each lot of finished product.

12.3 Retests:
12.3.1 If any sample or specimen exhibits obvious surface

contamination or improper preparation disqualifying it as a
truly representative sample, it shall be discarded and a new
sample or specimen substituted.

12.3.2 If the results of any tests of any lot do not conform to
the requirements specified, retests shall be made on additional
sheet, strip, or plate of double the original number from the
same lot, each of which shall conform to the requirements
specified.

13. Significance of Numerical Limits

13.1 For the purpose of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
methods of Practice E 29.

Property Rounded Unit for Observed or Calculated
Value

Chemical composition, and tolerances
(when expressed as decimals)

nearest unit in the last righthand place of fig-
ures of the specified limit

Tensile strength and yield strength nearest 1000 psi (10 MPa)
Elongation nearest 1 %

14. Special Tests

14.1 Additional tests may be specified in the purchase order.
The test method and standards shall be agreed upon in advance
between manufacturer and purchaser.

15. Test Methods

15.1 Tension Tests—Conduct the room temperature tensile
test in accordance with Test Methods E 8 and elevated tem-
perature tensile test in accordance with Test Methods E 21.
Determine the yield strength by the offset (0.2 %) method.
Determine the tensile properties using a strain rate of 0.003 to
0.007 in./in./min (mm/mm/min) through the yield strength.
After the yield strength has been exceeded, increase the
crosshead speed to approximately 0.05 in./in./min (mm/mm/
min) to failure.

15.2 Chemical Tests—Conduct the chemical analysis by the
standard techniques normally used by the manufacturer.

16. Inspection

16.1 The manufacturer shall inspect the material covered by
this specification prior to shipment and, on request, shall
furnish the purchaser with certificates of test. If so specified in
the purchase order, the purchaser or his representative may
witness the testing and inspection of the material at the place of
manufacture. In such cases the purchaser shall state in his
purchase order which tests he desires to witness. The manu-
facturer shall give ample notice to the purchaser as to the time
and place of designated test. If the purchaser’s representative
does not present himself at the time agreed upon for the testing,
the manufacturer shall consider the requirement for purchaser’s
inspection at the place of manufacture to be waived.

16.2 The manufacturer shall afford the inspector represent-
ing the purchaser, without charge, all reasonable facilities to
satisfy him that the material is being furnished in accordance
with this specification. This inspection shall be so conducted as
not to interfere unnecessarily with the operation of the works.

17. Rejection

17.1 Rejection for failure of the material to meet the
requirements of this specification shall be reported to the
manufacturer within 60 calendar days from the receipt of the
material by the purchaser. Unless otherwise specified, rejected
material may be returned to the manufacturer at the manufac-
turer’s expense, unless the purchaser receives, within three
weeks of the notice of rejection, other instructions for dispo-
sition.

18. Certification

18.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has

TABLE 5 Permissible Variations in Thickness of Hot-Rolled
Hafnium Strip

Specified width, in.
Variations from specified thickness
for widths, given, over and under,

in.A

3 – 18, incl + 0.01, − 0
AThickness measurements shall be taken 3⁄8 in. from edge. Tolerances do not

include crown.
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been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

19. Referee

19.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

20. Marking and Packaging

20.1 Each shipment shall be legibly and conspicuously
marked or tagged with the following information:

20.1.1 Purchase order or contract number,
20.1.2 Name of material,
20.1.3 Grade,

TABLE 6 Permissible Variations in Thickness of Cold-Rolled Hafnium Strip

NOTE 1—For thickness under 0.010 in. in width to 18 in., a tolerance of6 10 % of the thickness shall apply.
NOTE 2—Thickness measurements shall be taken3⁄8 in. in from edge of the strip, except on widths less than 1 in., where the tolerances are applicable

for measurements at all locations.

Specified Thickness, in.

Permissible variations in thickness, for widths given, 6 in.

3⁄16 incl to 1,
excl

1 to 3 in.,
excl

3 to 6 in.,
excl

Over 6 to 9 in.,
incl

Over 9 to 12 in.,
incl

Over 12 to 18
in.,
incl

Under 3⁄16 – 0.161, incl 0.002 0.003 0.004 0.004 0.004 0.005
0.160–0.100, incl 0.002 0.002 0.003 0.004 0.004 0.004
0.099–0.069, incl 0.002 0.002 0.003 0.003 0.003 0.004
0.068–0.050, incl 0.002 0.002 0.003 0.003 0.003 0.003
0.049–0.040, incl 0.002 0.002 0.0025 0.003 0.003 0.003
0.039–0.035, incl 0.002 0.002 0.0025 0.003 0.003 0.003
0.034–0.029 incl 0.0015 0.015 0.002 0.0025 0.0025 0.0025
0.028–0.026, incl 0.001 0.015 0.0015 0.002 0.002 0.002
0.025–0.020, incl 0.001 0.001 0.0015 0.002 0.002 0.002
0.019–0.017, incl 0.001 0.001 0.001 0.0015 0.0015 0.002
0.016–0.013, incl 0.001 0.001 0.001 0.0015 0.0015 0.0015
0.012 0.001 0.001 0.001 0.001 0.0015 0.0015
0.011 0.001 0.001 0.001 0.001 0.001 0.0015
0.010 0.001 0.001 0.001 0.001 0.001 0.001

TABLE 7 Permissible Variations in Width and Length of Hot- and
Cold-Rolled Hafnium Sheet

Specified width, in., for thickness
under 3⁄16 in.

Permissible variations in
width, in.

3 – 10, excl + 1⁄8, − 0
10 – 18 + 1⁄8, − 1⁄8

Specified length, ft
Permissible variations in

length, in.
up – 10, incl + 1⁄2, − 0
over 10 – 20, incl + 1, − 0

TABLE 8 Permissible Variations in Length of Hot- and Cold-
Rolled Hafnium Sheet

Specified length, ft
Permissible variations in

length, in.

to 5, incl + 3⁄8, − 0
over 5– 10, incl + 1⁄2, − 0
over 10 – 15, incl + 3⁄8, − 0

TABLE 9 Permissible Variations in Width of Hot-Rolled Hafnium
Strip

Permissible variations in width, in.
Mill edge Slit edge Sheared edge
+ − + − + −

to 31⁄2, incl 1⁄8 0 1⁄32 1⁄32 1⁄16 1⁄16

over 31⁄2 – 12, incl 1⁄2 1⁄8 1⁄32 1⁄32 0
over 12 – 18, incl 3⁄8 1⁄8 3⁄64 3⁄64 1⁄8 0

TABLE 10 Permissible Variations in Width of Cold-Rolled
Hafnium Strip (Slit Edge)

Specified Thickness,
in.

Permissible variations in width,
for widths given, 6, in.

Under 1⁄2
to

3⁄16 in.,
incl

1⁄2 to 6
in., incl

over
6 to 9
in., incl

over
9 to 12
in., incl

over 12
to 18 in.,

incl

Under 3⁄16 – 0.161,
incl

... 0.016 0.020 0.020 0.031

0.160 – 0.100, incl ... 0.010 0.016 0.016 0.020
0.099 – 0.069, incl 0.008 0.008 0.010 0.010 0.016
0.068 and under 0.005 0.005 0.005 0.010 0.016

TABLE 11 Crown Tolerances for Hot-Rolled Hafnium Strip

Specified width, in.
Permissible variation in thickness

from edge to center of strip,
for width given, in.

to 31⁄2, incl 0.003
over 31⁄2 – 12, incl 0.004
over 12 – 18, incl 0.006

TABLE 12 Crown Tolerances for Cold-Rolled Hafnium Strip

Specified Thickness, in.

Tolerances by which the thickness at middle of
strip may be greater than at edges, for

widths given, in.

to 5, incl
over 5 to
12, incl

over 12 to
18, incl

0.005 – 0.101, incl 0.00075 0.001 ...
Over 0.010 – 0.025, incl 0.001 0.0015 0.002
Over 0.025 – 0.065, incl 0.0015 0.002 0.0025
Over 0.065 – 3⁄16, excl 0.002 0.0025 0.003
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20.1.4 Size,

20.1.5 Lot, heat or ingot number,

20.1.6 Condition,

20.1.7 Gross, net, and tare weights, and

20.1.8 ASTM specification designation.

20.2 All material shall be packaged in such a manner as to
ensure safe delivery to its destination when properly trans-
ported by any common carrier.

21. Keywords

21.1 hafnium; hafnium alloy; strip; sheet; plate

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 13 Camber Tolerance for Hot- and Cold-Rolled Hafnium
SheetA

Specified width, in. Tolerance per unit length of any 8 ft, in.
3 – 18, incl 1⁄8

ACamber is the greatest deviation of a side edge from a straight line, the
measurement being taken on the concave side with a straightedge.

TABLE 14 Camber Tolerances for Hot- and Cold-Rolled Hafnium
Strip A

Specified width, in.
Tolerance, per unit length

of any 8 ft, in.
to 11⁄2, incl 1⁄8
over 11⁄2 – 18 1⁄8

ACamber is the deviation of a side edge from a straight line. The measurement
is taken by placing an 8-ft, straightedge on the concave side and measuring the
greatest distance between the strip edge and the straightedge.

TABLE 15 Camber Tolerance for Hafnium Plate A

Tolerance: 1⁄8 in. 3 (number of feet of length/5)
ACamber is the greatest deviation of a side edge from a straight line. The

measurement is taken by placing a straightedge on the concave side and
measuring the greatest distance between the plate edge and the straightedge.

TABLE 16 Permissible Variations from A Flat Surface for
Annealed Hafnium Plate

NOTE 1—Variations in flatness apply to plates up to 15 ft in length, or
to any 15 ft of longer plates.

NOTE 2—If the longer dimension is under 36 in., the variation is not
greater than1⁄4 in.

NOTE 3—The shorter dimension specified is considered the width and
the variation in flatness across the width does not exceed the tabular
amount for that dimension.

NOTE 4—The maximum deviation from a flat surface does not custom-
arily exceed the tabular tolerance for the longer dimension specified.

Specified thickness, in. 18 or under

3⁄16 – 1⁄4, excl 1⁄4
1⁄4 – 3⁄4, excl 1⁄4
3⁄8 – 1⁄2, excl 1⁄4
1⁄2 – 3⁄4, excl 1⁄4
3⁄4 –1, excl 1⁄4
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Designation: B 777 – 99

Standard Specification for
Tungsten Base, High-Density Metal 1

This standard is issued under the fixed designation B 777; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers the requirements for four
classes of machinable, high-density tungsten base metal pro-
duced by consolidation of metal powder mixtures of which the
composition is mainly tungsten. This material specification
may be used for bare parts or be used for parts that may be
coated with other materials for protection against corrosion and
abrasion.

1.2 Intended Use— Parts made from this material are
intended for uses such as weights or counter-balances in static
or dynamic balancing, high-speed rotating inertia members,
radiation shielding, hypervelocity impact, and vibration-
damping applications.

1.3 Special Applications—For particular applications, prop-
erties or requirements other than those specified in Sections 5,
6, and 7 of this specification may be important. These alloys
may contain elements which make them magnetic. Where
freedom from magnetic response is required, this should be
specified in the purchase order. Class 4 is not available in a
non-magnetic grade. For purposes of this specification, non-
magnetic characteristics are defined as material having a
maximum magnetic permeability of 1.05 (see Test Method
B 193). Also for special applications involving large sections,
methods for determining internal quality, such as mechanical
tests on specimens from these larger sections or suitable
nondestructive tests may be applied. If required, these addi-
tional tests shall be specified in the purchase order.

1.4 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:
A 600 Specification for Tool Steel Highspeed2

B 193 Test Method for Resistivity of Electrical Conductor
Materials3

B 311 Test Method for Density Determination for Powder

Metallurgy (P/M) Materials Containing Less than Two
Percent Porosity4

D 3951 Practice for Commercial Packaging5

E 3 Test Methods for Preparation of Metallographic Speci-
mens6

E 8 Test Methods for Tension Testing of Metallic Materials6

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials6

E 407 Practice for Microetching Metals and Alloys6

2.2 Federal Standard:
Fed. Std. No. 151 Metals, Test Methods7

3. Classification

3.1 The tungsten base metal shall be of the following classes
(see Table 1 and Table 2), as specified (see 4.1):

Class Tungsten, Nominal %

1 90
2 92.5
3 95
4 97

4. Ordering Information

4.1 Orders for tungsten base, high-density metal should
specify the following:

4.1.1 Title, designation, and year of issue of this specifica-
tion,

4.1.2 Class, (see 3.1),
4.1.3 Machinability requirements, if any (see section7.3),
4.1.4 Quantity,
4.1.5 Levels of preservation and packing (see 9.1),
4.1.6 Special markings, if required (see 9.2),
4.1.7 Method of hardness testing, if different from Rock-

well“ C” (see Table 1),
4.1.8 Freedom of parts from magnetic response, if required

(see 1.3), and
4.1.9 Dimensions and tolerances.

5. Materials and Manufacture

5.1 Materials—The raw materials shall be a mixture of
loose metal powders consisting mainly of tungsten and a
metallic powder binder such as copper, nickel or iron, that, by1 This specification is under the jurisdiction of ASTM Committee B-10 on

Reactive and Refractory Metals and Alloysand is the direct responsibility of
Subcommittee B10.04on Molybdenum and Tungsten.

Current edition approved Dec. 10, 1999. Published January 2000. Originally
published as B 777-87. Last previous edition B 777-87 (Reapproved 1993)e1.

2 Annual Book of ASTM Standards, Vol 01.05.
3 Annual Book of ASTM Standards, Vol 02.03.

4 Annual Book of ASTM Standards, Vol 02.05.
5 Annual Book of ASTM Standards, Vol 15.09.
6 Annual Book of ASTM Standards, Vol 03.01.
7 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

1
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sintering, will produce materials meeting the requirements of
this specification.

6. Chemical Composition

6.1 The specified class shall have the nominal tungsten
content in Table 1.

7. Physical and Mechanical Properties

7.1 Composition, Physical and Mechanical Properties—
The sintered material shall have properties conforming to Table
1 and Table 2 as determined on standard sintered test bars (see
Test Method E 8).

7.2 Microstructure— The microstructure of each sample
shall be a uniform distribution of tungsten particles in a binder
metal matrix when viewed at a magnification of 200 times. The
location may be specified (see 8.4.5).

7.3 Machinability— When specified (see 4.1), the machin-
ability of the basic parts or of a suitable test specimen shall be
such that it shall pass the test specified in 8.4.6.

7.4 Identification— Each lot and associated test bars shall
be clearly marked with a lot serial number (see 8.3.1).

8. Quality Assurance Provisions

8.1 Responsibility for Inspection—Unless otherwise speci-
fied in the contract or purchase order, the manufacturer is
responsible for the performance of all inspection requirements
as specified herein. Except as otherwise specified in the
contract or purchase order, the manufacturer may use his own
facilities for the performance of the inspection or any other
facility that is acceptable to the purchaser.

8.2 Responsibility for Compliance—All parts must meet all
the requirements agreed upon by purchaser and manufacturer
from Sections 4, 6 and 7. The inspections set forth in this
specification shall become a part of the manufacturer’s overall
inspection system or quality program.

8.3 Quality Conformance Inspection:
8.3.1 Inspection Lot— An inspection lot shall consist of a

uniform blend from one batch of powder, and submitted for
inspection at one time. If a shipment is made from more than
one lot, the purchaser may choose to consider that shipment as
a single inspection lot or may choose to separate the shipment
into several inspection lots for acceptance purposes.

8.3.2 Sampling—Unless otherwise specified, a minimum of
two sintered test bars and one chemical analysis sample shall
be made from each powder lot.

8.3.3 Hardness Tests— Each test bar shall be tested for
conformance with the hardness requirements of Table 1 (see
8.4.1).

8.3.4 Density—Each test bar shall be tested for conform-
ance with the density requirements of Table 1 (see 8.4.2).

8.3.5 Tension Tests—Each test bar shall be tested for con-
formance with Table 2 (see 8.4.3).

8.3.6 Chemical Composition—If specified in the purchase
order, a chemical analysis sample from each lot shall be tested
for the tungsten content in conformance with Table 1 (see
8.4.4).

8.3.7 Examination of Microstructure—This test shall be
accomplished on one of the test bars (see 8.4.5).

8.4 Methods for Test and Examinations:
8.4.1 Hardness—Samples shall be tested in accordance with

Test Methods E 18.
8.4.2 Density—The equal water displacement method per-

formed in accordance with Test Method B 311 shall be used.
8.4.3 Mechanical Properties—Samples shall be tested in

accordance with Test Methods E 8.
8.4.4 Chemical Analysis—Analysis of the lot or lots in

question shall be made by Method 111 or 112 of Fed. Std. No.
151 for conformance with 8.3.6. In case of dispute, chemical
analysis by Method 111 shall be the basis for acceptance.

8.4.5 Microstructure— A test bar shall be sectioned and a
specimen shall be prepared for examination in accordance with
Methods E 3. The specimen may be etched (see Methods
E 407), and shall be examined at a magnification of 200 times
for conformance with 7.2.

8.4.6 Machinability— If specified by the procuring docu-
ment, this test shall be made on a representative sample. Holes,
0.1695 in. in diameter and a minimum of 0.343 in. deep shall
be drilled and tapped with a No. 10-32 high-speed steel tap to
a minimum full thread of 0.312 in. deep. The tap shall be of
high speed steel, conforming to Specification A 600, Type M1,
heat treated to a hardness of 62-63 HRC. Machinability will be
considered acceptable in each class if each of the number of
holes indicated in Table 3 is satisfactorily threaded to a
minimum 60 % without destruction to the tap.

8.5 Rejection—Unless otherwise stated in the purchase
order, failure to conform with any of the requirements of this
specification shall be cause for rejection of the lot.

TABLE 1 Composition, Density and Hardness Properties

Class
Nominal

Tungsten,
weight %

Density,
g/cc

HardnessA,B

Rockwell“ C”,
max

1 90 16.85–17.25 32
2 92.5 17.15–17.85 33
3 95 17.75–18.35 34
4 97 18.25–18.85 35

A When specified by the purchaser, other hardness testing methods may be
employed.

B For mechanically worked or aged material, the hardness can be as high as R
c46.

TABLE 2 Mechanical Properties, Minimum Values

Class

Ultimate Tensile
Strength

Yield Strength
at 0.2 % Off-

set
Elongation,A

%

ksi MPa ksi MPa

1 110B 758 75 517 5B

2 110B 758 75 517 5B

3 105B 724 75 517 3B

4 100 689 75 517 2
A Determine with an extensometer accurate to 0.5 % elongation or less.
B Nonmagnetic composition to Classes 1, 2 and 3 shall be 94 ksi (648 MPa)

minimum ultimate tensile strength. Minimum elongation shall be 2 % on Classes 1
and 2 and 1 % on Class 3.

TABLE 3 Machinability Requirements

Class Number of Holes

1 8
2 6
3 4
4 2
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9. Packaging and Package Marking

9.1 Preservation, Packaging, and Packing—The material
shall be prepared for delivery in accordance with the produc-
er’s commercial practice or Practice D 3951 as specified in
such a manner as to ensure acceptance for safe delivery by
common or other carriers to the point of delivery.

9.2 Marking—If specified in the purchase order, each indi-

vidual item and test bar shall be clearly identified with a lot
serial number. Where parts are too small to be individually
identified, they may grouped for this purpose.

10. Keywords

10.1 high-density metal; tungsten

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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Designation: B 780 – 98 (Reapproved 2004)

Standard Specification for
75 % Silver, 24.5 % Copper, 0.5 % Nickel Electrical Contact
Alloy 1

This standard is issued under the fixed designation B 780; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This specification covers an electrical contact material
with the nominal composition of 75 % silver, 24.5 % copper,
and 0.5 % nickel in the form of rod, wire, strip, and sheet.

1.2 This standard does not purport to address all the safety
concerns, if any, associated with its use. It is the responsibility
of the user of this standard to become familiar with all hazards
including those identified in the appropriate Material Safety
Data Sheet for this product/material as provided by the
manufacturer, to establish appropriate safety and health prac-
tices, and determine the applicability of regulatory limitations
prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 476 Specification for General Requirements for Wrought
Precious Metal Electrical Contact Materials

3. Ordering Information

3.1 Refer to Specification B 476.

4. Materials and Manufacture

4.1 Raw materials shall be of such quality and purity that
the finished product will have the properties and characteristics
prescribed in this specification.

4.2 The material shall be finished by such operations (cold
working, heat-treating, annealing, turning, grinding, or pick-
ling) as are required to produce the prescribed properties.

5. Chemical Composition

5.1 Material produced under this specification shall conform
to the chemical composition limits prescribed in Table 1.

5.2 These specification limits do not preclude the possible
presence of other unnamed elements, impurities, or additives.
Analysis shall be regularly made only for the minor elements
listed in the table. However, if a user knows of elements that
might be detrimental to their application or has other reasons
for requiring analysis for specific elements, then agreement
between manufacturer and purchaser for both limits and
methods of analysis should be required for elements not
specified.

6. Mechanical Properties

6.1 The material shall conform to the applicable mechanical
properties prescribed in Table 2 or Table 3.

6.2 All test specimens shall be the full thickness or diameter
as the size supplied when practical. The test procedures shall
follow the ASTM specifications referred to in Specification
B 476.

6.3 All tests are to be conducted at room temperature, about
68°F (20°C).

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.05 on Precious Metals and Electrical Contact Materials.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1987. Last previous edition approved in 1998 as B 780 – 98.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

TABLE 1 Chemical Composition

NOTE 1—Analysis is regularly made for the elements for which specific
limits are listed. If however, the presence of “other” elements is suspected
or indicated in the course of routine analysis, further analysis shall be
made to determine that the total of these “other” elements and the listed
impurities is not in excess of the total impurities limit.

NOTE 2—Refer to 5.2.

Element Weight,%

Silver 74.0–76.0
Copper (23.5 min) report by difference
Nickel 0.35–0.65

Impurities
Zinc 0.06 max
Iron 0.05 max
Cadmium 0.05 max
Lead 0.03 max

Total of all impurities 0.15 max

1
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7. Inspection, Rejection and Rehearing, Certification,
Product Marking, and Supplementary Requirements

7.1 Material furnished to this specification shall meet the
requirements listed in Specification B 476.

8. Keywords

8.1 arcing contacts; contacts; conductivity; electrical con-
tacts; precious metals; silver alloy; silver-copper alloy; wire

APPENDIX

(Nonmandatory Information)

X1. Typical Property Values

X1.1 Electrical Conductivity:

Temper An-
nealed

1⁄4
Hard

1⁄2
Hard

Hard Extra
Hard

Spring Extra
Spring

B and S No. 0 1 2 4 6 8 10
Electrical Conduc-

tivity IACS,
percent

76 74 74 73 72 70 70

MS/m 44.1 42.9 42.9 42.3 41.8 40.6 40.6

X1.2 Density:
Nominal 10.04 Mg/m3(5.29 troy oz/in.3)

X1.3 Linear Coeffıcient of Expansion:

9.903 10 −6 in./in.-°F
17.823 10 −6 m/m°C

X1.4 Modulus of Elasticity:
12.33 10 6 psi (84.8 GPa)

X1.5 Typical Mechanical Properties (Spring Temper—.010
inch diameter wire)

(a.) Fatigue strength (Rotating Bending) at 108cycles
40,000 psi (280 MPa)

(b.) Proportional limit 65,000 psi (455 MPa)
(c.) Microhardness 160 HK 100g

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 2 Mechanical Properties of Wire and Rod

Area Re-
duction,
%

Temper
Designation

B and
S No.

Tensile Strength % Elonga-
tion in

2 in. (51
mm), min

ksi MPa

0 annealed 0 40–55 280–380 10
11 1⁄8 hard 50–62 350–430 5
21 1⁄4 hard 1 58–68 400–470 4
37 1⁄2 hard 2 64–74 440–510 4
60 hard 4 70–80 480–550 2
84 spring 8 80–92 550–630 1

TABLE 3 Mechanical Properties of Sheet and Strip

Thickness
Reduction,

%

Temper
Desig-
nation

B and S
No.

Tensile Strength Elonga-
tion%
in 2 in.

(51 mm),
min

Hardness
Rockwell

30T
ksi MPa

annealed annealed 0 45–57 310–390 8 46–58
11 1⁄4 hard 1 50–62 340–430 4 56–62
21 1⁄2 hard 2 55–67 370–450 3 60–66
37 hard 4 63–75 430–520 2 64–70

B 780 – 98 (2004)
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Designation: B 781 – 93a (Reapproved 1999)

Standard Guide for
Silver-Cadmium Oxide Contact Material 1

This standard is issued under the fixed designation B 781; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide provides guidelines for users and manufac-
turers of silver-cadmium oxide material produced in strip, rod,
wire, and part form for electrical contact applications.

1.2 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.3 It is the responsibility of the user to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/materials as pro-
vided by the manufacturer.

2. Referenced Documents

2.1 ASTM Standards:
B 311 Test Method for Density of Cemented Carbides2

B 476 Specification for General Requirements for Wrought
Precious Metal Electrical Contact Materials3

C 914 Test Method for Bulk Density and Volume of Solid
Refractories by Wax Immersion4

NOTE 1—Test Method B 311 is applicable to fully dense forms.
Specification B 476 is applicable to strip, rod, or wire only. Test Method
C 914 is applicable to forms less than 99 % dense.

3. Terminology

3.1 lot—(usage involving discrete manufactured parts)—all
parts of the same form, and dimensions, from the same alloy
melt or batch of particulate (if manufactured by consolidation),
processed under the same conditions, and submitted for inspec-
tion at the same time.

4. Significance and Use

4.1 Silver-cadmium oxide is a popular contact material that
has been used in a wide range of applications in switches,

relays and contactors for switching lamps, motors and resistive
loads. Silver-cadmium oxide is a composite material consisting
of a metal matrix, silver, with a metal oxide, cadmium oxide,
dispersed throughout the matrix. Compositions of up to 30 %
cadmium are made, but most applications use silver-cadmium
oxide in the range of 10 to 15 % cadmium oxide by weight.
Several different processes are used for manufacturing silver-
cadmium oxide material and it should be understood that the
manufacturing method has an influence on the properties of the
material such as arc erosion resistance, welding resistance, arc
mobility and contact resistance. Since the performance of
contacts in a device is dependent on numerous factors outside
the contact itself (opening speed, closing speed, contact pres-
sure, contact bounce and many more device parameters), the
guide cannot ensure performance in specific applications.

4.2 Arc erosion resistance and welding resistance are im-
proved by the addition of cadmium oxide to the silver matrix.
The contact resistance is raised by this addition but still is low.
Cadmium oxide and silver do not alloy so the silver matrix
retains its high conductivity. Silver-cadmium oxide contacts
are used in current ranges of a few amperes to several hundred
amperes.

4.3 Silver-cadmium oxide contact material is available as
wire, silver-clad wire, sheet, strip, toplay, inlay and overlay
sheet or strip, discrete contact parts, brazed contact assemblies,
solid and composite rivet contacts and clad contact tapes.

4.4 Materials with higher cadmium oxide contents have
lower material costs but may have higher processing costs due
to lower formability.

5. Manufacture

5.1 Since the manufacturing method has a significant influ-
ence on the properties and microstructure of silver-cadmium
oxide materials, it is important to understand some basic
information on the types of manufacturing. Silver-cadmium
oxide manufacturing can be first divided in two categories:
Internal Oxidation and Power Metallurgy.

5.1.1 Internal oxidation means that the cadmium oxide
particles are formed by diffusion of oxygen into the silver alloy
to combine with cadmium atoms to form cadmium oxide
particles. This process can be further divided into the catego-
ries of post and pre-oxidized materials. The post-oxidized
process consists of performing the diffusion process after the
finished parts have been formed. The pre-oxidized process

1 This test method is under the jurisdiction of ASTM Committee B-2 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B2.05 on Precious Metals.

Current edition approved Aug. 15, 1993. Published October 1993. Originally
published as B 781 – 87. Last previous edition B 781 – 93.

2 Annual Book of ASTM Standards, Vol 02.05.
3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 15.01.
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consists of oxidation of slugs and the forming of wire or strip
from the oxidized slugs and then forming the final parts. The
cadmium oxide particle size distribution is dependent upon the
grain structure of the silver cadmium alloy, any additive
concentration, and oxidation conditions (for example, tempera-
ture, oxygen partial pressure).

5.1.2 For powder metallurgy silver-cadmium oxide, the
material is made from a blend of silver and cadmium oxide
powder or other cadmium compounds such as cadmium
carbonate, which can be thermally decomposed to cadmium
oxide in a subsequent step. There are two basic types of this
process, one in which the contacts are pressed and sintered and
repressed into the final shape, and the other where a billet is
made from blended powder which is then formed into strip and
wire and made into the final contact shapes.

5.1.3 All of these processes have many variations. There are
also hybrid processes such as internally oxidized powders
which are then processed by powder metallurgy. The user
should obtain the basic information as to the type of material
being purchased.

5.1.4 For purposes of attachment to bare metal supports,
silver-cadmium oxide contact material is often produced with a
conductive or brazable layer of material or backing. Incorpo-
ration of such a layer is often an integral part of the silver-
cadmium oxide manufacturing process.

5.1.5 Silver-cadmium oxide materials vary from full theo-
retical density to about 95 % of theoretical density depending
on the specific manufacturing method.

5.1.6 The flexibility of the silver-cadmium oxide materials
system allows many additional manufacturing methods to be
introduced, and those mentioned here are not a comprehensive
listing. The cadmium-oxide particle size, distribution, and
uniformity in combination with the contact density and chemi-
cal composition (see 6.2 Additives and Impurities) determine
the performance characteristics of the electrical contacts in
service. It may be of importance to specify the type of
microstructure, in which case, it is recommended that photo-
graphs of acceptable microstructures be agreed upon between
the producer and the user, as well as photographs illustrating
unacceptable types of microstructures. It is highly recom-
mended that these attributes be considered in making selection
or replacement decisions and that full qualification tests be
performed by the user or purchaser including functional
electrical tests for new or altered selections and manufacturing
sources.

5.2 No substantive change shall be made in the manufac-
turing processes or materials, or both, of the silver-cadmium
oxide contact material without notification to and approval by
the user.

6. Chemical Composition

6.1 Material produced under this guide shall meet the
composition of silver and cadmium oxide agreed upon by the
vendor and user. Popular compositions and suggested toler-
ances are given in Table 1. In the case of material supplied with
a distinct brazable or conductive backing, such backing shall
not be considered to be included in the silver-cadmium oxide
material composition.

6.2 Additives and Impurities:

6.2.1 A wide variety of chemical additives have been made
to silver-cadmium oxide materials for processing and perfor-
mance purposes. The merits of these additions remain a point
of contention. Additionally, various impurities may remain in
these materials from raw materials or processing which have
been found to be either detrimental or helpful depending on the
residual level and the individual application. Chemical require-
ments for such elements and analytical methods to be em-
ployed shall be mutually agreed to by the producer and user.

6.3 No substantive change shall be made to additives or
impurities without notification to and approval by the user.

7. Other Properties

7.1 Mechanical properties of silver-cadmium oxide contact
materials are very dependent on the manufacturing method.
For this reason, only guideline properties are given.

7.1.1 Table 2 indicates guideline properties for some dis-
crete part contacts of popular silver-cadmium oxide composi-
tions in the annealed state.

7.1.2 Properties in coined, repressed, headed, or other states
will vary due to the effects of coldworking. Additives and
oxidation method also alter these properties.

7.1.3 Guideline properties are given in Table 3 for popular
silver-cadmium oxide compositions in wire and strip form.

7.2 Specific properties and tolerances shall be established
and agreed to between the producer and user for any particular
commercial designation of silver-cadmium oxide material and
temper required.

8. Sampling and Inspection

8.1 Material or parts furnished under this guide shall be
inspected by the producer listed as follows. Results of such
inspection shall conform to values agreed to between the
producer and user.

8.1.1 Strip and Wire Procured to Tempershall be sampled
and tested in accordance with Specification B 476 (when
specified and applicable).

8.1.1.1 Such other properties as are required to verify the
quality of the material produced under this guide.

8.1.2 Discrete Contact Partsproduced under this guide
shall be sampled and tested on a lot basis. For the purpose of
this guideline, a lot is defined in 3.1.

8.1.2.1 ForDimensional Conformance.
8.1.2.2 Other Properties as are required to verify the

quality of the material produced under this guide.

TABLE 1 Suggested Chemistries and Theoretical Densities

90 Silver/10
Cadmium-

Oxide

86.5 Silver/
13.5

Cadmium-
Oxide

85 Silver/15
Cadmium-

Oxide

80 Silver/20
Cadmium-

Oxide

Chemistry
Cadmium-Oxide

weight %
10.0 6 1.0 13.5 6 1.0 15.0 6 1.0 20.0 6 1.0

Silver weight % ,
min

89.0 85.5 84.0 79.0

Other elements (see 6.2)
Theoretical Densities at Nominal Composition:

Mg/m3 10.2 10.1 10.1 9.92
troy oz./in.3 5.37 5.32 5.30 5.23

B 781 – 93a (1999)
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9. Rejection and Rehearing

9.1 Material that fails to conform to the requirements of this
guide may be rejected. Rejection should be reported to the
producer or supplier promptly within 30 days of the receipt of
the shipment and in writing. When results of the test are not
satisfactory, the producer or supplier may make claim for a
rehearing.

10. Keywords

10.1 cadmium oxide; cadmium; contacts; internal oxida-
tion; powder metallurgy; silver-cadmium oxide; silver;
wrought

TABLE 2 Typical Part Properties Made by Powder Metallurgy
(Annealed A State)

NOTE 1—Due to lack of commercially available information, some
values are not listed.

90 Silver/10
Cadmium-

Oxide

86.5 Silver/13.5
Cadmium- Ox-

ide

85 Silver/15
Cadmium- Ox-

ide

80 Silver/20
Cadmium- Ox-

ide

Type A: Parts processed so as to be “full dense.”

Density:
Mg/m3, min
troy oz/in.3

9.96
5.25

9.89
5.21

9.82
5.17

9.73
5.13

Electrical
resistivity:

nVm, min
nVm, max

19.2
23.9

20.3
23.9

21.0
26.9

22.4
27.4

Electrical
conductivity:

% IACS, min
% IACS, max

72
90

72
85

64
82

63
77

Hardness:B

HR30T, min
HR30T, max

17
51

20
51

20
52

25
53

Type B: Parts processed to conventional repressed densities and annealed.

Density:
Mg/m3, min
troy oz/in.3

9.46
4.98

—
—

9.33
4.92

—
—

Electrical
resistivity:

nVm, min
nVm, max

20.3
24.6

—
—

24.6
34.5

—
—

Electrical
conductivity:

% IACS, min
% IACS, max

70
85

—
—

50
70

—
—

HardnessB

HR30T, min
HR30T, max

43
57

—
—

28
45

—
—

A Annealed state achieved by heating 600°C min, for 20 min minimum.
B Ranges indicate values reported by many different manufacturing methods

and are much broader than would be expected for any specific product.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

TABLE 3 Properties (Strip and Wire)

NOTE 1—Due to a lack of commercially available information, some values are not listed. %IACS is volume basis and “red,” equals reduction.

90 Silver/10
Cadmium-Oxide

86.5 Silver/13.5
Cadmium-Oxide

85 Silver/15
Cadmium-Oxide

80 Silver/20
Cadmium-Oxide

Density:
Mg/m3, min

troy oz/in. 3
9.99
5.26

9.89
5.21

9.86
5.19

9.73
5.13

Typical Ranges Typical Ranges Typical Ranges Typical Ranges

min max min max min max min max

Wire:
Ultimate tensile:

Annealed, MPa
(0% red), ksi

207
30

310
45

221
32

331
48

241
35

345
50

276
40

350
54

1 / 4 hard, MPa
(21 % red), ksi

290
42

380
55

303
44

414
60

317
46

427
62

331
48

440
65

hard, MPa
(60 % red), ksi

345
50

448
65

355
50

464
68

380
55

496
72

390
55

496
72

Elongation:
Annealed % (2 in.) (0 % red) 25 — 14 — 14 — 13 —
1 / 4 hard % (2 in.)

(21 % red)
3 — 3 — 2 — 1 —

hard % (2 in.)
(60 % red)

1 — — — — — — —

Electrical resistivity:
Annealed nVm

(0 % red)
— 19.2 — 20.8 — — — —

1 / 4 hard nVm
(21 % red)

— 19.2 — 21.6 — — — —

hard nVm
(60 % red)

— 19.2 — — — — — —

Electrical conductivity:
Annealed MS/m

(0 % red)% IACS
43.5
75

—
—

39.4
68

—
—

—
—

—
—

—
—

—
—

1 / 4 hard MS/m
(21 % red)% IACS

41.8
72

—
—

37.7
65 —

—
—

—
—

—
—

—
—

hard MS/m
(60 % red)% IACS

40.0
69

—
—

—
—

—
—

—
—

—
—

—
—

—
—

Strip:
Hardness:

Annealed HR30T
(0 % red)

20 51 23 52 25 52 28 55

1 / 4 hard HR30T
(11 % red)

45 65 45 65 46 66 48 70

hard HR30T
(37 % red)

50 72 52 72 53 73 55 75

Electrical resistivity:
Annealed nVm
(0 % red)

— 19.2 — — — 21.6 — —

1 / 4 hard nVm
(11 % red)

— 20.3 — — — 21.6 — —

hard nVm
(37 % red)

— 20.8 — — — 21.8 — —

Electrical conductivity:
Annealed MS/m
(0 % red)% IACS

41.8
72

—
—

—
—

—
—

37.7
65

—
—

—
—

—
—

1 / 4 hard MS/m
(11 % red)% IACS

40.6
70

—
—

—
—

—
—

37.1
64

—
—

—
—

—
—

hard MS/m
(37 % red)% IACS

40
69

—
—

—
—

—
—

36.5
63

—
—

—
—

—
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Designation: B 792 – 01 e1

Standard Specification for
Zinc Alloys in Ingot Form for Slush Casting 1

This standard is issued under the fixed designation B 792; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Paragraph 9.3 was corrected editorially and a Summary of Changes section was added in July 2001.

1. Scope *

1.1 This specification covers commercial zinc alloys in
ingot form for remelting for the manufacture of castings from
the alloys as specified and designated as shown in Table 1.

1.2 Slush casting alloys are used primarily for the manufac-
ture of lighting fixtures, lamp bases, and small statues.

1.3 This specification covers two zinc alloys which are
specified and designated as follows:

UNS ASTM
Z34510 Slush Casting Alloy A
Z30500 Slush Casting Alloy B

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of order acceptance form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 899 Terminology Relating to Nonferrous Metals and

Alloys2

B 908 Practice for the Use of Color Codes for Zinc Casting
Alloy Ingot2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance With Specifications3

E 47 Test Methods for Chemical Analysis of Zinc Die-
Casting Alloys4

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition5

E 527 Practice for Numbering Metals and Alloys (UNS)6

E 536 Test Method for Chemical Analysis of Zinc and Zinc
Alloys7

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

4. Ordering Information

4.1 Orders for ingots under this specification shall include
the following information:

4.1.1 Quantity in pounds,
4.1.2 Alloy (Table 1),
4.1.3 Size, if not manufacturer’s standard,
4.1.4 Specification number and date,
4.1.5 Source inspection (Section 7), and
4.1.6 Marking (Section 9).

5. Materials and Manufacture

5.1 The alloys may be made by any approved process.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.04 on Zinc and Cadmium.

Current edition approved May 10, 2001. Published July 2001. Originally
published as B 792 – 88. Last previous edition B 792 – 98e1.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 14.02.
4 Discontinued; see1995 Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards, Vol 03.05.

6 Annual Book of ASTM Standards, Vol 01.01.
7 Annual Book of ASTM Standards, Vol 03.06.

TABLE 1 Chemical and North American Color Code
Requirements A,B

Composition, %

UNS Z34510
Slush Casting Alloy A

UNS Z30500
Slush Casting Alloy B

Color CodeC Black/Red Black/Orange

Element

Copper 0.2–0.3 0.1 max
Aluminum 4.50–5.00 5.25–5.75
Lead 0.007 max 0.007 max
Cadmium 0.005 max 0.005 max
Tin 0.005 max 0.005 max
Iron 0.100 max 0.100 max
Magnesium 0.010 max 0.010 max
Zinc Remainder Remainder
AThe following applies to all specified limits in this table. For purposes of

determining conformance with this specification, the observed or calculated value
obtained from analysis shall be rounded off “to the nearest unit’’ in the last
right-hand place of figures used in expressing the specified limit, in accordance
with the rounding method of Practice E 29.

BUNS designations were established in accordance with Practice E 527.
CRefer to Practice B 908. (Note: Colors indicated are for North American

applications.)

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.

NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.



5.2 The material covered by this specification shall be of
uniform quality and shall be free from dross, slag, or other
harmful contamination. The ingot shall also be reasonably free
of surface corrosion and adhering foreign matter.

6. Chemical Requirements

6.1 Limits—This alloy shall conform to the requirements as
to chemical composition prescribed in Table 1. Conformance
shall be determined by the producer by analyzing samples
taken at the time the ingots are made. If the producer has
determined the chemical composition of the metal during the
course of manufacture, he shall not be required to sample and
analyze the finished product.

6.2 In case of dispute, the following requirements shall
apply:

6.2.1 Number of Samples—Samples for verification of
chemical composition shall be taken as follows:

6.2.1.1 If the ingots are shipped in carload lots of the same
alloy, not less than five ingots shall be taken at random from
the carload for sampling. If the shipment is less than a carload
lot, one sample ingot shall be taken for each 10 000 lb (4 500
kg) or fraction thereof. When it is deemed necessary, a sample
may be taken from each melt of 1 000 lb (450 kg) or more.

6.3 Methods of Sampling—Samples from ingots for deter-
mination of chemical composition shall be taken in accordance
with one of the following methods:

6.3.1 Samples for chemical analysis shall be taken from the
material by drilling, sawing, milling, turning, or clipping a
representative piece or pieces to obtain weight of prepared
sample not less than 100 g. Sampling shall be in accordance
with Practice E 88.

6.3.2 By agreement, an optional method of sampling for
analysis may be by melting together representative portions of
each ingot selected, and then sampling the liquid composite by
casting suitable specimens for either spectrographic or chemi-
cal analysis.

6.3.3 Sample may also be in the form of a separately cast
spectrographic specimen taken from the same pour used to cast
the ingot.

6.4 Method of Analysis—The determination of chemical
composition shall be made in accordance with suitable chemi-
cal (Test Method E 536 or Test Method E 47 for tin) or other
methods. In case of dispute, the results secured by Test Method
E 536 and Test Method E 47 for tin only shall be the basis of
acceptance.

7. Source Inspection

7.1 If the purchaser desires that his representative inspect or
witness the inspection and testing of the product prior to
shipment, such agreement shall be made by the purchaser and
producer or supplier as part of the contract or purchase order.

7.2 When such inspection or witness of inspection and
testing is agreed upon, the producer or supplier shall afford the
purchaser’s representative all reasonable facilities to satisfy
him that the product meets the requirements of this specifica-
tion. Inspection and tests shall be conducted so there is no
unnecessary interference with the producer’s operations.

8. Rejection and Rehearing

8.1 Material that fails to conform to the requirements of this
specification may be rejected. Rejection should be reported to
the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing. If the rehearing
establishes that the material does not conform to the require-
ments of this specification, as much of the rejected original
material as possible shall be returned to the producer or
supplier.

9. Identification Marking

9.1 All ingots shall be properly marked for identification
with the producer’s name or brand.

9.2 Each bundle or skid shall be identified with the produc-
er’s heat, lot, or other identification mark.

9.3 Each ingot, bundle or skid shall be marked with the
appropriate Color Code for the alloy as per North American
Requirements in Practice B 908.

10. Preparation for Delivery

10.1 Packaging—Unless otherwise specified, the ingot shall
be packaged to provide adequate protection during normal
handling and transportation. Each package shall contain only
one alloy unless otherwise agreed upon.

11. Keywords

11.1 casting; casting alloys; gravity casting; permanent
mold casting; slush casting; zinc; zinc alloys

B 792

2



SUMMARY OF CHANGES

This section contains the principal changes to the standard that have been incorporated since the last issue.

(1) Practice B 908 was added to Referenced Documents.
(2) North American Color Code Requirements added to
Table 1.

(3) Color Code requirement added to Identification Marking.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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Designation: B 793 – 03

Standard Specification for
Zinc Casting Alloy Ingot for Sheet Metal Forming Dies and
Plastic Injection Molds 1

This standard is issued under the fixed designation B 793; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification covers commercial zinc alloys in
ingot form for remelting for the manufacture of dies and molds
from the alloys as shown in Table 1.

1.2 This specification presents requirements for zinc alloys
suitable for the production of sand cast or plaster cast forming
dies for sheet metal stamping operations and plastic injection
molding. Alloy A is intended for use in the fabrication of dies
for sheet metal stamping under drop hammer and hydraulic
pressure. Alloy B is a special purpose alloy of closely con-
trolled composition and is primarily used in the manufacture of
plastic injection molds.

1.3 This specification covers two zinc alloys which are
specified and designated as follows:

UNS ASTM Traditional

Z35543 Alloy A Kirksite A
Z35542 Alloy B Kirksite B

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of order acceptance form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 899 Terminology Relating to Non-ferrous Metals and

Alloys2

B 908 Practice for the Use of Color Codes for Zinc Casting
Alloy Ingot2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications3

E 47 Test Methods for Chemical Analysis of Zinc Die-
Casting Alloys4

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition5

E 527 Practice for Numbering Metals and Alloys (UNS)6

E 536 Test Methods for Chemical Analysis of Zinc and Zinc
Alloys5

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

4. Ordering Information

4.1 Orders for ingots under this specification shall include
the following information:

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.04 on Zinc and Cadmium.

Current edition approved June 10, 2003. Published August 2003. Originally
approved in 1988. Last previous edition approved in 2001 as B 793 – 01e1.

2 Annual Book of ASTM Standards, Vol 02.04.

3 Annual Book of ASTM Standards, Vol 14.02.
4 Discontinued; see1998 Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 01.01.

TABLE 1 Chemical and North American Color Code
Requirements A,B

Composition, %

UNS Z35543
Alloy A

Kirksite A

UNS Z35542
Alloy B

Kirksite B

Color CodeC Green/Red Green/Black

Element

Aluminum 3.5–4.5 3.9–4.3
Cadmium 0.005 max 0.003 max
Copper 2.5–3.5 2.5–2.9
Iron 0.100 max 0.075 max
Lead 0.007 max 0.003 max
Magnesium 0.02–0.10 0.02–0.05
Tin 0.005 max 0.001 max
Zinc Remainder Remainder
A The following applies to all specified limits in this table: For purposes of

determining conformance with this specification, the observed value or calculated
value obtained from analysis shall be rounded off “to the nearest unit” in the last
right hand place of figures used in expressing the specified limit, in accordance
with the rounding method of Practice E 29.

BUNS designations were established in accordance with Practice E 527.
CRefer to Practice B 908. (Note: Colors indicated are for North American

applications.)

1

*A Summary of Changes section appears at the end of this standard.
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4.1.1 Quantity in pounds,
4.1.2 Alloy (Table 1),
4.1.3 Size, if not manufacturer’s standard,
4.1.4 Specification number and date,
4.1.5 Source inspection (Section 7), and
4.1.6 Marking (Section 9).

5. Materials and Manufacture

5.1 The alloys may be made by any approved process.
5.2 The material covered by this specification shall be of

uniform quality and shall be free from dross, slag, or other
harmful contamination.

6. Chemical Requirements

6.1 Limits—The alloy shall conform to the requirements as
to chemical composition prescribed in Table 1. Conformance
shall be determined by the producer by analyzing samples
taken at the time the ingots are made. If the producer has
determined the chemical composition of the metal during the
course of manufacture, he shall not be required to sample and
analyze the finished product.

6.2 In case of dispute, the following requirements shall
apply:

6.2.1 Number of Samples—Samples for verification of
chemical composition shall be taken as follows:

6.2.2 If the ingots are shipped in carload lots of the same
alloy, not less than five ingots shall be taken at random from
the carload for sampling. If the shipment is less than a carload
lot, one sample ingot shall be taken for each 10 000 lb (4 500
kg) or fraction thereof. When it is deemed necessary, a sample
may be taken from each melt of 1 000 lb (450 kg) or more.

6.3 Methods of Sampling—Samples from ingots for deter-
mination of chemical composition shall be taken in accordance
with one of the following methods:

6.3.1 Samples for chemical analysis shall be taken from the
material by drilling, sawing, milling, turning, or clipping a
representative piece or pieces to obtain weight of prepared
sample not less than 100 g. Sampling shall be in accordance
with Practice E 88.

6.3.2 By agreement, an optional method of sampling for
analysis may be by melting together representative portions of
each ingot selected, and then sampling the liquid composite by
casting suitable specimens for either spectrographic or chemi-
cal analysis.

6.4 Method of Analysis—The determination of chemical
composition shall be made in accordance with suitable chemi-

cal (Test Methods E 536 or E 47 for tin), or other methods. In
case of dispute, the results secured by Test Method E 536 and
Test Method E 47 for tin only shall be the basis of acceptance.

7. Source Inspection

7.1 If the purchaser desires that his representative inspect or
witness the inspection and testing of the product prior to
shipment, such agreement shall be made by the purchaser and
producer or supplier as part of the contract or purchase order.

7.2 When such inspection or witness of inspection and
testing is agreed upon, the producer or supplier shall afford the
purchaser’s representative all reasonable facilities to satisfy
him that the product meets the requirements of this specifica-
tion. Inspection and tests shall be conducted so there is no
unnecessary interference with the producer’s operations.

8. Rejection and Rehearing

8.1 Material that fails to conform to the requirements of this
specification may be rejected. Rejection should be reported to
the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing. If the rehearing
establishes that the material does not conform to the require-
ments of this specification, as much of the rejected original
material as possible shall be returned to the producer or
supplier.

9. Identification Marking

9.1 All ingots shall be properly marked for identification
with the producer’s name or brand.

9.2 Each bundle or skid shall be identified with the produc-
er’s heat, lot, or other identification mark.

9.3 Each ingot, bundle or skid shall be marked with the
appropriate Color Code for the alloy as per North American
requirements in Practice B 908.

10. Preparation for Delivery

10.1 Packaging—Unless otherwise specified, the ingot shall
be packaged to provide adequate protection during normal
handling and transportation. Each package shall contain only
one alloy unless otherwise agreed upon.

11. Keywords

11.1 blanking dies; casting; casting alloys; forming dies;
gravity casting; Kirksite; Kirksite A; Kirksite B; sheet metal
dies; zinc
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SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue
(B 793 - 01e1) that may impact the use of this standard.

(1) The traditional names Kirksite, Kirksite A, and Kirksite B
were added.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 794 – 97 (Reapproved 2003)

Standard Test Method for
Durability Wear Testing of Separable Electrical Connector
Systems Using Electrical Resistance Measurements 1

This standard is issued under the fixed designation B 794; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the effects of repeated insertion
and withdrawal of separable electrical connectors which are
harmful to the electrical performance of the connector.

1.2 This test method is limited to electrical connectors
designed for use in applications where the current through any
one connection in the connector does not exceed 5 A, and
where the connector may be separated a number of times
during the life of the connector.

1.3 This test method is limited to electrical connectors
intended for use in air ambients where the operating tempera-
ture is less than 65°C.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 539 Test Methods for Measuring Resistance of Electrical

Connections (Static Contacts)2

2.2 Military Standard:3

MIL-STD-1344A Test Methods for Electrical Connectors

3. Summary of Test Method

3.1 Sample connectors are wired for precision resistance
measurements of each test contact. The samples are divided
into two groups; then resistance measurements are made of
each test contact. The connectors in one group undergo a
number of insertion/withdrawal cycles appropriate for the

particular connector under test, and the resistances of these
connectors are measured again. The connectors in the other
group are not disturbed. All samples are subjected to an
accelerated aging test; then the resistances are measured again.
All samples are separated (withdrawn), exposed to an acceler-
ated aging test in the uninserted condition, removed from the
test, reinserted, and resistances measured again. The various
resistance measurements are compared to detect effects of the
wear and aging on electrical performance.

4. Significance and Use

4.1 Materials for electrical connector contacts must satisfy a
number of requirements in the areas of electrical, mechanical,
and economic characteristics. The stability of electrical prop-
erties is one of the most important of these characteristics.
Wear of contact surfaces may adversely affect these electrical
properties, especially in designs where the contact surfaces are
relatively thin coatings. This test method provides a means to
compare various material systems on a basis relevant to their
application in electrical connector contacts.

4.2 Repeated insertion and withdrawal of a connector may
cause wear or other mechanical damage to the electrical
contact surfaces, rendering those surfaces more susceptible to
environmental degradation. This test method is intended to
detect degradation of the electrical properties of the connector
by such processes.

4.3 This test method describes procedures for conducting
wear and durability testing of electrical connectors; the proce-
dures produce quantitative results. These results may be used
to compare the performance of different connector designs so
that meaningful design choices can be made. Such results may
also be used to compare the performance of a connector to a
previously established standard to evaluate the quality of the
samples under test.

4.4 The test results obtained from this test method are
limited in their applicability to connector combinations that are
equivalent in design and manufacture to those actually tested.

4.5 The user is cautioned that the conditions in this test
should be compared to the conditions that the connector will
experience in the intended application in order to determine the
relevance of this test method to the particular needs of the user.
For example, the environmental stress in this test method is

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.11 on Electrical Contact Test Methods.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1988. Last previous edition approved in 1997 as B 794 – 97.

2 Annual Book of ASTM Standards, Vol 03.04.
3 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700

Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
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less severe than certain industrial and marine environments and
therefore test results are not directly applicable to predict the
performance of product intended for use in such areas.

4.6 It is recommended that this test method be used in one
of two ways. First, it may be used to evaluate and report the
performance of a particular connector system. In such a case,
it is appropriate to report the results in a table in the format
shown in Fig. 1 and to state “The results shown in the table
were obtained for (insert connector designation or description)
when tested in accordance with ASTM Standard B 794,
Method __ , Procedure __ .” Second, it may be used to impose
requirements for acceptance of product. In this case, limits for
the values shown in Fig. 1 must be established prior to product
acceptance testing. Such limits may be established by various
methods such as by evaluation of product which is known to be
acceptable or by application of appropriate experience. These
limits must be documented in a manner that the entity
performing the product test can refer to the limits to determine
if the test product conforms to such limits. A purchaser may
wish to supply a table of limits and include on the purchase
order a statement similar to: “The product, when tested in
accordance with ASTM Standard B 794, Method __ , Proce-
dure __ , shall meet the limits in the supplied table.” This table
supplied by the purchaser may set limits on all of the values in
Fig. 1, or only on a subset of those values that the purchaser
deems adequate to ensure the performance of the product.

5. Apparatus

5.1 Environmental Test Chamber, capable of controlling the
test ambient in accordance with the sequence shown in Table 1.
The test chamber shall be sufficiently large that each test

sample shall be positioned with at least 100 mm separating it
from the nearest wall of the test chamber. The test chamber
design and operation procedure shall conform to the require-
ments contained in MIL-STD-1344A, Method 1002.2.

5.2 An instrument is required for measuring resistance by
the four-wire method. This instrument shall operate within the
limits on current and open-circuit voltage set forth in Test
Methods B 539, Test Method C. The instrument shall be
capable of measuring a resistance less than 0.100V with a
resolution of 0.0001V. For a resistance 0.100V or larger, the
instrument shall be capable of measuring it with a resolution of
0.1 % of the resistance value.

6. Sampling and Test Specimens

6.1 Selection of Sample Connectors—Obtain sufficient
sample connectors so that the electrical resistance of at least
200 contacts contained in at least 20 separate connectors will
be measured in the test. Obtain sample connectors that are
representative of those that will be used in the intended
application. Recognize that a connector consists of two halves
and both halves must be representative of the product to be
used. In some cases one half will be a conductive area or pad
on a printed wiring-board surface, therefore printed wiring
boards must be obtained that have representative conductive
pads. Specifically, the conductive pads shall be manufactured
to the same requirements as those that will be required of parts
to be used in the system application. These requirements will
normally cover the manufacturing process, thickness, compo-
sition, hardness, and roughness of both the finish coating and of
any underplating or undercoating. Protective treatments, if
used, shall also be specified. For the purpose of connector
testing, such printed wiring boards are generally fabricated
with appropriate circuitry to permit four-wire resistance mea-
surements.

6.2 Selection of Sample Contacts—In the case where the
samples are multicontact connectors and electrical measure-
ments are performed only on a fraction of the total number of
contacts, the contacts measured shall be distributed throughout
the field of contacts. Measure the corresponding contacts in
each sample connector.

7. Conditioning

7.1 An electrical measurement laboratory is required in
which the ambient temperature is controlled to 236 5°C and
the relative humidity is held below 60 %. This laboratory need
not be dedicated to this test program to the exclusion of otherFIG. 1 Sample Format for Reporting Results

TABLE 1 Environmental Test Sequence

NOTE 1—Tolerance on temperature control is62°.

Step Elapsed Time,
h

Temperature,
°C

Relative Humidity,
%

1 0–2.5 ascending, 25–65 92 6 3
2 2.5–5.5 65 92 6 3
3 5.5–8 descending, 65–25 87 6 8
4 8–10.5 ascending, 25–65 92 6 3
5 10.5–13.5 65 92 6 3
6 13.5–16 descending, 65–25 87 6 8
7 16–24 25 92 6 3

B 794 – 97 (2003)

2



uses so long as those other uses do not degrade the quality of
data obtained on the connector test samples.

8. Procedure

8.1 Selection of Test Method—Select a test method from the
following table which is appropriate for connector design and
application.

Method Number of Insertions
A 5
B 10
C 25
D 50
E 100
F 200
G 400
H (number selected per agreement

between producer and user)

8.2 Sample Preparation:
8.2.1 Assemble the connectors into mounting plates, guides,

fixtures, racks, or similar apparatus if such apparatus is
generally used in the actual application of the connector.
Perform such assembly at the time in the sample wiring process
that best simulates the typical manner in which the connectors
are assembled into a system.

8.2.2 Wire samples for evaluation by this test method for
electrical resistance measurements before the two connector
halves are plugged together. The wiring and resistance mea-
suring circuitry shall be of the four-wire type as described in
Test Methods B 539. Do the wiring in a manner that is typical
of the way the connector would be wired in service, and
especially in a manner that does not introduce unrealistic
contaminants or mechanical stresses on the connector. Do not
perform cleaning, lubrication, or other treatments of the
connector unless such treatments are specified by the connector
manufacturer or user as the required procedure for the appli-
cation of the particular connector under test.

8.2.3 Wire at least one reference resistor for resistance
measurements in such a manner that its resistance may be
measured using the same instrumentation and procedures as are
used for the test contacts. It is suggested that this reference
resistor be a length of wire or a path on a printed wiring board
with a resistance of the same order of magnitude as that of
typical test contacts. Measure and record the resistance of this
reference resistor each time that the test contacts are measured.
Expose this reference resistor to the same test environments as
the test contacts and generally treat the resistor in the same
manner as the test contacts.

8.2.4 Label the connectors and individual contacts therein in
such a manner that each test contact is uniquely identified.
Randomly select one half of the connectors (10 connectors if
20 connectors is the total sample size) to undergo wear testing,
and refer to these as the “wear test samples.” Insert the other
half of the connectors only once at the beginning of the test and
refer to these as the “control samples.”

8.3 Methods and Procedures for Resistance Measurements:
8.3.1 Prepare data sheets such that all information shown in

the sample data sheet illustrated in Fig. 2 may be recorded for
each test contact.

8.3.2 Perform all electrical measurements and wear tests in
the electrical measurements laboratory discussed in Section 7.

Test samples must be allowed to come to equilibrium in this
ambient for a minimum of 1 h before electrical measurements
or connector insertion/withdrawal operations begin. All con-
nector insertion/withdrawal operations are done with the con-
nector disconnected from any power source.

8.3.3 Perform all resistance measurements under dry-circuit
conditions as specified in Test Methods B 539, Test Method C.
In addition, use a suitable method to cancel small potentials
that may be present in the measurement circuit. Suitable
methods are (1) measuring the resistance with the current
flowing one direction through the test contact, reversing the
current flow and remeasuring resistance, and averaging the two
resistance measurements; (2) measuring voltage drop across
the test contact with a constant d-c current flowing, measuring
voltage across the contact with no impressed current, and
subtracting the second voltage from the first and using the
result to calculate resistance; or (3) measuring resistance using
an a-c method. The user shall select one method and use it
throughout the experiment.

8.3.4 Make all resistance measurements in such a manner
that the value is recorded with the resolution meeting the
following requirements: For contacts with a measured resis-
tance less than 0.100V, record the resistance with a resolution
of 0.0001V or better. For contacts with resistance of 0.100V
or greater, record the resistance measurement with a resolution
of 0.1 % or better. If the resistance changes during the

FIG. 2 Sample Data Sheet
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measurement such that after about 5 s astable value of the
required resolution cannot be determined, record an estimate
and note that the resistance is unstable.

8.3.5 After each measurement of the reference resistor,
compare the new measured value to the initial value. If the
values differ by more than 2 %, check the calibration of the
resistance measurement instrumentation. If repair or recalibra-
tion, or both, of the instrumentation is required, discard any
measurements of test contacts made since the preceding
measurement of the reference resistor and repeat the measure-
ments. If new measurements are not feasible, mark the suspect
measurements on the data sheets.

8.3.6 If the measured resistance of a contact appears unrea-
sonable, appropriate investigation of possible causes is recom-
mended so long as the investigation does not affect the
experiment. If the resistance in question can be traced to a
cause unrelated to the contact under test, the data for that
contact may be deleted from the data set. If the cause is
repairable without affecting the experiment, repair and remea-
surement is permitted. Typical causes of this nature are wiring
errors and failed connections in the measurement leads. Such
investigations, repairs, and data-set adjustments are permitted
at any time that the samples are accessible. Do not include
contacts deleted from the data set in the sample size recorded
in column “N” of Fig. 1. Deletion of more than 5 % of the
contacts wired for measurement is not permitted.

8.4 Initial Measurements and Wear Testing:
8.4.1 Insert one connector half in its mating member such

that the electrical circuit is completed in the manner that the
connector is intended to function.

8.4.2 Measure and record (as R1) the resistance of each
contact. After all test contacts on a connector have been
measured, repeat the measurements recording the second value
(as R2) measured for each contact. Compare the two measure-
ments for each contact. If the absolute value of the difference
between R1 and R2 exceeds 5 % of the sum of R1 and R2, then
make and record a third measurement for that contact. Record
the new value as R3.

8.4.3 Disconnect the test contacts from any power source
during the connector withdrawal/insertion operations.

8.4.4 Using any guides, handles, levers, or other mechanical
aides provided by the connector and its housing, repeatedly
withdraw and reinsert each of the wear-test connectors such
that the total number of insertions on each connector equals the
number of insertions indicated for the test method chosen.
Withdrawal and insertion may be performed manually or with
an appropriate actuating machine; however, the time for each
complete withdrawal/insertion cycle shall not be less than 12 s.
Provide a minimum dwell time of 5 s inboth the connected and
the unconnected position. Insertion and withdrawal velocity
shall be reasonably typical of that seen by the particular
connector in actual usage.

8.4.5 Remeasure the resistance of each contact in the
wear-test group and record the result as R4. After a value of R4
has been recorded for all contacts on a connector, remeasure
each contact on that connector and record the resistance of each
as R5.

8.5 Accelerated Aging Test:

8.5.1 Selection of Test Procedure—Two alternative proce-
dures are provided: the user must select one based on the test
objectives and available facilities. The procedures differ only in
their treatment of vibration during the test. Procedure A places
no requirements on the measurement or control of vibration
level experienced by the samples during the test. Procedure B
requires that vibration exceed a minimum value and that the
vibration level be measured and recorded at least once during
the test.

8.5.1.1 Procedure A—Samples will be exposed to an accel-
erated aging test in accordance with the conditions shown in
Table 1. This test is similar to that specified in MIL-STD-
1344A, Method 1002.2, Type II. The test includes temperature
and humidity cycling where the temperature is 65°C and the
relative humidity is 926 3 % at the high end of the cycle. The
test duration is 10 days. The procedure is basically as described
in MIL-STD-1344A except that the samples are not subjected
to the low-temperature excursion (Step 7a). No bias or polar-
ization voltage is to be applied to the samples during the test
program.

NOTE 1—A convenient type of test chamber for this type of environ-
mental exposure is a programmable temperature-humidity chamber. Such
chambers normally show perceptible vibration which may be conducted to
specimens exposed in the test volume. One survey of vibration levels
showed that test samples in such chambers might experience vibration
with a peak-to-peak amplitude in the range from 0.01 to 0.1 mm at a
frequency of 350 cpm as measured on the fixture which holds the sample
connectors. The significance of this variable is not known; therefore,
information on the identity of the test chamber and any available
information on the vibration levels is to be recorded in the test report
described in Section 10.

8.5.1.2 Procedure B—The test conditions for this procedure
are identical to those for Procedure A, except that the following
additional requirement is imposed. During the exposure of
samples to the accelerated aging test, also subject the samples
to a vibration such that the peak-to-peak amplitude is greater
than 0.01 mm at a frequency of 350 cpm as measured on the
fixture that holds the sample connectors. This amplitude and
frequency of vibration generally can be achieved by placing
samples in a typical chamber of the type described in Note 1 if
that test chamber has fans and motors for controlling the
environment and no extra measures are taken to isolate the test
samples from chamber vibration. Measure the amplitude of
vibration once during the test period and report in the test
report.

8.5.2 Subject the connector to the accelerated aging envi-
ronment for 10 days with the two connector halves remaining
connected together. Remove the test samples from the aging
test and allow at least 1 h for them to come to equilibrium in
the electrical measurement laboratory. Remeasure the resis-
tance of each contact and record the result as R6. After a value
of R6 has been recorded for all contacts on a connector,
remeasure each contact on that connector and record the
resistance of each as R7.

8.5.3 Separate all connector halves and subject all connec-
tors to the accelerated aging ambient for an additional 10 days
in the unconnected condition. Remove the test samples from
the aging test and allow at least 1 h for them to come to
equilibrium in the electrical measurement laboratory. Plug each
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pair of connector halves together again. Remeasure the resis-
tance of each contact and record the result as R8. After a value
of R8 has been recorded for all contacts on a connector,
remeasure each contact on that connector and record the
resistance of each as R9.

9. Calculation

9.1 Prepare a Summary of Results table in the format shown
in Fig. 1 to report the results. For the wear-test samples, enter
at the indicated location in the table the total number of
insertions that each sample received.

9.2 For each contact, calculate the values shown in Table 2.
Specifically, calculate the average initial value of resistance for
each contact, M1, using the two or three initial values recorded.
Calculate the average resistance for each contact at each step in
the test program by averaging the two measurements made at
that step, that is, R4 and R5, R6 and R7, R8 and R9. Subtract
the average measured resistance of each contact after wear (but
before the environmental test) from the average initial resis-
tance for that contact to obtain the change in resistance, C1.
(This data will be available only for the contacts which
underwent wear testing.) Subtract the average measured resis-
tance of each contact (after 10 days in the inserted condition in
the environmental test) from the average initial resistance for
that contact to obtain the change in resistance, C2. Subtract the
average measured resistance of each contact (after the final 10
days in the unconnected condition in the environmental test)
from the average initial resistance for that contact to obtain the
change in resistance, C3.

9.3 Combine the values of average initial resistance (M1)
for the wear-test samples into a single data set; determine the
minimum, mean, median, maximum, standard deviation, and
number of contacts for this data set. Enter these values on the
first line of Section 1 of the Summary of Results table shown
in Fig. 1. Similarly, combine the M1 values for the control
samples into a data set, determine the values requested, and
enter on the first line of Section 2 of Fig. 1.

9.4 Using the values calculated for the average resistance
change after wear for the wear sample group (C1), determine
the number of test contacts and the minimum, mean, median,

maximum, and standard deviation of the average resistance
change values. Enter the values on the second line of Section
1 in the table shown in Fig. 1.

9.5 Using the values calculated for the average resistance
change after exposure for 10 days in the connected condition
(C2), determine for both sample groups the number of test
contacts and the minimum, mean, median, maximum, and
standard deviation of the average resistance-change values for
each sample group. Enter the values on the appropriate lines in
the table shown in Fig. 1.

9.6 Using the values calculated for the average resistance
change after exposure for 10 days in the unconnected condition
(C3), determine for both sample groups the number of test
contacts and the minimum, mean, median, maximum, and
standard deviation of the average resistance change values for
each sample group. Enter the values on the appropriate lines in
the table shown in Fig. 1.

10. Report

10.1 Report the following information:
10.1.1 Date the test was started and completed,
10.1.2 Test method used (Method A to H). If Method H is

used, list the number of insertions used,
10.1.3 Test procedure used (Procedure A or B),
10.1.4 Identify the test chamber(s) used to achieve the

temperature-humidity cycle for the environmental exposure.
Include a statement on what is known about the vibration level
that samples experienced in the chamber. If Procedure B is
used, state the measured vibration level in the chamber,

10.1.5 Provide a description of the connector samples used
in this test method. This description will normally include the
manufacturer and the designation (catalog number, code num-
ber, etc.) for the connector tested. Both halves of the connector
must be described. If one half is a printed wiring board, provide
a description of the contact area (coating thickness, composi-
tion, other requirements, etc.),

10.1.6 Include the Summary of Results table prepared in
Section 9,

10.1.7 Note any deviations from the procedure outlined in
this test method, and

10.1.8 Include notes on any observations of unusual or
unexpected events, or any analysis that may help to explain the
results.

11. Precision and Bias4

11.1 Precision—An interlaboratory round robin conducted
with 4 separate laboratories using a single manufacturing lot of
connectors produced the following results:

11.1.1 The ratio of the median of the C3 values for the 200
wear cycle group to the 2 wear cycle group ranged from 2 to
23.

11.1.2 Comparing the median of the C3 values for the 4
laboratories for the 2 wear cycle group, the ratio of the
maximum to the minimum is 4.0. Comparing the median of the

4 Supporting data and results of the interlaboratory round robin that provides the
basis for the precision statements are available from ASTM International Headquar-
ters. Request RR: B04–1004.

TABLE 2 Values to be Calculated for Each Contact

Value to be Calculated, avg Calculation Designation

Initial resistance, (R1 + R2)/2 or
(R1 + R2 + R3)/3

M1

Resistance after added wear cycles,
(available only for contacts designated
for wear testing)

(R4 + R5)/2 M2

Resistance after 10 days environmental
test in the connected condition

(R6 + R7)/2 M3

Resistance after 10 days environmental
test in the unconnected condition

(R8 + R9)/2 M4

Resistance change after added wear
cycles, (available only for contacts
designated for wear testing)

M2-M1 C1

Resistance change, after 10 days
environmental test in the connected
condition

M3-M1 C2

Resistance change, after 10 days
environmental test in the unconnected
condition

M4-M1 C3
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C3 values for the 4 laboratories for the 200 wear cycle group,
the ratio of the maximum to the minimum is less than 5.

11.1.3 The same round robin disclosed that mean of the C3
values is strongly influenced by outliers, and a precision
statement based on the sample mean is not meaningful.

NOTE 2—Based on the round robin results, it is recommended that
experimental controls be run with each experiment. Such controls may be
examples of connectors known to be acceptable, or connectors of a known
quality. It is also recommended that if the mean is used in the data
analysis, that careful attention is given to the influence of outliers in the
population.

11.2 Bias—Since there is no accepted reference material
suitable for determining the bias for the procedure in Test
Method B 794 for measuring wear in electrical connectors
using electrical resistance measurements, no statement on bias
is being made.

12. Keywords

12.1 contact resistance; electrical connectors; electrical con-
tacts; temperature and humidity cycling test; wear; wear tracks
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Designation: B 798 – 95 (Reapproved 2000)

Standard Test Method for
Porosity in Gold or Palladium Coatings on Metal Substrates
by Gel-Bulk Electrography 1

This standard is issued under the fixed designation B 798; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers equipment and techniques for
determining porosity in noble metal coatings, particularly
electrodeposits and clad metals used on electrical contacts.

1.2 The test method is designed to show whether the
porosity level is less or greater than some value which by
experience is considered by the user to be acceptable for the
intended application.

1.3 Other porosity testing methods are outlined in Guide
B 765. Detailed critical reviews of porosity testing are also
available.2 Other porosity test methods are B 735, B 741,
B 799, and B 809.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.For specific hazard
statements, see Sections 7 and 8.

1.5 The values stated in SI units are to be regarded as
standard. The values in parentheses are for information only.

2. Referenced Documents

2.1 ASTM Standards:
B 374 Terminology Relating to Electroplating3

B 542 Terminology Relating to Electrical Contacts and
Their Use4

B 735 Test Method for Porosity in Gold Coatings on Metal
Substrates by Nitric Acid Vapor4

B 741 Test Methods for Porosity In Gold Coatings On
Metal Substrates By Paper Electrography4

B 765 Guide for Selection of Porosity Tests for Electrode-
posits and Related Metallic Coatings3

B 799 Test Method for Porosity in Gold or Palladium
Coatings by Sulfurous Acid/Sulfur-Dioxide Vapor4

B 809 Test Method for Porosity in Metallic Coatings By
Humid Sulfur Vapor (“Flowers-of-Sulfur”)3

3. Terminology

3.1 Definitions—Many terms used in this test method are
defined in Terminology B 542 and terms relating to metallic
coatings are defined in Terminology B 374.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 decorations—those reaction products emanating from

the pores that provide visual contrast with the gel medium.
3.2.2 measurement area (or “significant surface”)—the

surface that is examined for the presence of porosity. The
significant surfaces or measurement areas of the part to be
tested shall be indicated on the drawing of the part or by
provision of suitably marked samples.

3.2.3 Discussion—For specification purposes, the signifi-
cant surfaces or measurement areas are often defined as those
portions of the surface that are essential to the serviceability or
function of the part, such as its contact properties, or which can
be the source of corrosion products or tarnish films that
interfere with the function of the part.

3.2.4 metallic coatings—include platings, claddings, or
other metallic layers applied to the substrate. The coatings can
comprise a single metallic layer or a combination of metallic
layers.

3.2.5 porosity—the presence of any discontinuity, crack, or
hole in the coating that exposes a different underlying metal.

3.2.6 underplate—a metallic coating layer between the
substrate and the topmost layer or layers. The thickness of an
underplate is usually greater that 0.8 µm (30 µin.).

4. Summary of Test Method

4.1 This test method is an electrographic technique, “gel-
bulk electrography.” The specimen is made the anode in a cell
containing a solid or semisolid electrolyte of gelatin, conduct-
ing salts, and an indicator. Application of current to this cell
results in the migration of base medal ions through continuous
pores. Reaction of cations with an indicator gives rise to
colored reaction products at pore sites which may be counted

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.11 on Electrical Contact Test Methods.

Current edition approved April 15, 1995. Published June 1995. Originally
published as B 798 – 88. Last previous edition B 798 – 90.

2 Nobel, F. J., Ostrow, B. D., and Thompson, D. W., “Porosity Testing of Gold
Deposity,”Plating, Vol 52, 1965, p. 1001, and Krumbein S. J., “Porosity Testing of
Contact Platings,”Proceedings, Connectors and Interconnection Technology Sym-
posium,October 1987, p. 47.

3 Annual Book of ASTM Standards, Vol 02.05.
4 Annual Book of ASTM Standards, Vol 02.04.
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through the clear gel. Individual spots are counted with the aid
of a loupe or low power stereomicroscope.

4.2 This test method is suitable for coatings containing
75 % or more of gold on substrates of silver, nickel, copper,
and its alloys, which are commonly used in electrical contacts.
This test method is also suitable for coatings of 95 % or more
of palladium on nickel, copper and its alloys.

4.3 These porosity tests involve corrosion reactions in
which the products delineate defect sites in coatings. Since the
chemistry and properties of these products do not resemble
those found in natural or service environments, these tests are
not recommended for prediction of the electrical performance
of contacts unless correlation is first established with service
experience.

5. Significance and Use

5.1 Noble metal coatings, particularly gold or palladium, are
often specified for the contacts of separable electrical connec-
tors and other devices. Electrodeposits are the form of gold or
palladium which is most used on contacts, although gold and
palladium are also employed as clad metal and as weldments
on the contact surface. The intrinsic nobility of gold and to a
certain extent palladium enables them to resist the formation of
insulating films that could interfere with reliable contact
operation.

5.2 In order that the nobility of gold be assured, porosity,
cracks, and other defects in the coating that expose base metal
substrates and underplates must be minimal or absent, except
in those cases where it is feasible to use the contacts in
structures that shield the surface from the environment or
where corrosion inhibiting surface treatments for the deposit
are employed. The level of porosity in the coating that may be
tolerable depends on the severity of the environment to the
underplate or substrate, design factors for the contact device
like the force with which it is mated, circuit parameters, and the
reliability of contact operation that it is necessary to maintain.
Also, when present, the location of pores on the surface is
important. If the pores are few in number or are outside of the
zone of contact of the mating surfaces, their presence can often
be tolerated.

5.3 Methods for determining pores on a contact surface are
most suitable if they enable their precise location and numbers
to be determined. Contact surfaces are often curved or irregular
in shape, and testing methods should be suitable for them. In
addition, the severity of porosity-determining tests may vary
from procedures capable of detecting all porosity to procedures
that detect only gross defects. The test method in this document
is generally regarded as severe.

5.4 The relationship of porosity levels revealed by particular
tests to contact behavior must be made by the user of these tests
through practical experience or judgment. Thus, absence of
porosity in the coating may be a requirement for some
applications, while a few pores in the contact zone may be
acceptable for others.

5.5 This test method is capable of detecting porosity or
other defects in gold or palladium coatings that could partici-
pate in substrate corrosion reactions. In addition, it can be used

on contacts having complex geometry such as pin-socket
contacts (although difficulty may be experienced in inspecting
deep recesses).

6. Limitations

6.1 This test is considered destructive in that it reveals the
presence of porosity by contaminating the surface with corro-
sion products and by under-cutting the corrodible metal at pore
sites and at unplated areas. In addition, the surface is coated
with a corrosive gel mixture which is difficult to remove
completely. Any parts exposed to the gel test shall not be
placed in service.

6.2 The gel-bulk procedure is not as sensitive to small pores
and is more complex than porosity tests involving gaseous
corrodants5 (see Test Methods B 735 and B 799). It also
involves more chemicals, preparation, and auxiliary equip-
ment.

6.3 This test is intended to be used for quantitative descrip-
tions of porosity (such as number of pores per unit area or per
contact) only on measurement areas where coatings have pore
densities that are sufficiently low so that the corrosion sites are
well separated and can be readily resolved. As a general
guideline this can be achieved for pore densities up to about
25/cm2.

6.4 For this purpose, the measurement area, or “significant
surface,’’ shall be defined as those portions of the surface that
are essential to the serviceability or function of the part, such
as its contact properties, or which can be the source of
corrosion products or tarnish films that interfere with the
function of the part. When necessary, the significant surfaces
shall be indicated on the drawings of the parts, or by the
provision of suitably marked samples.

6.5 The test applicability to platings of varying thickness is
a function of the quality of the plating.

6.6 The applicability of this test method to localized plat-
ings or claddings with adjacent exposed substrate is limited by
the efficacy of coatings applied to mask the non-noble areas to
prevent gross decoration of the surfaces under test. Users of
this method are required to develop their own techniques for
masking such exposed substrate areas.

7. Apparatus

7.1 Test Vesselmay be made of glass, acrylic resin, or other
inert uncolored transparent material. It shall have thin-walled
flat sides, and be of a size appropriate to the sample to be
tested.

7.2 Power Supply, 0 to 1 A and 0 to 10 V dc, an
electronically-regulated, constant-current (65 %) apparatus is
preferred.

7.3 dc Milliammeter and Separate dc Voltmeter.
7.4 Cathode Material in the form of foil or wire made of

platinum or gold is required. The cathode and specimen
(anode) areas shall be approximately the same. Additionally,
gold or platinum wire for cathode and anode are needed for that

5 For example, Clarke, M., “Porosity and Porosity Tests,” ’ in “Properties of
Electrodeposits,” edited by Sard, Leidheiser, and Ogburn, The Electrochemical
Society, 1975, p. 122.
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portion of the hook-up that is in the reagent solution. It may be
convenient to use small alligator clips to secure the lead wires
to the cathode and anode. These clips must be heavily gold
plated so as to be entirely free of porosity. A variation of this
procedure, suitable for samples having relatively few pores, is
to use a second identical test sample as the cathode. The test
can be run with current first in the forward, then in the reverse
direction so that the porosity in both samples may be deter-
mined. Fig. 1 is a schematic of the test cell setup.

NOTE 1—A commonly-used alternate cell design incorporates the
cathode as part of the cell structure (as shown in Fig. 2). In addition, the
samples may be attached to a common carrier strip or holder, so that only
the sample surfaces need be in the gel.

7.5 Timer capable of indicating seconds. It is convenient to
use a timer switch to control the test current.

7.6 Stereomicroscopehaving 103 magnification and an
illuminator are required for sample inspection after test. An
eyepiece reticle is recommended for convenience in locating
the contact area or other significant measurement areas.

8. Reagent

8.1 Note that some of the indicating reagents are sensitive to
heat and light, particularly the rubeanic acid (dithio-oxamide).
The indicator solutions should be stored in the dark in
stoppered bottles. For rubeanic acid, do not store for more than
a month, and filter prior to use.

8.2 Food-Grade Gelatine,6—This type is preferred to USP
grade gelatine, because the latter may not give transparent
solutions. A10 % solution is prepared by mixing 9 g of the

gelatin in 91 mL of distilled or deionized water, and slowly
heating to 60 to 65°C with stirring, until all the gelatine
dissolves.

NOTE 2—If the storage bottle is tightly capped, the plain gelatine
solution may be stored for up to 2 days in a refrigerator and kept at 5 to
10°C, discard it if mold appears on its surface.

9. Safety Hazards

9.1 Reagents identified in Table 1 have the potential to cause
injury or skin discoloring if improperly handled. Good labora-
tory practice including the use of a fume hood and skin and eye
protection should be observed, especially during solution
preparative and the cleaning of the test samples. Proper
precautions in the use of electrical power supplies and electri-
cal connections should also be scrupulously observed.

10. Procedure

10.1 This test is suitable for gold coated on silver, nickel, or
copper and its alloys, and palladium coated on nickel, copper
and its alloys either as underlayers or substrates, in accordance
with the reagents chosen in Table 1.

10.2 Sequence of Operations:
10.2.1 Solution Preparation:
10.2.1.1 Electrolyte.
10.2.1.2 Indicator.
10.2.2 Calculate the current to be used.
10.2.3 Prepare the samples prior to cleaning.
10.2.4 Clean the samples.
10.2.5 Prepare the gel while the samples are cleaning.

Remove from heat when dissolved.
10.2.6 Dry the samples.
10.2.7 Suspend the samples in the test cells.
10.2.8 Prepare the composite gel solution and add to the

cells.
10.2.9 Solidify the gel thoroughly.

6 Knox brand packed by Knox Gelatine, Inc., Englewood Cliffs, NJ 07632 has
been found satisfactory or its equivalent may also be used.

FIG. 1 Schematic of Typical Test-Cell Setup with Anode (Sample)
and Cathode Facing Each Other (Preferred Orientation)

FIG. 2 Exploded View of Alternate Cell Design Incorporating
Cathode as Part of Cell Structure
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10.2.10 Set up the equipment and make electrical attach-
ments.

10.2.11 Apply the calculated current.
10.2.11.1 Examine immediately for gross defects.
10.2.11.2 Take readings after the prescribed time period.
10.2.12 Record the results.
10.3 Cleaning—Handle specimens as little as possible, and

only with tweezers, microscope-lens tissue, or clean, soft
cotton gloves. Prior to the test, inspect the samples under 103
magnification for evidence of particulate matter. If present,
such particles shall be removed by blowing them off with
clean, oil-free air. If this is not successful discard the sample.
Then, clean the samples with solvents or solutions that do not
contain chlorinated hydrocarbons, CFS’s or other known
ozone-destroying compounds. The procedure outlined in Note
3 has been found to give satisfactory results for platings with
mild to moderate surface contamination.

NOTE 3—Suggested cleaning procedure:
(1) Keep individual contacts separated if there is a possibility of

damage to the measurement areas during the various cleaning steps.
(2) Clean samples for 5 min in an ultrasonic cleaner which contains a

hot (65–85°C) 2 % aqueous solution of a mildly alkaline (pH 7.5–10)
detergent (such as Micro or Sparkleen).

(3) After ultrasonic cleaning, rinse samples under warm running tap
water for at least 5 s.

(4) Rinse samples ultrasonically for 2 min in fresh deionized water to
remove the last detergent residues.

(5) Immerse in fresh methanol or isopropanol, and ultrasonically
“agitate” for at least 30 s in order to remove the water from the samples.

(6) Remove and dry samples until the alcohol has completely evapo-
rated. If an air blast is used as an aid to drying, the air shall be oil free,
clean, and dry.

(7) Do not touch measurement area of the samples with bare fingers
after cleaning.

(8) Re-inspect samples (under 103 magnification) for particulate
matter on the surfce. If particulates are found, repeat the cleaning steps.
Surface cleanliness is extremely important; contaminants, such as plating
salts, organic films, and metal flakes, may give erroneous indications of
defects, and are unacceptable.

10.4 Secure the specimens to be tested to gold or platinum
lead wires, and suspend in the cell so that their measurement
areas (see 5.4) can be easily seen through the wall of the test
vessel. Place the specimens 136 2 mm (0.5 in.) from the
cathode.

NOTE 4—For longitudinal-shaped contacts, such as pins or posts, where
the alternate cell design (Fig. 2) is used the bottom ends or tips of the

contacts should be at a distance from the cathode that is at least 1.5 times
their maximum length in the gel solution. The area of the cathode along
the bottom of the cell shall be no less than the total specimen area in the
solution, and can be up to twice as large. If the cathode area is too small,
there is a risk of excessive hydrogen bubble formation.

10.5 The composite test solution is prepared from the gel
solution, and an indicator and electrolyte chosen from Table 1.
The composite contains by volume, 94.6 % gel solution, 3.4 %
electrolyte solution, and 2 % indicating solution. It is prepared
by melting with gentle stirring, the gelatine solution at 59°C6
1°C, removing from the heat, and adding while stirring the
premixed electrolyte solution and then the indicating solution.
Stirring should be continued for 2 to 3 min to thoroughly mix
all the components. For consistency, consider the lifespan of
the composite gel solution to be 2 h. Testing of the samples
shall be accomplished within this time period.

10.6 Pour the composite test gel solution into the test vessel,
taking care not to introduce bubbles of air into the solution.
Allow the gel to solidify.

NOTE 5—It is good practice to include with the sample a control
specimen that is known to be porous (such as would be produced by
scratching the coating to expose base metal.) If the control specimen fails
to produce a dense opaque pore indication the test results must be
discounted and the test repeated using freshly prepared reagents.

10.7 Attach the specimen lead to the positive terminal of the
power supply, and the cathode lead to its negative terminal, as
shown in Fig. 1 or Fig. 2.

10.8 Pass the current for 20 s (use a timer) at a current
density of 0.78 ma/cm2 (5 ma/in.2). Current density tolerance is
625 %. The test shall be conducted at 236 3°C. During
passage of the current, base metal ions are produced at pores in
the test sample. These ions react with the indicator to produce
colored products in the pore sites.

NOTE 6—If bubbling of the gel should occur (highly unlikely at the low
current density specified), repeat the test with new samples at 20 to 25 %
lower current density.

NOTE 7—In calculating the current, the sample area shall be thetotal
area of metal that is immersed in the gel, not just the significant surfaces.

10.9 Monitor and record the maximum voltage with the
voltmeter during the application of current. The voltage should
be between 2.0 and 2.5 V. If the voltage exceeds 3 V, the test
should be considered invalid.

TABLE 1 Guide to Gel Porosity Testing Solutions

Test for Electrolyte (Aqueous) Indicator Indicating Color Comments

Copper A 4 % sodium carbonate + 1 % so-
dium nitrate

saturated solution of rubeanic
acid in ethanol

dark olive green also detects nickel, cobalt

Copper 4 % sodium carbonate + 1 % so-
dium nitrate

7.5 % potassium ferrocyanide in
water

brown -------

Nickel A 4 % sodium carbonate + 1 % so-
dium nitrate

saturated solution of rubeanic
acid in ethanol

blue-blue violet also detects copper, cobalt

Nickel 5 % ammonium hydroxide saturated solution of dimethyl-
glyoxime in ethanol

pink -------

Silver A, B 0.2 molar nitric acid 1 % glacial acetic + 5 % sodium
dichromate

red solution must be free of halogens

Silver B 0.2 molar nitric acid saturated solution of rhodanine in
ethanol

red-red violet solution must be free of halogens

APreferred test.
BNot suitable for palladium overplates.
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11. Examination

11.1 Do not remove samples from the test vessel. Examine
the measurement areas of the samples through the vessel walls
(at 103 magnification with suitable illumination) immediately
after cessation of current. Note the gross defects during the first
3 min to determine the general location of the largest pore sites.

11.2 Begin actual pore count after 3 min, and complete it
within 20 min of cessation of the current.

11.3 Pore sites show up as colored dots or blooms. The size
of these decorations depends on the total amount of current
passed as well as the size of the defect. Bleeding or diffusion
of the color should be slight during the first 20 min, and
discrete pore sites will be observed if not very close to each
other. Cracks show up as continuous lines.

NOTE 8—Appendix X1 gives a number of guidelines that have been
found useful in examining pore indications from tests that use the rubeanic
acid indicator and the sodium carbonate/sodium nitrate electrolyte (Table
1).

11.4 An alternative enumeration method is to record the
number of contacts with pores (in a sample strip with 10 or
more contacts), as defined in 11.3

12. Precision and Bias

12.1 Precision—The precision of this procedure for five test
runs in one laboratory, for palladium platings 2.2-2.4 µm thick,
was 46 % (as a coefficient of variation where the total number
of pores per run had a mean value of 2.8) and was even higher
in subsequent determinations in other laboratories.

12.2 Bias—The porosity of commercially produced platings
for electrical contacts is a property with potentially large
sample-to-sample variability.7 Since there is no acceptable
reference material suitable for determining the bias for porosity
testing, bias has not been determined.

13. Keywords

13.1 electrography; gel; gel electrography; gold coatings;
gold platings; palladium coatings; palladium platings; plating;
porosity; porosity testing

APPENDIX

(Nonmandatory Information)

X1. USEFUL GUIDELINES FOR EXAMINING EXAMPLES

X1.1 The following guidelines are useful in examining
samples (for pore indications) with tests that use the rubeanic
acid indicator and sodium carbonate/sodium nitrate electrolyte
(of Table 1).

X1.1.1 The reaction products give colored blooms whose
major growth takes place during the first 3 min after cessation
of current. Blooms from the edges of narrow samples (for
example, posts) may obscure the measurement area, so the
immediate cursory examination is important to determine pore
sites. A typical site usually shows a dark spot at the center of
a colored cloud.

X1.1.2 The indicator will react with nickel and copper ions,
producing colored blooms. Copper will often show an olive or
gray-green reaction product while nickel will often produce a
blue or blue-violet coloration.

X1.1.3 When a nickel underplate is used over a copper alloy
substrate, two colors may be present. Nickel ions diffuse
farther (away from the pore) and may form a blue to violet haze
around the central olive-green or black central copper pore
indication.

X1.1.4 Under certain conditions, palladium platings may
produce bright red/orange reaction products. These blooms
shall not be counted as pores, unless evidence of nickel or
copper pore indications are also present.

X1.1.5 Very small pores and embedded debris show up as
small colored points or dots at 103 and, shall be recorded
separately as such.

X1.1.6 Cracks show up as continuous lines and shall be
recorded separately as such.

X1.1.7 A hazy black cloud covering the surface without
evidence of dark spots (pore sites) indicates gross defects or
microcracking, and shall be counted as a multiple pore site.

X1.1.8 When plated electrical contacts are tested together as
strips or combs of contacts, the size of a pore indication is most
conveniently noted as a fraction of the width of the contact
surface.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

7 Krumbein, S. J., and Holden, C. A., Jr., “Porosity Testing of Metallic Coatings,”
in “Testing of Metallic and Inorganic Coatings,” ASTM, STP 947, Harding, W. B.,
and DiBari, G. A., Eds., American Society for Testing and Materials, PA, 1987, p.
193.
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Designation: B 799 – 95 (Reapproved 2000)

Standard Test Method for
Porosity in Gold and Palladium Coatings by Sulfurous Acid/
Sulfur-Dioxide Vapor 1

This standard is issued under the fixed designation B 799; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers equipment and methods for
determining the porosity of gold and palladium coatings,
particularly electrodeposits and clad metals used on electrical
contacts.

1.2 This test method is designed to show whether the
porosity level is less or greater than some value which by
experience is considered by the user to be acceptable for the
intended application.

1.3 A variety of other porosity testing methods are described
in the literature.2 , 3 Other porosity test methods are B 735,
B 741, B 798, and B 809. An ASTM Guide to the selection of
porosity tests for electrodeposits and related metallic coatings
is available as Guide B 765.

1.4 The values stated in SI units are to be regarded as
standard. The values given in parentheses are for information
only.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.For specific
hazards, see Section 6.

2. Referenced Documents

2.1 ASTM Standards:
B 374 Terminology Relating to Electroplating4

B 735 Test Method for Porosity in Gold Coatings on Metal
Substrates by Nitric Acid Vapor5

B 741 Test Method for Porosity In Gold Coatings on Metal

Substrates by Paper Electrography5

B 765 Guide for Selection of Porosity Tests for Electrode-
posits and Related Metallic Coatings4

B 798 Test Method for Porosity in Gold or Palladium
Coatings on Metal Substrates by Gel-Bulk Electrography5

B 809 Test Method for Porosity in Metallic Coatings By
Humid Sulfur Vapor (“Flowers-of-Sulfur”)4

3. Terminology

3.1 Definitions—Many terms used in this test method are
defined in Terminology B 542 and terms relating to metallic
coatings are defined in Terminology B 374.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 corrosion products—those reaction products emanat-

ing from the pores that protrude from, or are otherwise attached
to, the coating surface after a vapor test exposure.

3.2.2 measurement area (or88significant surface’’)—the
surface that is examined for the presence of porosity. The
significant surfaces or measurement areas of the part to be
tested shall be indicated on the drawing of the part or by
provision of suitably marked samples.

3.2.3 Discussion—For specification purposes, the signifi-
cant surfaces or measurement areas are often defined as those
portions of the surface that are essential to the serviceability or
function of the part, such as its contact properties, or which can
be the source of corrosion products or tarnish films that
interfere with the function of the part.

3.2.4 metallic coatings—include platings, claddings, or
other metallic layers applied to the substrate. The coatings can
comprise a single metallic layer or a combination of metallic
layers.

3.2.5 Porosity—the presence of any discontinuity, crack, or
hole in the coating that exposes a different underlying metal.

3.2.6 Underplate—a metallic coating layer between the
substrate and the topmost layer or layers. The thickness of an
underplate is usually greater that 0.8 µm (30 µin.).

4. Summary of Test Method

4.1 The test method employs concentrated sulfurous acid
(H2SO3), which emits sulfur dioxide (SO2) gas according to the
equilibrium reaction:

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.11 on Electrical Contact Test Methods.

Current edition approved April 15, 1995. Published June 1995. Originally
published as B 799 – 88. Last previous edition B 799 – 93.

2 For example see: Nobel, F. J., Ostrow, B. D., and Thompson, D. W.,“ Porosity
Testing of Gold Deposits,”Plating, Vol 52, 1965, p. 1001.

3 S. J. Krumbien, Porosity Testing of Contact Platings,Proceedings, Connectors
and Interconnection Technology Symposium, Oct. 1987, p 47.

4 Annual Book of ASTM Standards, Vol 02.05.
5 Annual Book of ASTM Standards, Vol 02.04.
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H2SO3 5 SO2 1 H 2O (1)

The procedure is similar to one first proposed by Lee and
Ternowski.6

4.2 Exposure periods may vary, depending upon the degree
of porosity to be revealed. Reaction of the gas with a
corrodable base metal at pore sites produces reaction products
that appear as discrete spots on the gold or palladium surface.
Individual spots are counted with the aid of a loupe or
low-power stereo microscope.

4.3 This test method is suitable for coatings containing
95 % or more of gold or palladium on substrates of copper,
nickel, and their alloys which are commonly used in electrical
contacts.

4.4 This porosity test involves corrosion reactions in which
the products delineate defect sites in coatings. Since the
chemistry and properties of these products may not resemble
those found in natural or service environments this test is not
recommended for prediction of the electrical performance of
contacts unless correlation is first established with service
experience.

5. Significance and Use

5.1 Gold coatings are often specified for the contacts of
separable electrical connectors and other devices. Electrode-
posits are the form of gold that is most used on contacts,
although it is also employed as inlay or clad metal and as
weldments on the contact surface. The intrinsic nobility of gold
enables it to resist the formation of insulating oxide films that
could interfere with reliable contact operation.

5.2 Palladium coatings are sometimes specified as alterna-
tives to gold on electrical contacts and similar electrical
component surfaces, both as electrodeposits and as inlay or
clad metal. This test method is particularly suitable for deter-
mining porosity in palladium coatings, since the reactive
atmosphere that is used does not attack the palladium if the
specified test conditions are followed. In contrast, palladium
coatings are attacked by nitric acid (HNO3) and other strong
oxidizing agents, so that Test Method B 735 cannot be used for
determining the porosity in such coatings.

5.3 In order for these coatings to function as intended,
porosity, cracks, and other defects in the coating that expose
base-metal substrates and underplates must be minimal or
absent, except in those cases where it is feasible to use the
contacts in structures that shield the surface from the environ-
ment or where corrosion inhibiting surface treatments for the
deposit are employed. The level of porosity in the coating that
may be tolerable depends on the severity of the environment to
the underplate or substrate, design factors for the contact
device like the force with which it is mated, circuit parameters,
and the reliability of contact operation that it is necessary to
maintain. Also, when present, the location of pores on the
surface is important. If the pores are few in number and are
outside of the zone of contact of the mating surfaces, their
presence can often be tolerated.

5.4 Methods for determining pores on a contact surface are
most suitable if they enable their precise location and numbers
to be determined. Contact surfaces are often curved or irregular
in shape, and testing methods should be suitable for them. In
addition, the severity of porosity-determining tests may vary
from procedures capable of detecting all porosity to procedures
that detect only highly porous conditions.

5.5 The present test method is capable of detecting virtually
all porosity or other defects that could participate in corrosion
reactions with the substrate or underplate. The test is rapid,
simple, and inexpensive. In addition, it can be used on contacts
having complex geometry such as pin-socket contacts (al-
though with deep recesses it is preferred that the contact
structures be opened to permit reaction of the sulfur dioxide
with the interior significant surfaces).

5.6 The relationship of porosity levels revealed by particular
tests to contact behavior must be made by the user of these tests
through practical experience or by judgment. Thus, absence of
porosity in the coating may be a requirement for some
applications, while a few pores in the contact zone may be
acceptable for others.

5.7 This test is considered destructive in that it reveals the
presence of porosity by contaminating the surface with corro-
sion products and by undercutting the coating at pore sites or
at the boundaries of the unplated areas. Any parts exposed to
this test shall not be placed in service.

5.8 This test is intended to be used for quantitative descrip-
tions of porosity (such as number of pores per unit area or per
contact) only on coatings that have a pore density sufficiently
low that the corrosion sites are well separated and can be
readily resolved. As a general guideline this can be achieved
for pore densities up to about 100/cm2. Above this value the
tests are useful for the qualitative detection and comparisons of
porosity.

5.9 For these purposes, themeasurement area, or significant
surface, shall be defined as those portions of the surface that
are essential to the serviceability or function of the part, such
as its contact properties, or which can be the source of
corrosion products or tarnish films that interfere with the
function of the part. The significant surfaces shall be indicated
on the drawings of the parts, or by the provision of suitably
marked samples.

6. Safety Hazards

6.1 Carry out these test procedures in a clean, working fume
hood. The SO2 gas that is emitted is toxic, corrosive, and
irritating.

6.2 Use caution, however, in actually performing the tests
that the drafts often found in hoods do not cause significant
cooling of the chamber walls which may lead to condensation
of water and acceleration of the test. It is often convenient to
enclose the reaction vessel in a box with a loose-fitting cover,
and to keep the box in a hood during the test.

6.3 Observe normal precautions in handling corrosive acids.
In particular, wear eye protection completely enclosing the
eyes, and make eye wash facilities readily available.

6 Lee, F., and Ternowski, M.,Proceedings Ninth International Conference on
Electrical Contact Phenomena, Chicago, 1978, p. 215.
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7. Apparatus

7.1 Test Chamber—May be any convenient size, glass or
acrylic resin vessel having a gastight lid, such as a glass
desiccator of 9 to 10-L capacity. The ratio of chamber volume
in cubic centimeters to the generating solution (sulfurous acid)
surface area in square centimeters shall not exceed 256 1.

7.2 Specimen Holders or Supports—May be made of glass,
polytetrafluoroethylene, or other inert materials. It is essential
that the specimens be arranged so as not to impede circulation
of the gas. Specimens shall not be closer than 25 mm (1 in.)
from the wall and 75 mm (3 in.) from the solution surface.
Also, the measurement areas of the specimens shall be at least
12 mm (0.5 in.) from each other.

7.2.1 Do not use a porcelain plate or any other structure that
would cover more than 30 % of the liquid surface cross-
sectional area. This is to insure that movement of air and vapor
within the vessel will not be restricted during the test.

7.3 Stereomicroscope having a 103 magnification shall be
used for pore counting. In addition a movable source of
illumination capable of giving oblique lighting on the specimen
surface is required. It is preferred that a graduated reticle be
fitted into one of the eyepieces of the microscope.

8. Reagents

8.1 Sulfurous Acid (H2SO3),“ analyzed reagent grade”, or
better, preferably in individual sealed 500-mL bottles.

9. Procedure

9.1 Handle specimens as little as possible, and only with
tweezers, microscope-lens tissue, or clean, soft cotton gloves.
Prior to the test, inspect the samples under 103 magnification
for evidence of particulate matter. If present, such particles
shall be removed by blowing them with clean, oil-free air. If
this is not successful discard the sample. Then, clean the
samples with solvents or solutions that do not contain chlori-
nated hydrocarbons, CFC’s or other known ozone-destroying
compounds. The procedure outlined in Note 1 has been found
to give satisfactory results for platings with mild to moderate
surface contamination.

NOTE 1—Suggested cleaning procedure:
(1) Keep individual contacts separated if there is a possibility of

damage to the measurement areas during the various cleaning steps.
(2) Clean samples for 5 min in an ultrasonic cleaner which contains a

hot (65–85°C) 2 % aqueous solution of a mildly alkaline (pH 7.5–10)
detergent (such as Micro or Sparkleen).

(3) After ultrasonic cleaning, rinse samples under warm running tap
water for at least 5 s.

(4) Rinse samples ultrasonically for 2 min in fresh deionized water to
remove the last detergent residues.

(5) Immerse in fresh methanol or isopropanol, and ultrasonically“
agitate” for at least 30 s in order to remove the water from the samples.

(6) Remove and dry samples until the alcohol has completely evapo-
rated. If an air blast is used as an aid to drying, the air shall be oil free,
clean, and dry.

(7) Do not touch measurement area of the samples with bare fingers
after cleaning.

(8) Re-inspect samples (under 103 magnification) for particulate matter
on the surface. If particulates are found, repeat the cleaning steps. Surface
cleanliness is extremely important; contaminants, such as plating salts,
organic films, and metal flakes may give erroneous indications of defects,
and are unacceptable.

NOTE 2—Omit the cleaning steps for samples having corrosion-
inhibiting, or lubricant coatings, or both, if it is desired to determine the
efficacy of these coatings in the SO2 atmosphere.

9.2 The test temperature shall be 236 3°C, unless other-
wise specified, and the relative humidity in the immediate
vicinity of the test chamber shall be no greater than 60 %. If the
relative humidity is greater than 60 %, do not run the test.

9.3 Carefully add the sulfurous acid (H2SO3) to the bottom
of the clean and dry test chamberin a fume hood, load the
samples, using suitable fixtures, and replace the lid. The
ambient relative humidity shall be no greater than 60 % during
both the addition of the H2SO3 and the insertion of the samples.

9.4 Expose the samples to the test environment for 2 h for
gold coating thicknesses of 1.25 µm (50 µin.) or greater, 90 min
for gold thicknesses less than 1.25 µm, and 60 min for
palladium coatings.

9.5 Remove the samples at the end of the test period, and
allow them to stabilize at low-humidity under the fume hood
for 10 6 5 min.

9.6 Place samples (preferably with their holding fixture, if
possible) into an air circulating oven, maintained at 1256 5°C,
for 15 6 5 min, for the purpose of “developing” the pore-
corrosion products for easier examination.

9.7 Discard the sulfurous acid in a safe manner at the end of
each day. It may be re-used during any one day for several
consecutive tests provided the chamber is kept closed between
test runs, and no discoloration or contamination, visible to the
naked eye, is present.

10. Examination

10.1 Count individual pore-corrosion products at 103 mag-
nification, using collimated incandescent illumination at an
oblique angle below 15°. They are delineated by the corrosion
products protruding from the pore sites. The solids may be
transparent, especially in the case of gold or palladium-plated
nickel; exercise great care in counting, particularly for rough or
curved surfaces.

NOTE 3—The following hints may be useful as an aid to counting.
(1) Count only corrosion products that protrude above the surface.

Stains are not considered porosity within the scope of this specification.
(2) Loose contamination that can easily be removed by a gentle air

dusting should not be considered corrosion products.
(3) Move sample around under the light to vary the angle when unsure

of a pore. Burnished gold can give the appearance of black spots.
(4) A corrosion product should be measured and counted when at least

one half of the corrosion product falls within themeasurement area.
Unless otherwise specified, corrosion products which initiate outside the
measurement area but fall within it, and which are irregular in shape
should not be counted, see Fig. 1. However, for small measurement areas,
or where the migrating pore-corrosion product covers a significant portion
of this area, the presence of such products should be recorded.

10.2 Pore size shall be defined by the longest diameter of
the corrosion product. Unless otherwise specified, corrosion
products less than 0.05 mm (0.002 in.) in diameter shall not be
counted. A graduated reticle in the microscope eyepiece is
useful as an aid to counting and sizing.

NOTE 4—A useful sizing technique is to tabulate the pore-corrosion
products in accordance with three size ranges. These are (approximately):
( a) 0.12 mm diameter (0.005 in.) or less, (b) between 0.12 and 0.40 mm
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diameter (0.005 and 0.015 in.), and (c) greater than 0.40 mm diameter
(0.015 in.).

10.3 The acceptable number, sizes and locations of the pore
corrosion products shall be as specified on the appropriate
drawing or specification, or as agreed upon by the producer and
user.

11. Precision and Bias

11.1 Precision—The precision of this test method is being
investigated with gold-plated electrical contacts having a

nickel underplate. Round-robin results from a series of four
runs in each laboratory with an SO2 test of greater severity
gave coefficients of variation of less than 20 % in each of three
participating laboratories. However, poorer precision was ob-
tained when the results of the different laboratories were
compared.

11.2 Bias—The porosity of commercially produced contact
platings is a property with potentially large sample-to-sample
variability. 7 Since there is no acceptable reference material
suitable for determining the bias for porosity testing, no
statement on bias is being made.

12. Keywords

12.1 gold coatings; gold platings; palladium coatings; pal-
ladium platings; plating porosity; porosity testing; pore corro-
sion test; sulfur dioxide test; sulfurous acid/SO2 test
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Designation: B 804 – 02

Standard Specification for
UNS N08367 and UNS N08926 Welded Pipe 1

This standard is issued under the fixed designation B 804; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers UNS N08367 and UNS
N08926 welded pipe for general corrosion applications. (Al-
though no restrictions are placed on the sizes of pipe that may
be furnished under this specification, commercial practice is
commonly limited to sizes not less than 8 in. nominal diam-
eter.)

1.2 Six classes of pipe are covered as follows:
1.2.1 Class 1 pipe shall be double welded by processes

employing filler metal in all passes and shall be completely
radiographed.

1.2.2 Class 2 pipe shall be double welded by processes
employing filler metal in all passes. No radiography is re-
quired.

1.2.3 Class 3 pipe shall be double welded by processes
employing filler metal in all passes except the inside root weld
may be made without the addition of filler metal. Welds are to
be completely radiographed.

1.2.4 Class 4 pipe shall be double welded by processes
employing filler metal in all passes except the inside root weld
may be made without the addition of filler metal. No radiog-
raphy is required.

1.2.5 Class 5 pipe shall be single welded by processes
employing filler metal in all passes except that the pass
exposed to the inside pipe surface may be made without the
addition of filler metal. Welds are to be completely radio-
graphed.

1.2.6 Class 6 pipe shall be single welded by processes
employing filler metal in all passes except that the pass
exposed to the inside pipe surface may be made without the
addition of filler metal. No radiography is required.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 The following safety hazards caveat pertains only to the
test methods portion, Section 12, of this standard:This stan-
dard does not purport to address all of the safety concerns, if
any, associated with its use. It is the responsibility of the user

of this standard to become familiar with all hazards including
those identified in the appropriate Material Safety Data Sheet
for this product/material as provided by the manufacturer, to
establish appropriate safety and health practices, and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
A 262 Practices for Detecting Susceptibility to Intergranu-

lar Attack in Austenitic Stainless Steels2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products2

B 625 Specification for UNS N08904, UNS N08925, UNS
N08031, UNS N08932, UNS N08926, and UNS R20033
Plate, Sheet, and Strip3

B 688 Specification for Chromium-Nickel-Molybdenum-
Iron (UNS N08366 and UNS N08367) Plate, Sheet, and
Strip3

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

B 899 Terminology Relating to Non-ferrous Metals and
Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 38 Methods for Chemical Analysis of Nickel Chromium
and Nickel Chromium Iron Alloys6

E 354 test Methods for Chemical Analysis of High-
Temperature, Electrical, Magnetic, and Other Similar Iron,
Nickel, and Cobalt Alloys7

E 1019 Test Methods for Determination of Carbon, Sulfur,
Nitrogen, and Oxygen in Steel and in Iron, Nickel, and
Cobalt Alloys7

E 1473 Test Methods for Chemical Analysis Nickel, Cobalt,
and High-Temperature Alloys7

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 804 – 89. Last previous edition B 804 – 96.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Discontinued; see1989 Annual Book of ASTM Standards, Vol 03.05.
7 Annual Book of ASTM Standards, Vol 03.05.
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2.2 ASME Boiler and Pressure Vessel Code:8

Section VIII, Division 1 Rules for Construction of Pressure
Vessels

Section IX Qualification Standard for Welding and Brazing
Procedures, Welders, Brazers, and Welding and Brazing
Operators

2.3 American Welding Society Standards:9

AWS A5.11 Nickel and Nickel Alloy Covered Welded
Electrodes

AWS A5.14 Nickel and Nickel Alloy Bare Welding Rods
and Electrodes

3. Terminology

3.1 Terms defined in Terminology B 899 shall apply unless
otherwise defined in this standard.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Quantity (feet or number of lengths),
4.1.2 Class (see 1.2),
4.1.3 Size (outside diameter and minimum wall thickness),
4.1.4 Length (specific or random),
4.1.5 ASTM specification number,
4.1.6 Authorization for repair of plate defects by welding

without prior approval if such is intended (see 9.4),
4.1.7 Circumferential weld permissibility (see 8.3.2), and
4.1.8 Supplementary requirements.

5. Materials and Manufacture

5.1 Materials—The starting material shall conform to the
requirements of Specification B 688 for UNS N08367 and
Specification B 625 for UNS N08926.

5.2 Manufacture:
5.2.1 The joints shall be double or single welded, full

penetration welds made in accordance with ASME Boiler and
Pressure Vessel Code, Section IX.

5.2.2 The welds shall be made either manually or automati-
cally by an electric process involving the deposition of filler
metal according to the class specified.

5.2.3 The weld surface on either side of the weld shall be
flush with the base plate or shall have a reasonably uniform
crown, not to exceed1⁄8 in. (3.2 mm). Any weld reinforcement
may be removed at the manufacturer’s option or by agreement
between the manufacturer and purchaser. The contour of the
reinforcement shall be reasonably smooth and free of irregu-
larities. The deposited metal shall be fused uniformly into the
plate surface. No concavity of contour is permitted unless the
resulting thickness of weld metal is equal to or greater than the
minimum thickness of the adjacent base metal.

5.2.4 Weld defects shall be repaired by removal to sound
metal and rewelding. Subsequent heat treatment and inspection
shall be as required on the original welds.

5.3 Heat Treatment—The recommended heat treatment
shall consist of heating to a minimum temperature of 2025°F
for UNS N08367 and 2012°F for UNS N08926 followed by
quenching in water or rapidly cooling by other means.

6. Chemical Composition

6.1 The chemical composition of the pipe shall conform to
the requirements in Table 1 of Specification B 688 for UNS
N08367 and Table 1 of Specification B 625 for UNS N08926.

6.2 The alloy content of the deposited weld metal shall
conform to that required for the plate or the welding electrodes
as shown in Specification AWS 5.11 for ENiCrMo-3,
ENiCrMo-4, and ENiCrMo-10 or AWS 5.14 for ERNiCrMo-
10, ERNiCrMo-3, and ERNiCrMo-4.

6.3 If product analysis is made of the plate or weld metal by
the purchaser, the chemical composition thus determined shall
conform to the requirements specified in 6.1 and 6.2 subject to
the permissible tolerances in Specification B 880.

7. Mechanical Properties and Other Requirements

7.1 Mechanical Properties:
7.1.1 The mechanical properties of the plate shall be in

accordance with Table 1. Tension tests made by the plate
manufacturer shall qualify the plate material.

7.1.2 Transverse tension tests taken across the welded joint
shall have the same minimum ultimate tensile strength as the
specified minimum ultimate tensile strength of the plate.

7.2 Transverse Guided Weld Bend Test Requirements—
Bends made in accordance with Fig. 1 shall be acceptable if no
cracks or other imperfections exceeding1⁄8 in. (3.2 mm) in any
direction are present in the weld metal or between the weld and
the pipe metal after bending. Cracks that originate along the
edges of the specimen during testing, and that are less than1⁄4
in. (6.3 mm) measured in any direction, shall not be consid-
ered.

7.3 Pressure Test—Any pipe that shows leaks during the
pressure test conducted in accordance with 13.4 shall be
rejected, but any leaking areas may be cut out and the pipe
retested as above.

7.4 Radiographic Examination—For Classes 1, 3, and 5
pipe, radiographic examination shall be in accordance with the
requirements of theASME Boiler and Pressure Vessel Code,
Section VIII, latest edition, Paragraph UW-51.

8. Dimensions, Mass, and Permissible Variations

8.1 Permissible variations in dimensions at any point in a
length of pipe shall not exceed the following:

8 Available from American Society of Mechanical Engineers (ASME), ASME
International Headquarters, Three Park Ave., New York, NY 10016-5990.

9 Available from The American Welding Society (AWS), 550 NW LeJeune Rd.,
Miami, FL 33126.

TABLE 1 Mechanical Property Requirements

Gage
Tensile Strength, min Yield Strength, min

Elongation
in 2 in. or
50.8 mm,

min, %
ksi MPa ksi MPa

UNS
N08367

#3⁄16 100 690 45 310 30

>3⁄16 95 655 45 310 30
UNS
N08926

94 650 43 295 35
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8.1.1 Outside Diameter—Based on circumferential mea-
surement,60.5 % of the nominal outside diameter.

8.1.2 Out-of-Roundness—Differences between major and
minor outside diameters, 1.0 % of the specified outside diam-
eter.

8.1.3 Alignment (Camber)—Using a 10-ft (3-m) straight-
edge placed so that both ends are in contact with the pipe, the
camber shall not be more than1⁄8 in. (3.17 mm).

8.2 Thickness—The minimum wall thickness at any point in
the pipe shall not be more than 0.01 in. (0.25 mm) under the
nominal thickness.

8.3 Lengths:
8.3.1 The lengths required shall be specified in the orders.
8.3.2 Circumferentially welded joints of the same quality as

the longitudinal joints shall be permitted by agreement between
the manufacturer and the purchaser.

9. Workmanship, Finish, and Appearance

9.1 Pipe shall be furnished with smooth ends, free of burrs.
9.2 The finished pipe shall be free of injurious defects and

shall have a workmanlike finish.
9.3 Repair of Plate Defects by Machining or Grinding—

Pipe showing moderate slivers may be machined or ground
inside or outside to a depth that shall ensure the removal of all
included scale and slivers, provided the wall thickness is not
reduced below the specified minimum wall thickness. Machin-
ing or grinding shall follow inspection of the pipe as rolled and
shall be followed by supplementary visual inspection.

9.4 Repair of Plate Defects by Welding—Repair of injurious
defects shall be permitted only with the approval of the
purchaser. Defects shall be thoroughly chipped out before

welding. The repairs shall be radiographed and if the pipe itself
has already been heat treated, it shall then be heat treated again
except in the case of small welds that, in the estimation of the
purchaser’s inspector, do not require heat treatment. Each
length of pipe repaired in this manner shall be hydrostatically
tested after being repaired.

9.5 The pipe shall be sandblasted or pickled to remove all
scale and then passivated.

10. Sampling

10.1 Lots for Chemical Analysis and Mechanical Testing:
10.1.1 Heat Analysis—A lot shall consist of one heat.
10.1.2 Mechanical Testing—A lot shall consist of the ma-

terial of the same nominal size from one heat and condition.
10.2 Sampling for Chemical Analysis:
10.2.1 A representative sample shall be taken by the plate

manufacturer during pouring or subsequent processing.
10.2.2 Product analysis, if performed, shall be wholly the

responsibility of the purchaser.
10.3 Sampling for Mechanical Properties—Transverse ten-

sion and bend test specimens shall be cut after final heat
treatment from the end of the finished pipe or from a test plate
of the same material as the pipe that is attached to the end of
the cylinder and welded as a prolongation of the longitudinal
pipe seam.

11. Number of Tests and Retests

11.1 Chemical Analysis—One test per lot.
11.2 Transverse Tension Test—One per lot.
11.3 Transverse Guided Weld Bend Test—One face bend

and one root bend per lot (Fig. 2).

NOTE 1—1 in. = 25.4 mm.

Test Specimen Thickness, in. A B C D
3⁄8 11⁄2 3⁄4 23⁄8 13⁄16

t 4t 2t 6t + 1⁄8 3t + 1⁄16

FIG. 1 Guided-Bend Test Jig
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11.4 Pressure Test—Each pipe shall be subjected to the
pressure test.

11.5 Retests:
11.5.1 If the results of any mechanical tests of pipe material

of any lot do not conform to the requirements specified in
Section 7, retests shall be made on double the original number
from the same lot, each of which shall conform to the
requirements specified.

11.5.2 If the results of the mechanical tests of any lot do not
conform to the requirements specified, such lot may be
reworked and resubmitted. The same number of tests as
originally specified shall be required on reworked and resub-
mitted pipe.

12. Specimen Preparation

12.1 The test specimens required by this specification shall
conform to those described in Test Methods and Definitions
A 370.

12.2 The transverse tension and bend test specimens shall
be flattened cold before final machining to size if flattening is
required.

12.3 Tension and bend test specimens shall be the full
thickness of the material as rolled and shall be machined to the
form and dimensions shown in Fig. 2, Fig. 3, and Fig. 4.

12.4 If any test specimen shows flaws or defective machin-
ing, it may be discarded and another specimen substituted.

13. Test Methods

13.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall be
determined, in case of disagreement, in accordance with the
following ASTM methods:

13.1.1 Chemical Analysis—Methods E 38 and Test Methods
E 354. Iron shall be determined arithmetically by difference.
Methods E 38 is to be used only for elements not covered by
Test Methods E 354. Use Test Methods E 1019 for Nitrogen.

13.1.2 Tension Test—Test Methods E 8.
13.2 For the purposes of determining compliance with the

limits in this specification, an observed value or a calculated
value shall be rounded as indicated, in accordance with the
rounding method of Practice E 29:

Requirements Rounded unit for observed or cal-
culated value

Chemical Composition and toler-
ance

Nearest unit in the last right-hand
place of figures of the specified
limit

Tensile strength and yield strength nearest 1000 psi (7 MPa)
Elongation nearest 1 %

NOTE 1—1⁄8 in. = 3.18 mm; 11⁄2 in. = 38.1 mm; 6 in. = 152 mm.

Pipe Wall Thickness, in. (mm) Test Specimen Thickness, in. (mm)
Up to 3⁄8 (9.53), incl t

Over 3⁄8 (9.53) 3⁄8 (9.53)

FIG. 2 Transverse Face- and Root-Bend Test Specimen

NOTE 1—1 in. = 25.4 mm.
FIG. 3 Reduced-Section Tension Test Specimen
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13.3 Tension Test—If the percent of elongation of any test
specimen is less than that specified and any part of the fracture
is more than3⁄4 in. (19.05 mm) from the center of the gage
length, as indicated by scribe marks on the specimen before
testing, or if a specimen breaks due to a flaw, a retest shall be
allowed.

13.4 Hydrostatic Test—When pipe is hydrostatically tested,
such testing shall be done at a pressure determined by the
following equation, but shall not exceed 2500 psi (17 MPa) for
nominal sizes 3 in. and under, or 2800 psi (19 MPa) for all
nominal sizes over 3 in.

P 5 2St/D (1)

or

S5 PD/2t (2)

where:
P = hydrostatic test pressure, psi or MPa,
S = allowable fiber stress or 20 000 psi (138 MPa),
t = specified wall thickness, in. or mm, and
D = specified outside diameter, in. or mm.

13.4.1 The test pressure shall be held for a minimum of 5 s.

14. Inspection

14.1 Inspection of the material shall be agreed upon be-
tween the purchaser and the supplier as part of the purchase
contract.

15. Rejection and Rehearing

15.1 Material that fails to meet the requirements of this
specification may be rejected. Rejection shall be reported to the
producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16. Certification

16.1 When specified on the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified on the
order or contract, a report of test results shall be furnished.

17. Marking

17.1 The name or brand of the manufacturer, the grade of
the material from which the pipe is made, the ASTM specifi-
cation, type number, and heat number shall be legibly stenciled
within 12 in. (305 mm) of one end on each pipe.

17.2 The marking paint or ink shall not contain metal or
metal salts in such amounts as would cause corrosive attack on
heating.

18. Keywords

18.1 UNS N08367; welded pipe

NOTE 1—The ends may be of any shape to fit the holders of the testing machine in such a way that the load is applied axially.
FIG. 4 Alternative Reduced-Section Tension Test Specimen
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall be applied only when specified by the purchaser
in the inquiry, contract, or order.

S1. Intergranular Corrosion Test

S1.1 When specified, material shall pass intergranular cor-
rosion tests conducted by the manufacturer in accordance with

Practices A 262, Practice E. Specimens shall be sensitized for
1 h at 1250°F (677°C) before being subjected to the corrosion
test.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 805 – 9502

Standard Specification for
Precipitation Hardening Nickel Alloys UNS N07716, N07725,
N07773, N07776, and N09777, Bar and Wire 1

This standard is issued under the fixed designation B 805; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers nickel alloys UNS N07716, N07725, N07773, N07776, and N09777 in the form of hot or cold
finished rounds, squares, hexagons, rectangles, and cold finished wire.

1.2 The values stated in inch-pound units are to be regarded as the standard. The values given in parentheses are for information
only.

1.3 The following precautionary caveat pertains only to the test methods, portion, Section 13, of this specification:This standard
does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices and determine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 8 Test Methods
B 880 Specification for Tension Testing of Metallic Materials General Requirements for Chemical Check Analysis Limits for

Nickel, Nickel Alloys and Cobalt Alloys2

B 899 Terminology Relating to Non-ferrous Metals and Alloys2

E 354 Test 8 Test Methods for Chemical Analysis Tension Testing of High-Temperature, Electrical, Magnetic, and Other
Similar Iron, Nickel, and Cobalt Alloys Metallic Materials3

E 1019 Test 1473 Test Methods for Determination Chemical Analysis of Carbon, Sulfur, Nitrogen, and Oxygen in Steel and in
Iron, Nickel, and Cobalt and High-Temperature Alloys2

3. Terminology

3.1 Definitions:
3.1.1 Definitions for terms defined in Terminology B 899 shall apply unless otherwise defined by the requirements of this

document.
3.2 Definitions of Terms Specific to This Standard:
3.12.1 bar—material of round, rectangular (flats), hexagonal, square, or other solid section up to and including 10 in. (254 mm)

in width and1⁄8 in. (3.2 mm) or over in thickness in straight lengths.
3.12.2 wire—a cold-worked solid product of uniform cross section along its whole length, usually supplied in coil form.

4. Ordering Information

4.1 OIt is the rdesponsibility of the purchaser to specify all requirements that are necessary for material conforming to ordered
under this specification. Examplesh of suldch requirements include, but are not limited to the following:

4.1.1 Alloy name or UNS number,
4.1.2 ASTM designation and date of issue,
4.1.3 Quantity,
4.1.4 Form (bar or wire),
4.1.5 Dimensions,

1 This specification is under the jurisdiction of ASTM Committee B-2 B02 on Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee B02.07 on
Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 1995. 2002. Published December 1995. 2002. Originally published as B 805 – 90. Last previous edition B 805 – 905.

2 Annual Book of ASTM Standards, Vol 03.015.
3 Annual Book of ASTM Standards, Vol 03.051.

1

This document is not an ASTM standard and is intended only to provide the user of an ASTM standard an indication of what changes have been made to the previous version. Because
it may not be technically possible to adequetely depict all changes accurately, ASTM recommends that users consult prior editions as appropriate. Inall cases only the current version
of the standard as published by ASTM is to be considered the official document.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



4.1.6 Condition,
4.1.7 Finish,
4.1.8 Certification— State if certification is required,
4.1.9 Samples for Product Analysis—State if samples for product analysis are to be furnished, and
4.1.10 Purchaser Inspection—State if purchaser inspection is required and which tests or inspections are to be witnessed.

5. Chemical Composition

5.1 The material shall conform to the composition limits specified in Table 1.
5.2 If a product (check) analysis is performed, the material shall conform to the tolerances provided in Table 2. Specification

B 880.

6. Condition

6.1 Bar shall be supplied in the solution treated conditions.

NOTE 1—The recommended solution treatment shall consist of heating the material to temperature in the range from 1850 to 1950°F (1010 to 1065°C),
followed by rapid cooling.

6.2 Wire shall be supplied in the solution treated and cold finished condition.
6.3 Upon agreement between the purchaser and the manufacturer, the material may be supplied in the as-hot worked, solution

treated plus aged, or other conditions.

7. Mechanical Properties

7.1 Unless otherwise specified, the material shall be supplied in the solution treated condition, suitable for subsequent age
hardening, and shall conform to the minimum room temperature mechanical properties shown in Table 3. 2.

7.2 The solution treated material shall be capable of meeting the mechanical property requirements of Table 4 3 following the
precipitation hardening aging treatment described in Table 4. 3.

7.3 When the material is to be supplied in the solution treated plus aged condition, mechanical property requirements shall be
those shown in Table 4, 3, or as agreed upon between the purchaser and the manufacturer as part of the purchase contract.

NOTE 2—An aging treatment other than that described in Table 4 3 may be used provided the mechanical property and other requirements of this
specification or the governing purchase contract are met.

8. Dimensions and Permissible Variations

8.1 Bar—Bar shall conform to the variations in dimensions prescribed in Tables 5-13, 4-12, inclusive, as applicable.
8.2 Wire—Wire shall conform to the variations in dimensions prescribed in Tables 14-18, 13-17, inclusive, as applicable.

9. Workmanship, Finish, and Appearance

9.1 The product shall be uniform in quality and condition, smooth, commercially straight or flat, and free from injurious
imperfections.

10. Sampling

10.1 Lot Definition:
10.1.1 A lot for chemical analysis shall consist of one heat.
10.1.2 A lot for mechanical properties shall consist of all material from the same heat, nominal diameter, or thickness, subjected

to the same heat treatment at the same time.
10.2 Test Material Selection:
10.2.1 Chemical Analysis—Representative samples shall be taken at the time of final ingot casting or during subsequent

processing.
10.2.2 Product Analysis— Shall be solely the responsibility of the purchaser.
10.2.3 Mechanical Properties—Samples of material to provide test specimens shall be taken from locations in each lot as to

be representative of that lot.

11. Number of Tests

11.1 Chemical Analysis—One test per lot.
11.2 Mechanical Properties—One test per lot.

12. Specimen Preparation

12.1 Tension test specimens shall be taken from material in the final condition and tested in the direction of fabrication.
12.2 All bar and wire shall be tested in the full cross-section size, when possible. If the specimen size does not utilize the full

product cross section, the specimens shall be located at mid-radius.

B 805 – 9502
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13. Test Methods

13.1 The chemical composition and mechanical properties of the material as enumerated in this specification shall, in case of
disagreement, be determined in accordance with the following test methods:

Test
ASTM

Test Methods
Chemical Analysis E 354, E1019A

Chemical Analysis E 1473
Tension E 8

A Test Methods E 1019 are to be used only for those elements not covered by Test Methods E 354.

14. Inspection

14.1 If specified, source inspection of the material by the purchaser at the manufacturer’s plant shall be made as agreed upon
between the purchaser and the manufacturer as part of the purchase contract.

15. Rejection and Rehearing

15.1 Material that fails to conform to the requirements of this specification may be rejected. Rejection should be reported to the
producer or supplier promptly and in writing. In case of dissatisfaction with the results of the test, the producer or the purchaser
may make claim for a rehearing.

16. Certification

16.1 When specified in the purchase order or contract, a producer’s or supplier’s certification shall be furnished to the purchaser
that the material was manufactured, sampled, tested, and inspected in accordance with this specification and has been found to meet
the requirements. When specified in the purchase order or contract, a report of the test results shall be furnished.

17. Product Marking

17.1 The following shall be marked on the material or included on the package, or on a label or tag attached thereto: the name
of the material or UNS number, condition (temper), this specification number, the size, gross, tare, and net weight, consignor and
consignee address, contract or order number, or other such information as may be defined in the contract or purchase order.

18. Keywords

18.1 bar; UNS N07716; UNS N07725; wire

TABLE 1 Chemical Requirements

Element
Composition, Weight %

Alloy N07716 Alloy N07725 Alloy N07773 Alloy N07776 Alloy N09777

Carbon 0.03 max 0.03 max 0.03 max 0.03 max 0.03 max
Manganese 0.20 max 0.35 max 1.00 max 1.00 max 1.00 max
Phosphorous 0.015 max 0.015 max 0.030 max 0.030 max 0.030 max
Sulfur 0.010 max 0.010 max 0.010 max 0.010 max 0.010 max
Silicon 0.20 max 0.20 max 0.50 max 0.50 max 0.50 max
Chromium 19.00–22.00 19.00–22.50 18.0–27.0 12.0–22.0 14.0–19.0
Nickel 59.00–63.00 55.00–59.00 45.0–60.0 50.0–60.0 34.0–42.0
Molybdenum 7.00–9.50 7.00–9.50 2.5–5.5 9.0–15.0 2.5–5.5
Columbium (Niobium) 2.75–4.00 2.75–4.00 2.5–6.0 4.0–6.0 0.10 max
Titanium 1.00–1.60 1.00–1.70 2.0 max 1.00 max 2.0–3.0
Aluminum 0.35 max 0.35 max 2.0 max 2.00 max 0.35 max
Iron remainderA remainderA remainderA remainderA remainderA

Other ... ... mo + 0.5 W = 2.5–5.5 ... ...
Tungsten ... ... 6.0 max 0.5–2.5 ...

ADetermined arithmetically by difference.

B 805 – 9502

3



TABLE 18 2 ThSolutickon Tressand Width Tolerd Mechanices
foal Pr Cold-Finishped Flart Wires A

Specified Width,
in. (mm)

Alloy Thicknenss Toile
Strancength, min.

(mm), Ov

Yier or Unlde Str, for Given Tgth, micknesses,Elongation
in. ( 4D,
% min

Reduction
of Area,

% m)

in

ksi MPa ksi MPa
Width Toler ance,
in. (mm)d

N07725

110 758 45 310 30 40

N07716 and
N07725

110 758 45 310 30 40

Under 0.029
(0.74)

0.02 9
(0.74) to

0.035
(0.89),
excl

0.035
(0.89) to

3⁄16 (4.76),
excl

Over Under241 35 50

N07773 and
N07776

90 621 35 241 35 50

Under 3⁄8 (9.52) to
1⁄16 (1.59), incl

0.001
(0.03)

0.0015
(0.04)

0.002
(0.05)

0.005
(0.13)

0.005 ( 0.13)

N09777 75 517 30 207 35 50
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TABLE 2 3 Product (Chapability Meck) Ahanicalysis T
Prolperancties A

E Alement

loy Tolerances ovile
Str max or under
mingth, li mit, %

n AYielloys
N07716 and

N07725

Strength,
min AElloyngation

N07773

Alloy in
4D,
N07776

All % min
Reductioyn

N09777 of Area,
% min

Carbon 0.01 0.01 0.01 0.01
ksi MPa ksi 0.01 0.01MPa
M anganese 0.03 0.03 0.03 0.03
N07716 and N07725 165 1137 120 0.03
Phosphorus 0.005 0.005 0.005 0.005
Phosphorus827 20 0.005 0.005 0.0035
Sulfur 0.003 0.003 0.003 0.003
N07773 and N07776 140 965 120 0.003
Silicon 0.02 0.030.03 0.03
Silicon827 20 30.03 0.03
Chromium 0.25 0.25

under, 0.30
over

0.15
under,

0.25
over

0.15
under,

0.25
over

N09777 125 862 110 75
under,

0.25
over

Nickel 0.35 0.350.35 0.30
under,

0.35
over

Nickel8 25 350.35 0.30
under,

0.35
over

Molybdenum 0.15 0.05
under,
0.15

over

0.15 0.05
under,
0.15

over
Columbium

(Niobium)
0.15 0.10

under,
0.20

over

0.15
under,

0.20
over

0.05

Titanium 0.05 0.05 0.04 0.05
under,
0.07

over
Aluminum 0.05 0.10 0.10 0.05
Tungsten ... 0.10 0.04

under,
0.10

over

...

AProperties after aging solution treated material. Aging treatment consists of
1350°F (732°C) for 8 h followed by furnace cooling to 1150 to 1200°F (621 to
649°C), holding 8 h, and air cooling. See Note 2.

Aging treatment for UNS N07773 consists of 1275°F (690°C) for 20 h followed
by air cooling (see Note 2).

Aging treatment for UNS N07776 consists of 1335°F (725°C) for 8 h followed by
furnace cooling to 1155°F (625°C), holding 8 h, and air cooling (see Note 2).

Aging treatment for UNS N09777 consists of 1330°F (720°C) for 8 h followed by
furnace cooling to 1150°F (620°C), holding 8 h, and air cooling (see Note 2).
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TABLE 4 CPermissible Vapriabtilons in Size of Hoty M-Rollechd Round anicd Squal Prope BartiesA

Alloy

Tensile
Strength, min

Yield Strength, min

EPermissiblonge Var

ksi Over MPa Under

1⁄4 (6.35) to 5⁄16 (7.94), inclC,D ksi MPa
E E

1⁄4 (6.35) to 5⁄16 (7.94), inclC,D E E E

N07716 and N07725 165 1137 120.009 (0.23)
Over 5⁄16 (7.94) to 7⁄16 (11.11), inclC,D 0.006 (0.15) 0.006 (0.15) 0.009 (0.23)
Over 7⁄16 (11.11) to 5⁄8 (15.88), inclC,D 827 20 35
Over 7⁄16 (11.11) to 5⁄8 (15.88), inclC,D 0.007 (0.18) 0.007 (0.18) 0.010 (0.25)
N07773 and N07776 140 0.008 (0.20) 0.012 (0.30)
Over 5⁄8 (15.88) to 7⁄8 (22.22), incl 0.008 (0.20) 0.008 (0.20) 0.012 (0.30)
Over 7⁄8 (22.22) to 1 (25.40), incl 0.009 (0.23) 0.009 (0.23) 0.013 (0.33)
Over 1 (25.40) to 11⁄8 965 120 827 20.015 (0.38)
Over 1 (25.40) to 11⁄8 965 0.010 (0.25) 0.010 (0.25) 0.015 (0.38)
Over 11⁄8 (28.58) to 11⁄4 (31.75), incl 30.011 (0.28) 0.011 (0.28) 0.016 (0.41)
Over 11⁄8 (28.58) to 11⁄4 (31.75), incl 0.011 (0.28) 0.011 (0.28) 0.016 (0.41)
N09777 125 0.012 (0.30) 0.018 (0.46)
Over 11⁄4 (31.75) to 13⁄8 (34.92), incl 0.012 (0.30) 0.012 (0.30) 0.018 (0.46)
Over 13⁄8 (34.92) to 11⁄2 862 110 758 253)
Over 13⁄8 (34.92) to 11⁄2 862 0.014 (0.36) 0.014 (0.36) 0.021 (0.53)
Over 11⁄2 (38.10) to 2 (50.80), incl 1⁄64 (0.40) 1⁄64 (0.40) 0.02358)
Over 11⁄2 (38.10) to 2 (50.80), incl 1⁄64 (0.40) 1⁄64 (0.40) 0.023 (0.58)
Over 2 (50.80) to 21⁄2 (63.50), incl 1⁄32 (0.79) 0 0.023 (0.58)
Over 21⁄2 (63.50) to 31⁄2 (88.90), incl 3⁄64 (1.19) 0 0.035 (0.89)
Over 31⁄2 (88.90) to 41⁄2 (114.30), incl 1⁄16 (1.59) 0 0.046 (1.17)
Over 41⁄2 (114.30) to 51⁄2 (139.70), incl 5⁄64 (1.98) 0 0.058 (1.47)
Over 51⁄2 (139.70) to 61⁄2 (165.10), incl 1⁄8 (3.18) 0 0.070 (1.78)
Over 61⁄2 (165.10) to 8 (203.20), incl 5⁄32 (3.97) 0 0.085 (2.18)

APrOut-opef-rtound ies af ther ag differeng soluce betioween trheated materximum al. Agnd ming treimum diatment conersists of 1350°F (732°C) for 8 th followed by
fuarn, meacsure coolingd ato 1150 to 1200°F (621 to 649°C),holding 8 h,e sand airme crooling. Sss see Nocte 2ion.

AgingBOut-of-squareatm section is the difofer UNS N07773ence in the two dimensions at the s of 1275°F (690°C) foame cr 20 h follss sectiown of a squared byair, each
dimensiooln being ( the distance be Ntween opposite 2) faces.

AgCSingze tolerances hatmve not been evolved for UNS N07776 c rounds isn the size range of 1 1⁄4 to 5⁄16 in. (6.335°F ( to 725°C.94 mm) f, inclusive. Size toler 8ances
h fave nollt been evowlved by fuor rounacd sectioolns in the size range of 1⁄4 in. to 1155°F approximately 5⁄8 in. (62.35°C), h told 15.88 mm) ing 8 h, an diameter which
are produced on rod mills ing (see N cote 2)ils.

Aging tDVareiatment fior UNS N09777 cons in stsize of 1330°F (720°C) f cor 8 h foillowed by fu prnaoduct made c ooling t ro 1150°F (620°C), hold minlls are g 8reater
th,and a size tolerances for product made on bar mills.

ESquares ing ( this size are N not produce 2)d as hot-rolled products.
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TABLE 5 Permissible Variations in Size of Hot-Rolled R Hexagoundal and Squ Octaregonal Bars

Specified Sizes Measured
Between Opposite Sides,

in. (mm)

Permissible Variations from Specified Size, in. (mm) OMaximut-om Dif-RoundA oference in
O 3 Measurement-os f-Squaor Hexagons

only,B in. (mm)Over Under

1⁄4 (6.35) to 1⁄2 (7.94), inclC,D E E E

1⁄4 (6.35) to 1⁄2 (7.94), incl E E E

Over 5⁄16 (7.94) to 7⁄16 (11.11), inclC,D 0.006 (0.15) 0.006 (0.15) 0.009 (0.23)
Over 7⁄16 (11.11) to 5⁄8 (15.88), inclC,D 0.007 (0.18) 0.007 (0.18) 0.010 (0.25)
Over 7⁄16 (11.11) to 5⁄8 (15.88), inclC,D 0.007 (0.18) 0.007 (0.18) 0.011 (0.28)
Over 1⁄2 (15.88) to (22.22), incl 0.008 (0.20) 0.008 (0.20) 0.012 (0.30)
Over 1⁄2 (12.70) to 1 (25.40), incl 0.008 (0.20) 0.008 (0.20) 0.012 (0.30)
Over 7⁄8 (22.22) to 1 (25.40), incl 0.009 (0.23) 0.009 (0.23) 0.013 (0.33)
Over 1 (25.40) to 11⁄8 (28.58), incl 0.010 (0.25) 0.010 (0.25) 0.015 (0.38)
Over 1 (28.58) to 11⁄4 (31.75), incl 0.011 (0.28) 0.011 (0.28) 0.016 (0.41)
Over 1 (25.75), incl 0.011 (0.28) 0.011 (0.28) 0.016 (0.41)
Over 11⁄4 (31.75) to 13⁄8 (34.92), incl 0.012 (0.30) 0.012 (0.30) 0.018 (0.46)
Over 13⁄8 (34.92) to 11⁄2 (38.10), incl 0.014 (0.36) 0.014 (0.36) 0.021 (0.53)
Over 13⁄8 (34.92) to 11⁄2 (38.10), incl 0.021 (0.53) 0.021 (0.53) 0.025 (0.64)
Over 11⁄2 (38.10) to 2 (50.80), incl 1⁄32 (0.40) 1⁄32 (0.40) 0.0231⁄32 (0.58)
Over 11⁄2 (38.10) to 2 (50.80), incl 1⁄32 (0.79) 1⁄32 (0.79) 1⁄32 (0.79)
Over 2 (50.80) to 21⁄2 (63.50), incl 3⁄64 (0.79) 03⁄64 0.0233⁄64 (0.58)
Over 2 (50.80) to 21⁄2 (63.50), incl 3⁄64 (1.19) 3⁄64 (1.19) 3⁄64 (1.19)
Over 21⁄2 (63.50) to 31⁄2 (88.90), incl 3⁄64 (1.19) 0 0.035 (0.89)
Over 31⁄2 (88.90) to 41⁄2 (114.30), incl 1⁄16 (1.59) 0 0.046 (1.17)
Over 41⁄2 (114.30) to 51⁄2 (139.70), incl 5⁄64 (1.98) 0 0.058 (1.47)
Over 51⁄2 (139.70) to 61⁄2 (165.10), incl 1⁄8 (3.18) 0 0.070 (1.78)
Over 61⁄2 (165.10) to 8 (203.20), incl 5⁄321⁄16 (3.97) 0 0.0851⁄16 (2.18)
Over 61⁄2 (165.10) to 8 (203.20), incl 5⁄321⁄16 (3.97) 0 0.0851⁄16 (1.59)

AOut-of-round is the difference between the maximum and minimum diameters of the bar, measured at the same cross section.
BOut-of-square section is the difference in the two dimensions at the same cross section of a square bar, each dimension being the distance between opposite faces.
CSize tolerances have not been evolved for rounds in the size range of 1⁄4 to 5⁄16 in. (6.35 to 7.94 mm), inclusive. Size tolerances have not been evolved for round sections

in the size range of 1⁄4 in. to approximately 5⁄8 in. (6.35 to 15.88 mm) in diameter which are produced on rod mills in coils.
DVariations in size of coiled product made on rod mills are greater than size tolerances for product made on bar mills.
ESquares in this size are not produced as hot-rolled products.
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TABLE 6 Permissible Variations in S Thizckne oss and Width for Hot-Rolled Hexagona Fland Octagonal Bars

Specified Width, in. (mm)

Permissible Variations in Thickness for Thicknesses Given, in. (mm)

Specified Sizes Measured
Be1⁄8 (3.18) tween Opposite Sides

1⁄2 (12.70), in. (mm)cl

POvermissible Varia 1⁄2 (12.70) tions
from Specified Size, in. 1

(mm25.40)Max, imum Differencl

Ove in
3 Measuremen 1 (25.40) ts for

Hexagons
only 2 (50.80), in. (mm)cl

Over Under (6.35) to
1⁄2 (12.70),
inclOver

0.007
(0.18)Under

0.007 (0.18)Over 0.011
(0.28)Under

Over 1⁄2 (12.70) to 1 (25.40), incl 0.008 (0.20) 0.008 (0.20) 0.010 (0.25) 0.010 (0.25) ... ...
To 1 (25.40), incl 0.008 (0.20) 0.008 (0.20) 0.010 (0.25) 0.010 (0.25) ... ...
Over 1 (25.40.0), incl 0.012 (0.30) 0.012 (0.30) 0.015 (0.38) 0.015 (0.38) 0.031 (0.79) 0.031 (0.79)
Over 1 (25.40) to 2 (50.80), incl 0.012 (0.30) 0.012 (0.30) 0.015 (0.38) 0.015 (0.38) 0.031 (0.79) 0.031 (0.79)
Over 1 ( 25.40) to 11⁄2 (38.10), incl 0.015 (0.38) 0.015 (0.38) 0.020 (0.51) 0.020 (0.51) 0.031 (0.79) 0.031 (0.79)
Over 2 (50.80) to 4 (101.60), incl 0.015 (0.38) 0.015 (0.38) 0.020 (0.51) 0.020 (0.51) 0.031 (0.79) 0.031 (0.79)
Over 4 (101.60) to 6 (152.40), incl 0.015 (0.38) 0.015 (0.38) 0.020 (0.51) 0.020 (0.51) 0.031 (0.79) 0.031 (0.79)
Over 6 (152.40) to 8 (203.20), incl 0.016 (0.41) 0.016 (0.41) 0.025 (0.64) 0.025 (0.64) 0.031 (0.79) 0.031 (0.79)
Over 8 (203.20) to 10 (254.00), incl 0.021 (0.53) 0.021 (0.53) 0.031 (0.79) 0.031 (0.79) 0.031 (0.79) 0.031 (0.79)

Over 25 (0.60), incl Over 4) to 6 (152.40), incl Over 6 (152.40) to 8 (203.20), incl

Over 2 (50.80) to 4 (101.60), incl Over 4 (101.60) to 6 (152.40), incl Over 6 (152.40) to 8 (203.20), incl

Over 11⁄2 (38.10) to 2 (50.80), incl (0.79) (0.79) (0.79) Under Over Under

Over Under Over Under Over Under

Over 2 (50.80) to 21⁄2 (63.50), incl (1.19) (1.19) (1.19) .. ... ... ...
To 1 (25.40), incl ... ... ... ... ... ...
Over 21⁄2 (63.50) to 31⁄2 (88.90), incl (1.59) ... ... ... ... ...
Over 1 (25.40) to 2 (50.80), incl ... ... ... ... ... ...
Over 2 (50.80) to 4 (101.60), incl 0.062 (1.57) 0.031 (0.79) ... ... ... ...
Over 4 (101.60) to 6 (152.40), incl 0.062 (1.57) 0.031 (0.79) 0.093 (2.36) 0.062 (1.57) ... ...
Over 6 (152.40) to 8 (203.20), incl 0.062 (1.57) 0.031 (0.79) 0.093 (2.36) 0.062 (1.57) 0.125 (3.18) 0.156 (3.96)
Over 8 (203.20) to 10 (254.00), incl 0.062 (1.57) 0.031 (0.79) 0.093 (2.36) 0.062 (1.57) 0.125 (3.18) 0.156 (3.96)

Specified Width, in. (mm)
(mm)

Specified Width,
in. (mm)

Permissible Variations in Width, in. (mm

Over Under

To 1.59) (0.38) 0.01.38)
To 1 (25.40), incl 0.015 (0.38) 0.015 (0.38)
Over 1 (25.40) to 2 (50.80), incl 0.031 (0.79) 0.031 (0.79)
Over 1 (25.40) to 2 (50.80), incl 0.031 (0.79) 0.031 (0.79)
Over 2 (50.80) to 4 (101.60), incl 0.062 (1.57) 0.031 (0.79)
Over 4 (101.60) to 6 (152.40), incl 0.093 (2.36) 0.062 (1.57)
Over 6 (152.40) to 8 (203.20), incl 0.125 (3.18) 0.156 (3.96)
Over 8 (203.20) to 10 (254.00), incl 0.156 (3.96) 0.187 (4.75)
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TABLE 7 Permissible Variations in Th Sicknzess and Width of
Cor Hotld-Finished Rolleund Flat Bars

Specified W Sidth, in. (mm)

Pzermissible Variations in Thickness for Thicknesses Given, in. (mm) (3.18) to
1⁄2 (12.70), incl

OvPerUndmissible
VarOver

Uiationdes frOvom
Sper

Uncified Sizer, in. (mm)A,B

To 1 (25.40), incl 0.008 (0.20) 0.008 (0.20) 0.010 (0.25) 0.010 (0.25) ...
Over 1 (25.40) to 2 (50.80), incl 0.012 (0.30) 0.012 (0.30) 0.015 (0.38) 0.015 (0.38) 0.031 (0.79) 0.0
Over 2 (50.80) to 4 (101.60), incl 0.015 (0.38) 0.015 (0.38) 0.020 (0.51) 0.020 (0.51) 0.031 (0.79) 0.0
Over 4 (101.60) to 6 (152.40), incl 0.015 (0.38) 0.015 (0.38) 0.020 (0.51) 0.020 (0.51) 0.031 (0.79) 0.0
Over 6 (152.40) to 8 (203.20), incl 0.016 (0.41) 0.016 (0.41) 0.025 (0.64) 0.025 (0.64) 0.031 (0.79) 0.0
Over 8 (203.20) to 10 (254.00), incl 0.021 (0.53) 0.021 (0.53) 0.031 (0.79) 0.031 (0.79) 0.031 (0.79) 0.0

Over 2 (50.80) to 4 (101.60), incl Over 4 (101.60) to 6 (152.40), incl Over 6 (152.40) to 8 (2

Over UnderOver Under Over Under

To 1 (25.40), incl ... ... ... ... ...
Over 1 1⁄2 (25.40) to 2 (50.80), incl ... ... ... ... ...
Over 1⁄2 (25.40) to 2 (50.80), incl ... ... ... ... ...
Over 2 (50.80) to 4 (101.60), incl 0.062 (1.57) 0.031 (0.79)... ... ... ...
Over 2 (50.80) to 4 (101.60), incl 0.062.7) 0)... ... ... ...
Over 4 (101.60) to 6 ( 152.40), incl 0.062 (1.57) 0.031 (0.79) 0.093 (2.36) 0.062 (1.57) ...
Over 4 (101.60) to 152.40), incl 0.062 (1.57) 0.031 (0.79) 0.093 (2.36) 0.062 (1.57) ...
Over 6 (152.40) to 8 (203.20), incl 0.062 (1.57) 0.031 (0.79) 0.093 (2.36) 0.062 (1.57) 0.125 (3.18) 0.1
Over 6 (152.40), incl 0.062 (1.57) 0.031 (0.79) 0.093 (2.36) 0.062 (1.57) 0.125 (3.18) 0.1
Ov er 8 (203.20) to 10 (254.00), incl 0.062 (1.57) 0.031 (0.79) 0.093 (2.36) 0.062 (1.57) 0.125 (3.18) 0.1

Specified Width, in. (mm)
Permissible Variations in Width, in. (mm)

Over Under

To 1 (25.40), incl 0.015 (0.38) 0.015 (0.38)
To 1 (25.40), inxcl 0.002 (0.05) 0.002 (0.38) 05)
Over1 (25.40) to 2(50.80), incl 0.031 (0.79) 0.031 (0.79)
1 (25.40) to 11⁄2 (38.10), incl 0.0025 (0.06) 0.00.79) 0.03125 (0.06)
Over 2 (50.80) to 4 (101.60), incl 0.062 (1.57) 0.031 (0.79)
11⁄2 (38.10) to 4 (101.60), incl

C
0.003 (0.08) 0.062 (1.57) 03 (0.79)

Over 4 (101.60) to 6 (152.40), incl 0.093 (2.36) 0.062 (1.57
Over 6 (152.40) to8 (203.20), incl 0.125 (3.18) 0.156 (3.96
Over 8 (203.20) to 10 (254.00), incl 0.156 (3.96) 0.187 (4.75

A Unless otherwise specified, size tolerances are over and under as shown in
the above table. When required, however, they may be specified all over and
nothing under, or all under and nothing over, or any combination of over and under,
if the total spread in size tolerance for a specified size is not less than the total
spread shown in the table.

B When it is necessary to heat treat or heat treat and pickle after cold finishing,
size tolerances are double those shown in the table.

C Cold-finish bars over 4 in. (101.60 mm) in diameter are produced; size
tolerances for such bars have not been evolved.
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TABLE 8 Permissible Variations in Size of Cold-Finished R
Hexagounal, Octagonal, and Square Bars

Specified Size, in. (mm)

Permissible Variations from Specified
Size, in. (mm)A,B

Over Under

Over 1⁄2 (12.70) to 1 (25.40), excl 0.002 (0.05) 0.002 (0.05)
Over 1⁄2 (12.70) to 1 (25.40), incl 0 0.004 (0.10)
1 (25.40) to 11⁄2 (38.10), incl 0.0025 (0.06) 0.0025 (0.06)
Over 1 (25.40) to 2 (50.80), incl 0 0.006 (0.15)
11⁄2 (38.10) to 4 (101.60), inclC 0.003 (0.08) 0.008 (0.20)
Over 2 (50.80) to 3 (76.20), incl 0 0.008 (0.20)
Over 3 (0) 0 0.08)
Over 3 (76.20) 0 0.010 (0.25)

A Unless otherwise specified, size tolerances are over and under as shown in
the above table. When required, however, they may be specified all over and
nothing under, or all under and nothing over, or any combination of over and under,
if the total spread in size tolerance for a specified size is not less than the total
spread shown in the table.

B When it is necessary to heat treat or heat treat and pickle after cold finishing,
size tolerances are double those shown in the table.

C Cold-finish bars over 4 in. (101.60 mm) in diameter are produced; size
tolerances for such bars have not been evolved.

TABLE 9 Permissible Variations in S Wizdth and Thickness of
Cold-Finished Hexagona Fl, Octagonal, and Squaret Bars

SpecWified Sizeth, in. (mm)

Permissible Variations from Spec ifn
Width, over and Siz under, in. (mm)A

OvFor Thicknesses
1⁄4 (6.35) and

Under

UFor Thickndesses
Over 1⁄4
(6.35)

Over 1⁄23⁄8 (12.70) to 1 (25.40), incl 0 0.004 (0.10)
3⁄8 (9.52) to 1 (25.40), incl 0.004 (0.10) 0.002 (0.05)
Over 1 (25.40) to 2 (50.80), incl 0 0.006 (0.15)
Over 1 (25.40) to 2 (50.80), incl 0.006 (0.15) 0.003 (0.08)
Over 2 (50.80) to 3 (76.20), incl 0 0.008 (0.20)
Over 2 (50.80) to 3 (76.20), incl 0.008 (0.20) 0.004 (0.10)
Over 3 (76.20) 0 0.013)

Over 3 (76.20) to 41⁄2 (114.30), incl 0.010 (0.25) 0.005 (0.13)

Thickness, in. (mm)
Permissible Variations in Thickness,

over and under, in. (mm)A

1⁄8 (3.18) to 1 (25.40), incl 0.002 (0.05)
Over 1 (25.40) to 2 (50.80), incl 0.003 (0.08)
Over 2 (50.80) to 3 (76.20), incl 0.004 (0.10)
Over 3 (76.20) to 41⁄2 (114.30), inclB 0.005 (0.13)

AWhen it is necessary to heat treat or he at treat and pickle after cold finishing,
size tolerances are double those shown in the table.

BCold-finished flat bars over 41⁄2 in. (114.30 mm) wide or thick are produced;
width and thickness tolerances for such bars have not been evolved.
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TABLE 10 Permissible Variations in W Length of Hot-Finished or
Cold-Finished Bars

NOTE 1—The order should specify rand Tom lengths or specifick
lengths. When random lengthss are of Crdered, the length told-Fierance is
not less than 24 in (609.60 mm). Whed Fn specific laengt Bhs are ordered,
Table 10 or Table 11 shall apply.

WSpecifiedth, Sin. (mm)

Pze of Rounds,
Squarmiessibl, He Vx-

arigons, and
Octiagons i and

Width,s overf
Fland underts, in.
(mm)A in. (mm)

Permissible Variations in Length, in. (mm)

For Thickn Lengthsses
1⁄4

Up to 12 ft
(6.3658 mm) and Un-

der

For Thickn Lengthsses Over 12
(6.3658 mm) to 25 ft

(7620 mm), incl

(9.52) to 1
(25.40), in-

clOver

0.004
(0.10)Un-

der

0.002
(0.05)Over

Under

Over 1 (25.40) to 2 (50.80), incl 0.0061⁄2
(0.15)

0.003
(0.08)

To 2 (50.80), incl 1⁄2 (12.70) 0.003
(0.08)

Over 2 (50.80) to 3 (76.20), incl 0.0083⁄4 (0.20) 0.004
(0.10)

Over 2 (50.80) to 3 (76.20), incl 3⁄4 (19.05) 0
Over 3 (76.20) to 4 (101.60), incl 3⁄4 (114.30),

incl
0.010
(0.25)

0.005
(0.13)Thickness,

in. (mm)

Permissible Variations in Thickness, ov

Over 2 (50.80) to 4 (101.60), incl 3⁄4 (114.30),
incl

0 1
(25.40)Thickness,

in. (mm)

0

(3.18) to 1 (25.40), incl 0.002 (0.05) Over 1
(25.40) to
2 (50.80),

incl

0.003 (0.08)

Over 4 (101.60) to 6 (152.40), incl 1 (25.40) 0) to 2
(50.80),

incl

11⁄4 (31.75) 0

Over 2 (50.80) to 3 (76.20), incl 0.004 (0.10) Over 3
(76.20) to

4

1⁄2 (114.30),
inclB

0

Over 6 (152.40) to 9 (228.60), incl 11⁄4 (31.75) 0 11⁄2 (114.30),
inclB

0

.005 (0.80), incl 11⁄23) 0 2 (50.80) 0
Over 9 (228.60) to 12 (304.80), incl 11⁄2 (38.10) 0 2 (50.80) 0

AWThen it is necess mary to heat treat and pxickle cold finishing, size tolerances
are domuble those shom wnindthe table.

BC old-finished bar flat bars over 41⁄2 is 10 in. (11254.300 mm) wide or thick are
produced; width and thickness tolerances for such bars have not been evolved.
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TABLE 11 Permissible Variations in Length of Hot-Finished or
Cold-Finished Bars Machine Cut After Machine Straightening

NOTE 1—The order should specify random lengths or specific lengths.
When random lengths are ordered, the length tolerance is not less than 24
in (609.60 mm). When specific lengths are ordered, Table 11 or Table 12
shall apply.

Specified Size of Rounds,
Squares, Hexagons, and
Octagons and Widths of
Flats,A in. (mm)Permissible

Variations in Length, in. (mm)

For Lengths Up to 12
ft (3658 mm), incl

For Lengths Over 12 (3658 mm) to 25 ft (7620 mm), incl

Over Under Over Under

Over Under Over Under

To 2 (50.80), incl 1⁄8 (12.70) 0 3⁄16 (19.05) 0
To 3 (76.20), incl 1⁄8 (3.18) 0 3⁄16 (19.05) 0
Over 2 (50.80) to 4 (101.60), incl 3⁄16 (19.05) 0 1 (25.40) 0
Over 3 (76.20) to 6 (152.40), incl 3⁄16 (19.05) 0 1 (25.40) 0
Over 4 (101.60) to 6 (152.40), incl 1 (25.40) 0 11⁄4 (31.75) 0
Over 4 (101.60) to 6 (152.40), incl 1 (25.40) 0 11⁄4 (6.35) 0
Over 6 (152.40) to 9 (228.60), incl 11⁄4 (31.75) 0 11⁄25⁄16 (38.10) 0
Over 6 (152.40) to 9 (228.60), incl 1⁄4 (6.35) 0 5⁄16 (38.10) 0
Over 9 (228.60) to 12 (304.80),
incl

11⁄2 (38.10) 0 21⁄2 (50.80) 0

Over 9 (228.60) to 12 (304.80),
incl

1⁄2 (12.70) 0 1⁄2 (12.70) 0

AThe maximum width of bar flats is 10 in. (254.00 mm).

TABLE 12 Permissible Variations in Leng Straigh of Hot-Finished
or Cold-Finished Bars Machine Cut A ofter Machine

Straightening

NOTE 1—THE ORDER SH HOULD SPECIFY RANDOM LENGTHS OR SPEC-FIFIC

LENGTHIS. WHEN RAND OM LENGTHS ARE CORDERED, THELENGTH TOLERANCED-
FISNOT LESS THAN 24IN (609.60MM). WHENSPECIFIC LENGTHS ARE ORDERED, T
BABLE 11 OR TABLE 12SHALL APPLY.
SP

ECIFIED S IZE OF ROUND S,
SQUA RE S, HEXAG ONS,AND

OCTAGONS AND WIDTHS OF

FLATS,A IN. (MM)

FOR LENGTHS UP TO 12 FT (3658 MM), I

MEASUREMENT IS TAKEN ON THE CONCAVE SIDE OF THE BAR WITH A STRAIGHT EDGE.
UNLESS OTHERWISE SPECIFIED, HOT-FINISHED OR COLD-FINISHED BARS FOR MACHINING

OCTAGONS AND WIDTHS OF

FLATS,A IN. (MM)

FOR LENGTHS UP TO 12 FT (3658 MM), I

OVER UNDER

TO 3 (76.20), INCL 1⁄8 (3
OVER 3 (76.20) TO 6 (152.40),INCL 3⁄16 (4
HOT FINCL 3⁄16 (4
OVER 6 (152.40) TO 9 (228.60), INCL 1⁄4 (6.3
OVER 6 (152.40) TO 9 (228.60), INCL 1⁄4 (6.3
OVER 9 (228.60) TO 12 (304.80),

INCL

(12.70) COLD FINISHED:
0 1⁄2 1⁄16 (12.70
0 1⁄2 1⁄16 IN. (1.59 MM) IN ANY 5 FT (1524 MM), BUT MAY NOT EXCEED 1⁄

(1.59 MM) 3 (LENGTH IN FEET (MM))/(5 FT (1524 M

ATHE MAXIMUM WIDTH OF BAR FLATS IS 10 IN. (254.00 MM).
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TABLE 13 PermDissible Vameteri and Outi-of-Round Tolerances i
for Roun Std Wire (Drawn, Poligshted, Centerless Grof

Machiund, Ce Snteraightless Grouned Hot-Fi anished Por Cold-
Finished) A,Bars,C

Specified Diameter, in. (mm)

Diameter Tolerance, in. (mm)

Measurement is
taken on the

concave side of
the bar with a
straight edge.

Unless
otherwise

specified, hot-
finished or cold-
finished bars for

machining
purposes are

furnished machine
straightened to
the following
tolerances.

Under

Hot finished:0.5000 (12.70) 0.002 (0.05) 0.002 (0.05)
0.5000 (12.70) 0.002 (0.05) 0.002 (0.05)

1⁄8 in. (3.18 mm) in any5 ft (1524 mm), bu t
may not exceed 1⁄8 in. (3.18

mm) 3 (length in feet (mm))/(cl

0.0015 ft (0.04) 0.001524
mm))

Under 0.5000 (12.70) to 0.3125 (7.94), incl 0.0015 (0.04) 0.0015 (0.04)
Cold f inished:cl 0.001 (0.03) 0.001 (0.03)
Under 0.3125 (7.94) to 0.0440 (1.12), incl 0.001 (0.03) 0.001 (0.03)

1⁄16 in. (1.59 mm) in acl 0.0008 (0.02) 0.0008 (0.02)
Under 0.0440 (1.12) to 0.0330 (0.84), incl 0.0008 (0.02) 0.0008 (0.02)
Uny 5 f t (1), incl 0.0005 (0.013) 0.0005 (0.013)
Under 0.0330 (0.84) to 0.0240 (0.61), incl 0.0005 (0.013) 0.0005 (0.013)
Under 0.024 mm), bu t may not exceed 1⁄6 incl 0. (1.59

mm) 3
(le0.010)

Under 0.0240 (0.61) to 0.0120 (0.30), incl 0.0004 (0.010) 0.0004 (0.010)
Ung th in feetcl 0.0003 (mm) )/
Under 0.0120 (0.30) to 0.0080 (0.20), incl 0.0003 (0.008) 0.0003 (0.008)
(5 f t (12), incl 0.0002 (0.005) 0.0002 (0.005)
Under 0.0080 (0.20) to 0.0048 (0.12), incl 0.0002 (0.005) 0.0002 (0.005)
Under 0.004 mm) to 0.0030 (0.08), incl 0.0001 (0.003) 0.0001 (0.003)
Under 0.0048 (0.12) to 0.0030 (0.08), incl 0.0001 (0.003) 0.0001 (0.003)

ADiameter tolerances are over and under as given in this table. Also, round wire
can be produced to tolerances all over and nothing under, or all under and nothing
over, or any combination over and under, if the total spread in diameter tolerances
for a specified diameter is not less than the total spread given in this table.

BThe maximum out-of-round tolerance for round wire is one half of the total size
tolerance given in this table.

CWhen it is necessary to heat treat after cold finishing because of special
mechanical property requirements, tolerances are commonly double those shown.
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TABLE 14 DSiamzeter and Out-of-Round Tolerances for Round
Wire ( Drawn, Pol Wishred, Ce int Herless Grxagounds, Cen

Octerless Gragounds, and Polish Squared) A ,B,Cs

Specified D Siamzeter,A in. (mm)
DSiamzeter Tolerance, in. (mm)

Over Under
0.50001⁄2 (12.70) 0.002 (0.05) 0.002 (0.05)
1⁄2 (12.70) 0 0.004 (0.10)
Under 0.5000 1⁄2 (12.70) to 0.3125 5⁄16 (7.94),
incl

0.0015 (0.04) 0.0015 (0.04)

Under 1⁄2 (12.70) to 5⁄16 (7.94), incl 0 0.003 (0.08)
Under 0.3125 5⁄16 (7.94) to 0.0440 1⁄8 (1.12),
incl

0.001 (0.03) 0.001 (0.03)

Under 5⁄16 (7.94) to 1⁄8 (3.18), incl 0 0.001 (0.03)
Under 0.0440 (1.12) to 0.0330 (0.84), incl 0.0008 (0.02) 0.0008 (0.02)
Under 0.0440 (1.12 (0.84), incl 0.0008 (0.02) 0.0008 (0.02)
Under 0.0330 (0.84) to 0.0240 (0.61), incl 0.0005 (0.013) 0.0005 (0.013)
Under 0.0240 (0.61) to 0.0120 (0.30), incl 0.0004 (0.010) 0.0004 (0.010)
Under 0.0120 (0.30) to 0.0080 (0.20), incl 0.0003 (0.008) 0.0003 (0.008)
Under 0.0080 (0.20) to 0.0048 (0.12), incl 0.0002 (0.005) 0.0002 (0.005)
Under 0.0048 (0.12) to 0.0030 (0.08), incl 0.0001 (0.003) 0.0001 (0.003)

ADiameter tolerances are over and under as given inthis table. Also, round
wirecan be produced to toler ances all over and nothing under, or all under and
nothing over, or any combination over and under, if the totalspread in diameter
tolerances for a specified diameter is notless thanthe totalspread given in this
table.

BThe maximum out-of-round tolerance for round wire is one half of the total size
tolerance given in this table.

CWhen it is necessary to heat treat after cold finishing because of special
mechanical property requirements, tolerances are commonly double those shown.

TABLE 15 SizLength Tolerances for Dr Round awn Wird Shape, Straighten Hexd agonsd Cut Wire, O Exactago Length Res,heanred
Squa Wires

Spec Difiamed Sizter,A in. (mm) Length, ft (mm)
SizeTolerance, in. (mm)

Over Under

(12.70) Up to 12 (3658), incl 1⁄16 (1.59) 0
0.125 (3.18) and under Up to 12 (3658), incl 1⁄16 (1.59) 0

0.004 (03658) 1⁄8 (3.10)
0.125 (3.18) and under Over 12 (3658) 1⁄8 (3.18) 0
Over 0.125 (3.18) to 0.500 (12.70), incl Under 3 (914) 1⁄32 (12.70) to 5⁄16 (7.94), incl 0
Over 0.125 (3.18) to 0.500 (12.70), incl Under 3 (914) 1⁄32 (12.70) to 0

0.003 (0.08), incl Under 5⁄16 (7.94) to 1⁄81⁄16 (3.18),
incl

0

Over 0.125 (3.18) to 0.500 (12.70), incl 3 (914) to 12 (3658), incl 1⁄16 (3.18), incl 0
0.002 (0.05) 1⁄8 (3.18) 0

Over 0.125 (3.18) to 0.500 (12.70), incl Over 12 (3658) 1⁄8 (3.18) 0
ADistance across flats.
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TABLE 16 LSizength Tolerances for Round and Shap Wire, St
fora Whigch the Final Opedrand Cut Wion is A Sure, Exface Treat
Lmengt for th Re Purposhe of Removing Scarled W or Drawing

Lubreicant

DSpeciamfietd Sizer, in. (mm) Length, ft (mm)
Tolerance, in. (mm)

Over Under

0.1⁄2 125 (3.18) and under Up to 12 (3658),
incl

(1.59) 0

1⁄2 (12.70) 0.004 (0.10) 0.004 (0.59) 10)
0.125 (3.18) and under Over 12 (365 8) (3 .18)0
Under 1⁄2 (12.70) to 5⁄16 (7.94), incl 0.003 (0.08) 0.003 (0.08)
Over 0.125 5⁄16 (3.18) to 0.500 (12.70),
incl

Under 3 (914) (0.79) 0

Under 5⁄16 (7.94) to 0.044 (1.12), incl 0.002 (0.05) 0.002 (0.79) 05)
Over 0.125 (3.18) to 0.500 (12.70), incl 3 (914) to 12

(3658), incl
(1.59) 0

Under 0.044 (1.12) to 0.033 (0.84), incl 0.0013 (0.03) 0.0013 (0.59) 03)
Over 0.125 (3.18) to 0.500 (12.70), incl Over 12 (3658) (3.18) 0
Under 0.033 (0.84) to 0.024 (0.61), incl 0.0008 (0.02) 0.0008) (0.02)

TABLE 17 SThizckness and Width Tolerances for Wire f Cor Which theld-Final Operation is A Surface Treatment for the Purpose of
Removing Scad Fle or Drawt Wing Lubricante

Specified S Wizdth, in. (mm)
Thickness Tolerance, in. (mm), Over or Under, for Given Thicknesses,

in. (mm)
Width Tolerance, in. (mm)

OvUnder 0.029 (0.74) Under
1⁄2 (12.7 0) 0.004 (0.10) 0.004 (0.10)
1⁄2 (10.029 (0.74) to
0.035 (0.89), excl

0.035 (0.89) to
3⁄16 (4.76), excl

0.004 (0.10)

Under (12.70) to 5⁄16 (7.94), incl 0.003 (0.08) 0.003 (0.08)
UndOver 0.003 (0.08) 0.003 (0.08)Under
Under 3⁄8 (7.94) to 0.044 1⁄16 (1.12), incl 0.002 (0.05) 0.002 (0.05)
Under 3⁄8 (9.52) to 1⁄16 (1.59), incl 0.001 (0.03) 0.0015)
Under 0.044 (1.12) to0.033 (0.84), incl 0.0013 (0.03) 0.0013 (0.03)Under 0.033

(0.84) to 0.024 (0.61), incl
0.0008 (0.02) 0.0008 (0.02)

Under 0.044 (0.04) 0.002 (0.05) 0.005 (0.13) 0.005 (0.02) 0.0008 (0.0213)

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
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Designation: B 808 – 97 (Reapproved 2003)

Standard Test Method for
Monitoring of Atmospheric Corrosion Chambers by Quartz
Crystal Microbalances 1

This standard is issued under the fixed designation B 808; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method monitors the reactivity of a gaseous
test environment in which metal surfaces (for example, elec-
trical contacts, assembled printed wiring boards, and so forth)
and other materials subject to pollutant gas attack undergo
accelerated atmospheric corrosion testing. This test method is
applicable to adherent corrosion films whose total corrosion
film thickness ranges from a few atomic monolayers to
approximately a micrometre.

1.2 The test method provides a dynamic, continuous, in-
situ, procedure for monitoring the corrosion rate in corrosion
chambers; the uniformity of corrosion chambers; and the
corrosion rate on different surfaces. Response time in the order
of seconds is possible.

1.3 With the proper samples, the quartz crystal microbal-
ance (QCM) test method can also be used to monitor the
weight loss from a surface as a result of the desorption of
surface species (that is, reduction of an oxide in a reducing
atmosphere). (Alternative names for QCM are quartz crystal
oscillator, piezoelectric crystal oscillator, or thin-film evapora-
tion monitor.)

1.4 This test method is not sufficient to specify the corrosion
process that may be occurring in a chamber, since a variety of
pollutant gases and environments may cause similar weight
gains.

1.5 This test method is generally not applicable to test
environments in which solid or liquid particles are deposited on
the surface of the quartz crystal.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

1.7 The values stated in SI units are to be regarded as the
standard. The values in parentheses are for information only.

2. Referenced Documents

2.1 ASTM Standards:2

B 810 Test Method for Calibration of Atmospheric Corro-
sion Test Chambers by Change in Mass of Copper Cou-
pons

3. Summary of Test Method

3.1 A single crystal of quartz has various natural resonant
frequencies depending on the crystal’s size and shape. The
decrease in natural frequency is linearly proportional to the
crystal mass and the mass of well-bonded surface films. For
crystals with reactive metal films on the surface (usually
driving electrodes), the mass of the crystal/metal film increases
as the metal oxidizes or forms other compounds with gases
adsorbed from the atmosphere.3,4 Thus, by measuring the rate
of resonant frequency change, a rate of corrosion is measured.
Non-adherent corrosion films, particles, and droplets yield
ambiguous results. A review of theory and applications is given
in Lu and Czanderna.5

3.2 The chamber environmental uniformity and corrosion
rate can be measured by placing matching quartz crystals with
matching reactive metal films at various locations in the
chamber. If the chamber and corrosion rate have been stan-
dardized, the corrosion rate on various surface materials that
have been deposited on the quartz crystal can be determined.

4. Significance and Use

4.1 Corrosion film growth with thicknesses varying from a
monolayer of atoms up to 1 µm can readily be measured on a
continuous, real-time, in-situ, basis with QCMs.

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.11 on Electrical Contact Test Methods.

Current edition approved Nov. 1, 2003. Published November 2003. Originally
approved in 1997. Last previous edition approved in 1997 as B 808 – 97.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

3 King, W. H. Jr.,Analytical Chemistry, Vol 36, 1964, p. 173.
4 Karmarkar, K. H. and Guilbaut, G. G.Analytical Chemistry Acta, Vol 75, 1975,

p. 111.
5 Lu, C. and Czanderna, A. W. Eds.,Applications of Piezoelectric Quartz Crystal

Microbalances, Elsevier, c1984.

1
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4.2 The test results obtained for this test method are
influenced by various factors, including geometrical effects,
temperature, humidity, film thickness, film materials, electrode
conditions, gases in the corrosion chamber, and so forth.
Calibration of coated crystals and instrumentation and repro-
ducible crystal operating conditions are necessary for consis-
tent results.

5. Apparatus

5.1 Apparatus can be a simple series circuit of crystal (with
electrodes and sensing film), oscillator (typically 6 MHz) and
frequency counter (610-Hz accuracy and stability), as sche-
matically shown in Fig. 1.

5.2 Commercial, Thin-Film Monitors,6 incorporating those
functions that read out thicknesses or weight gain are also
available and acceptable after they have been calibrated.

5.3 Balance, with an accuracy of62 µg is needed for
calibration procedures.

5.4 Recording Devices or Computersare needed for real-
time, continuous measurements.7

6. Materials

6.1 Crystals shall be of the AT5 cut variety with a resonant
frequency in the MHz range and matched to the frequency
measuring apparatus used. Quartz crystal surfaces shall be
polished to a surface finish with an arithmetical mean devia-
tion, Ra, of less than 0.1 µm. With this surface finish, the crystal
appears optically transparent to the human eye.8

6.2 Electrodes, used to drive the crystal’s resonant fre-
quency, can be made from any electrically conducting material
and usually are a metal film evaporated on the quart crystal
surface. The material under study or being used to calibrate the
system may be the same as or different than the electrode
material. If the two materials are different, the potential
corrosion of the electrodes shall be accounted for during the
design and subsequent experiments. Depending on the materi-
als under test, the QCMs can have copper, silver, nickel, zinc,
gold, etc. electrodes. The preferred method of deposition is by
evaporation for a high purity, smooth surface. If sublayers are
used to enhance the adhesion of the final electrode, they should

be covered by the final electrode material so that less than 1 %
of the metallic area is of exposed sublayer material. Because of
the fragility of the metal electrode there should be multiple
(three or more), spring-loaded contacts between the crystal and
electronics.

6.3 After metallization of the crystals, they should be stored
in desiccators. After two years storage or if the metallization
shows discoloration or staining, the crystals shall be discarded.
Crystal surfaces should not be chemically or mechanically
cleaned before use in the corrosion chamber. They should be
blown clean with inert compressed gas. Chilling and conden-
sation on the surface, as can occur with the use of pressurized
fluorocarbons, shall be avoided. Care shall be exercised so that
the crystals are only handled by clean tweezers or tongs and
never touched by hands.

7. Calibration

7.1 QCMs and its electronics shall be calibrated initially in
a given corrosion system and thereafter on an annual basis.
Calibration shall be performed with the same shape and size of
crystal holder to be used during operation. Recalibration shall
be performed if the crystal holder geometry is changed.
Calibration can be done by comparison to a standard such as
actual gravimetric weighing on a microbalance (62 µg). Use a
sample of the same material as the sensing film with a
minimum area of 5 cm2 and a thickness of 0.1 to 0.6 mm (see
Test Method B 810). Foil surface roughness should be within
620 % of the QCM sensing film roughness. The procedure for
the generation (that is, evaporation) and cleaning of the
gravimetric sample should be the same as used for the sensing
films. The age and storage of the gravimetric sample should be
comparable to the age of the QCM sensing film. Allow the foil
to equilibrate with the microbalance atmosphere for 0.5 h, then
weigh the sample with62-µg accuracy before exposure.
Suspend the weighed gravimetric sample between two simi-
larly treated QCMs spaced 20 cm apart with the large surface
area dimension of the samples parallel to the air flow. After
sufficient exposure, as determined in the paragraph below,
remove the sample from the corrosion chamber, equilibrate it
with the balance atmosphere, and reweigh. The gravimetrically
measured, foil weight gain per unit area should be within
610 % of the calculated weight gain, found on the active area
of the QCM.

7.2 A weight gain of the metal foil of 50 µg is sufficient for
a microbalance with62-µg reproducibility and is sufficient for
calibration. (If the reproducibility of the microbalance is poorer
than62 µg, proportionally greater weight gain shall be used.)
If the sensing material was copper and the corrosion film was
Cu2O, 50 µg/5 cm2 would correspond to a film thickness of 149
nm if the density of Cu2O was 6 g/cm3 and the percentage of
oxygen in the film was 11 % (16/143). For improved accuracy,
greater weight gain may be used. However, the calculated
thickness of the corrosion film should not exceed 50 % of the
electrode thickness.

8. Procedure

8.1 All metal surfaces that are not being used in the
measurement should be shrouded or coated with a nonreactive
material to protect the surfaces from unwanted corrosion (that

6 Current listings of available suppliers can be found in: “Annual Buyer’s
Guide,” Physics Today, American Institute of Physics, Thin Film Deposition
Monitors. “Processing and Production Buyer’s Guide,”Solid State Technology,
PennWell Publishing Co., Deposition Accessories and Monitors.

7 Schubert, R. “A Second Generation Accelerated Atmospheric Corrosion Cham-
ber,” ASTM STP 965, 1988, p. 374.

8 Most instrument suppliers also sell crystals with various coatings and rough-
ness. Polished and coated crystals are available from McCoy Electronics, Mt. Holly
Springs, PA and have been found satisfactory for this purpose.

FIG. 1 Schematic of QCM and Related Electronics
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is, clear nail polish, Q-dope, heat shrink TFE-fluorocarbon, and
so forth). It is especially important to protect any electrical
connections that are being used for measurements or providing
power from the corrosive atmosphere under investigation.

8.2 Do not handle the crystals by hand or with anything that
leaves a residue after evaporation on the crystal electrodes. Use
caution in all handling to avoid scratching the sensing film
surface.

8.3 One QCM with a sensing film inert to the test environ-
ment should be in the system to monitor changes in the amount
of relative humidity in the system, adsorbed hydrocarbons, and
so forth. (A gold-coated QCM is usually a good choice for this
application.) At the end of the chamber exposure when all the
pollutant gases have been removed and the humidity has been
returned to its initial value, the frequency of this QCM should
still be at its initial value. (This is not meant to replace a
relative humidity meter, rather it verifies the system electronics
stability.)

8.4 For determining the chamber’s spatial uniformity of
pollutant gas, QCMs should be located uniformly at various
locations around a chamber to confirm that the corrosion rate is
the same (610 %) at all locations. A typical distribution is one
sensor per every 7 L of volume or 4 sensors/ft3 for a cubic
chamber of 28-L (1-ft3) volume. See Test Method B 810 for
typical distribution schemes of QCM. This density can be
increased or decreased depending on the chamber shape,
chamber loading, and chamber airflow.

8.5 It is preferable that the monitoring QCMs shall be
oriented with the sensing surface perpendicular to and facing
the air flow. If another orientation to the air flow is used, the
monitors orientation relative to the air flow shall be reported in
the test report.

9. Report

9.1 Recorded data should include the following:
9.1.1 Types and concentrations of the corrosive gases in the

corrosion chamber, relative humidity, temperature, and air flow
characteristics (for example, direction, velocity, turbulence,
and exchange rate).

9.1.2 Sensing material(s), weight gain(s), versus time and
date for the QCMs, and their location in the chamber.

9.1.3 Description of the samples in the chamber during the
experiments, including the material, surface area, and location
in the chamber.

10. Precision and Bias

10.1 Precision—The precision of this test method has been
determined to be610 % using copper QCMs. This experiment
is reported in the open literature.9 However, as a result of
variations in fixturing, film composition, film smoothness, and
air flow characteristics, all QCM measurements should be
compared to total corrosion rates as determined by Test
Method B 810 and described previously.

10.2 Bias—Crystal fixturing may produce large variability
in chamber-to-chamber results. Since there is no acceptable
reference suitable for determining the bias for QCMs, bias has
not been determined.

11. Keywords

11.1 corrosion monitor; piezoelectric crystals, sensors, thin-
film monitor

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
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9 Schubert, R. and Neuburger, G. G.,Journal of the Electrochemical Society, Vol
137, No. 4, 1990, p. 1048.
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Designation: B 810 – 01a An American National Standard

Standard Test Method for
Calibration of Atmospheric Corrosion Test Chambers by
Change in Mass of Copper Coupons 1

This standard is issued under the fixed designation B 810; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the calibration of atmospheric corrosion test chambers for electrical contacts that produce an
adherent film of corrosion product on copper, such as a test comprised of a mixture of flowing gases that react with copper.

1.2 This test method is not applicable to tests where corrosion products may be removed from a copper surface during the test
by fluids.

1.3 This test method is not applicable to tests where airborne solid or liquid material may be deposited on a copper surface
during the test, as in a test which includes particulates suspended in the atmosphere.

1.4 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

1.5 The values stated in SI units are to be regarded as the standard.

2. Summary of Test Method

2.1 Copper coupon samples of a well-defined size are prepared and each is labeledReferenced Documents
2.1 ASTM Standards:
B 845 Guide for identification. All such coupons are cleaned by a standard process. Each coupon is weighed and the value is

recorded. All coupons are exposed to the corrosion test Mixed Flowing Gas MFG Tests for a specified time. The coupons are
removed from the test and weighed and the new values are recorded. The change in weight for each coupon is calculated. The

1 This test method is under the jurisdiction of ASTM Committee B02 on Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee B02.11 on
Electrical Contact Test Methods.

Current edition approved May Nov. 10, 2001. Published Janulary 20012. Originally published as B 810 – 91. Last previous edition B 810 – 001.

1

This document is not an ASTM standard and is intended only to provide the user of an ASTM standard an indication of what changes have been made to the previous version. Because
it may not be technically possible to adequately depict all changes accurately, ASTM recommends that users consult prior editions as appropriate. Inall cases only the current version
of the standard as published by ASTM is to be considered the official document.
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coupons are subjected to additional analysis as appropriate to determine the composition and thickness of any films present
on the surface. Electrical Contacts2

3. Significance and Use

3.1 Electrical devices that contain electrical contacts generally contain some copper-based materials. Atmospheric corrosion-
Summary of copper parts in such devices often occurs in service environments. A quantitative measure Test Method

3.1 Copper coupon samples of the effect of a laboratory corrosion test on copper permits assessment of well-defined size are
prepared and each is labeled for identification. All such coupons are cleaned by a standard process. Each coupon is weighed and
the severity of value is recorded. All coupons are exposed to the test. In addition, corrosion tests may be defined in terms of their
effect on copper; this test method provides for a way of comparing one test against a standard defined elsewhere, or allows a
comparison of specified time. The coupons are removed from the performance of a test over a period of time. Although this test
method provides for a relatively simple check of a test, and weighed and the new values are recorded. The change in weight for
each coupon is advised that calculated. The coupons are subjected to additional analysis of the test chamber ambient is generally
required as appropriate to reproduce test conditions.

3.2 Atmospheric corrosion tests are used on a variety of materials besides copper. Care should be exercised in drawing
conclusions about determine the effects on such materials of apparently equivalent tests if the composition and thickness of gases
or experimental conditions are different. The primary use of this calibration test method is to assure correlation among nominally
identical tests. any films present on the surface.

4. Significance and Use

4.1 Electrical devices that contain electrical contacts generally contain some copper-based materials. Atmospheric corrosion of
copper parts in such devices often occurs in service environments. A quantitative measure of the effect of a laboratory corrosion
test on copper permits assessment of the severity of the test. In addition, corrosion tests may be defined in terms of their effect on
copper; this test method provides a way of comparing one test against a standard defined elsewhere, or allows a comparison of
the performance of a test over a period of time. Although this test method provides for a relatively simple check of a test, the user
is advised that additional analysis of the test chamber ambient is generally required to reproduce test conditions.

4.2 Atmospheric corrosion tests are used on a variety of materials besides copper. Care should be exercised in drawing
conclusions about the effects on such materials of apparently equivalent tests if the composition of gases or experimental
conditions are different. The primary use of this calibration test method is to assure correlation among nominally identical tests.

5. Apparatus

45.1 Racks or Fixturessuitable for holding the copper coupons in the test chamber are required. Make these fixtures from a
material that is not attacked by the corrosion test. The fixtures shall be designed to:

45.1.1 Hold the coupons in a vertical orientation,
45.1.2 Hold the coupons so that they do not show any perceptible motion when observed with the unaided eye during the test,
45.1.3 Cover less than 5 % of the entire coupon surface area,
45.1.4 Touch the coupon only with electrically insulating parts and,
45.1.5 Allow free circulation of the ambient on both sides of the coupon.
45.2 In general, design all parts of the fixture to permit maximum circulation of the ambient around the coupon surfaces. The

size and positioning of the holding fixtures depends on the chamber size. Section 6 of this test method gives requirements on the
number and spacing of coupons; the holding fixtures must be designed to comply with these requirements.

45.3 Balance, with a capacity of at least 2 g and a resolution of 5 µg is required. Maintain the ambient in the vicinity of the
balance between 20 and 50 % relative humidity.

45.4 Fume Hood, to conduct the chemical cleaning procedure of the coupons is required.

56. Reagents and Materials

56.1 Purity of Reagents—Reagent grade chemicals shall be used in all tests. Unless otherwise indicated, it is intended that all
reagents conform to the specifications of the Committee on Analytical Reagents of the American Chemical Society3 where such
specifications are available. Other grades may be used, provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination.

67. Procedure

67.1 Use the requirements listed in 6 7.1.1 through 6 7.1.3 to determine the number of copper coupon specimens to be prepared.

2 Reagent Chemicals, American Chemical Society Specifications, American Chemical Society, Washington, DC. For suggestions on the testingAnnual Book of reagents
not listed by the American Chemical Society, seeAnalar ASTM Standards for Laboratory Chemicals, BDH Ltd., Poole, Dorset, U.K., and theUnited States Pharmacopeia
and National Formulary, U.S. Pharmaceutical Convention, Inc. (USPC), Rockville, MD. Vol 02.04.

3 Reagent Chemicals, American Chemical Society Specifications, American Chemical Society, Washington, DC. For suggestions on the testing of reagents not listed by
the American Chemical Society, seeAnalar Standards for Laboratory Chemicals, BDH Ltd., Poole, Dorset, U.K., and theUnited States Pharmacopeia and National
Formulary, U.S. Pharmaceutical Convention, Inc. (USPC), Rockville, MD.
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67.1.1 For chambers with cubic working volumes, use the length of an edge to determine the number and placement of coupons
in accordance with the following rules. For chambers with an edge dimension of 0.9 m or less, construct a reference grid with three
equally spaced lines in each direction with the outer lines 0.1 m from the chamber wall and the third line centered between the
outer lines. Place a coupon at each intersection of grid lines (27 coupons required). For chambers with an edge dimension of 0.9
m to 1.5 m, construct a reference grid with four equally spaced lines in each direction. The outer lines are placed 0.1 m from the
chamber wall. Place a coupon at each intersection of grid lines (64 coupons required). For chambers with a maximum edge
dimension greater than 1.5 m but less than 2.0 m, construct a reference grid with five equally spaced lines in each direction. The
outer lines are placed 0.1 m from the chamber wall. Place a coupon at each intersection of grid lines (125 coupons required).

67.1.2 For rectangular chambers with non-cubic working volumes, the guidelines for each dimension of the chamber along the
x, y, andz axes of the chamber shall follow the appropriate guidelines applied to cubic chambers. Thus, if thex andz axes are 1.4
m and they axis is 0.8 m, four grid lines would be used for thex andz axes and 3 grid lines would be used for they axis when
determining the grid for coupon location.

67.1.3 For chambers with working volumes of other shapes than those covered in the preceding sections, devise a logical
placement pattern with a coupon density roughly equal to that specified for rectangular chambers.

67.2 Select an appropriate duration of exposure for the copper coupons. Base this selection primarily upon the time required
for the test ambient to produce a statistically significant weight change. Additional exposure time may be added to comply with
other applicable requirements, specifications, agreements, etc., or for the convenience of the test operators, or both. Generally, the
test time shall be one or more whole days with a tolerance of61 h.

67.3 Prepare the test coupons from wrought, annealed, oxygen-free copper (99.95 % copper minimum, copper alloy C10200)
sheet. Select a thickness of sheet sufficiently stiff to resist bending during handling during the test but not so thick that the edges
become a significant portion of the surface area. In general, thicknesses between 0.1 and 0.6 mm are recommended. Obtain material
with a surface roughness less than 0.15 µm center line average and use the material with the as-rolled surface finish. Make the
coupons, squares or rectangles preferably 12.56 1.2 mm wide. One or two holes 2.5 mm or less in diameter may be added to aid
in mounting. Inspect the edges of the coupons at 103 magnification for the presence of burrs or slivers. If such features are found,
they must be removed since they may corrode at a much higher rate than the coupon surface.

67.4 Mark all coupons with a code giving each coupon a unique identification. Make the characters in the code marking about
2 mm high by engraving or stamping without ink.

67.5 During the cleaning procedure and at all times after cleaning, handle coupons only with clean tweezers grasping in the
region around the identification marking. Place each copper coupon in a separate clean, dry glass vial of an appropriate size such
that only the edges and corners of the coupons touch the glass surfaces.

67.6 Clean all coupons in accordance with either of the two procedures given in 6 7.6.1 through 6 7.6.2.5. Where a liquid bath
is required, fill an appropriate vessel to a depth equal to or greater than 25 mm plus the largest dimension of the coupon sample
to be cleaned. Unless otherwise directed, change the fluid in all baths after 50 coupons have been processed. Unless otherwise
directed, use all baths at room temperature. (Warning—Conduct all operations involving acids and solvents in a fume hood. Please
be careful of N-Hexane. It is extremely flammable.)(Warning—Dispose of all acids and solvents in a safe, legally acceptable
manner.)

NOTE 1—Precaution—Conduct all operations involving acids and solvents in a fume hood. Please be careful of N-Hexane. It is extremely flammable.
NOTE 2—Precaution—Dispose of all acids and solvents in a safe, legally acceptable manner.
NOTE 3—The 1—The goal of Cleaning Methods 1 and 2 are to produce a coupon surface reasonably free of oils, greases, particulate debris and oxides.

Alternative cleaning methods which achieve the same result are acceptable. See the Appendix X1 for an example of comparison cleaning method research.
Such alternative cleaning methods may be necessary or desirable depending upon local conditions or facilities.

67.6.1 Cleaning Method 1:
67.6.1.1 Immerse a coupon or small group of coupons for 5 to 10 minutes in an ultrasonic cleaner containing hot (65–85°C)

2 % aqueous solution of a mildly alkaline (pH7.5–10) detergent.
67.6.1.2 Remove an individual coupon from the cleaner and rinse under warm running tap water for 5-15 seconds. Transfer to

the next step immediately.
67.6.1.3 Transfer the coupon into a solution of 1 part concentrated hydrochloric acid and 3 parts deionized water; suspend

coupon vertically for 1206 10 s in this solution.
67.6.1.4 Transfer the coupon immediately without allowing drying of surface into one of the following treatments: suspend

coupon vertically in flowing deionized water for 156 5 s or, suspend coupon with agitation for 156 5 s in one vessel of deionized
water, then immediately repeat in a second vessel of fresh deionized water.

67.6.1.5 Transfer the coupon immediately without allowing drying of surface to a bath of methanol; suspend the coupon
vertically for 30 to 60 s with agitation in the bath.

67.6.1.6 Remove the coupon from methanol, immediately blow dry with prepurified nitrogen or with clean, dry air.
67.6.1.7 Place the coupon immediately in its glass vial, leave vial uncapped for 10 min, then cap vial unless proceeding

immediately to the next step.
67.6.2 Cleaning Method 2:
67.6.2.1 Immerse the coupon to be cleaned in n-Hexane for 120 s. Allow to drip dry for 10 s.
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67.6.2.2 Immerse the coupon in Alphametals Lonco flux 3355–11 or equivalent material for 15 s. Allow to drip dry for 10 s.
67.6.2.3 Rinse the coupon twice with deionized water for

15 s.
67.6.2.4 Rinse coupon in methanol for 15 s and then allow to dry.
67.6.2.5 Place the coupon immediately in its glass vial, leave vial uncapped for 10 min, then cap vial unless proceeding

immediately to the next step.
67.7 Allow all copper coupons to equilibrate in the vicinity of the balance for at least 30 min by placing the vials containing

the coupons near the balance and removing the cap from each vial. Also, wait long enough so that at least 60 min has elapsed from
the time that cleaning procedure was completed until the weighing begins. Weigh each coupon individually, replacing each in its
glass vial after weighing. Reweigh two of the coupons to check for reproducibility. If the second weight reading does not differ
from the first reading by more than 0.1µ g/mm 1.0 µg/cm2 of exposed surface area, proceed to the next step. If the readings differ
by more than the preceding requirement, reweigh all coupons and repeat as required until stable weights are obtained.

67.8 Immediately install all coupons on holding fixtures in the corrosion test chamber. Record the time that the coupons are
placed into the corrosion test.

67.9 After the appropriate test time for the test method in use has elapsed, remove the coupons from the holding fixture, placing
each in an uncapped vial. Place the vials containing the coupons in the vicinity of the balance and wait at least 30 min to allow
the coupons to come to equilibrium with room temperature and humidity.

67.10 Weigh all coupons, reweigh each coupon as required until a stable reading is obtained for each coupon.
67.11 Calculate the difference in weight before and after exposure to the corrosion test.

78. Report

78.1 Report the results in the data report format shown in
Fig. 1.

89. Precision and Bias

89.1 Precision—An interlaboratory round robin involving six laboratories produced the following results. Each laboratory
prepared 8 or 12 coupons by the procedures specified in this standard. All coupons from all laboratories were exposed
simultaneously for 10 days to a Guide B 845 Method G test environment. The mass gain on each coupon (exposed area of 6.8 7.8
cm2) was measured, Table 1 summarizes the results. The results show that the minimum mass change within a laboratory ranges
from 56 to 71 percent of the maximum mass change for that laboratory, while, in comparing the mean mass changes for the six
laboratories, the minimum is 93 percent of the maximum. Based on analysis of trends in mass gain with location, it appears that
some of the difference in mass gain between coupons from a single laboratory came from differences in corrosion rate in different
locations within the test chamber.

1. Date test started:
2. Date test ended:
3. Duration of exposure, that is, hours or days in the test

chamber.
4. Test operator(s):
5. Designation of test chamber in which coupons were

exposed:
6. Dimensions of test coupons (nominal dimensions may be

reported provided that the actual dimensions do not differ
by more than 2 % from nominal):

7. Test conditions, for example, gas concentrations,
temperature, relative humidity, air flow rates in chamber, etc.:

8. State what deviations from the procedure specified in this
standard were made or occurred (if none, so state):

9. Attach a map or comparable documentation that relates
the identification number of each sample to the position
of that sample in the test chamber.

Test Results
Identification
Number of
Sample

Exposed Area
of SampleA

Initial Mass Final Mass Mass Change

ARecord total area of all exposed coupon surfaces.

FIG. 1 Sample Data Report Form
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89.2 Bias—The procedure in this test method for calibrating atmospheric corrosion tests has no bias because the value of the
weight change of a copper coupon in a given atmospheric corrosion test can be defined only in terms of a test method.

910. Keywords

910.1 accelerated testing; atmospheric corrosion; cleaning technique; contacts; copper; electrical contacts; mass change; mixed
flowing gas testing; test calibration; weight gain

APPENDIX

(Nonmandatory Information)

X1. TYPICAL MASS CHANGE VALUES FOR COPPER COUPONS EXPOSED IN SOME MFG TESTS

X1.1 Table X1.1 lists mass change values measured on copper coupons in tests conducted by several organizations in 11
different test chambers. These values may be used as a general guide to the magnitude of changes to be anticipated in the various
tests, but should not be used as the basis of test requirements since they are not part of a controlled laboratory round robin. Each
mass change value is the average of the values from several coupons exposed simultaneously in the chamber during the test,
typically 3 to 12 coupons.

TABLE 1 Results of Round Robin on Copper Coupon Mass Gain Conducted by Six Laboratories

Laboratory ID

1 2 3 4 5 6

Minimum mass gain (mg) 0.2874 0.2746 0.2512 0.3020 0.3131 0.2995
Maximum mass gain (mg) 0.4759 0.4410 0.4455 0.4514 0.4417 0.4760
Mean mass gain (mg) 0.3870 0.3858 0.3639 0.3823 0.3840 0.3925
Median mass gain (mg) 0.3936 0.3939 0.3764 0.3939 0.3934 0.4006
Standard deviation of mass gain (mg) 0.0499 0.0464 0.0636 0.0508 0.0386 0.0619
Number of coupons 12 12 12 12 12 8
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE X1.1 Typical Mass Change Values for Copper Coupons Exposed in Some MFG Tests

Guide B 845
Test Method

Coupon Exposure Duration (days) Mass Change per Day (mg/cm 2·day)

E 6.8 0.064
E 10 0.057
E 10 0.055
E 10 0.063
E 10 0.061
E 10 0.057
E 10 0.065
E 10 0.040
E 10 0.033
E 10 0.037
E 5 0.060
E 10 0.057
E 10 0.046
G 10.8 0.057
G 14 0.014
G 14.25 0.004
G 10 0.004
G 15 0.010
G 10 0.014
G 10 0.013
G 10 0.013
G 10 0.015
G 10 0.015
G 10 0.008
G 10 0.012
G 10 0.006
G 10 0.009
G 10 0.020
G 10 0.016
G 4 0.015
H 10 0.033
H 10 0.035
H 10 0.032
H 10 0.040

H + 200ppbSO2 10 0.045
H + 200ppbSO2 2 0.033
H + 200ppbSO2 4 0.029
H + 200ppbSO2 2 0.022
H + 200ppbSO2 2 0.025

N 10 0.022
N 10 0.023
N 10 0.018
N 10 0.022
N 10 0.037
N 10 0.014
N 10 0.013
N 10 0.019
N 10 0.016
N 10 0.007
N 10 0.019
N 10 0.012
N 10 0.012
N 10 0.026
N 10 0.014
N 10 0.013
N 5 0.014
N 5 0.013

B 810 – 01a

6



Designation: B 811 – 02

Standard Specification for
Wrought Zirconium Alloy Seamless Tubes for Nuclear
Reactor Fuel Cladding 1

This standard is issued under the fixed designation B 811; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers seamless wrought zirconium-
alloy tubes for nuclear fuel cladding application, in the outside
diameter (OD) size range of 0.200 in. (5.1 mm) to 0.650 in.
(16.5 mm) and wall thickness range of 0.010 in. (0.25 mm) to
0.035 in. (0.89 mm).

1.2 Two grades of reactor grade zirconium alloys are
described.

1.2.1 The present UNS numbers designated for the two
grades are given in Table 1.

1.3 Unless a single unit is used, for example corrosion mass
gain in mg/dm2, the values stated in either inch-pound or SI
units are to be regarded separately as standard. The values
stated in each system are not exact equivalents; therefore each
system must be used independently of the other. SI values
cannot be mixed with inch-pound values.

1.4 The following precautionary caveat pertains only to the
test method portions of this specification:This standard does
not purport to address all of the safety concerns, if any,
associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices
and determine the applicability of regulatory limitations prior
to use.

2. Referenced Documents

2.1 ASTM Standards:
B 350 Specification for Zirconium and Zirconium Alloy

Ingots for Nuclear Application2

B 353 Specification for Wrought Zirconium and Zirconium
Alloy Seamless and Welded Tubes for Nuclear Service
Except Nuclear Fuel Cladding2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 21 Test Methods for Elevated Temperature Tension Tests
of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications4

E 112 Test Methods for Determining the Average Grain
Size3

G 2 Test Method for Corrosion Testing of Products of
Zirconium, Hafnium and Their Alloys in Water at 680°F or
in Steam at 750°F5

G 2M Test Method for Corrosion Testing of Products of
Zirconium, Hafnium and Their Alloys in Water at 633°K
or in Steam at 673°K (Metric)5

2.2 Other Document:
ANSI B46.1 Surface Texture (Surface Roughness)6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 dimensions—tube dimensions are outside diameter,

inside diameter, and wall thickness. Only two of these param-
eters may be specified in addition to length, except minimum
wall may be specified with outside and inside diameter. In each
case, ovality and wall thickness variation (WTV) may be
specified as additional requirements.

3.1.2 hydride orientation fraction, Fn—the ratio of hydride
platelets oriented in the radial direction to the total hydride
platelets in the field examined.

3.1.3 lot size—a lot shall consist of all tubes of the same
size, shape, condition, and finish produced from the same ingot
by the same reduction schedule and heat treatment. The final
heat treatment shall be in a single furnace charge.

3.1.4 mill finish tubes—tubes that have received all finish-
ing operations subsequent to final anneal, which potentially
affects tube mechanical, dimensional, or surface condition.
These operations include, but are not limited to, pickling,
cleaning, outer and inner surface abrasive conditioning, and
straightening.1 This specification is under the jurisdiction of ASTM Committee B10 on

Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.02 on Zirconium and Hafnium.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 811 – 90. Last previous edition B 811 – 01.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.

4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.02.
6 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,

4th Floor, New York, NY 10036.

TABLE 1 ASTM and UNS Number Designation for Reactor Grade
Zirconium Alloys

Grade UNS Number
Zirconium-tin alloy R60802
Zirconium-tin alloy R60804

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



3.1.5 ovality—the difference between the maximum and
minimum diameter, either outer or inner, as determined at any
one transverse cross-section of the tube.

3.1.6 wall thickness variation (WTV)—the difference be-
tween maximum and minimum wall thickness measured at any
one transverse cross-section of the tube.

NOTE 1—Measurement of ovality and WTV made by a helical scan
with a pitch not exceeding 0.25 in. (6.5 mm) shall be considered as
equivalent to “at any one cross-section of the tube.”

3.2 Lot Definitions:
3.2.1 castings—a lot shall consist of all castings produced

from the same pour.
3.2.2 ingot—no definition required.
3.2.3 rounds, flats, tubes, and wrought powder metallurgical

products (single definition, common to nuclear and non-
nuclear standards)—a lot shall consist of a material of the
same size, shape, condition, and finish produced from the same
ingot or powder blend by the same reduction schedule and the
same heat treatment parameters. Unless otherwise agreed
between manufacturer and purchaser, a lot shall be limited to
the product of an 8 h period for final continuous anneal, or to
a single furnace load for final batch anneal.

3.2.4 sponge—a lot shall consist of a single blend produced
at one time.

3.2.5 weld fittings—definition is to be mutually agreed upon
between manufacturer and the purchaser.

4. Ordering Information

4.1 Purchase orders for tubes covered in this specification
shall include the following information to describe adequately
the desired material:

4.1.1 Quantity,
4.1.2 Grade (see Table 1),
4.1.3 Condition (recrystallization annealed or stress relief

annealed),
4.1.4 Tube dimensions and tolerance,
4.1.5 ASTM designation and year of issue,
4.1.6 Surface texture on (roughness) the inside and outside

surfaces (Ra (micro-inches or micrometers)),
4.1.7 Surface condition on the inside diameter (ID) and

outside diameter (OD) surfaces (as pickled, blasted, abraded,
etc.),

4.1.8 Sample test conditions (if other than mill finish
condition) and standards for corrosion test (see Section 8.2),

4.1.9 General test requirements and test plan for lots (see
Section 10),

4.1.10 Number of tests and resampling plan and require-
ments (see Section 11), and

4.1.11 Certification of test (see Section 16).

NOTE 2—A typical order description may read as follows: 1500 pieces
of seamless zirconium-alloy fuel clad tubes OD abraded and ID pickled,
Grade R60804, recrystallization annealed 0.650 in. nominal OD by 0.580
in. nominal ID by 0.032 in. minimum wall by 10 ft long with a maximum
OD ovality of 0.004 in. and maximum WTV of 0.005 in. in accordance
with B 811 – XX. Maximum surface finish to be 50 µin. Ra OD and 50
µin. Ra ID.

4.2 In addition to the information in 4.1, the following
points of agreement between the manufacturer and purchaser
should be specified in the purchase order as required:

4.2.1 Method of determining yield strength if other than
0.2 % offset method (see Section 7),

4.2.2 Initial gage length of mechanical test samples for
determining elongation after rupture if other than 2 in. (50
mm),

4.2.3 Mechanical property requirements for tube other than
fully recrystallization annealed (see Section 7),

4.2.4 Location of the inside diameter plugs in elevated
temperature short-time tension test, when specified (see Sec-
tion 7.1.3),

4.2.5 Specimen temperature(s) during mechanical testing if
other than room temperature and properties and test require-
ments (see Section 7), and

4.2.6 Grain size requirements and specimen heat treatment
method for stress relief annealed tubes (see Section 8.1),

4.2.7 Hydride orientation specimen heat treatment, if re-
quired, evaluation method, and magnification of photomicro-
graph (see Annex A2),

4.2.8 For hydride orientation, angle theta (u) for determin-
ing radial platelets (see Section 8.3 and Annex A2).

4.2.9 Burst property acceptance requirements, when speci-
fied (see Section 8.4),

4.2.10 Use of mandrel and post burst test measurement
technique (see Annex A1).

4.2.11 Contractile strain ratio acceptance criteria, when
specified (see Section 7.3 and Annex A4).

5. Materials and Manufacture

5.1 Tubes covered by this specification shall be made from
ingots produced by multiple vacuum arc or electron beam
melting in furnaces of a type conventionally used for reactive
materials.

5.2 Tubes shall be made by a process approved by the
purchaser.

6. Chemical Composition

6.1 The tubes shall conform to the requirements for chemi-
cal composition prescribed in Table 2.

6.2 Chemical Analysis:
6.2.1 The ingot analysis made in accordance with Specifi-

cation B 350 shall be considered the chemical analysis for
tubes produced to this specification except for oxygen, hydro-
gen, and nitrogen content, which shall be determined on the
mill finished tube. Alternatively, an intermediate or final size
product may be sampled during processing with the same
frequency and in the same positions relative to the ingot as
specified in Specification B 350 to determine the composition,
except for hydrogen, oxygen, and nitrogen, which shall be
determined on the mill finished tube.

6.2.2 Analysis shall be made using the manufacturer’s
standard methods. In the event of disagreement as to the
chemical composition of the metal, the composition, for referee
purposes, shall be determined by a mutually acceptable labo-
ratory.

6.2.3 Product Analysis—Product analysis is a check analy-
sis made by the purchaser for the purpose of verifying the
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composition of the lot. The permissible variation in the product
analysis from the specification range is as listed in Table 3.

7. Mechanical Properties

7.1 Tension Properties:
7.1.1 Recrystallization annealed tubes shall conform to the

requirements for mechanical properties at room temperature
prescribed in Table 4. For tubes in the cold worked and stress
relief annealed condition, tension property requirements are to
be mutually agreed upon between the manufacturer and the
purchaser.

7.1.2 When so specified by the purchaser, the tension
properties shall also be determined at the elevated temperatures
and shall conform to the limits specified by the purchaser.

7.1.3 The tension test shall be conducted in accordance with
Test Methods E 8 or E 21. Yield strength shall be determined

by the 0.2 % offset method. The tension properties shall be
determined using a strain rate of 0.003 to 0.007 in./in.-min
(mm/mm-min) through the yield strength. After the yield
strength has been exceeded, the cross head speed may be
increased to approximately 0.05 in./in.-min (mm/mm-min) to
failure.

7.2 Burst Testing:
7.2.1 Burst testing, when specified, shall be performed at

room temperature on finished tubing. Recrystallization an-
nealed tubes shall conform to the requirements for burst
properties at room temperature prescribed in Table 4. If burst
test is specified for cold worked and stress relief annealed
tubes, the acceptance criteria shall be agreed upon between the
manufacturer and the purchaser.

7.2.2 If elevated temperature burst test is specified, the test
method and acceptance criteria shall be agreed upon between
the manufacturer and purchaser.

NOTE 3—Burst properties obtained at room temperature were the
subject of a 1971 round robin conducted by ASTM subcommittee
B10.02.7 Variability in values was relatively large and should be consid-
ered in setting specific limits.

7.3 Contractile Strain Ratio (CSR):
7.3.1 When so specified by the purchaser, the contractile

strain ratio (CSR) shall be determined at room temperature and
shall conform to limits that are mutually agreed upon between
the manufacturer and purchaser.

7.3.2 Contractile strain ratio testing shall be conducted in
accordance with Annex A4.

NOTE 4—Contractile strain ratio testing was the subject of a 1993 round
robin conducted by ASTM Subcommittee B10.02 using specimens with
diameter approximately 0.4 in. (10 mm). The variability was relatively
large and should be considered in setting specific limits. The following
two-sigma limits were determined as an estimate of the test precision:
60.16 for samples with a CSR of 1.68, and60.22 for samples with a CSR
of 2.53.

8. Other Requirements

8.1 Grain Size—The average grain size of recrystallization
annealed tubes in the longitudinal section shall be equal to

7 STP 551, “Zirconium in Nuclear Applications,” ASTM, 1974, pp. 14–28.

TABLE 2 Chemical Requirements

Element
UNS Number

R60802
UNS Number

R60804

Composition, Weight %:
Tin 1.20 to 1.70 1.20 to 1.70
Iron 0.07 to 0.20 0.18 to 0.24
Chromium 0.05 to 0.15 0.07 to 0.13
Nickel 0.03 to 0.08 . . .
Oxygen 0.09 to 0.16 0.09 to 0.16
Iron plus chromium plus 0.18 to 0.38 . . .
Nickel
Iron plus chromium . . . 0.28 to 0.37

Maximum Impurities, Weight %:
Aluminum 0.0075 0.0075
Boron 0.00005 0.00005
Cadmium 0.00005 0.00005
Calcium 0.0030 0.0030
Carbon 0.027 0.027
Cobalt 0.0020 0.0020
Copper 0.0050 0.0050
Hafnium 0.010 0.010
Hydrogen 0.0025 0.0025
Magnesium 0.0020 0.0020
Manganese 0.0050 0.0050
Molybdenum 0.0050 0.0050
Nickel . . . 0.0070
Niobium 0.0100 0.0100
Nitrogen 0.0080 0.0080
Silicon 0.0120 0.0120
Tungsten 0.0100 0.0100
Titanium 0.0050 0.0050
Uranium (Total) 0.00035 0.00035

TABLE 3 Permissible Variation in Product Analysis

Permissible Variation from
the Specification Range

(Table 2), %

Alloying Elements:
Tin 0.050
Iron 0.020
Chromium 0.010
Nickel 0.010
Iron plus chromium 0.020
Iron plus chromium plus nickel 0.020
Oxygen 0.020

Impurity Element:
Each 20 ppm or 20 %,

whichever is smaller

TABLE 4 Mechanical Properties of Recrystallization Annealed
Tubes Tested at Room Temperature A

UNS Numbers
R60802 and R60804

Tension Test Properties (Longitudinal Direction):
Yield Strength (0.2 % Offset), min 35 ksi (240 MPa)
Tensile Strength, min 60 ksi (415 MPa)
Elongation, min %, 2 in. (50 mm) initial gage length 20

Burst Test Properties:
Ultimate Hoop Strength, min 72.6 ksi (500 MPa)
Percent Total Circumferential Elongation (% TCE),

min
20

A“RT” represents room temperature; Note 4 in Test Methods E 8 and E 8M
indicates that RT shall be considered to be 50 to 100°F (10 to 38°C) unless
otherwise specified. Paragraph 9.4.4 in Test Methods E 21 states that for the
duration of the test, the difference between the indicated temperature and the
nominal test temperature is not to exceed 65°F (3°C) for tests at 1800°F (1000°C)
and lower, and 610°F (6°C) for tests at higher temperatures.
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ASTM micrograin Size No. 7 or finer when determined in
accordance with Test Methods E 112. When specified per 4.2.6,
the average grain size of stress relief annealed tubes shall meet
the requirements as agreed upon between manufacturer and
purchaser.

8.2 Corrosion Properties:
8.2.1 A corrosion test in steam shall be performed in

accordance with Test Method G 2 or its metric companion Test
Method G 2M. The specimens tested shall be representative of
the mill finish condition unless otherwise stated by the pur-
chaser.

8.2.2 Acceptance Criteria:
8.2.2.1 Mass Gain—Specimens shall exhibit a mass gain of

not more than 2.2 g/m2 in a 72-h test or 3.8 g/m2 in a 336-h test.
8.2.2.2 Post-Test Visual Appearance—Mill finish specimens

shall be free of white or brown corrosion products in excess of
the acceptance standards mutually agreed between the manu-
facturer and the purchaser. Specimens etched per Test Method
G 2 or Test Method G 2M (if stated by the purchaser) shall
exhibit a continuous black lustrous oxide film and shall be free
of white or brown corrosion products in excess of standards.

8.3 Hydride Orientation Fraction:
8.3.1 Hydride orientation fraction, Fn, shall be determined

on samples taken from mill finished tubes.
8.3.2 The hydride orientation shall be determined in accor-

dance with Annex A2.
8.3.3 Acceptance Criteria—Stress relief annealed speci-

mens shall have an Fn value not more than 0.30. Recrystalli-
zation annealed specimens shall have an Fn value not greater
than 0.50.

8.4 Outer and Inner Surface Texture (Roughness)—Outer
and inner surface texture (roughness) shall be determined in
accordance with ANSI B46.1 or its national or international
equivalent for conformance to purchase order surface texture
(roughness) requirements.

9. Permissible Variations in Dimensions

9.1 Diameter—The permissible variations in outside or
inside diameter shall be60.002 in. (60.05 mm).

9.2 Wall Thickness—The permissible variations in wall
thickness shall be60.003 in. (60.08 mm).

9.3 Length—The permissible variation in length shall be
60.030 in. (60.76 mm).

10. Sampling

10.1 For certification purposes, a minimum of two random
sample tubes shall be taken from each lot for laboratory tests.
All tubes in a lot shall have been inspected for each inspection
characteristic given in Section 12.

11. Number of Tests and Resampling

11.1 Specimens cut from each sample tube, chosen in
accordance with Section 10 for laboratory testing, shall be
tested as follows: (1) tube chemical analysis (see Section 6),
(2) tension test (see 7.1), (3) burst test (see 7.2), (4) contractile
strain ratio test (see 7.3), (5) grain size (see 8.1), (6) corrosion
test (see 8.2), (7) hydride orientation (see 8.3), and (8) surface
texture (see 8.4).

11.2 Resampling:
11.2.1 If any specimen exhibits obvious surface contamina-

tion or improper preparation disqualifying it as a truly repre-
sentative specimen, it shall be discarded and replaced by a new
specimen.

11.2.2 If the results of the tube inspection of a lot are not in
conformance with the requirements of this specification, the lot
may be reworked at the option of the manufacturer, provided
the rework steps are within the previously approved process.

11.2.2.1 The reworked tubes shall be inspected for conform-
ance to this specification.

11.2.2.2 Reworked lot shall be resampled for tests affected
by the rework in accordance with Section 10.

11.2.3 If any sample fails to conform to the specification
requirement, the test for the nonconforming attribute shall be
performed on specimens taken from twice as many random
sample tubes as originally used.

11.2.3.1 All test results, including the original test results,
shall be reported to the purchaser.

11.2.3.2 Only one set of resampling is permitted, and all
results of resampling shall conform to the specification require-
ments for the characteristic tested.

12. Inspection

12.1 The manufacturer shall inspect the entire length of the
mill finished tubes covered by this specification, prior to
shipment, for dimensions, outer and inner surfaces, straight-
ness, and surface and internal flaws as follows:

12.1.1 Surface and Internal Flaw Inspection:
12.1.1.1Ultrasonic Inspection Test Methods—Each tube

shall be inspected by the ultrasonic test method in accordance
with Annex A3 of this specification.

12.1.1.2Ultrasonic Reference Standard—The test equip-
ment shall be calibrated with an artificially defected standard
tube of the same nominal material, diameter, wall thickness,
surface finish, fabrication process, and final thermal treatment
as the lot being tested. The standard shall contain not less than
four defects oriented as follows: (1) outer tube surface, parallel
to tube axis, (2) outer tube surface, transverse to tube axis, (3)
inner tube surface, parallel to tube axis, and (4) inner tube
surface, transverse to tube axis. The defects shall be notches
with a depth equal to 10 % of the nominal wall thickness. In no
case, however, shall the artificial defect be deeper than 0.002
in. (0.05 mm) or longer than 0.065 in. (1.65 mm).

12.1.1.3Rejection—Any tube showing an ultrasonic indi-
cation equal to or greater than the standard set forth in
12.1.1.2shall be rejected.

12.1.2 Outer and Inner Surfaces:
12.1.2.1Test Method—Each tube shall be inspected over its

entire length. The outside surface shall be inspected on a table
under a minimum light intensity of 100 fc (1076 1x). The inner
surface shall be inspected from each end against a suitable
fluorescent light background.

12.1.2.2Acceptance Criteria—The tubes shall not contain
oxides, cracks, seams, slivers, blisters, pits, laps, foreign
particles, or scratches exceeding the mutually agreed-upon
inspection standard.

12.1.3 Straightness:
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12.1.3.1Test Method—Each tube shall be inspected for
straightness on a surface plate by rolling and observing for the
maximum deflection (bow) in the vertical plane between two
points of contact, or by another method acceptable to the
purchaser.

12.1.3.2Acceptance Criteria—The tubes shall be free of
bends or kinks. The maximum deflection (bow) in the vertical
plane shall not exceed 0.01 in. (0.25 mm) between any two
adjacent points of contact. In no case shall the bow exceed 0.01
in. (0.25 mm) per foot (305 mm) of the span length, irrespec-
tive of the tube diameter.

12.1.4 Dimensional Inspection:
12.1.4.1Test Method—Each tube shall be inspected over its

entire length by using a helix of measurement with the pitch
not exceeding 2 in. (50.8 mm).

12.1.4.2Acceptance Criteria—The tubes shall meet the
permissible variations specified in Section 9.

12.1.5 Purchaser Inspection:
12.1.5.1 The manufacturer shall inspect tubes covered by

this specification prior to shipment and, on request, shall
furnish the purchaser with certificates of test. If so specified on
the purchase order, the purchaser or his representative may
witness the testing and inspection of the tubes at the place of
manufacture. In such cases, the purchaser shall state in his
purchase order which tests he desired to witness. The manu-
facturer shall give ample notice to the purchaser as to the time
and place of the designated tests. If the purchaser’s represen-
tative is not present at the time agreed upon for the testing and
if no new date is agreed upon, the manufacturer shall consider
the requirement for purchaser’s inspection at place of manu-
facture to be waived.

12.1.5.2 When the inspector representing the purchaser
appears at the appointed time and place, the manufacturer shall
afford him all reasonable facilities to see that the material is
being furnished in accordance with this specification. This
inspection shall be so conducted as not to interfere unneces-
sarily with production operations.

13. Significance of Numerical Limits

13.1 For the purpose of determining compliance with the
specified limits of property requirements, an observed value or
a calculated value shall be rounded in accordance with the
rounding method of Practice E 29.

13.1.1 All observed and calculated values, except those
listed below, are to be rounded to the nearest unit in the right
hand place of figures of the specified limit.

Test
Rounded Unit for Observed

or Calculated Value

Tensile strength, yield strength, and burst
strength

nearest 1000 psi (10 MPa)

14. Rejection

14.1 Tubes that fail to conform to the requirements of this
specification may be rejected. Rejection should be reported to
the manufacturer promptly and in writing. In case of dissatis-
faction with the results of the test, the manufacturer may claim
for referee in accordance with Section 15.

15. Referee

15.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the tubes to the
requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
specification.

16. Certification

16.1 The purchaser shall be furnished with a test certificate
stating that samples representing each lot have been tested and
inspected as directed in this specification, and the requirements
have been met.

17. Packaging and Package Marking

17.1 Each bundle, box, or carton shall be legibly and
conspicuously marked or tagged with the following informa-
tion:

17.1.1 Purchase order or contract number,
17.1.2 Name of manufacturer,
17.1.3 Grade,
17.1.4 Size,
17.1.5 Lot or ingot number,
17.1.6 Gross, net and tare weights, and
17.1.7 ASTM designation.
17.2 All tubes shall be packed in such a manner as to ensure

safe delivery to its destination when properly transported by
any common carrier. Any special requirements or instructions
must be specified by the purchaser.

18. Keywords

18.1 fuel cladding; nuclear fuel; nuclear reactor; seamless;
tubing; zirconium alloy
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ANNEXES

(Mandatory Information)

A1. ROOM TEMPERATURE CLOSED-END BURST TESTING PROCEDURE FOR ZIRCONIUM ALLOY NUCLEAR FUEL
CLADDING TUBES

A1.1 Scope

A1.1.1 This annex covers the determination of burst test
mechanical properties at room temperature of zirconium alloy
nuclear fuel cladding tubes.

A1.1.2 Burst test results are affected by very small changes
in procedure. The following items are identified and defined to
minimize variation in testing procedures and to obtain repro-
ducibility of test results.

A1.1.3 This procedure is not appropriate for testing at
elevated temperatures.

A1.2 Apparatus

A1.2.1 The test system shall be designed with adequate
capacity to test at the stress levels and temperatures needed.
Special consideration should be given to the following items:

NOTE A1.1—If elevated temperature tests are to be performed on the
same equipment used for room temperature tests, it is essential that special
fluids be used which are stable at the elevated test temperatures.

A1.2.1.1 Pump, capable of increasing system pressure at a
steady rate. The pressurization rate during elastic loading shall
be 20006 200 psi/min (13.86 1.4 MPa/min) and the same
initial fluid volume pumping rate shall be maintained for the
duration of the test. The pump should not produce a pressure
surge with each stroke. The system should be stiff, that is, its
stored energy should be as low as practical.

A1.2.1.2 Valves, shall be included for the following func-
tions: control, regulation, and safety.

A1.2.1.3 Gages, of adequate capacity, shall be used to
monitor system pressure and to record the maximum fluid
pressure attained.

A1.3 Preparation of Specimen

A1.3.1 The sample shall be selected and tested in the mill
finished condition.

A1.3.2 Minimum unsupported length shall be ten times the
average outside diameter.

A1.3.3 End fittings must be such as to produce a 2:1
circumferential to axial stress ratio.

A1.3.4 Use of a mandrel inside the test specimen shall be on
agreement between the manufacturer and the purchaser and
shall be noted on test reports.

A1.3.5 Mandrels (if agreed upon) shall meet the following
requirements:

A1.3.5.1 The mandrel outside diameter shall be 0.010 in.6
0.002 in. (0.25 mm6 0.05 mm) less than the average inside

diameter of the tube, except an axial relief groove may be cut
in the mandrel to facilitate movement of the fluid within the
specimen.

A1.3.5.2 The ends of the mandrel shall be tapered or
otherwise shaped so as not to restrict axial deformation of the
specimen during test.

A1.3.6 All free gases shall be vented from the specimen
prior to test.

A1.4 Procedure
A1.4.1 Measurements shall be made of the outside diameter

and wall thickness of the specimen such that the mean average
diameter and minimum wall thickness can be determined to an
accuracy of 0.0005 in. (0.013 mm). Recommended measure-
ments are as follows:

A1.4.1.1 Pretest measurements of the outside diameter at
three equally spaced locations around the circumference at
each end of the specimen and at the center. Pretest measure-
ments of the wall thickness at six equally spaced locations at
each end of the specimen.

A1.4.1.2 Individual pretest measurements shall be to an
accuracy of60.0002 in. (0.005 mm).

A1.4.1.3 Post test circumferential elongation shall be deter-
mined at the point of maximum bulge, excluding the opening
of the rupture, and to an accuracy of60.005 in. (0.13 mm).
The measurement technique is to be mutually agreed upon
between the manufacturer and the purchaser.

A1.5 Report
A1.5.1 Report the following data:
A1.5.1.1 Measurements taken from test specimens,
A1.5.1.2 Maximum fluid pressure,
A1.5.1.3 Ultimate hoop strength, calculated as follows:

s5
PD
2t (A1.1)

where:
s = ultimate hoop strength, psi or MPa,
P = maximum fluid pressure, psi or MPa,
D = average outside diameter minus average wall thick-

ness, in. or mm, and
t = minimum pretest wall thickness, in. or mm; and

A1.5.1.4 Percent total circumferential elongation (% TCE):

% TCE 5
C2 – C1

C1
3 100 (A1.2)

where:
C1 = pretest circumference, and
C2 = post test circumference excluding burst opening.
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A2. PROCEDURE FOR DETERMINATION OF RADIAL HYDRIDE ORIENTATION FRACTION IN ZIRCONIUM ALLOY
NUCLEAR FUEL CLADDING TUBES

A2.1 Scope

A2.1.1 This annex covers the determination of radial hy-
dride orientation fraction, Fn, of zirconium alloy nuclear fuel
cladding tubes.

A2.1.2 The radial hydride orientation fraction, Fn, shall be
evaluated by either the measurement method or the micrograph
comparison method given in Section A2.4, as specified by the
purchaser.

A2.2 Procedure

A2.2.1 Inoculate specimen with sufficient hydrogen to pro-
duce uniformly distributed hydride platelets as follows:

A2.2.1.1 Introduce hydrogen into the specimen by methods
such as autoclaving in steam or lithium hydroxide, electrolytic
deposition, or absorption of hydrogen gas. The treatment
temperature shall not exceed 775°F (414°C). The method of
hydriding shall not result in excessive hydride concentration on
the surface. Such concentration would obscure the determina-
tion of hydride orientation. No surface removal is allowed after
hydriding.

A2.2.1.2 When agreed upon, heat treat the specimen at
7506 25°F (3996 14°C) for 56 1 h in an inert atmosphere
either during or after hydriding. If vacuum heat treatment is
used, the pressure shall not be less than 10–5 torr (1.33 mPa) to
prevent dehydriding. The cooling rate from temperature shall
be less than 25°F/min (14°C/min).

A2.3 Preparation of Micrograph

A2.3.1 Cut transverse metallographic sections from each
hydrided specimen and prepare for microscopical examination.
Do not use heat or pressure in preparation. The final etch or

chemical polish shall be capable of delineating the hydride
platelets. An anodizing procedure is recommended following
the etch or polish.

A2.3.2 Divide each transverse tube wall section into three
equal layers covering the entire wall thickness (outer, middle,
and inner wall sections) and make determinations per Section
A2.4 on each layer. A suitable magnification in the range 1003
to 5003 (as specified by the purchaser) shall be used for the
measurement, and the measured area shall be typical of the
hydride microstructure in the entire specimen cross section.

A2.4 Evaluation Method

A2.4.1 Measurement Method:
A2.4.1.1 From the micrograph of each layer, count all

hydride platelets equal to or longer than 0.000625 in. (0.015
mm) at 13 magnification (1⁄16 in. or 1.5 mm at 1003
magnification). Also count each platelet segment that extends
in a secondary direction longer than 0.000625 in. (0.015 mm)
at 13 magnification as a separate platelet.

A2.4.1.2 Count all radial platelets for each layer. A radial
platelet is defined as one oriented within theta (u) degrees of
the radial direction of the tube and meeting the requirements of
A2.4.1.1.

A2.4.1.3 Calculate the value of the radial hydride fraction,
Fn.

A2.4.2 Micrograph Comparison Method:
A2.4.2.1 Compare the specimen micrograph against the

purchaser-approved micrograph standard with an assigned
value of Fn. The specimen Fn is acceptable if the fraction of
radial hydrides in the specimen micrograph is equal to or less
than the purchaser-approved standard.

A3. PROCEDURE FOR ULTRASONIC FLAW TESTING OF ZIRCONIUM ALLOY NUCLEAR FUEL CLADDING TUBES

A3.1 Scope

A3.1.1 This annex covers procedures for detecting discon-
tinuities in zirconium alloy nuclear fuel cladding tubes. Guides
for the selection and positioning of transducers for shear-wave
and Lamb-wave procedures are included in Appendix X1 and
Appendix X2.

A3.1.2 The immersed ultrasonic pulse-echo technique is
employed.

A3.1.3 Artificial longitudinal and transverse reference
notches are employed as the means of calibrating the ultrasonic
system.

A3.2. Terminology

A3.2.1 Definitions:
A3.2.1.1 relevant indication of a discontinuity—a repeat-

able electronic signal in excess of rejection criteria.
A3.2.1.2 Definitions of additional terms and formulae are

given in A3.8.2.3.

A3.3 Surface Condition

A3.3.1 All mill finished tubes shall have surfaces that are
clean and free of scale, dirt, grease, paint, or other foreign
material that will interfere with the interpretation of the test
results. The methods used for cleaning and preparing the
surfaces for ultrasonic inspection shall not be detrimental to the
base metal or the surface finish.

NOTE A3.1—Excessive surface roughness or scratches provide signals
(noise) that interfere with the test.

A3.3.2 The tubes shall be within the requirements of this
specification for dimensions at time of test.

A3.4 Apparatus

A3.4.1 The instruments and accessory equipment shall be of
the pulse-echo type and shall be capable of distinguishing the
reference notches to the extent required in the calibration
procedure. Fig. A3.1(a) illustrates the characteristic oblique
entry of sound into the tube wall and the circumferential
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direction of ultrasonic energy propagation used to detect
longitudinal notches. Fig. A3.1(b) illustrates the characteristic
oblique angle and the longitudinal direction of ultrasonic
energy propagation used to detect circumferential notches.

A3.4.1.1 The practice for a refracted shear wave in a tube
wall is with the effective beam width of the transducer within
the tube wall in the range of1⁄2 to 11⁄2 the tube wall thickness.

A3.4.2 The test system shall consist of two- or four-channel
pulse-echo flaw detection equipment, one or two 2-channel
strip chart recorders or equivalent, tube transport system
(handling equipment), immersion tank, two to four search
units, and assorted coaxial cables and connectors. The test
system may have a water heater and water filter as optional
equipment. Commercially available electronic equipment,
when used with applicable search units, shall be capable of
producing ultrasonic test frequencies of at least 5 MHz.

A3.4.3 The ultrasonic test shall be monitored automatically
by one or more of the following: (1) a chart recorder, (2)
magnetic tape, (3) electronically shutting down and stopping
the handling equipment, or (4) a paint or ink marking system.

A3.4.3.1 The test-monitoring system shall have the capabil-
ity to pick up the standard notch and defect indications.

A3.4.3.2 The automatic gating system must be equipped
with an electronic circuit that will make it impossible for more
than one pulse to remain unrecorded. The system used shall
contain one of the following: (1) pulse stretcher, (2) a one-shot
multivibrator, (3) a pulse counter-recorder combination, or (4)
equivalent devices.

A3.4.4 An advisory guide to transducer selection is given in
Appendix X1. Transducers other than those described in

Appendix X1 that produce the response required in Section
A3.7 may be used, provided their use is mutually agreed upon
between the manufacturer and the purchaser.

A3.4.5 Types of Transducers:
A3.4.5.1 Line Focus Transducer (or Cylindrically Focus

Transducer)—This type of transducer transmits a wedge of
energy that is distributed along a line. To calculate the
maximum revolutions per minute (r/min), two dimensions will
be required: (1) the effective beam length (EBL), and (2) the
effective beam width (EBW), at the focal point (sometimes
referred to as the Yo+ point). See Fig. A3.2.

A3.4.5.2 Spot Focus Transducer—This type of transducer
transmits a cone of energy. To calculate the maximum r/min,
only one dimension (EBW) will be required; the diameter of
the beam (or the beam width or the focal diameter) or the focal
point (Yo+). See Fig. A3.3.

A3.5 Couplant

A3.5.1 Water shall be used as the couplant conducting
ultrasonic energy between the transducer and the tube. Rust
and algae inhibitors, softeners, and wetting agents approved by
the purchaser may be added to the water. The couplant with all
additives shall wet the tube’s outside surface to provide
adequate coupling efficiency.

A3.5.2 The inside surface of the tube must be kept dry and
free of couplant to avoid misleading signals.

A3.5.3 The water must be kept free of debris and visible air
bubbles that interfere with the ultrasonic inspection.

A3.6 Calibration Standards

A3.6.1 This section describes the size, shape, preparation,
and positioning of artificial defects to be employed as calibra-
tion standards for use in testing with this procedure.

A3.6.2 A calibration (reference) standard of a convenient
length shall be prepared from a length of tube of the same
nominal material, diameter, wall thickness, surface finish,
fabrication process, and final thermal treatment as the tubes to
be inspected. The calibration tube shall be carefully examined

(a) Transducer set up for Longitudinal Defect; Offset ' 0.233 3 Outer Diam-
eter, for 45 deg Shear Wave in Zircaloy.

(b) Transducer set up for Transverse Defect; Incident Angle f ' 28 deg, or 45
deg Shear Wave in Zircaloy.

FIG. A3.1 Shear Wave Test for Longitudinal and Transverse
Defects

FIG. A3.2 Description of EBL and EBW for a Line Focus
Transducer
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prior to manufacture of notches to ensure freedom from
discontinuities or other conditions producing indications that
can interfere with or be confused with detection of the
reference notches.

A3.6.3 Four notches, minimum, shall be required; one each
on the inner and outer surfaces aligned in the longitudinal
(axial) direction; and one each on the inner and outer surfaces
aligned in the transverse (circumferential) direction.

A3.6.4 Reference notches shall be sufficiently distant from
one another and from the end of the tube to avoid interference
or interpretation difficulty during the test.

A3.6.5 The notch dimensions, which are length, depth,
width (and for V-notches, the included angle) and the relation-
ship to sound beam dimensions shall be mutually agreed upon
between the purchaser and the manufacturer. Fig. A3.4 illus-
trates the common notch configurations and the dimension to
be measured (Note A3.2). References from V-, buttress-, and
U-shaped notches of equal dimensions may vary widely
depending on the angle and vibrational mode of the interro-
gating beam.

NOTE A3.2—In Fig. A3.4(a) and A3.4(d), the sharp corners are for ease
of illustration. It is recognized that in normal machining practice, a radius
will be generated. Notches produced by electro-machining typically will
have a radius at the bottom of the notch that increases with the depth of
the notch. For example, a 0.001 in. (0.025 mm) deep notch will have a
0.0002 in. (0.005 mm) radius, while a 0.002 in. (0.05 mm) deep notch
might have a 0.0003 in. (0.0075 mm) radius.

NOTE A3.3—The length of the calibration notch should be chosen with
some care, especially when line focus transducers are employed. If a notch
is short with respect to the transducer beam length along the notch’s long

axis, the test will be unnecessarily sensitive to long, shallow defects.
Conversely, if the calibration standard is long compared with the beam
length, then the test will be insensitive to defects that are short compared
with the beam length. The best compromise is a notch length/beam length
ratio between 0.3 and 1.

A3.6.6 All upset metal and burrs associated with the refer-
ence notches shall be removed.

A3.6.7 The notch depth shall be an average measured from
the tube surface to the maximum and minimum penetration of
the notch. Measurements may be made by optical, replicating,
or other mutually agreed upon techniques. Destructive means
may be used on duplicate notches that produce identical
(within 5 %) ultrasonic response. Notch depth shall be within
60.0005 in. (0.013 mm) of the specified value.

A3.6.8 The width of the notches should be as small as
possible, but shall not exceed 0.005 in. (0.13 mm).

A3.6.9 Other types of orientations of reference discontinui-
ties may be specified under contractual agreement between the
purchaser and the manufacturer.

A3.6.10 All calibration notch standards shall be given a
permanent identification marking and shall be traceable as to
material composition, heat treatment, location and positioning
of notches, and methods and results of each notch measure-
ment.

A3.7 Calibration of the Apparatus

A3.7.1 Static Calibration—Using the calibration standard
specified in Section A3.6, adjust the equipment statically to
produce clearly identifiable indications from both the inner and
outer surface notches. An advisory guide to transducer posi-
tioning is given in Appendix X2. The relative response from
the inner and outer surface notches shall be as nearly equal as
possible. If the responses are not equal, the smaller response
shall be the reject level. It is recommended that the smaller
response be not less than 80 % of the larger response. The
actual rejection level as a percent of standard notch amplitude
response can be mutually agreed upon between the manufac-
turer and the purchaser.

A3.7.1.1 The amplitude of the indication from the inside
surface and outside surface notches must be between 50 to
90 % of the full screen amplitude.

A3.7.2 Dynamically calibrate the system with the reference
standard moving in the same manner, in the same direction,
and at the same speed as will be used during the inspection of
tubing.

A3.7.3 Make a minimum of three dynamic calibration runs
before beginning production testing and after any adjustments
or setup change, and detect each reference notch above the
reject level at least one time on each run.

A3.8 Inspection Procedure

A3.8.1 The tubes to be inspected or the search unit assembly
shall have a rotating motion and translation relative to each
other such that a helical scan of the tubing surface will be
described. Maintain the speed of rotation and translation
constant within610 %.

A3.8.2 Determine the pitch of the helix and the number of
tests per rotation by one of the following considerations:

FIG. A3.3 Description of EBW for a Spot Focus Transducer

FIG. A3.4 Common Notch Shapes
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A3.8.2.1 Criteria agreed upon between manufacturer and
the purchaser.

A3.8.2.2 Purchase transducers certified as to EBW and EBL
and use the certified values in the formulae.

A3.8.2.3 Establish the effective beam width (EBW) (and the
effective beam length (EBL), if it is a line focus transducer) by
passing the ultrasonic beam over a standard or reference notch
with the notch 90° to the beam while maintaining a signal
strength of 70 % of the maximum signal and a minimum
overlap of 25 %. This measurement should be performed from
a longitudinal notch if the transducer is used to detect longi-
tudinal (L) defects, and it should be performed on a transverse
notch if the transducer is used for transverse (T) defects, as
shown in Fig. A3.5. EBL measurement should be performed
from a longitudinal notch if the transducer is used to detect
transverse defects (T), and it should be performed on a
transverse notch if the transducer is used to detect longitudinal
(L) defects.

A3.8.2.4 The surface speed, r/min, feed rate, and test time
are given by the following equations:

Surface Speed~mm/s! 5 ~1 –y! 3 PRR3 ~EBW! (A3.1)

where:
EBW = effective beam width, mm,
PRR = pulse repetition rate of ultrasonic equipment,

pulses/s, and
y = fraction of overlap required, fory = o the surface

speed is maximum.

Revolution Per Minute~r/min! 5
193 ~EBW!

OD 3 PRR ~1 –y!

(A3.2)

Feed Rate (mm/min)
= (EBL)(1 – y) 3 r/min, for line focus transducer
= (EBW)(1 – y) 3 r/min, for spot focus transducer

Total Inspection Time5
tube length

feed (A3.3)

NOTE A3.4—If a line focus transducer is used for the detection of
transverse flaws, EBL should be used in the equation for determining
revolutions per minute (r/min).

A3.8.2.5 In the Lamb-wave technique test, the revolution
speed shall allow for a minimum of 120 pulses per revolution.

A3.8.3 Unless otherwise specified, inspect the tubes in both
circumferential and both longitudinal directions under the
identical conditions to those used in calibration under Section
A3.7. The method used by the manufacturer may be either two
transducers with reversing the tube end-for-end and testing a
second time or four transducers for a single bidirectional test.

NOTE A3.5—Identical conditions shall include all instrument settings,
mechanical motions, transducer attitude, and positions that are relative to
the tube, liquid couplant, and any other factor that may affect the validity
of the technique.

A3.8.4 During a continuous inspection run, verify the
equipment calibration by passing the calibration standard
through the inspection system once, at a frequency mutually
agreed upon between the manufacturer and the purchaser. Any

FIG. A3.5 Determination of the Ultrasonic Beam. The Arrows Indicate the Movement of the Transducer Relative to the Notch
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time the equipment does not present a clearly defined, reject-
able signal from both the inner and outer surface notches of the
calibration standard, recalibrate the equipment in accordance
with Section A3.7.

A3.8.5 In the event the equipment does not present signals
as outlined in A3.8.4, retest all tubing inspected subsequent to
the last preceding acceptable calibration after recalibration has
been accomplished.

A3.8.6 Equipment adjustments are permissible only at the
time of calibration as noted in A3.8.4 and Section A3.7.

A3.9 Interpretation of Results

A3.9.1 Any relevant indication of a discontinuity (A3.2.1)
that is equal to or greater than the reject level described in
A3.7.1 shall be cause for rejection of the tube being tested.

A3.9.2 Any tube not showing a relevant indication that is
equal to or greater than the reject level described in A3.7.1

shall be considered as having passed this ultrasonic inspection
except as noted in A3.8.5.

A3.10 Report

A3.10.1 The manufacturer shall certify the results of tube
inspections to the above procedure and shall maintain records
of the inspection that will include the following:

A3.10.1.1 Identification of the material by lot,
A3.10.1.2 Identification of the inspection equipment and

accessories,
A3.10.1.3 Description of the inspection technique including

transducer details, inspection speed, sound frequency, helical
pitch, and calibration details,

A3.10.1.4 Description of the calibration standard and its
contained notches together with notch measurements and
methods of measurement, and

A3.10.1.5 Results of the inspection.

A4. RECOMMENDED PROCEDURE FOR CONTRACTILE STRAIN RATIO TESTING OF ZIRCONIUM ALLOY TUBING

A4.1 Scope

A4.1.1 This annex covers the determination of the contrac-
tile strain ratio at room temperature of zirconium alloy tubing.

A4.1.2 Contractile strain ratio test results are affected by
small changes in procedure. The following items are identified
and defined to minimize variation in testing procedures and to
obtain reproducibility of test results.

A4.2 Apparatus

A4.2.1 Apparatus for the straining of the contractile strain
ratio specimen shall be in accordance with Test Methods E 8.

A4.3 Preparation of Specimen

A4.3.1 Select and test the sample in the mill finished
condition.

A4.3.2 Lightly scribe, prick punch, or otherwise mark the
intersections of a grid to a maximum depth of 0.0005 in. (0.013
mm) over a 2 in. (50 mm) gage length in the center of the tube
specimen. The grid is described by longitudinal lines located at
0, 90, 180, and 270° positions around the tube, and by
circumferential lines located at 1 in. (25 mm) intervals along
the 2 in. (50 mm) gage length. Fig. A4.1 illustrates this type of
grid. The longitudinal grid lines shall be located with a
tolerance of62°.

A4.3.2.1 Grid marks must be reproducibly locatable both
before and after specimen straining. A stylus or needle may be
used for this purpose.

A4.3.2.2 Circumferential scribe marks must be at right
angles to the tube axis with no evidence of spiraling.

A4.3.2.3 Axial lines must be parallel to the tube axis.
A4.3.2.4 To enhance the readability of the scribe marks and

to minimize the scribe mark depth, the area covered by the
scribe marks may be first coated with ink or layout dye prior to
scribing the gage lines.

A4.3.2.5 Since the measuring locations before and after
straining must be at the same locations, it is recommended that
the grid be labeled in some fashion similar to Fig. A4.1.

A4.4 Procedure

A4.4.1 Make pretest measurements of the outside diameter
at 1 in. (25 mm) intervals along one of the axial gage lengths
at locations next to the circumferential scribe lines. Then rotate
the specimen 90° and repeat the pretest measurements of the
outside diameter. Record a total of six pretest outside diameter
measurements, along with the precise locations at which each
diameter was measured.

A4.4.1.1 Make pretest measurements of the length of each
axial scribe line between the two outermost circumferential
scribe lines for a total of four values.

A4.4.1.2 Pretest measurements of the outside diameter shall
be to an accuracy of60.0002 in. (0.005 mm). Individual
pretest measurements of the axial scribe line lengths shall be to
an accuracy of60.0005 in. (0.013 mm).

A4.4.2 Strain the specimen in a room temperature axial test
in accordance with Test Methods E 8, except as follows:

A4.4.2.1 Tight-fitting end plugs shall be installed into the
specimen ends to minimize distortion or ovalization during
testing,

A4.4.2.2 The strain rate shall be 0.003 to 0.007 in./in.-min
(mm/mm-min),

A4.4.2.3 The specimen shall be strained to a total plastic
axial strain of 3 to 6 %.

NOTE A4.1—Contractile strain ratio testing was the subject of a 1993
round robin conducted by ASTM Committee B10.02. It was determined

FIG. A4.1 Circumferential and Axial Scribe Lines for the
Determination of Contractile Strain Ratio
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that variability in contractile strain ratio values was minimized when test
conditions were performed at the low end of the allowable range for strain
rate, and at the high end of the allowable range for strain level. It was also
concluded that hold time after straining was not a significant factor.

A4.4.3 Post-test measurements of the outside diameter and
axial scribe line lengths shall be made at the same locations
that were used for the pretest measurements as described in
A4.4.1 and A4.4.1.1, and to the same accuracy specified for the
pretest measurements as specified in A4.4.1.2.

A4.5 Calculation

A4.5.1 Calculate the average prestrain outside diameter
using the six diameter measurements from A4.4.1.

A4.5.2 Calculate the average prestrain axial length using the
four length measurements from A4.4.1.1.

A4.5.3 Calculate the average post strain outside diameter
using the six diameter measurements from A4.4.3.

A4.5.4 Calculate the average post strain axial length using
the four length measurements from A4.4.3.

A4.5.5 Calculate the true circumferential strain,Ec, as
follows:

Ec5 1n Faverage post strain diameter
average prestrain diameterG (A4.1)

A4.5.6 Calculate the true axial strain,Ea, as follows:

Ea5 1n Faverage post strain gage length
average prestrain gage lengthG (A4.2)

A4.5.7 Calculate the true radial strain,Er, as follows:

Er 5 – Ea– Ec (A4.3)

A4.5.8 Calculate the contractile strain ratio (CSR) as fol-
lows:

CSF5 FEc
ErG (A4.4)

APPENDIXES

(Nonmandatory Information)

X1. AN ADVISORY GUIDE TO TRANSDUCER SELECTION

X1.1 This supplement is only an advisory guide and not a
mandatory requirement for selection of transducers.

X1.2 Focused immersion transducers can be classified in
spot focus and line focus.

X1.3 The four most important characteristics of a focused
transducer are as follows:

X1.3.1 The apex angle of the cone,
X1.3.2 The dimension of the focal spot,
X1.3.3 The frequency, and
X1.3.4 The damping coefficient,d.

X1.4 Transducers for Shear-Wave Inspection

X1.4.1 The apex angle of the cone can be expressed as the
ratio of the transducer focal length to the diameter of the
transducer. The transducer is assigned a “F-number” based on
the aforementioned ratio; for example, a focal length of 13 mm
from a 6.5-mm element has the designationF = 2, a 25-mm
focal length from a 12.5-mm element is alsoF = 2, but a
25-mm focal length from a 6.25-mm element is designatedF =
4 (see Fig. X1.1). Most precision testing is carried out with
transducer assemblies betweenF = 2 andF = 5. Inside the
material the cone shortens at approximately the velocity ratio
between the longitudinal wave in water and the shearwave in
the metal. Thick walls cannot be tested withF = 2 transducers
but require a longer, narrow cone, for example,F = 4.

X1.4.2 The focal spot size is chosen on the basis of the type
of defect to be detected. To resolve very small defects (for
example, pinholes in tubing), and to make the system more
sensitive to defect depth as a percentage of wall thickness, the
spot size should be as small as possible. The diameter of the
focal spot of a point focus transducer,d, is the effective

diameter of the transducer. The diameter of the focal spot in
water of a point focus transducer may be calculated from

D 5
1.03lf

d ~or! 1.03l ~F2number! (X1.1)

where:
D = the focal spot diameter to the –3 dB point,
l = the wavelength (in water),
f = the focal length (in water),
d = the effective diameter of the transducer, and
F-number = f/d

The diameter for the focal spot shall not exceed 0.020 in.
(0.5 mm). For a rectangular line focus transducer, the width of
the focal line is given by

W5
0.88lf

w ~or! 0.88l ~F2number! (X1.2)

where:
W = the width of the focal line to the –3 dB point,

FIG. X1.1 Examples of Transducer Designations
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l = the wavelength,
f = the focal length,
w = the effective width of the transducer in the

plane in which focusing occurs, and
F-number = f/w

X1.4.3 High frequency transducers can be manufactured
with good quality focal length and diameter, even with small
elements and lenses. Low frequency transducers cannot be
focused as sharp as the high frequency ones.

X1.4.4 For damping, it is recommended that crystals be
used that oscillate less than two cycles before the amplitude is
reduced to half.

X1.4.5 Dimensions of the stuffing box, requirements of
resolution, pulse strength of electronic equipment, tube wall
thickness, etc., eventually determine the required transducer
characteristics. An example of a compromise of transducer
characteristics for inspection of nuclear fuel clad tubing might
be as follows:
Apex cone F = 4
Frequency 10 MHz
Damping coefficient 2.0
Focal dimension 0.4-mm diameter (for Spot Focus) or width (for Line

Focus)

X1.4.6 Transducers with a line focus can also be classed
with anF-number, but the length of the line is important in that
it covers a larger area that results in a substantially reduced
reflection of a smaller defect or a reference notch.

X1.4.7 Line focus transducers may be used for the detection
of longitudinal or transverse defects, or both. The line of the
focus should be parallel with the length of the reference notch.
Other parameters such as off-set, frequency, sensitivity, damp-

ing, etc., are similar as for W-spot focus transducers, but it
should be possible to increase the helical pitch testing with a
line focus transducer.

X1.5 Transducers for Lamb-Wave Inspection

X1.5.1 Line focus or spot focus transducers may be used.
X1.5.2 A focal length of 0.8 in. (20 mm) is recommended,

although a focal length of 0.6 to 1.6 in. (15 to 40 mm) may be
used. The actual focal length should be known within610 %.

X1.5.3 The sound beam of the transducers used must be
symmetrical. Maximum permissible variation within the theo-
retical width of the sound beam shall be63 dB. The sound
beam is allowed to deflect by a maximum of 2° from the axis
of the transducer in any of the main directions of testing. For
line focused transducers the length of the sound beam at the
focal plane shall not be greater than 0.280 in. (7 mm) and the
width a maximum of 0.075 in. (1.9 mm). For spot focused
transducers the maximum size of the focal point shall be 0.075
in. (1.9 mm).

X1.5.4 A damping factor of 3 is recommended. The damp-
ing factor must not be greater than 5.

X1.5.5 Transducer frequency chosen according to Fig.
X1.2.

X2. AN ADVISORY GUIDE TO TRANSDUCER POSITIONING

X2.1 This supplement is only an advisory guide and not a
mandatory requirement to transducer positioning.

X2.2 Transducer Positioning for Shear Wave Testing

X2.2.1 For Longitudinal Defects—Positioning an inspec-
tion transducer for the detection of longitudinal defects using a
refracted shear wave test with a spot or line focused beam is
accomplished as follows (see Fig. A3.1(a)):

X2.2.1.1 If a line focused transducer is used, adjust the
transducer so that the major dimension of the beam is parallel
to the axis of the tube.

X2.2.1.2 Normalize the transducer to the top surface of the
reference standard tube from a position directly above the tube.
Normalization should be performed at a water distance equal to
or greater than focal length in order to produce the maximum
surface signal.

X2.2.1.3 Set the transducer water path at its specified focal
distance directly above the reference tube’s top surface by
adjusting for a maximum surface signal.

X2.2.1.4 The refracted shear wave is achieved by moving
the transducer a specified offset distance perpendicular to the
tube axis from the transducer’s top dead center position. The
specified offset distance is calculated by the following equa-
tion:

Offset 5 H velocity of sound in water
velocity of shear wave in tube materialJ (X2.1)

3 tube radius3 Sin u

For Zircaloy tubes, offset
' 0.3253 OD for f = 80°
' 0.2853 OD for f = 60°
' 0.2333 OD for f = 45°

whereu is the refracted angle in the tube.
The following steps provide nearly equal response from the
inner and outer surface notches (inside diameter and outside
diameter notches, respectively). This is achieved by adjusting
the transducer to place the focal point within the tube wall.

FIG. X1.2 Recommended Frequency Interval for Different Tube
Wall Thicknesses
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X2.2.1.5 Translate the standard tube (or the transducer) so
that the longitudinal outside diameter (OD) notch is directly
across the transducer; a large OD1 multiple is obtained. Rotate
the standard slightly to observe successive appearance and
disappearance of OD2, OD3, etc., multiples produced by the
shear wave response from the outside diameter notch (see Fig.
X2.1).

X2.2.1.6 At the location of the OD2 multiple, adjust the
focal distance so that a maximum OD2 multiple is obtained.

X2.2.1.7 Repeat steps X2.2.1.5 and X2.2.1.6 for the longi-
tudinal inside diameter notch to observe ID1, ID2, etc., mul-
tiples. If necessary, readjust the transducer focal distance to
obtain nearly equal amplitudes of OD2 and ID1 multiples. The
same procedure may also be used to obtain nearly equal
amplitudes of OD2 and ID2 multiples. The flaw gate is posi-
tioned to include either OD2, ID1 multiples or OD2, ID2

multiples, whichever gives the best indication. Do not gate
OD1.

X2.2.1.8 For bidirectional testing, the two transducers
should be positioned equal distance away from the tube center
line and on opposite sides of the tube center line.

X2.2.2 For Transverse Defects—Positioning an inspection
transducer for the detection of transverse defects using a
refracted shear wave test with a spot or line focused beam is
accomplished as follows (see Fig. A3.1(b)):

X2.2.2.1 Same as X2.2.1.1.

X2.2.2.2 Same as X2.2.1.2.
X2.2.2.3 Same as X2.2.1.3.
X2.2.2.4 The refracted shear wave is obtained by setting the

incident angle calculated by the following equation:

Incident angle,u (X2.2)

5 Sin–1 H velocity of sound in water
velocity of shear wave in tube materialJ 3 Sin

For Zircaloy tubes, incident angle'28°.
X2.2.2.5 Translate the standard tube (or the transducer) so

that the transverse outside diameter notch is directly across the
transducer; a large OD

1
multiple is obtained. Translate the

standard (or the transducer) slightly to observe OD2, OD3, etc.,
multiples (similar to Fig. X2.1).

X2.2.2.6 At the location of the OD2 multiple, adjust the
focal distance so that a maximum OD2 multiple is obtained.
Tube or transducer translation may be necessary to maintain
the notch signal at its maximum.

X2.2.2.7 Repeat steps X2.2.2.5 and X2.2.2.6 for the trans-
verse inside diameter notch to observe ID1, ID2, etc., multiples.
If necessary, readjust the transducer focal distance to obtain
near equal amplitudes of OD2 and ID1 multiples. The same
procedure may also be used to obtain equal amplitudes of OD2

and ID2 multiples. The flaw gate is positioned to include either
OD2, ID1 multiples or OD2, ID2 multiples, whichever gives the
best indication.

(a) Tube with no defect, only a surface signal is observed at the OD1 location.

(b) Tube with outside diameter and inside diameter notches, the OD1 location includes the surface signal and the first outside diameter multiple.

NOTE 1—OD1 is a surface reflected signal and not a refracted shear wave. Do not gate OD1.
FIG. X2.1 Shear Wave Response from a Tube
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X2.3 Transducer Positioning for Lamb Wave Inspection

X2.3.1 Guide to Transducer Positioning for a Lamb-Wave,
Line Focus Test for Longitudinal Defects:

X2.3.1.1 Normalize the transducer to the top surface of the
reference standard tube from a position directly above the tube.

X2.3.1.2 Set the transducer water path at its specified
distance directly above the reference tube top surface. The
specified water path is the transducer focal length minus the
water path correction,DWP.

DWP5 tube OD3 0.117 (X2.3)

X2.3.1.3 A Lamb-wave is achieved by moving the trans-
ducer a specified offset distance perpendicular to the tube axis
from the transducer’s top dead center position. The specified
offset distance is adjusted within the values recommended in
Fig. X2.2 for highest possible sensitivity.

X2.3.2 Guide to Transducer Positioning for a Longitudinal
Lamb-Wave Search for Circumferential (Transverse) Defects:

X2.3.2.1 Normalize the transducer to the top surface of the
reference standard tube from a position directly above the tube.

X2.3.2.2 Set the specified incident angle according to Fig.
X2.3.

X2.3.2.3 Direct the transducer against the outside diameter
standard notch by axially moving the standard tube, and adjust
for the focal distance.

X2.3.2.4 The incident angle and the water path are adjusted
for highest possible sensitivity from the inside diameter and
outside diameter standard defects, detected through the metal.

FIG. X2.2 Lamb-Wave Longitudinal Flaw Testing. Transducer
Offset Positioning as Function of Tube Outer Diameter

NOTE 1—It is recognized that additional information is required for
higher frequencies, thinner walls or smaller incident angles.

FIG. X2.3 Lamb-Wave Transverse Flaw Testing. Transducer
Incident Angle as Function of Frequency and Tube Wall

Thickness
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X3. RATIONALE (COMMENTARY)

X3.1 At the December 1988 Subcommittee B10.02 meet-
ing, a motion was approved to develop a new standard for
nuclear fuel cladding. The basis for this decision was to
separate fuel cladding requirements from the existing general
purpose Specification B 353. This new standard was therefore
developed to exclusively cover wrought zirconium-alloy seam-
less tubes for nuclear cladding and has retained the appropriate
requirements previously specified in Specification B 353.

X3.2 This specification does not preclude the addition or
modification of requirements through the purchase contract;
however, any product must meet all of the criteria of this
specification in order to be certified as meeting the require-
ments of this specification.

X3.3 For those interested in tubes for nuclear service other
than fuel cladding tubes (for example, structural tubes, instru-
mentation tubes, larger diameter tubes, etc.), the existing
Specification B 353 will continue to apply.

X3.4 Ordering Information, Section 4, includes items
which are required by this specification (see 4.1) and items
which require mutual agreement between purchaser and manu-
facturer (see 4.2).

X3.5 In Section 5 on Materials and Manufacture, a state-
ment on the manufacturer using the purchaser-approved pro-
cess for tubing is included to account for the effect of
manufacturing process on the corrosion resistance of the tubes.

X3.6 In Table 2, requirements for calcium (0.0030 % max)
have been added. This element is automatically determined by
ICP, and no additional cost is involved. The range of oxygen is
now fixed at 0.09 to 0.16 %, and is considered an alloying
element. The limiting values reflect the current industry-wide
requirement specified by most of the users.

X3.7 Section 6 Chemical Composition (see 6.2.1) currently
provides alternate methods for sampling, either at the ingot
stage or at some intermediate or final stage. Results of
sampling for composition at an intermediate or final product is
more likely to be representative of the composition than
samples taken from the surface of large ingots. To this effect,
Subcommittee B10.02 may convert to sampling an intermedi-
ate product in the next revision. The manufacturers of ingots

and intermediate products are encouraged to establish sufficient
history on analytical chemistry data on ingots and correspond-
ing intermediate products in preparation for the next revision.

X3.8 Table 4 shows tensile properties in the longitudinal
direction at room temperature for recrystallization annealed
tubes. Properties for cold worked and stress relief annealed
tubes are to be mutually agreed upon between purchaser and
manufacturer.

X3.9 Paragraph 7.2 on burst testing identifies the room
temperature burst test requirements for recrystallization an-
nealed tube and references the ASTM round robin. In addition,
it stipulates that the following be mutually agreed upon
between purchaser and manufacturer:

X3.9.1 Acceptance criteria for room temperature burst test
for cold worked and stress relief annealed tubes, when speci-
fied, and

X3.9.2 Method and acceptance criteria for elevated tem-
perature burst test.

X3.10 In paragraph 8.1 on grain size determination, the
requirements for stress relief annealed tubes, when specified,
are stipulated to be as mutually agreed upon between manu-
facturer and purchaser.

X3.11 Since the majority of nuclear fuel cladding tubes are
corrosion tested in the mill finish, the corrosion testing of mill
finished specimens is standardized in 8.2. Definition of mill
finish is included under terminology.

X3.12 In paragraph 8.3.3, the hydride orientation (Fn)
values for stress relief annealed tubes and recrystallization
annealed tubes have been separated at 0.30 and 0.50. The
definition of hydride orientation fraction has been included
under terminology.

X3.13 It is recognized that the industry-wide method for
dimensional inspection is by ultrasonic test. It is the intention
of the subcommittee to include an ultrasonic test for dimen-
sional inspection. To this effect a separate task group has been
established to develop a suitable ultrasonic dimensional test.
The test method, when developed, will be balloted separately
for inclusion in this specification.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 812 – 96 (Reapproved 2002) e1

Standard Test Method for
Resistance to Environmental Degradation of Electrical
Pressure Connections Involving Aluminum and Intended for
Residential Applications 1

This standard is issued under the fixed designation B 812; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Paragraph 1.4 was corrected editorially in June 2002.

INTRODUCTION

Electrical pressure connection systems involving aluminum are those in which one or more of the
components of the system in the direct electrical path or carrying any electrical current is fabricated
of aluminum, including aluminum wires, aluminum bus bars, aluminum bolts, aluminum terminations,
or any other aluminum current-carrying member. Included are systems which must carry current for
safety purposes such as ground shields or straps attached to aluminum framing or other structural
members. Pressure connection systems can be evaluated by this test method. Such systems are
comprised of the wire or other structure being connected and the means of connection, any element
of which is made of aluminum.

Connection systems tested are exposed sequentially to ambients of high relative humidity and
temperature cycles of 75°C, such as may be encountered by some connections in actual residential
applications. Periodic observation of the potential drop across the connection interfaces while carrying
rated current provides a measurement of connection performance.

1. Scope

1.1 This test method covers all residential pressure connec-
tion systems. Detailed examples of application to specific types
of connection systems, set-screw neutral bus connectors and
twist-on wire-splicing connectors, are provided in Appendix
X1 and Appendix X2.

1.2 The purpose of this test method is to evaluate the
performance of residential electrical pressure connection sys-
tems under conditions of cyclic temperature change (within
rating) and high humidity.

1.3 The limitations of the test method are as follows:
1.3.1 This test method shall not be considered to confirm a

specific lifetime in application environments.
1.3.2 The applicability of this test method is limited to

pressure connection systems rated at or below 600 V d-c or a-c
RMS.

1.3.3 This test method is limited to temperature and water
vapor exposure in addition to electrical current as required to
measure connection resistance.

1.3.4 This test method does not evaluate degradation which
may occur in residential applications due to exposure of the
electrical connection system to additional environmental con-
stituents such as (but not limited to) the following examples:

1.3.4.1 Household chemicals (liquid or gaseous) such as
ammonia, bleach, or other cleaning agents.

1.3.4.2 Chemicals as may occur due to normal hobby or
professional activities such as photography, painting, sculpture,
or similar activities.

1.3.4.3 Environments encountered during construction or
remodeling such as direct exposure to rain, uncured wet
concrete, welding or soldering fluxes and other agents.

1.3.5 This test method is limited to evaluation of pressure
connection systems.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.11 on Electrical Contact Test Methods.

Current edition approved May 10, 1996. Published July 1996. Originally
published as B 812 – 90. Last previous edition B 812 – 90.
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health practices, and determine the applicability of regulatory
limitations prior to use.

1.5 This standard should be used to measure and describe
the properties of materials, products, or assemblies in response
to electrical current flow under controlled laboratory condi-
tions and should not be used to describe or appraise the fire
hazard or fire risk of materials, products, or assemblies under
actual installation conditions or under actual fire conditions.
However, results of this test may be used as elements of a fire
risk assessment which takes into account all of the factors
which are pertinent to an assessment of the fire hazard of a
particular end use.

2. Referenced Documents

2.1 ASTM Standards:
B 542 Terminology Relating to Electrical Contacts and

Their Use2

2.2 Underwriter Laboratory Standards
UL486B, Standard for Wire Connectors For Use With

Aluminum Conductors, ANSI/UL 486B3

UL486C, Standard for Splicing Wire Connectors3

2.3 National Electrical Code:
ANSI/NFPA 70 4

3. Terminology

3.1 residential applications—residential applications are
those involving a structure or vehicle used entirely for perma-
nent or temporary human habitation. Included are homes
(single or multiple-unit houses and mobile or modular struc-
tures), motels, hotels, dormitories, hospitals, rest homes, and
recreational vehicles. Excluded are railroad cars, boats, air-
planes, nonresidential, commercial (office buildings, stores)
and industrial applications (factories, warehouses).

3.2 pressure connection system—an electrical connection
intended to carry current between components or conductors in
contact under mechanical pressure.

3.2.1 Discussion—The mechanical pressure may be applied
by clamping, tightening of threaded components, spring force,
crimping, swaging, or other means. For the purpose of the test
procedure, the connection system consists of all components
normally present in the application, including both current-
carrying and other metallic components, and non-metallic
components (insulators, insulation, protective boots or sleeve,
etc.). Also see definition of “Connection, Pressure (Solder-
less),” in Article 100 of reference noted in Section 2.3 (NEC).

3.3 aluminum—as the term “aluminum,” the material of
which conductors (wire, cable, busbars, etc.), connection
components, and test board components may be made, includes
aluminum metal and its alloys.

3.4 reference conductor—a continuous length of the same
conductor material (wire, cable, busbar, etc.) incorporated in

the connection system being tested by being mounted on the
same test board assembly and connected in the same series
circuit.

3.5 reference connection system—the reference connection
system is the same connection system as that which is under
evaluation, but which is exposed only to a dry environment at
normal room temperature.

4. Summary of Test Method

4.1 The environmental exposure of the connections tested
consists of weekly sequences consisting of five thermal cycles
of 75°C temperature change (taking a maximum of 8 h to
accomplish), followed by exposure for the balance of the week
to conditions at or near 100 % relative humidity at room
temperature. The text exposure cycle is repeated for a mini-
mum of four one-week cycles. Reference connections are kept
in a dry environment at room temperature for the same
duration. Potential drop measurements, at rated current, are
made prior to each weekly environmental exposure cycle, and
a final set of measurements is taken at the end of the test.

5. Significance and Use

5.1 The principal underlying the test is the sensitivity of the
electrical contact interface to temperature and humidity cycling
that electrical pressure connection systems experience as a
result of usage and installation environment. The temperature
cycling may cause micromotion at the mating electrical contact
surfaces which can expose fresh metal to the local ambient
atmosphere. The humidity exposure is known to facilitate
corrosion on freshly exposed metal surfaces. Thus, for those
connection systems that do not maintain stable metal-to-metal
contact surfaces under the condition of thermal cycling and
humidity exposure, repeated sequences of these exposures lead
to degradation of the contacting surface indicated by potential
drop increase.

5.2 The test is of short duration relative to the expected life
of connections in residential usage. Stability of connection
resistance implies resistance to deterioration due to environ-
mental conditions encountered in residential service. Increas-
ing connection resistance as a result of the test exposure
indicates deterioration of electrical contact interfaces. Assur-
ance of long term reliability and safety of connection types that
deteriorate requires further evaluation for specific specified
environments and applications.

5.3 Use—It is recommended that this test method be used in
one of two ways. First, it may be used to evaluate and report
the performance of a particular connection system. For such
use, it is appropriate to report the results in a summary (or
tabular) format such as shown in Section 17, together with the
statement “ The results shown in the summary (or table) were
obtained for (insert description of connection) when tested in
accordance with Test Method B 812. Second, it may be used as
the basis for specification of acceptability of product. For this
use, the minimum test time and the maximum allowable
increase in potential drop must be established by the specifier.
Specification of connection systems in accordance with this use
of the standard test method would be of the form:“ The
maximum potential drop increase for any connection, when
tested in accordance with Test Method B 812 for a period of

2 Annual Book of ASTM Standards,Vol 02.04.
3 Available from Underwriters Laboratories, 333 Pfingsten Rd., Northbrook, IL

60062–2096.
4 National Fire Protection Association, 1 Batterymarch Park, Quincy, MA

02269–9101.
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weeks, shall be mV relative to the reference connections.”
Connection systems that are most resistant to thermal-cycle/
humidity deterioration, within the limitations of determination
by this test method, show no increase in potential drop, relative
to the reference connections, when tested for indefinite time.
Connections that are less resistant to thermal-cycle/humidity
conditions applied by this test will demonstrate progressive
increases in potential drop with increasing time on test. Thus,
the following examples of specifications are in the order of
most stringent (No. 1) to least stringent (No. 3).

Duration, weeks Maximum Potential Drop Increase, mV
1. 52 0
2. 16 0.2
3. 4 1.0

6. Interferences

6.1 Temperature—Because resistance of metallic conduc-
tors is a function of temperature, provision of a standard length
of conductor wire has been provided to permit correction for
room temperature changes for potential drop measurements.
However, degraded electrical connections among the test
samples can be a source of abnormal heat during the measure-
ments (when current is flowing), causing temperature varia-
tions from point-to-point on the test assembly. If individual
connections are noted to be heating abnormally when potential
drop measurements are being made (as determined by rela-
tively high potential drop), it is desirable to minimize tempera-
ture nonuniformity by using temporary thermal isolation bar-
riers.

6.2 Current—Current variation during the measurement
leads to erratic results. Calibration of the required constant
current source shall be maintained.

6.3 Instruments—Instrument stability shall be maintained
by means of frequent calibration checks. Stability of reference
voltage drop across a standard resistor should be maintained to
within the instrument ratings by checks both before and after
each group of measurements.

6.4 Magnetic Fields—Voltage signals resulting from stray
magnetic fields intersecting the voltage probe leads or power
supply leads need to be assessed prior to beginning each series
of measurements. Generally, this can be done by moving the
leads and observing the resultant voltage changes. Alterna-
tively, a source of stray magnetic field such as an energized
autotransformer can be moved adjacent to the measurement
circuit for detection of voltage changes. If voltage instability is
observed, corrective action such as shielding or removal of
magnetic field sources is required.

7. Apparatus

7.1 Materials—Other than materials normally considered to
be part of the connection system being evaluated, materials
selected for use in the test system (for construction of test
frames, fixturing, humidity chamber, etc.) shall be resistant to
outgassing at the maximum temperature of use in the test.

7.2 Humidity Vessel—The humidity vessel shall be a clean
sealed chamber, the bottom of which is covered with deionized
water to a depth of approximately 30 mm, and a platform for
samples above the water level. The vessel shall include a shield
to prevent condensate dripping onto test samples. The material
of the humidity vessel shall be inert with regards to humidity

such that no contamination of test samples or deionized water
occurs. The vessel is to be operated in a normal laboratory
environment which has continuous temperature control during
the period of the test.

NOTE 1—This apparatus is intended to expose samples to relative
humidity at or near 100 %.

7.3 Temperature Chamber—The temperature chamber shall
be capable of control at the defined upper temperature of the
thermal cycle such that chamber temperature stability, unifor-
mity, and control accuracy shall be within62°C. The lower
temperature of the cycle may be achieved in the same chamber,
if it is capable of cooling to the lower defined temperature.
Alternatively, the thermal cycle can be achieved by transfer
between the high-temperature chamber and a room-
temperature environment or cold chamber, depending on the
prescribed low temperature of the thermal cycle.

7.4 Power—A 50/60 Hz ac constant current supply is
required, capable of continuously maintaining the specified test
current within61 %. For safety reasons, the maximum output
potential at open circuit shall be 12 V and the supply output
must be isolated from the 120/240 volt alternating current
(VAC) primary circuit.

7.5 Test Board—A mounting board or frame shall be pro-
vided for the test samples such that the board or frame be inert
with regard to humidity and dimensionally stable with regard
to the thermal cycle of 75°C temperature change. To the extent
possible, the thermal expansion coefficient shall match that of
the material being tested. (Example: frame shall be aluminum
if aluminum wire or cable is a major part of the connection
system being tested.) The board or frame shall provide for
mechanical mounting of the test samples such that individual
samples are independent of adjacent samples in regards to
effects of mounting or the process of obtaining electrical
measurements. As required by dimensions of the thermal or
humidity chambers used, the test sample population may be
divided among several test boards.

7.6 Temperature Measurement—Ambient and chamber
temperature shall be measured by such apparatus as can detect
0.5°C temperature change within the desired range. A cali-
brated glass thermometer is acceptable for this purpose.

7.7 Current Measurement—An a-c ammeter capable of
resolution of 0.5 % of the applied measurement current is
required.

7.8 Potential Drop Measurement—A millivoltmeter capable
of resolution of 0.01 mV is required for potential drop
measurements.

8. Hazards

8.1 Fire Hazards—Degradation of electrical connections
can lead to high resistance paths that are capable of significant
self heating at the measuring current specified. Such high
resistance paths can generate sufficient heat to provide a means
of ignition of adjacent flammable material. Emergency
power-off switches shall be provided in the immediate vicinity
of the measurement apparatus. A fire extinguisher shall be
available adjacent to the experiment. Care must be taken to
ensure freedom of the work area from stray flammable mate-
rials. If hazardous self heating of a connection or termination is
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observed, such connection or termination must be isolated or
removed from the circuit so no further current flows through
the degraded connection or termination before continuing with
the evaluation.

8.2 Electrical Hazards—The test method provides for bare
metal carrying current during the resistance measurement
portion of the evaluation. Precautions shall be made to ensure
that all test operators are informed as to the hazard associated
with touching bare metal current carrying conductors so as to
ensure that inadvertent contact with the test assembly is
avoided. Voltage drop through the test samples is expected to
be sufficiently low that little hazard is encountered even if
inadvertent contact is made to the conductors unless the circuit
is improperly assembled such that a high resistance path is
provided. Voltage drop to ground must be measured prior to
any other activity in order to assure absence of hazard. The
voltage drop for the test setup from any point in the measure-
ment circuit to ground should be less than 12 Vac. Should it be
required, the test specimens may be measured in small groups
so as to facilitate limiting the open-circuit potential.

9. Test Specimens

9.1 Connections tested shall be made of components and
materials (connectors, aluminum conductor, bus bar, etc.) that
are representative of the application, and, whenever possible,
shall be products procured from the normal chain of distribu-
tion.

10. Sample Preparation, Mounting, and Interconnection

10.1 Sample size for each test group shall comprise a
minimum of 20 individual identical connections.

10.2 For connection types that encompass a range of com-
binations of sizes or numbers of conductors, or both, a
sufficient number of test sample groups (20 connections,
minimum, each group) spanning the range of applications with
respect to conductor size, number, and type of conductors, or
other key variables, or a combination thereof, shall be tested to
meet the following criterion. The estimated coefficient of
variation of any possible untested sample group shall lie within
a factor of two of the observed coefficient of variation
measured over all groups tested, at a confidence level of 90 %.
This criterion requires five groups to be tested, spanning the
range of application combinations. Obtain the coefficient of
variation for a tested group by dividing the standard deviation
of the group by the mean of the group. (Procedures for
estimating the coefficient of variation of untested sample
groups can be found in Note 2.) A more stringent ratio limit or
higher confidence level than those previously noted (2X at
90 % confidence level), or both, may be specified. (Examples:
2X at 99 % confidence level requires a minimum of seven
groups to be tested; 1.5X at 90 % confidence level requires a
minimum of ten groups to be tested.)

NOTE 2—Hogg, R. B., and Craig, A. T., Introduction toMathematical
Statistics, 4th edition, Macmillan, 1974.

10.3 Modifications to components of the connection system
(bus bar, connectors, etc.) may be required for mounting or
other purposes associated with the test. Such modifications
shall be made so that the test connections and contact interfaces

are not changed relative to standard installation or application.
As examples, protect contact interfaces from contamination
with cutting or threading lubricant, particulate contamination,
and solvent cleaning, any of which may influence connection
test performance. Take precautions to protect the contact
interfaces and keep them in normal state prior to assembling
the connections. (Example: see Appendix X1 for precautions
taken when cutting neutral bus into short sections.)

10.4 Mounting of Test Samples—Mount the test samples to
the test board via insulating ceramic standoffs or other appro-
priate structure of an insulating material resistant to outgassing
at the upper limit of the temperature cycle. Electrically isolate
each test sample from the test board. When through-threaded
insulating standoffs are utilized, with screws inserted from both
openings, provide at least 3 mm (1⁄8 in.) spacing between the
ends of the screws to assure electrical isolation.

10.5 Interconnecting Test Samples—Connect test samples
into a series circuit. To avoid unusual stresses on the test
connections due to thermal expansion or other factors or both
incorporate bends or offsets, or both, into the design of the
mechanical layout (see Appendix X1 and Appendix X2 for
examples). Position and firmly fasten down all the components
before final tightening of the test connections.

10.6 Provision for Making Potential Drop Measurements—
There are two methods of providing for potential drop mea-
surements; the choice of which one is used depends on the
configuration of the test connection.

10.6.1 Four-Wire Method—This method is used when the
test connection allows access to non-current carrying exten-
sions of the primary conductors. Schematically, this is shown
in Fig. 1. Access to bare-metal conductor is provided at points
X and Y for attachment of the meter probes. The potential drop
measured in this way is essentially that due to the contact
resistance alone. An example of the application of this method
is in Appendix X1.

10.6.2 Alternative Method—When the four-wire method
cannot be applied due to the particular configuration of the
connection being tested, access to metallic conductor is to be
provided at points in the current path, as shown schematically
in Fig. 2. The measurement access points X and Y are to be
uniformly distanced from the test connection for each sample.
Potential drop measured by this method includes bulk conduc-
tor resistance as well as contact resistance. An example of this
case is shown in Appendix X2. For this method, a length of
reference conductor of the same material and with bulk
resistance approximately equal to the bulk resistance included

FIG. 1 Four-Wire Method of Measuring Connection Potential Drop
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in the connection measurements shall be installed in the series
circuit of each test board.

10.7 Standoffs shall be used to support conductors at points
where potential drop measurement probes are to be applied so
as to minimize the mechanical disturbance of the test connec-
tions during attachment and removal of the probes.

10.8 Installing Test Connections—Make all test connections
in accordance with manufacturer’s instructions. Abrasion of
wire surface, application of corrosion inhibitor, or other instal-
lation practices sometimes employed shall not be used unless
specifically required by the manufacturer’s written installation
or assembly instructions provided with the product as sold.
With respect to tightening torque of bolted, setscrew, twist-on,
or other threaded tool or hand-tightened connection types, use
the tightening torque or tightening procedure specified by the
manufacturer in the instructions normally supplied with the
product. When no torque value or tightening procedure is
specified in the manufacturer’s instructions, use the heat-cycle
torque values in the appropriate tables of UL486B or 486C
(See Section 2 on Referenced Documents) to select the
installation torque. When required to tighten to a specific
torque value, use a torque-measuring or torque-limiting wrench
or driver at assembly to assure uniform tightening of the test
connections. Connections to be tested shall be tightened last,
after all conductor support and strain-relief attachment points
are tightened.

10.9 Measurement Points
10.9.1 Mechanical Support—To minimize the possibility of

mechanical disturbance of the test connections when potential
drop measurements are made, conductors shall be mechani-
cally supported at the points designated for the attachment of
the instrument probes. This may be accomplished, for example,
by the use of electrically-insulating standoffs mounted to the
test board base.

10.9.2 Strain Relief—Conductors between the test connec-
tions and the measurement points shall be configured with
right-angle or U bends to minimize stresses imposed on the test

conductors by thermal expansion/contraction or by mechanical
handling of the test board.

10.9.3 Permanent Taps—To assure consistent conductor
length between measurement points for potential drop mea-
surements of the reference conductor and for connections when
the alternative method is used (Fig. 2 and Fig. 3), permanent
taps shall be attached to the conductors. For the four-wire
method, (Fig. 1 and Fig. 4), permanent taps may be used at the
connector measurement points but are not mandatory. Perma-
nent taps may be pressure connections, or spot welded or
soldered. Pressure connections for this purpose may be integral
with the mechanical support provided for the measurement
points, as is illustrated in Annexes A1 and A2. If welded or
soldered taps are used, make a provision to assure that the
conductor at the connection is not changed from its original (as
manufactured) condition by heat or chemicals, or both (such as
soldering flux).

11. Test Board Circuit

11.1 When completed, each test board is a series circuit
comprising the test connections, the interconnecting conduc-
tors, and reference conductors. Reference conductor length
shall be such that its measured potential drop at the selected
current is at least 100 times the resolution of the potential drop
measurement instrument. Fig. 3 and Fig. 4 show the schematic
circuits for the four-wire and alternative methods, respectively.

12. Reference Connections

12.1 Reference connection test boards, identical to those
exposed to the thermal-cycle/humidity conditioning (below)
are kept in a dry box (relative humidity <20 %) at room
temperature, with measurements made at time-zero and at end
of the test.

13. Selection of Thermal Cycle Upper and Lower
Temperatures

13.1 A temperature difference of 75°C is required for this
test, which can be most easily achieved by cycling between
room temperature (25°C) and 100°C. If the connection system
under test, or any component on the test board (such as wire
insulation) has a rating lower than 100°C, then the lowest rated
temperature is used as the upper boundary of the thermal cycle
and the lower boundary of the thermal cycle is set at 75°C
below that, requiring the use of a chamber that can cool below
room temperature.

13.2 For the purpose of establishing the upper limit of the
thermal cycle, the rated temperature of a component of the test
system is considered to be that marked on the component

FIG. 2 Alternative Method of Measuring Connection Potential
Drop

NOTE 1—Potential drop for connection No. 1 is measured betweenA andB, for connection No. 2 betweenB andC, etc. Test board may be configured
with separate measurement points for adjacent connections if required due to mechanical configuration.

FIG. 3 Test Board Schematic, Alternative Method
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(connector, cable insulation, etc.) itself, on its label or package,
or in the installation instructions as normally supplied by the
manufacturer. Should there be contradictions in the marked
temperature (example: connector marked with different tem-
perature than instructions), then the highest value of those
marked shall be considered as the rated temperature.

13.3 When no rating is evident per the previous section,
then set 100°C as the upper limit of the thermal cycle.

14. Test Chamber Conditioning

14.1 Temperature—Precondition the chamber to the se-
lected upper temperature. The chamber shall be considered to
be stabilized if it has operated within the specified range for
one half hour or more.

14.2 Humidity—Precondition the humidity vessel by opera-
tion overnight in a sealed condition with the specified water
supply in place prior to the first loading of test boards.
Thereafter, maintain water supply and sealing whenever test
boards are removed for readout or thermal cycle.

15. Test Procedure

15.1 Summary—The tested connections are measured for
time-zero potential drop at rated current, and are then subjected
to five cycles of 75°C temperature change (approximately 1 h
each), remeasured for potential drop, and subjected for the rest
of the 1-week period to conditions at or near 100 % relative
humidity at room temperature. This overall cycle is repeated
for the specified number of weeks, at the end of which a final
set of potential drop measurements is taken.

15.2 Potential Drop Measurement:
15.2.1 Connect power supply to test board power supply

support post tabs and adjust load current to rated current61 %
for the connection system being tested and allow to stabilize.

15.2.2 Using a millivoltmeter, read and record the voltage
drop across each test connection, and the reference conductors
if applicable.

NOTE 3—Allow meter to stabilize before reading, and assure that
voltage probes are in electrical contact with the readout tabs.

High-potential drop across some individual connections may indicate
abnormal heating due to degradation at the contact interfaces. When this
condition is observed, precautions should be taken to minimize the
consequent heating of adjacent or nearby test connections (see 6.1).

15.2.3 Remove the measurement current and allow the
connections to cool.

15.2.4 Reapply current across board, allow to stabilize and
read and record the voltage drop across the total group of test
junctions for each board. This voltage is known as the group
voltage.

15.2.5 Remove measurement current and allow test termi-
nations and connections to cool to room temperature. Fan
cooling is acceptable for this procedure in order to speed
equilibration.

15.3 Thermal Cycling:
15.3.1 After completion of the measurement of 15.2, trans-

fer the boards into the preconditioned (at high thermal cycle
boundary) temperature chamber.

15.3.2 Maintain the chamber at the required temperature
and allow test connections to remain inside for 50 min63 min,
or longer if required to achieve temperature equilibrium (see
Note 4).

NOTE 4—Preliminary instrumented tests will generally be required to
determine the time required to achieve thermal equilibrium for the
particular connection system, test board configuration, and thermal
conditioning system used.

15.3.3 Remove the boards from the temperature chamber
and allow the test terminations and connectors to cool to room
temperature using forced air cooling if required. Test boards
should remain outside the chamber for the minimum time
required to achieve temperature equilibrium (see Note 4).
Alternatively, for the case where the lower temperature of the
thermal cycle is below room temperature, transfer the boards to
the lower temperature chamber and hold until test connection
temperature has equilibrated at desired lower temperature (see
Note 4). If the test boards are manually transferred between
chambers, use care to avoid mechanical disturbance.

15.3.4 Repeat the operations indicated in 15.3.1, 15.3.2, and
15.3.3 for a total of five cycles.

15.3.5 Repeat the voltage measurement and cooling step
indicated in 15.2.4 and 15.2.5.

15.4 Humidity Exposure
15.4.1 After the completion of the procedures of 15.3,

transfer the test boards into the preconditioned humidity vessel.
Seal the vessel and allow the test boards to remain in the
humidity chamber until the morning following the sixth day in
the chamber.

15.4.2 Remove the test boards from the chamber and
inspect for any visible condensation on test connections.
Record observations.

15.4.3 Perform group voltage measurements and cooling
step in accordance with 15.2.4 and 15.2.5.

15.4.4 Perform individual connection potential drop mea-
surements in accordance with 15.2.1, 15.2.2, and 15.2.3.

15.5 Test Sequence Repetition—Repeat the procedure of
Sections 15.2, 15.3 and 15.4 until the specified number of
weeks of testing has been completed.

NOTE 1—Potential drop for connection No. 1 is measured between X1 and Y1, for connection No. 2 between X2 and Y2, etc.
FIG. 4 Test Board Schematic, Four-Wire Method
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15.6 Tap Resistance Test—This measurement is required to
assure that high probe connection resistance has not influenced
the potential drop measurement results. The measurement is to
be made at the end of the test sequence, or earlier if it is desired
to confirm that observed increases in potential drop of indi-
vidual connections are in fact due to test connection resistance
increase rather than probe connection resistance increase.
Check that the probe connection resistance does not exceed
0.05 % of the input impedance of the instrument used to
measure potential drop. This may be done by measuring the
resistance between adjacent pairs of tap connections in the test
board circuit, using an ohmmeter and connecting it by the same
method as previously utilized for potential drop measurements.
Should high readings be encountered, additional ohmmeter
tests may be used to isolate the particular connection(s) causing
the high reading. If it is found that tap or probe clip connection
resistance is high, it is necessary to estimate the influence on
test results and determine if the test is valid or if it must be
repeated using an improved method of installation of the taps
or connection of the probe leads, or both.

16. Calculation

16.1 Normalization of Raw Data—Potential drop data for
the tested connections is normalized to the conditions of the
first set of data by multiplying by the ratio of reference
conductor potential drop measurements. This essentially elimi-
nates variations in the data that are due to differences in current
and ambient temperature at the time of measurement and
instrumentation calibration shift. In general, the normalized
data will differ most significantly from the raw data for the
alternate method of potential drop measurement, which is most
sensitive to these variables.

16.1.1 The normalizing factor is calculated as follows:
Normalizing Factor

= (time-zero Reference Conductor Potential Drop)/
Reference Conductor Potential Drop)

16.1.2 An illustration of the application of the normalizing
factor is as follows:

Raw Data
Time-Zero Reference Conductor Potential Drop = 56.5 mV
At subsequent measurement:

Reference Conductor Potential Drop = 57.7 mV
Test Connection No. N Potential Drop = 12.2 mV

Calculation
Normalized Potential Drop for Test Connection No. N

= 12.23 (56.5/57.7)
= 11.9 mV

16.1.3 Round off and report normalized data in the same
number of significant figures as the raw data.

16.2 The ratio of average connection potential drop in-
crease, relative to the reference connections, is calculated using
the normalized data. For each test connection group, including
the reference connections, the average initial and final potential
drop of the individual connections is calculated and the
difference is determined. Determine the ratio as follows:

Ratio5
T 2 I
F 2 A

where:

T = test final,
I = initial,
F = reference final, and
A = reference initial.

17. Report

17.1 Report the following:
17.1.1 Identification of connection system tested,
17.1.2 Date of test completion,
17.1.3 Identification of party performing the test,
17.1.4 Brief description of connection system tested (in-

cluding connector/connection type or model number, type of
conductors used, mechanical configurations etc.),

17.1.5 Total number of test connections,
17.1.6 Total number of reference connections,
17.1.7 Applied temperature cycle limits,
17.1.8 Test duration, number of weeks,
17.1.9 Average Potential drop increase of test connections

relative to reference connections,
17.1.10 Maximum individual connection increase in poten-

tial drop,
17.1.11 General description of visual appearance changes of

connections tested (corrosion, discoloration, etc.),
17.1.12 Measurement current used for potential drop mea-

surements, and
17.1.13 Availability of detailed test data in accordance with

16.2.
17.2 Permanently record the following detailed test data for

each test connection group during the performance of the test
sequence

17.2.1 For Each Connection Group Tested:
17.2.1.1 Dates (start of test, each measurement set, signifi-

cant events),
17.2.1.2 Identification of party performing the test,
17.2.1.3 Complete description of connection system tested

(Type and Model No. of connector/connection system tested,
type of wire, cable busbar, or other conductor(s) used in the
connection system, mechanical configuration, etc.),

17.2.1.4 Connection installation/assembly procedure,
17.2.1.5 Diagrams and description of test boards, with

identification of individual connection positions,
17.2.1.6 Description of measurement and conditioning ap-

paratus,
17.2.1.7 Detailed description of applied test and measure-

ment conditions, including standard procedure followed, op-
tional deviations (such as use of fan cooling), and variations in
the procedure relative to the prescribed test method,

17.2.1.8 Tables of individual, group, and reference conduc-
tor potential drop measurements, with individual connection
identification correlated to the diagrams and descriptions of the
test boards,

17.2.1.9 Tables of conditioned (normalized to the reference
conductor) potential drop data for individual connections,

17.2.1.10 Results of measurement tap resistance test, with
estimate of effect of high tap resistance if encountered,

17.2.1.11 Unusual conditions noted during performance of
test, and

17.2.1.12 Detailed description of visual appearance changes
of connections tested (corrosion, discoloration, etc.).
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17.2.2 Overall Test
17.2.2.1 Data compilations and calculations used to prepare

summary report (see Sections 15 and 16).

18. Precision and Bias5

18.1 The precision of this test method is presently being
evaluated by ASTM Committee B04. Precision of a similar test

method has been measured and found to be acceptable for
purposes of this standard.

18.2 The bias of this test method is not measurable as results
are reported only in reference to internal controls provided for
each test. As such, this test method has no bias.

19. Keywords

19.1 aluminum; aluminum connections; contacts; environ-
mental testing; humidity testing; mixed environmental testing;
mixed stress testing; neutral bar; pressure connection; stress
testing; thermal cycling; twist-on connector

APPENDIXES

(Nonmandatory Information)

X1. Application to Neutral Bus

X1.1 Introduction—This annex provides details of speci-
men preparation and installation as the test method would be
applied to aluminum-bodied neutral bus connections for use
with small branch circuit sizes of aluminum and copper wire.
This is a specific connection system of the type that can be
measured by the four-wire method. The procedure described is
based on experience gained in a round-robin test under ASTM
Task Group B04.04.07 on Aluminum/Environmental. (For
additional information and experimental results, refer to the
round-robin No. 2 test report, Test Method B 812.)

X1.2 Specimen Preparation:

X1.2.1 Neutral Bus—Continuous-strip aluminum neutral
bus, as available for residential service panels, 100A, is
procured for testing. Strips shall be cut into discrete segments
having four positions. The outer two positions are modified
(that is: remove terminal screw, drill through as per Fig. X1.1)
to provide for mounting to the test board assembly. Cut and
drill without lubricants, to eliminate the need to clean with
solvents. While cutting and drilling, protect the inner two
terminal positions so as to prevent contamination with cutting
or drilling debris. Clean all chips or other cutting debris before
removing protection over inner terminal positions.

X1.2.2 Wire—Aluminum and copper test conductors shall
each be supplied from a single source as a single lot of
material. Strip insulation from the wire end for the appropriate
length using a conventional stripping tool in such fashion as to
insure a complete absence of abrasion or nicking of the wire
surface. Wire ends are not to be treated by abrasion or
application of antioxidant coating, unless specifically called for
in the manufacturers instructions supplied with the neutral bus.

X1.3 Test Board Assembly:

X1.3.1 Sample size for each test group shall comprise a
minimum of 20 individual connections.

X1.3.2 Test Samples—Mount the prepared bus segments to
an aluminum board free from materials which might outgas
during the test in accordance with Fig. X1.1. Mount readout
support posts on the test board. (Two for each segment

mounted at least 12 mm from the segment and offset from the
axis of the connection hole in the segment to allow for strain
relief as shown in Fig. X1.1, plus two support posts for each
reference conductor in accordance with Fig. X1.1.) Using 200
mm (8 in.) lengths of conductor wire bent to a U shape, insert
the wire through the two nearest terminals in adjacent bus
segments such that the base of the U is no nearer the segments
than 1 in. and the wire extends beyond the segments for

5 Supporting data are available from ASTM International Headquarters. Request
RR: B04-1002.

FIG. X1.1 Neutral Bar Test
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connection to the readout support posts as shown in Fig. X1.1.
Bend the wire as shown to provide strain relief and wrap the
wire ends around the readout support posts and fasten securely,
attaching a probe contact tab as indicated in Fig. X1.1.
Assemble all the readout support posts and the power supply
contact support posts with the conductor wire. After all of the
conductors are in place and after all the other screws have been
secured, tighten the wire terminal set screws on all the bus
segments to the torque specified in the manufacturer’s instal-
lation instruction sheet supplied with the neutral bus (or, if
lacking in the manufacturers instructions, from theheat-cycle
test values in UL486B).

X1.3.3 Test Boards—Test boards containing the fully as-
sembled test conductors, test terminals and test connectors
shall be configured in accordance with Fig. X1.2.

X1.4 Test Parameters:

X1.4.1 Thermal Cycle—The particular neutral bus strips
procured for testing are marked indicating a 75°C rating, and
therefore a thermal cycle upper limit of 75°C is selected. The
lower limit of the thermal cycle is therefore 0°C.

X1.4.2 Applied current for potential drop measurement—
Based on the referenced document of Section 2.3, the No. 10
AWG aluminum wire and the No. 12 copper wire are consid-
ered to be rated at 20 A for most residential circuit applications.
Therefore, the current applied for the purpose of potential drop
measurements is 20 A.

FIG. X1.2 Schematic Neutral Bar Test Board
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X2. Application to Twist-On Splicing Connectors

X2.1 Introduction—This annex provides details of speci-
men preparation and installation as the test method would be
applied to twist-on connectors for use with small branch circuit
sizes of aluminum and aluminum-copper wire combinations.
This is a specific connection system of the type that shall be
measured by the alternative method. The procedure described
is based on experience gained in a round-robin test under
ASTM Task Group B04.04.07 on Aluminum/Environmental.
(For additional information and experimental results, refer to
the round-robin No. 1 test report, Test Method B 812.)

X2.2 Specimen Preparation:

X2.2.1 Twist-on Connectors—Connectors shall be identi-
fied as suitable for aluminum to aluminum or aluminum to
copper wire combinations.

X2.2.2 Wire—Aluminum and copper test conductors shall
each be supplied from a single source as a single lot of
material. Strip insulation from the wire end for the appropriate
length using a conventional stripping tool in such fashion as to
insure a complete absence of abrasion or nicking of the wire
surface. Wire ends are not to be treated by abrasion or
application of antioxidant coating, unless specifically called for
in the manufacturers instructions supplied with the connectors.

X2.3 Test Board Assembly:

X2.3.1 Sample size for each test shall comprise a minimum
of 20 individual connections.

X2.3.2 Assembly—Conductor wire readout support posts
are to be mounted in a straight line 50 mm (2 in.) apart in
accordance with Fig. X2.1. Power supply attachment support
posts are to be mounted as indicated in the same figure. Using
165 mm (6.5 in.) lengths of conductor, shape a U to fitaround
the screw in the readout support posts. Using a 450 mm (18 in.)
length of conductor wire, shape a 300 mm (12 in.) reference
length and attach in accordance with Fig. X2.1. Use probe
contact tabs on all readout and power supply connections.
Connect the free ends of the conductor wires in such fashion as
to form a series circuit in accordance with Fig. X2.1 using 20
twist-on connectors. Insert the wire ends into the connectors
and torque the connectors in accordance with the manufactur-
er’s instructions or, lacking specific tightening instructions, to
the torque specified in UL486C, paragraph 7.20. Adhere to
manufacturer’s recommendations with the preceding excep-
tions. A sample of the conductor that is used on a given board
shall also be used as a reference conductor. The reference
conductor should be 300 mm (12 in.) long and mounted on the
test boards as shown in Fig. X2.2.

X2.3.3 Test Boards—Test boards containing the fully as-
sembled test conductor and sample connectors shall be config-
ured in accordance with Fig. X2.1.

X2.3.4 Test Circuits—The testing circuits shall be in general
accordance with Fig. X2.2.

X2.4 Test Parameters::

X2.4.1 Thermal Cycle—The particular connectors procured
for testing are marked indicating a 105°C rating, and therefore
a thermal cycle upper limit of 100°C is selected. The lower
limit of the thermal cycle is therefore 25°C room temperature.

X2.4.2 Applied current for potential drop measurement.
Based on the referenced document of Section 2.3, the No. 10
AWG aluminum wire and the No. 12 copper wire are consid-
ered to be rated at 20 A for most residential circuit applications.
Therefore, the current applied for the purpose of potential drop
measurements is 20 A.

FIG. X2.1 Twist-on-Connectors
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FIG. X2.2 Schematic Twist on Connector Test Board
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Designation: B 814 – 02

Standard Specification for
Nickel-Chromium-Iron-Molybdenum-Tungsten Alloy
(UNS N06920) Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 814; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers nickel-chromium-iron-
molybdenum-tungsten alloy UNS N06920 in the form of rolled
plate, sheet, and strip for general corrosion service.

1.2 The following products are covered under this specifi-
cation:

1.2.1 Sheet and Strip—Hot or cold rolled, annealed and
descaled unless solution-annealing is performed in an atmo-
sphere yielding a bright finish; and

1.2.2 Plate—Hot rolled, solution-annealed, and descaled.
1.3 The values stated in inch-pound units are to be regarded

as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
heal practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Check Analysis Limits for Nickel, Nickel Alloys, and
Cobalt Alloys2

E 8 Test Methods for Tension Testing of Metallic Materials3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 55 Practice for Sampling Wrought Nonferrous Metals and
Alloys for Determination of Chemical Composition5

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys5

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 plate—material3⁄16 in. (4.76 mm) and over in thick-

ness.
3.1.2 sheet and strip—material under3⁄16 in. (4.76 mm) in

thickness.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered to this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Alloy.
4.1.2 Dimensions—Thickness (in decimals of an inch),

width, and length (inch or fraction of an inch).
4.1.3 Certification—State whether a report of test results is

required (Section 15).
4.1.4 Optional Requirement—Plate; state how the plate is to

be cut (see 7.8.1 and Table 1).
4.1.5 Purchase Inspection—State which tests or inspections

are to be witnessed (Section 13).
4.1.6 Samples for Product (Check) Analysis—State whether

samples shall be furnished (9.2.2).

5. Chemical Composition

5.1 The material shall conform to the chemical composition
requirements prescribed in Table 2.

5.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the product (check) analysis
variations per Specification B 880.

6. Mechanical Properties and Other Requirements

6.1 Tensile Properties—The material shall conform to the
room temperature tensile properties prescribed in Table 3.

7. Dimensions, Mass, and Permissible Variations

7.1 For the purposes of calculating the weight of the
material covered by this specification, a density of 0.303
lb/in.3(8.39 g/cm3) shall be used.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Thier Alloys.

Current edition approved July 10, 2002. Published September 2002. Originally
published as B 814 – 91. Last previous edition B 814 – 95.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Annual Book of ASTM Standards, Vol 03.05.
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7.2 Thickness:
7.2.1 Plate—The permissible variations in thickness of

plate shall be as prescribed in Table 4 and Table 5.
7.2.2 Sheet and Strip—The permissible variations in thick-

ness of sheet and strip shall be as prescribed in Table 6. The
thickness shall be measured with the micrometer spindle3⁄8 in.

(9.525 mm) or more from any edge for material 1 in. (25.4
mm) or over in width and at any place on material under 1 in.
(25.4 mm) in width.

7.3 Width:
7.3.1 Plate—The permissible variations in width of rectan-

gular plates shall be as prescribed in Table 1.
7.3.2 Sheet and Strip—The permissible variations in width

for sheet and strip shall be as prescribed in Table 7.
7.4 Length:
7.4.1 Plate—Permissible variations in the length of rectan-

gular plate shall be as prescribed in Table 1.
7.4.2 Sheet and Strip—Sheet and strip may be ordered to cut

lengths, in which case a variation of1⁄8 in. (3.175 mm) over the
specified length shall be permitted, with a 0 minus tolerance.

7.5 Straightness:
7.5.1 The edgewise curvature (depth of chord) of flat sheet,

strip, and plate shall not exceed the product of 0.05 in.
multiplied by the length in feet (0.04 mm multiplied by the
length in centimetres).

7.5.2 Straightness for coiled strip is subject to agreement
between the manufacturer and the purchaser.

7.6 Squareness (Sheet)—For sheets of all thicknesses and
widths of 6 in. (152.4 mm) or more, the angle between adjacent
sides shall be 9060.15° (1⁄16 in. in 24 in. or 2.6 mm/m).

7.7 Flatness—Plate, sheet, and strip shall be commercially
flat.

7.8 Edges:
7.8.1 Plates shall have sheared, abrasive cut, or plasma-

torch-cut edges as specified.
7.8.2 Sheet and strip shall have sheared or slit edges.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, and free of injurious defects.

9. Sampling

9.1 Lots for Chemical Analysis and Mechanical Testing:
9.1.1 A lot for chemical analysis shall consist of one heat.

TABLE 1 Permissible Variations in Width and Length of Sheared,
Plasma-Torch-Cut, or Abrasive Cut Rectangular Plate

Specified Thickness

Permissible Variations in Widths
and Lengths for Dimensions

Given, in. (mm)

Up to 30 (760),
incl

Over 30 (760)

+ − + −

Inches

Sheared:
3⁄16 to 5⁄16 3⁄16 1⁄8 1⁄4 1⁄8

5⁄16 to 1⁄2 , incl 1⁄4 1⁄8 3⁄8 1⁄8
Abrasive Cut:

3⁄16 to 1 1⁄2 , incl 1⁄16 1⁄16 1⁄16 1⁄16

Over 1 1⁄2 to 2 1⁄2 , incl 1⁄8 1⁄8 1⁄8 1⁄8
Plasma-Torch-Cut:A

3⁄16 to 2, excl 1⁄2 0 1⁄2 0
2 to 3, incl 5⁄8 0 5⁄8 0

Millimetres

Sheared:
4.76 to 7.94, excl 4.76 3.18 6.35 3.18
7.94 to 12.70, incl 6.35 3.18 9.52 3.18

Abrasive Cut:
4.76 to 38.1, incl 1.59 1.59 1.59 1.59
Over 38.1 to 63.5, incl 3.18 3.18 3.18 3.18

Plasma-Torch-Cut:A

4.8 to 50.8, excl 12.7 0 12.7 0
50.8 to 76.2, incl 15.9 0 15.9 0
AThe tolerance spread shown for plasma-torch-cutting may be obtained all on

the minus side, or divided between the plus and the minus side if so specified by
the purchaser.

TABLE 2 Chemical Requirements

Element Composition Limits, %

Chromium 20.5–23.0
Iron 17.0–20.0
Molybdenum 8.0–10.0
Tungsten 1.0–3.0
Carbon, max 0.03
Cobalt, max 5.0
Manganese, max 1.0
Phosphorus, max 0.040
Sulfur, max 0.030
Silicon, max 1.0
Nickel RemainderA

ASee 12.1.1.

TABLE 3 Mechanical Property Requirements

Tensile Strength, min, ksi (MPa) 95 (655)
Yield Strength, min, ksi (MPa) 35 (240)
Elongation in 2 in. (50.8 mm) or 4DA, min,% 35

AD refers to the diameter of the tension specimen.

TABLE 4 Permissible Variations in Thickness of Plate A

Specific Thickness,
in. (mm)

Permissible Variations in
Thickness, in. (mm)B,C

+ −

3⁄16 to 7⁄32 (4.762 to 5.556), incl 0.021 (0.53) 0.010 (0.25)
Over 7⁄32 to 1⁄4 (5.556 to 6.350), incl 0.024 (0.61) 0.010 (0.25)
Over 1⁄4 to 3⁄8 (6.350 to 9.525), incl 0.027 (0.69) 0.010 (0.25)
Over 3⁄8 to 1⁄2 (9.525 to 12.70), incl 0.030 (0.76) 0.010 (0.25)
Over 1⁄2 to 5⁄8 (12.70 to 15.88), incl 0.035 (0.89) 0.010 (0.25)
Over 5⁄8 to 3⁄4 (15.88 to 19.05), incl 0.040 (1.02) 0.010 (0.25)
Over 3⁄4 to 7⁄8 (19.05 to 22.25), incl 0.045 (1.14) 0.010 (0.25)
Over 7⁄8 to 1 (22.22 to 25.4), incl 0.050 (1.27) 0.010 (0.25)
Over 1 to 21⁄2 (25.4 to 63.5), incl 5D 0.010 (0.25)

AApplicable to plate 48 in. (1219 mm) and under in width.
BMeasured 3⁄8 in. (9.525 mm) or more from any edge.
CBuffing or grinding for removal of light surface imperfections shall be permitted.

The depth of such buffed or ground areas shall not exceed the minimum tolerance
thickness.

DExpressed as percent of thickness.
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9.1.2 A lot of plate, sheet, or strip for mechanical testing
shall be defined as the material from one heat in the same
condition and specified thickness.

9.2 Sampling for Chemical Analysis:
9.2.1 A representative sample shall be obtained from each

heat during pouring or subsequent processing.
9.2.2 Product (check) analysis shall be wholly the respon-

sibility of the purchaser.
9.3 Sampling for Mechanical Testing—Representative

samples shall be taken from each lot of finished material.

10. Number of Tests and Retests

10.1 Chemical Analysis—One test per heat.
10.2 Tension Tests—One test per lot.
10.3 Retests—If one of the specimens used in the above

tests of any lot fails to meet the specified requirements, two
additional specimens shall be taken from different sample
pieces and tested. The results of the tests on both of these
specimens shall meet the specified requirements.

11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the final condition and tested transverse to the direction of
rolling when width will permit.

11.2 Tension test specimens shall be any of the standard or
subsize specimens described in Test Methods E 8.

11.3 In the event of disagreement, referee specimens shall
be as follows:

11.3.1 Full thickness of the material, machined to the form
and dimensions given for the sheet-type specimen in Test
Methods E 8 for material under1⁄2 in. (12.7 mm) in thickness.

11.3.2 The largest possible round specimen described in
Test Methods E 8 for material1⁄2 in. (12.7 mm) and over.

12. Test Methods

12.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall be
determined, in case of disagreement, in accordance with the
following ASTM standards:

12.1.1 Chemical Analysis—Test Methods E 1473.
12.1.2 Tension Test—Test Methods E 8.
12.1.3 Determining Significant Places—Practice E 29.
12.1.4 Method of Sampling—Practice E 55.
12.2 For purposes of determining compliance with the

limits in this specification, an observed or calculated value
shall be rounded in accordance with the rounding method of
Practice E 29:

Requirements
Rounded Unit for Observed

or Calculated Value
Chemical composition hardness and
tolerance (when expressed in decimals)

Nearest unit in the last right-hand place
of figures of the specified limit

Tensile strength and yield strength Nearest 1000 psi (7 MPa)
Elongation Nearest 1 %

13. Inspection

13.1 Inspection of the material by the purchaser at the place
of manufacture shall be made as agreed upon between the
purchaser and the manufacturer as part of the purchase
contract.

14. Rejection and Rehearing

14.1 Material evaluated by the purchaser that fails to con-
form to the requirements of this specification may be rejected.
Rejection should be reported to the producer or supplier
promptly and in writing. In case of dissatisfaction with the
results of the test, the producer or supplier may make claim for
a rehearing.

15. Certification

15.1 A manufacturer’s certification shall be furnished to the
purchaser stating that the material has been manufactured,
tested, and inspected in accordance with this specification, and
that the test results on representative samples meet specifica-
tion requirements. When specified in the purchase order or
contract, a report of the test results shall be furnished.

TABLE 5 Permissible Variations in Thickness for Wide Plates A

Specified ThicknessB, in. (mm)

Width, in. (mm)
Over 48 (1219 mm)
to 84 (2134), incl

Over 84 (2134) to
120 (3048), incl

Over 120 (3048) to
144 (3658), incl

Over 144 (3658)

Tolerance Over Specified ThicknessC, in. (mm)
3⁄8 (9.52) to 3⁄4 (19.05), excl 0.055 (1.40) 0.060 (1.52) 0.075 (1.90) 0.090 (2.29)
3⁄4 (19.05) to 1 (25.40), excl 0.060 (1.52) 0.065 (1.65) 0.085 (2.16) 0.100 (2.54)
1 (25.40) to 2 (50.80), excl 0.070 (1.78) 0.075 (1.90) 0.095 (2.41) 0.115 (2.92)

AThickness is measured along the longitudinal edges of the plate at least 3⁄8 in. (9.52 mm), but not more than 3 in. (76.20 mm), from the edge.
BPlates over 2 in. (50.80 mm) thick are produced. Thickness tolerances for such plates are not included.
CFor circles, the over thickness tolerances in this table apply to the diameter of the circle corresponding to the width ranges shown. For plates of irregular shape, the

over thickness tolerances apply to the greatest width corresponding to the width ranges shown. For plates up to 2 in. (50.80 mm), inclusive, in thickness, the tolerance
under the specified thickness is 0.010 in. (0.25 mm).

TABLE 6 Permissible Variations in Thickness of Sheet A and Strip

Specified Thickness,
in. (mm)

Permissible Variations in
Thickness, in.B,C (mm)

(All Widths)

+ −

0.020 to 0.034 (0.51 to 0.86), incl 0.004 (0.10) 0.004 (0.10)
Over 0.034 to 0.056 (0.86 to 1.42), incl 0.005 (0.13) 0.005 (0.13)
Over 0.056 to 0.070 (1.42 to 1.78), incl 0.006 (0.15) 0.006 (0.15)
Over 0.070 to 0.078 (1.78 to 1.98), incl 0.007 (0.18) 0.007 (0.18)
Over 0.078 to 0.093 (1.98 to 2.36), incl 0.008 (0.20) 0.008 (0.20)
Over 0.093 to 0.109 (2.36 to 2.77), incl 0.009 (0.23) 0.009 (0.23)
Over 0.109 to 0.125 (2.77 to 3.18), incl 0.010 (0.25) 0.010 (0.25)
Over 0.125 to 0.140 (3.18 to 3.56), incl 0.013 (0.33) 0.010 (0.25)
Over 0.140 to 0.171 (3.56 to 4.34), incl 0.016 (0.41) 0.010 (0.25)
Over 0.171 to 0.187 (4.34 to 4.75), incl 0.018 (0.46) 0.010 (0.25)

AApplicable to sheet 48 in. (1219 mm) and under in width.
BMeasured 3⁄8 in. (9.525 mm) or more from any edge.
CBuffing for removal of light surface imperfections shall be permitted. The depth

of such buffed areas shall not exceed the permissible minus variation.
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16. Product Marking

16.1 Each plate, sheet, or strip shall be marked on one face
with the specification number, heat number, manufacturer’s
identification, and size. The markings shall have no deleterious
effect on the material or its performance and shall be suffi-
ciently stable to withstand normal handling.

16.2 Each bundle or shipping container shall be marked
with this specification number; the size; gross, tare, and net

weight; consignor and consignee address; contract or order
number; and such other information as may be defined in the
contract or order.

17. Keywords

17.1 plate; sheet; strip; UNS N06920

APPENDIX

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary for optimum performance, and the manu-

facturer shall be consulted for details.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 7 Permissible Variations in Width of Sheet and Strip

Specified Thickness,
in. (mm)

Specified Width,
in. (mm)

Permissible Variations, in Specified Width, in. (mm)

+ −

Sheet

0.187 (4.75) and Under 2 (50.8) and Over 0.125 (3.18) 0

Strip (Slit Edges)

Over 0.020 to 0.075 (0.51 to 1.90), incl 24 (610) and under 0.007 (0.18) 0.007 (0.18)
Over 0.075 to 0.100 (1.90 to 2.54), incl 24 (610) and under 0.009 (0.23) 0.009 (0.23)
Over 0.100 to 0.125 (2.54 to 3.18), incl 24 (610) and under 0.012 (0.30) 0.012 (0.30)
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Designation: B 815 – 02

Standard Specification for
Cobalt-Chromium-Nickel-Molybdenum-Tungsten Alloy
(UNS R31233) Rod1

This standard is issued under the fixed designation B 815; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers cobalt-chromium-nickel-
molybdenum-tungsten alloy UNS R31233 in the form of rod
for wear applications and general corrosion service.

1.2 The following products are covered under this specifi-
cation:

1.2.1 Rods3⁄16 to 3⁄4 in. (9.76 to 19.05 mm) exclusive in
diameter, hot or cold finished, solution-annealed, and pickled
or mechanically descaled; and

1.2.2 Rods3⁄4 to 31⁄2 in. (19.05 to 88.9 mm) inclusive in
diameter, hot or cold finished, solution annealed, ground, or
turned.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 880 Specification for General Requirements for Chemical

Analysis Limits for Nickel, Nickel Alloys and Cobalt
Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 55 Practice for Sampling Wrought Nonferrous Metals and
Alloys for Determination of Chemical Composition6

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys7

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 rod—product of round solid section furnished in

straight lengths.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

4.1.1 Alloy.
4.1.2 Dimensions—Nominal diameter and length. The

shortest usable multiple length shall be specified (Table 1).
4.1.3 Certification— State whether certification or a report

of test results is required (Section 15).
4.1.4 Purchaser Inspection—State which tests or inspec-

tions are to be witnessed (Section 13).
4.1.5 Samples for Product (Check) Analysis—State whether

samples should be furnished (9.2.2).

5. Chemical Composition

5.1 The material shall conform to the chemical composition
requirements prescribed in Table 2.

5.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the requirements specified in
Table 2 subject to the permissible tolerances given in Specifi-
cation B 880.

6. Mechanical Properties and Other Requirements

6.1 The mechanical properties of the material at room
temperature shall conform to those given in Table 3.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 815 – 91. Last previous edition B 815 – 97.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-815 in Section II of that code.

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.

6 Annual Book of ASTM Standards, Vol 03.05.
7 Annual Book of ASTM Standards, Vol 03.06.

1
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7. Dimensions, Mass, and Permissible Variations

7.1 Diameter—The permissible variations from the speci-
fied diameter shall be as prescribed in Table 4.

7.2 Out-of-Roundness—The permissible variation in round-
ness shall be as prescribed in Table 4.

7.3 Machining Allowances—When the surfaces of finished
material are to be machined, the following allowances are
suggested for normal machining operations:

7.3.1 As-Finished (Annealed and Descaled)—For diameters
of 5⁄16 to 11⁄16 in. (7.94 to 17.46 mm) inclusive, an allowance of
1⁄16 in. (1.59 mm) on the diameter should be made for finish
machining.

7.4 Length:
7.4.1 Unless multiple, nominal, or cut lengths are specified,

random mill lengths shall be furnished.

7.4.2 The permissible variations in length of multiple,
nominal, or cut length rod shall be as prescribed in Table 1.
Where rods are ordered in multiple lengths, a1⁄4-in. (6.35-mm)
length addition shall be permitted for each uncut multiple
length.

7.5 Ends:
7.5.1 Rods ordered to random or nominal lengths shall be

furnished with either cropped or sawed ends.
7.5.2 Rods ordered to cut lengths shall be furnished with

square saw cut or machined ends.
7.6 Weight—For the purposes of calculating the weight of

the material covered by this specification, a density of 0.306
lb/in.5 (8.48 g/cm5) shall be used.

7.7 Straightness— The maximum curvature (depth of
chord) shall not exceed 0.050 in. multiplied by the length of the
chord in feet (0.04 mm multiplied by the length in centimetres).

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, and free of injurious defects.

9. Sampling

9.1 Lots for Chemical and Mechanical Testing:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot of bar for mechanical testing shall be defined as

the material from one heat in the same condition and specified
diameter.

9.2 Sampling for Chemical Analysis:
9.2.1 A representative sample shall be obtained from each

heat during pouring or subsequent processing.
9.2.2 Product (check) analysis shall be wholly the respon-

sibility of the purchaser.
9.3 Sampling for Mechanical Testing—A representative

sample shall be taken from each lot of finished material.

10. Number of Tests and Retests

10.1 Chemical Analysis—One test per heat.
10.2 Tension Tests— One test per lot.
10.3 Retests—If the specimen used in the mechanical test of

any lot fails to meet the specified requirements, two additional
specimens shall be taken from different sample pieces and
tested. The results of the tests on both of these specimens shall
meet the specified requirements.

11. Specimen Preparations

11.1 Tension test specimens shall be taken from material
after final heat treatment and tested in the direction of
fabrication.

TABLE 1 Permissible Variations in Length of Rods

Random mill lengths 2 to 12 ft (610 to 3660 mm) long with not more than
25 weight % under 4 ft (1.22 m).

Multiple lengths Furnished in multiples of a specified unit length,
within the length limits indicated above. For
each multiple, an allowance of 1⁄4 in. (6.35 mm)
shall be made for cutting, unless otherwise specified.
At the manufacturer’s option, individual specified
unit lengths may be furnished.

Nominal lengths Specified nominal lengths having a range of not less
than 2 ft (610 mm) with no short lengths allowed.

Cut lengths A specified length to which all rods shall be cut with
a permissible variation of + 1⁄8 in. (3.17 mm) − 0.

TABLE 2 Chemical Requirements

Element Composition Limits, %

Boron 0.015 max
Carbon 0.02–0.10
Chromium 23.5–27.5
Iron 1.0–5.0
Manganese 0.1–1.5
Molybdenum 4.0–6.0
Nitrogen 0.03–0.12
Nickel 7.0–11.0
Phosphorous 0.030 max
Sulfur 0.020 max
Silicon 0.05–1.00
Tungsten 1.0–3.0
Cobalt RemainderA

ASee 12.1.1.

TABLE 3 Mechanical Property Requirements

Tensile Strength, min, ksi (MPa) 130 (896)
Yield Strength, min, ksi (MPa) 55 (379)
Elongation in 2 in. (50.8 mm) or 4D A, min, % 15

AD refers to the diameter of the tension specimen.

TABLE 4 Permissible Variations in Diameter and Out-of-Roundness of Finished Rods

Specified Diameter, in. (mm)
Permissible Variations, in. (mm)

Diameter
Out-of-Roundness, max

+ −
Hot-Finished, Annealed, and Descaled Rods

3⁄16 to 7⁄16 (4.76–11.11), incl 0.012 (0.30) 0.012 (0.30) 0.018 (0.46)
Over 7⁄16 to 5⁄8 (11.11–15.87), incl 0.014 (0.36) 0.014 (0.36) 0.020 (0.51)
Over 5⁄8 to 3⁄4 (15.87–19.05), excl 0.016 (0.41) 0.016 (0.41) 0.024 (0.61)

Hot-Finished, Annealed, and Ground or Turned Rods
3⁄4 to 31⁄2 (19.05–88.9), incl 0.010 (0.25) 0 0.008 (0.20)
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11.2 Tension test specimens shall be any of the standard or
subsized specimens described in Test Methods E 8.

11.3 In the event of disagreement, the referee specimen
shall be the largest possible round specimen described in Test
Methods E 8.

12. Test Methods

12.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall be
determined, in case of disagreement, in accordance with the
following ASTM standards:

12.1.1 Chemical Analysis—Test Methods E 1473. For ele-
ments not covered by Test Methods E 1473, the referee method
shall be as agreed upon between the manufacturer and the
purchaser. The composition of the remainder element shall be
determined arithmetically by difference.

12.1.2 Tension Test— Test Methods E 8.
12.1.3 Method of Sampling—Practice E 55.
12.1.4 Determining Significant Places—Practice E 29.
12.2 For purposes of determining compliance with the

limits in this specification, an observed or calculated value
shall be rounded in accordance with the rounding method of
Practice E 29:

Requirements Rounded Unit for
Observed or

Calculated Value
Chemical composition hardness

and tolerance (when expressed
in decimals)

Nearest unit in the last right-hand
place of figures of the specified limit

Tensile strength and yield strength Nearest 1000 psi (7 MPa)
Elongation Nearest 1 %

13. Inspection

13.1 Inspection of the material shall be made as agreed upon
between the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material evaluated by the purchaser that fails to con-
form to the requirements of this specification may be rejected.
Rejection should be reported to the producer or supplier
promptly and in writing. In case of dissatisfaction with the
results of the test, the producer or supplier may make claim for
a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that material has been manufactured, tested, and in-
spected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 Each piece of material1⁄2 in. (12.7 mm) and over in
diameter shall be marked with this specification number,
manufacturer’s identification, and size of the product.

16.2 Each bundle or shipping container shall be marked
with this specification number; the size; gross, tare, and net
weight; consignor and consignee address; contract or order
number; and such other information as may be defined in the
contract or order.

17. Keywords

17.1 rod; R31233

APPENDIX

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary for optimum performance, and the manu-

facturer shall be consulted for details.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 818 – 03

Standard Specification for
Cobalt-Chromium-Nickel-Molybdenum-Tungsten Alloy
(UNS R31233) Plate, Sheet and Strip 1

This standard is issued under the fixed designation B 818; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers cobalt-chromium-nickel-
molybdenum-tungsten alloy UNS R31233 in the form of rolled
plate, sheet, and strip for wear applications and general
corrosion service.

1.2 The following products are covered under this specifi-
cation:

1.2.1 Sheet and Strip—Hot or cold rolled, annealed and
descaled unless solution-annealing is performed in an atmo-
sphere yielding a bright finish.

1.2.2 Plate—Hot rolled, solution-annealed, and descaled.
1.3 The values stated in inch-pound units are to be regarded

as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 906 Specification for General Requirements for Flat-

Rolled Nickel and Nickel Alloys Plate, Sheet, and Strip2

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 plate—material3⁄16 in. (4.76 mm) and over in thick-

ness.
3.1.2 sheet and strip—material under3⁄16 in. (4.76 mm) in

thickness.

4. General Requirements

4.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 906
unless otherwise provided herein.

5. Ordering Information

5.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to, the following:

5.1.1 Alloy.
5.1.2 Dimensions—Thickness (in decimals of an inch),

width, and length (inch or fraction of an inch).
5.1.3 Certification—State if a report of test results is re-

quired (see Specification B 906, Section 21).
5.1.4 Optional Requirement—Plate; state how plate is to be

cut (see Specification B 906, Table A2.3).
5.1.5 Purchase Inspection—State which tests or inspections

are to be witnessed (see Specification B 906, Section 18).
5.1.6 Samples, for Product (Check) Analysis—State

whether samples should be furnished (see Specification B 906,
Section 7.2.2).

6. Chemical Composition

6.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 1.

6.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the requirements specified in
Table 1 and Specification B 906.

7. Mechanical Properties and Other Requirements

7.1 Tensile Properties—The material shall conform to the
room temperature tensile properties prescribed in Table 2.

8. Dimensions, Mass, and Permissible Variations

8.1 Thickness:
8.1.1 Sheet and Strip—The thickness shall be measured

with the micrometer spindle3⁄8 in. (9.525 mm) or more from
any edge for material 1 in. (25.4 mm) or over in width and at
any place on material under 1 in. in width.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1991. Last previous edition approved in 1998 as B 818 - 98a.

2 Annual Book of ASTM Standards, Vol 02.04.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



8.2 Length:
8.2.1 Sheet and Strip—Sheet and strip may be ordered to cut

lengths, in which case a variation of1⁄8 in. (3.175 mm) over the
specified length shall be permitted, with a “0” minus tolerance.

8.3 Straightness:
8.3.1 The edgewise curvature (depth of chord) of flat sheet,

strip, and plate shall not exceed the product of 0.05 in.

multiplied by the length in feet (0.04 mm multiplied by the
length in centimetres).

8.3.2 Straightness for coiled strip is subject to agreement
between the manufacturer and the purchaser.

8.4 Squareness (Sheet)—For sheets of all thicknesses and
widths of 6 in. (152.4 mm) or more, the angle between adjacent
sides shall be 906 0.15° (1⁄16 in. in 24 in. or 2.6 mm/m).

8.5 Flatness—Plate, sheet, and strip shall be commercially
flat.

8.6 Edges:
8.6.1 Plates shall have sheared, abrasive cut, or plasma

torch-cut edges as specified.
8.6.2 Sheet and strip shall have sheared or slit edges.

9. Product Marking
9.1 Each plate, sheet, or strip shall be marked on one face

with the specification number, heat number, manufacturer’s
identification, and size. The markings shall have no deleterious
effect on the material or its performance and shall be suffi-
ciently stable to withstand normal handling.

9.2 Each bundle or shipping container shall be marked with
this specification number; the size; gross, tare, and net weight;
consignor and consignee address; contract or order number;
and such other information as may be defined in the contract or
order.

10. Keywords
10.1 plate; sheet; strip; R31233

APPENDIX

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary for optimum performance and the manu-

facturer shall be consulted for details.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Chemical Requirements

Element Composition Limits, %

Boron 0.015 max
Carbon 0.02–0.10
Chromium 23.5–27.5
Iron 1.0–5.0
Manganese 0.1–1.5
Molybdenum 4.0–6.0
Nitrogen 0.03–0.12
Nickel 7.0–11.0
Phosphorous 0.030 max
Sulfur 0.020 max
Silicon 0.05–1.00
Tungsten 1.0–3.0
Cobalt RemainderA

ASee Specification B 906.

TABLE 2 Mechanical Property Requirements

Tensile Strength, min, ksi (MPa) 130 (896)
Yield Strength, min, ksi (MPa) 55 (379)
Elongation in 2 in. (50.8 mm) or 4DA min % 15

AD refers to the diameter of the tension specimen.
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Designation: B 825 – 02

Standard Test Method for
Coulometric Reduction of Surface Films on Metallic Test
Samples 1

This standard is issued under the fixed designation B 825; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers procedures and equipment for
determining the relative buildup of corrosion and tarnish films
(including oxides) on metal surfaces by the constant-current
coulometric technique, also known as the cathodic reduction
method.

1.2 This test method is designed primarily to determine the
relative quantities of tarnish films on control coupons that
result from gaseous environmental tests, particularly when the
latter are used for testing components or systems containing
electrical contacts.

1.3 This test method may also be used to evaluate test
samples that have been exposed to indoor industrial locations
or other specific application environments. (See 4.6 for limi-
tations.)

1.4 This test method has been demonstrated to be applicable
particularly to copper and silver test samples (see(1)).2 Other
metals require further study to prove their applicability within
the scope of this test method.

1.5 The values stated in SI units are the preferred units. The
values provided in parentheses are for information only.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 809 Test Method for Porosity in Metallic Coatings by

Humid Sulfur Vapor (“Flowers-of-Sulfur”)3

B 810 Test Method for Calibration of Atmospheric Corro-

sion Test Chambers by Change in Mass of Copper Cou-
pons4

B 827 Practice for Conducting Mixed Flowing Gas (MFG)
Environmental Tests5

D 1193 Specification for Reagent Water6

3. Summary of Test Method

3.1 In constant-current coulometry, a fixed reduction-
current density is applied to the sample in an electrolytically
conductive solution, and the resulting variations in potential—
measured against a standard reference electrode in the same
solution—are followed as a function of time. Typically, with
well-behaved surface films, the voltage-time plot should show
a number of horizontal portions, or steps, each corresponding
to a specific reduction potential or voltage (Fig. 1). The final
potential step, which is always present with all substances,
corresponds to the reduction of hydrogen ions in the solution
(to form hydrogen gas), and represents a limit beyond which no
higher potential reduction process can occur.

NOTE 1—As shown in Figs. 1 and 2, a differential circuit is recom-
mended to help in resolving the individual voltage steps by pinpointing the
corresponding inflection points on the main reduction curve (see 6.2.3).

3.2 From the elapsed times at the various steps, conclusions
can often be drawn regarding the corrosion processes that have
taken place to produce the surface films. Also, calculations can
be made from the time at each voltage step in order to calculate
the number of coulombs of electrical charge required to
complete the reduction process at that particular voltage.
Furthermore, since the reduction of any particular chemical
compound takes place at a characteristic reduction potential or
voltage range, this voltage can be used to indicate the presence
of a compound or compounds whose characteristic reduction
potential has already been established under the conditions of
the test. Under ideal conditions it may also be possible to
determine the number of reducible compounds present in the
tarnish film.

3.3 For the purpose of this test method, tarnish films shall be
defined as the corrosion products of the reactions of oxygen or

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.11 on Electrical Contact Test Methods.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 825 - 97. Last previous edition B 825 - 97.

2 The boldface numbers in parentheses refer to the list of references at the end of
this standard.

3 Annual Book of ASTM Standards, Vol 02.05.

4 Annual Book of ASTM Standards, Vol 02.04.
5 Annual Book of ASTM Standards, Vol 03.04.
6 Annual Book of ASTM Standards, Vol 11.01.
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sulfur (or of other reactive gases or vapors) with the metallic
surface that adhere to the surface and do not protrude signifi-
cantly from it.

3.4 The basic techniques for the reduction of films on
copper and silver were described as early as the late 1930s by
Miley (2) and by Campbell and Thomas(3). Important
observations of the effects of changing experimental variables
were later reported by Albano(4) and by Lambert and Trevoy
(5) in the 1950s. The details and recommendations in this test
method are primarily from a recently published paper(1) on
the practical development over the past fifteen years of
coulometric reduction for monitoring environmental tests.

4. Significance and Use

4.1 The present trend in environmental testing of materials
with electrically conductive surfaces is to produce, under
accelerated laboratory conditions, corrosion and film-forming
reactions that are similar to those that cause failures in service
environments. In many of these procedures the parts under test
are exposed for days or weeks to controlled quantities of both
water vapor and pollutant gases, which may be present in
extremely dilute concentrations.

NOTE 2—Descriptions of such tests can be found in Practice B 827.

4.2 Many of these environmental test methods require
monitoring of the conditions within the chamber during the test
in order to confirm that the intended environmentally related
reactions are actually taking place. The most common type of
monitor consists of copper, silver, or other metallic coupons
that are placed within the test chamber and that react with the
corrosive environment in much the same way as the significant
surfaces of the parts under test.

4.3 In practice, a minimum number of control coupons are
placed in each specified location (see Test Method B 810)
within the chamber for a specified exposure time, depending
upon the severity of the test environment. At the end of this
time interval, the metal samples are removed and analyzed by
the coulometric reduction procedure.

4.4 Other corrosion film evaluation techniques for metallic
coupons are also available. The most common of these is mass
gain, which is nondestructive to the surface films, but is limited
to the determination of the total amount of additional mass
acquired by the metal as a result of the environmental attack.

NOTE 3—Detailed instructions for conducting such weighings, as well
as coupon cleaning and surface preparation procedures, are included as
part of Test Method B 810.

NOTE 4—Some surface analytical techniques (such as X-ray methods)
can provide nondestructive identification of some compounds in the films,
but such methods, for example, X-ray diffraction, can miss amorphous
compounds and compounds present in quantities less than 5 % of the
tarnish film volume.

4.5 With the coulometric technique, it is possible to resolve
the complex total film into a number of individual components
(Fig. 1) so that comparisons can be made. This resolving power
provides afingerprint capability for identifying significant
deviations from intended test conditions, and a comparison of
the corrosive characteristics of different environmental cham-
bers and of different test runs within the same chamber.

4.6 The coulometric reduction procedure can also be used in
test development and in the evaluation of test samples that have
been exposed at industrial or other application environments
(6). However, for outdoor exposures, some constraints may
have to be put on the amount and type of corrosion products
allowed, particularly those involving moisture condensation
and the possible loss of films due to flaking (also see 4.9 and
8.3.2).

4.7 In laboratory environmental testing, the coulometric-
reduction procedure is of greatest utility after repeated charac-
terizations of a given corrosive environment have been made to
establish a characteristic reduction curve for that environment.
These multiple runs should come from both the use of multiple
specimens within a given test exposure as well as from several
consecutive test runs with the same test conditions.

4.8 The coulometric-reduction procedure is destructive in
that the tarnish films are transformed during the electrochemi-
cal reduction process. Nondestructive evaluation methods,
such as mass gain, can be carried out with the same samples
that are to be tested coulometrically. However, such procedures
must precede coulometric reduction.

4.9 The conditions specified in this test method are intended
primarily for tarnish films whose total nominal thickness is of
the order of 102 to 103 nm (103 to 104 Å). Environmentally
produced films that are much thicker than 103 nm are often
poorly adherent and are more likely to undergo loosening or
flaking upon placement in the electrolyte solution.

5. Interferences

5.1 For reproducible results the following precautions shall
be taken in order to avoid interferences.

5.1.1 Remove dissolved oxygen gas from the electrolyte
solution (see 8.1.3), and prevent it from reentering the solution

FIG. 1 Ideal Reduction Behavior of Oxide and Sulfide Films on
Copper (from Ref 1)

NOTE 1—No chlorine is present in test environment.
FIG. 2 Typical Reduction Behavior of Films on Copper from 72-h

Exposure to the Humid Sulfur Vapor Test (see Test Method
B 809)
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by keeping the cell closed, with an inert gas flowing over the
solution during the reduction (see 8.3.2 and 8.3.3).

5.1.2 Use fresh electrolyte solution for each new coupon in
order to avoid contamination from the reduction of previous
coupons (see 8.3.5).

5.1.3 Do not apply masking finishes or other nonmetallic
coatings to the coupons, prior to environmental exposure.

5.1.4 Do not use this test method to analyze poorly adherent
films (see 4.9).

5.1.5 If the sample had been exposed to environments that
were likely to deposit soluble particulates (in addition to the
underlying insoluble overall films), care must be taken to
remove most of the particulates prior to coulometric reduction
(see 8.3.2 for procedure).

6. Apparatus

6.1 Electrolytic Reduction Cell and Ancillary Equipment:
6.1.1 Reduction Cell, preferably of glass, with a total

internal volume of at least 600 mL. The cell shall be enclosed,
but should have a sufficient number of entry ports or tubes to
accommodate the required ancillary equipment (see Figs. 4 and
5 for examples of typical cell systems).

6.1.2 Reference Electrode—A silver/silver-chloride refer-
ence is preferred since much of the data in the technical
literature have been obtained with this type of electrode. It can
be obtained commercially or made in-house from pure silver
strip or wire (see Appendix X1).

6.1.2.1 In-house electrodes must be checked periodically by
testing them against a standard reference electrode (for ex-
ample, saturated calomel electrode) using a potentiometer or
pH meter. The potential exhibited when measuring these
silver/silver-chloride electrodes in 0.1-M potassium chloride
solution against a saturated calomel reference should be 0.05 V
(60.01 V) (7).

6.1.3 Inert-Gas Purging Tube—The end that is in the
electrolyte should be fitted with fritted glass or drawn to a fine
tip (for example, 0.5-mm inner diameter or less).

6.1.4 Counter-Electrodes—Pure platinum foil or wire shall
be used. The number of counter-electrodes may vary from 2 to
4 and shall be positioned symmetrically around the sample.
The area of the counter-electrodes preferably should be equal
to or greater than the sample area.

6.1.5 Wire Hook or Clip for Holding the Sample—The
upper part of the hook or clip shall be attached to a wire
(inserted into a glass or plastic tube) for ultimate connection to
the negative output of the power supply. If the wire hook is to
be immersed in the solution, it shall be made of the same metal
as the sample. If a clip is used, it shall be heavily gold plated
(3 µm or more in thickness) and attached to a platinum wire
hook for electrical contact.

NOTE 1—The vertical lines correspond to major peaks in the differential curve (not shown) and delineate the main reducible film types from this
environment.

FIG. 3 Typical Reduction Curve of Copper from 48-h Exposure to High Sulfide (100 ppb H 2S) Mixed Flowing Gas (with 20 ppb Cl 2 and
200 ppb NO 2)

FIG. 4 Schematic of Reduction Cell with Storage Reservoir, for
Procedure A (8.1.3.1)
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6.2 Electronic Equipment—For producing the constant ca-
thodic current and measuring the resulting voltages as a
function of time comprises three basic functional modules
whose recommended characteristics (for routine tarnish-film
analysis) are listed as follows:

6.2.1 Constant Current Power Supply, such as, a
potentiostat/galvanostat, capable of supplying a constant direct
current, and adjustable from 0.02 to 2 mA with a precision of
61 %. However, for certain limited applications (for example,
very large area samples), currents greater than 20 mA might
conceivably be required, see 8.2.1.

6.2.2 Strip Chart or Digital Recorder, or Both—For a
strip-chart recorder, two pens are preferred, one pen for voltage
and the other for a voltage-time derivative curve. The chart
recorder shall have variable speed capability, from 10 mm/h to
100 mm/min, and full-scale voltage ranges from 0.5 to 2 V. A
resolution of the order of 0.5 % (namely, 10 mV with 2-V full
scale), though not essential, is helpful in data evaluation, and is
obtained easily with any 250-mm chart recorder. Adigital
recording system, capable of data storage and graphic repre-
sentation can be used instead of, or in conjunction with, the
strip chart recorder system. Both systems shall have input
impedance of at least 106 V, preferably higher.

6.2.3 Differential Circuit, or Commercial Differential Volt-
age Output Apparatus—If a digital recording system is used in
conjunction with, or to replace, an analog recording system, the
following method can be used to create a differential curve.
After the reduction is recorded completely, each data point,
except for the first and last, must be analyzed. For a given
point,X, determine the slope to the previous point,Xp, and the
subsequent point,Xs. Knowing the time interval,T, between
each reading, the required slopes are as follows:

Sp 5 ~X – Xp!/T Ss 5 ~Xs – X!/T (1)

An approximation of the slope atX is then found by taking
the average of the slopesSp andSs as follows:

S5 ~Sp 1 Ss!/2 (2)

Each value ofS is recorded with the concurrent value ofX
for later analysis. Slopes at the first and last data points can be
assumed to be zero. A method for enhancing these digitally
produced differential curves can be found in Appendix X2.

7. Reagents

7.1 The only reagents required for routine procedures are
ACS reagent-grade potassium chloride (for the electrolyte),
Pre-Purified-grade nitrogen7 or other inert gas, and a source of
distilled or deionized water (Type IV or better as specified in
Specification D 1193).

8. Procedure

8.1 Cell Preparation:
8.1.1 Assemble the reduction cell in accordance with either

Fig. 4 or Fig. 5, making sure that all components are chemi-
cally clean. For each sample size or geometry, determine in
advance the level of liquid that is required to cover the
specified sample surface. Mark this level on the outside of the
cell. A minimum volume of 300-mL solution is recommended
for each analysis.

8.1.2 Attach the tubing system for the inert gas (assembled
in advance) to the regulator of the gas tank.

8.1.3 Potassium Chloride Solution0.1 M—Deaerate 0.1-M
KCl solution, prepared in advance, with the inert gas (to
displace dissolved oxygen) using either Method A (8.1.3.1) or
Method B (8.1.3.2).

NOTE 5—If any oxygen gas (O2) is present in the working electrolyte,
it will tend to interfere with the coulometric determinations, since O2 is
easily reduced in the same voltage range as many oxide or tarnish film
components. Dissolved oxygen is eliminated by deaerating the electrolyte
solution prior to use and by running the reduction in a closed cell under
an inert atmosphere.

8.1.3.1 Procedure A (Fig. 4)—Boil the solution in the
storage reservoir of Fig. 4 for 30 min, while inert gas is
bubbled through the system. Cool the electrolyte solution to
room temperature while maintaining the inert gas purge. After
cooling, keep the solution in a covered glass container and
continually purge slowly with inert gas, prior to use. Unused
electrolyte solution can be stored in the glass container (with
inert gas purging) for up to 7 days, after which it shall be
discarded.

8.1.3.2 Procedure B(Fig. 5)—Transfer the electrolyte solu-
tion to the reduction cell so that the solution level is slightly
above the specified mark. Close the cell and bubble the inert
gas through the purging tube (whose end is at the bottom of the
solution) for 50 min or more.

NOTE 6—Smaller purge times can be used, but their adequacy should be
verified by measuring the oxygen reduction current on a nonfilmed
sample.

7 Pre-Purified is a designation of Matheson Gas Co., East Rutherford, NJ, for a
specific grade of purity of gas. Other vendors, such as AIRCO, have equivalent
purities available sold under different terminology.

FIG. 5 Schematic of Reduction Cell for Procedure B (8.1.3.2)
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8.1.4 Calculate the current to be applied, and preset the
controls on the electronic equipment accordingly. This current
is the absolute current that shall be applied to produce the
desired current density on the particular sample used.

8.1.4.1 For the most common types of mixed flowing gas
control coupons (that is, 24 to 96-h exposure in moderate to
severe environments), a current density of 50 µA (0.05 mA)/
cm2 of immersedmetal is required. This same current density
is also commonly used to analyze tarnish films from other
types of environmental tests. For very thick films, the current
density might be increased (up to a maximum of 0.25 mA/cm2)
so that the reduction can proceed at a reasonable rate of not
more than 4 to 6 h for the total reduction time of any one
sample. Since the observed reduction potentials will become
more negative with increasing current density, exercise care
when comparing samples reduced at different current densities.
List all deviations from the preferred current density of 0.05
mA/cm2 in the test report.

8.2 Coupon Preparation (Prior to Exposure to the Test
Atmosphere):

8.2.1 The metallic coupons shall normally be prepared from
sheets or strips of at least 99.9 % purity, and preferably at least
10 mm wide and 0.1 mm thick. Preferred areas range from 300
to 1000 mm2 maximum per flat side, and preferred thicknesses,
in accordance with Test Method B 810, are 0.1 to 0.6 mm
(0.005 to 0.030 in.). However, coupon dimensions shall not
exceed 32 mm (1.25 in.) in width and 77 mm (3 in.) in length.

8.2.2 It is essential that samples of the same shape and
thickness shall be used for all tests for which sample-to-sample
comparisons are made.

8.2.3 Prepare and clean the metallic coupons in accordance
with standard procedures, such as those inRef (1) or Test
Method B 810. If no standard procedure is available for the
metal used, describe the cleaning and preparation procedure in
detail in the test report.

8.2.4 Do not apply masking lacquers (or similar nonmetallic
coatings) to the coupons.

8.3 Reduction Procedures (Following Exposure to the Test
Atmosphere):

8.3.1 If a hook is used to suspend the sample coupon, ream
the hole in the latter with a round file (such as a jeweler’s file)
in order to remove the insulating tarnish film from the hole wall
and ensure good electrical contact between the coupon and the
wire hook.

8.3.2 If the sample had been exposed to field environments,
it shall be examined (at 3X) for the presence of particulates. If
a significant number of particulates are observed, the sample
shall be immersed for a few seconds in a beaker of fresh DI
water just prior to placement in the reduction cell.

8.3.3 For the setup of Fig. 4, suspend the sample from the
hook or clip, using clean forceps to avoid contaminating the
sample, and insert into the empty cell. Introduce inert gas
through the lower port of the empty cell to purge the air for a
minimum of 2 min, after which divert the gas to the upper part
of the cell. The recording system is then engaged and turned
on. Introduce the deaerated electrolyte solution into the reduc-
tion vessel to the preset mark.

8.3.4 For the cell design of Fig. 5, first divert the inert gas
so that it passes over the deaerated solution in the cell. Attach
the sample to the hook or gold-plated clip then lower the
solution level to the preset mark by opening the bottom
stopcock. The recording system is then engaged and turned on.

8.3.5 Apply the precalculated current between the sample
and the counter-electrodes, and mark the start time on the
recorder chart, if used. Allow the reduction to proceed until the
hydrogen reduction step is established, before turning off the
current. Hydrogen reduction is determined by the presence of
an “endless” flat or gently rising constant voltage step, which
is often accompanied by the evolution of masses of small
bubbles from the sample. Once this hydrogen step is reached
no higher potential reduction process can occur.

8.3.6 At the completion of each coulometric run, remove the
sample and drain and clean the cell in preparation for the next
run.

9. Data Evaluation

9.1 The results of the constant-current coulometry proce-
dure can be expressed directly as the elapsed time, in seconds,
required to complete the reduction of a particular film compo-
nent at its observed voltage step (see 9.4 for method), as well
as the total time needed to complete the reduction of all the
reducible components of the film. The elapsed time values can
also be multiplied by the total applied current to give the
number of coulombs of electrical charge required to complete
the reduction processes at the various respective voltages as
follows:

q 5 it (3)

where:
q = charge, mC,
i = current, mA, and
t = time, in s.

9.2 If the chemical identity of the reducible component is
known (1), calculations can be made of both the mass of that
substance and its thickness (assuming that it is present as an
homogeneous layer in the film). Methods of calculation are
given in Appendix X3.

9.3 Voltage Determinations—Record a reduction potential
or potential range, in volts, for each voltage step or arrest (Fig.
1). The portion of the curve corresponding to this potential or
potential range shall encompass at least 75 % of the reduction
time for that segment of the total curve.

9.4 Reduction Time Determinations:
9.4.1 For simple films, the substance having the lowest

(least negative) reduction potential will reduce first, the reduc-
tion going to completion before the substance having the next
greater potential begins to reduce. The differential voltage
indicator, which shows where the reduction potentials are
changing most rapidly, indicates the beginning and the end of
a reduction, and is thus used to determine reduction times (Fig.
1).

NOTE 7—See Ref 1-5 for proposed chemical identities for the films in
Fig. 1.

9.4.2 With many environmentally produced films there may
be some overlap between the reductions of the different film
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constituents, and the reduction steps may not be sharply
defined. This will generally occur with thicker films, where the
thicknesses of the various components might not be uniform
over the sample area. This is often indicated by a rounding of
the differential voltage peaks in Fig. 1 as the reduction
potential changes gradually between the two voltage arrests or
steps. If this should occur, one or both of the following
methods may be used to determine the transition points.

9.4.2.1 The approximate midpoints of the differential
maxima for the beginning and end of the particular reduction
arrest can be estimated by inspection and measurement.

9.4.2.2 The voltage-time traces may be inspected at a nearly
grazing angle to the line of sight, using a straightedge to lay out
lines that best fit the steps. The transitions will then be seen and
their midpoints estimated (and recorded as the beginning and
end times for that particular step). When transitions are
determined by this technique, they shall be reported asgraphi-
cal transitionsor transitions by graphical analysisto alert the
test specifier to additional considerations when comparisons
are to be made.

10. Report

10.1 Complete a report using a format similar to that shown
in Fig. 6.

11. Precision and Bias

11.1 Precision—The precision of the coulometric reduction
test method was determined for copper coupons exposed to the
humid sulfur vapor test atmosphere in accordance with Test
Method B 809 for 72 h(1).

11.1.1 The voltage level determinations for four different
reduction steps (all greater than 0.5 V) showed a maximum
standard deviation (really a coefficient of variation) of 5 % for
3 separate tests involving a total of 26 samples. The average of
the 12 coefficients of variation (4 levels from each of the 3
tests) was 1.8 %.

11.1.2 The reduction times for these four voltage levels
showed a maximum coefficient of variation of 46 %, with an
average coefficient of 27 % for the 12 reduction times. How-
ever, these reduction-time numbers are not necessarily related
to the precision of the coulometric reduction method itself,
because the reduction times depend upon the different tarnish
thicknesses imparted to the individual samples during the
environmental exposure. Independent measurements of total
film thicknesses on each sample by the mass gain method in
accordance with Test Method B 810 showed a coefficient of
variation (S/X) of 27 % for Test No. 2 and 23 % for Test No. 3
(Table 1), in good agreement with the values observed for
coulometric reduction times. It can be inferred that the coeffi-
cients of variation for the coulometric reduction times can be
expected to be less than 2 % on the basis of these results, in
close agreement to the coefficients of variation in the voltage
level determinations.

11.1.3 Results as precise as these may not be achieved for
films formed in mixed flowing gas environments due to the
increased complexity of the tarnish films. Under these circum-
stances, do not expect to obtain exactly the same voltage values
for corresponding steps of different samples. The main reason
for this is the variation in the real areas of the filmed specimens
(and the corresponding changes in the true current density) as
the metal surfaces are etched by the corrosive environments,
and films of different surface roughnesses are produced. In
addition, the various films may not have uniform thicknesses
over the entire surface of the sample (see 11.1.2).

11.1.4 The precision for coupons exposed to mixed flowing
gas test environments is being determined as part of a planned
interlaboratory (round-robin) test program.

11.2 Bias—Since there is no accepted standard reference
material for adherent tarnish films, the bias in the reduction
potentials and reduction times have not been determined.

FIG. 6 Coulometric Reduction of Films on Copper
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12. Keywords

12.1 atmospheric corrosion; atmospheric test evaluation;
cathodic reduction; control coupon evaluation; corrosion film
analysis; environmental testing; monitoring environmental
tests

APPENDIXES

(Nonmandatory Information)

X1. FABRICATION OF IN SITU SILVER/SILVER CHLORIDE REFERENCE ELECTRODE

X1.1 Immerse two pieces of pure silver, of approximately
the same size and shape, in a saturated KCl solution, keeping
them at least 3 cm apart. Apply 2 to 4 V, using batteries or a d-c
power supply. After a few seconds, reverse the electrical

connections. Repeat this procedure, reversing the direction of
current flow at least three times. The silver that was last
connected to the positive terminal of the power source is
covered with a mixture of silver chloride and metallic silver.

X2. PROCEDURES FOR ENHANCING DIGITALLY PRODUCED DIFFERENTIAL CURVES

X2.1 The differential curve values are typically a few
hundredths of a volt per second, which is well below those of
the reduction curve. Therefore, when plotted on the same scale
(normally 0 to 1.5 V, it is difficult to analyze the differential
curve. The following procedure has been developed to enhance
the differential curve resolution when plotted with this scaling.
While the difference between high and low values is exagger-
ated, the overall character of the curve is unaffected.

X2.1.1 Determine the maximum value of the differential
curve.

X2.1.2 Divide 2.75 by the value determined.

X2.1.3 Multiply all points in the differential curve by the
value determined in X2.1.2.

X2.1.4 (a) Take all points in the differential curve with
positive values to the 0.4 power. (b) All other points (negative
and zero values) are set equal to zero.

X2.1.4.1 This procedure results in the following: The new
maximum differential curve value is approximately 1.5 (match-
ing the full-scale maximum). Paragraph X2.1.4 (a) allows
small peaks to be enhanced without causing larger peaks to go
off scale.

X3. CALCULATING THE MASS AND THICKNESS OF KNOWN FILMS

X3.1 For the mass of a known substance,

W5 it
103 M

NF (X3.1)

where:
W = mass, µg,
i = current, mA,
t = time, s, to reduce a known substance,
M = gram-molecular weight of that substance,
F = Faraday’s constant (9.653 104 C), and
N = number of faradays required to reduce a gram-

molecular weight of the substance, for example, 1 for
AgCl; 2 for Cu2O, CuO, and Ag2S.

X3.2 For the equivalent film thickness of the known
substance,

T 5
itK
a (X3.2)

where:
T = thickness, Å, (10–8 cm)
i = current, mA,
t = time, s,
a = area, cm2, and
K = conversion factor (see Eq X3.3).

K 5
105 M
NFd (X3.3)

whered = density of substance being reduced, g/cm3, andM,
N, andF have the same meaning as in Eq X3.1.

X3.3 The total mass of all the components and the apparent
thickness of the entire film can be obtained by adding the

TABLE 1 Total Reduction Time versus Mass Gain for Copper
Coupons in the Humid Sulfur Vapor (Test Method B 809) Test

Atmosphere (1)

Total Reduction
Time

Weight Gain

Test 2 Mean (X) 2855.0 s 116.3 µg
(12 samples) Standard Deviation (s) 768.0 s 31.0 µg

s/X 26.9 % 26.7 %
Test 3 Mean (X) 3853.0 s 166.0 µg
(6 samples) Standard Deviation (s) 884.0 s 38.6 µg

s/X 23.0 % 23.3 %

B 825 – 02

7



respective values for these known or inferred constituents. If
weight gains have previously been determined for the samples,

these can be compared with the total mass values of the
respective samples, and appropriate correlations made.
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Designation: B 826 – 03

Standard Test Method for
Monitoring Atmospheric Corrosion Tests by Electrical
Resistance Probes 1

This standard is issued under the fixed designation B 826; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method provides a means for monitoring
corrosivity of environmental tests that involve exposure to
corrosive gases.

1.2 This test method uses a resistance monitor (RM) probe
fabricated from a chosen metal conductor, with one conductor
segment uncovered to permit exposure of the chosen metal
conductor to the corrosive gas mixture and the second conduc-
tor segment covered to protect the metal conductor of this
segment from direct attack by the corrosive gas mixture. The
covered conductor segment provides a reference for evaluating
changes in the uncovered segment. The ratio of the resistance
of the exposed segment to that of the covered segment provides
a measure of the amount of metal conductor that has reacted
with the corrosive gas test environment to form poorly con-
ducting corrosion product, thus providing a measure of test
corrosivity.

1.3 Resistance monitoring is applicable to a broad range of
test conditions by selection of the appropriate metal conductor
and initial metal thickness.

1.4 This method is similar in intent to Test Methods B 808.
1.5 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 808 Test Method for Monitoring of Atmospheric Corro-

sion Chambers by Quartz Crystal Microbalances2

B 810 Test Method for Calibration of Atmospheric Corro-
sion Test Chambers by Change in Mass of Copper Cou-
pons2

B 827 Practice for Conducting Mixed Flowing Gas (MFG)
Environmental Tests2

G 96 Guide for On-Line Monitoring of Corrosion in Plant
Equipment (Electrical and Electrochemical Methods)3

3. Summary of Test Method

3.1 The corrosivity of an atmospheric corrosion test such as
a mixed flowing gas (MFG) type test is measured by monitor-
ing the loss in electrical conductivity of a metal element whose
surface corrodes to form poorly conducting corrosion product.
This corrosion product consumes metal from a conduction path
causing an increase in electrical resistance. The resistance of
the degraded conduction path is compared with a similar path
whose surface is covered to prevent corrosion. This compari-
son resistance also provides a temperature correction reference.
The ratio of the electrical resistance of the path exposed to the
corrosive gases to that of the covered path is monitored during
the test and compared to an expected ratio-versus-time curve to
establish the relationship of the test corrosivity to expected test
corrosivity. Alternatively, the ratio-versus-time curve for a
given atmosphere can be compared with the behavior of other
corrosive atmospheres to evaluate the relative corrosivity of the
various atmospheres.

4. Significance and Use

4.1 Corrosivity monitoring of test environments provides a
means to monitor an integrated value of test corrosivity which
cannot be evaluated from test parameters themselves, such as
temperature, humidity, and gas concentration. As such the
monitor value can be used for specification purposes such as
test validation. Electrical resistance monitoring of conductors
exposed to corrosive media is a well-established practice.4,5,6,7

4.2 The resistance method assumes uniform corrosion over
the entire surface of the exposed metal conductor segment.1 This test method is under the jurisdiction of ASTM Committee B02 on

Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.11 on Electrical Contact Test Methods.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1997. Last previous edition approved in 1997 as B 826 - 97.

2 Annual Book of ASTM Standards, Vol 03.04.

3 Annual Book of ASTM Standards, Vol 03.02.
4 ASTM G 96, Guide for On-Line Monitoring of Corrosion in Plant Equipment

(Electrical and Electrochemical Methods).
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Local corrosion such as pitting, crevice, or grain boundary
corrosion may provide invalid estimates of test corrosivity.
Marked changes in slope of the curve of electrical resistance
ratio versus time may indicate undesired processes which can
be due to deficiencies in the test atmosphere or in the monitor
itself.

4.3 Because of limitations of the diffusion process within
the corrosion product formed on the metal conductor segment
of the RM probe when passivating corrosion films are formed,
resistance monitoring may not be useful for test chamber
monitoring purposes for very long test exposures. Chamber
monitoring is dependent on detecting changes in the rate of
corrosion of the RM as an indicator signal that specified gas
concentrations must be reverified. However, low corrosion
rates limit the absolute value of the rate of change of corrosion
rate with change of test conditions; for parabolic film growth
processes, the growth rate decreases with time limiting the
sensitivity of the RM at extended test times.

4.4 Since corrosion rate can be a complex function of test
parameters in MFG tests with any given metal primarily
responsive to a subset of the gases in the MFG environment,
more than one type metal resistance probe is required in order
to assist in maintenance of relative gas concentrations. For
such test specifications, values of resistance ratios must be
referred to ratios obtained under known test conditions as
supplied by the test specifier. Information relating to the
sensitivity of various metals to various corrodants has been
published.8,9

4.5 RM probes can be useful from 1 % of thickness con-
sumed upward to 50 % of thickness consumed by the corrosion
film growth. Conductor thicknesses between 25 nm and 0.2
mm are commercially available.10

5. Interferences

5.1 Resistance monitor probes are generally constructed
from thin film metal coatings on dielectric substrates in the
form of a serpentine pattern or loop to provide a long conductor
path so as to increase the ease of detection of a resistance
change. With such configurations, formation of a corrosion
product, which grows out from the edges of the conductor
paths, can contact adjacent paths; when such contacting cor-
rosion films are formed from conducting corrosion products
such as some copper sulfides, abrupt changes in probe resis-
tance can be observed due to shorting of the current path. Such

shorting of the current path can also occur if condensation
occurs on the probe, especially in the presence of gases that
dissolve in the condensed film to form an electrolyte. Such
shorting behavior is seen as an anomalous resistance decrease
and indicates that corrosion of the RM is not predictable from
its electrical resistance.

5.2 Corrosive gas permeation through the protective cover-
ing of the reference conductor can lead to corrosion of the
reference conductor, thus reducing the apparent resistance ratio
between the exposed conductor and the reference conductor.
Excess resistance change of the reference conductor above that
expected for any observed temperature change of the RM is an
indication of this possible interference. The RM should be
examined after the test for discoloration of the reference
conductor as a signal of possible corrosion of the reference
conductor when such excess resistance change is observed.
Presence of corrosion of the reference conductor invalidates
the estimate of atmosphere corrosivity based on the observed
resistance ratio-versus-time curve.

5.3 Thermal gradients across the RM probe as a result of the
presence of local heat sources such as lamps or powered test
devices can produce an anomalous resistance ratio change.
Such effects can be verified by shutting off the local heat source
and remeasuring the resistance ratio.

5.4 Scratches or other localized conductor thickness varia-
tions can produce anomalous resistance ratios after reduced
corrosion exposures. This behavior can be detected by abrupt
increases in apparent rate of corrosion which occur when the
thinned region corrodes through to the dielectric substrate.
Such abrupt changes indicate the end of useful data from the
RM.

5.5 Contaminant films on the surface of the exposed con-
ductor can inhibit corrosion or accelerate corrosion. Care must
be taken to assure freedom from fingerprints, spittle, oil, or
other surface contamination prior to installation in the test
chamber. If a cleaning procedure is used, it should be appro-
priately evaluated and consistently applied to avoid differing
initial conditions on the RM. The exposed metal conductor of
the probe should be examined after the test exposure to ensure
uniformity of corrosion film growth. Clumps of corrosion
product indicate undesirable conditions and potential problems
interpreting resistance changes.

5.6 Since in-situ electrical resistance measurements require
electrical access to the probe being measured, defects in the
electrical access system, for example, cables and sockets, can
affect the resistance values being measured. Protection of the
electrical access system from the deleterious effects of expo-
sure to corrosive gases is required to ensure a reliable moni-
toring system.

5.7 Most interferences are detectable when multiple probes
are used in a single test by comparison of one probe to another.

6. Apparatus

6.1 The apparatus consists of two elements, a probe that is
responsive to the corrosive environment and a means to
electrically measure the resistance of the probe.10

6.1.1 Resistance Monitor (RM) Probe, consists of two
elements of identical material in thermal contact with each
other. One element is capable of interaction with a corrosive

5 Allen, R. C. and Trzeciak, M. J., “Measuring Environmental Corrosivity,”
Institute of Electrical and Electronic Engineers, Components, Hybrids, and Manu-
facturing Technology Transaction, Vol CHMT-3, 1, March 1980, pp. 67-70.

6 Murcko, R., Corrosion-Indicating Device, IBM Technical Disclosure Bulletin,
Vol 32, No.10A, March 1990, p. 25.

7 Sproles, E. S., “Electrical Resistance of Wires Used as a Corrosion Rate
Monitor,” Corrosion of Electronic and Magnetic Materials, ASTM STP 1148, P. J.
Peterson, Ed., American Society for Testing and Materials, 1992, pp. 11-20.

8 Rice, D., et. al., “Atmospheric Corrosion of Copper and Silver,”Journal of
Electrochemical Society, Vol 128, No. 2, February 1981, pp. 275-284.

9 Rice, D., et al., “Indoor Corrosion of Metals,”Journal of Electrochemical
Society, Vol 127, No. 4, April 1980, pp. 891-901.

10 Resistance monitor system manufactured by Rohrback Cosasco Systems, Inc.,
11841 E. Smith Ave., Santa Fe Springs, CA 90670, United States, have been found
to be satisfactory for corrosivity monitoring of airborne corrosion agents; see Model
CK-3 Corrosometer.
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gas environment and is the detector of test chamber corrosivity.
The second element is protected from interaction with the
corrosive gases from the chamber by means of an impervious
overcoat such as epoxy or other polymer and serves as a
reference. The electrical properties of the elements are chosen
with regard to the expected amount of corrosion to be detected.
Mildly corrosive environments would be monitored by means
of thinner conductors than would be employed in strongly
corrosive environments so as to be more sensitive to the
decreased amount of corrosion expected.

6.1.2 Resistance monitor probes are measured with standard
electrical resistance measurement equipment or with suitable
commercial systems.10 A Kelvin bridge or a potentiometer
shall be used when measuring resistance less than 10V. A
Wheatstone bridge may be used with resistances greater than
10 V. The resistance shall be measured with an accuracy of
0.1 %. The measuring current shall be so small that the
resistance being measured changes by less than 0.1 % due to
temperature rise.

6.2 It is highly desirable that a means for continuous
monitoring of the probe be available so that a record is
maintained during times when the test facility is unattended.

7. Calibration

7.1 Calibrate electrical resistance measuring apparatus in
accordance with the manufacturer’s instructions once every six
months or more frequently if drift indicates that the require-
ments of 0.1 % accuracy cannot be met with semiannual
calibration.

8. Procedure

8.1 Store probes in a glass desiccator after fabrication, free
from exposure to plastic materials that emit volatile plasticizers
or other organic vapors. Handle and store commercial probes10

in accordance with the manufacturer’s instructions. Take care
to ensure that the exposed metal conductor of the probe
remains free of contaminants prior to use in the test chamber
for corrosivity monitoring. Some commercial probes10 have
been supplied with a removable protective film covering the
conductor that is to be exposed to the corrosive gases. Users
are cautioned that such film have been reported to leave a
residue that affects the initial sensitivity to a corrosive envi-
ronment. If such a film is present, remove this film just before
installation of the RM probe in the gaseous corrosion test
chamber or other location where corrosivity is to be monitored.

8.2 Install probes in the corrosive gas stream within the test
chamber between 4 and 6 cm from the test samples being
evaluated in the test chamber. The RM probes and the test
samples shall all be in a single plane that is perpendicular to the
gas flow direction. Probes shall not be behind any gas flow
obstruction such as a test sample or test sample support rack,
nor shall they obstruct the gas flow to any test sample. The
plane of the metal conductor of the RM probe shall be parallel
to the gas flow with the exposed metal conductor closest to the
source of the gas flow and the protected reference metal
conductor downstream from the exposed metal conductor. The

long axis of the probe shall be perpendicular to the gas flow
direction. The RM probe may be mounted with the plane of the
conductor vertical or horizontal for the case of horizontal gas
flow; for vertical gas flow, the plane of the conductor shall be
vertical. In some cases, it may be desired that the conductor be
facing downward to avoid settling of particulate material on the
face of the conductor. See Fig. 1.

8.3 Installation of the probes shall be consistent with instal-
lation of the test samples in accordance with Practice B 827.
Alternatively, if it is desired to use resistance probes as a
complement to weight gain for corrosion chamber calibration,
probe placement shall be consistent with Test Method B 810.

NOTE 1—Probes can be used for only one test. It is optional to use more
than one probe sequentially during a test to capture the most sensitive
period when the corrosion film is thinnest before a thicker, more slowly
responding, corrosion film has formed.

8.4 Check the probe and the internal calibration of the
instrument for proper functioning, as recommended in the
manufacturer’s instructions.

8.5 Connect the instrument to the probe, record the mea-
sured resistances of the probe elements, and check the element
resistances against expected values. Alternatively, check com-
mercial equipment that provides a scale reading of corrosivity
instead of resistance values for expected behavior of the scale
reading in accordance with the manufacturer’s instructions. In
the event of discrepancies, check all parts of the apparatus and
correct installation until desired values are obtained.

8.6 Proceed with test operation in accordance with Practice
B 827 or in accordance with other specified test procedures,
recording RM values as required by Practice B 827 or as
specified by the test specifier or test requester.

8.7 Monitor RM probe electrical resistances for values
within expected range. Calculate and record the ratio of the
resistance of the exposed metal conductor to that of the covered
metal conductor and compare with specified values of the ratio
for the test time at which measurements were made. Take
corrective action of adjusting test parameters when RM probe
ratio values move outside expected range in order to bring RM
probe ratio values within the required range, if corrosivity
control by RM probe is required by the test specification.

FIG. 1 Installation of RM Probe in Corrosive Gas Stream
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9. Report

9.1 Prepare a test report including the following informa-
tion:

• date test started;
• test operator;
• test conditions, that is, gas concentrations, temperature, humidity, air

velocity, and so forth;
• location of RM(s) within chamber;
• specimen preparation procedure, including, if applicable, any clean-

ing procedure used;
• resistance ratio as a function of time; and
• nominal metal loss as a function of time.

10. Precision and Bias

10.1 The precision of this test method is a function of the
construction of the probe used for resistance monitoring,
including metal conductor thickness uniformity. Multiple
evaluations of a given probe system are required to establish
expected precision. Since the parameters of a given system are
selected by the test operator or specified by the test requester,
the required precision must be a part of the test specification.
Precision of this test method will be measured with a single
thickness of a selected metal in a specific corrosive gas
atmosphere when Practice B 827 is available to define the
corrosive gas test practice.

10.2 Since there is not accepted reference material for
determining the bias for the procedure in Test Method B 826
for measuring the corrosivity of all corrosive gas atmospheres
by electrical resistance probes, bias has not been determined.
The bias of this test method arises from the selection of metal
for the conductor that is to be corroded and from the selection
of corrosive gases for the test exposure. Copper has been used
extensively for corrosivity monitoring of selected corrosive
atmospheres, but copper is not suitable for all atmospheres and
sufficient data is not available to establish the bias of copper as
a function of atmosphere. Sufficient data is also lacking to
establish the bias of other metals with respect to copper for a
given atmosphere. If required, the bias must be quantified prior
to use of a given metal as a test specifier. Published literature
provides some guidance as to metal selection for monitoring
various atmospheres.8,9

11. Keywords

11.1 atmospheric corrosion monitor; atmospheric corrosion
testing; corrosivity monitor; electrical resistance probe; envi-
ronmental test; mixed flowing gas test; resistance monitor
probe
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Designation: B 827 – 97 (Reapproved 2003)

Standard Practice for
Conducting Mixed Flowing Gas (MFG) Environmental Tests 1

This standard is issued under the fixed designation B 827; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice provides procedures for conducting envi-
ronmental tests involving exposures to controlled quantities of
corrosive gas mixtures.

1.2 This practice provides for the required equipment and
methods for gas, temperature, and humidity control which
enable tests to be conducted in a reproducible manner. Repro-
ducibility is measured through the use of control coupons
whose corrosion films are evaluated by mass gain, coulometry,
or by various electron and X-ray beam analysis techniques.
Reproducibility can also be measured by in situ corrosion rate
monitors using electrical resistance or mass/frequency change
methods.

1.3 The values stated in SI units are to be regarded as the
standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.See 5.1.2.4.

2. Referenced Documents

2.1 ASTM Standards:
B 542 Terminology Relating to Electrical Contacts and

Their Use2

B 765 Guide for Selection of Porosity Tests for Electrode-
posits and Related Metallic Coatings3

B 808 Test Method for Monitoring of Atmospheric Corro-
sion Chambers by Quartz Crystal Microbalances2

B 810 Test Method for Calibration of Atmospheric Corro-
sion Test Chambers by Change in Mass of Copper Cou-
pons2

B 825 Test Method for Coulometric Reduction of Surface
Films on Metallic Test Samples2

B 826 Test Method for Monitoring Atmospheric Corrosion
Tests by Electrical Resistance Probes2

B 845 Guide for Mixed Flowing Gas (MFG) Tests for
Electrical Contacts2

D 1193 Specification for Reagent Water4

D 1607 Test Method for Nitrogen Dioxide Content of the
Atmosphere (Griess-Saltzman Reaction)5

D 2912 Test Method for Oxidant Content of the Atmo-
sphere (Neutral KI)6

D 2914 Test Methods for Sulfur Dioxide Content of the
Atmosphere (West-Gaeke Method)5

D 3449 Test Method for Sulfur Dioxide in Workplace At-
mospheres (Barium Perchlorate Method)6

D 3464 Test Method for Average Velocity in a Duct Using a
Thermal Anemometer5

D 3609 Practice for Calibration Techniques Using Perme-
ation Tubes5

D 3824 Test Methods for Continuous Measurement of Ox-
ides of Nitrogen in the Ambient or Workplace Atmosphere
by the Chemiluminescent Method5

D 4230 Test Method of Measuring Humidity With Cooled-
Surface Condensation (Dew-Point) Hygrometer5

E 902 Practice for Checking the Operating Characteristics
of X-Ray Photoelectron Spectrometers7

G 91 Practice for Monitoring Atmospheric SO2 Using Sul-
fation Plate Technique8

3. Terminology

3.1 Definitions relating to electrical contacts are in accor-
dance with Terminology B 542.

4. Significance and Use

4.1 Mixed flowing gas (MFG) tests are used to simulate or
amplify exposure to environmental conditions which electrical

1 This practice is under the jurisdiction of ASTM Committee B02 on Nonferrous
Metals and Alloys and is the direct responsibility of Subcommittee B02.11 on
Electrical Contact Test Methods.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1992. Last previous edition approved in 1997 as B 827 - 97.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 02.05.

4 Annual Book of ASTM Standards, Vol 11.01.
5 Annual Book of ASTM Standards, Vol 11.03.
6 Discontinued; see1990 Annual Book of ASTM Standards, Vol 11.03.
7 Annual Book of ASTM Standards, Vol 03.06.
8 Annual Book of ASTM Standards, Vol 03.02.
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contacts or connectors can be expected to experience in various
application environments(1, 2).9

4.2 Test samples which have been exposed to MFG tests
have ranged from bare metal surfaces, to electrical connectors,
and to complete assemblies.

4.3 The specific test conditions are usually chosen so as to
simulate, in the test laboratory, the effects of certain represen-
tative field environments or environmental severity levels on
standard metallic surfaces, such as copper and silver coupons
or porous gold platings(1, 2).

4.4 Because MFG tests are simulations, both the test con-
ditions and the degradation reactions (chemical reaction rate,
composition of reaction products, etc.) may not always re-
semble those found in the service environment of the product
being tested in the MFG test. A guide to the selection of
simulation conditions suitable for a variety of environments is
found in Guide B 845.

4.5 The MFG exposures are generally used in conjunction
with procedures which evaluate contact or connector electrical
performance such as measurement of electrical contact resis-
tance before and after MFG exposure.

4.6 The MFG tests are useful for connector systems whose
contact surfaces are plated or clad with gold or other precious
metal finishes. For such surfaces, environmentally produced
failures are often due to high resistance or intermittences
caused by the formation of insulating contamination in the
contact region. This contamination, in the form of films and
hard particles, is generally the result of pore corrosion and
corrosion product migration or tarnish creepage from pores in
the precious metal coating and from unplated base metal
boundaries, if present.

4.7 The MFG exposures can be used to evaluate novel
electrical contact metallization for susceptibility to degradation
due to environmental exposure to the test corrosive gases.

4.8 The MFG exposures can be used to evaluate the
shielding capability of connector housings which may act as a
barrier to the ingress of corrosive gases.

4.9 The MFG exposures can be used to evaluate the
susceptibility of other connector materials such as plastic
housings to degradation from the test corrosive gases.

4.10 The MFG tests are not normally used as porosity tests.
For a guide to porosity testing, see Guide B 765.

4.11 The MFG tests are generally not applicable where the
failure mechanism is other than pollutant gas corrosion such as
in tin-coated separable contacts.

5. Apparatus

5.1 Apparatus required to conduct MFG tests are divided
into four major categories, corrosion test chamber, gas supply
system, chamber monitoring system, and chamber operating
system.

5.1.1 Corrosion Test Chamber:
5.1.1.1 The chamber shall consist of an enclosure made of

nonreactive, low-absorbing, nonmetallic materials contained
within a cabinet or oven capable of maintaining the tempera-

ture to a maximum tolerance of61°C with a preferred
tolerance held to60.5°C within the usable chamber working
space accordance with 7.3, with a means to introduce and
exhaust gases from the chamber.

5.1.1.2 The chamber isolates the reactive gases from the
external environment. Chamber materials that are not low-
absorbing can affect test conditions by absorbing or emitting
reactive gases, leading to control and reproducibility problems.
The chamber construction shall be such that the leak rate is less
than 3 % of the volume exchange rate.

5.1.1.3 The chamber shall have provision for maintaining
uniformity of the average gas flow velocity within620 % of a
specified value or of the chamber average when the chamber is
empty. For chambers with a dimension of more than 0.5 m,
measurement points shall be in accordance with Test Method
B 810. For chambers with all dimensions of less than 0.5 m, a
minimum of five points shall be measured at locations in the
plane of sample exposure (perpendicular to the expected flow
direction) that are equidistant from each other and the walls of
the chamber. After all five or more data values are recorded, all
measurements shall be repeated a second time. After the two
sets of measurements are recorded, a third complete set shall be
recorded. The arithmetic average of the 15 or more measure-
ments shall be the chamber average. See 7.5 and 7.6.8. If a hot
wire anemometer is used for gas velocity measurements, it
shall be made in accordance with Test Method D 3464, with
the exception that sample sites shall be in accordance with Test
Method B 810.

5.1.1.4 A sample access port is desirable. This should be
designed such that control coupons can be removed or replaced
without interrupting the flow of gases. Corrosion test chamber
corrosion rates have been shown to be a function of the
presence or absence of light(3, 4).Provision for controlling the
test illumination level in accordance with a test specification
shall be made.

5.1.1.5 Examples of test chamber systems are diagrammed
in Figs. 1-3. They are not to be considered exclusive examples.

5.1.2 Gas Supply System:
5.1.2.1 Description and Requirements—The gas supply sys-

tem consists of five main parts: a source of clean, dry, filtered
air; a humidity source; corrosive gas source(s); gas delivery
system; and corrosive gas concentration monitoring system(s).
Total supply capacity must be such as to meet requirements for
control of gas concentrations. The minimum number of volume
changes is determined by the requirement that the concentra-
tion of corrosive gases be maintained within615 % between
gas inlet and outlet. This is verified by measurement of the gas
concentrations near the gas inlet upstream of the usable
chamber working volume and comparing with gas concentra-
tions measured downstream of the usable chamber working
volume just prior to the chamber exhaust; these values shall be
within 615 % (see 7.6). Alternative methods of demonstrating
compliance with the maximum allowable concentration gradi-
ent are acceptable. Normally, a conditioned chamber equili-
brates within several hours after sample loading and start of the
corrosive gas supply. Times longer than 2 h shall be reported in
the test report; see Section 8. A guide to estimating supply
requirements is provided in Appendix X1.

9 The boldface numbers in parentheses refer to the list of references at the end of
this standard.
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NOTE 1—Guidance: when inlet to outlet concentrations vary by more
than615 %, it usually indicates an overloaded chamber.

5.1.2.2 Clean, Dry, Filtered Air Source— Gases other than
oxygen and nitrogen that are present in the dry air source shall
be less than or equal to those defined by OHSA Class D limits
with the following additional constraint. Gases other than
nitrogen, oxygen, carbon dioxide, noble gases, methane, ni-
trous oxide, and hydrogen shall be less than 0.005 (ppm) by
volume total and shall be High Efficiency Particulate Arrestants
(HEPA) filtered.

5.1.2.3 Humidity Source—The humidity source shall use
distilled or deionized water, Specification D 1193, Type 1 or
better, and shall introduce no extraneous material. The humid-
ity source shall be maintained equivalent to Specification
D 1193 Type II or better, with the exception that electrical
resistivity shall be maintained equivalent to Specification
D 1193 Type IV. The time averaged value of humidity shall be
within 61 % relative humidity of the specified value with
absolute variations no greater than63 % relative humidity
from the specified value.

5.1.2.4 Corrosive Gas Sources—Corrosive (test) gases,
such as nitrogen dioxide, hydrogen sulfide, chlorine, sulfur
dioxide, etc. shall be of chemically pure10 grade or better. Such
gases are frequently supplied in a carrier gas such as nitrogen
which shall be of Pre-Purified10 grade or better. (Warning—

This practice involves the use of hazardous materials, proce-
dures, and equipment. The gas concentrations in the test
chamber may be within permissible exposure limits (PEL).11

However, concentrations in the compressed gas cylinders or
permeation devices are often above the PEL, and may exceed
the immediately dangerous to life and health level (IDHL).
This practice does not address safety issues associated with
MFG testing.)

5.1.2.5 Gas Delivery System—The gas delivery system is
comprised of three main parts: gas supply lines, gas control
valves and flow controllers, and a mixing chamber. The gas
delivery system shall be capable of delivering gases at the
required concentrations and rates within the test chamber.

(1) All materials used for the gas transport system must not
interact with the gases to the extent that chamber gas concen-
trations are affected.

(2) Gases, make-up air, and water vapor must be thor-
oughly mixed before gas delivery to the samples under test in
the chambers. Care must be taken to ensure absence of aerosol
formation in the mixing chamber whereby gases are consumed
in the formation of particulates which may interfere with gas
concentration control and may introduce corrosion processes
which are not representative of gaseous corrosion mechanisms.
Aerosol formation may be detected by the presence of a visible
film or deposit on the interior surface of the gas system where
the gases are mixed.

(3) Any fogging of the tubing walls or mixing chamber
walls can be taken to be an indication of a loss of corrosive
gases from the atmosphere. Final mixing of the specified gases
should occur inside a separate area of, or as close as possible
to, the test chamber so as to ensure thermal equilibration with
the test chamber.

(4) Flow measurement capability is required at the inlet of
the chamber and also at the exhaust of negative pressure
chambers to ensure the absence of uncalibrated gas streams.

5.1.2.6 Corrosive Gas Concentration Monitoring System—
Standard measurement systems for very low level gas concen-
trations are listed in Table 1, which provides for gases in
common use in present mixed flowing gas systems, for testing
electrical contact performance.

(1) Each instrument must be characterized for interference
with the gases specified, both individually and mixed.

(2) Depending on the exact equipment set used, it may not
be possible to accurately measure the concentration of some
gases, such as chlorine, in combination with any of the other
gases.

(3) The analytic instruments shall be maintained and
calibrated electronically in accordance with the manufacturers’
recommendations. Standard gas sources shall also be calibrated
in accordance with the manufacturers’ specifications, or in
accordance with Practice D 3609. Gas concentration analyzers
shall be calibrated to standard gas sources in accordance with
the manufacturers’ recommendations. They shall be calibrated

10 Chemically Pure and Pre-Purified are designations of Matheson Gas Co., East
Rutherford, NJ, for specific grades of purity of gas. Other vendors such as AIRCO
have equivalent gas purities available sold under different terminology.

11 Pocket Guide to Chemical Hazards, National Institute for Occupational Safety
and Health, U.S. Department of Health and Human Service, Publication #85-114,
fifth printing.

FIG. 1 Schematic Flow-Through Mixed Flowing Gas (MFG) Test
System
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before and after each test and whenever the indicated concen-
tration changes exceed the allowed variation in the test
specification.

(4) Control of the temperature and humidity within the test
chamber itself is part of the chamber monitoring system which
is described in 5.1.3

NOTE 2—If the chlorine monitor is not being used during the test, it
need not be calibrated during the test.

5.1.3 Chamber Monitoring System—Chamber monitoring
systems are required to ensure test reproducibility from one test
run to the next. Calibration of monitoring instruments is

required periodically because the corrosive effects of mixed
gas environments can affect instrument sensitivity and accu-
racy. The chamber monitoring system must address four test
parameters: temperature, humidity, gas concentrations, and
corrosivity.

5.1.3.1 Temperature Monitoring—Temperature monitoring
is usually a simple thermocouple or other temperature mea-
surement device capable of the required resolution of 0.2°C
and accuracy of60.5°C within the temperature range required
by the test specification. For test temperatures above 40°C, see
7.6.5.

FIG. 2 Schematic Vertical Recirculating Mixed Flowing Gas (MFG) Test System

FIG. 3 Schematic Horizontal Recirculating Mixed Flowing Gas (MFG) Test System
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5.1.3.2 Humidity Monitoring—Humidity must be deter-
mined by an apparatus with a resolution of 0.5 % relative
humidity and an accuracy of61 % relative humidity. Test
Method D 4230 describes a dew point method which meets this
requirement. For test temperatures above 40°C, see 7.6.5.

5.1.3.3 Corrosive Gas Monitoring—Chamber corrosive gas
concentration monitoring must be accomplished by provision
of sampling lines from the test chamber to the gas concentra-
tion analyzers. These sampling lines must be maintained above
the chamber dew point temperature. The interior of the gas
concentration analyzers shall also be maintained above the
chamber dew point temperature. For test temperatures above
40°C, see 7.6.5.

5.1.3.4 Chamber Corrosivity Monitoring— Chamber corro-
sivity monitoring can be accomplished by a number of comple-
mentary techniques, none of which provide both a comprehen-
sive analysis of the corrosion process and an instantaneous
indication of the corrosion rate. Five acceptable techniques are
as follows: metal coupon corrosion mass gain, corrosion film
analysis by coulometric reduction, corrosion film analysis by
electron or X-ray beam analysis, quartz crystal microbalance
mass gain, and electrical resistance measurement of corroding
metal conductors (see Note 3). The first three provide infor-
mation subsequent to the test whereas the last two can be used
in situ in the test chamber to provide information during the
test itself. See Appendix X2 for a discussion of these methods.
It is recommended that the test requester specify chamber
corrosivity monitoring methods to be used.

NOTE 3—A potential sixth method utilizing porous gold coupons is
under investigation.

5.1.4 Chamber Operating System—The chamber operating
system is comprised of equipment and software necessary to
adequately control all of the variables of the test. This will
include data logging and alert procedures for operation outside
of desired bounds. Some form of computer control is highly
recommended to assure satisfactory operation during unat-
tended periods and for data tracking for failure analysis in case
the test is disrupted.

6. Reagents and Materials

6.1 Materials required to conduct flowing mixed gas tests
are as follows:

6.1.1 Purity of Water—Water for humidity generation shall
be equivalent to Type 1 or better of Specification D 1193.

6.1.2 Carrier Gas—Carrier gas such as nitrogen shall not
introduce reactive constituents into the test atmosphere to an
amount of more than 5 % of any specified corrosive test
atmosphere constituent.

6.1.3 Clean Filtered Air—Clean filtered air as required for
makeup to support the necessary exchange rate, in accordance
with 7.6.7.1 (2) is specified in 5.1.2.2.

6.1.4 Corrosive Gases—Corrosive gases shall be chemi-
cally pure9 grade or equivalent.

6.1.5 Corrosivity Monitor Materials (CMM)—CMM are
comprised of the coupons that are exposed to the test atmo-
sphere for mass gain or coulometric reduction in accordance
with Test Methods B 810 and B 825, respectively, the coated
quartz crystals used for microbalance measurements in accor-
dance with Test Method B 808, resistance monitor materials in
accordance with Test Method B 826, or other coupons for
analytical techniques described in Appendix X2.3.

7. Procedure

7.1 The following procedure is comprised of requirements
and other comments provided as a general guide to achieving
reproducible results with MFG testing. This procedure is
compatible with most test facilities; however, differences in
apparatus, test conditions, or local safety requirements may
necessitate alternative procedures. Any deviations shall be
reported with all test results (see Section 8).

7.2 The procedure is comprised of the following major
activities: test chamber calibration, sample preparation, test
chamber set-up, test chamber start-up, test chamber operation
during test duration, test chamber shut-down, and reporting
requirements.

7.3 Test Chamber Calibration—The spatial uniformity of
the corrosivity of test chambers larger than 0.5 m on a side
shall be measured in accordance with Test Method B 810,
which describes the required placement scheme for calibration
samples which are used to determine corrosion rate uniformity
over the entire chamber volume. For chambers smaller than 0.5
m on a side or chambers of unusual geometry, use sufficient
samples for corrosivity characterization so as to clearly delin-
eate the usable chamber working volume as defined in this
paragraph. This profiling shall be done when the chamber is
initially built and after any structural change to the chamber
that may affect the flow of test gas over the test samples.Test
Method B 810 describes a procedure using mass gain. Alter-
native means to characterize corrosion rates such as Test
Method B 825, Coulometric Reduction, or Test Method B 808,
Quartz Crystal Microbalance, in accordance with 5.1.3.4 are
also acceptable. A minimum of three corrosivity monitors of a
given type must be used, if possible, in each chamber location.
The average corrosivity for that location must be within 15 %
of the average for the entire chamber. When a single monitor
has to be used at a location, due to chamber size limitations or
monitor geometry, the average corrosivity for that location
must be based upon three consecutive calibration runs. These
requirements define the usable chamber working space.

NOTE 4—Profiling does not remove the necessity to provide and

TABLE 1 Instrumental Methods for Gaseous Components

NOTE 1—Commercial equipment such as Monitor Labs 8770, Hydro-
gen Sulfide Converter, in conjunction with Monitor Labs 8850, Sulfur
Dioxide Analyzer is suitable for this purpose.

NOTE 2— Commercial equipment such as Monitor Labs 8850, Sulfur
Dioxide Analyzer is suitable for this purpose.

NOTE 3—Commercial equipment such as Monitor Labs 8840, Nitrogen
Oxides Analyzer is suitable for this purpose.

Gas Suitable Instrumental Method Suitable Procedure

H2S Photometric or luminescence See Note 1
SO2 Photometric or luminescence Test Methods D 2914, G 91,

D 3449, see Note 2
NO2 Chemiluminescence Method D 3824, see Note 3
Cl2 Electrochemical or Reflectometric Test Method D 2912
The instrument manufacturer’s instructions for delivering samples to the instru-
ments should be followed.
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evaluate CMM for each test run of the test chamber.

7.4 Sample Preparation—Two types of samples are used for
these tests, CMM and the test samples being evaluated. Prepare
CMM in accordance with their respective standards, such as
Test Method B 810.

7.4.1 Prepare the test samples in accordance with any
agreement between vendor and user of the samples being
tested. Such preparation shall be consistent with normal
preparations expected when test samples would be exposed to
normal application environments in their intended applications
except when evaluation of preparation methods is the object of
the test.

7.5 Test Chamber Set-Up—Place test samples and CMM in
the chamber in a manner that is representative of the way the
test samples would be used in the application environment, if
known. This should be done in a consistent manner, such that
the test results will be reproducible over time.

7.5.1 In general, the samples shall be suspended or held
with their long dimension parallel to the flow of air and a
minimum of 5 cm away from any surface to avoid boundary
layer effects. It is particularly important that no test samples or
CMM be shielded from the source of the pollutant gases by any
control coupon, test fixture, test samples, test rack, or other
obstruction placed upstream.

7.5.2 In general, when larger systems under test are being
expressed to a MFG environment, the interior of the system
under test will be underexposed due to the gettering or reaction
of pollutant gases by the surrounding system surfaces. Under
these circumstances, the system should be placed in the
exposure chamber in a configuration that is consistent with
exposure in actual field configuration. CMMs should be placed
around the system under test.

7.6 Test Chamber Start-Up:
7.6.1 Test Conditions—Test conditions such as those given

in Section 8 shall be specified by the test requester. Test
Method B 845 is a guide to selection of such conditions for
specification purposes.

7.6.2 Avoidance of Condensation—Establish an apparatus
specific start-up and shut-down procedure to avoid visible
water condensation on the test samples and CMM at time of
insertion into the chamber. Such condensation on the parts
invalidates the test. To avoid condensation at start-up the parts
under test shall be at a temperature that is greater than the dew
point temperature of the chamber at insertion time. To avoid
condensation at shut-down the laboratory temperature shall be
greater than the dew point temperature of the exposure
chamber at sample removal time.

7.6.3 Chamber Preparation—When contaminants such as
condensed gases (for example, free sulfur or organic material
from test samples) or corrosion particulate deposits are present
or suspected, clean the inside of the chamber to reduce the
concentration of adsorbed gases by wiping the interior walls
with a clean, lint-free cloth before installing samples at the start
of any test. Residual contamination can affect the accuracy of
subsequent chlorine measurements.

7.6.3.1 An indication of the need for a wipe down would be
an abnormally long time (in excess of 20 chamber gas
exchanges for low-sulfur (for example, <0.020 ppm H2S) tests

or in excess of 200 chamber gas exchanges for high-sulfur
tests) to reach 10 % or 0.001 ppm corrosive gas concentration
levels after chamber shutdown.

7.6.4 Chamber Loading:
7.6.4.1 Place the test samples and control materials into the

chamber when the samples, materials, and chamber are at
ambient temperature and relative humidity in order to avoid
visible condensation. Alternatively, samples at chamber tem-
perature can be placed directly into a heated chamber at or
below specified humidity.

7.6.4.2 For tests which require in situ measurements on the
test samples, install necessary electrical access cabling at this
time and make initial measurements, as required by the test
specification.

7.6.5 Chamber Heating—The practical upper limit to the
test temperature for this procedure is determined by the internal
temperature of the analyzers, including any auxiliary heating,
such that condensation of the sampled gas stream will not
occur within the instrument. In order to avoid condensation in
the analytical instruments and sampling lines, the relative
humidity of the sampled gas mixture in the sampling lines and
analytical instruments shall not exceed 80 % relative humidity.
This is generally accomplished by heating the sampling lines
and instruments as required. Manufacturers of the analyzers
should be consulted to determine maximum temperatures at
which the analyzers can be maintained. Modifications of this
procedure such as limiting chamber humidity to a wet-bulb
temperature less than the instrument internal temperature
during corrosive gas supply settings and subsequent elevation
of humidity to specified values may be required for high
temperature (for example, 70°C), high-humidity corrosive gas
tests.

7.6.5.1 Heat the chamber to the specified test temperature, if
required. A holding time of at least 1 h is recommended to
ensure temperature equilibration of the test samples. A longer
time may be necessary for massive assemblies.

7.6.6 Chamber Humidification:
7.6.6.1 Increase the chamber humidity to the specified test

relative humidity, if required.
7.6.7 Gas Level Setting:
7.6.7.1 Confirm that temperature and humidity are at equi-

librium at specified test conditions.
7.6.7.2 When conducting multiple gas tests with chlorine as

one of the corrosive gases, chlorine must be the first gas whose
supply setting is established. This is because of interferences
from other gases which are due to present limitations of the
chlorine gas monitoring equipment in common use. Allow the
chlorine levels to come to equilibrium in the chamber for at
least 1–2 h.

7.6.7.3 Introduce all the other corrosive gases to the level
specified and measure the gas concentrations (see 5.1.2.6), in
the test chamber in accordance with 5.1.3.3; adjust the gas
supply rates and volume exchange rate until the downstream
gas concentrations are within615 % or 0.003 ppm, whichever
is larger, of the upstream concentrations and at the gas
concentrations specified. Allow to stabilize and repeat mea-
surement after 1 to 2 h to confirm gas supply and volume
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exchange rate setting. Circulating fans shall be running during
this gas supply setting in recirculating-type chambers.

7.6.7.4 The following points concerning gas concentrations
should be noted.

(1) Inability to achieve 15 % (0.003 ppm) gas concentra-
tion tolerance between upstream and downstream values may
indicate insufficient exchange rate or excessive loading of test
samples.

(2) Once gas levels are set initially, any change in the gas
supply system requires confirmation of compliance with the
requirements of 7.6.7.1 (2) and (3) and may necessitate
resetting of the gas controls; any such actions shall be reported
in Section 8.

(3) For assembly level testing, for example, a disk drive
assembly or large wiring harness, gas levels should be set
upstream of the test object at the maximum exchange capacity
of the system, with the assembly in place. Record the down-
stream gas concentrations and report them in the test report as
a deviation, see Section 8. When testing at assembly level, the
requirement that the gas concentration in the exhaust stream be
within 15 % (or 0.003 ppm, whichever is larger) of the inlet
stream may not be applicable, since it is entirely possible that
under operating conditions, exhaust streams from the assembly
may be depleted of pollutants due to absorption within the
assembly itself. It is recommended that the test requester and
test operator discuss the expected deviation from the 15 %
concentration variation for assembly testing.

7.6.8 Air Velocity Confirmation—For tests specifying air
velocity, after test samples are placed in the chamber, and gas
levels and exchange rates are set, measure the velocity of the
corrosive gas air stream impinging on the test samples between
5 and 8 cm upstream of the test samples for compliance with
the air velocity specified and the allowable tolerance of
620 %.

7.6.9 Corrosivity Setting—Where corrosivity is required to
be monitored by means of one or more in situ continuous
monitors such as a quartz crystal microbalance (QCM) or
resistance monitor (RM), maintain the corrosivity within the
bounds specified by the test specification. Deviations from the
expected corrosivity require immediate attention to the con-
trolling test parameters such as temperature, humidity, and gas
concentration to rectify the deviation. Report the inability to
attain the specified corrosivity at the specified test sample
loading with all other parameters in the specified range as a test
deviation in Section 8.

7.6.10 Test Duration—Test duration can be specified by two
different means. The test may be specified to endure a set
period of time, or it may be specified to endure until a required
total corrosion, as measured by an in situ corrosivity monitor,
is achieved.

7.7 Test Chamber Operation—Monitor the test chamber for
temperature, humidity, and pollutant gas concentrations to
demonstrate chamber stability with respect to short-term fluc-
tuations and long-term drifts. Place CMM in the test chamber
adjacent to the test samples. This will provide a measure of
chamber corrosivity after the test is completed. For a plane
array of test samples place a minimum of five CMM, one at
each corner and one at the center of the array of test samples.

Corrosivity monitors such as resistance monitors or quartz
crystal microbalances are recommended to provide an inte-
grated continuous assessment of chamber status.

7.7.1 Test Tolerances—Maintain the following tolerances
on test parameters unless otherwise specified by the test
requester:

7.7.1.1 Maintain the temperature within61°C with a pre-
ferred tolerance of60.5°C.

7.7.1.2 Maintain the humidity at an average value within
61 % relative humidity with an absolute variation less than
3 % relative humidity.

7.7.1.3 Maintain the gas concentrations within615 % or
60.003 ppm, whichever is larger.

7.7.1.4 If specified, maintain the corrosivity within 15 % of
the specified value.

7.7.1.5 Maintain the test duration within62 % or 62 h,
whichever is longer.

7.7.2 Psychrometric Monitoring—Continuous or periodic
monitoring of temperature and humidity is required. The
maximum period between measurements shall be 30 min.

7.7.2.1 Air velocity need not be monitored during the test
unless significant changes in sample placement occur during
the test. Some means of verifying that the fans are operating
properly is required in recirculating-type chambers in order to
ensure that air velocity remains within the tolerance band
specified or the range for which chamber calibration was
obtained.

7.7.3 On-Line Control—In addition to monitoring, some
type of on-line control is recommended. This allows adjust-
ments to be made in the gas concentrations dynamically, to
increase the probability of a valid test.

7.7.4 Test Continuity—The test exposure should be run
continuously with as few interruptions as possible, unless
otherwise specified. Interruptions for removal or replacement
of test samples or CMM, during which time chamber condi-
tions may vary outside of limits defined in 7.7.1, shall not be
considered deviations as long as total duration of all interrup-
tions is less than 5 % of total test time.

NOTE 5—These deviations can be minimized by building a small door
within the main chamber access door to facilitate the removal or addition
of CMM.

7.7.4.1 Test Integrity—The test shall not be disrupted by the
addition of new samples for a different test during the operation
of the test. New samples introduce fresh absorbing surfaces
which can significantly alter the gas concentrations at which
the original samples were being tested; such a disruption would
lead to problems reproducing test results and is unacceptable.

7.8 Test Chamber Shut-Down:
7.8.1 Electrical Power-Down—Discontinue electrical

power to any devices under test and to in situ corrosivity
monitors.

7.8.2 Corrosive Gas Shut-Down—Discontinue corrosive
gas supply, except for chlorine, if used. Allow chlorine level to
equilibrate in the absence of the other gases. Measure chlorine
level (also, measure residual levels of other gases) to ensure
compliance with 7.6.7.1 (2) and report if it is outside the test
specification. Then, discontinue chlorine supply.
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7.8.2.1 If high levels of H2S of SO2, or both, are used, it
may not be possible to accurately measure the Cl2 concentra-
tion because the sulfur species emitted from the test samples
can interfere in a negative manner to reduce the oxidant-caused
signal in some chlorine monitors (for example, MAST Oxidant
Monitor). If such interference is suspected, it is necessary to
remove the test samples prior to verifying the chlorine concen-
tration. Empty the test chamber of test samples and CMM.
Reseal the test chamber and restart the chlorine flow at the
prior setting. After equilibration of chlorine, measure the
chlorine level and record for inclusion in Section 8. Discon-
tinue chlorine flow.

NOTE 6—If the chlorine level is close to or above the accepted time
weighted average (TWA), the testor will have to record the chlorine flow
settings and shut off all corrosive gas supply before opening the chamber
to the laboratory. The current accepted TWA for chlorine is 500 parts per
billion. It is good laboratory practice to minimize any personnel exposure
to corrosive gases.12

7.8.3 Humidity Control—Discontinue humidity generation
while maintaining chamber temperature, if it is necessary to
reduce chamber temperature. When the relative humidity has
stabilized at a low level, the chamber temperature may be
reduced in convenient increments while ensuring freedom from
condensation until the chamber can be safely opened and test
samples and CMM removed from the chamber.

8. Report
8.1 The report shall contain the following information:
8.1.1 Facility name.
8.1.2 Test engineer.
8.1.3 Test requester.
8.1.4 Date.
8.1.5 Test Samples—Description; number of test samples;

condition tested; exposure intervals; and data summary.
8.1.6 Corrosivity Monitor Materials (CMM)—Description

(each type); number of CMM; description of CMM placement;
exposure intervals; data from CMM; procedures used for
preparation and analysis (for example, in accordance with Test
Method B 810); and equilibration time to stabilize gases at
615 % (or 0.003 ppm), inlet to exhaust, if longer than 2 h.

8.1.7 Test Conditions: Levels and Relevant Tolerances—
Gas concentrations; temperature and humidity; air velocity,
direction; illumination condition; exchange rate; and test du-
ration.

8.1.8 Chamber dimensions.
8.1.9 Usable chamber working space in accordance with

7.3.
8.1.10 Deviations from normal conditions.
8.1.11 Record of all interruptions (reason and duration).

9. Keywords
9.1 air velocity; chlorine; corrosion; corrosive gas testing;

corrosivity; corrosivity monitor; coulometry; environmental;
humidity; hydrogen sulfide; mixed flowing gas; nitrogen oxide;
pollutant; pore corrosion; quartz crystal microbalance; resis-
tance monitor; sulfur; sulfur dioxide; tarnish; temperature;
testing

APPENDIXES

(Nonmandatory Information)

X1. ESTIMATING REQUIRED CORROSIVE GAS EXCHANGE RATE

X1.1 The required rate of corrosive gas exchange can be
estimated from the total gas consumption required to obtain the
expected corrosion rate for the test being performed. In a
typical MFG test the initial corrosion rate can be as high as 8
nm of copper corrosion film growth/h over the first 8 h of the
test. The most conservative assumption of one atom of corro-
sive gas per atom of copper implies that such a film thickness
requires 23 1016 chlorine atoms/h/cm2 of exposed copper
surface, if the entire film is comprised of CuCl. Thus the
amount of chlorine supplied to the test chamber must be 23
1017/h/cm2 if no more than 10 % loss of concentration can be

accepted downstream of the exposed copper surface in accor-
dance with the requirements of this practice. If the chlorine is
being supplied at a concentration of 0.01 ppm in carrier gas,
then 0.83 m3 of such supply is required/h/cm2 of exposed
copper surface. For 100 cm2 of exposed copper, the gas supply
must be 83 m3/h.

X1.2 If half of the film is oxide and half is basic copper
chloride, Cu2(OH)3Cl, as is more likely, then the chlorine
consumption rate is reduced by a factor of 4.7 to 17.7 m3/h/100
cm2 of exposed copper.

12 1995–1996 Threshold Limit Values (TLVs) for Chemical Substances and
Physical Agents and Biological Exposure Indices (BEIs), American Conference of
Governmental Industrial Hygienists, Technical Affairs Office, 1330 Kemper
Meadow Drive, Cincinnati, OH, 45240.
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X2. CORROSIVITY MONITORING METHODS

X2.1 Mass Gain Coupons—Test Method B 810 describes a
technique for use of copper coupons in chamber monitoring
which utilizes mass gain due to formation of corrosion prod-
ucts from interaction of the corrosive gases with the exposed
surface of the copper coupon. It describes coupon cleaning,
handling, placement, and evaluation procedures.

X2.2 Coulometric Reduction—Test Method B 825 de-
scribes a procedure for determining the relative amounts of
different corrosion film constituents in corrosion films formed
on copper and silver coupons by means of coulometric
reduction techniques. The technique also provides a measure of
the total amount of copper or silver which has reacted to form
corrosion products on the surface of the coupons which have
been exposed in the test chamber.

X2.3 Surface Analysis—Surface analysis of corrosion films
has been performed by a number of analytical techniques
including X-ray diffraction, X-ray emission spectroscopy,
X-ray photoelectron spectroscopy (see Practice E 902), Auger
electron analysis and secondary ion mass spectroscopy. All of
these techniques yield different data which can be correlated to
develop a more complete understanding of corrosion behavior.
These techniques are more important when metals other than
copper or silver are being examined for susceptibility to mixed
flowing gas testing because of the absence of extensive data
bases on those other metals in the environments considered
here.

X2.4 Quartz Crystal Microbalance—Test Method B 808
describes the use of the quartz crystal microbalance to provide
a real time monitor of the corrosion rate of a chamber. The

technique is based on a frequency measurement of a resonating
quartz crystal which has been coated with a thin film of
reactive metal such as copper. As the copper corrodes, the mass
of the crystal plus copper plus corrosion product increases
leading to a smaller resonant frequency. The frequency shift is
directly related to the amount of corrosion and is sensitive to
less than a monolayer of corrosion product. This sensitivity
provides an immediate measure of corrosion rate which can be
related to gas concentrations or other chamber conditions such
as temperature or humidity.

X2.5 Resistance Monitoring—Test Method B 826 de-
scribes the use of a resistance monitoring technique to deter-
mine the corrosivity of gaseous environments. The technique is
based on the comparison of the electrical resistance of two legs
of a bridge circuit which are exposed to the corrosive gases
with the resistance of two legs of the circuit which are shielded
from the corrosive gases by the presence of an inert overcoat.
The circuit is formed from thin metal films such that corrosion
of the film removes metal from the conductive path thus
increasing the resistance. Modifications of this technique have
been successfully used to monitor mixed flowing gas chamber
corrosivity on a real time basis. Sensitivity of the resistance
bridge can be adjusted by using thinner metal films such that
modest corrosion films produce more significant resistance
shifts.

NOTE X2.1—A limitation of the mass gain and resistance techniques is
that the same observed rate of change can be accomplished by different
gas concentrations in a multiple gas chamber. Use of multiple metals
which are sensitive to different gases is required to assure control of gas
ratios.
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Designation: B 829 – 04

Standard Specification for
General Requirements for Nickel and Nickel Alloys
Seamless Pipe and Tube 1

This standard is issued under the fixed designation B 829; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification contains various requirements that,
with the exception of Sections 5 and 10, are mandatory
requirements to the following ASTM nickel and nickel alloy,
seamless pipe and tube specifications:

Title of Specification
ASTM

Designation2

Nickel Seamless Pipe and Tube B 161
Seamless Nickel and Nickel Alloy, Condenser and Heat Ex-

changer Tubes
B 163

Nickel-Copper Alloy (UNS N04400) Seamless Pipe and Tube B 165
Nickel-Chromium-Iron Alloys (UNS N06600, N06601, and

N06690) Seamless Pipe and Tube
B 167

Nickel-Iron-Chromium Alloy Seamless Pipe and Tube B 407
Nickel-Iron-Chromium-Molybdenum-Copper Alloy (UNS N08825

and N08221) Seamless Pipe and Tube
B 423

Nickel-Chromium-Molybdenum-Columbium Alloys (UNS
N06625) Pipe and Tube

B 444

Nickel-Chromium-Iron-Columbium-Molybdenum-Tungsten Alloy
(UNS N06102) Seamless Pipe and Tube

B 445

Nickel-Iron-Chromium-Silicon Alloys (UNS N08330 and UNS
N08332) Seamless Pipe

B 535

Copper-Beryllium Alloy Forgings and Extrusion B 570
Seamless Nickel and Nickel-Cobalt Alloy Pipe and Tube B 622
UNS N08028 Seamless Tubes B 668
UNS N08904, UNS N08925 and UNS N08926 Seamless Pipe

and Tube
B 677

Iron-Nickel-Chromium-Molybdenum Alloys (UNS N08366 and
UNS N08367) Seamless Pipe and Tube

B 690

Ni-Cr-Mo-Co-W-Fe-Si Alloy (UNS N06333) Seamless Pipe and
Tube

B 722

Seamless UNS N08020, UNS N08026, and UNS N08024
Nickel-Alloy Pipe and Tube

B 729

1.2 One or more of the test requirements of Section 5 apply
only if specifically stated in the product specification or in the
purchase order.

1.3 In case of conflict between a requirement of the product
specification and a requirement of this general specification,
only the requirement of the product specification needs to be
satisfied.

1.4 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.5 The following safety hazards caveat pertains only to the
test requirements portion, Section 5, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys

E 8 Test Methods for Tension Testing of Metallic Materials
E 18 Test Methods for Rockwell Hardness and Rockwell

Superficial Hardness of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 39 Methods for Chemical Analysis of Nickel3

E 76 Test Methods for Chemical Analysis of Nickel-Copper
Alloys3

E 112 Test Methods for Determining the Average Grain
Size

E 213 Practice for Ultrasonic Examination of Metal Pipe
and Tubing

E 426 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Seamless and Welded Tubular Products, Austen-
itic Stainless Steel and Similar Alloys

E 571 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Nickel and Nickel Alloy Tubular Products

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys

2.2 ANSI Standards:4

B 1.20.1 Pipe Threads
B 36.10 Welded and Seamless Wrought Steel Pipe
B 36.19 Stainless Steel Pipe

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1992. Last previous edition approved in 1999 as B 829 – 99.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Withdrawn.
4 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,

4th Floor, New York, NY 10036.

1
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3. Terminology

3.1 Definitions:
3.1.1 average diameter, n—the average of the maximum

and minimum outside diameters, as determined at any one
cross section of the pipe or tube.

3.1.2 nominal wall, n—a specified wall thickness with a
plus or minus tolerance from the specified thickness.

3.1.3 seamless pipe, n—a round hollow produced with a
continuous periphery in all stages of manufacture, and pro-
duced to the particular dimensions commercially known as
pipe sizes (NPS).

3.1.4 seamless tube, n—a tube produced with a continuous
periphery in all stages of the operation.

3.1.5 thin wall tube, n—tube with specified wall thickness
3 % or less of the specified outside diameter.

4. Chemical Composition

4.1 In case of disagreement, the chemical composition shall
be determined in accordance with the following methods.

UNS No. Prefixes ASTM Method
N02 E 39
N04 E 76
N06, N08 E 1473

4.2 The ladle analysis of the material shall conform to the
chemical requirements prescribed by the individual product
specification.

4.3 The product (check) analysis of the material shall meet
the requirements for the ladle analysis within the tolerance
limits prescribed in B 880.

5. Test Requirements

5.1 Flare Test—The flare test shall consist of flaring a test
specimen with an expanding tool having an included angle of
60° until the specified outside diameter has been increased by
30 %. The flared specimen shall not exhibit cracking through
the wall.

5.2 Hydrostatic Test— Each pipe or tube shall be tested by
the manufacturer to an internal hydrostatic pressure of 1000 psi
(6.9 MPa) provided that the fiber stress, calculated from the
following equation, does not exceed the allowable fiber stress
for the material:

P 5 2St/D (1)

where:
P = hydrostatic test pressure, psi (MPa),
S = allowable fiber stress, for material in the condition

(temper) furnished as specified in the product specifi-
cation (S is calculated as the lower of2⁄3 of the
specified minimum 0.2 % offset yield strength or1⁄4 of
the specified minimum ultimate strength for the mate-
rial),

t = minimum wall thickness permitted, in. (mm), includ-
ing minus tolerance, if any, and

D = nominal outside diameter of the pipe or tube, in. (mm).
5.2.1 The test pressure must be held for a minimum of 5 s.

NOTE 1—Testing at a pressure greater than 1000 psi may be performed
upon agreement between purchaser and manufacturer provided that the
allowable fiber stress is not exceeded.

5.2.2 If any pipe or tube shows leaks during hydrostatic
testing, it shall be rejected.

5.3 Nondestructive Electric Test:
5.3.1 Eddy Current Testing—Testing shall be conducted in

accordance with Practices E 426 or E 571. The eddy current
examination reference in this specification has the capability of
detecting significant discontinuities, especially of the short,
abrupt type.

5.3.1.1 Unless otherwise specified by the purchaser, the
calibration standard shall contain, at the option of the manu-
facturer, any one of the following discontinuities to establish a
minimum sensitivity level for rejection.

5.3.1.2 Drill Hole—A hole not larger than 0.031 in. (0.79
mm) diameter shall be drilled radially and completely through
the wall, care being taken to avoid distortion of the material
while drilling.

5.3.1.3 Transverse Tangential Notch—Using a round file or
tool with a 1⁄4 in. (6 mm) diameter, a notch shall be filed or
milled on the tube or pipe outside diameter tangential to the
surface and transverse to the longitudinal axis of the material.
Said notch shall have a depth not exceeding 12.5 % of the
specified wall thickness of the material, or 0.004 in. (0.10 mm),
whichever is greater.

5.3.2 Ultrasonic Testing—Testing shall be conducted in
accordance with Practice E 213. The ultrasonic examination
referred to in this specification is intended to detect longitudi-
nal discontinuities having a reflective area similar to or larger
than the calibration reference notches specified in 5.3.2.1. The
examination may not detect circumferentially oriented imper-
fections or short, deep defects.

5.3.2.1 For ultrasonic testing, longitudinal calibration
notches shall be machined on the outside and inside diameter
surfaces. The depth of the notches shall not exceed 12.5 % of
the specified wall thickness or 0.004 in. (0.10 mm), whichever
is greater.

5.3.3 Calibration Frequency—The frequency of calibration
checks shall be as follows:

5.3.3.1 At the beginning of each production run or lot.
5.3.3.2 At least every four hours during testing.
5.3.3.3 At the end of each production run or lot.
5.3.3.4 After any suspected equipment malfunction or work

stoppage.
5.3.3.5 If, during any check, the equipment fails to detect

the calibration defects, the instrument must be recalibrated and
all material tested since the last satisfactory check shall be
retested.

5.3.4 Acceptance and Rejection—Material producing a sig-
nal equal to or greater than the calibration defect shall be
subject to rejection.

5.3.4.1 Test signals produced by imperfections that cannot
be identified or produced by cracks or crack-like imperfections
shall result in rejection of the pipe or tube, subject to rework
and retest.

5.3.4.2 If the imperfection is judged as not fit for use, the
tube shall be rejected, but may be reconditioned and retested
providing the wall thickness requirements are met. To be
accepted, retested material shall meet the original electric test
requirements.
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5.3.4.3 If the imperfection is explored to the extent that it
can be identified, and the pipe or tube is determined to be fit for
use, the material may be accepted without further testing,
providing the imperfection does not encroach on minimum
wall thickness requirements.

5.4 When specified by the purchaser, a nondestructive
electric test, in accordance with Practices E 213, E 426, or
E 571, may be used for seamless pipe or tube, instead of the
hydrostatic test.

5.5 Tension Test— Tension testing shall be conducted in
accordance with Test Methods E 8.

5.5.1 The material shall conform to the tensile properties
prescribed in the individual product specification.

5.6 Hardness Test— Hardness testing shall be conducted in
accordance with Test Methods E 18.

5.7 Grain Size—The measurement of average grain size
may be carried out by the planimetric method, the comparison
method, or the intercept method described in Test Methods
E 112. In case of dispute, the “referee” method for determining
average grain size shall be the intercept method.

5.8 For purposes of determining compliance with the speci-
fied limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded in accordance with the rounding method of Practice
E 29:

Requirements Rounded Unit for Observed
or Calculated Value

Chemical composition and
tolerances

nearest unit in the last right-hand place
of figures of the specified limit

Tensile strength and yield strength nearest 1000 psi (7 MPa)
Elongation nearest 1 %
Grain size

0.0024 in. (0.060 mm) or larger nearest multiple of 0.0002 in. (0.005 mm)
Less than 0.0024 in. (0.060 mm) nearest multiple of 0.0001 in. (0.002 mm)

6. Dimensions and Permissible Variations

6.1 Dimensions of pipe are shown in Table 1.
6.1.1 Permissible variations in outside diameter and wall

thickness are shown in Table 2, Table 3, and Table 4.
6.2 Length—When material is ordered as cut-to-length, the

length shall conform to the permissible variations prescribed in
Table 5. When material is ordered to random lengths, the
lengths and variations shall be agreed upon between the
manufacturer and purchaser.

6.3 Straightness— Material shall be reasonably straight and
free of bends and kinks.

6.4 Ends—Ends shall be plain cut and deburred.

7. Workmanship, Finish, and Appearance

7.1 The material shall be uniform in quality and temper,
smooth, and free from imperfections that would render it unfit
for use.

TABLE 1 Dimensions of Pipe

NOTE 1—The following table is a reprint of Table 1 of ANSI B36.19.
NOTE 2—The decimal thicknesses listed for the respective pipe sizes represent their nominal wall dimensions.

NPS
Designator

Outside Diameter Nominal Wall Thickness

in. mm
Schedule 5SA Schedule 10SA Schedule 40S Schedule 80S

in. mm in. mm in. mm in. mm

1⁄8 0.405 10.29 ... ... 0.049 1.24 0.068 1.73 0.095 2.41
1⁄4 0.540 13.72 ... ... 0.065 1.65 0.088 2.24 0.119 3.02
3⁄8 0.675 17.15 ... ... 0.065 1.65 0.091 2.31 0.126 3.20
1⁄2 0.840 21.34 0.065 1.65 0.083 2.11 0.109 2.77 0.147 3.73
3⁄4 1.050 26.67 0.065 1.65 0.083 2.11 0.113 2.87 0.154 3.91

1.0 1.315 33.40 0.065 1.65 0.109 2.77 0.133 3.38 0.179 4.55
11⁄4 1.660 42.16 0.065 1.65 0.109 2.77 0.140 3.56 0.191 4.85
11⁄2 1.900 48.26 0.065 1.65 0.109 2.77 0.145 3.68 0.200 5.08
2 2.375 60.33 0.065 1.65 0.109 2.77 0.154 3.91 0.218 5.54
21⁄2 2.875 73.03 0.083 2.11 0.120 3.05 0.203 5.16 0.276 7.01
3 3.500 88.90 0.083 2.11 0.120 3.05 0.216 5.49 0.300 7.62
31⁄2 4.000 101.60 0.083 2.11 0.120 3.05 0.226 5.74 0.318 8.08
4 4.500 114.30 0.083 2.11 0.120 3.05 0.237 6.02 0.337 8.56
5 5.563 141.30 0.109 2.77 0.134 3.40 0.258 6.55 0.375 9.52
6 6.625 168.28 0.109 2.77 0.134 3.40 0.280 7.11 0.432 10.97
8 8.625 219.08 0.109 2.77 0.148 3.76 0.322 8.18 0.500 12.70

10 10.750 273.05 0.134 3.40 0.165 4.19 0.365 9.27 0.500B 12.70B

12 12.750 323.85 0.156 3.96 0.180 4.57 0.375B 9.52B 0.500B 12.70B

14 14.000 355.60 0.156 3.96 0.188B 4.78B ... ... ... ...
16 16.000 406.40 0.165 4.19 0.188B 4.78B ... ... ... ...
18 18.000 457.20 0.165 4.19 0.188B 4.78B ... ... ... ...
20 20.000 508.00 0.188 4.78 0.218B 5.54B ... ... ... ...
22 22.000 558.80 0.188 4.78 0.218B 5.54B ... ... ... ...
24 24.000 609.60 0.218 5.54 0.250 6.35 ... ... ... ...
30 30.000 762.00 0.250 6.35 0.312 7.92 ... ... ... ...

ASchedules 5S and 10S wall thicknesses do not permit threading in accordance with ANSI B1.20.1.
BThese do not conform to ANSI B36.10.
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8. Sampling

8.1 Lot Definition:
8.1.1 A lot for chemical analysis shall consist of one heat.
8.1.2 A lot for all other testing shall consist of all material

from the same heat, nominal size (excepting length), and
condition (temper). When final heat treatment is in a batch-type
furnace, a lot shall include only those pipes or tubes of the
same size and the same heat that are heat-treated in the same
furnace charge. When heat treatment is in a continuous

furnace, a lot shall include all pipes or tubes of the same size
and heat, heat-treated in the same furnace at the same tempera-
ture, time at temperature, and furnace speed during one
production run. At no time shall a lot consist of more than
20 000 lb (9100 kg).

8.1.2.1 Where material cannot be identified by heat, a lot
shall consist of not more than 500 lb (227 kg) of material of the
same alloy in the same condition (temper) and nominal size
(excepting length).

NOTE 2—For tension, hardness, grain size, and flare test requirements,
the term lot applies to all lengths prior to cutting.

8.2 Test Material Selection:
8.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

8.2.2 Mechanical and Other Properties—Samples of the
material to provide test specimens for mechanical and other
properties shall be taken from such locations in each lot as to

TABLE 2 Permissible Variations for Outside Diameter and Wall Thickness of Seamless Cold-Worked Pipe and Tube A,B

Nominal Outside Diameter,
in. (mm)

Permissible Variations Thickness of Specified Minimum Wall, %

Outside Diameter,
in. (mm)

Thickness of
Specified

Nominal Wall, % Plus Minus

Plus Minus Plus Minus

Over 0.400 (10) to 5⁄8 (16), excl 0.005 (0.13) 0.005 (0.13) 15.0 15.0 30 0
5⁄8 (16) to 11⁄2 (38), incl 0.0075 (0.19) 0.0075 (0.19) 10.0 10.0 22 0
Over 11⁄2 (38) to 3 (76), incl 0.010 (0.25) 0.010 (0.25) 10.0 10.0 22 0
Over 3 (76) to 41⁄2 (114), incl 0.015 (0.38) 0.015 (0.38) 10.0 10.0 22 0
Over 41⁄2 (114) to 6 (152), incl 0.020 (0.51) 0.020 (0.51) 12.5 12.5 28 0
Over 6 (152) to 65⁄8 (168), incl 0.025 (0.64) 0.025 (0.64) 12.5 12.5 28 0
Over 65⁄8 (168) to 85⁄8 (219), incl 0.031 (0.79) 0.031 (0.79) 12.5 12.5 28 0
AOvality—The permissible variations in this table apply to individual measurements, including out-of-roundness (ovality) except for the following:
For pipe and tube having a nominal wall thickness of 3 % or less of the nominal outside diameter, the mean outside diameter shall conform to the permissible variations

of this table and individual measurements (including ovality) shall conform to the plus and minus values of the table, with the values increased by 0.5 % of the nominal
outside diameter.

For pipe and tube over 41⁄2 in. (114 mm) in outside diameter with a nominal wall thickness greater than 3 % of the nominal outside diameter, the mean outside diameter
shall conform to the permissible variations of this table and individual measurements shall not exceed twice the permissible variations of the table.

BEccentricity—The permissible variations in this table apply to individual measurements including eccentricity.

TABLE 3 Permissible Variations for Outside Diameter and Wall Thickness of Hot-Finished Tube A

Nominal Outsider Diameter,
in. (mm)

Permissible Variations
Outside Diameter or Inside

Diameter, in. (mm)
% of Thickness of Specified

Nominal Wall
% of Thickness of Specific

Minimum Wall
+ − + − + −

3⁄4 (19) to 11⁄2 (38), incl 0.015 (0.4) 0.031 (0.8) 12.5 12.5 28.5 0
Over 11⁄2 (38.1) to 4 (102), incl 0.031 (0.8) 0.031 (0.8) 12.5 12.5 28.5 0
Over 4 (102) to 91⁄4 (235), incl 0.062 (1.6) 0.031 (0.8) 12.5 12.5 28.5 0
AOvality—Tube 5 in. (127 mm) and under in outside diameter the tolerance on the outside diameter applies for individual measurements and includes ovality. Tube over

5 in. (127 mm) in outside diameter the mean outside diameter shall conform to the permissible variations of this table and individual measurements shall not exceed twice
the permissible variations of this table.

TABLE 4 Permissible Variations for Outside Diameter and Wall Thickness of Seamless Hot-Worked Pipe A,B

Nominal Outside Diameter,
in. (mm)

Permissible Variations
Outside Diameter,

in. (mm)
Thickness of Specified

Nominal Wall, %
Thickness of Specified

Minimal Wall, %
Plus Minus Plus Minus Plus Minus

1 (25) to 1.900 (48), incl 0.015 (0.40) 0.31 (0.79) 16.0 12.5 28.5 0
over 1.900 (48) to 41⁄2 (114), incl 0.031 (0.79) 0.031 (0.79) 16.0 12.5 28.5 0
over 41⁄2 (114) to 61⁄2 (165), incl 0.047 (1.2) 0.047 (1.2) 16.0 12.5 28.5 0
over 61⁄2 (165) to 91⁄4 (235), incl 0.062 (1.6) 0.062 (1.6) 16.0 12.5 28.5 0
AOvality—For pipe 5 in. (127 mm) and under in outside diameter, the tolerance on the outside diameter applies for individual measurements and includes ovality. For

pipe over 5 in. (125 mm) in outside diameter, the mean outside diameter shall conform to the permissible variations of this table and individual measurements shall not
exceed twice the permissible variations of this table.

BEccentricity—The permissible variations in this table apply to individual measurements including eccentricity.

TABLE 5 Permissible Variations in Length A

Outside Diameter, in. (mm)
Cut Length, in. (mm)

Over Under
Under 2 (50.8)
2 (50.8) and over

1⁄8 (3.2)
3⁄16 (4.8)

0
0

AThese permissible variations in length apply to pipe or tube in straight lengths.
They apply to cut lengths up to and including 24 ft (7.3 m). For lengths over 24 ft,
an additional over-tolerance of 1⁄8 in. (3.2 mm) for each 10 ft (3 m) or fraction
thereof shall be permissible up to a maximum additional over-tolerance of 1⁄2 in.
(12.7 mm).
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be representative of that lot. Test specimens shall be taken from
material in the final condition (temper).

9. Retests and Retreatment

9.1 Retests—If the results of the mechanical tests of any
group or lot do not conform to the requirements specified in the
individual specification, retests may be made on additional
tubes of double the original number from the same group or lot,
each of which shall conform to the requirements specified.

9.2 Retreatment— If the individual pipes/tubes or the ma-
terial selected to represent any lot fail to conform to the test
requirements, the individual pipes/tubes or the lot represented
may be reheat treated and resubmitted for test. Not more than
two reheat treatments shall be permitted.

10. Specimen Preparation

10.1 Room Temperature Tensile Specimen:
10.1.1 Material shall be tested in the direction of fabrica-

tion. Whenever possible, the pipe or tube shall be tested in full
cross section. When testing in full section is not possible,
longitudinal strip specimens or the largest possible round
section shall be used. In the event of disagreement when full
section testing is not possible, a longitudinal strip specimen
with reduced gage length as contained in Test Methods E 8
shall be used.

10.2 Hardness Specimen:
10.2.1 The hardness specimen shall be prepared in accor-

dance with Test Methods E 18. The test shall be made on the
inside diameter surface of a specimen cut from the end, or on
the inside of the pipe near the end, at the option of the
manufacturer.

10.3 Grain Size:
10.3.1 If required, the grain size specimen shall be a

transverse sample representing full wall thickness.

11. Inspection

11.1 Witnessing of testing or inspection by the purchaser’s
representative shall be agreed upon by the purchaser and the
manufacturer as part of the purchase contract.

12. Rejection and Rehearing

12.1 Material tested by the purchaser that fails to conform to
the requirements of this specification may be rejected. Rejec-

tion should be reported to the supplier promptly and in writing.
In case of dissatisfaction with the results of the test, the
producer or supplier may make claim for a rehearing.

13. Certification

13.1 When specified in the purchase contract, a manufac-
turer’s certification shall be furnished to the purchaser stating
that the material has been manufactured, tested and inspected
in accordance with this specification, and that the test results on
representative samples meet specification requirements. When
specified in the purchase contract, a report of the test results
shall be furnished.

14. Product Marking

14.1 Material Marking:
14.1.1 The name or brand of the manufacturer, the name of

the material or UNS number, the letters ASTM, the product
specification number, heat number, class (if applicable) and
nominal size shall be legibly marked on each piece3⁄4 in. (19.0
mm) outside diameter and larger and lengths greater than 3 ft
(914 mm). The material marking shall be by any method that
will not result in harmful contamination.

14.1.2 For material smaller than3⁄4 in. (19.0 mm) outside
diameter, or lengths under 3 ft (914 mm), the information
specified in 14.1.1 shall be legibly marked on each piece or
marked, at the option of the manufacturer, on a tag securely
attached to the bundle or box in which the material is shipped.

15. Packaging and Package Marking

15.1 The following information shall be marked on the
material or included on the package, or on a label or tag
attached thereto: name of the material or UNS number, heat
number, condition (temper), the letters ASTM, the product
specification number, the nominal pipe size, gross, tare, and net
weight, consignor and consignee addresses, contract or order
number, and such other information as may be defined by the
purchase contract.

16. Keywords

16.1 cold worked; hot finished; nickel; nickel alloys; seam-
less pipe; seamless tube

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 833 – 01a

Standard Specification for
Zinc and Zinc Alloy Wire for Thermal Spraying (Metallizing) 1

This standard is issued under the fixed designation B 833; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This specification covers zinc and zinc alloy wire used
in depositing zinc coatings by thermal spraying (metallizing).
Zinc and zinc alloy wire provided under this specification is
intended for use in oxy-fuel and electric arc thermal protection
of iron and steel. Additional zinc alloy compositions used in
thermal spraying primarily for electronic applications are
found in Specification B 907.

1.2 The values stated in SI units are to be regarded as the
standard. The values in parentheses are for information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 The following ASTM documents of the issue in effect
on the date of material purchase form a part of this specifica-
tion to the extent referenced herein:

B 6 Specification for Zinc2

B 899 Terminology Relating to Nonferrous Metals and
Alloys2

B 907 Specification for Zinc, Tin and Cadmium Base Sol-
ders2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications3

E 536 Test Methods for Chemical Analysis of Zinc and Zinc
Alloys4

E 527 Practice for Numbering Metals and Alloys (UNS)5

2.2 ANSI/AWS Standard:
ANSI/AWS A5.33 Specification for Solid and Ceramic

Wires and Ceramic Rods for Thermal Spraying6

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

4. Ordering Information

4.1 In order to make the application of this specification
complete, the purchaser shall supply the following information
to the seller in the purchase order or other governing docu-
ments:

4.1.1 Name, designation, and date of issue of this specifi-
cation,

4.1.2 Quantity (mass(weight) in kilograms (pounds)),
4.1.3 Diameter (see Table 1),
4.1.4 Acceptance tests if other than specified (see Section

10),
4.1.5 Certification (see Section 11),
4.1.6 Packaging and packing materials (see Section 12), and
4.1.7 Supplementary requirements, if applicable.

5. Materials and Manufacture

5.1 The zinc used to manufacture the wire shall conform to
the requirements for High Grade Zinc (Z15001) or Special
High Grade Zinc (Z13001) as specified in Specification B 6.

6. Chemical Composition

6.1 The wire shall conform to the requirements prescribed
in Table 2.

7. Physical Properties and Mechanical Properties

7.1 Appendix X1 shows typical physical properties for zinc
and zinc alloy wire and does not constitute a part of this
specification but is provided for informational purposes only.

7.2 Appendix X2 shows typical mechanical properties for
zinc and zinc alloy wire and does not constitute a part of this
specification but is provided for informational purposes only.

7.2.1 Mechanical properties are important so the wire can be
fed into a thermal spray gun without breaking or jamming.

7.2.2 Mechanical properties of zinc and zinc alloy wire will
vary depending upon the wire diameter and processing factors.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.04 on Zinc and Cadmium.

Current edition approved Nov. 10, 2001. Published January 2002. Originally
published as B 833 - 93. Last previous edition B 833 - 01{1.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 14.02.
4 Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards, Vol 01.01.

6 Available from the American Welding Society, 550 N.W. LeJeune Road,
Miami, FL 33126.

1

*A Summary of Changes section appears at the end of this standard.
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8. Dimensions, Weights, and Permissible Variations

8.1 The wire shall conform to the sizes, tolerances, and
weights per unit length listed in Table 1.

9. Workmanship, Finish, and Appearance

9.1 The wire shall be clean and free of corrosion, adhering
foreign material, scale, seams, nicks, burrs, and other defects
which would interfere with the operation of thermal spraying
equipment. The wire shall uncoil readily and be free of bends
or kinks that would prevent its passage through the thermal
spray gun.

9.2 the wire shall be a continuous length per spool, coil, or
drum. Splices or welds are permitted, provided that they do not
interfere with the thermal spray equipment or coating process.

9.3 The starting end of each coil shall be tagged to indicate
winding direction and to be readily identifiable with ASTM
designation.

10. Acceptance Tests

10.1 The seller shall provide, at the buyer’s option, either a
certification or a manufacturer’s declaration that the raw
material used to manufacture the wire met the requirements of
composition specified in 5.1.

10.2 Selection of samples of wire shall be agreed upon
between the purchaser and the supplier. Agreement may also
include requirements of the number of tests and retests.

10.3 Chemical Composition:
10.3.1 The manufacturer shall perform chemical analyses as

directed in Test Methods E 536 or by other methods of at least
equal accuracy to confirm that the wire conforms to the
requirements of composition. In case of dispute, analysis by
Test Methods E 536 shall be accepted. Analysis of alloy wires
not covered by Test Methods E 536 shall be agreed upon
between the manufacturer and the purchaser.

10.3.2 Analysis may be performed on finished wire, on
material selected when the wire is cast, or on samples taken
from semi-finished wire.

10.3.3 If analysis is performed on finished wire, the number
and selection of samples shall be agreed upon by the buyer and
seller.

10.3.4 If the analysis is performed on material selected
while the wire is being cast, at least one sample shall be
selected for each source of molten metal.

10.3.5 If the analysis is performed on samples taken from
semi-finished product, at least one sample shall be analyzed for
each 4500 kg (10 000 lbs) or fraction thereof.

10.4 The manufacturer shall determine the diameter of the
wire at the end and the beginning of each continuous wire in a
production pack, coil, or spool of wire. Each determination
shall be the result of at least three measurements.

10.5 The buyer reserves the right to reject wire that, during
use, is found to be defective.

TABLE 1 Dimensions, Weights, and Permissible Variations

Nominal Wire Diameter Permissible Variation Nominal Weight Per Unit Length

mm (in.) mm (in.) g/m (lb/ft)

4.763 (0.1875) +0.0000 (+0.0000) 123.517-126.493 (0.083-0.085)
-0.0762 (-0.0030)

3.175 (0.125) +0.0000 (+0.0000) 55.062-56.550 (0.037-0.038)
-0.0508 (-0.0020)

2.311 (0.091) +0.0000 (+0.0000) 28.275-29.673 (0.019-0.020)
-0.0381 (-0.0015)

2.000 (0.079) +0.0000 (+0.0000) 20.834-22.322 (0.014-0.015)
-0.0381 (-0.0015)

1.626 (0.064) +0.0000 (+0.0000) 13.393-14.882 (0.009-0.010)
-0.0381 (-0.0015)

1.448 (0.057) +0.0000 (+0.0000) 10.417-11.905 (0.007-0.008)
-0.0381 (-0.0015)

TABLE 2 Chemical Composition Requirements for Zinc and Zinc Alloy Wires

NOTE 1—The following applies to all specified limits in this table. For the purposes of determining conformance with this specification, an observed
value obtained from analysis shall be rounded off to the nearest unit in the last right-hand place of figures used in expressing the limiting value, in
accordance with the rounding method of Practice E 29.

Composition, %
(Weight percent)

Common
Name (UNS)A

Al Cd Cu Fe Pb Sn Sb Ag Bi As Ni Mg Zn Other

99.99 Zinc 0.002 0.003 0.005 0.003 0.003 0.001 ... ... ... ... ... ... 99.99 ...
(Z13005) max max max max max max ... ... ... ... ... ... min ...
99.9 Zinc 0.01 0.02 0.02 0.02 0.03 ... ... ... ... ... ... ... 99.9 0.10
(Z15005) max max max max max ... ... ... ... ... ... ... min total

non-Zn

85 Zn/15 Al
(Z30700)

14.0-
16.0

0.005
max

0.005
max

0.06
max

0.005
max

0.003
max

0.01
max

0.015
max

0.02
max

0.002
max

0.005
max

0.02
max

remain-
derB

0.05 total
non
Zn+Al

AUNS designations were established in accordance with Recommended Practice E 527.
BRemainder determined arithmetically by difference.
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10.5.1 Unless otherwise specified, any rejection based on
tests made in accordance with this specification shall be
reported to the seller within 30 working days from receipt of
the material by the purchaser.

10.5.2 The buyer reserves the right to set aside wire that,
while during use, is found to be defective. The seller, however,
is to be notified and given the opportunity to inspect the
allegedly defective material prior to removal from the buyer’s
premises.

11. Certification

11.1 When specified in the purchase order or contract, the
purchaser shall be furnished certification that samples repre-
senting each lot have been tested or inspected as directed in this
specification and the requirements have been met. When
specified in the purchase order to contract, a report of the test
results shall be furnished.

11.2 An inspection lot shall be defined as a collection of
material of the same kind that has been produced to the same
specification from the same heat by a single supplier at one
time under essentially identical conditions and that are submit-
ted for acceptance or retest as a group.

12. Packaging and Packaging Materials

12.1 The material shall be separated by size and prepared
for shipment in such a matter as to ensure acceptance by
common carrier and to afford protection from the normal
hazards of transport.

12.2 Packaging materials for electric arc spray wire shall be
nonconductive.

12.3 Size(s) of Packaging:

12.3.1 Coil inside diameter may range from 30 to 56 cm (12
to 22 in.).

12.3.2 Coil weight shall be approximately 20 to 25 kg (45 to
55 lbs).

12.3.3 Production pack drums shall measure approximately
56 cm (22 in.) in diameter and approximately 81 cm (32 in.)
high. Each drum shall contain a continuous wire, which is
coiled around a central core.

12.3.4 Net weight per drum shall be 205 to 250 kg (450 to
550 lbs).

12.3.5 If special packaging is required, it shall be negotiated
between the supplier and the purchaser.

12.4 Each shipping unit shall be legibly marked with the
purchase order number, size, gross, tare, net weights, and the
name of the supplier. The specification number shall be shown
when required.

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements apply for all agencies of the United States Government
or only when specified by the purchaser as part of the purchase order or contract.

S1. Responsibility for Inspection

S1.1 The producer or supplier shall be responsible for the
performance of all inspection requirements as specified herein.
Except as otherwise specified in the contract or order, the
supplier may use his own or any other facilities suitable for the
performance of the inspection requirements specified herein

unless disapproved by the purchaser. The purchaser retains the
right to perform any of the inspections and tests set forth in this
specification, where such inspections and tests are deemed
necessary, to ensure that the supplies and services conform to
the prescribed requirements.

B 833
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APPENDIXES

(Nonmandatory Information)

X1. PHYSICAL PROPERTIES

X1.1 Density

X1.1.1 The density of 99.99 and 99.9 Zinc wire ranges from
6.92 to 7.16 g/cm3 (0.250 to 0.259 lb/in.3). Nominal density is
7.14 g/cm3(0.258 lb/in.3).

X1.1.2 The nominal density of 85 Zn/15 Al wire is 5.70
g/cm

3

(0.206 lb/in.3).

X1.2 Melting Point:

X1.2.1 The melting point of 99.99 and 99.9 Zinc wire is
420° C (788° F).

X1.2.2 The melting range of 85 Zn/15 Al wire is 382-460°
C (720-860° F).

X2. MECHANICAL PROPERTIES

X2.1 Ultimate Tensile Strength

X2.1.1 The ultimate tensile strength of 99.99 and 99.9 Zinc
wire ranges from 90 to 130 MPA (13 000 to 19 000 psi). The
nominal ultimate tensile strength is 103 MPA (15 000 psi).

X2.1.2 The ultimate tensile strength of 85 Zn/15 Al wire
ranges from 152 to 234 MPA (22 000 to 34 000 psi). The
nominal ultimate tensile strength is 200 MPA (29 000 psi).

X2.2 Elongation:

X2.2.1 The nominal tensile elongation of 99.99 and 99.9
Zinc wire under load is 50 %.

X2.2.2 The tensile elongation of 85 Zn/15 Al wire under
load ranges from 75 % to 150 %. The nominal tensile elonga-
tion of 85 Zn/15 Al wire under load is 100 %.

SUMMARY OF CHANGES

This section contains the principle changes to the standard that have been incorporated since the last issue.

(1) Table 2 was revised to add impurity element maximum
limits for 85 Zn/15 Al.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 834 – 95 (Reapproved 2003)

Standard Specification for
Pressure Consolidated Powder Metallurgy Iron-Nickel-
Chromium-Molybdenum (UNS N08367) and Nickel-
Chromium-Molybdenum-Columbium (Nb) (UNS N06625)
Alloy Pipe Flanges, Fittings, Valves, and Parts 1

This standard is issued under the fixed designation B 834; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers pressure consolidated powder
metallurgy iron-nickel-chromium-molybdenum (UNS
N08367) and nickel-chromium-molybdenumcolumbium (Nb)
(UNS N06625) pipe flanges, fittings, valves, and parts intended
for general corrosion or heat-resisting service.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 The following safety hazards caveat pertains only to test
methods portions, Sections 7.3 and 13, of this specification:
This standard does not purport to address all of the safety
concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and
health practices and to determine the applicability of regula-
tory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

E 8 Test Methods for Tension Testing of Metallic Materials
E 1473 Test Methods for Chemical Analysis of Nickel,

Cobalt, and High-Temperature Alloys
G 28 Test Methods for Detecting Susceptibility to Inter-

granular Corrosion in Wrought, Nickel-Rich, Chromium-
Bearing Alloys

G 48 Test Methods for Pitting and Crevice Corrosion Re-
sistance of Stainless Steels and Related Alloys by Use of
Ferric Chloride Solution

2.2 Manufacturer’s Standardization Society of the Valve
and Fittings Industry Standard:

SP-25 Standard Marking System for Valves, Fittings,

Flanges, and Unions3

2.3 ASME/ANSI Standard:
ASME/ANSI B16.5 Pipe Flanges and Flanged Fittings4

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 can, n—the container used to encapsulate the powder

during the pressure consolidation process; it is removed from
the final part.

3.1.2 compact, n—the consolidated powder from one can; it
may be used to make one or more parts.

3.1.3 fill pin, n—the part of the compact in the spout used to
fill the can; it is not usually integral to the part produced.

3.1.4 part, n—a single item coming from a compact, either
prior to or after machining.

3.1.5 powder blend, n—a homogeneous mixture of powder
from one or more heats; it is limited to the amount that can be
mixed in the same blender at one time.

3.1.6 rough part, n—the part prior to final machining.

4. Ordering Information

4.1 Orders for material under this specification should
include the following information:

4.1.1 Quantity (weight or number of pieces),
4.1.2 Name of material or UNS number,
4.1.3 Microstructure examination, if required (5.1.4),
4.1.4 ASTM designation and year of issue,
4.1.5 Inspection (14.1),
4.1.6 Whether rough part or finish machined (7.2.2),
4.1.7 Supplementary requirements, when applicable, and
4.1.8 If possible, the intended end use.

5. Materials and Manufacture

5.1 Manufacturing Practice:
5.1.1 Compacts shall be manufactured by placing a single

powder blend into a can, evacuating the can, and sealing it. The

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Nov. 1, 2003. Published November 2003. Originally
approved in 1993. Last previous edition approved in 1995 as B 834 – 95.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from Manufacturers Standardization Society of the Valve and Fittings
Industry (MSS), 127 Park St., NE, Vienna, VA 22180-4602.

4 Available from American Society of Mechanical Engineers (ASME), ASME
International Headquarters, Three Park Ave., New York, NY 10016-5990.
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can material shall be selected to ensure that it has no deleteri-
ous effect on the final product. The entire assembly shall be
heated and placed under sufficient pressure for a sufficient
period of time to ensure that the final consolidated part is fully
dense. The compact may represent one part or a number of
parts may be machined from it.

5.1.2 The powder shall be produced by vacuum melting
followed by gas atomization.

5.1.3 When powder from more than one heat is used to
make a blend, the heats shall be thoroughly mixed to ensure
homogeneity.

5.1.4 When specified on the order, a section of the compact
may be sectioned and the microstructure examined to show
porosity and other internal imperfections. This is usually
performed on the fill pin. In such cases, the section location and
the question of acceptable and unacceptable microstructure
shall be agreed upon by the manufacturer and the purchaser.

5.2 Heat Treatment:
5.2.1 Alloy N06625 shall be supplied in the solution an-

nealed condition. At the option of the producer, the anneal may
be a separate operation following consolidation or may be part
of the consolidation process. In either case, the temperature
shall be 1800°F minimum.

5.2.2 Alloy N08367 shall be supplied in the solution an-
nealed condition.

5.2.2.1 The heat treatment shall consist of heating to a
minimum temperature of 2025°F and quenching in water or
rapidly cooling by other means.

6. Chemical Composition

6.1 The material shall conform to the requirements for
chemical composition prescribed in Table 1.

6.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations prescribed in Table 2.

7. Mechanical and Other Requirements

7.1 Mechanical Properties—The material shall conform to
the requirements for mechanical properties prescribed in Table
3 at room temperature.

7.2 Hydrostatic Tests—After machining, valve bodies, fit-
tings, and other pressure-containing parts shall be tested to the

hydrostatic shell-test pressures prescribed in ASME/ANSI
B16.5 for the applicable steel rating for which the compact is
designed, and shall show no leaks. Parts ordered under these
specifications for working pressures other than those listed in
the American National Standard ratings shall be tested to such
pressures as may be agreed upon between the manufacturer and
purchaser.

7.2.1 No hydrostatic test is required for welding neck or
other flanges.

7.2.2 The compact manufacturer is not required to perform
pressure tests on rough parts that are to be finish machined by
others. The fabricator of the finished part is not required to
pressure test parts that are designed to be pressure containing
only after assembly by welding into a larger structure. How-
ever, the manufacturer of such parts is responsible as required
in 15.1 for the satisfactory performance of the parts under the
final test required in 7.2.

7.3 Density—The density shall be determined using sample
suspended from a scale and weighed in air and water using
Archimede’s principle. The equipment used shall have accu-
racy sufficient for the test. The measured value shall not be less
than 0.3047 lb/in.3(8.452 gm/cm3) for UNS N06625 and
0.2904 lb/in.3(8.055 gm/cm3) for UNS N08367. (See Note 1.)

NOTE 1—The density is a function of alloy variations. Because of this,
density differences may be the result of either alloy content or differences
in micro-porosity.

7.4 Microstructure Examination—Examinations shall show
sound and reasonably uniform material, free from injurious
porosity, voids, laps, cracks, segregations, and similar objec-
tionable defects. The etching can be performed after the
consolidation or final heat treatment. If the sample fails to meet
the requirements of this section, all parts from that compact
shall be rejected.

TABLE 1 Chemical Requirements

Element
Composition,%

UNS N06625 UNS N08367

Carbon, max 0.10 0.030
Manganese, max 0.50 2.00
Silicon, max 0.50 1.00
Phosphorus, max 0.015 0.040
Sulfur, max 0.015 0.030
Chromium 20.00 to 23.00 20.00 to 22.00
Molybdenum 8.00 to 10.00 6.00 to 7.00
Nickel 58.0 minA 23.50 to 25.50
Iron 5.00 max balanceA

Cobalt (when specified) 1.00 max ...
Columbium (Nb) 3.15 to 4.15 ...
Aluminum 0.50 max ...
Titanium 0.40 max ...
Nitrogen ... 0.18 to 0.25
Copper ... 0.75 max

AElement shall be determined arithmetically by difference.

TABLE 2 Product Analysis Tolerance

Element

Tolerance, Over the Maximum Limit or Under the
Minimum Limit, %

UNS N06625 UNS N08367

Carbon, max 0.01 0.005
Manganese, max 0.03 0.04
Silicon, max 0.03 0.05
Phosphorus, max 0.005 0.005
Sulfur, max 0.003 0.005
Chromium 0.25 0.25
Molybdenum 0.15 0.15
Nickel 0.35 0.25
Iron 0.07 ...
Cobalt (when specified) 0.03 ...
Columbium (Nb) 0.15 ...
Aluminum 0.05 ...
Titanium 0.03 ...
Nitrogen ... 0.01
Copper ... 0.04

TABLE 3 Mechanical Property Requirements

Alloy
Tensile Strength Yield Strength Elongation,

min%ksi MPa ksi MPa
N06625
N08367

110
95

758
655

50
45

345
310

30
30
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8. Dimensions and Permissible Variations

8.1 The parts shall conform to the sizes and shapes specified
by the purchaser.

9. Workmanship, Finish, and Appearance

9.1 The parts shall be uniform in quality and condition, and
shall be free from injurious imperfections.

10. Sampling

10.1 Lot—A lot is defined as follows:
10.1.1 A lot for chemical analysis shall consist of one

powder blend.
10.1.2 A lot for mechanical properties shall consist of

finished parts with the same dimensions made from the same
powder blend consolidated in the same hot isostatic press using
the same pressure, temperature, and time parameters and
heat-treated in the same final heat-treatment charge.

10.1.3 A lot for density shall be all parts from the same
compact.

10.2 Test Material Selection:
10.2.1 Chemical Analysis—Representative samples shall be

taken after powder blending or during subsequent processing.
10.2.1.1Check Analysisshall be wholly the responsibility

of the purchaser.
10.2.2 Mechanical Properties—Test specimens shall be

taken from compacts in the final heat-treated condition from
locations in that lot in order to be representative of that lot.

10.2.3 Density—Test specimens shall be taken from the fill
pin of each compact after consolidation or after final heat-
treatment.

11. Number of Tests

11.1 Chemical Analysis—One test per lot.
11.2 Mechanical Properties—One test per lot.
11.3 Density—One test per lot.

12. Specimen Preparation

12.1 The tension test specimens taken from the compact
shall be machined to the form and dimensions of the standard
2-in. (50.8-mm) gage length tension test specimen shown in
Fig. 8 of Test Methods E 8, except as specified in 12.2.

12.2 In the case of small sections from which a standard test
specimen (specified in 12.1) cannot be taken, the tension test
specimen shall be as large as feasible and its dimensions shall
be proportional to those shown in Fig. 8 of Test Methods E 8.
The gage length for measuring elongation shall be four times
the diameter of the specimen.

12.3 For the purpose of tests, extra compacts or test bars
shall be provided as necessary. The test specimen, if cut from

a flange, shall be cut tangentially from the flange portion
approximately midway between the inner and outer surfaces
and approximately midway between the front and back faces.
Test bar compacts made separately must be processed in the
same manner as the parts.

13. Test Methods

13.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall, in the
case of disagreement, be determined in accordance with the
following test methods:

Test ASTM Test Methods

Chemical analysis E 1473
Tension E 8

14. Inspection

14.1 If specified, source inspection of the material by the
purchaser at the manufacturer’s plant shall be made as agreed
upon between the manufacturer and the purchaser as part of the
purchase contract.

15. Rejection and Rehearing

15.1 Material tested by the purchaser that fails to conform to
the requirements of this specification may be rejected. Rejec-
tion should be reported to the supplier promptly and in writing.
In case of dissatisfaction with the results of the test, the
producer or supplier may make claim for a rehearing.

16. Certification

16.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser stating that the material was manufactured, sampled,
tested, and inspected in accordance with this specification and
has been found to meet its requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

17. Product Marking

17.1 Identification marks consisting of the manufacturer’s
symbol or name, designation of service rating, specification
number, grade of material, and size shall be stamped legibly on
each part in accordance with MSS SP-25, and in such position
as not to injure the usefulness of the part.

18. Keywords

18.1 compact; iron-nickel-chromium-molybdenum; nickel-
chromium-molybdenum-columbium; powder parts; pressure
consolidated powder metallurgy; UNS N06625; UNS N08367
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall be applied when specified by the purchaser in the
inquiry, contract, or order.

S1. Corrosion Tests

S1.1 UNS N06625 shall be tested in accordance with Test
Methods G 28 and UNS N08367 in accordance with Test
Methods G 48. Acceptance criteria shall be a matter of agree-

ment between the manufacturer and purchaser.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

B 834 – 95 (2003)

4



Designation: B 844 – 98 (Reapproved 2004)

Standard Guide for
Silver-Tin Oxide Contact Material 1

This standard is issued under the fixed designation B 844; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This standard provides guidelines for users and manu-
facturers of silver-tin oxide material produced in strip, rod,
wire, and part form for electrical contact applications.

1.2 Silver-tin oxide refers to contact material containing
silver, tin oxide, and other metal oxide which may be used for
either improving the processing or performance of the material.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 311 Test Method for Density Determination for Powder
Metallurgy (P/M) Materials Containing Less Than Two
Percent Porosity

B 476 Specification for General Requirements for Wrought
Precious Metal Electrical Contact Materials

C 914 Test Method for Bulk Density and Volume of Solid
Refractories by Wax Immersion

NOTE 1—Test Method B 311 is applicable to fully dense forms.
Specification B 476 is applicable to strip, rod, or wire only. Test Method
C 914 is applicable to forms less than 99 % dense.

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 lot—(usage involving discrete manufactured parts)—

all parts of the same form, and dimensions, from the same alloy
melt or batch of particulate (if manufactured by consolidation),

processed under the same conditions, and submitted for inspec-
tion at the same time.

4. Significance and Use

4.1 The methods for manufacture (proprietary or otherwise)
of these materials vary significantly among suppliers, and these
methods influence such properties as arc erosion, contact
resistance, and tendency to weld in service. Since the perfor-
mance of contacts in a device depends on numerous factors
outside the contact itself (opening speed, closing speed, contact
pressure, contact bounce, environmental variations, assembly
technique and variations, etc.) this guide cannot ensure perfor-
mance control in the application. As part of the qualification on
initial samples it is recommended that the user electrically test
the materials in a functional manner for all devices applicable
to the material’s use. This guide will provide a means for the
contact manufacturer and contact user to reach agreement on
the details of material to be supplied for a specific use and how
to provide reasonable assurance that future lots will be similar
in properties and microstructure to the initial test of sample
contacts supplied.

5. Materials and Manufacture

5.1 Various processes may be utilized to produce silver-tin
oxide contact materials. Internal oxidation of a silver-tin alloy
is a viable method. However, if oxidized at relatively low
pressures, a binary silver-tin alloy develops a stable layer of tin
oxide at the surface which inhibits further oxidation of the
material. Because of this phenomenon, usually at least a third
element (such as indium) is added to the alloy in order to
promote internal oxidation. Oxidation may be carried out under
elevated oxygen pressure and also at various temperatures;
oxidation conditions determine size and distribution of the
resulting oxide particles. Other manufacturing processes utilize
powder metallurgical techniques. Silver- and tin-oxide pow-
ders may be blended and consolidated by heat or pressure, or
both, into wire or strip suitable for further processing, or may
be blended and sintered directly into contacts. Methods that
can be used to prepare silver- and tinoxide powder mixtures
include either coprecipitation or sequential precipitation of
silver and tin compounds from aqueous solutions, coating of
tin-oxide particles by precipitation of silver from an aqueous
solution, and powder atomization of a silver-base alloy fol-
lowed by internal oxidation of the atomized powder.

1 This guide is under the jurisdiction of ASTM Committee B02 on Nonferrous
Metals and Alloys and is the direct responsibility of Subcommittee B02.05 on
Precious Metals and Electrical Contact Materials.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1993. Last previous edition approved in 1998 as B 844 – 98.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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5.1.1 Silver-tin oxide materials are used in various tempers
dependent on the attachment and fabrication process utilized.

5.1.2 For purposes of attachment or device performance,
silver-tin oxide contact material is often produced with a
conductive or brazable layer of material or backing. Incorpo-
ration of such a layer is often an integral part of the silver-tin
oxide manufacturing process.

5.1.3 Silver-tin oxide materials vary from full theoretical
density to about 95 % of theoretical density depending on the
specific manufacturing period.

5.1.4 The tin-oxide particle size and uniformity in combi-
nation with the contact density and chemical composition (see
6.2) determine the performance characteristics of the electrical
contacts in service. It may be of importance to specify the
microstructure, in which case, it is recommended that photo-
graphs of acceptable microstructures be agreed upon between
the producer and the user, as well as photographs illustrating
unacceptable type of microstructures. It is highly recom-
mended that these attributes be considered in making selection
or replacement decisions and qualification tests be performed
by the user or the purchaser including functional electrical tests
for new or altered selections and manufacturing sources.

5.2 No substantive change shall be made in the manufac-
turing technique of the silver-tin oxide contact material without
notification to and approval by the user.

6. Chemical Composition

6.1 Material produced under this guide shall meet the
composition of silver and tin oxide agreed upon by the vendor
and the user. Popular compositions and suggested tolerances
are given in Table 1. In the case of material supplied with a
distinct brazable or conductive backing, such backing shall not
be considered to be included in the silver-tin oxide material
composition.

6.2 Additives and Impurities:
6.2.1 A wide variety of chemical additives have been made

to silver-tin oxide materials for processing and performance
purposes. The merits of these additions remain a point of
contention. Any component over 0.1 % (for example) is
deemed to be an additive and is expected to be controlled in its
amount by the producer. Additionally, various impurities may
remain in these materials from raw materials or processing
which have been found to be either detrimental or helpful
depending on the residual level and the individual application.

Chemical requirements for such elements and analytical meth-
ods to be employed shall be mutually agreed upon between the
producer and the user.

6.2.2 It should be noted that the operating characteristics of
silver-tin oxide materials with different additives may be very
different. Certain operating characteristics such as welding
resistance, electrical erosion, and others may improve or
degrade as a result of additives. As a result of differences in
these materials due to both compositional and processing
differences, no substitutions in material should be made with-
out operational testing of new materials.

6.3 No substantive change shall be made to additives or
impurities without notification to and approval by the user.

7. Other Properties

7.1 Mechanical properties of silver-tin oxide contact mate-
rials are very dependent on the manufacturing method. For this
reason, only guideline properties for some discrete part con-
tacts of popular silver-tin oxide compositions in the annealed
state are given.

7.1.1 Properties in coined, repressed, headed, or other states
will vary considerably due to the effects of cold working.
Additives and oxidation conditions may also alter these prop-
erties.

7.1.2 Guideline properties are given in Table 2 for silver-tin
oxide compositions in wire form.

7.2 Specific properties and tolerances shall be established
and agreed to between the producer and user for any particular
commercial designation of silver-tin oxide material and temper
required.

8. Sampling and Inspection

8.1 Material or parts furnished under this guide shall be
inspected by the producer listed as follows. Results of such
inspection shall conform to values agreed to between the
producer and user.

8.1.1 Strip and wire procured to temper shall be sampled
and tested in accordance with Specification B 476 (when
specified and applicable).

8.1.1.1 Such other properties as are required to verify the
quality of the material produced under this guide.

8.1.2 Discrete contact parts produced under this guide shall
be sampled and tested on a lot basis. However, for the purpose
of this guideline, a lot is defined in 3.1.1.

8.1.2.1 For dimensional conformance.
8.1.2.2 Other properties as are required to verify the quality

of the material produced under this guide.

9. Rejection and Rehearing

9.1 Material that fails to conform to the requirements of this
guide may be rejected. Rejection should be reported to the
producer or supplier promptly within 30 days of receipt of the
shipment and in writing. When results of the tests are not
satisfactory, the producer or supplier may make claim for a
rehearing.

10. Keywords

10.1 contact; internal oxidation; powder metallurgy; silver;
silver-tin oxide; tin oxide; wrought

TABLE 1 Suggested Chemistries A and Theoretical Densities

92 Silver/8 Tin
Oxide

90 Silver/10 Tin
Oxide

Silver/12 Tin
Oxide

Chemistry
Tin oxide, weight % 8.0 6 1.0 10.0 6 1.0 12.0 6 1.0
Silver, min, weight
%

91.0 89.0 87.0

Other elements (see 6.2)
Theoretical Densities at Nominal Composition:

Mg/m 3 9.8 9.7
troy oz/in. 3 5.2 5.1

A Analysis is regularly made for the elements for which specific limits are listed.
If, however, the presence of “other” elements is suspected or indicated in the
course of routine analysis, further analysis shall be made to determine that the
total of these “other” elements and the listed impurities are not in excess of the total
impurities limit.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 2 Typical Properties: Round Wire

Nominal Composition,
%

Approx. Red. in Area,
%

UTS, Kpsi
(N/mm 2)

0.2 % Yield Strength, Kpsi
(N/mm 2)

Elongation, %
Electrical Conductivity,

% IACS

88 Ag/12 SnO2 0 34 (234) 17 (117) 32 80
15 46 (317) 43 (296) 34 76

90 Ag/10 SnO2 0 34 (234) 17 (117) 35 82
15 43 (296) 41 (282) 7 77

92 Ag/8 SnO2 0 33 (228) 16 (110) 37 86
15 40 (276) 38 (262) 9 84
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Designation: B 845 – 97 (Reapproved 2003)

Standard Guide for
Mixed Flowing Gas (MFG) Tests for Electrical Contacts 1

This standard is issued under the fixed designation B 845; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 The techniques described in this guide pertain to mixed
flowing gas (MFG) tests containing species that are applied to
evaluate devices containing electrical contacts such as slip
rings, separable connectors, electromechanical relays or switch
contacts. These techniques may be relevant to other devices,
but it is the responsibility of the user to determine suitability
prior to testing.

1.2 The MFG tests described in this guide are designed to
accelerate corrosive degradation processes. These accelera-
tions are designed such that the degradation occurs in a much
shorter time period than that expected for such processes in the
intended application environment of the device being tested.
Application environments can vary continuously from benign
to aggressively corrosive. Connectors and contacts within
closed electronic cabinets may be affected by an environment
of different severity than the environment on the outside of
such cabinets. In general, indoor environments are different
than outdoor environments. The MFG tests described herein,
being discrete embodiments of specific corrosive conditions,
cannot be representative of all possible application environ-
ments. It is the responsibility of the test specifier to assure the
pertinence of a given test condition to the specifier’s applica-
tion condition.

1.3 The MFG tests described herein are not designed to
duplicate the actual intended application environmental of the
device under test. An extended bibliography, Section 10, that
provides information which is useful to test specifiers to assist
them in selecting appropriate test methods is included in this
guide. The bibliography covers the scope from application
condition characterization, single and multiple gas effects, and
material and product effects to key application and test vari-
ables as well as discussions of atmospheric corrosion pro-
cesses.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar

with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 542 Terminology Relating to Electrical Contacts and

Their Use2

B 808 Test Method for Monitoring of Atmospheric Corro-
sion Chambers by Quartz Crystal Microbalances2

B 810 Test Method for Calibration of Atmospheric Corro-
sion Test Chambers by Change in Mass of Copper Cou-
pons2

B 825 Test Method for Coulometric Reduction of Surface
Films on Metallic Test Samples2

B 826 Test Method for Monitoring Atmospheric Corrosion
Tests by Electrical Resistance Probes2

B 827 Practice for Conducting Mixed Flowing Gas (MFG)
Environmental Tests2

2.2 Other Documents:
EIA-364B-TP65 Mixed Industrial Gas Test Procedure3

IEC Standard 68-2–42 Basic Environmental Testing Proce-
dures, Test Kc Sulphur Dioxide Test for Contacts and
Connections4

IEC Standard 68-2–43 Basic Environmental Testing Proce-
dures, Test Kd Hydrogen Sulfide Test for Contacts and
Connections4

IEC Technical Trend Document 68-2–60 TTD Environmen-
tal Testing, Corrosion Tests in Artificial Atmosphere at
Very Low Concentration of Polluting Gas(es)4

IEC 68-2–60 (second edition) Environmental Testing—Part
2: Tests—test Ke: Flowing mixed gas corrosion test, 1995

IEEE P1156.1 Environmental Specifications for Computer

1 This guide is under the jurisdiction of ASTM Committee B02 on Nonferrous
Metals and Alloys and is the direct responsibility of Subcommittee B2.11 on
Electrical Contact Test Methods.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1993. Last previous edition approved in 1997 as B 845 - 97.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Available from Electronic Industries Association (EIA), 2001 Pennsylvania

Ave. N.W., Washington, DC 20006-1813.
4 Available from American National Standards Institute, 11 W. 42nd St., 13th

Floor, New York, NY 10036.
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Modules (Draft 4 June 10, 1992—unapproved)5

3. Terminology

3.1 Terms relevant to this guide are defined in Terminology
B 542 except as noted in the following section.

3.2 Other term:
3.2.1 mixed flowing gas test—a laboratory test conducted in

air that flows through a test chamber in which the temperature,
relative humidity, concentrations of gaseous pollutants, and
other critical variables are carefully defined, monitored and
controlled.

4. Significance and Use

4.1 Preservation of a conducting surface on electrical con-
tact is vital to the continued functioning of such contacts.
Contamination of the surface with insulating layers formed by
corrosion processes is one potential hazard. Laboratory testing
of contacts in MFG tests is used to assess the effectiveness of
design features and materials.

4.2 MFG tests are used in development studies of processes
and materials for contacts. For example, coupon specimens
may be exposed to MFG tests to evaluate new contact
materials, layers of new coating materials on a supporting
substrate, reduced coating thicknesses, or protective surface
treatments.

4.3 MFG tests are also employed to test the durability of a
finished product with respect to atmospheric corrosion. For
example, finished connectors may be exposed to a MFG test
and their performances compared against each other or against
a set of fixed requirements. Relays or switch contacts may be
exposed in the operated and non-operated conditions to com-
pare performance.

4.4 MFG tests are useful for determining the effectiveness
of connector housings and shrouds as barriers to ingress of
atmospheric corrodants to the contact surfaces. These tests can
also be used to assess the screening of the metal-to-metal
contact areas of mated connectors.

4.5 MFG tests are employed as qualification tests to deter-
mine connector failure rates in application environments for
which correlation between test and application has previously
been established.

4.6 This guide provides test conditions which are to be
applied in conjunction with Practice B 827 which defines the
required test operation and certification procedures, tolerances,
and reporting requirements. Where the test specifier requires
certifications or tolerances different than those provided in
Practice B 827, the required certifications or tolerances shall be
part of the test specification. Differences from the specifica-
tions in Practice B 827 shall be reported in the test report
provided by the test operator to the test specifier. Specification
of one of the test conditions defined in this document in the
form of a statement such as, “Parts shall be tested in accor-
dance with ASTM B 845 Method Z.”, implicitly requires test
condition, Z, applied according to Practice B 827.

5. Procedure

5.1 Decide upon a test plan appropriate for the contacts
being evaluated. Consider test parameters such as precondi-
tioning, performance measurement and other evaluation tech-
niques, and experimental controls.

5.2 Select a MFG test and exposure length appropriate for
the parts being evaluated. Table 1 lists a number of such tests
that have been documented in the technical literature. The next
section provides brief discussions of the origins and intended
purpose of each of the methods.

6. Abstracts of Methods

6.1 Method A—Method A was originally developed as a
highly accelerated test to stress equipment that might be
exposed to environments with high levels of air pollution from
combustion of high sulfur coal(1). The method is included in
this list for completeness. It is generally not considered
realistic for evaluation of electronic equipment for the vast
majority of applications. Typical exposure time is 4, 10 or 21
days, depending upon the specification for the product under
test.

6.2 Method B—Method B was originally developed as a
European standard, and has largely been replaced by methods
with lower levels of sulfur bearing gases(2). The method is
included in this list for completeness. It is generally not
considered realistic for evaluation of electronic equipment for
the vast majority of applications. Typical exposure time is 4, 10
or 21 days, depending upon the specification for the product
under test.

6.3 Method C—Method C was developed in Europe as an
alternative to Method A in response to requests for a less
aggressive test that would simulate exposures in less aggres-
sive environments(3,4). Method C may simulate the majority
of usage environments better than Method A. Typical exposure
time is 4, 10 or 21 days depending upon the specification for
the product under test.

6.4 Method D—Method D was developed in Europe as an
alternative to Method B for the same reasons cited in the above
discussion of Method C(3,4). Typical exposure time is 4, 10 or
21 days, depending upon the specification for the product
under test.

6.5 Method E—Method E was developed in Europe as a
first step toward a test containing more than one pollutant gas
[3,4]. Typical exposure time is 4, 10 or 21 days depending upon
the specification for the product under test.

6.6 Method G, H, and K—General Information—These
methods are often called the Battelle Class II, III, and IV Tests6

respectively, since they were developed by the Battelle Colum-
bus Laboratories after an extensive study of electronic equip-
ment operating conditions(5). The test conditions were the
result of correlation studies between corrosion products and
mechanisms, and test and application conditions, in order to
obtain a valid estimate of the corrosion response in the
expected electronic service environments. From this study, it
was concluded that most operating or application environments

5 Available from the Institute of Electrical and Electronic Engineers, Inc., 345 E.
47th St., New York, NY 10017.

6 It was found that the lack of electrical corrosion failure mechanisms in Class I
environments made it unnecessary to develop a Class 1 MFG Test.
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for electrical connectors and electronic components can be
categorized by a limited number of Severity Classes, which can
be simulated, and their effects accelerated, by adjusting the
critical parameters of the MFG test.

6.6.1 The descriptions in reference(5) of operating environ-
ment Classes I through IV are as follows: Class I is character-
ized by formation of oxides on copper coupons and no visible
attack on porous gold plated, nickel underplated, copper
coupons (Au/Ni/Cu) Class II is characterized by pore corrosion
of Au/Ni/Cu coupons and formation of oxides and complex
copper hydroxy chlorides on copper coupons. Class III is
characterized by pore and tarnish creepage corrosion of Au/
Ni/Cu coupons and the formation oxides, sulfides and other
unknown corrosion products on copper coupons. Class IV is
characterized by tarnish creepage on Au/Ni/Cu coupons and
copper coupon corrosion products similar to Class III except
that sulfide presence greatly exceeds oxide presence whereas
for Class III, the oxide presence is equivalent to the sulfide
presence(5).

6.6.1.1 Method G—Method G accelerates the effects of
Battelle Class II environments. These correspond to conditions
that are often found in business offices or control rooms that are
associated with light industrial areas or where environmental
controls are not operating effectively and continuously(5,6).

Light tarnish creepage corrosion has been reported to be found
in Class II gas tests. Typical industry practice has been to
expose test hardware (such as connectors) to this test for 1 to
3 weeks.7

6.6.1.2 Method H—Method H accelerates the effects of
Battelle Class III environments. These correspond to many
industrial and related locations (including many storage areas)
where moderate amounts of pollutants are present in poorly
controlled environments. These might be found nearer to
primary sources of atmospheric pollutant gases or in industrial
environments where there are a multiplicity of sources for
pollutant gases within a region such that all businesses in such
regions are susceptible. Potential failure mechanisms in this
test include severe pore corrosion and corrosion product
migration from the pores or from the base-metal edges adjoin-
ing the gold finish. Heavy film growth on base metals and
accelerated attack on other susceptible materials are also
possible(5). Typical industry practice has been to expose test
hardware (such as connectors) to this test for 10 or 20 days.8

7 EIA 364 TP-65 designates these test conditions as ’Environmental Class II’(8).
8 EIA 364 TP-65 designates these test conditions as8Environmental Class III’

(8).

TABLE 1 Test Conditions of Mixed Flowing Gas Tests

ASTM
Method

H2S ppbA SO2 ppbA Cl2 ppbA NO2 ppb Temp. °C RH %
Air

Changes
(# /h)

Air Velocity
(m/h)

Duration
(days)

Source Ref. Notes

A 25,000
65000

25 6 2B 75
65

20-60 4, 10, 21 Kc (1) C

B 12,500
62500

25 6 2B 75
65

3-5 20-60 4, 10, 21 Kd (2)

C 500
6100

25 6 1B 75
63

3-5 60 4, 10, 21 Ke

Method A
(3,4)

D 100
620

25 6 1B 75
6 3

3-5 60 4, 10, 21 Ke

Method B
(3,4)

E 100
620

500
6100

25 6 1B 75
63

3-10 60 4, 10, 21 Ke

IEC 68-2-60
Test

Method 1

(3,4)

G 10
+0/−4

10
+0/−2

200
625

30
62

70
62

3-8 Battelle
Class II

(5,16,17)
(8)

D

H 100
610

20
65

200
625

30
62

75
62

3-8 Battelle
Class III

(5,16,17)
(8)

E,F

K 200
610

50
65

200
625

50
62

75
62

3-8 Battelle
Class IV

(5,8)

L 40
65 %

350
65 %

3
615 %

610
65 %

30
60.5

70
62

1832 G1(T) (9)

M 10 6 5 200 6 20 10 6 5 200 6 20 25 6 1B 75 6 3 3-10 10, 21 Ke

IEC 68-2-60
(3,4,11)

(12)
N 10

+0/−4
200

6 25
10

+ 0/−2
200

6 25
30

6 2
70

6 2
per

ASTM
B 827

per
ASTM
B 827

5-30 Telecom
central
office

(14,15)

O 10 6 5 100 6 20 10 6 3 200 6 50 30 6 1 70 6 2 per
ASTM
B 827

per
ASTM
B 827

10, 20 Telecom
central
office

(16,17)

P 100 6 20 200 6 50 20 6 5 200 6 50 30 6 1 70 6 2 per
ASTM
B 827

per
ASTM
B 827

20 Telecom
uncontrolled
environment

(16,17)

Notes:
AGas concentrations in ppb refer to parts per billion (1 in 109) volume per volume (vol/vol) in air.
BThe test temperature of 25°C may require refrigeration in order to assure compliance with specified temperature and humidity variation limits.
CCarbon dioxide, 4500 parts per million (vol/vol) maximum.
DReferences (16 and 17) show NO2 level as 100 ppb and temperature as 25°C while reference (5) shows the values in the table above; difference in corrosion of copper

is minor between the two sets of conditions per private communication dated April 26, 1991, W. H. Abbott to E. Sproles.
ERelative humidity of 75 % (as shown in References (16 and 17)) is the recommended test condition for Class III per private communication dated April 26, 1991, W.

H. Abbott to E. Sproles.
FTest conditions are defined in purchase contract.
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6.6.1.3 Method K—Method K accelerates the effects of
Battelle Class IV environments. These represent the most
severe electronic equipment operating environments, such as
might be found at or adjacent to primary sources of atmo-
spheric pollutant gases or where the combined effects of
multiple pollutant gases and high humidity combine to rapidly
destroy the integrity of precious metal finishes and produce
thick corrosion films on some base metal surfaces(4). Testing
to Class IV environments is not generally recommended
because material selection alone is seldom sufficient to protect
the reliability of electrical contact surfaces. See Section 4 for
information on attenuation of pollutant effects. Exposure time
in this test is best determined by study of the specific
application environment.9

6.7 Method L—Method L refers to the GIT test conditions
which have been used by IBM to qualify connectors and
electrical components for operation in the IBM business office
applications environment as part of a comprehensive corrosion
evaluation strategy(9).10 The GIT test conditions were selected
to provide correlation of both corrosion product and mecha-
nism between test and application conditions to obtain a valid
estimate of the corrosion response in the expected environ-
ment. The selection of test conditions was based on X-ray
diffraction studies of copper coupons exposed to both applica-
tion (field) sites and test conditions.

6.8 Method M—Method M has been developed by the
International Electrotechnical Commission (IEC) SC 50B and
consists of the Method G (Battelle Class II) three gas mixture
plus sulfur dioxide. It is based upon investigations conducted,
over several years, by the Siemens Corporation of Munich,
Germany, in public buildings belonging to the German Federal
Railways and Post Office Department(11,12). Tolerances on
gas composition have been added since the draft versions of the
IEC document were published. Verification of test performance
using mass gain of copper coupons is recommended because
allowed tolerances on chlorine and hydrogen sulfide content of
the test atmosphere permit a large range in relative gas

composition. The IEC standard recommends a mass gain on
copper of 1.2 to 2.4 mg/dm2·day.

6.9 Method N—The values for pollutant gases are identical
to the IEC standard in Method M above with the provision for
testing at 30°C rather than at 25°C as in the proposed IEC
standard(14). These test conditions have been used in some
qualification testing of connectors for telecommunications
products and included in an industry round robin. Present
industry practice is use of Methods O and P in place of Method
N.

6.10 Method O—This method is used to evaluate connec-
tors for use in telephone central offices and similar environ-
ments (14). Typical practice is exposure 10 days in the
unconnected state, followed by 10 days in the connected state.
Users normally place requirements for verification of test
severity based on mass gain of copper coupons per Standard
B 810. Once widely used recommendation for mass gain is 15
6 3 µg/cm2· day.

6.11 Method P—This method is used to evaluate connectors
for use in telephone equipment exposed to uncontrolled envi-
ronments such as outdoor sheltered, semisealed enclosure(14).
Typical practice is exposure 10 days in the unconnected state,
followed by 10 days in the connected state. Users normally
place requirements on test severity based on mass gain of
copper coupons per Standard B 810. One widely used recom-
mendation for mass gain is 456 9 µm/cm2· day.

6.12 Method X—The interested parties, for example, pur-
chaser and supplier, may require a test different than any
already defined. In such cases, the parties must agree upon
values for all relevant parameters including those listed in
Table 1.

7. Report

7.1 Reporting requirements are as per Practice B 827 unless
otherwise stated by agreement between test specifier and test
vendor or operator.

8. Keywords

8.1 accelerated test; air velocity; atmospheric corrosion;
chlorine; connector; corrosion; corrosive gas testing; electrical
contacts; environmental; humidity; hydrogen sulfide; mixed
flowing gas; nitrogen dioxide; pollutant; reliability; sulfur;
sulfur dioxide; tarnish; temperature; testing

9 EIA 364 TP-65 designates these test conditions as8Environmental Class IV’
(8).

10 Current IBM test conditions may differ from Method L and may be obtained
by consulting the IBM Corporation Standards Project Authority for Environmental
Gaseous Corrosion Testing (SPA 129.20)(10).
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Designation: B 852 – 01

Standard Specification for
Continuous Galvanizing Grade (CGG) Zinc Alloys for Hot-
Dip Galvanizing of Sheet Steel 1

This standard is issued under the fixed designation B 852; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This specification covers grades of zinc alloys, com-
monly known as Continuous Galvanizing Grade (CGG) alloys
that contain aluminum, or aluminum and lead and that are used
in continuous hot-dip galvanizing of steel sheet. The compo-
sitions for CGG grades made from primary zinc are shown in
Table 1. Exceptions for grades made from secondary zinc are
found in footnote C.

1.2 Other alloy compositions not included in B 852, and as
may be agreed upon between the producer and the user, may be
used for continuous galvanizing.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 899 Terminology Relating to Non-ferrous Metals and

Alloys2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications3

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition4

E 527 Practice for Numbering Metals and Alloys (UNS)5

E 536 Test Methods for Chemical Analysis of Zinc and Zinc
Alloys6

E 634 Standard Practice for Sampling of Zinc and Zinc
Alloys for Optical Emission Spectrometric Analysis6

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

4. Ordering Information

4.1 Orders for CGG alloy under this specification shall
include the following information:

4.1.1 Number of ASTM standard, including year of issue,
4.1.2 Quantity (weight),
4.1.3 Name of material (CGG),
4.1.4 Size and shape (Section 7), and

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.04 on Zinc and Cadmium.

Current edition approved May 10, 2001. Published July 2001. Originally
published as B 852-94. Last previous edition B 852-00a.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 14.02.
4 Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards, Vol 01.01. 6 Annual Book of ASTM Standards, Vol 03.06.

TABLE 1 Chemical Requirements

GradeA

(UNS)

Composition,%

Nominal RangeB

Aluminum Lead Aluminum LeadC

Z80310 0.25 ... 0.22 to 0.28 0.007 max
Z80411 0.35 ... 0.31 to 0.39 0.007 max
Z80511 0.45 ... 0.40 to 0.50 0.007 max
Z80531 0.45 0.02 0.40 to 0.50 0.01 to 0.03
Z80610 0.55 ... 0.49 to 0.61 0.007 max
Z80710 0.65 ... 0.58 to 0.72 0.007 max
Z80810 0.75 ... 0.67 to 0.83 0.007 max
Z80910 1.00 ... 0.90 to 1.10 0.007 max

Impurities, %: IronC 0.0075 max
Cadmium 0.01 max
Copper 0.01 max
Other Elements total of 0.01 max

Zinc: balance by difference
A UNS numbers in conformance with Practice E 527.
B For purposes of determining conformance with this specification, an observed

value obtained from analysis shall be rounded to the nearest unit in the last
right-hand place of figures used in expressing the limiting value, in accordance
with the rounding method of Practice E 29.

C Lead and Iron levels of 0.01 % max and 0.01 % max respectively are allowed
for CGG alloys produced from secondary zinc.

1

*A Summary of Changes section appears at the end of this standard.
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4.1.5 Grade (see Table 1).

5. Materials and Manufacture

5.1 The producer shall use care that each shipment of CGG
alloy be as uniform in quality as possible.

6. Chemical Composition

6.1 CGG alloy shall conform to the requirements of Table 1
as determined by chemical analysis by the producer on samples
taken at his plant (see Section 9).

7. Size and Shape

7.1 CGG alloy may be ordered as either jumbos or slabs.
7.1.1 Jumbos—large castings of zinc or zinc alloy designed

for handling by mechanical equipment. A jumbo usually
weighs about 2400 lb (1087 kg). Jumbo shapes may vary,
depending on the producer’s practice, and may be referred to as
strip jumbos or as block jumbos. The nominal weight, dimen-
sions, and location of holes or openings shall be as agreed upon
between the producer and the customer.

7.1.2 Slabs—smaller castings of zinc or zinc alloy designed
for manual handling, but often handled by mechanical equip-
ment. A slab usually weighs about 55 lb (25 kg) but may weigh
anywhere from 40 to 60 lb (18 to 27 kg). Slabs are usually
shipped in strapped bundles weighing about 2200 lb (one
metric ton). Other bundle weights may be as agreed upon
between the producer and the customer.

7.1.3 Other shapes and sizes as may be agreed upon
between the producer and the customer may be cast to the
chemical requirements (Table 1) of this specification.

8. Appearance

8.1 CGG alloy castings (jumbos and slabs) shall be free of
undue surface oxide, adhering foreign matter, and any “flash”
that would interfere with handling and use.

9. Sampling for Chemical Analysis

9.1 Sampling During Casting—Samples shall be taken from
the pour during the casting of CGG alloys and shall be cast as
pins or discs according to Practice E 634 for spectrochemical
analyses. A sample shall be taken at least every 18 metric tons
(18 000 kg). Unless otherwise agreed upon between the pro-
ducer and the customer, chemical analyses shall be determined
from these samples (see Section 6).

9.2 Sampling of Slabs—When CGG alloy slabs must be
sampled, sampling shall be by drilling or sawing.

9.2.1 Selection of Portion—A portion representative of the
lot shall be selected at random for the sample. From lots
containing at least 60 000 lb (27 200 kg), one slab shall be
taken from every 10 000 lb (4530 kg). For smaller lots, five
slabs shall be taken.

9.2.2 Preparation of Sample—Each slab shall be cleaned
thoroughly to rid the surface of extraneous material and drilled
or sawed without lubricant in accordance with 9.2.3 or 9.2.4.
Adventitious iron with which the sample may have been
contaminated from the drill or the saw shall be removed with
a strong magnet.

9.2.3 Drilling —Two holes shall be drilled, preferably from
the bottom or brand side of each slab, at two points located

along the one diagonal of the slab so that each point is halfway
between the center and one extremity of the diagonal. If two
holes do not yield a sample weighing at least 101⁄2 oz (300 g),
a third hole shall be drilled at the center of each slab. Each hole
shall be bored completely through the slab, care being taken to
avoid starting the drill in a depression, and to adjust the feed to
give drillings 0.010 to 0.020 in. (0.25 to 0.51 mm) in thickness.
The drill shall preferably be one twisted from flat stock. The
drill diameter shall be5⁄16 in. (8 mm). All the drillings shall
either be cut with clean shears or broken into pieces of not over
1⁄2 in. (13 mm) in length and mixed thoroughly.

9.2.4 Sawing—Two cuts shall be made completely across
and through the slab from one long side to another with a
heat-treated, high-speed saw. Each cut shall be sufficient to
give a total sample weight of at least 101⁄2 oz (300 g), and all
cuttings from all the slabs shall be mixed thoroughly.

9.2.5 Storage—The sample shall be split into three equal
parts, each of which shall be placed in a sealed package, one
for the producer, one for the customer and, if necessary, one for
a referee. Tight leakproof paper sample envelopes or cardboard
cartons shall be used to hold the samples.

9.3 Sampling of jumbos—Representative samples cannot be
obtained from large castings (except for remelting the entire
ingot in a separate furnace and then taking a sample) because
of the potential for segregation. Therefore, alloy cast in the
jumbo form shall be sampled from the pour.

9.4 Matters of sampling and sample preparation not covered
by this specification shall be in accordance with Practice E 88.

9.5 Samples held at the producer’s plant shall be retained
for not less than 90 days.

9.6 Unless otherwise provided in this section, procedures
for sampling, storing, and exchange of samples shall be as
agreed upon between the producer and the customer.

10. Methods of Chemical Analyses

10.1 The chemical compositions in Table 1 shall be deter-
mined by the producer, who shall use methods of analysis
published in Test Methods E 536 or any spectrographic meth-
ods that may be the usual practice of the producer. In case of
dispute, the referee shall use only those methods of analysis
published in Test Methods E 536 unless another method has
been agreed upon between the producer and the customer.

10.1.1 Samples obtained during casting (9.1) shall be ana-
lyzed individually and the average of the individual determi-
nations for the samples from the lot shall be reported as the
analysis of the lot. The average shall conform to the chemical
requirements of Table 1.

10.1.2 Samples obtained by drilling or sawing shall be
analyzed and reported individually for each lot. Each analysis
shall conform to the chemical requirements of Table 1.

10.2 The customer may request that his samples accompany
the shipment or be transmitted by other means. He may, at his
discretion, analyze such samples. In the case of a dispute, the
producer shall send the sample retained for referee to a referee
agreed upon between the producer and the customer (see
14.1.1).
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11. Rejection and Rehearing

11.1 CGG alloy supplied under this specification must
satisfy the chemical requirements of Table 1. The customer
may reject any material that does not conform to these
requirements and, if rejected, the producer shall replace it. The
full weight of the shipment shall be returned to the producer
unless other provisions are agreed upon between the producer
and the customer.

12. Certification

12.1 A certificate shall be provided by the producer with the
following information:

12.1.1 The weight of the shipment,
12.1.2 The chemical composition of each production lot or

partial lot within the shipment,
12.1.3 A statement that the material was produced, sampled

and analyzed in accordance with this specification, and
12.1.4 A statement that the requirements of this specifica-

tion have been met.

13. Claims

13.1 Claims shall be made in writing to the producer within
thirty (30) days of receipt of material at the customer’s plant.
If the claim is based on the results of the customer’s chemical
analyses, those results shall be included in the claim.

13.2 When CGG alloy satisfies the chemical and physical
requirements of this specification, it shall not be condemned
for defects in the coating of zinc-coated products in which it
was used.

14. Investigation of Claims

14.1 If a claim has been made in accord with Section 13, the
producer shall respond to the customer within one week of

receipt of the claim. The producer shall at that time propose
either to satisfy the claim or to send his representative to the
customer’s plant within one week for investigation and settle-
ment of the claim.

14.1.1 If a claim is made that thechemical analyses
requirements of Table 1 have not been met, the parties may
elect to send that portion of the sample retained by the producer
for referee purposes to a referee agreed upon between the
producer and the customer. The determination of the referee
shall be binding.

14.1.2 If a claim is made thatphysical defectsexist, the
producer’s representative shall inspect the pieces that are
claimed to be defective. If after such inspection agreement
cannot be reached, a referee agreed upon between the producer
and the customer shall be called to examine those pieces said
to be defective. The determination of the referee shall be
binding.

15. Settlement of Claims

15.1 The expenses of the producer’s representative and the
referee shall be paid by the loser or in proportion to concession
in case of compromise.

16. Product Marking

16.1 The producer’s name or a brand name by which the
producer can be identified shall be cast or stamped on each
jumbo or slab.

17. Keywords

17.1 CGG alloy; Continuous Galvanizing Grade Zinc; zinc;
zinc alloy; zinc metal

SUMMARY OF CHANGES

This section contains the principle changes to the standard that have been incorporated since the last issue.

(1) The title of the Specification has been changed.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
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Designation: B 854 – 98 (Reapproved 2004)

Standard Guide for
Measuring Electrical Contact Intermittences 1

This standard is issued under the fixed designation B 854; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 The techniques described in this guide apply to electri-
cal circuits that include one or more electrical contacts in
devices such as slip rings, separable connectors, electrome-
chanical relays or closed switch contacts. The user should
determine applicability for other devicesTable 1.

1.2 The range of techniques described apply to circuit
discontinuities (intermittences) of durations ranging from ap-
proximately 10 nanoseconds to several seconds and of suffi-
cient magnitude to cause alteration of the circuit function.
Extension of the guide to shorter duration events may be
possible with suitable instrumentation. Events of longer dura-
tion may be monitored by techniques for dc measurements
such as those described in Test Methods B 539 or by adaptation
of methods described in this guide.

1.3 The techniques described in this guide apply to electri-
cal circuits carrying currents typical of signal circuits. Such
currents are generally less than 100 ma. Extension of these
techniques to circuits carrying larger currents may be possible,
but the user should evaluate applicability first.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

B 539 Test Methods for Measuring Resistance of Electrical
Connections (Static Contacts)

B 542 Terminology Relating to Electrical Contacts and
Their Use

B 615 Practice for Measuring Electrical Contact Noise in
Sliding Electrical Contacts

B 878 Test Method for Nanosecond Event Detection for
Electrical Contacts and Connectors

2.2 Other Documents:
IEC Publication 512, Test 2e Contact Disturbance3

EIA-364-46 Continuity Test Procedure for Electrical
Connectors4

3. Terminology

3.1 Terms relevant to this guide are defined in Terminology
B 542 except as noted in the following section.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 intermittence—a transient increase in the voltage

drop across a pair of electrical contacts.

4. Significance and Use

4.1 This guide suggests techniques to evaluate intermit-
tences in a contact pair while it is subjected to simulated or
actual environmental stress. Such measurements are a valuable
tool in predicting circuit performance under these stress
conditions and in diagnosing observed problems in circuit
function under such conditions.

4.2 This document is intended to provide some general
guidance on the best available practices for detecting, quanti-
fying, characterizing and reporting short duration intermit-
tences in circuits containing electrical contacts. Certain envi-
ronmental stresses such as mechanical shock, vibration or
temperature change may cause intermittences. These measure-
ment procedures include methods applicable to contacts oper-
ating under various conditions in testing or in service.

4.3 Practice B 615 defines methods for measuring electrical
contact noise in sliding electrical contacts. In contrast Guide
B 854 provides guidance to the various methods for measuring
similar phenomena in static contacts.

5. Apparatus

5.1 General Comments—The apparatus required varies de-
pending upon the technique selected and the parameters (such
as duration and magnitude) of the intermittence that the user

1 This guide is under the jurisdiction of ASTM Committee B02 on Nonferrous
Metals and Alloys and is the direct responsibility of Subcommittee B02.11 on
Electrical Contact Test Methods.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1998. Last previous edition approved in 1998 as B 854 – 98.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036.

4 Available from Electronic Industries Association, 2001 Pennsylvania Ave NW,
Washington D.C. 20006.

1
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wants to detect. In general, the cabling must be capable of
carrying signals of the speed to be detected in the study, and
must be isolated from sources of noise that may cause false
indications.

5.2 Special Precautions for Measurements Involving Events
Less than 1 Microsecond in Duration—Detection of events of
duration less than 1 microsecond will require special attention
to the wiring of the detection circuits and instrumentation.
Such attention may include using coaxial cable, shielding the
apparatus from interferences and minimizing cable lengths.

5.3 Specific Apparatus—The apparatus required will vary
depending upon the measurement method selected and the
environmental stresses imposed during the test.

6. Procedure

6.1 General Comments—The following sections describe,
in general terms, several methods that have been used to detect
or measure contact intermittences. The user should select an
appropriate method and adapt it as required. Table 1 presents a
comparison of the attributes of the various methods. The
following list covers questions that the user should answer
before selecting a test method.

6.1.1 What is the definition of an intermittence in the
intended application? For example, what resistance change
over what time interval constitutes an intermittence, or what
error occurs if the contact resistance changes, or what other
definition is appropriate for the intended purpose of the test
results?

6.1.2 Is it necessary to monitor more than one contact
simultaneously? If so, is it acceptable to connect the contacts in
series? If contacts cannot be connected in series, how many
contacts must be measured simultaneously?

6.2 Test results should be reported in a format appropriate
for the application and consistent with the format supplied by
the test instrument.

6.3 Oscilloscope—In this method, an oscilloscope is wired
to monitor the potential across the contact(s) of interest while
a signal is passed through the contacts. Standards such as IEC
Publication 512, Test 2e or EIA 364-46 are often implemented
using this method. Practice B 615 provides a specific circuit

that uses this method. Examples of the use of this method are
shown in the reference by Currence and Rhoades.5

6.3.1 Fig. 1 shows a schematic representation of an

example of how this method may be implemented. In selecting
an oscilloscope, choose a model with response time fast
enough to observe events of the duration of interest in the
study. The user may find it convenient to use an oscilloscope
capable of storing and printing results.

6.4 Custom Circuitry—In this method, the user assembles
circuitry to measure the effects of the intermittences under the
conditions of interest. For example, the circuitry may simulate
the type of source and detector circuitry that the user plans to
design into a system. Alternatively, the user may design
circuitry based on specialized components to achieve capabili-
ties different from those found in commercial instruments. An
example of custom circuitry was described by Abbott and
Schreiber.6

6.4.1 Fig. 2 shows a schematic representation of an example
of how this method may be implemented. The source and
detector incorporate the specific devices, technology, driver

5 Currence, R. and Rhoades, W., “Predicting, Modeling and Measuring Transient
Resistance Changes of Degraded Electrical Contacts,” Electrical Contacts, Proceed-
ings of the 29th Meeting of the Holm Conference on Electrical Contacts, Illinois
Institute of Technology, p. 81, 1983.

6 Abbott, W. H. and Schreiber, K. L., “Dynamic Contact Resistance of Gold, Tin
and Palladium Connector Interfaces During Low Amplitude Motion,” Proceedings
of Holm Conference, 1981, p. 211.

TABLE 1 Comparison of Methods of Monitoring Electrical Contact Intermittences

Method
Typical Number

of Channels
Typical Event Characterization Possible Advantages

Oscilloscope 1, 2 or 4 DV vs time detailed characterization of each event
Custom Circuitry 1 per circuit Presence or absence of one or more events during a

preselected monitoring interval, such events defined
as above a preselected threshold of DR and duration,
the number of events during the interval may or may
not be recorded.

Ability to closely model actual circuit conditions,
allows use of various technologies in the transmitting
and receiving devices

Event Detector 1 to 64 Presence or absence of one or more events during a
preselected monitoring interval, such events defined
as above a preselected threshold of DR and duration,
but the number of events during the interval is not
recorded.

Multichannel capability, selection of thresholds for
events to be counted

Bit Error Rate 1 ratio of errors to number of bits transmitted The format of the results is readily applicable to
ranking of interconnection devices with respect to
transmission quality for a specific signal format

FIG. 1 Schematic Representation of Oscilloscope Method
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circuits, amplifiers, etc., that are of interest in the intended
application of the connection or switch under test. The control
and monitoring instrumentation monitors the performance of
the connecting circuit by a suitable method such as comparing
the signal received against a standard.

6.5 Commercial Event Detector—In this method, a com-
mercial instrument that detects high resistance events is wired
to monitor one or more electrical contacts under evaluation.
Test Method B 878 gives detailed instructions for implement-
ing a specific version of this method. Certain instruments allow
monitoring of several electrical contacts independently and
simultaneously. Typically, the instrument has a pair of termi-
nals for each channel to be monitored: a transmit terminal and
a receive terminal. Each contact to be evaluated is wired into a
cable that runs from the transmit terminal, through the test
contact, to the receive terminal. Carefully follow all instruc-
tions and recommendations of the instrument manufacturer in
making these connections.

6.5.1 The resistance change and the event duration required
to trigger the event detector should be set according to the
instructions of the instrument manufacturer. These levels
should be selected based on the requirements of the system in
which the contacts are intended to be used.

6.5.2 It is good practice to conduct a control experiment
using similar wiring without the test contact in the circuit. In
the case where the monitoring instruments have multiple
channels available, wiring one or more of the channels as an
experimental control is recommended. This control channel(s)
should be wired with cables that are of the same types and
lengths as those used for the test channels. The routing of the
cable for the control channel(s) should follow the routing of the
test channels as nearly as feasible.

6.5.3 If events are detected in a control channel, interference
is suspected. Events in the control channel invalidate the
associated test.

6.5.4 After the contact(s) under test are wired to the
instrument, monitoring may begin. Typically, monitoring con-
tinues for a fixed time and the number of events is recorded. If
the contacts are stressed, for example, through thermal cycles
or mechanical disturbance, it is appropriate to conduct a
control experiment where the same contacts are monitored for

the same length of time under the same measurement condi-
tions but without the imposed external stress.7

6.5.5 Fig. 3 shows a schematic representation of an example

of how this method may be implemented. In the instrument
illustrated, each channel has a “send” and “receive” terminal. A
connection or switch in the device under test is wired into a
cable connecting the send and receive terminals for each
channel. The instrument itself monitors the performance of
each channel and indicates interruptions on a suitable display
for each channel.Fig. 3

6.5.6 As mentioned in 6.1, test results should be reported in
a format appropriate for the application and consistent with the
format supplied by the test instrument. Typically, an event
detector records if one or more events occurred during a fixed
period of time, but may not tell how many events occurred or
their magnitudes above the preset threshold. The report may
list the total number of measurement periods and the number of
periods during which events occurred, and any correlation
between applied environmental stresses and events.

6.6 Bit Error Rate Detector—In this method, a digital signal
is passed through the interconnection device under evaluation
and into a signal receiving device. The signal received is
compared with the signal transmitted, and the number of errors
detected during a fixed time period is recorded. The ratio of the
number of errors counted to the number of bits transmitted is
calculated and reported as the bit error rate. Alternatively, one

7 Examples of instruments of the type described are built by AnaTech Inc.,
Wakefield, Massachusetts. Similar instruments may be available from other manu-
facturers.

FIG. 2 Schematic Representation of Method Using Custom
Circuitry

FIG. 3 Schematic Representation of Method Using Commercial
Event Detector with Multiple Channel Capability
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can count the number of error free seconds of transmission
versus the number of seconds during which an error occurred.

6.6.1 The effect of various environmental stresses on per-
formance may be evaluated as part of the test. For example, the
device may be subjected to thermal cycling or mechanical
disturbance while the error rate is being monitored.

6.6.2 A number of commercial instruments are available to
perform the measurement and error rate calculation functions.
Some instruments simulate specific signal formats enabling
evaluation of interconnection devices with signals typical of
the application environment. For example, instruments are
available to simulate DS1 and DS3 signaling formats used in
telecommunications.8

6.6.3 Fig. 4 shows a schematic representation of an example
of how this method may be implemented. In the instrument
illustrated, the connection or switch in the device under test is
wired into a cable connecting the send and receive terminals
for each channel. The instrument itself monitors the connection
and measures performance for the particular signal or data
transmission format being evaluated.

6.6.4 The results may be reported in a number of ways.
Typically, statistics on the number of errors, error rate, “error
free” and “errored” seconds are available as an instrument
output. In contrast to the event detector discussed in the
previous section, a bit error rate instrument usually monitors
only one channel, detects and counts all errors, but is not
calibrated with respect to the resistance change that causes an
error.

7. Report
7.1 The test report should include the following items.
7.1.1 A list of the apparatus and instrumentation used.

7.1.2 A description of the experimental set up.
7.1.3 A description of the device(s) tested, including appro-

priate part numbers, lot codes, and similar information.
7.1.4 Test results. Results of intermittence tests are usually

given in terms of one or more of the following items: event
magnitude (delta V or delta R), event duration, number of
events per unit time, bit error rate, or other quantities appro-
priate to the specific test method used.

7.1.5 Other information required to reproduce the experi-
ment.

7.1.6 Information on the operator’s interpretation of the
results.

8. Keywords

8.1 bit error rate; electrical noise; reliability; resistance

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

8 Examples of instruments of the type described are built by Hewlett-Packard
Corporation, Palo Alto, California and by Tektronix, Inc., Wilsonville, Oregon.
Other manufacturers may offer similar instruments.

FIG. 4 Schematic Representation of Method Using Bit Error Rate
Detector
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Designation: B 860 – 02

Standard Specification for
Zinc Master Alloys for Use in Hot Dip Galvanizing 1

This standard is issued under the fixed designation B 860; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This specification covers zinc master alloys which are
used in hot dip galvanizing for the purpose of adjusting the
concentration of certain alloying elements in the molten zinc
bath. Table 1 covers the chemical composition of these
materials which include four master alloys of zinc-aluminum
(brightener) and one master alloy of zinc-antimony.

ASTM Common UNS
Type A-1 90/10 Zn/Al High Purity Z30750
Type A-2 90/10 Zn/Al Low Purity Z31710
Type A-3 95/5 Zn/Al High Purity Z30503
Type A-4 95/5 Zn/Al Low Purity Z31510
Type S-1 90/10 Zn/Sb Z55710

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of order acceptance form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 899 Terminology Relating to Non-ferrous Metals and

Alloys2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications3

E 47 Test Methods for Chemical Analysis of Zinc Die-
Casting Alloys4

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition5

E 527 Practice for Numbering Metals and Alloys (UNS)6

E 536 Test Method for Chemical Analysis of Zinc and Zinc
Alloys5

3. Terminology

3.1 Terms defined in Terminology B 899 shall apply unless
defined otherwise in this standard.

4. Ordering Information

4.1 Orders for ingots under this specification shall include
the following information:

4.1.1 Quantity, lb,
4.1.2 Alloy type (see Table 1),
4.1.3 Size, if not manufacturer’s standard,

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.04 on Zinc and Cadmium.

Current edition approved May 10, 2002. Published July 2002. Originally
published as B 860 - 95. Last previous edition B 860 - 01{1.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 14.02.
4 Discontinued; see1997 Annual Book of ASTM Standards, Vol 03.05.
5 Annual Book of ASTM Standards, Vol 03.05.

6 Annual Book of ASTM Standards, Vol 01.01

TABLE 1 Chemical Requirements Composition, % (Range or
Maximum Value) A

Type A-1 90 % Zinc–10 % Aluminum (90/10 Zn/
Al)

High Purity

Type A-2 90 % Zinc–10 % Aluminum (90/10 Zn/
Al)

Low Purity

Type A-3 95 % Zinc–5 % Aluminum (95/5 Zn/Al) High Purity
Type A-4 95 % Zinc–5 % Aluminum (95/5 Zn/Al) Low Purity
Type S-1 90 % Zinc–10 % Antimony (90/10 Zn/

Sb)

UNSB Type A-1
90/10 Zn/Al
Z30750

Type A-2
90/10 Zn/Al
Z31710

Type A-3
95/5 Zn/Al
Z30503

Type A-4
95/5 Zn/Al
Z31510

Type S-1
90/10 Zn/Sb

Z55710

Fe 0.05 max 0.15 max 0.05 max 0.15 max 0.03 max
Pb 0.005 max 0.4 max 0.005 max 0.4 max 0.015 max
Cd 0.004 max ... 0.004 max ... 0.003 max
Cu 0.035 max 0.5 max 0.035 max 0.5 max 0.003 max
Sn 0.003 max ... 0.003 max ... 0.01 max
As ... ... ... ... 0.015 max
Al 9.5–10.5 9.5–10.5 4.5–5.5 4.5–5.5 ...
SbC ... ... ... ... 9.5–10.5
Others, Total 0.01 max 0.25 max 0.01 max 0.25 max 0.03 max
ZnD Remainder Remainder Remainder Remainder Remainder

AThe following applies to all specified limits in this table: For purposes of
determining conformance with this specification, an observed value obtained from
analysis shall be rounded off to the nearest unit in the last right-hand place of
figures used in expressing the limiting value, in accordance with the rounding
method of Practice E 29.

BUNS numbers in conformance with Practice E 527.
CChemical method under development.
DFor information only. Quantitative determination of this element is not required.

Zinc is assumed to be the difference between 100 % and the sum of those
elements listed above.

1

*A Summary of Changes section appears at the end of this standard.
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4.1.4 Specification number and year date,
4.1.5 Source inspection (see Section 7), and
4.1.6 Marking (see Section 9).

5. Materials and Manufacture

5.1 The material covered by this specification shall be of
uniform quality and shall be free from harmful contamination.
The ingot surface shall contain a minimum of dross and
adhering foreign matter.

6. Chemical Requirements

6.1 Limits—The alloys shall conform to the requirements as
to chemical composition prescribed in Table 1. Conformance
shall be determined by the producer by analyzing samples
taken at the time the ingots are made. If the producer has
determined the chemical composition of the metal during the
course of manufacture, he shall not be required to sample and
analyze the finished product.

6.2 In case of dispute, the following requirements shall
apply:

6.2.1 Number of Samples—Samples for verification of
chemical composition shall be taken as follows:

6.2.1.1 Not less than five ingots shall be taken at random
from each car or truckload of the same alloy for sampling.
Each heat in the shipment shall be represented. If the shipment
is less than a carload lot, one sample ingot shall be taken for
each 10 000 lb (4540 kg) or fraction thereof. When it is deemed
necessary, a sample may be taken from each melt of 1000 lb
(454 kg) or more.

6.3 Methods of Sampling—Samples from ingots for deter-
mination of chemical composition shall be taken in accordance
with one of the following methods:

6.3.1 Samples for chemical analysis shall be taken from the
material by drilling, sawing, milling, turning, or clipping a
representative piece or pieces to obtain weight of prepared
sample not less than 100 g. Sampling shall be in accordance
with Practice E 88.

6.3.2 By agreement, an optional method of sampling would
be to select, at random, ingots of the same heat, melt together
representative portions of each ingot selected, and cast a disc or
suitable sample from the liquid composite for spectrographic or
chemical analysis.

6.3.3 Samples for chemical analysis may also be in the form
of a separately cast spectrographic disc specimen taken from
the same pour used to cast the ingot.

6.3.4 Alternate procedures for sampling and exchange of
samples shall be agreed upon between the producer and the
customer.

6.4 Method of Analysis—The determination of chemical
composition shall be made in accordance with suitable chemi-
cal (Test Methods E 536 or E 47 (tin only)), or other methods.
In case of dispute, the results secured by Test Method E 536
shall be the basis of acceptance.

7. Source Inspection
7.1 If the purchaser desires that his representative inspect or

witness the inspection and testing of the product prior to
shipment, such agreement shall be made by the purchaser and
producer or supplier as part of the contract or purchase order.

7.2 When such inspection or witness of inspection and
testing is agreed upon, the producer or supplier shall afford the
purchaser’s representative all reasonable facilities to satisfy
him that the product meets the requirements of this specifica-
tion. Inspection and tests shall be conducted in such a manner
that there is no unnecessary interference with the producer’s
operations.

8. Rejection and Rehearing
8.1 Material that fails to conform to the requirements of this

specification may be rejected. Rejection should be reported to
the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing. If the rehearing
establishes that the material does not conform to the require-
ments of this specification, it should be rejected and returned to
the producer.

9. Identification Marking
9.1 All ingots shall be properly marked for identification

with the producer’s name or brand.
9.2 Each bundle or skid shall be identified with the bundle

weight and the producer’s heat number.

10. Packaging
10.1 Unless otherwise specified, the ingot shall be packaged

to provide easy access for unloading by overhead crane or
forklift. Each package shall contain only one alloy unless
otherwise agreed upon.

11. Keywords
11.1 brightener; zinc; zinc alloys; zinc-aluminum alloy;

zinc-antimony alloy; zinc master alloys; zinc metal
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SUMMARY OF CHANGES

This section contains the principle changes to the standard that have been incorporated since the last issue
(B 860 - 01{1) that may impact the use of this standard..

(1) Paragraph 6.3.3 was revised.
(2) New paragraph 6.3.4 was added.

(3) Paragraph 3.1 was reviesed.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 861 – 03

Standard Specification for
Titanium and Titanium Alloy Seamless Pipe 1

This standard is issued under the fixed designation B 861; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers the requirements for 28 grades
of titanium and titanium alloy seamless pipe intended for
general corrosion resisting and elevated temperature service as
follows:

1.1.1 Grade 1—Unalloyed titanium, low oxygen,
1.1.2 Grade 2—Unalloyed titanium, standard oxygen,
1.1.3 Grade 3—Unalloyed titanium, medium oxygen,
1.1.4 Grade 5—Titanium alloy (6 % aluminum, 4 % vana-

dium),
1.1.5 Grade 7—Unalloyed titanium plus 0.12 % to 0.25 %

palladium, standard oxygen,
1.1.6 Grade 9—Titanium alloy (3 % aluminum, 2.5 % va-

nadium),
1.1.7 Grade 11—Unalloyed titanium plus 0.12 % to 0.25 %

palladium, low oxygen,
1.1.8 Grade 12—Titanium alloy (0.3 % molybdenum,

0.8 % nickel),
1.1.9 Grade 13—Titanium alloy (0.5 % nickel, 0.05 % ru-

thenium), low oxygen,
1.1.10 Grade 14—Titanium alloy (0.5 % nickel, 0.05 %

ruthenium), standard oxygen,
1.1.11 Grade 15—Titanium alloy (0.5 % nickel, 0.05 %

ruthenium), medium oxygen,
1.1.12 Grade 16—Unalloyed titanium plus 0.04 % to

0.08 % palladium, standard oxygen,
1.1.13 Grade 17—Unalloyed titanium plus 0.04 % to

0.08 % palladium, low oxygen,
1.1.14 Grade 18—Titanium alloy (3 % aluminum, 2.5 %

vanadium plus 0.04 % to 0.08 % palladium),
1.1.15 Grade 19—Titanium alloy (3 % aluminum, 8 %

vanadium, 6 % chromium, 4 % zirconium, 4 % molybdenum),
1.1.16 Grade 20—Titanium alloy (3 % aluminum, 8 %

vanadium, 6 % chromium, 4 % zirconium, 4 % molybdenum)
plus 0.04 % to 0.08 % palladium,

1.1.17 Grade 21—Titanium alloy (15 % molybdenum, 3 %
aluminum, 2.7 % niobium, 0.25 % silicon),

1.1.18 Grade 23—Titanium alloy (6 % aluminum, 4 %
vanadium, extra low interstitial, ELI),

1.1.19 Grade 24—Titanium alloy (6 % aluminum, 4 %
vanadium) plus 0.04 % to 0.08 % palladium,

1.1.20 Grade 25—Titanium alloy (6 % aluminum, 4 %
vanadium) plus 0.3 % to 0.8 % nickel and 0.04 % to 0.08 %
palladium,

1.1.21 Grade 26—Unalloyed titanium plus 0.08 to 0.14 %
ruthenium,

1.1.22 Grade 27—Unalloyed titanium plus 0.08 to 0.14 %
ruthenium,

1.1.23 Grade 28—Titanium alloy (3 % aluminum, 2.5 %
vanadium plus 0.08–0.14 % ruthenium),

1.1.24 Grade 29—Titanium alloy (6 % aluminum, 4 %
vanadium, extra low interstitial, ELI plus 0.08–0.14 % ruthe-
nium),

1.1.25 Grade 33—Titanium alloy (0.4 % nickel, 0.015 %
palladium, 0.025 % ruthenium, 0.15 % chromium),

1.1.26 Grade 34—Titanium alloy (0.4 % nickel, 0.015 %
palladium, 0.025 % ruthenium, 0.15 % chromium),

1.1.27 Grade 35—Titanium alloy (4.5 % aluminum, 2 %
molybdenum, 1.6 % vanadium, 0.5 % iron, 0.3 % silicon), and

1.1.28 Grade 36—Titanium alloy (45 % niobium).
1.2 The values stated in inch-pound units are to be regarded

as standard. The values given in parentheses are for informa-
tion only.

2. Referenced Documents

2.1 ASTM Standards:2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications

E 120 Test Methods for Chemical Analysis of Titanium and
Titanium Alloys

E 1409 Test Method for Determination of Oxygen in Tita-
nium and Titanium Alloys by the Inert Gas Fusion Tech-
nique

E 1447 Test Method for Determination of Hydrogen in
Titanium and Titanium Alloys by the Inert Gas Fusion
Thermal Conductivity Method

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.01 on Titanium.

Current edition approved Nov. 01, 2003. Published November 2003. Originally
approved in 1995. Last previous edition approved in 2002 as B 861 – 02.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1
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2.2 ANSI/ASME Standard:
B 36.19M-1985 Stainless Steel Pipe3

3. Terminology

3.1 Definitions:
3.1.1 lot, n—a number of pieces of pipe of the same

nominal size and wall thickness manufactured by the same

process from a single heat of titanium or titanium alloy and
heat treated by the same furnace parameters in the same
furnace.

3.1.2 seamless pipe, n—a hollow tubular product produced
with a continuous periphery in all stages of manufacture.

4. Ordering Information

4.1 Orders for materials under this specification shall in-
clude the following information as required:

4.1.1 Quantity,
4.1.2 Grade number (Section 1 and Table 1),

TABLE 1 Chemical Requirements A

Composition, %
Element

Grade 1 Grade 2 Grade 3 Grade 5 Grade 7 Grade 9 Grade 11 Grade 12 Grade 13 Grade 14

Nitrogen, max 0.03 0.03 0.05 0.05 0.03 0.03 0.03 0.03 0.03 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Hydrogen,B,C max 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
Iron, max 0.20 0.30 0.30 0.40 0.30 0.25 0.20 0.30 0.20 0.30
Oxygen, max 0.18 0.25 0.35 0.20 0.25 0.15 0.18 0.25 0.10 0.15
Aluminum ... ... ... 5.5–6.75 ... 2.5–3.5 ... ... ... ...
Vanadium ... ... ... 3.5–4.5 ... 2.0–3.0 ... ... ... ...
Tin ... ... ... ... ... ... ... ... ... ...
Ruthenium ... ... ... ... ... ... ... ... 0.04–0.06 0.04–0.06
Palladium ... ... ... ... 0.12–0.25 ... 0.12–0.25 ... ... ...
Molybdenum ... ... ... ... ... ... ... 0.2–0.4 ... ...
Chromium ... ... ... ... ... ... ... ... ... ...
Nickel ... ... ... ... ... ... ... 0.6–0.9 0.4–0.6 0.4–0.6
Niobium ... ... ... ... ... ... ... ... ... ...
Zirconium ... ... ... ... ... ... ... ... ... ...
Silicon ... ... ... ... ... ... ... ... ... ...
Residuals,D,E,F

max each
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Residuals,D,E,F

max total
0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance balance balance balance balance

Element
Composition, %

Grade 15 Grade 16 Grade 17 Grade 18 Grade 19 Grade 20 Grade 21 Grade 23 Grade 24

Nitrogen, max 0.05 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.05
Carbon, max 0.08 0.08 0.08 0.08 0.05 0.05 0.05 0.08 0.08
Hydrogen,B,C max 0.015 0.015 0.015 0.015 0.02 0.02 0.015 0.0125 0.015
Iron, max 0.30 0.30 0.20 0.25 0.30 0.30 0.40 0.25 0.40
Oxygen, max 0.25 0.25 0.18 0.15 0.12 0.12 0.17 0.13 0.20
Aluminum ... ... ... 2.5–3.5 3.0–4.0 3.0–4.0 2.5–3.5 5.5–6.5 5.5–6.75
Vanadium ... ... ... 2.0–3.0 7.5–8.5 7.5–8.5 ... 3.5–4.5 3.5–4.5
Tin ... ... ... ... ... ... ... ... ...
Ruthenium 0.04–0.06 ... ... ... ... ... ... ... ...
Palladium ... 0.04–0.08 0.04–0.08 0.04–0.08 ... 0.04–0.08 ... ... 0.04–0.08
Molybdenum ... ... ... ... 3.5–4.5 3.5–4.5 14.0–16.0 ... ...
Chromium ... ... ... ... 5.5–6.5 5.5–6.5 ... ... ...
Nickel 0.4–0.6 ... ... ... ... ... ... ... ...
Niobium ... ... ... ... ... ... 2.2–3.2 ... ...
Zirconium ... ... ... ... 3.5–4.5 3.5–4.5 ... ... ...
Silicon ... ... ... ... ... ... 0.15–0.25 ... ...
Residuals,D,E,F

max each
0.1 0.1 0.1 0.1 0.15 0.15 0.1 0.1 0.1

Residuals,D,E,F

max total
0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance balance balance balance

3 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036.
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TABLE 1 Continued

Element
Composition, %

Grade 25 Grade 26 Grade 27 Grade 28 Grade 29 Grade 33 Grade 34 Grade 35 Grade 36

Nitrogen, max 0.05 0.03 0.03 0.03 0.03 0.03 0.05 0.05 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.04
Hydrogen,B,C max 0.0125 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.0035
Iron, max or range 0.40 0.30 0.20 0.25 0.25 0.30 0.30 0.20–0.80 0.03
Oxygen, max 0.20 0.25 0.18 0.15 0.13 0.25 0.35 0.25 0.16
Aluminum 5.5–6.75 ... ... 2.5-3.5 5.5-6.5 ... ... 4.0–5.0 ...
Vanadium 3.5–4.5 ... ... 2.0-3.0 3.5–4.5 ... ... 1.1–2.1 ...
Tin ... ... ... ... ... ... ... ... ...
Ruthenium ... 0.08-0.14 0.08-0.14 0.08-0.14 0.08-0.14 0.02-0.04 0.02-0.04 ... ...
Palladium 0.04–0.08 ... ... ... ... 0.01-0.02 0.01-0.02 ... ...
Molybdenum ... ... ... ... ... ... ... 1.5–2.5 ...
Chromium ... ... ... ... ... 0.1-0.2 0.1-0.2 ... ...
Nickel 0.3–0.8 ... ... ... ... 0.35-0.55 0.35-0.55 ... ...
Niobium ... ... ... ... ... ... ... ... 42.0–47.0
Zirconium ... ... ... ... ... ... ... ... ...
Silicon ... ... ... ... ... ... ... 0.20–0.40 ...
Residuals,D,E,F

max each
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Residuals,D,E,F

max total
0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance Remainder Remainder Remainder Remainder

AAnalysis shall be completed for all elements listed in this table for each grade. The analysis results for the elements not quantified in the table need not be reported
unless the concentration level is greater than 0.1 % each or 0.4 % total.

BLower hydrogen may be obtained by negotiation with the supplier.
CFinal product analysis.
DNeed not be reported.
EA residual is an element present in a metal or an alloy in small quantities and is inherent to the manufacturing process but not added intentionally. In titanium these

elements include aluminum, vanadium, tin, chromium, molybdenum, niobium, zirconium, hafnium, bismuth, ruthenium, palladium, yttrium, copper, silicon, cobalt, tantalum,
nickel, boron, manganese, and tungsten.

FThe purchaser may, in his written purchase order, request analysis for specific residual elements not listed in this specification.
GThe percentage of titanium is determined by difference.

4.1.3 Nominal pipe size and schedule (Table 2),
4.1.4 Diameter tolerance (Table 3),
4.1.5 Length tolerance (see 9.3),
4.1.6 Method of manufacture and finish (Sections 5 and 10),
4.1.7 Product analysis, if required (Sections 6 and 7; Table

1 and Table 4),
4.1.8 Mechanical properties, (Sections 8, 14, 15, and 16 and

Table 5),
4.1.9 Packaging (Section 23),
4.1.10 Inspection and test reports (Sections 19, 20 and 21),

and
4.1.11 Product marking (Section 22).

5. Manufacture

5.1 Seamless pipe may be manufactured by any method that
will yield a product meeting the requirements of this specifi-
cation.

5.2 Unless specified, cold worked pipe shall be heat treated
at a temperature of not less than 1000°F (538°C). Hot worked
pipe finishing above 1400°F (760°C) need not be further heat
treated. The minimum heat treat conditions for Grade 9, 18,
and 28 pipe delivered in the stress relieved condition shall be
600°F (316°C) for at least 30 min.

5.2.1 Grade 5, Grade 9, Grade 18, Grade 19, Grade 20,
Grade 21, Grade 23, Grade 24, Grade 25, Grade 28, Grade 29,
Grade 35, and Grade 36 alloys may be supplied in the
following conditions:

5.2.1.1 Grade 5, Grade 23, Grade 24, Grade 25, Grade 29,
Grade 35, or Grade 36—annealed or aged condition,

5.2.1.2 Grade 9, Grade 18, or Grade 28—cold-worked and
stress-relieved or annealed,

5.2.1.3 Grade 9, Grade 18, Grade 23, Grade 28, or Grade
29—transformed-beta condition, and

5.2.1.4 Grade 19, Grade 20, or Grade 21—solution-treated
or solution-treated and aged.

6. Chemical Requirements

6.1 The grades of titanium and titanium alloy metal covered
by this specification shall conform to the requirements of the
chemical compositions prescribed in Table 1.

6.1.1 The elements listed in Table 1 are intentional alloy
additions or elements which are inherent to the manufacture of
titanium sponge, ingot or mill product.

6.1.1.1 Elements other than those listed in Table 1 are
deemed to be capable of occurring in the grades listed in Table
1 by and only by way of unregulated or unanalyzed scrap
additions to the ingot melt. Therefore, product analysis for
elements not listed in Table 1 shall not be required unless
specified and shall be considered to be in excess of the intent
of this specification.

6.1.2 Elements intentionally added to the melt must be
identified, analyzed and reported in the chemical analysis.

6.2 When agreed upon by the producer and purchaser and
requested by the purchaser in his written purchase order,
chemical analysis shall be completed for specific residual
elements not listed in this specification.
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TABLE 2 Dimensions of Pipe

NOTE 1—Schedule sizes conform to ANSI/ASME B36.19 (for “S” sizes) or B36.10 (for non-S sizes).
NOTE 2—The decimal thickness listed for the respective pipe sizes represent their nominal wall dimensions.

NPS
Desig.

Outside Dia. Nominal Wall Thickness

Schedule 5SA Schedule 5A Schedule 10SA Schedule 10A Schedule 40S Schedule 40 Schedule 80S Schedule 80
in mm in mm in mm in mm in mm in mm in mm in mm in mm

1⁄8 0.405 10.29 x x x x 0.049 1.24 0.049 1.24 0.068 1.73 0.068 1.73 0.095 2.41 0.095 2.41
1⁄4 0.540 13.72 x x x x 0.065 1.65 0.065 1.65 0.088 2.24 0.088 2.24 0.119 3.02 0.119 3.02
3⁄8 0.675 17.15 x x x x 0.065 1.65 0.065 1.65 0.091 2.31 0.091 2.31 0.126 3.20 0.126 3.20

1⁄2 0.840 21.34 0.065 1.65 0.065 1.65 0.083 2.11 0.083 2.11 0.109 2.77 0.109 2.77 0.147 3.73 0.147 3.73
3⁄4 1.050 26.67 0.065 1.65 0.065 1.65 0.083 2.11 0.083 2.11 0.113 2.87 0.113 2.87 0.154 3.91 0.154 3.91
1 1.315 33.40 0.065 1.65 0.065 1.65 0.109 2.77 0.109 2.77 0.133 3.38 0.133 3.38 0.179 4.55 0.179 4.55

1-1⁄4 1.660 42.16 0.065 1.65 0.065 1.65 0.109 2.77 0.109 2.77 0.140 3.56 0.140 3.56 0.191 4.85 0.191 4.85
1-1⁄2 1.900 48.26 0.065 1.65 0.065 1.65 0.109 2.77 0.109 2.77 0.145 3.68 0.145 3.68 0.200 5.08 0.200 5.08

2 2.375 60.32 0.065 1.65 0.065 1.65 0.109 2.77 0.109 2.77 0.154 3.91 0.154 3.91 0.218 5.54 0.218 5.54

2-1⁄2 2.875 73.02 0.083 2.11 0.083 2.11 0.120 3.05 0.120 3.05 0.203 5.16 0.203 5.16 0.276 7.01 0.276 7.01
3 3.500 88.90 0.083 2.11 0.083 2.11 0.120 3.05 0.120 3.05 0.216 5.49 0.216 5.49 0.300 7.62 0.300 7.62

3-1⁄2 4.000 101.60 0.083 2.11 0.083 2.11 0.120 3.05 0.120 3.05 0.226 5.74 0.226 5.74 0.318 8.08 0.318 8.08

4 4.500 114.30 0.083 2.11 0.083 2.11 0.120 3.05 0.120 3.05 0.237 6.02 0.237 6.02 0.337 8.56 0.337 8.56
5 5.563 141.30 0.109 2.77 0.109 2.77 0.134 3.40 0.134 3.40 0.258 6.55 0.258 6.55 0.375 9.53 0.375 9.53
6 6.625 168.27 0.109 2.77 0.109 2.77 0.134 3.40 0.134 3.40 0.280 7.11 0.280 7.11 0.432 10.97 0.432 10.97

8 8.625 219.07 0.109 2.77 0.109 2.77 0.148 3.76 0.148 3.76 0.322 8.18 0.322 8.18 0.500 12.70 0.500 12.70
10 10.75 273.05 0.134 3.40 0.134 3.40 0.165 4.19 0.165 4.19 0.365 9.27 0.365 9.27 0.500 12.70 0.594 15.09
12 12.75 323.85 0.156 3.96 0.156 3.96 0.180 4.57 0.180 4.57 0.375 9.53 0.406 10.31 0.500 12.70 0.688 17.48

14 14.00 355.60 0.156 3.96 0.156 3.96 0.188 4.78 0.250 6.35 x x 0.438 11.13 x x 0.750 19.05
16 16.00 406.40 0.165 4.19 0.165 4.19 0.188 4.78 0.250 6.35 x x 0.500 12.70 x x 0.844 21.44
18 18.00 457.20 0.165 4.19 0.165 4.19 0.188 4.78 0.250 6.35 x x 0.562 14.27 x x 0.938 23.83

20 20.00 508.00 0.188 4.78 0.188 4.78 0.218 5.54 0.250 6.35 x x 0.594 15.09 x x 1.031 26.19
22 22.00 558.80 0.188 4.78 0.188 4.78 0.218 5.54 0.250 6.35 x x x x x x 1.125 28.58
24 24.00 609.60 0.218 5.54 0.218 5.54 0.250 6.35 0.250 6.35 x x 0.688 17.48 x x 1.219 30.96

26 26.00 660.40 x x x x x x 0.312 7.92 x x x x x x x x
28 28.00 711.20 x x x x x x 0.312 7.92 x x x x x x x x
30 30.00 762.00 0.250 6.35 0.250 6.35 0.312 7.92 0.312 7.92 x x x x x x x x

32 32.00 812.80 x x x x x x 0.312 7.92 x x 0.688 17.48 x x x x
34 34.00 863.60 x x x x x x 0.312 7.92 x x 0.688 17.48 x x x x
36 36.00 914.40 x x x x x x 0.312 7.92 x x 0.750 19.05 x x x x

AThreading not permitted in accordance with ANSI B.1.20.1
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6.3 At least two samples for chemical analysis shall be
tested to determine chemical composition. Samples shall be
taken from the ingot or the opposite extremes of the product to
be analyzed.

7. Product Analysis

7.1 When requested by the purchaser and stated in the
purchase order, an analysis of chemical composition shall be
made on the finished product.

7.2 The product analysis tolerances, listed in Table 4 do not
broaden the specified analysis requirements, but cover varia-
tions between different laboratories in the measurement of
chemical content. The manufacturer shall not ship finished
product outside of the limits specified in Table 1 for the
applicable grade.

8. Tensile Requirements

8.1 The tensile properties of the pipe, in the condition
specified, shall conform to the room temperature requirements
of Table 5. Mechanical properties for other conditions may be
established by written agreement between the manufacturer
and the purchaser.

9. Permissible Variations in Dimensions

9.1 A system of standard pipe sizes approved by ANSI as
American National Standard for Stainless Steel Pipe (ANSI/
ASME B36.19M-1985) reproduced as Table 2 shall apply.

9.2 Diameter—Variations in outside diameter shall not ex-
ceed those prescribed in Table 3.

9.3 Thickness—The variation in thickness at any point shall
not be more than612.5 % of the nominal wall thickness
specified.

9.4 Length—Pipe shall be furnished in lengths as specified
in the purchase order. No pipe shall be under the specified
length and not more than1⁄4 in. (6.4 mm) over that specified.

9.5 Straightness— The pipe shall be free of kinks and bends
and the maximum bow of lengths up to 10 ft (3 m) shall not
exceed 1:500. For lengths greater than 10 ft, the maximum bow
shall not exceed 1:400.

10. Finish

10.1 The finished pipe shall have smooth ends, be free of
burrs, and shall be free of injurious external and internal
imperfections of a nature that will interfere with the purpose
for which it is intended. Minor defects may be removed
providing the dimensional tolerances of Section 9 are not
exceeded. Unless otherwise specified, the pipe shall be fur-
nished free of scale.

11. Number of Tests

11.1 Samples for test shall be taken from one pipe for each
1000 ft (300 m), but in no case shall less than one pipe be
tested, selected at random, from each lot. Results of the
following tests shall be reported to the purchaser or his
representative.

11.1.1 One tension test from each pipe selected.
11.1.2 The flattening test specified in 15.1.
11.1.3 The bend test, required by 14.1, when specified by

the purchaser.
11.2 If any test specimen shows defective machining or

develops flaws due to the preparation, the specimen may be
discarded and another substituted.

11.3 If the percentage of elongation of any tension test
specimen is less than that specified in 8.1, and any part of the
fracture is more than3⁄4 in. (19 mm) from the center of the gage
length as indicated by scratches marked on the specimen being
testing, the specimen may be discarded and another substituted.

11.4 Each length of pipe shall be subjected to the hydro-
static test specified in 16.1 and 16.2.

12. Retests

12.1 If the chemical or mechanical test results of any lot are
not in conformance with the requirements of this specification,
the lot may be retested at the option of the manufacturer. The
frequency of the retest will be double the initial number of
tests. If the results of the retest conform to the specification,
then the retest values will become the test values for certifica-
tion. Only original conforming test results or conforming retest
results shall be reported to the purchaser. If the results for the
retest fail to conform to the specification, the material will be
rejected in accordance with Section 20.

TABLE 3 Permissible Variations in Diameter

Nominal Outside Diameter (NPS)A
Permissible Variations in Outside

Diameter

Over Under

1⁄8 in. to 11⁄2 in. (3.2 mm to 38 mm) 1⁄64 in. (0.397 mm) 1⁄32 in. (0.794 mm)
over 11⁄2 in. to 4 in. (38 mm to 102 mm) 1⁄32 in. (0.794 mm) 1⁄32 in. (0.794 mm)
over 4 in. to 8 in. (102 mm to 203 mm) 1⁄16 in. (1.588 mm) 1⁄32 in. (0.794 mm)
over 8 in. to 18 in. (203 mm to 432

mm)

3⁄32 in. (2.382 mm) 1⁄32 in. (0.794 mm)

ANPS = nominal pipe size.

TABLE 4 Permissible Variations in Product Analysis

Element

Product Analysis Limits, Permissible Variation

max or Range,
%

in Product
Analysis

Aluminum 2.5 to 6.75 60.40
Carbon 0.10 + 0.02
Chromium 0.1 to 0.2 6 0.02
Chromium 5.5 to 6.5 6 0.30
Hydrogen 0.02 + 0.002
Iron 0.80 + 0.15
Molybdenum 0.2 to 0.4 6 0.03
Molybdenum 1.5 to 4.5 6 0.20
Molybdenum 14.0 to 16.0 60.50
Nickel 0.3 to 0.9 6 0.05
Niobium 2.2 to 3.2 6 0.15
Niobium >30 60.50
Nitrogen 0.05 + 0.02
Oxygen 0.30 + 0.03
Oxygen 0.31 to 0.40 6 0.04
Palladium 0.01 to 0.02 60.002
Palladium 0.04 to 0.08 60.005
Palladium 0.12 to 0.25 60.02
Ruthenium 0.02 to 0.04 60.005
Ruthenium 0.04 to 0.06 60.005
Ruthenium 0.08 to 0.14 60.01
Silicon 0.06 to 0.40 6 0.02
Vanadium 2.0 to 4.5 6 0.15
Vanadium 7.5 to 8.5 6 0.40
Zirconium 3.5 to 4.5 6 0.20
ResidualsA (each) 0.15 + 0.02

AA residual is an element in a metal or alloy in small quantities inherent to the
manufacturing process but not added intentionally.
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13. Test Specimens and Methods of Testing

13.1 The test specimens and the tests required by this
specification shall conform to those described in Test Methods
and Definitions A 370.

13.2 All routine mechanical tests shall be made at room
temperature.

13.3 The methods of analysis used shall be in accordance
with Test Methods E 120, E 1409 and E 1447, as applicable, or
as agreed upon between the manufacturer and the purchaser.

14. Bending Test

14.1 Pipe 2 in. (51 mm) and under in nominal diameter,
shall be capable of being bent cold through 90° around a

cylindrical mandrel which is twelve times the nominal diam-
eter of the pipe, without developing cracks.

14.1.1 Grade 5, Grade 23, Grade 24, Grade 25, Grade 29,
Grade 35, and Grade 36 are exempt from this requirement.

15. Flattening Test

15.1 Seamless pipe shall be capable of withstanding, with-
out cracking, flattening under a load applied gradually at room
temperature until the distance between the load platens isH
inches.H is calculated as follows:

H, in. ~mm! 5
~1 1 e!t
e1 ~t/D!

(1)

TABLE 5 Tensile Requirements A

Grade

Tensile Strength, min Yield Strength (0.2 % Offset)
Elongation 2 in. or

50 mm

min. max.

gage length,
ksi (MPa) ksi (MPa) ksi (MPa) min %

1 35 (240) 25 (170) 45 (310) 24
2 50 (345) 40 (275) 65 (450) 20
3 65 (450) 55 (380) 80 (550) 18
5 130 (895) 120 (828) ... ... 10
5B 160 (1103) 150 (1034) ... ... 6
7 50 (345) 40 (275) 65 (450) 20
9 90 (620) 70 (483) ... ... 15
9C 90 (620) 70 (483) ... ... 12
9D 125 (860) 105 (725) ... ... 10

11 35 (240) 25 (170) 45 (310) 24
12 70 (483) 50 (345) ... ... 18
13 40 (275) 25 (170) ... ... 24
14 60 (410) 40 (275) ... ... 20
15 70 (483) 55 (380) ... ... 18
16 50 (345) 40 (275) 65 (450) 20
17 35 (240) 25 (170) 45 (310) 24
18 90 (620) 70 (483) ... ... 15
18C 90 (620) 70 (483) ... ... 12
18D 125 (860) 105 (725) ... ... 10
19E 115 (793) 110 (759) ... ... 15
19B 135 (930) 130 (897) 159 (1096) 10
19F 165 (1138) 160 (1103) 185 (1276) 5
20E 115 (793) 110 (759) ... ... 15
20B 135 (930) 130 (897) 159 (1096) 10
20F 165 (1138) 160 (1103) 185 (1276) 5
21E 115 (793) 110 (759) ... ... 15
21B 140 (966) 130 (897) 159 (1096) 15
21F 170 (1172) 160 (1103) 185 (1276) 8
23 120 (828) 110 (759) ... ... 10
23C 120 (828) 110 (759) ... ... 7.5G, 6.0H

24 130 (895) 120 (828) ... ... 10
25 130 (895) 120 (828) ... ... 10
26 50 (345) 40 (275) 65 (450) 20
27 35 (240) 25 (170) 45 (310) 24
28 90 (620) 70 (483) ... ... 15
28C 90 (620) 70 (483) ... ... 12
28D 125 (860) 105 (725) ... ... 10
29 120 (828) 110 (759) ... ... 10
29C 120 (828) 110 (759) ... ... 7.5G, 6.0H

33 50 (345) 40 (275) 65 (450) 20
34 65 (450) 55 (380) 80 (550) 18
35 130 (895) 120 (828) ... ... 5
36 65 (450) 60 (410) 95 (655) 10

A Properties for annealed condition except as noted.
B Properties for solution-treated and aged condition-Moderate strength (determined by aging temperature).
C Properties for material in transformed-beta condition.
D Properties for cold-worked and stress-relieved material.
E Properties for solution-treated condition.
F Properties for solution-treated and aged condition-High strength (determined by aging temperature).
G For product section or wall thickness values< 1.0 in.
H For product section or wall thickness values $1.0 in.
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where:
H = Minimum flattened height, in. (mm),
t = nominal wall thickness, in. (mm) and,
D = nominal pipe diameter, in. (mm) (not pipe size), and

For Grades 1, 2, 3, 7, 11, 13, 14 and 16:
e = 0.04 through 1 in. pipe size, and
e = 0.06 over 1 in. pipe size.

For grades not shown above, the requirements for the
flattening test shall be negotiated between the manufacturer
and purchaser.

15.1.1 When low D-to-t ratio tubular products are tested,
because the strain imposed due to geometry is unreasonably
high on the inside surface at the six and twelve o’clock
locations, cracks at these locations shall not be cause for
rejection if the D-to-t ratio is less than ten (10).

15.2 All calculations are rounded to two decimal places.
Examination for cracking shall be by the unaided eye.

16. Hydrostatic Test

16.1 Each length of pipe shall withstand, without showing
bulges, leaks, or other defects, an internal hydrostatic pressure
that will produce in the pipe wall a stress of 50 % of the
minimum specified yield strength at room temperature. This
pressure shall be determined by the equation:

P 5 SEt/~Ro 2 0.4t! (2)

where:
P = minimum hydrostatic test pressure, psi (or MPa),
S = allowable fiber stress of one-half the minimum yield

strength, psi (or MPa),
t = wall thickness, in. (or mm),
Ro = outside tube radius, in. (or mm), and
E = 1.0 seamless pipe.

16.2 The maximum hydrostatic test pressure shall not ex-
ceed 2500 psi (17.2 MPa) for sizes 3 in. (76 mm) and under, or
2800 psi (19.3 MPa) for sizes over 3 in. (76 mm). Hydrostatic
pressure shall be maintained for not less than 5 s. When
requested by the purchaser and so stated in the order, pipe in
sizes 14 in. (356 mm) in diameter and smaller, shall be tested
to one and one-half times the specified working pressure,
provided the fiber stress corresponding to those test pressures
does not exceed one-half the minimum specified yield strength
of the material, as determined by the equation given in 16.1.
When one and one-half times the working pressure exceeds
2800 psi (19.3 MPa), the hydrostatic test pressure shall be a
matter of agreement between the manufacturer and the pur-
chaser.

17. Referee Test and Analysis

17.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification, a mutually acceptable ref-
eree shall perform the tests in question. The referee’s testing
shall be used in determining conformance of this material to
this specification.

18. Rounding-Off Procedure

18.1 For purposes of determining conformance with the
specifications contained herein, an observed or a calculated

value shall be rounded off to the nearest unit in the last
right-hand significant digit used in expressing the limiting
value. This is in accordance with the round-off method of
Practice E 29.

19. Inspection

19.1 All tests and inspection shall be made prior to shipment
and at the manufacturer’s expense unless otherwise specified,
and shall be so conducted as not to interfere unnecessarily with
the operation of the works. When specified in the order, the
manufacturer shall notify the purchaser in time so that the
purchaser may have his inspector present to witness any part of
the tests that may be desired.

20. Rejection

20.1 Material not conforming to this specification or to
authorized modifications shall be subject to rejection. Unless
otherwise specified, rejected materials may be returned to the
manufacturer at the manufacturer’s expense, unless the pur-
chaser receives, within three weeks of notice of rejection, other
instructions for disposition.

21. Certification

21.1 If so requested by the purchaser, the manufacturer shall
supply to the purchaser or his representative at least one copy
of his report certifying that the material supplied has been
inspected and tested in accordance with the requirements of
this specification and that the results of chemical analysis and
mechanical tests meet the requirements of this specification for
the appropriate grade.

21.2 A certification shall be the basis of the acceptance of
the material and shall state that the material conforms to the
requirements of this specification. The manufacturer shall
report in the certification the results of the chemical analyses
and mechanical tests made in accordance with this specifica-
tion.

22. Product Marking

22.1 Each length of pipe3⁄8 in. (9.5 mm) nominal diameter
and larger, manufactured in accordance with this specification,
shall be legibly marked, either by stenciling, stamping or
rolling the following data:

22.1.1 Manufacturer’s private identification mark,
22.1.2 ASTM designation and revision date,
22.1.3 Grade of titanium,
22.1.4 Pipe size and schedule, and
22.1.5 Ingot and lot number.
22.2 On smaller than3⁄8 in. (9.5 mm) nominal diameter pipe

which is bundled, the same information may be legibly
stamped on a metal tag securely attached to each bundle.

23. Packaging

23.1 The pipe shall be packaged in agreement with the
manufacturer’s standard practice, unless otherwise agreed to
between the manufacturer and purchaser and so stated in the
purchase order.

24. Keywords

24.1 pipe; seamless pipe; titanium; titanium alloy

B 861 – 03

7



ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 862 – 02

Standard Specification for
Titanium and Titanium Alloy Welded Pipe 1

This standard is issued under the fixed designation B 862; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers the requirements for 27 grades
of titanium and titanium alloy welded pipe intended for general
corrosion resisting and elevated temperature service as follows:

1.1.1 Grade 1—Unalloyed titanium, low oxygen,
1.1.2 Grade 2—Unalloyed titanium, standard oxygen,
1.1.3 Grade 3—Unalloyed titanium, medium oxygen,
1.1.4 Grade 5—Titanium alloy (6 % aluminum, 4 % vana-

dium),
1.1.5 Grade 7—Unalloyed titanium plus 0.12 % to 0.25 %

palladium, standard oxygen,
1.1.6 Grade 9—Titanium alloy (3 % aluminum, 2.5 % va-

nadium),
1.1.7 Grade 11—Unalloyed titanium plus 0.12 % to 0.25 %

palladium, low oxygen,
1.1.8 Grade 12—Titanium alloy (0.3 % molybdenum,

0.8 % nickel),
1.1.9 Grade 13—Titanium alloy (0.5 % nickel, 0.05 % ru-

thenium), low oxygen,
1.1.10 Grade 14—Titanium alloy (0.5 % nickel, 0.05 %

ruthenium), standard oxygen,
1.1.11 Grade 15—Titanium alloy (0.5 % nickel, 0.05 %

ruthenium), medium oxygen,
1.1.12 Grade 16—Unalloyed titanium plus 0.04 % to

0.08 % palladium, standard oxygen,
1.1.13 Grade 17—Unalloyed titanium plus 0.04 % to

0.08 % palladium, low oxygen,
1.1.14 Grade 18—Titanium alloy (3 % aluminum, 2.5 %

vanadium plus 0.04 % to 0.08 % palladium),
1.1.15 Grade 19—Titanium alloy (3 % aluminum, 8 %

vanadium, 6 % chromium, 4 % zirconium, 4 % molybdenum),
1.1.16 Grade 20—Titanium alloy (3 % aluminum, 8 %

vanadium, 6 % chromium, 4 % zirconium, 4 % molybdenum)
plus 0.04 % to 0.08 % palladium,

1.1.17 Grade 21—Titanium alloy (15 % molybdenum, 3 %
aluminum, 2.7 % niobium, 0.25 % silicon),

1.1.18 Grade 23—Titanium alloy (6 % aluminum, 4 %
vanadium, extra low interstitial, ELI),

1.1.19 Grade 24—Titanium alloy (6 % aluminum, 4 %

vanadium) plus 0.04 % to 0.08 % palladium,
1.1.20 Grade 25—Titanium alloy (6 % aluminum, 4 %

vanadium) plus 0.3 % to 0.8 % nickel and 0.04 % to 0.08 %
palladium,

1.1.21 Grade 26—Unalloyed titanium plus 0.08 % to
0.14 % ruthenium,

1.1.22 Grade 27—Unalloyed titanium plus 0.08 % to
0.14 % ruthenium,

1.1.23 Grade 28—Titanium alloy (3 % aluminum, 2.5 %
vanadium) plus 0.08 % to 0.14 % ruthenium,

1.1.24 Grade 29—Titanium alloy (6 % aluminum, 4 %
vanadium with extra low interstitial elements (ELI)) plus
0.08 % to 0.14 % ruthenium,

1.1.25 Grade 33—Titanium alloy (0.4 % nickel, 0.015 %
palladium, 0.025 % ruthenium, 0.15 % chromium),

1.1.26 Grade 34—Titanium alloy (0.4 % nickel, 0.015 %
palladium, 0.025 % ruthenium, 0.15 % chromium), and

1.1.27 Grade 35—Titanium alloy (4.5 % aluminum, 2 %
molybdenum, 1.6 % vanadium, 0.5 % iron, 0.3 % silicon).

1.2 Pipe 8 in. NPS (nominal pipe size) and larger is most
frequently custom made for an order. In such cases, the
purchaser carefully should consider the applicability of this
specification. Since the pipe is custom made, the purchaser
may choose a wall thickness other than those in Table 1 to meet
specific operating conditions. The purchaser may also be better
served to specify only the portions of this specification that are
required to meet the operating conditions (for example, anneal-
ing, flattening test, chemistry, properties, etc.)

1.3 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are for informa-
tion only.

1.4 Optional supplementary requirements are provided for
pipe where a greater degree of testing is desired. These
supplementary requirements may be invoked by the purchaser,
when desired, by specifying in the order.

2. Referenced Documents

2.1 ASTM Standards:
A 370 Test Methods and Definitions for Mechanical Testing

of Steel Products2

B 600 Guide for Descaling and Cleaning Titanium and
1 This specification is under the jurisdiction of ASTM Committee B10 on

Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.01 on Titanium.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 862 – 95. Last previous edition B 862 – 01.

2 Annual Book of ASTM Standards, Vol 01.03.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



TABLE 1 Dimensions of Pipe

NOTE 1—Schedule sizes conform to ANSI/ASME B36.19 (for “S” sizes) or B36.10 (for non-S sizes).
NOTE 2—The decimal thickness listed for the respective pipe sizes represent their nominal wall dimensions.

NPS
Desig.

Outside Dia. Nominal Wall Thickness

Schedule 5SA Schedule 5A Schedule 10SA Schedule 10A Schedule 40S Schedule 40 Schedule 80S Schedule 80
in mm in mm in mm in mm in mm in mm in mm in mm in mm

1⁄8 0.405 10.29 x x x x 0.049 1.24 0.049 1.24 0.068 1.73 0.068 1.73 0.095 2.41 0.095 2.41
1⁄4 0.540 13.72 x x x x 0.065 1.65 0.065 1.65 0.088 2.24 0.088 2.24 0.119 3.02 0.119 3.02
3⁄8 0.675 17.15 x x x x 0.065 1.65 0.065 1.65 0.091 2.31 0.091 2.31 0.126 3.20 0.126 3.20

1⁄2 0.840 21.34 0.065 1.65 0.065 1.65 0.083 2.11 0.083 2.11 0.109 2.77 0.109 2.77 0.147 3.73 0.147 3.73
3⁄4 1.050 26.67 0.065 1.65 0.065 1.65 0.083 2.11 0.083 2.11 0.113 2.87 0.113 2.87 0.154 3.91 0.154 3.91
1 1.315 33.40 0.065 1.65 0.065 1.65 0.109 2.77 0.109 2.77 0.133 3.38 0.133 3.38 0.179 4.55 0.179 4.55

1-1⁄4 1.660 42.16 0.065 1.65 0.065 1.65 0.109 2.77 0.109 2.77 0.140 3.56 0.140 3.56 0.191 4.85 0.191 4.85
1-1⁄2 1.900 48.26 0.065 1.65 0.065 1.65 0.109 2.77 0.109 2.77 0.145 3.68 0.145 3.68 0.200 5.08 0.200 5.08

2 2.375 60.32 0.065 1.65 0.065 1.65 0.109 2.77 0.109 2.77 0.154 3.91 0.154 3.91 0.218 5.54 0.218 5.54

2-1⁄2 2.875 73.02 0.083 2.11 0.083 2.11 0.120 3.05 0.120 3.05 0.203 5.16 0.203 5.16 0.276 7.01 0.276 7.01
3 3.500 88.90 0.083 2.11 0.083 2.11 0.120 3.05 0.120 3.05 0.216 5.49 0.216 5.49 0.300 7.62 0.300 7.62

3-1⁄2 4.000 101.60 0.083 2.11 0.083 2.11 0.120 3.05 0.120 3.05 0.226 5.74 0.226 5.74 0.318 8.08 0.318 8.08

4 4.500 114.30 0.083 2.11 0.083 2.11 0.120 3.05 0.120 3.05 0.237 6.02 0.237 6.02 0.337 8.56 0.337 8.56
5 5.563 141.30 0.109 2.77 0.109 2.77 0.134 3.40 0.134 3.40 0.258 6.55 0.258 6.55 0.375 9.53 0.375 9.53
6 6.625 168.27 0.109 2.77 0.109 2.77 0.134 3.40 0.134 3.40 0.280 7.11 0.280 7.11 0.432 10.97 0.432 10.97

8 8.625 219.07 0.109 2.77 0.109 2.77 0.148 3.76 0.148 3.76 0.322 8.18 0.322 8.18 0.500 12.70 0.500 12.70
10 10.75 273.05 0.134 3.40 0.134 3.40 0.165 4.19 0.165 4.19 0.365 9.27 0.365 9.27 0.500 12.70 0.594 15.09
12 12.75 323.85 0.156 3.96 0.156 3.96 0.180 4.57 0.180 4.57 0.375 9.53 0.406 10.31 0.500 12.70 0.688 17.48

14 14.00 355.60 0.156 3.96 0.156 3.96 0.188 4.78 0.250 6.35 x x 0.438 11.13 x x 0.750 19.05
16 16.00 406.40 0.165 4.19 0.165 4.19 0.188 4.78 0.250 6.35 x x 0.500 12.70 x x 0.844 21.44
18 18.00 457.20 0.165 4.19 0.165 4.19 0.188 4.78 0.250 6.35 x x 0.562 14.27 x x 0.938 23.83

20 20.00 508.00 0.188 4.78 0.188 4.78 0.218 5.54 0.250 6.35 x x 0.594 15.09 x x 1.031 26.19
22 22.00 558.80 0.188 4.78 0.188 4.78 0.218 5.54 0.250 6.35 x x x x x x 1.125 28.58
24 24.00 609.60 0.218 5.54 0.218 5.54 0.250 6.35 0.250 6.35 x x 0.688 17.48 x x 1.219 30.96

26 26.00 660.40 x x x x x x 0.312 7.92 x x x x x x x x
28 28.00 711.20 x x x x x x 0.312 7.92 x x x x x x x x
30 30.00 762.00 0.250 6.35 0.250 6.35 0.312 7.92 0.312 7.92 x x x x x x x x

32 32.00 812.80 x x x x x x 0.312 7.92 x x 0.688 17.48 x x x x
34 34.00 863.60 x x x x x x 0.312 7.92 x x 0.688 17.48 x x x x
36 36.00 914.40 x x x x x x 0.312 7.92 x x 0.750 19.05 x x x x

AThreading not permitted in accordance with ANSI B.1.20.1
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Titanium Alloy Surfaces3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 120 Test Methods for Chemical Analysis of Titanium and
Titanium Alloys6

E 1409 Test Method for Determination of Oxygen in Tita-
nium and Titanium Alloys by the Inert Gas Fusion Tech-
nique6

E 1417 Practice for Liquid Penetrant Examination7

E 1447 Test Method for Determination of Hydrogen in
Titanium and Titanium Alloys by the Inert Gas Fusion
Thermal Conductivity Method7

2.2 ANSI/ASME Standards:

B 36.19M-1985 Stainless Steel Pipe8

ASME Boiler and Pressure Vessel Code, Section VIII

3. Terminology

3.1 Definitions:
3.1.1 lot—a number of pieces of pipe of the same nominal

size and wall thickness manufactured by the same process from
a single heat of titanium or titanium alloy and heat treated by
the same furnace parameters in the same furnace.

3.1.2 welded pipe—a hollow tubular product produced by
forming flat-rolled product and seam welding to make a right
circular cylinder.

4. Ordering Information

4.1 Orders for materials under this specification shall in-
clude the following information as required:

4.1.1 Quantity,
4.1.2 Grade number (Section 1 and Table 2),

TABLE 2 Chemical Requirements A

Composition, %
Element

Grade 1 Grade 2 Grade 3 Grade 5 Grade 7 Grade 9 Grade 11 Grade 12

Nitrogen, max 0.03 0.03 0.05 0.05 0.03 0.03 0.03 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Hydrogen,B,C max 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
Iron, max 0.20 0.30 0.30 0.40 0.30 0.25 0.20 0.30
Oxygen, max 0.18 0.25 0.35 0.20 0.25 0.15 0.18 0.25
Aluminum ... ... ... 5.5–6.75 ... 2.5–3.5 ... ...
Vanadium ... ... ... 3.5–4.5 ... 2.0–3.0 ... ...
Tin ... ... ... ... ... ... ... ...
Ruthenium ... ... ... ... ... ... ... ...
Palladium ... ... ... ... 0.12–0.25 ... 0.12–0.25 ...
Cobalt ... ... ... ... ... ... ... ...
Molybdenum ... ... ... ... ... ... ... 0.2–0.4
Chromium ... ... ... ... ... ... ... ...
Nickel ... ... ... ... ... ... ... 0.6–0.9
Niobium ... ... ... ... ... ... ... ...
Zirconium ... ... ... ... ... ... ... ...
Silicon ... ... ... ... ... ... ... ...
Residuals,D,E,F

max each
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Residuals,D,E,F

max total
0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance balance balance

3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.05.
7 Annual Book of ASTM Standards, Vol 03.03.

8 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036.
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TABLE 2 Continued

Composition, %
Element

Grade 13 Grade 14 Grade 15 Grade 16 Grade 17 Grade 18 Grade 19 Grade 20 Grade 21 Grade 23

Nitrogen, max 0.03 0.03 0.05 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.05 0.05 0.05 0.08
Hydrogen,B,C max 0.015 0.015 0.015 0.015 0.015 0.015 0.02 0.02 0.015 0.0125
Iron, max 0.20 0.30 0.30 0.30 0.20 0.25 0.30 0.30 0.40 0.25
Oxygen, max 0.10 0.15 0.25 0.25 0.18 0.15 0.12 0.12 0.17 0.13
Aluminum ... ... ... ... ... 2.5–3.5 3.0–4.0 3.0–4.0 2.5–3.5 5.5–6.5
Vanadium ... ... ... ... ... 2.0–3.0 7.5–8.5 7.5–8.5 ... 3.5–4.5
Tin ... ... ... ... ... ... ... ... ... ...
Ruthenium 0.04–0.06 0.04–0.06 0.04–0.06 ... ... ... ... ... ... ...
Palladium ... ... ... 0.04–0.08 0.04–0.08 0.04–0.08 ... 0.04–0.08 ... ...
Cobalt ... ... ... ... ... ... ... ... ... ...
Molybdenum ... ... ... ... ... ... 3.5–4.5 3.5–4.5 14.0–16.0 ...
Chromium ... ... ... ... ... ... 5.5–6.5 5.5–6.5 ... ...
Nickel 0.4–0.6 0.4–0.6 0.4–0.6 ... ... ... ... ... ... ...
Niobium ... ... ... ... ... ... ... ... 2.2–3.2 ...
Zirconium ... ... ... ... ... ... 3.5–4.5 3.5–4.5 ... ...
Silicon ... ... ... ... ... ... ... ... 0.15–0.25 ...
Residuals,D,E,F max
each

0.1 0.1 0.1 0.1 0.1 0.1 0.15 0.15 0.1 0.1

Residuals,D,E,F max
total

0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance balance balance balance balance

Composition, %
Element

Grade 24 Grade 25 Grade 26 Grade 27 Grade 28 Grade 29 Grade 33 Grade 34 Grade 35

Nitrogen, max 0.05 0.05 0.03 0.03 0.03 0.03 0.03 0.05 0.05
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Hydrogen,B,C

max
0.015 0.0125 0.015 0.015 0.015 0.015 0.015 0.015 0.015

Iron, max or
range

0.40 0.40 0.30 0.20 0.25 0.25 0.30 0.30 0.20–0.80

Oxygen, max 0.20 0.20 0.25 0.18 0.15 0.13 0.25 0.35 0.25
Aluminum 5.5–6.75 5.5–6.75 ... ... 2.5–3.5 5.5–6.5 ... ... 4.0–5.0
Vanadium 3.5–4.5 3.5–4.5 ... ... 2.0–3.0 3.5–4.5 ... ... 1.1–2.1
Tin ... ... ... ... ... ... ... ... ...
Ruthenium ... ... 0.08–0.14 0.08–0.14 0.08–0.14 0.08–0.14 0.02-0.04 0.02-0.04 ...
Palladium 0.04–0.08 0.04–0.08 ... ... ... ... 0.01-0.02 0.01-0.02 ...
Cobalt ... ... ... ... ... ... ... ... ...
Molybdenum ... ... ... ... ... ... ... ... 1.5–2.5
Chromium ... ... ... ... ... ... 0.1-0.2 0.1-0.2 ...
Nickel ... 0.3–0.8 ... ... ... ... 0.35-0.55 0.35-0.55 ...
Niobium ... ... ... ... ... ... ... ... ...
Zirconium ... ... ... ... ... ... ... ... ...
Silicon ... ... ... ... ... ... ... ... 0.20–0.40
Residuals,D,E,F

max each
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Residuals,D,E,F

max total
0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance Remainder Remainder Remainder

A Analysis shall be completed for all elements listed in this table for each grade. The analysis results for the elements not quantified in the table need not be reported
unless the concentration level is greater than 0.1 % each or 0.4 % total.

B Lower hydrogen may be obtained by negotiation with the manufacturer.
C Final product analysis.
D Need not be reported.
E A residual is an element present in a metal or an alloy in small quantities and is inherent to the manufacturing process but not added intentionally. In titanium these

elements include aluminum, vanadium, tin, chromium, molybdenum, niobium, zirconium, hafnium, bismuth, ruthenium, palladium, yttrium, copper, silicon, cobalt, tantalum,
nickel, boron, manganese, and tungsten.

F The purchaser may, in his written purchase order, request analysis for specific residual elements not listed in this specification.
G The percentage of titanium is determined by difference.

4.1.3 Nominal pipe size and schedule (Table 1),
4.1.4 Diameter tolerance (see 9.2),
4.1.5 Method of manufacture and finish (Sections 5 and 10),
4.1.6 Product analysis, if required (Sections 6 and 7; Table

2 and Table 3),
4.1.7 Mechanical properties, (Sections 8, 11, 13, 14, and 15,

and Table 4),

4.1.8 Packaging (Section 22),
4.1.9 Inspection and test reports (Sections 18, 19 and 20),

and
4.1.10 Supplementary requirements.

5. Manufacture

5.1 Welded pipe shall be made from annealed flat-rolled
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products by a welding process that will yield a product meeting
the requirements of this specification. As shown in Table 5,
filler metal, if used, shall be of the same grade as the base
metal, or the next lower strength grade of similar composition
for welding Grades 2, 3, 5, 7, 14, or 15. For welding Grades 1,
9, 11, 12, 13, 18, 19, 20, 21, 23, 24, or 25 the filler metal, if
used, shall be the same as the grade specified. For Grade 16,
filler metal of Grades 7, 11, 16, or 17 shall be used. For Grade
17, filler metal of Grade 11 or 17 shall be used.

5.1.1 Welded pipe may be further reduced by cold working
or hot working. Cold reduced pipe shall be annealed after cold
working at a temperature of not less than 1000°F. Hot worked
pipe finished above 1400°F (760°C) need not be further heat
treated.

5.2 Pipe shall be furnished as follows unless otherwise
specified:

5.2.1 Grades 1, 2, 7, 11, 13, 14, 16, 17, and 33 shall be
furnished as welded or annealed.

5.2.2 Grades 3, 12, 15, and 34 shall be furnished as
annealed.

5.2.3 Grade 5, Grade 23, Grade 24, Grade 25, or Grade 35
shall be furnished as annealed, or aged.

5.2.4 Grade 9 or Grade 18 shall be furnished as annealed.
5.2.5 Grade 19, Grade 20, or Grade 21 shall be furnished as

solution treated, or solution treated and aged.

6. Chemical Composition

6.1 The grades of titanium and titanium alloy metal covered
by this specification shall conform to the requirements of the
chemical compositions shown in Table 2.

6.1.1 The elements listed in Table 2 are intentional alloy
additions or elements that are inherent to the manufacture of
titanium sponge, ingot, or mill product.

6.1.1.1 Elements other than those listed in Table 2 are
deemed to be capable of occurring in the grades listed in Table

2 by and only by way of unregulated or unanalyzed scrap
additions to the ingot melt. Therefore, product analysis for
elements not listed in Table 2 shall not be required unless
specified and shall be considered to be in excess of the intent
of this specification.

6.1.2 Elements intentionally added to the melt must be
identified, analyzed, and reported in the chemical analysis.

6.2 When agreed upon by the producer and purchaser and
requested by the purchaser in a written purchase order, chemi-
cal analysis shall be completed for specific residual elements
not listed in this specification.

6.3 At least two samples for chemical analysis shall be
tested to determine chemical composition. Samples shall be
taken from the ingot or the opposite extremes of the product to
be analyzed.

7. Product Analysis

7.1 When requested by the purchaser and stated in the
purchase order, an analysis of chemical composition shall be
made on the finished product.

7.2 The product analysis tolerances listed in Table 3 do not
broaden the specified analysis requirements but cover varia-
tions between different laboratories in the measurement of
chemical content. The manufacturer shall not ship finished
product outside of the limits specified in Table 2 for the
applicable grade.

8. Tensile Requirements

8.1 The tensile properties of the pipe, in the condition
specified, shall conform to the room temperature requirements
of Table 4. Mechanical properties for other conditions may be
established by written agreement between the manufacturer
and the purchaser.

9. Permissible Variations in Dimensions

9.1 A system of standard pipe sizes approved by ANSI as
American National Standard for Stainless Steel Pipe (ANSI/
ASME B36.19M-1985) reproduced as Table 1 shall apply.

9.2 Permissible variations in dimensions at any point in the
length of the pipe shall conform to the following:

9.2.1 Variations in outside diameter, unless otherwise speci-
fied, shall not exceed the limits prescribed in Table 6. For
diameters greater than 30 in., the diameter shall not exceed
60.5 % of the specified outside diameter. The tolerances on the
outside diameter include ovality except as provided for in 9.2.2
and 9.2.3.

9.2.2 Thin-wall pipe usually develops significant ovality
(out-of-roundness) during final annealing, straightening, or
both. Thin-wall pipe are defined as having a wall thickness of
3 % or less of the outside diameter.

9.2.3 The diameter tolerances of Table 6 are not sufficient to
provide for additional ovality expected in thin-wall pipe and
are applicable only to the mean of the extreme (maximum and
minimum) outside diameter readings in any one cross section.
However, for thin-wall pipe the difference in extreme outside
diameter readings (ovality) in any one cross section shall not
exceed 1.5 % of the specified outside diameter.

9.2.4 Straightness shall be determined by using a 10 ft (3 m)
straight edge placed so that both ends of the straight edge are

TABLE 3 Permissible Variations in Product Analysis

Element
Product Analysis Limits,

Max or Range, %
Permissible Variation
in Product Analysis

Aluminum 2.5 to 6.75 60.40
Carbon 0.10 +0.02
Chromium 0.1 to 0.2 60.02
Chromium 5.5 to 6.5 60.30
Hydrogen 0.02 +0.002
Iron 0.80 +0.15
Molybdenum 0.2 to 0.4 60.03
Molybdenum 1.5 to 4.5 60.20
Molybdenum 14.0 to 16.0 60.50
Nickel 0.3 to 0.9 60.05
Niobium 2.2 to 3.2 60.15
Nitrogen 0.05 +0.02
Oxygen 0.30 +0.03
Oxygen 0.31 to 0.40 60.04
Palladium 0.01 to 0.02 60.002
Palladium 0.04 to 0.08 60.005
Palladium 0.12 to 0.25 60.02
Ruthenium 0.02 to 0.04 60.005
Ruthenium 0.04 to 0.06 60.005
Ruthenium 0.08 to 0.14 60.01
Silicon 0.06 to 0.40 60.02
Vanadium 2.0 to 4.5 60.15
Vanadium 7.5 to 8.5 60.40
Zirconium 3.5 to 4.5 60.20
ResidualsA (each) 0.15 +0.02

A A residual is an element in a metal or alloy in small quantities inherent to the
manufacturing process but not added intentionally.
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in contact with the pipe. The separation between the straight
edge and the pipe shall not exceed 0.250 in. at any point.

9.2.5 Thickness of the wall shall be measured by any
appropriate means. The variation in thickness at any point shall

not be more than612.5 % of the nominal wall thickness
specified, unless otherwise agreed upon between the purchaser
and manufacturer at the time of the order. Maximum reinforce-
ment of the weld shall conform to the values prescribed in
Table 6.

9.2.6 Length—Pipe shall be furnished in lengths as speci-
fied in the purchase order. The length tolerance for pipe ordered
in specified lengths of 24 ft or less shall be plus1⁄4 in. (6.4 mm)
minus zero. Random lengths of pipe and lengths of pipe over
24 ft may be ordered and the maximum and minimum lengths
supplied shall be specified in a purchase order.

10. Finish

10.1 The finished pipe shall be straight and shall have
smooth ends, be free of burrs, and shall be free of injurious
external and internal imperfections. Minor defects may be
removed, providing the dimensional tolerances of Section 17
are not exceeded. Unless otherwise specified, the pipe shall be
furnished free of scale.

11. Number of Tests

11.1 Tests shall be made as follows on 2 % of the process
length pipes selected at random, from each lot, but in no case
shall less than one pipe be tested. Results of the following tests
shall be reported to the purchaser or their representative.

TABLE 4 Tensile Requirements A

Tensile Strength, min Yield Strength (0.2 % Offset) Elongation 2 in. or
50 mm, gage length,

min %Grade
min max

ksi (MPa) ksi (MPa) ksi (MPa)

1 35 (240) 25 (170) 45 (310) 24
2 50 (345) 40 (275) 65 (450) 20
3 65 (450) 55 (380) 80 (550) 18
5 130 (895) 120 (828) ... ... 10
5B 60 (1103) 150 (1034) ... ... 6
7 50 (345) 40 (275) 65 (450) 20
9 90 (620) 70 (483) ... ... 15

11 35 (240) 25 (170) 45 (310) 24
12 70 (483) 50 (345) ... ... 18
13 40 (275) 25 (170) ... ... 24
14 60 (410) 40 (275) ... ... 20
15 70 (483) 55 (380) ... ... 18
16 50 (345) 40 (275) 65 (450) 20
17 35 (240) 25 (170) 45 (310) 24
18 90 (620) 70 (483) ... ... 15
19C 115 (793) 110 (759) ... ... 15
19B 135 (930) 130 (897) 159 (1096) 10
19B 165 (1138) 160 (1103) 185 (1276) 5
20C 115 (793) 110 (759) ... ... 15
20B 135 (930) 130 (897) 159 (1096) 10
20B 165 (1138) 160 (1103) 185 (1276) 5
21C 115 (793) 110 (759) ... ... 15
21B 140 (966) 130 (897) 159 (1096) 15
21B 170 (1172) 160 (1104) 185 (1276) 8
23 120 (828) 110 (759) ... ... 10
24 130 (895) 120 (828) ... ... 10
25 130 (895) 120 (828) ... ... 10
26 50 (345) 40 (275) 65 (450) 20
27 35 (240) 25 (170) 45 (310) 24
28 90 (620) 70 (483) ... ... 15
29 120 (828) 110 (759) ... ... 10
33 50 (345) 40 (275) 65 (450) 20
34 65 (450) 55 (380) 80 (550) 18
35 130 (895) 120 (828) ... ... 5

AProperties for as welded or annealed condition except as noted.
BProperties for material in the solution treated and aged condition.
C Properties for material in the solution treated condition.

TABLE 5 Permissible Filler Metal

Base Metal Filler Metal

Grade 1 Grade 1
Grade 2 Grade 1 or 2
Grade 3 Grade 2 or 3
Grade 5 Grade 5 or 23
Grade 7 Grade 7 or 11
Grade 9 Grade 9
Grade 11 Grade 11
Grade 12 Grade 12
Grade 13 Grade 13
Grade 14 Grade 13 or 14
Grade 15 Grade 14 or 15
Grade 16 Grade 7, 11, 16, or 17
Grade 17 Grade 11 or 17
Grade 18 Grade 18
Grade 19 Grade 19
Grade 20 Grade 20
Grade 21 Grade 21
Grade 23 Grade 23
Grade 24 Grade 24
Grade 25 Grade 25
Grade 33 Grade 33
Grade 34 Grade 33 or 34
Grade 35 Grade 35
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11.1.1 One tension test from each pipe selected.
11.1.2 The guided bend test or flattening test specified in

14.1 and 14.2.
11.2 If any test specimen shows defective machining or

develops flaws due to the preparation, the specimen may be
discarded and another substituted.

11.3 If the percentage of elongation of any tension test
specimen is less than that specified in 8.1, and any part of the
fracture is more than3⁄4in. (19 mm) from the center of the gage
length as indicated by scratches marked on the specimen before
testing, the specimen may be discarded and another substituted.

11.4 Each length of pipe shall be subjected to the hydro-
static test specified in 15.1 and 15.2.

12. Retests

12.1 If the chemical or mechanical test results of any lot are
not in conformance with the requirements of this specification,
the lot may be retested at the option of the manufacturer. The
frequency of the retest will be double the initial number of
tests. If the results of the retest conform to the specification,
then the retest values will become the test values for certifica-
tion. Only original conforming test results or conforming retest
results shall be reported to the purchaser. If the results for the
retest fail to conform to the specification, the material will be
rejected in accordance with Section 19.

13. Test Specimens and Methods of Testing

13.1 The test specimens and the tests required by this
specification shall conform to those described in Test Methods
and Definitions A 370. Test specimens shall be cut from the
welded pipe except as specified in 13.2.

13.2 For pipe sizes over 14 in. outside diameter, a prolon-
gation made from the same heat of raw material and subjected
to all welding and heat treatment procedures as the ordered
pipe may be used for mechanical property testing instead of
testing the ordered pipe.

13.3 All routine mechanical tests shall be made at room
temperature.

13.4 For referee purposes, Test Methods A 370, E 8, E 120,
E 1409, and E 1447 shall be used.

14. Pipe Weld Quality Tests

14.1 Assessment of pipe weld quality shall be performed by
either the flattening test or the guided bend test. Test specimens
shall be selected randomly from each lot of pipe manufactured.
Test plates of the same material may be attached to the pipe and
welded as prolongations of the pipe longitudinal seam. See
Table 7.

14.1.1 Guided Bend Test— For Grades 1, 2, 7, 11, 13, 14,
16, 17, and 33 a longitudinal or transverse guided bend test of
the weld shall be performed in accordance with the method
outlined in the ASME Boiler and Pressure Vessel Code,
Section VIII, Paragraph UNF-95. The ductility of the weld
shall be considered acceptable when there is no evidence of
cracks after bending in the weld or between the weld and the
tube metal. Test specimens shall be randomly selected from the
pipe manufactured in accordance with 13.1, 13.2, and 11.1.2.

14.1.2 For Grades 3, 5, 9, 12, 15, 18, 19, 20, 21, 23, 24, 25,
34, and 35 the requirements for the guided bend test shall be
negotiated between the manufacturer and the purchaser.

14.2 Flattening Test— Welded pipe in the final condition
shall be capable of withstanding, without cracking, flattening
under a load applied gradually at room temperature until the
distance between the load platens isH inches. The weld shall
be positioned at either 90° or 270° to the direction of the
applied load.H is calculated as follows:

H, in. ~mm! 5
~1 1 e! t
e1 ~t/D!

(1)

where:
H = minimum flattened height, in. (mm),
t = nominal wall thickness, in. (mm),
D = nominal pipe outside diameter, in. (mm) (not pipe

size), and
For Grades 1, 2, 3, 7, 11, 13, 14, 16 and 17:

e = 0.04 through 1 in. pipe size, and
e = 0.06 over 1 in. pipe size.

For grades not shown above, the requirements for the
flattening test shall be negotiated between the manufacturer
and purchaser.

14.2.1 All calculations are rounded to two decimal places.

TABLE 6 Permissible Variations in Diameter

Nominal Outside
Diameter (NPS)A

Permissible Variations in
Outside Diameter

Over Under

1⁄8 in. to 11⁄2 in. (3.2 mm to 38 mm) 1⁄64 in. (0.397 mm) 1⁄32 in. (0.794 mm)
over 11⁄2 in. to 4 in. (38 mm to 102 mm) 1⁄32 in. (0.794 mm) 1⁄32 in. (0.794 mm)
over 4 in. to 8 in. (102 mm to 203 mm) 1⁄16 in. (1.588 mm) 1⁄32 in. (0.794 mm)
over 8 in. to 18 in. (203 mm to 432 mm) 3⁄32 in. (2.382 mm) 1⁄32 in. (0.794 mm)
over 18 in. to 26 in. (432 mm to 660 mm) 1⁄8 in. (3.175 mm) 1⁄32 in. (0.794 mm)
over 26 in. to 30 in. (660 mm to 762 mm) 5⁄32 in. (3.969 mm) 1⁄32 in. (0.794 mm)

ANPS = nominal pipe size.

TABLE 7 Maximum Weld Reinforcement

Actual Material Thickness, in.

Maximum Reinforcement, in. (mm)

Circumferential
Joints
in Pipe

Other Welds

Less than 3⁄32 3⁄32 (2.832) 1⁄32 (0.794)
3⁄32 to 3⁄16, incl. 1⁄8 (3.175) 1⁄16 (1.588)
Over 3⁄16 to 1⁄2, incl. 5⁄32 (3.969) 3⁄32 (2.832)
Over 1⁄2 to 1, incl. 3⁄16 (4.764) 3⁄32 (2.832)
Over 1 to 2, incl. 1⁄4 (6.35) 1⁄8 (3.175)
Over 2 to 3, incl. 1⁄4 (6.35) 5⁄32 (3.969)
Over 3 to 4, incl. 1⁄4 (6.35) 7⁄32 (5.558)
Over 4 to 5, incl. 1⁄4 (6.35) 1⁄4 (6.35)
Over 5 5⁄16 (7.94) 5⁄16 (7.94)
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Examination for cracking shall be by the unaided eye.
14.2.2 When low D–to–t ratio tubular products are tested,

because the strain imposed due to geometry is unreasonably
high on the inside surface at the six and twelve o’clock
locations, cracks at these locations shall not be cause for
rejection if the D–to–t ratio is less than ten (10).

15. Hydrostatic Test

15.1 Each length of pipe shall withstand, without showing
bulges, leaks, or other defects, an internal hydrostatic pressure
that will produce in the pipe wall a stress of 50 % of the
minimum specified yield strength at room temperature. This
pressure shall be determined by the equation:

P 5 SEt/~Ro 2 0.4t! (2)

where:
P = minimum hydrostatic test pressure, psi (MPa),
S = allowable fiber stress of one-half the minimum yield

strength, psi (MPa),
t = wall thickness, in. (mm),
Ro = outside tube radius, in. (mm), and
E = 0.85 for welded pipe.

15.2 The maximum hydrostatic test pressure shall not ex-
ceed 2500 psi (17.2 MPa) for sizes 3 in. (76 mm) and under, or
2800 psi (19.3 MPa) for sizes over 3 in. (76 mm). Hydrostatic
pressure shall be maintained for not less than 5 s. When
requested by the purchaser and so stated in the order, pipe in
sizes 14 in. (356 mm) in diameter and smaller, shall be tested
to one and one-half times the specified working pressure,
provided the fiber stress corresponding to those test pressures
does not exceed one-half the minimum specified yield strength
of the material, as determined by the equation given in 15.1.
When one and one-half times the working pressure exceeds
2800 psi (19.3 MPa), the hydrostatic test pressure shall be as
agreed upon between the manufacturer and the purchaser.

16. Referee Test and Analysis

16.1 In the event of disagreement between the manufacturer
and the purchaser on the conformance of the material to the
requirements of this specification, a mutually acceptable ref-
eree shall perform the tests in question. The referee’s testing
shall be used in determining conformance of the material to
this specification.

17. Rounding-Off Procedure

17.1 For purposes of determining conformance with the
specifications contained herein, an observed or a calculated
value shall be rounded off to the nearest “unit” in the last
right-hand significant digit used in expressing the limiting
value. This is in accordance with the round-off method of
Practice E 29.

18. Inspection

18.1 All specified tests and inspection shall be made prior to
shipment and at the manufacturer’s expense unless otherwise
specified, and shall be so conducted as not to interfere
unnecessarily with the operation of the works. When purchaser
inspection is specified in the order, the manufacturer shall
notify the purchaser in time so that the purchaser may have his
inspector present to witness any part of the tests desired.

19. Rejection

19.1 Material not conforming to this specification or to
authorized modifications shall be subject to rejection. Unless
otherwise specified, rejected materials may be returned to the
manufacturer at the manufacturer’s expense, unless the pur-
chaser receives, within three weeks of notice of rejection, other
instructions for disposition.

19.2 Each length of pipe received from the manufacturer
may be inspected by the purchaser. Pipe not meeting the
requirements of this specification or requirements specified in
a purchase order may be rejected and the manufacturer shall be
notified. Disposition of rejected material shall be as stated in
19.1.

20. Certification

20.1 If so requested by the purchaser, the manufacturer shall
supply at least one copy of his report certifying that the
material supplied has been manufactured, sampled, tested, and
inspected in accordance with the requirements of this specifi-
cation and that the results of chemical analysis and mechanical
tests meet the requirements of this specification for the
appropriate grade.

20.2 A certification shall be the basis of acceptance of the
material and shall state that the material conforms to the
requirements of this specification. The manufacturer shall
report in the certification the results of the chemical analyses,
mechanical property tests, and any supplementary tests made
in accordance with this specification. If mechanical property
testing was performed on a prolongation as specified in 13.2,
the width of the gage length tested shall be reported in the
certification.

21. Product Marking

21.1 Each length of pipe3⁄8 in. (9.5 mm) nominal diameter
and larger, manufactured in accordance with this specification,
shall be legibly marked, either by stenciling, stamping, or
rolling the following data:

21.1.1 Manufacturer’s private identification mark,
21.1.2 ASTM designation and revision date,
21.1.3 Grade of titanium,
21.1.4 Pipe size and schedule,
21.1.5 Heat number and lot number, and
21.1.6 Heat treatment condition, for example, annealed

(ANN), solution treated (ST), solution treated and aged (STA),
stress relieved (SR), not heat treated (No HT).

21.2 On smaller than3⁄8 in. (9.5 mm) nominal diameter pipe
that is bundled, the same information may be stamped legibly
on a metal tag securely attached to each bundle.

22. Packaging

22.1 The pipe shall be packaged in agreement with the
manufacturer’s standard practice, unless otherwise agreed to
between the manufacturer and purchaser and so stated in the
purchase order.

23. Keywords

23.1 pipe; titanium; titanium alloy; welded pipe
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SUPPLEMENTARY REQUIREMENTS

One or more of the following supplementary requirements shall apply only when specified in the
purchase order. Subject to agreement between the purchaser and manufacturer, retest and retreatment
provisions of these supplementary requirements may be modified. The extent and quantity of tests to
be performed shall be specified by the purchaser.

S1. Pipe Requiring Special Consideration

S1.1. Liquid Penetrant Inspection:
S1.1.1 Liquid penetrant inspection shall be performed on all

weld surfaces on the outside diameter and a length up to 1.5
times the nominal diameter on the inside diameter weld. An
acceptance standard shall be agreed upon between the pur-
chaser and the manufacturer prior to acceptance of the order. At
a minimum, procedures and acceptance shall meet the require-
ments of Practice E 1417. Evidence of S1.1.1 shall be required
in the certification.

S1.2. Radiographic Examination:
S1.2.1 The entire length of weld in each welded pipe shall

be examined radiographically, using x-radiation, in accordance
with Paragraph UW-51 of Section VIII, Division 1 of the
ASME Boiler and Pressure Vessel Code. In addition to the

marking required by Section 22, each pipe shall be marked
“RT” after the specification and grade. Evidence of S1.2.1 shall
be required in the certification.

S1.2.2 Pipe welds shall be spot radiographed, using
x-radiation, in accordance with Paragraph UW-52 of Section
VIII, Division 1 of the ASME Boiler and Pressure Vessel Code.
Evidence of S1.2.2 shall be required in the certification.

S1.3. Stress Relief Heat Treatment:

S1.3.1 The stress relieving heat treatment shall consist of
holding the pipe at a minimum temperature of 1100°F for not
less than 0.5 h/in. of wall thickness.

S1.3.2 Minimum time at temperature shall be 20 min. All
stress relieved pipe shall be subsequently cleaned so as to be
free of oxide scale in accordance with Guide B 600.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 863 – 03

Standard Specification for
Titanium and Titanium Alloy Wire 1

This standard is issued under the fixed designation B 863; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers titanium and titanium alloy
wire as follows:

1.1.1 Grade 1—Unalloyed titanium, low oxygen,
1.1.2 Grade 2—Unalloyed titanium, standard oxygen,
1.1.3 Grade 3—Unalloyed titanium, medium oxygen,
1.1.4 Grade 4—Unalloyed titanium, high oxygen,
1.1.5 Grade 5—Titanium alloy (6 % aluminum, 4 % vana-

dium),
1.1.6 Grade 6—Titanium alloy (5 % aluminum, 2.5 % tin),
1.1.7 Grade 7—Unalloyed titanium plus 0.12 % to 0.25 %

palladium, standard oxygen,
1.1.8 Grade 9—Titanium alloy (3 % aluminum, 2.5 % va-

nadium),
1.1.9 Grade 11—Unalloyed titanium plus 0.12 % to 0.25 %

palladium, low oxygen,
1.1.10 Grade 12—Titanium alloy (0.3 % molybdenum,

0.8 % nickel),
1.1.11 Grade 13—Titanium alloy (0.5 % nickel, 0.05 %

ruthenium),
1.1.12 Grade 14—Titanium alloy (0.5 % nickel, 0.05 %

ruthenium),
1.1.13 Grade 15—Titanium alloy (0.5 % nickel, 0.05 %

ruthenium),
1.1.14 Grade 16—Unalloyed titanium plus 0.04 % to

0.08 % palladium, standard oxygen,
1.1.15 Grade 17—Unalloyed titanium plus 0.04 % to

0.08 % palladium, low oxygen,
1.1.16 Grade 18—Titanium alloy (3 % aluminum, 2.5 %

vanadium) plus 0.04 % to 0.08 % palladium,
1.1.17 Grade 19—Titanium alloy (3 % aluminum, 8 %

vanadium, 6 % chromium, 4 % zirconium, 4 % molybdenum),
1.1.18 Grade 20—Titanium alloy (3 % aluminum, 8 %

vanadium, 6 % chromium, 4 % zirconium, 4 % molybdenum)
plus 0.04 % to 0.08 % palladium,

1.1.19 Grade 21—Titanium alloy (15 % molybdenum, 3 %
aluminum, 2.7 % niobium, 0.25 % silicon),

1.1.20 Grade 23—Titanium alloy (6 % aluminum, 4 %
vanadium with extra low interstitial elements, ELI),

1.1.21 Grade 24—Titanium alloy (6 % aluminum, 4 %
vanadium) plus 0.04 % to 0.08 % palladium,

1.1.22 Grade 25—Titanium alloy (6 % aluminum, 4 %
vanadium) plus 0.3 % to 0.8 % nickel and 0.04 % to 0.08 %
palladium,

1.1.23 Grade 26—Unalloyed titanium plus 0.08 to 0.14 %
ruthenium,

1.1.24 Grade 27—Unalloyed titanium plus 0.08 to 0.14 %
ruthenium,

1.1.25 Grade 28—Titanium alloy (3 % aluminum, 2.5 %
vanadium) plus 0.08 to 0.14 % ruthenium,

1.1.26 Grade 29—Titanium alloy (6 % aluminum, 4 %
vanadium with extra low interstitial elements, ELI) plus 0.08 to
0.14 % ruthenium,

1.1.27 Grade 32—Titanium alloy (5 % aluminum, 1 % tin,
1 % vanadium, 1 % zirconium, 0.8 % molybdenum),

1.1.28 Grade 33—Titanium alloy (0.4 % nickel, 0.015 %
palladium, 0.025 % ruthenium, 0.15 % chromium),

1.1.29 Grade 34—Titanium alloy (0.4 % nickel, 0.015 %
palladium, 0.025 % ruthenium, 0.15 % chromium),

1.1.30 Grade 35—Titanium alloy (4.5 % aluminum, 2 %
molybdenum, 1.6 % vanadium, 0.5 % iron, 0.3 % silicon), and

1.1.31 Grade 36—Titanium alloy (45 % niobium).
1.2 The values stated in inch-pound units are to be regarded

as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 120 Test Methods for Chemical Analysis of Titanium and

Titanium Alloys
E 1409 Test Method for Determination of Oxygen in Tita-

nium and Titanium Alloys by the Inert Gas Fusion Tech-
nique

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is under the direct responsibility of
Subcommittee B10.01 on Titanium.

Current edition approved Nov. 1, 2003. Published November 2003. Originally
approved in 1995. Last previous edition approved in 2002 as B 863 – 02.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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E 1447 Test Method for Determination of Hydrogen in
Titanium and Titanium Alloys by the Inert Gas Fusion
Thermal Conductivity Method

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 coils, n—wire in coil form with pitch and cast as

described by purchaser.

3.1.2 straight lengths, n—wire in straight lengths, generally
made by straightening wire from coils by the producer.

3.1.3 weld wire, n—round wire for welding.

3.1.4 wire, n—rounds, flats, or special shapes from 0.020 in.
(0.5 mm) to 0.1875 in. (4.8 mm) in thickness or major
dimension.

TABLE 1 Chemical Requirements A

Composition, %
Element

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6 Grade 7 Grade 9 Grade 11 Grade 12 Grade 13

Nitrogen, max 0.03 0.03 0.05 0.05 0.05 0.03 0.03 0.03 0.03 0.03 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Hydrogen,B,C

max
0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015

Iron, max 0.20 0.30 0.30 0.50 0.40 0.50 0.30 0.25 0.20 0.30 0.20
Oxygen, max 0.18 0.25 0.35 0.40 0.20 0.20 0.25 0.15 0.18 0.25 0.10
Aluminum ... ... ... ... 5.5–6.75 4.0–6.0 ... 2.5–3.5 ... ... ...
Vanadium ... ... ... ... 3.5–4.5 ... ... 2.0–3.0 ... ... ...
Tin ... ... ... ... ... 2.0–3.0 ... ... ... ... ...
Ruthenium ... ... ... ... ... ... ... ... ... ... 0.04–0.06
Palladium ... ... ... ... ... ... 0.12–0.25 ... 0.12–0.25 ... ...
Cobalt ... ... ... ... ... ... ... ... ... ... ...
Molybdenum ... ... ... ... ... ... ... ... ... 0.2–0.4 ...
Chromium ... ... ... ... ... ... ... ... ... ... ...
Nickel ... ... ... ... ... ... ... ... ... 0.6–0.9 0.4–0.6
Niobium ... ... ... ... ... ... ... ... ... ... ...
Zirconium ... ... ... ... ... ... ... ... ... ... ...
Silicon ... ... ... ... ... ... ... ... ... ... ...
Residuals,D,E,F

max each
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Residuals,D,E,F

max total
0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance balance balance balance balance balance

Composition, %
Element

Grade 14 Grade 15 Grade 16 Grade 17 Grade 18 Grade 19 Grade 20 Grade 21 Grade 23 Grade 24

Nitrogen, max 0.03 0.05 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.05
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.05 0.05 0.05 0.08 0.08
Hydrogen,B,C

max
0.015 0.015 0.015 0.015 0.015 0.02 0.02 0.015 0.0125 0.015

Iron, max 0.30 0.30 0.30 0.20 0.25 0.30 0.30 0.40 0.25 0.40
Oxygen, max 0.15 0.25 0.25 0.18 0.15 0.12 0.12 0.17 0.13 0.20
Aluminum ... ... ... ... 2.5–3.5 3.0–4.0 3.0–4.0 2.5–3.5 5.5–6.5 5.5–6.75
Vanadium ... ... ... ... 2.0–3.0 7.5–8.5 7.5–8.5 ... 3.5–4.5 3.5–4.5
Tin ... ... ... ... ... ... ... ... ... ...
Ruthenium 0.04–0.06 0.04–0.06 ... ... ... ... ... ... ... ...
Palladium ... ... 0.04–0.08 0.04–0.08 0.04–0.08 ... 0.04–0.08 ... ... 0.04–0.08
Cobalt ... ... ... ... ... ... ... ... ... ...
Molybdenum ... ... ... ... ... 3.5–4.5 3.5–4.5 14.0–16.0 ... ...
Chromium ... ... ... ... ... 5.5–6.5 5.5–6.5 ... ... ...
Nickel 0.4–0.6 0.4–0.6 ... ... ... ... ... ... ... ...
Niobium ... ... ... ... ... ... ... 2.2–3.2 ... ...
Zirconium ... ... ... ... ... 3.5–4.5 3.5–4.5 ... ... ...
Silicon ... ... ... ... ... ... ... 0.15–0.25 ... ...
Residuals,D,E,F

max each
0.1 0.1 0.1 0.1 0.1 0.15 0.15 0.1 0.1 0.1

Residuals,D,E,F

max total
0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance balance balance balance balance
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TABLE 1 Continued

Composition, %
Element

Grade 25 Grade 26 Grade 27 Grade 28 Grade 29 Grade 32 Grade 33 Grade 34 Grade 35 Grade 36

Nitrogen, max 0.05 0.03 0.03 0.03 0.03 0.03 0.03 0.05 0.05 0.03
Carbon, max 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.04
Hydrogen,B,C

max
0.0125 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.0035

Iron, max
or range

0.40 0.30 0.20 0.25 0.25 0.25 0.30 0.30 0.20–0.80 0.03

Oxygen, max 0.20 0.25 0.18 0.15 0.13 0.11 0.25 0.35 0.25 0.16
Aluminum 5.5–6.75 ... ... 2.5–3.5 5.5–6.5 4.5-5.5 ... ... 4.0–5.0 ...
Vanadium 3.5–4.5 ... ... 2.0–3.0 3.5–4.5 0.6-1.4 ... ... 1.1–2.1 ...
Tin ... ... ... ... ... 0.6-1.4 ... ... ... ...
Ruthenium ... 0.08–0.14 0.08–0.14 0.08–0.14 0.08–0.14 ... 0.02-0.04 0.02-0.04 ... ...
Palladium 0.04–0.08 ... ... ... ... ... 0.01-0.02 0.01-0.02 ... ...
Cobalt ... ... ... ... ... ... ... ... ... ...
Molybdenum ... ... ... ... ... 0.6-1.2 ... ... 1.5–2.5 ...
Chromium ... ... ... ... ... ... 0.1-0.2 0.1-0.2 ... ...
Nickel 0.3–0.8 ... ... ... ... ... 0.35-0.55 0.35-0.55 ... ...
Niobium ... ... ... ... ... ... ... ... ... 42.0–47.0
Zirconium ... ... ... ... ... 0.6-1.4 ... ... ... ...
Silicon ... ... ... ... ... 0.06-0.14 ... ... 0.20–0.40 ...
Residuals,D,E,F

max each
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Residuals,D,E,F

max total
0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

TitaniumG balance balance balance balance balance balance Remainder Remainder Remainder Remainder

A Analysis shall be completed for all elements listed in this table for each grade. The analysis results for the elements not quantified in the table need not be reported
unless the concentration level is greater than 0.1 % each or 0.4 % total.

B Lower hydrogen may be obtained by negotiation with the manufacturer.
C Final product analysis.
D Need not be reported.
E A residual is an element present in a metal or an alloy in small quantities and is inherent to the manufacturing process but not added intentionally. In titanium these

elements include aluminum, vanadium, tin, chromium, molybdenum, niobium, zirconium, hafnium, bismuth, ruthenium, palladium, yttrium, copper, silicon, cobalt, tantalum,
nickel, boron, manganese, and tungsten.

F The purchaser may, in his written purchase order, request analysis for specific residual elements not listed in this specification.
G The percentage of titanium is determined by difference.

4. Product Classification

4.1 Wire—See 3.1.4.
4.2 Coils—Coiled wire may be spooled on spools if re-

quired by the user.
4.3 Straight Lengths— After straightening, it may be nec-

essary to perform cleaning or other finishing operations.
Straight lengths are normally 10 to 12 ft long (random). Exact
lengths may be specified by the purchaser when necessary.

4.4 Weld Wire—Weld wire usually has a degree of cold
work to provide sufficient stiffness to feed from spools in
automatic welders. Weld wire is delivered on standard spools
as described by the user, or in packages of straight lengths for
manual welding operations. There are no tensile strength
requirements for the weld wire; however, the chemical analysis
of the wire will conform to Table 1.

5. Ordering Information

5.1 . Orders for material under this specification shall
include the following information as applicable:

5.1.1 Grade number (Section 1),
5.1.2 Product description (Sections 3 and 4),
5.1.3 Chemistry (Table 1),
5.1.4 Mechanical properties (if applicable, Table 2),
5.1.5 Marking and packaging (Section 17),
5.1.6 Finish (Section 9),

5.1.7 Applicable dimensions including size, thickness,
width, spool size, coil diameter, and length (exact, random,
multiples) or print number,

5.1.8 Required reports (Section 16),
5.1.9 Special tests or requirements, and
5.1.10 Disposition of rejected material (Section 15).

6. Chemical Composition

6.1 The grades of titanium and titanium alloy metal covered
by this specification shall conform to the requirements as to
chemical composition prescribed in Table 1.

6.1.1 The elements listed in Table 1 are intentional alloy
additions or elements which are inherent to the manufacture of
titanium sponge, ingot or mill product.

6.1.1.1 Elements other than those listed in Table 1 are
deemed to be capable of occurring in the grades listed in Table
1 by and only by way of unregulated or unanalyzed scrap
additions to the ingot melt. Therefore, product analysis for
elements not listed in Table 1 shall not be required unless
specified and shall be considered to be in excess of the intent
of this specification.

6.1.2 Elements intentionally added to the melt must be
identified, analyzed and reported in the chemical analysis.

6.2 When agreed upon by the producer and purchaser and
requested by the purchaser in his written purchase order,
chemical analysis shall be completed for specific residual
elements not listed in this specification.
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6.3 Product Analysis— Product analysis tolerances do not
broaden the specified heat analysis requirements, but cover
variations between laboratories in the measurement of chemi-
cal content. The manufacturer shall not ship material which is
outside the limits specified in Table 1 for the applicable grade.
Product analysis limits shall be as specified in Table 3.

7. Mechanical Requirements

7.1 Annealed material supplied under this specification shall
conform to the mechanical property requirements given in
Table 2, as applicable. Material may be ordered in the cold
worked condition to higher ultimate tensile strengths and lower
elongation levels as agreed upon between the supplier and the
purchaser.

7.2 Tension testing shall be performed in accordance with
Test Methods E 8. Tensile properties shall be determined using
a strain rate of 0.003 to 0.007 in./in./min. (SI equivalent
mm/mm/min) through the yield strength, and then the cross-
head speed shall be increased so as to produce fracture in
approximately one additional minute.

7.2.1 Wire and shapes with the diameter or smallest dimen-
sion between 0.187 and 0.125 in. (4.8 to 3.2 mm) shall have the
yield strength determined in accordance with Test Methods
E 8, and the elongation measured and reported over 4D (4
diameters).

7.2.2 Wire and shapes with the diameter or smallest dimen-
sion less than 0.125 in. (3.2 mm) shall have the elongation
determined over 2 in. (50.8 mm) unless defined otherwise by
the purchaser. The reported value shall be expressed as a
percentage elongation in 1 in. or equivalent.

7.3 The yield strength requirements in Table 2 only apply to
sizes of 0.125 in. (3.2 mm) and above.

8. Dimensions, Weight, and Permissible Variations

8.1 Size—Tolerances on diameter of titanium and titanium
alloy material covered by this specification shall be as specified
in Table 4.

8.2 Weight—The shipping weight of any item of an ordered
size in any finish condition may exceed the theoretical weight
by as much as 10 %.

9. Workmanship, Finish, and Appearance

9.1 Titanium and titanium alloy wire shall be free of
injurious external and internal imperfections of a nature that
will interfere with the purpose for which the wire is intended.

TABLE 2 Tensile Requirements

Tensile Strength
Yield Strength
(0.2 % Offset)

ElongationA

Grade
minimum minimum

min,%
ksi MPa ksi MPa

1 35 (240) 25 (170) 20
2 50 (345) 40 (275) 18
3 65 (450) 55 (380) 18
4 80 (550) 70 (483) 15
5 130 (895) 120 (828) 10
6 120 (828) 115 (793) 10
7 50 (345) 40 (275) 18
9 90 (620) 70 (483) 15

11 35 (240) 25 (170) 20
12 70 (483) 50 (345) 18
13 40 (275) 25 (170) 18
14 50 (410) 40 (275) 20
15 70 (483) 50 (345) 15
16 50 (345) 40 (275) 20
17 35 (240) 25 (170) 20
18 90 (620) 70 (483) 10
19B,C 115 (793) 110 (759) 10
20B,C 115 (793) 110 (759) 10
21B,C 115 (793) 110 (759) 10
23 115 (793) 110 (759) 10
24 130 (895) 120 (828) 10
25 130 (895) 120 (828) 10
26 50 (345) 40 (275) 20
27 35 (240) 25 (170) 24
28 90 (620) 70 (483) 15
29 120 (828) 110 (759) 10
32 100 689 85 586 10
33 50 (345) 40 (275) 20
34 65 (450) 55 (380) 18
35 130 (895) 120 (828) 5
36 65 (450) 60 (410) 10

AElongation shall be measured as described in 7.2.1 and 7.2.2.
B Properties for material in the solution treated condition.
CMaterial is normally purchased in the solution treated condition. Therefore,

properties for aged material shall be negotiated between manufacturer and
purchaser.

TABLE 3 Permissible Variations in Product Analysis

Element
Product Analysis Limits,
max or range,%

Permissible Variation in
Product Analysis

Aluminum 2.5 to 6.75 60.40
Carbon 0.10 +0.02
Chromium 0.1 to 0.2 60.02
Chromium 5.5 to 6.5 60.30
Hydrogen 0.02 +0.002
Iron 0.80 +0.15
Molybdenum 0.2 to 0.4 60.03
Molybdenum 0.6 to 1.2 60.15
Molybdenum 1.5 to 4.5 60.20
Molybdenum 14.0 to 16.0 60.50
Nickel 0.3 to 0.9 60.05
Niobium 2.2 to 3.2 60.15
Niobium >30 60.50
Nitrogen 0.05 +0.02
Oxygen 0.30 +0.03
Oxygen 0.31 to 0.40 60.04
Palladium 0.01 to 0.02 60.002
Palladium 0.04 to 0.08 60.005
Palladium 0.12 to 0.25 60.02
Ruthenium 0.02 to 0.04 60.005
Ruthenium 0.04 to 0.06 60.005
Ruthenium 0.08 to 0.14 60.01
Silicon 0.06 to 0.40 60.02
Tin 0.6 to 3.0 60.15
Vanadium 0.6 to 4.5 60.15
Vanadium 7.5 to 8.5 60.40
Zirconium 0.6 to 1.4 60.15
Zirconium 3.5 to 4.5 60.20
ResidualsA (each) 0.15 +0.02

AA residual is an element in a metal or alloy in small quantities inherent to the
manufacturing process but not added intentionally.

TABLE 4 Permissible Variations in Size for Titanium Wire

Specified Diameter, in.
(dimension if shape wire)

Variation, in.

Wire as Coil
or on Spools

Cut Straight
LengthsA

0.020 to 0.045, incl 60.001 60.0015
over 0.045 to 0.062, incl 60.015 60.002
over 0.062 to 0.090, incl 60.002 60.0025
over 0.090 to 0.187, incl 60.003 60.003

ALength tolerance for cut lengths is 60.25 in. for lengths up to and including 36
in.
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Material may be furnished as polished, chemically cleaned,
ground, or mechanically descaled, and shall have a clean,
contamination-free surface.

9.1.1 For specific applications, a final sizing draw pass may
be specified, with lubricants to be applied (or allowed to
remain) on the wire.

10. Chemical Analysis

10.1 Samples for chemical analysis shall be representative
of the material being tested. The utmost care must be used in
sampling titanium for chemical analysis because of its great
affinity for elements such as oxygen, nitrogen, and hydrogen.
Therefore, in cutting samples for analysis, the operation should
be carried out insofar as possible in a dust-free atmosphere.
Chips should be collected from clean metal and tools should be
clean and sharp. Hydrogen analysis shall be performed on the
final cleaned wire product.

11. Methods of Chemical Analysis

11.1 The chemical analysis shall be conducted by the
standard techniques normally utilized by the manufacturer and
the purchaser. In case of disagreement Test Methods E 120
shall be used as the referee method, except for carbon and
hydrogen, which are not covered in Test Methods E 120.

12. Retests

12.1 If the results of a chemical or mechanical property test
lot are not in conformance with the requirements of this
specification, the lot may be retested at the option of the
manufacturer. The frequency of the retest will double the initial
number of tests. If the results of the retest conform to the
specification, then the retest values will become the test values
for certification. Only original conforming test results or the
conforming retest results shall be reported to the purchaser. If
the results for the retest fail to conform to the specification, the
material will be rejected in accordance with Section 15.

13. Referee Test and Analysis

13.1 In the event of a disagreement between the manufac-
turer and the purchaser on the conformance of the material to
the requirements of this specification, a mutually acceptable

referee shall perform the tests in question. The referee’s testing
shall be used in determining conformance of the material to
this specification.

14. Rounding-Off Procedure

14.1 For purposes of determining conformance with the
specifications contained herein, an observed or a calculated
value shall be rounded off to the nearest unit in the last
right-hand significant digit used in expressing the limiting
value. This is in accordance with the round-off method of
Practice E 29.

15. Rejection

15.1 Material not conforming to this specification or to
authorized modifications shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the
manufacturer at the manufacturer’s expense, unless the pur-
chaser receives, within three weeks of notice of rejection, other
instructions for disposition.

16. Certification

16.1 If so requested by the purchaser, the manufacturer shall
supply at least one copy of his report certifying that the
material supplied has been inspected and tested in accordance
with the requirements of this specification and that the results
of chemical analysis and mechanical tests meet the require-
ments of this specification for the appropriate grade.

17. Packaging and Package Marking

17.1 Marking—Unless otherwise specified, individual
packages of straight wires or coils of wire shall have attached
an appropriate tag containing the purchase order number, the
specification number, the alloy, the nominal size, and the
manufacturer’s lot number, or the product shall be boxed and
the box marked with the same information.

17.2 Packaging—Unless otherwise specified, material pur-
chased under this specification may be packaged for shipment
by boxing or crating with adequate protection in accordance
with the manufacturer’s standard practice.

18. Keywords

18.1 titanium; titanium alloy; weld wire; wire

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 865 – 04

Standard Specification for
Precipitation Hardening Nickel-Copper-Aluminum Alloy
(UNS N05500) Bar, Rod, Wire, Forgings, and Forging Stock 1

This standard is issued under the fixed designation B 865; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers nickel-copper-aluminum alloy
(UNS N05500) in the form of rounds, squares, hexagons, or
rectangles, and forgings and forging stock, manufactured either
by hot working or cold working, and cold-worked wire.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:2

E 8 Test Methods for Tension Testing of Metallic Materials
E 18 Test Methods for Rockwell Hardness and Rockwell

Superficial Hardness of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 112 Test Methods for Determining the Average Grain

Size
E 140 Hardness Conversion Tables for Metals
E 602 Test Method for Sharp-Notch Tension Testing with

Cylindrical Specimens
E 1473 Test Methods for Chemical Analysis of Nickel,

Cobalt, and High-Temperature Alloys
2.2 Federal Standards:
Fed. Std. No. 102 Preservation, Packaging, and Packing

Levels
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 182 Continuous Identification Marking of

Nickel and Nickel-Base Alloys
2.3 Military Standards:
MIL-STD-129 Marking for Shipment and Storage

MIL-STD-271 Nondestructive Testing Requirements for
Metals

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 bar, n—material of rectangular (flats), hexagonal, or

square solid section up to and including 10 in. (254 mm) in
width and 1⁄8 in. (3.2 mm) and over in thickness in straight
lengths.

3.1.2 rod, n—material of round solid section furnished in
straight lengths.

3.1.3 wire, n—a cold-worked solid product of uniform
round cross section along its whole length, supplied in coil
form.

4. Ordering Information

4.1 Orders for material to this specification should include
the following information:

4.1.1 ASTM designation and year of issue,
4.1.2 Alloy name or UNS number (see Table 1),
4.1.3 Shape—rod (round) or bar (square, hexagonal, or

rectangular),
4.1.3.1 Forging (sketch or drawing),
4.1.4 Dimensions, including length, (see Tables 2 and 3),
4.1.5 Condition (see Table 4, Table 5, and Table 6),
4.1.6 Forging stock—Specify if material is stock for reforg-

ing,
4.1.7 Finish,
4.1.8 Quantity—feet or number of pieces, and
4.1.9 Certification—State if certification or a report of test

results is required (Section 15),
4.1.10 Samples for product (check) analysis—State whether

samples for product (check) analysis should be furnished, and
4.1.11 Purchaser inspection—If purchaser wishes to witness

tests or inspection of material at place of manufacture, the
purchase order must so state indicating which test or inspec-
tions are to be witnessed.

5. Chemical Composition

5.1 The material shall conform to the composition limits
specified in Table 1.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published February 2004. Originally
approved in 1995. Last previous edition approved in 1996 as B 865 – 96a.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

1
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5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations in Table 1.

6. Mechanical Properties

6.1 Mechanical Properties—The material in the unaged
condition shall conform to the mechanical properties specified
in Table 4. After aging the material shall conform to the
mechanical properties specified in Table 5 and Table 6.

7. Dimensions and Permissible Variations

7.1 Diameter, Thickness, or Width—The permissible varia-
tions from the specified dimensions as measured on the
diameter or between parallel surfaces of cold-worked rod and
bar shall be as prescribed in Table 7; of hot-worked rod and bar
as prescribed in Table 2; and of wire as prescribed in Table 7.

7.2 Out-of-Round—Hot-worked rods and cold-worked rods
(except “forging quality”) of all sizes, in straight lengths, shall
not be out-of-round by more than one half the total permissible
variations in diameter shown in Table 2 and Table 7, except for

hot-worked rods1⁄2 in. (12.7 mm) in diameter and under, which
may be cut-of-round by the total permissible variations in
diameter shown in Table 2. Cold-worked wire shall not be
out-of-round by more than one-half the total permissible
variations in diameter shown in Table 7.

7.3 Edges—Square, rectangular, and hexagonal bar and rod
shall have angles and corners consistent with commercial
practice.

7.4 Machining Allowances for Hot-Worked Materials—
When the surfaces of hot-worked products are to be machined,
the allowances prescribed in Table 8 are recommended for
normal machining operations.

7.5 Length—The permissible variations in length of cold-
worked and hot-worked rod and bar shall be as prescribed in
Table 9.

7.5.1 Rods and bars ordered to random or nominal lengths
will be furnished with either cropped or saw-cut ends; material
ordered to cut lengths will be furnished with square, saw-cut,
or machined ends.

7.6 Straightness:

TABLE 1 Chemical Requirements

Element Composition Limits, %

Product (check) analysis
variations, under min or
over max, of the specified
limit of element, %

NickelA 63.0 min 0.45
Aluminum 2.30–3.15 0.20
Carbon 0.18 max 0.01
Iron 2.0 max 0.05
Manganese 1.5 max 0.04
Silicon 0.50 max 0.03
Titanium 0.35–0.85 0.03 min

0.04 max
Sulfur 0.010 max 0.003
Copper 27.0–33.0 0.15 min

0.20 max
AThe nickel content shall be determined arithmetically by difference.

TABLE 2 Permissible Variations in Diameter or Distance
Between Parallel Surfaces of Hot-Worked Rod and Bar A

Specified Dimension,B in. (mm)

Permissible Variations from
Specified Dimensions, in. (mm)

Plus Minus

Rod and bar, hot worked:
1 (25.4) and under 0.016 (0.41) 0.016 (0.41)
Over 1 (25.4) to 2 (50.8), incl 0.031 (0.79) 0.016 (0.41)
Over 2 (50.8) to 4 (101.6), incl 0.047 (1.19) 0.031 (0.79)
Over 4 (101.6) 0.125 (3.18) 0.063 (1.60)

Rod, rough-turned or ground:
Under 1 (25.4) 0.005 (0.13) 0.005 (0.13)
1 (25.4) and over 0.031 (0.79) 0

Round rod, semi-smooth, machined:
Over 31⁄2 (88.9) 0.031 (0.79) 0

Round rod, smooth finished, machined:
Over 31⁄2 (88.9) 0 0.005 (0.13)

Forging quality bolt stock (rounds only):
1⁄4 (6.4), 5⁄16 (7.9) 0 0.0062 (0.16)
3⁄8 (9.5), 7⁄16 (11.1), 1⁄2 (12.7) 0 0.0066 (0.17)
9⁄16 (14.3), 5⁄8 (7.9), 11⁄16 (17.5), 3⁄4

(19.1), 13⁄16 (20.6), 7⁄8 (22.2)
0 0.0082 (0.21)

5⁄16 (7.9), 1 (25.4) 0 0.0098 (0.25)
11⁄16 to 11⁄2 (27.0 to 38.1), in 1⁄16 (1.6)

increments
0 0.0112 (0.28)

ANot applicable to forging stock.
BDimensions apply to diameter of rods, to distance between parallel surfaces of

hexagons and squares, and separately to width and thickness of rectangles.

TABLE 3 Permissible Variations in Straightness of Precision
Straightened Cold-Worked Shafting

Specified Dimension,
in. (mm)

Standard Distance
Between Supports,

in. (mm)

Permissible Variations
Throw In One Revolution

From Straightness,
in. (mm)

1⁄2 (12.7) to 15⁄16 (23.8),
incl

42 (1070) 0.005 (0.13)

Over 15⁄16 (23.8) to 115⁄16

(49.2), incl
42 (1070) 0.006 (0.15)

Over 115⁄16 (49.2) to 21⁄2
(63.5), incl

42 (1070) 0.007 (0.18)

Over 21⁄2 (63.5) to 4
(101.6), incl

42 (1070) 0.008 (0.20)

3⁄4 (19.0) to 15⁄16 (23.8),
incl

Specified lengths of 3 to 10
ft (0.91 to 3.05 m)

0.004 (0.10) plus 0.0025
(0.064) for each foot, or
fraction thereof, in excess
of 3 ft (0.91 m)

Over 15⁄16 (23.8) to 4
(101.6), incl

Specified lengths of 20 ft
(6.10 m) and less

0.005 (0.13) plus 0.0015
(0.038) for each foot, or
fraction thereof, in excess
of 3 ft (0.91 m)

TABLE 4 Mechanical Properties—Unaged A (Bar, Rod, Forgings)

Form Condition

Hardness

Brinell
3000 kg, max

Rockwell, max

Rounds,B hexagons,
squares, rectangles, and
forgings

Hot-worked 245 C23

Hexagons Cold-worked 260 C26
Rounds:

1⁄4 (6.4 mm) to 1 in.
(25.4 mm), incl

Cold-worked 280 C29

Over 1 (25.4 mm) to 3
in. (76.2 mm), incl

Cold-worked 260 C26

Over 3 (76.2 mm) to 4
in. (101.6 mm), incl

Cold-worked 240 C22

Rounds, hexagons,
squares, rectangles, and
forgings

Hot-worked or cold-
worked and annealed

185 B90

ANo tensile tests are required except as provided for in 9.2.3.
BRounds over 41⁄4 in. (108.0 mm) in diameter shall have hardness of 260 BHN,

max.
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7.6.1 The permissible variations in straightness of
precision-straightened cold-worked rod and bar as determined
by the departure from straightness shall be as specified in Table
3.

7.6.2 The permissible variations in straightness of hot-
worked, cold-worked, rough-turned, and machined rod and bar
as determined by the departure from straightness shall be as
specified in Table 10.

7.6.2.1 In determining straightness in the standard 42-in.
(1.07-mm) distance between supports or, when specified, in
determining straightness in length not in excess of those shown
in Table 3, the rod shall be placed on a precision table equipped
with ball bearing rollers and a micrometer or dial indicator. The
rod then shall be rotated slowly against the indicator, and the
deviation from straightness in any portion of the rod between
the supports shall not exceed the permissible variations pre-
scribed in Table 10. The deviation from straightness (throw in
one revolution) is defined as the difference between the
maximum and minimum readings of the dial indicator in one
complete revolution of the rod.

7.7 Forging—Dimensions and tolerances shall be as speci-
fied on the order, sketch, or drawing.

7.8 Forging Stock—Dimensions and tolerances shall be as
agreed upon between the purchaser and the manufacturer.

TABLE 5 Mechanical Properties—Age-Hardened A (Bar, Rod, and Forgings)

Form Condition
Maximum Section

Thickness, in. (mm)

Tensile
Strength, min,

ksi (MPa)

Yield StrengthB,
0.2 % offset,

min, ksi (MPa)

ElongationB

in 2 in. or 4D,
min,%

HardnessC

Brinell 3000
kg, min

Rockwell
C, min

Rounds,D hexagons, squares,
rectangles, and forgingsE

Hot-worked and age-
hardened

All sizes 140 (965) 100 (690) 20.0 265 27

Rounds Cold-worked and 1⁄4 (6.4) to 1 (25.4), incl 145 (1000) 110 (760) 15.0 300 32
age-hardened over 1 (25.4) to 3

(76.2), incl
140 (965) 100 (690) 17.0 280 29

over 3 (76.2) to 4
(101.6), incl

135 (930) 95 (655) 20.0 255 25

Hexagons Cold-worked and age-
hardened

1⁄4 (6.4) to 2 (50.8), incl 140 (965) 100 (690) 15.0 265 27

Rounds, hexagons, squares, Annealed and age- Up to 1 (25.4) 130 (895) 90 (620) 20.0 250 24
rectangles, and forgings hardenedF 1 (25.4) and over 130 (895) 85 (585) 20.0 250 24
AAge hardening heat treatment:
Age hardening shall be accomplished by holding at an aim temperature of 1100°F (595°C) for 8 to 16 h followed by furnace cooling to 900°F (480°C) at a rate of 15

to 25°F (10 to 15°C) per hour and then air cooling. An alternate procedure consists of holding at 1100°F (595°C) for up to 16 h, furnace cooling to 1000°F (540°C), holding
for approximately 6 h, furnace cooling to 900°F (480°C), holding for approximately 8 h, and air cooling to room temperature.

(Mill age-hardened products have been precipitation heat treated by the manufacturer and further thermal treatment normally is not required. Hot-worked, cold-worked,
or annealed material is normally age hardened by the purchaser after forming or machining.)

BNot applicable to subsize tensile specimens less than 0.250 in. (6.4 mm) in diameter.
CHardness values are given for information only and are not the basis for acceptance or rejection.
DRounds over 41⁄4 in. (108.0 mm) in diameter shall have an elongation in 2 in. (50.8 mm) or 4D of 17 %, min.
EWhen specified, for forged rings and discs, hardness measurements may be utilized in lieu of tensile test.
FApplicable to both hot-worked and cold-worked material.

TABLE 6 Tensile Strength of Cold-Drawn Wire in Coils

Condition and Size, in. (mm)
Tensile Strength, min,
ksi (MPa)

Cold-worked, as-worked, all sizes 110–155 (760–1070)A

Cold-worked and annealed, all sizes 110 (760)B

Cold-worked, spring temper, as-drawn 0.057 (1.45)
and lessC

165 (1140)

Over 0.057 to 0.114 (1.45 to 2.90), incl 155 (1070)
Over 0.114 to 0.229 (2.90 to 5.82), incl 150 (1035)
Over 0.229 to 0.312 (5.82 to 7.92), incl 145 (1000)
Over 0.312 to 0.375 (7.92 to 9.52), incl 135 (930)
Over 0.375 to 0.437 (9.52 to 11.10), incl 125 (860)
Over 0.437 to 0.563 (11.10 to 14.30), incl 120 (825)

Cold-worked, annealed, and age-hardened,D all sizes 130 (895)
Cold-worked, as drawn, age-hardened,D all sizes 155 (1070)
Cold-worked, spring temper, and age-hardenedD

Up to 0.114 (2.90), incl 180 (1240)
Over 0.114 to 0.375 (2.90 to 9.52), incl 170 (1170)
Over 0.375 to 0.563 (9.52 to 14.30), incl 160 (1105)
AMaximum and minimum.
BMaximum.
CApplicable to material in coil. For material in straightened and cut lengths,

deduct 15 ksi (105 MPa) from above values.
DAge hardening heat treatment:
Age hardening shall be accomplished by holding at an aim temperature of

1100°F (595°C) for 8 to 16 h followed by furnace cooling to 900°F (480°C) at a rate
of 15 to 25°F (10 to 15°C) per hour and then air cooling. An alternate procedure
consists of holding at 1100°F (595°C) for up to 16 h, furnace cooling to 1000°F
(540°C), holding for approximately 6 h, furnace cooling to 900°F (480°C), holding
for approximately 8 h, and air cooling to room temperature.

(Mill age-hardened products have been precipitation heat treated by the
manufacturer and further thermal treatment is not normally required. Hot-worked,
cold-worked, or annealed material is normally age hardened by the purchaser after
forming or machining.)

TABLE 7 Permissible Variations in Diameter or Distance
Between Parallel Surfaces of Cold-Worked Rod and Bar

Specified Dimension,A in. (mm)

Permissible Variations From
Specified Dimension, in. (mm)

Plus Minus

Rounds:
1⁄16 (1.6) to 3⁄16 (4.8), excl 0 0.002 (0.05)
3⁄16 (4.8) to 1⁄2 (12.7), excl 0 0.003 (0.08)
1⁄2 (12.7) to 15⁄16 (23.8), incl 0 0.002 (0.05)B

Over 15⁄16 (23.8) to 115⁄16 (49.2), incl 0 0.003 (0.08)B

Over 115⁄16 (49.2) to 21⁄2 (63.5), incl 0 0.004 (0.10)B

Over 21⁄2 (63.5) to 3 (76.2), incl 0 0.005 (0.13)B

Over 3 (76.2) to 31⁄2 (88.9), incl 0 0.006 (0.15)B

Over 31⁄2 (88.9) to 4 (101.6), incl 0 0.007 (0.18)B

Hexagons, squares, rectangles:
1⁄2 (12.7) and less 0 0.004 (0.10)
Over 1⁄2 (12.7) to 7⁄8 (22.2), incl 0 0.005 (0.13)
Over 7⁄8 (22.2) to 11⁄4 (31.8), incl 0 0.007 (0.18)
Over 11⁄4 (31.8) to 2 (50.8), incl 0 0.009 (0.23)
ADimensions apply to diameter of rounds, to distance between parallel surfaces

of hexagons and squares, and separately to width and thickness of rectangles.
BFor cold-worked, age-hardened, bright finish shafting, an additional minus

0.002 (0.05) tolerance will be permitted.
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8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and condition,
smooth, commercially straight or flat, and free of injurious
imperfections.

9. Sampling

9.1 Lot—Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.

9.1.2 A lot for mechanical properties testing shall consist of
all material from the same heat, same nominal cross-sectional
or forging size, and condition.

9.1.2.1 A lot for forging stock shall consist of one heat.
9.1.2.2 Where material cannot be identified by heat, a lot

shall consist of not more than 500 lb (227 kg) of material in the
same size and condition.

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples from

each lot shall be taken during pouring or subsequent process-
ing.

9.2.1.1 Product (check) analysis shall be wholly the respon-
sibility of the purchaser.

9.2.2 Mechanical Properties—Samples of the material to
provide test specimens for mechanical properties shall be taken
from such locations in each lot as to be representative of that
lot.

9.2.3 Unaged Material—For material ordered in the unaged
condition, one test specimen shall be taken from each lot as
defined in 9.1.2. The specimen shall be obtained from the
actual material to be shipped or from a forged test coupon
when applicable. The specimen shall be aged, or annealed and
aged, as required by either applicable Table 5 or Table 6. Tests
need not be repeated when unaged material from the same heat
can be identified with a lot that has been tested in the specified
condition and found to meet the requirements of this specifi-
cation.

10. Number of Tests

10.1 Chemical Analysis—one test per lot.
10.2 Tension—one test per lot.
10.3 Hardness—one test per lot.

11. Specimen Preparation

11.1 Rod and Bar:
11.1.1 Tension test specimens shall be taken from material

in the final condition and tested in the direction of fabrication.
11.1.2 All rod, bar, and wire shall be tested in full cross

section size when possible. When a full cross section size test
cannot be performed, the largest possible round specimen
shown in Test Methods E 8 shall be used. Longitudinal strip

TABLE 8 Normal Machining Allowances for Hot-Worked Material

Finished-Machined
Dimensions for Finishes

as Indicated Below,
in. (mm)A

Normal Machining Allowance, in. (mm)

On
Diameter,
for Rods

Distance
Between
Parallel

Surfaces for
Hexagonal
and Square

Bar

For Rectangular Bar

On
Thickness

On
Width

Hot-worked:B

Up to 7⁄8 (22.2), incl 1⁄8 (3.2) 1⁄8 (3.2) 1⁄8 (3.2) 3⁄16 (4.8)
Over 7⁄8 to 17⁄8 (22.2 to

47.6), incl

1⁄8 (3.2) 3⁄16 (4.8) 1⁄8 (3.2) 3⁄16 (4.8)

Over 17⁄8 to 27⁄8 (47.6 to
73.0), incl

3⁄16 (4.8) 1⁄4 (6.4) ... 3⁄16 (4.8)

Over 27⁄8 to 313⁄16 (73.0
to 96.8), incl

1⁄4 (6.4) ... ... 3⁄16 (4.8)

Over 313⁄16 (96.8) 1⁄4 (6.4) ... ... 3⁄8 (9.5)
Hot-worked rods:

Rough-turned or rough-
ground:C

15⁄16 to 4 (23.8 to
101.6), incl in diameter

1⁄16 (1.6) ... ... ...

Over 4 to 12 (101.6 to
304.8), incl in diameter

1⁄8 (3.2) ... ... ...

ADimensions apply to diameter of rods, to distance between parallel surfaces of
hexagonal and square bar, and separately to width and thickness of rectangular
bar.

BThe allowances for hot-worked material in Table 5 are recommended for rods
machined in lengths of 3 ft (0.91 m) or less and for bars machined in lengths of 2
ft (0.61 m) or less. Hot-worked material to be machined in longer lengths should be
specified showing the finished cross-sectional dimension and the length in which
the material will be machined in order that the manufacturer may supply material
with sufficient oversize, including allowance for out-of-straightness.

CApplicable to 3 ft (0.91 m) max length.

TABLE 9 Permissible Variations in Length of Rods and Bars

Random mill lengths:
Hot-worked 6 to 24 ft (1.83 to 7.31 m) long with not more than 25

weight % between 6 and 9 ft (1.83 and 2.74 m)A

Cold-worked 6 to 20 ft (1.83 to 6.1 m) long with not more than 25
weight % between 6 and 10 ft (1.83 and 3.05 m)

Multiple lengths Furnished in multiples of a specified unit length, within
the length limits indicated above. For each multiple,
an allowance of 1⁄4 in. (6.4 mm) will be made for
cutting, unless otherwise specified. At the
manufacturer’s option, individual specified unit lengths
may be furnished.

Nominal lengths Specified nominal lengths having a range of not less
than 2 ft (610 mm) with no short lengths allowedB

Cut lengths A specified length to which all rods and bars will be
cut with a permissible variation of plus 1⁄8 in. (3.2 mm),
minus 0 for sizes 8 in. (203 mm) and less in diameter
or distance between parallel surfaces. For larger
sizes, the permissible variation shall be + 1⁄4 in. (6.4
mm), minus 0.

AFor hot-worked sections weighing over 25 lb/ft (37 kg/m) and for smooth-forged
products, all sections, short lengths down to 2 ft (610 mm) may be furnished.

BFor cold-worked rods and bars under 1⁄2 in. (12.7 mm) in diameter or distance
between parallel surfaces ordered to nominal or stock lengths with a 2 ft (610 mm)
range, at least 93 % of such material shall be within the range specified; the
balance may be in shorter lengths, but in no case shall lengths less than 4 ft (1220
mm) be furnished.

TABLE 10 Permissible Variations in Straightness of Rod and
BarA

Ordered Condition, Finish,
and Specified Dimension, in. (mm)

Permissible Deviations
in Straightness, in. (mm)

Hot-worked: Depth of chordB

Bar and rod (hot-finished surface) 0.050 (1.27) per ft (305) of length
Rounds: Throw in one revolutionC

Rough-turned or rough-ground 0.050 (1.27) per ft (305) of length
Semi-smooth machined 0.0031 (0.79) per ft (305) of length
Smooth-finished machined 0.0015 (0.038) per ft (305) of length

Cold-worked: Depth of chordB

Rounds (diameter): Up to 4 (101.6),
incl

0.030 (0.76) per ft (305) of length

Hexagons and squares: Depth of chordB

All sizes 0.030 (0.76) per ft (305) of length
ANot applicable to forging stock.
BThe maximum curvature (depth of chord) shall not exceed the value indicated

multiplied by length in feet.
CThe throw in one revolution in any 20 ft (6.10 m) maximum length shall not

exceed the values indicated multiplied by length in feet.
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specimens shall be prepared in accordance with Test Methods
E 8 for rectangular bar up to1⁄2 in. (12.7 mm), inclusive, in
thicknesses that are too wide to be pulled full size.

11.1.3 Forging stock test specimens shall be taken from a
forged-down coupon or a sample taken directly from stock.

11.2 Forgings:
11.2.1 The tension test specimen representing each lot shall

be taken from a forging or from a test prolongation.
11.2.2 The axis of the specimen shall be located at any point

midway between the center and the surface of solid forgings
and at any point midway between the inner and outer surfaces
of the wall of hollow forgings, and shall be parallel to the
direction of greatest metal flow.

11.2.3 The specimens shall be the largest possible round
type as prescribed in Test Methods E 8.

11.3 Hardness test specimens shall be taken from material in
the final condition.

NOTE 1—In order that the hardness determinations may be in reason-
ably close agreement, the following procedures are recommended:

(1) For rod less than1⁄2 in. (12.7 mm) in diameter, hardness
readings shall be taken on a flat surface prepared by filing or
grinding approximately1⁄16 in. (1.6 mm) from the outside
surface of the rod.

(2) For rod1⁄2 in. (12.7 mm) in diameter and larger, and for
hexagonal, square, and rectangular bar, all sizes, hardness
readings shall be taken on a cross section midway between the
surface and center of the section.

12. Test Methods

12.1 The chemical composition, mechanical and other prop-
erties of the material as enumerated in this specification shall
be determined, in case of disagreement, in accordance with the
following:
Test ASTM Designation
Chemical Analysis E 1473
Tension E 8
Rockwell Hardness E 18
Hardness Conversion E 140
Rounding Procedure E 29

12.2 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded in accordance with the rounding method of Practice
E 29 as follows:

Test
Rounded Unit for Observed

or Calculated Value
Chemical composition, hardness,
and tolerances (when expressed in
decimals)

Nearest unit in the last right-hand place
of figures of the specified limit. If two
choices are possible, as when
the digits dropped are exactly a 5 or a 5 f
ollowed only by zeros, choose the
one ending in an even digit, with zero
defined as an even digit.

Tensile strength and yield strength nearest 1000 psi (6.9 MPa)
Elongation nearest 1 %

13. Inspection
13.1 Inspection of the material shall be conducted as agreed

upon between the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing
14.1 Material that fails to conform to the requirements of

this specification may be rejected. Rejection should be reported
to the manufacturer or supplier promptly and in writing. In case
of dissatisfaction with the results of the test, the manufacturer
or supplier may make claim for a rehearing.

15. Certification
15.1 When specified in the purchase order or contract, a

manufacturer’s certification shall be furnished to the purchaser
stating that the material has been manufactured, tested, and
inspected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking
16.1 The following shall be marked on the material or

included on the package, or on a label or tag attached thereto:
16.1.1 The name of the material or UNS Number,
16.1.2 Heat number,
16.1.3 Condition (temper),
16.1.4 This specification number and year of issue,
16.1.5 The size,
16.1.6 Gross, tare, and net weights,
16.1.7 Consignor and consignee address, and
16.1.8 Contract or order number or such other information

as may be defined in the contract or order.

17. Keywords
17.1 bar; forgings; precipitation; rod; UNS N05500; wire
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SUPPLEMENTARY REQUIREMENTS

S1. Special End Uses

S1.1 When material is intended for nuclear applications or
other critical end uses, or when any special requirements are to
apply, the manufacturer shall be notified at the time of
placement of the inquiry or order to determine if material of
quality and inspection procedures normally employed for

commercial material to this specification is adequate. In the
event that more critical quality or more rigid inspection
standards than those called out in this specification are indi-
cated, the manufacturer and the purchaser shall agree upon
such standards prior to production.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 868 – 96 (Reapproved 2002) e1

Standard Practice for
Contact Performance Classification of Electrical Connection
Systems 1

This standard is issued under the fixed designation B 868; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Paragraph 1.5 was corrected editorially in June 2002.

1. Scope

1.1 This practice provides a uniform method of specifying
performance requirements for (or reporting test results of)
electrical contact and connection systems. Both conductor and
connector system performance may be specified by this prac-
tice, separately or in combination.

1.2 This practice may be used for separable or permanent
contacts employing metallic conductors and contacts.

1.3 This practice provides methods for both signal and
power applications.

1.4 This practice does not specify the sample preparation or
test sequences required for determining contact performance. It
is the responsibility of the user of this practice to determine the
applied test sequence(s) appropriate for the application.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 539 Test Methods for Measuring Resistance of Electrical

Connections (Static Contacts)2

B 542 Terminology Relating to Electrical Contacts and
Their Use2

B 812 Test Method for Resistance to Environmental Deg-
radation of Electrical Pressure Connections Involving
Aluminum and Intended for Residential Applications2

2.2 UL Standard:
UL 486B Wire Connectors for Use with Aluminum Con-

ductors, Third Edition, 19913

2.3 EEI-NEMA Standard:
EEI-NEMA Standard TDJ-162 (ANSI C119.4), “Connec-

tors for Use Between Aluminum-to-Aluminum or
Aluminum-to-Copper Bare Overhead Conductors”4

3. Terminology

3.1 Terms used in this practice are defined in Terminology
B 542 except as noted in 3.2.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 conductor, n—electrically conductive member carry-

ing current to a contact interface. Examples are wire and cable,
busbar, and conductive paths on an etched printed circuit
board.

3.2.2 contact performance, n—contact interface behavior as
indicated by initial electrical resistance and resistance change
under the applied test conditions.

4. Summary of Practice

4.1 The prescribed performance specification (or reporting)
statement consists of three sections, as follows:

4.1.1 Performance Classification, in accordance with this
practice (Section 6).

4.1.2 Variability Index, determined by sample size and
distribution of resistance values measured at end of test, in
accordance with this practice (Section 7).

4.1.3 Statement of test method employed to determine
performance classification.

4.2 The format for the performance specification (or report-
ing) statement is as follows:

1 This practice is under the jurisdiction of ASTM Committee B02 on Nonferrous
Metals and Alloys and is the direct responsibility of Subcommittee B02.11 on
Electrical Contact Test Methods.

Current edition approved March 10, 1996. Published May 1996.
2 Annual Book of ASTM Standards,Vol 02.04.

3 Available from Underwriters Laboratories, 333 Pfingsten Rd., Northbrook, IL
60062–2096.

4 Available from American National Standards Institute, 25 W. 43rd St., 4th
Floor, New York, NY 10036.

1

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



5. Significance and Use

5.1 This practice is based on the use of electrical resistance
as an indicator of contact performance.

5.2 Existing standards, such as those referenced in Section 2
as representative examples, provide the basis for applied test
conditions. Modifications in procedure or sample size, or both,
of existing standards may have to be made to provide for
resistance measurement and to meet variability index require-
ments that a user may specify.

5.3 This practice accommodates the use of multiple test
methods, as may be required to assure satisfactory performance
in a given application.

6. Performance Classification

6.1 The performance classification statement consists of
three letters in sequence indicating, respectively, category of
contact (signal or power), average initial contact resistance,
and change of average contact resistance as a consequence of
the applied test conditions.

6.2 For this standard classification method, the performance
of a connection system for power applications is expressed as
the ratio of the contact resistance to the equivalent resistance of
the attached conductor. The equivalent resistance of the con-
ductor is the resistance of a length of solid circular conductor
exactly one diameter in length. The conductor size used for the
evaluation shall be that which is normally specified or utilized
with the particular connection system being evaluated.

6.2.1 For connection systems involving solid circular con-
ductors, the equivalent resistance Rd is calculated according to
the formula:

Rd 5 R3 D

where:
Rd = equivalent resistance,
R = resistance per unit length,V, and
D = diameter of conductor (in same length unit).

6.2.1.1 Appendix X1 provides representative nominal data
for some common sizes of copper and aluminum conductors of
circular cross section for the purpose of establishing instru-
mentation requirements.

6.2.2 For conductors with other than solid circular cross
section, equivalent diameter based on actual conductive cross-
section area shall be used. For example: a conductor of
rectangular cross section 0.5 by 6 mm has a cross-section area
equal to that of a solid circular conductor 1.95 mm in diameter,
and thereforeD in the equation in 6.2.1 is 1.95 mm.

6.2.3 For contacts incorporating or connecting conductors
of different materials or cross section, or both, theRd value
used for contact performance determination shall be based on
the conductor of minimum resistance per unit length.

6.2.4 For contacts involving a connector, the conductor
material and cross section used for determination of theRd

value to be used shall be the wire, busbar, circuit board
conductive strip, or other, as appropriate for the rating or
representative application of the connector. The conductor size
may be determined according to the connector manufacturer’s
specification, current rating, or conventional application prac-
tice.

6.2.5 Conductor resistance per unit length is preferably
determined by measurements incorporating the same instru-
mentation used for contact resistance measurements, at the
same ambient temperature and current as for the contact
performance test being applied.

6.2.6 When conductor resistance is determined at the same
time as contact performance in accordance with 6.2.5, and the
conductor is solid with circular cross section, potential drop
measurements may be used without conversion for the purpose
of determining contact performance. (See example, Appendix
X2.)

6.3 Contact resistance shall be measured in accordance with
Test Methods B 539.

6.3.1 For power connections, resolution of resistance deter-
mination shall be 0.1Rd or better. For most applications, this
requires potential drop resolution of 10 µV at a measurement
current density approximately equal to conductor ratings. (See
Appendix X1.) Use Test Method B of Test Methods B 539
adjusting the current to meet the stated current requirements.

6.3.2 For signal connections, resolution of resistance deter-
mination shall be at 10 % of the average initial contact
resistance or better, using Test Method C of Test Methods
B 539.

6.3.3 For contact configurations in which bulk conductor or
connector resistance is included in the measured contact
resistance, a single value of measured bulk resistance (see Test
Methods B 539) shall be subtracted from the measured contact
resistance values. Resolution of the bulk resistance measure-
ment shall be 0.1Rd or finer, and the bulk resistance measure-
ment error tolerance shall be no greater than60.2 Rd.

6.4 The first letter of the performance classification, indi-
cating contact category, shall be “P” for power contacts and
connections and “S” for signal contacts and connections. The
letter is assigned according to the intended application for each
of the applied test conditions.

6.4.1 A given connector type may be intended for multiple
applications, both signal and power (example: circuit board
connector). The category used for performance classification
for each test sequence applied shall be that for which the test
sequence is intended.

6.5 The letter indicating performance with respect to aver-
age (arithmetic mean) initial resistance of all samples tested
shall be in accordance with Table 1.

6.6 The letter indicating performance with respect to resis-
tance change of the worst-case sample tested shall be in
accordance with Table 2.
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7. Variability Index

7.1 Variability Index for Power Category (P):
7.1.1 The variability index V for power category connec-

tions is calculated from the resistance values determined at the
end of the test sequence, expressed to two significant figures or
to a resolution of 0.1Rd.

7.1.2 For power category connections, the variability index
is calculated by the following formula (see Note 1):

V 5 Œ(
i 5 1

n

~Rf/Rd 2 R̄f/Rd!
2

n 2 1 (1)

where:
Rf = final resistance for each connection tested, and
R̄f = arithmetic mean final resistance for the total set of n

connections tested.

NOTE 1—While the variability index is numerically the same as the
statistical sample standard deviation, it should not be used for statistical
predictions of contact performance.

7.2 Variability Index for Signal Category (S):
7.2.1 The variability index V for signal category connec-

tions is calculated from the resistance change from beginning
to end of the test sequence, expressed to two significant figures
or to a resolution of 0.1 mV.

7.2.2 For signal category connections, the variability index
is calculated by the following formula (see Note 1):

V 5 Œ(
i 5 1

n

~Rc 2 R̄c!
2

n 2 1 (2)

where:
Rc = resistance change for each connection tested, mV, and

R̄c = arithmetic mean resistance change for the total set of
n connections tested, mV.

8. Format
8.1 A format for specifying connection or contact perfor-

mance is: “Connections shall meet or exceed ASTM BWWW
Class XXX with YY variability index when tested according to
the applied conditions of ZZZ”, where “XXX” is the perfor-
mance classification (Section 6),“YY” is the variability index
(Section 7.1.1), and “ZZZ” is the specified test method. A
condensed form is: “Connections shall meet or exceed ASTM
BWWW Class XXX/YY/ZZZ.”

8.2 A format for reporting contact performance test results
is:“ Performance is ASTM BWWW XXX with YY variability
index when tested according to the applied conditions of ZZZ.”
A condensed form of the statement is: “Tested contact perfor-
mance is ASTM BWWW Class XXX/YY/ZZZ.”

8.3 Parentheses may be used to indicate specific applied
conditions, sample size, conductors used, duration of test,
portion of procedure applicable, or other necessary informa-
tion.

8.4 When a connections system is rated for application to
multiple types or combinations of conductors, but is specified
by a single classification, the worst-case performance classifi-
cation shall be used. Multiple classifications may be utilized,
provided that the conductor combinations for which the clas-
sifications apply are adequately described. (Examples are
provided in Appendix X2.)

8.5 The value ofRd used shall be reported for other than
solid circular conductors.

8.6 According to the requirements of the application, more
than one test procedure can be specified.

8.7 Example of use, including multiple test procedures and
additional parenthetical information is: “Connections shall
meet or exceed ASTM BWWW Class PAB/1.0/ASTM
B 812 – 90 (20 weeks, with any number of conductors, con-
ductor material combinations, conductor size combinations for
which the connector is rated to be used); ASTM BWWW Class
PAB/0.4/UL486B (Section 6.11 of UL486B, with any number
of conductors, conductor material combinations, or conductor
size combinations for which the connector is rated to be used).

8.8 A detailed test record, including description of applied
conditions, test data, and the calculations for equivalent diam-
eter, if other than solid circular conductor andRd, shall be
available.

8.9 Examples of application of the performance classifica-
tion method to several connection systems are provided in
Appendix X2. (Note: the examples provided in Appendix X2 to
illustrate application of the classification method are not to be
interpreted as specifications of test requirements.)

9. Precision and Bias
9.1 Precision and bias are those of the test method(s)

applied.

10. Keywords
10.1 classification; conductor; connector; contact; electrical

contact; electrical connection systems; metallic; resistance

TABLE 1 Initial Resistance Indicator

Initial Resistance
Indicator

Average Initial Resistance

Power Category (P) Signal Category (S)

A Rc< 1.1 Rd Rc< 5 mV
B <2 Rd <10 mV
C <5 Rd <20 mV
D <10 Rd <50 mV
E <100 Rd <100 mV
F <1000 Rd <200 mV
G |Ls1000 Rd |Ls200 mV

TABLE 2 Resistance Change Indicator

Change Indicator

Power Category (P) Signal Category (S)

Ratio: Final/Initial
Resistance

of Worst-Case Sample

Resistance Change of Worst-
Case Sample (Initial

to Final Rc), mV

A <1.1 <0.5
B <2 <1.0
C <5 <2.0
D <10 <5.0
E <100 <10
F <1000 <20
G |Ls1000 |Ls20
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APPENDIXES

(Nonmandatory Information)

X1. EXAMPLES OF RESISTANCE AND POTENTIAL DROP PER Rd

X1.1 Table X1.1 and Table X1.2 of Appendix X1 are

provided for illustration purposes only and should not be
interpreted as specifications for test conditions or ratings.

X1.2 Sample Calculation: for #1 AWG copper wire, 0.126
ohm/1000 ft, 0.289-in. diameter.

Rd = R 3 D (in same length units)

= 0.1263 0.2893 1/(123 1000) = 3.03 mV
Potential drop perRd at 110-A current =I 3 Rd

= 1103 3.03 = 333 mV

TABLE X1.1 Copper Conductors, Common Sizes

Am. Wire
Gage
Diameter

Diameter,
in.

Cross Sec. Area,
sq in.

Copper,
ohms per 1000 ft

Rd,
micro-ohm

Measurement Current,
amps

Micro-volts per Rd at
Measurement Current

000 0.41 0.132 0.063 2.15 165 355
00 0.365 0.105 0.0795 2.42 145 351
0 0.325 0.0829 0.1 2.71 125 339
1 0.289 0.0657 0.126 3.03 110 333
2 0.258 0.0521 0.159 3.42 95 325
3 0.229 0.0413 0.201 3.84 85 326
4 0.204 0.0328 0.253 4.30 70 301
6 0.162 0.0206 0.403 5.44 55 299
8 0.128 0.013 0.641 6.84 40 274

10 0.102 0.00815 1.02 8.67 30 260
12 0.081 0.00513 1.62 10.94 25 274
14 0.064 0.00323 2.58 13.76 20 275
16 0.051 0.00203 4.09 17.38 15 261
18 0.04 0.00128 6.51 21.70 11 239
20 0.032 0.000802 10.4 27.73 9 250
22 0.0253 0.000505 16.5 34.79 7 243
24 0.0201 0.000317 26.2 43.89 6 263
26 0.0159 0.0002 41.6 55.12 5 275

TABLE X1.2 Aluminum Conductors, Common Sizes

Am. Wire
Gage

Diameter

Diameter,
in.

Cross Sec. Area,
sq in.

Aluminum,
ohms per 1000 ft

Rd,
micro-ohm

Measurement Current,
amps

Micro-volts per Rd at
Measurement Current

000 0.41 0.132 0.1014 3.46 130 450
00 0.365 0.105 0.1278 3.89 115 447
0 0.325 0.0829 0.1612 4.37 100 437
1 0.289 0.0657 0.2033 4.90 85 416
2 0.258 0.0521 0.2564 5.51 75 413
3 0.229 0.0413 0.3233 6.17 65 401
4 0.204 0.0328 0.4076 6.93 55 381
6 0.162 0.0206 0.6482 8.75 40 350
8 0.128 0.013 1.03 10.99 30 330

10 0.102 0.00815 1.638 13.92 25 348
12 0.081 0.00513 2.606 17.59 20 352
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X2. EXAMPLES OF APPLICATION

NOTE X2.1—The examples in Appendix X2 demonstrate application of
the performance classification method using actual test data. The examples
are not to be interpreted as specifications of tests or test conditions.

X2.1 Full Compression Splicing Connectors (Power Cat-
egory) With Different Conductor Combinations:

NOTE X2.2—Potential drop measurements are utilized directly in this
example, in accordance with 6.2.6.
Measurement current = 12 A, instrument resolution

= 0.01 mV, power connectors
Conductor data (calculated from measurement of a 100-diameter length)

For Test A below, potential drop perRd is 0.165 mV at 12 A
For Test B below, potential drop perRd is 0.207 mV at 12 A

X2.1.1 Connection Performance Data and Classification:
X2.1.1.1 Conductor Combination A:

Initial Final
mV ratio mV ratio

(114 specimens)
Mean contact potential drop 0.42 2.6 Rd 0.55 3.3 Rd

Variability index 0.71 4.3Rd 1.22 7.4 Rd

Classification—ASTM BWWW Class PCB/7.4/(3-year cy-
cling at 17.5 A10 % duty cycle, then 10-year normal in-wall
environment exposure, 2 #10 AWG Type 1 and 1 #12 Type 2
conductors, tested with current through Type 1 conductors.)

X2.1.1.2 Conductor Combination B:
Initial Final

mV ratio mV ratio
(114 specimens)
Mean contact potential drop 0.07 0.3 Rd 0.07 0.3 Rd

Variability index 0.04 0.2Rd 0.04 0.2Rd

Classification—ASTM BWWW Class PAA/0.2/(3-year cy-
cling at 13.5 A10 % duty cycle, then 10-year normal in-wall
environment exposure, 2 #12 AWG Type 1 and 1 #12 Type 2
conductors, tested with current through Type 2 conductor.)

X2.1.1.3 In accordance with 8.4, a single performance
classification for the connection system in the example above
would be based on the worst case, as follows:

Classification: ASTM BWWW Class PCB/7.4/(3-year cy-
cling at 90 % of conductor-rated current 10 % duty cycle, then
10-year normal in-wall environment exposure).

X2.2 Two-Wire Splices (Power Category), Hand-Applied
Connector:

NOTE X2.3—Potential drop measurements are utilized directly in this
example in accordance with 6.2.6.
Measurement current = 13.5 A, instrument resolution

= 0.01 mV, power connectors
Conductor data (calculated from measurement of a 100-diameter length)

Type 1 wire #12 AWG, potential drop perRd is 0.225 mV at 13.5 A
Type 2 wire #12 AWG, potential drop perRd is 0.144 mV at 13.5 A

X2.2.1 Connection Performance Data and Classification:
X2.2.1.1 Wires—(2) #12 Type 1 (58 specimens):

Initial Final
mV ratio mV ratio

Mean contact potential
drop

5.08 22.6Rd 11.5 51.1 Rd

Variability index 1.30 5.8Rd 5.18 23.0 Rd

Classification—ASTM BWWW Class PEC/5.2/(10-year,
normal in-wall environment exposure, no current,
conductors—2 #12 Type 1.)

X2.2.1.2 Wires (2) #12 Type 2 (20 specimens):
Initial Final

mV ratio mV ratio
Mean contact potential
drop

2.48 17.2Rd 2.33 16.2 Rd

Variability index 0.22 1.5 Rd 0.29 2.0 Rd

Classification—ASTM BWWW Class PEA/2.0/(10-year,
normal in-wall environment exposure, no current,
conductors—2 #12 Type 2.)

X2.2.1.3 In accordance with 8.4, a single performance
classification for the connection system in the example above
would be based on the worst case, as follows:

Classification—ASTM BWWW Class PEC/5.2/(10-year,
normal in-wall environment exposure, no current.)

X2.3 Separable Connector (Signal Category):
X2.3.1 The following properties are obtained from samples

tested in a 100°C heat age test for 1000 h (test EIA364-17A):
Mean initial resistance 7.5 mV
Worst-case resistance change after aging 4.2 mV
Standard deviation of resistance change 1.32 mV

X2.3.1.1 Classification: ASTM BWWW Class SBD/1.3/
EIA364-17A (100°C, 1000 h)

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 872 – 96 (Reapproved 2003)

Standard Specification for
Precipitation-Hardening Nickel-Iron-Chromium-Columbium
(Nb)-Titanium-Aluminum Alloy (UNS N09908) Plate, Sheet,
and Strip 1

This standard is issued under the fixed designation B 872; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers rolled precipitation hardenable
nickel-iron-chromium-columbium (Nb)-titanium-aluminum al-
loy (N09908) plate, sheet, and strip in the annealed condition
(temper). This alloy is used as sheathing for super conductor
cables, as tooling for fabrication of such cables, and for other
applications requiring a material with low coefficient-of-
expansion properties.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

E 8 Test Methods for Tension Testing of Metallic Materials
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications
E 228 Test Method for Linear Thermal Expansion of Solid

Materials with a Vitreous Silica Dilatometer
E 1473 Test Methods for Chemical Analysis of Nickel,

Cobalt, and High-Temperature Alloys

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 The terms given in Table 1 shall apply.

4. Ordering Information

4.1 Orders for material under this specification should
include the following information:

4.1.1 Alloy—Name or UNS number (see Table 2).
4.1.2 ASTM designation and year of issue.
4.1.3 Condition—See 6.1 and Appendix X1.
4.1.4 Finish—See Appendix X1.
4.1.5 Dimensions—Thickness, width, and length.
4.1.6 Quantity.
4.1.7 Optional Requirements:
4.1.7.1 Sheet and Strip—Whether to be furnished in coil, in

cut straight lengths, or in random straight lengths.
4.1.7.2 Strip—Whether to be furnished with commercial slit

edge, square edge, or round edge.
4.1.7.3 Plate—Whether to be furnished specially flattened

(see 7.7); also how plate is to be cut (see 7.2.1 and 7.3.2).
4.1.8 Fabrication Details—Not mandatory but helpful to

the manufacturer:
4.1.8.1 Welding or Brazing—Process to be employed.
4.1.8.2 Plate—Whether material is to be hot-formed.
4.1.9 Certification—State if certification or a report of test

results is required (see Section 15).
4.1.10 Samples for Product (Check) Analysis—Whether

samples should be furnished (see 5.2).
4.1.11 Purchaser Inspection—If the purchaser wishes to

witness the tests or inspection of material at the place of

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Nov. 1, 2003. Published November 2003. Originally
approved in 1996. Last previous edition approved in 1996 as B 872 – 96.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

TABLE 1 Product Description

Product Thickness, in. (mm) Width

Hot-rolled plateA 3⁄16 to 21⁄4 (4.8 to 57.2) (Table 4) Table 6B and
Table 7

Cold-rolled sheetC 0.010 to 0.250 (0.25 to 6.4), incl
(Table 5)

Table 8

Cold-rolled stripC 0.005 to 0.250 (0.13 to 6.4), incl
(Table 5)

Table 8

A Material 3⁄16 to 1⁄4 in. (4.8 to 6.4 mm), incl, in thickness may be furnished as
sheet or plate provided the material meets the specification requirements for the
condition ordered.

B Hot-rolled plate, in widths 10 in. (250 mm) and under, may be furnished as
hot-finished rectangles with sheared or cut edges provided the mechanical
property requirements of this specification are met.

C Material under 48 in. (1219 mm) in width may be furnished as sheet or strip
provided the material meets the specification requirements for the condition
ordered.

1
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manufacture, the purchase order must so state indicating which
tests or inspections are to be witnessed (see Section 13).

5. Chemical Composition

5.1 The material shall conform to the requirements as to
chemical composition prescribed in Table 2.

5.2 If a product (check) analysis is performed by the
purchaser, the material shall conform to the product (check)
analysis variations prescribed in Table 2.

6. Mechanical and Other Requirements

6.1 Tensile Properties—The material after precipitation
hardening shall conform to the tensile properties prescribed in
Table 3.

6.2 Coeffıcient of Thermal Expansion:
6.2.1 The mean coefficient of thermal expansion from 77°F

(25°C) to 1292°F (700°C) shall not exceed 7.83 10−6 in./
in./°F (14.03 10−6 cm/cm/°C).

6.2.2 The inflection temperature shall not exceed 572°F
(300°C).

7. Dimensions and Permissible Variations

7.1 Thickness and Weight:
7.1.1 Plate—The permissible variation under the specified

thickness and permissible excess in overweight shall not
exceed the amounts prescribed in Table 4.

7.1.1.1 For use with Table 4, plate shall be assumed to
weigh 0.292 lb/in.3(8.08 g/cm3).

7.1.2 Sheet and Strip—The permissible variations in thick-
ness of sheet and strip shall be as prescribed in Table 5. The
thickness of strip and sheet shall be measured with the
micrometer spindle3⁄8 in. (9.5 mm) or more from either edge
for material 1 in. (25.4 mm) or over in width and at any place
on the strip under 1 in. in width.

7.2 Width or Diameter:
7.2.1 Plate—The permissible variations in width of rectan-

gular plates and diameter of circular plates shall be as
prescribed in Table 6 and Table 7.

7.2.2 Sheet and Strip—The permissible variations in width
for sheet and strip shall be as prescribed in Table 8.

7.3 Length:
7.3.1 Sheet and strip of all sizes may be ordered to cut

lengths, in which case a variation of1⁄8 in. (3.2 mm) over the
specified length shall be permitted.

7.3.2 Permissible variations in length of rectangular plate
shall be as prescribed in Table 9.

7.4 Straightness:
7.4.1 The edgewise curvature (depth of chord) of flat sheet,

strip, and plate shall not exceed 0.05 in. multiplied by the
length of the product in feet (0.04 mm multiplied by the length
of the product in centimetres).

7.4.2 Straightness for coiled strip material is subject to
agreement between the manufacturer and the purchaser.

7.5 Edges:
7.5.1 When finished edges of strip are specified in the

contract or purchase order, the following descriptions shall
apply:

7.5.1.1 Square-edge strip shall be supplied with finished
edges, with sharp, square corners, and without bevel or
rounding.

7.5.1.2 Round-edge strip shall be supplied with finished
edges, semicircular in form, and the diameter of the circle
forming the edge being equal to the strip thickness.

7.5.1.3 When no description of any required form of strip
edge is given, it shall be understood that edges such as those
resulting from slitting or shearing will be acceptable.

7.5.1.4 Sheet shall have sheared or slit edges.
7.5.1.5 Plate shall have sheared or cut (machined, abrasive-

cut, powder-cut, or inert-arc-cut) edges, as specified.
7.6 Squareness (Sheet)—For sheets of all thicknesses, the

angle between adjacent sides shall be 906 0.15° (1⁄16 in. in 24
in.) (1.6 mm in 610 mm).

7.7 Flatness—Standard flatness tolerances for plate shall
conform to the requirements prescribed in Table 10. “Specially
flattened” plate, when so specified, shall have permissible
variations in flatness as agreed upon between the manufacturer
and purchaser.

8. Workmanship, Finish, and Appearance

8.1 The material shall be uniform in quality and temper,
smooth, commercially straight or flat, and free of injurious
imperfections.

TABLE 2 Chemical Requirements

Element
Composition Limits, %

N09908

Product (Check) Analysis
Variations, Under min or

Over max, of the Specified
Limit of Element

Nickel 47.0 min 0.35
51.0 max 0.35

Chromium 3.75 min 0.10
4.5 max 0.10

Iron remainderA ...
Manganese, max 1.0 0.03
Carbon, max 0.03 0.01
Copper, max 0.5 0.03
Silicon, max 0.5 0.03
Sulfur, max 0.005 0.003
Aluminum 0.75 min 0.10

1.25 max 0.10
Titanium 1.20 min 0.05

1.80 max 0.05
Columbium (Nb) 2.7 min 0.10

3.3 max 0.15
Phosphorus 0.015 max 0.005
Boron 0.012 max 0.005
Cobalt 0.5 max 0.03

A Iron shall be determined arithmetically by difference.

TABLE 3 Tensile Properties for Plate, Sheet, and Strip A

Nominal Thickness,
in. (mm)

Tensile Strength,
min, ksi (MPa)

Yield Strength
(0.2 % offset),
min, ksi (MPa)

Elongation in 2 in.
or 50 mm (or 4D),

min %
Up to 1.0 (25.4), incl 170 (1172) 120 (827) 12
Over 1.0 to 2.25 (25.4

to 57.2), incl

170 (1172) 120 (827) 10

A Material shall be supplied in the annealed condition (temper). The manufac-
turer shall demonstrate that annealed material is capable of meeting the properties
prescribed in Table 3 after precipitation heat treatment. Precipitation heat treat-
ment shall consist of heating to 1292°F (700°C), holding at temperature for 50 h,
and then air cooling.
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9. Sampling

9.1 Lot—Definition:
9.1.1 A lot for chemical analysis shall consist of one heat.
9.1.2 A lot for tension testing shall consist of all material

from the same heat, nominal thickness, and condition.
9.1.2.1 Where material cannot be identified by heat, a lot

shall consist of not more than 500 lb (227 kg) of material in the
same thickness and condition, except for plates weighing over
500 lb, in which case only one specimen shall be taken.

9.2 Test Material Selection:
9.2.1 Chemical Analysis—Representative samples shall be

taken during pouring or subsequent processing.

9.2.1.1 Product (Check) Analysis shall be wholly the re-
sponsibility of the purchaser.

9.2.2 Tension and Coeffıcient of Thermal Expansion
Testing—Samples of the material to provide test specimens for
tension and coefficient of thermal expansion testing shall be
taken from such locations in each lot as to be representative of
that lot.

10. Number of Tests

10.1 Chemical Analysis—One test per lot.
10.2 Tension—One test per lot.
10.3 Coeffıcient of Thermal Expansion—One test per lot.

TABLE 4 Permissible Variations in Thickness and Overweight of Rectangular Plates

NOTE 1—All plates shall be ordered to thickness and not to weight per square foot (centimetre). No plates shall vary more than 0.01 in. (0.25 mm)
under the thickness ordered, and the overweight of each lotA in each shipment shall not exceed the amount in the table. Spot grinding is permitted to
remove surface imperfections, such spots not to exceed 0.01 in. (0.25 mm) under the specified thickness.

Specified Thickness,
in. (mm)

Permissible Excess in Average WeightBC per Square Foot of Plates for Widths Given in Inches (Millimetres) Expressed in Percent-
age of Nominal Weights

Under 48
(1220)

48 to 60
(1220 to

1520), excl

60 to 72
(1520 to

1830), excl

72 to 84
(1830 to

2130), excl

84 to 96
(2130 to

2440), excl

96 to 108
(2440 to

2740), excl

108 to 120
(2740 to

3050), excl

120 to 132
(3050 to

3350), excl

132 to 144
(3350 to

3660), excl

144 to 160
(3660 to

4070), incl

3⁄16 to 5⁄16 (4.8 to 7.9), excl 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ... ...
5⁄16 to 3⁄8 (7.9 to 9.5), excl 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 ... ...
3⁄8 to 7⁄16 (9.5 to 11.1), excl 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 19.5
7⁄16 to 1⁄2 (11.1 to 12.7), excl 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0
1⁄2 to 5⁄8 (12.7 to 15.9), excl 5.0 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5
5⁄8 to 3⁄4 (15.9 to 19.1), excl 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0
3⁄4 to 1 (19.1 to 25.4), excl 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5
1 to 21⁄4 (25.4 to 57.2), incl 5.0 5.0 5.5 6.5 7.0 8.0 8.5 10.0 11.5 13.0

A The term “lot” applied to this table means all of the plates of each group width and each group thickness.
B The permissible overweight for lots of circular and sketch plates shall be 25 % greater than the amounts given in this table.
C The weight of individual plates shall not exceed the nominal weight by more than 11⁄4 times the amount given in this table and Table Footnote B.

TABLE 5 Permissible Variations in Thickness of Sheet and Strip

NOTE 1—Permissible variations, plus and minus, in thickness, in. (mm), for widths given in in. (mm).

Sheet

Specified Thickness, in. (mm)

Hot-Rolled Cold-Rolled

48 (1220) and UnderA
Over 48 to 60 (1220 to 1520),

inclA
48 (1220) and UnderA

Over 48 to 60 (1220 to
1520), inclA

0.018 to 0.025 (0.46 to 0.64), incl 0.003 (0.08) 0.004 (0.10) 0.002 (0.05) 0.003 (0.08)
Over 0.025 to 0.034 (0.64 to 0.86), incl 0.004 (0.10) 0.005 (0.13) 0.003 (0.08) 0.004 (0.10)
Over 0.034 to 0.043 (0.86 to 1.1), incl 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.043 to 0.056 (1.1 to 1.4), incl 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.056 to 0.070 (1.4 to 1.8), incl 0.006 (0.15) 0.007 (0.18) 0.005 (0.13) 0.006 (0.15)
Over 0.070 to 0.078 (1.8 to 2.0), incl 0.007 (0.18) 0.008 (0.20) 0.006 (0.15) 0.007 (0.18)
Over 0.078 to 0.093 (2.0 to 2.4), incl 0.008 (0.20) 0.009 (0.23) 0.007 (0.18) 0.008 (0.20)
Over 0.093 to 0.109 (2.4 to 2.8), incl 0.009 (0.23) 0.010 (0.25) 0.007 (0.18) 0.009 (0.23)
Over 0.109 to 0.125 (2.8 to 3.2), incl 0.010 (0.25) 0.012 (0.31) 0.008 (0.20) 0.010 (0.25)
Over 0.125 to 0.140 (3.2 to 3.6), incl 0.012 (0.31) 0.014 (0.36) 0.008 (0.20) 0.010 (0.25)
Over 0.140 to 0.171 (3.6 to 4.3), incl 0.014 (0.36) 0.016 (0.41) 0.009 (0.23) 0.012 (0.31)
Over 0.171 to 0.187 (4.3 to 4.8), incl 0.015 (0.38) 0.017 (0.43) 0.010 (0.25) 0.013 (0.33)
Over 0.187 to 0.218 (4.8 to 5.5), incl 0.017 (0.43) 0.019 (0.48) 0.011 (0.28) 0.015 (0.38)
Over 0.218 to 0.234 (5.5 to 5.9), incl 0.018 (0.46) 0.020 (0.51) 0.012 (0.31) 0.016 (0.41)
Over 0.234 to 0.250 (5.9 to 6.4), incl 0.020 (0.51) 0.022 (0.56) 0.013 (0.33) 0.018 (0.46)

Cold-Rolled Strip
Specified Thickness, in. (mm) Widths 12 in. (305 mm) and Under, 6A

Up to 0.050 (1.3), incl 0.0015 (0.04)
Over 0.050 to 0.093 (1.3 to 2.4), incl 0.0025 (0.06)
Over 0.093 to 0.125 (2.4 to 3.2), inclB 0.004 (0.11)

A Measured 3⁄8 in. (9.5 mm) or more from either edge except for strip under 1 in. (25.4 mm) in width, which is measured at any place.
B Standard sheet tolerances apply for thicknesses over 0.125 in. (3.2 mm) and for all thicknesses of strip over 12 in. (305 mm) wide.
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11. Specimen Preparation

11.1 Tension test specimens shall be taken from material in
the annealed condition (temper). The specimen shall be trans-

verse to the direction of rolling when width will permit. The
test specimen shall be precipitation heat treated (see Table 3)
prior to testing.

TABLE 6 Permissible Variations in Width A of Sheared, Plasma-Torch-Cut, and Abrasive-Cut Rectangular Plate B,C

Specified Thickness

Permissible Variations in Widths for Widths Given, in. (mm)

Up to 30 (760), incl Over 30 to 72 (760
to 1830), incl

Over 72 to 108 (1830
to 2740), incl

Over 108 to 144 (2740
to 3660), incl

Over 144 to 160 (3660
to 4070), incl

Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus

Inches

Sheared:D
3⁄16 to 5⁄16 , excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 ... ...
5⁄16 to 1⁄2 , excl 1⁄4 1⁄8 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8
1⁄2 to 3⁄4 , excl 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8
3⁄4 to 1, excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8
1 to 11⁄4 , incl 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 1 1⁄8

Abrasive-cut:E,F

3⁄16 to 11⁄4 , incl 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8
over 11⁄4 to 21⁄4 , incl 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8

Plasma-torch-cut:G
3⁄16 to 11⁄2 , excl 3⁄4 0 3⁄4 0 3⁄4 0 3⁄4 0 3⁄4 0
11⁄2 to 21⁄4 , incl 1 1⁄4 1 1⁄4 1 1⁄4 1 1⁄4 1 1⁄4

Millimetres

Sheared:D

4.8 to 7.9, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 ... ...
7.9 to 12.7, excl 6.4 3.2 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2
12.7 to 19.0, excl 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.0 3.2
19.0 to 25.4, excl 12.7 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2
25.4 to 31.8, incl 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 25.4 3.2

Abrasive-cut:E,F

4.8 to 31.8, incl 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2
over 31.8 to 57.2, incl 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2

Plasma-torch-cut:G

4.8 to 38.1, excl 19.0 0 19.0 0 19.0 0 19.0 0 19.0 0
38.1 to 57.2, incl 25.4 6.4 25.4 6.4 25.4 6.4 25.4 6.4 25.4 6.4
A Permissible variations in width for powder or inert-arc-cut plate shall be as agreed upon between the manufacturer and the purchaser.
B Permissible variations in machined, powder, or inert-arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
C Permissible variations in plasma-torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
D The minimum sheared width is 10 in. (254 mm) for material 3⁄4 in. (19.0 mm) and under in thickness and 20 in. (508 mm) for material over 3⁄4 in. in thickness.
E The minimum abrasive-cut width is 2 in. (51 mm) and increases to 4 in. (102 mm) for thicker plates.
F These tolerances are applicable to lengths of 240 in. (6100 mm) max. For lengths over 240 in., an additional 1⁄16 in. (1.6 mm) is permitted, both plus and minus.
G The tolerance spread shown for plasma-torch cutting may be obtained all on the minus side, or divided between the plus and minus side if so specified by the purchaser.

TABLE 7 Permissible Variations in Diameter for Circular Plates

Sheared Plate

Specified Diameter, in. (mm)
Permissible Variations Over Specified Diameter for Thickness Given,

in. (mm)A

To 3⁄8 (9.5), incl
20 to 32 (508 to 813), excl 1⁄4 (6.4)
32 to 84 (813 to 2130), excl 5⁄16 (7.9)
84 to 108 (2130 to 2740), excl 3⁄8 (9.5)
108 to 140 (2740 to 3560), incl 7⁄16 (11.1)

Plasma-Torch-Cut PlateB

Specified Diameter, in. (mm)

Permissible Variations in Specified Diameter for Thickness Given, in. (mm)C

Thickness, max,
in. (mm)

3⁄16 to 11⁄2 (4.8 to 38.1), excl 11⁄2 to 21⁄4 (38.1 to 57.2), incl

Plus Minus Plus Minus

19 to 20 (483 to 508), excl 21⁄4 (57.2) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)
20 to 22 (508 to 559), excl 21⁄4 (57.2) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)
22 to 24 (559 to 610), excl 21⁄4 (57.2) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)
24 to 28 (610 to 711), excl 21⁄4 (57.2) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)
28 to 32 (711 to 812), excl 2 (50.8) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)
32 to 34 (812 to 864), excl 13⁄4 (44.5) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)
34 to 38 (864 to 965), excl 11⁄2 (38.1) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)
38 to 40 (965 to 1020), excl 11⁄4 (31.8) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)
40 to 140 (1020 to 3560), incl 21⁄4 (57.2) 3⁄4 (19.0) 0 1 (25.4) 1⁄4 (6.4)

A No permissible variations under.
B Permissible variations in plasma-torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
C The tolerance spread shown may also be obtained all on the minus side or divided between the plus and minus sides if so specified by the purchaser.
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11.2 Tension test specimens shall be any of the standard or
subsize specimens shown in Test Methods E 8.

11.3 In the event of disagreement, referee specimens shall
be as follows:

11.3.1 Full thickness of the material machined to the form
and dimensions shown for the sheet-type specimen in Test
Methods E 8 for material under1⁄2 in. (12.7 mm) in thickness.

TABLE 8 Permissible Variations in Width of Sheet and Strip

Specified Thickness, in. (mm) Specified Width, in. (mm)
Permissible Variations in Specified Width, in. (mm)

Plus Minus

Sheet

Up to 0.250 (6.4) all 0.125 (3.2) 0

StripA

Under 0.075 (1.9) Up to 12 (305), incl 0.007 (0.18) 0.007 (0.18)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

0.075 to 0.100 (1.9 to 2.5), incl Up to 12 (305), incl 0.009 (0.23) 0.009 (0.23)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.100 to 0.125 (2.5 to 3.2), incl Up to 12 (305), incl 0.012 (0.30) 0.012 (0.30)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.125 to 0.160 (3.2 to 4.1), incl Up to 12 (305), incl 0.016 (0.41) 0.016 (0.41)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.160 to 0.187 (4.1 to 4.7), incl Up to 12 (305), incl 0.020 (0.51) 0.020 (0.51)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.187 to 0.250 (4.7 to 6.4), incl Up to 12 (305), incl 0.062 (1.6) 0.062 (1.6)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0.062 (1.6)

A Rolled or round square-edge strip in thicknesses of 0.071 to 0.125 in. (1.8 to 3.2 mm), incl, in widths 3 in. (76.2 mm) and under, shall have permissible width variations
of 60.005 in. (60.130 mm). Permissible variations for other sizes shall be as agreed upon between the manufacturer and the purchaser.

TABLE 9 Permissible Variations in Length A of Sheared, Plasma-Torch-Cut, B and Abrasive-Cut Rectangular Plate C

Specified Thickness

Permissible Variation in Length or Lengths Given, in. (mm)

Up to 60
(1520), incl

Over 60 to 96
(1520 to 2440),

incl

Over 96 to 120
(2440 to 3050),

incl

Over 120 to 240
(3050 to 6096),

incl

Over 240 to 360
(6096 to 9144),

incl

Over 360 to 450
(9144 to 11 430),

incl

Over 450 to 540
(11 430 to

13 716), incl

Over 540
(13 716)

Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus

Inches

Sheared:D
3⁄16 to 5⁄16 , excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 ... ...
5⁄16 to 1⁄2 , excl 3⁄8 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 1 1⁄8
1⁄2 to 3⁄4 , excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8
3⁄4 to 1, excl 5⁄8 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8
1 to 11⁄4 , incl 3⁄4 1⁄8 3⁄4 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8 ... ...

Abrasive-cut:E
3⁄16 to 11⁄4 , incl 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 ... ... ... ...
over 11⁄4 to 21⁄4 , incl 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 ... ... ... ...

Plasma-torch-cut:E
3⁄16 to 11⁄2 , excl 3⁄4 0 3⁄4 0 3⁄4 0 3⁄4 0 3⁄4 0 3⁄4 0 3⁄4 0 3⁄4 0
11⁄2 to 21⁄4 , incl 1 1⁄4 1 1⁄4 1 1⁄4 1 1⁄4 1 1⁄4 1 1⁄4 1 1⁄4 1 1⁄4

Millimetres

Sheared:D

4.8 to 7.9, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 ... ...
7.9 to 12.7, excl 9.5 3.2 12.7 3.2 12.7 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 25.4 3.2
12.7 to 19.0, excl 12.7 3.2 12.7 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2
19.0 to 25.4, excl 15.9 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.2 3.2
25.4 to 31.8, incl 19.0 3.2 19.0 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.2 3.2 ... ...

Abrasive-cut:E

4.8 to 31.8, incl 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 ... ... ... ...
over 31.8 to 57.2, incl 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2 ... ... ... ...

Plasma-torch-cut:F

4.8 to 38.1, excl 19.0 0 19.0 0 19.0 0 19.0 0 19.0 0 19.0 0 19.0 0 19.0 0
38.1 to 57.2, incl 25.4 6.4 25.4 6.4 25.4 6.4 25.4 6.4 25.4 6.4 25.4 6.4 25.4 6.4 25.4 6.4
A Permissible variations in length for power- or inert-arc-cut plate shall be as agreed upon between the manufacturer and the purchaser.
B The tolerance spread shown for plasma-torch cutting may be obtained all on the minus side or divided between the plus and minus sides if so specified by the

purchaser.
C Permissible variations in machined, powder-, or inert-arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
D The minimum sheared length is 10 in. (254 mm).
E Abrasive cut applicable to a maximum length of 144 to 400 in. (3658 to 10 160 mm) depending on the thickness and width ordered.
F The tolerance spread shown for plasma-torch-cut sketch plate shall be as agreed upon between the manufacturer and the purchaser.
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11.3.2 The largest possible round specimen shown in Test
Methods E 8 for material1⁄2 in. (12.7 mm) and over.

11.4 Coefficient of thermal expansion test specimens may
be taken from material in the annealed condition following the
final hot rolling, or in the annealed condition following any
subsequent cold rolling. The coefficient of thermal expansion
test specimens shall be given the age hardening heat treatment
prescribed in Table 3 prior to testing.

12. Test Methods

12.1 The chemical composition, mechanical, and other
properties of the material as enumerated in this specification
shall be determined, in case of disagreement, in accordance
with the following methods:

Test ASTM Designation

Chemical analysis E 1473
Tension E 8
Rounding procedure E 29
Coefficient of Thermal Expansion E 228

12.2 For purposes of determining compliance with the
specified limits for requirements of the properties listed in the
following table, an observed value or a calculated value shall
be rounded as indicated in accordance with the rounding
method of Practice E 29.

Test
Rounded Unit for Observed or

Calculated Value

Chemical composition and tolerances
(when expressed in decimals)

nearest unit in the last right-hand place
of figures of the specified limit
If two choices are possible, as when
the digits are dropped are exactly a 5,
or a 5 followed only by zeros, choose
the one ending in an even digit, with
zero defined as an even digit.

Tensile strength and yield strength nearest 1000 psi (6.9 MPa)
Elongation nearest 1 %

Rupture life nearest 1 h

13. Inspection

13.1 Inspection of the material shall be agreed upon be-
tween the manufacturer and the purchaser as part of the
purchase contract.

14. Rejection and Rehearing

14.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

15. Certification

15.1 When specified in the purchase order or contract, a
manufacturer’s certification shall be furnished to the purchaser
stating that the material has been manufactured, tested, and
inspected in accordance with this specification, and that the test
results on representative samples meet specification require-
ments. When specified in the purchase order or contract, a
report of the test results shall be furnished.

16. Product Marking

16.1 Each plate, sheet, or strip shall be marked on one face
with the specification number, alloy, condition (temper), heat
number, manufacturer’s identification, and size. The markings
shall not have a deleterious effect on the material or its
performance and shall be sufficiently stable to withstand
normal handling.

16.2 When applicable, each bundle or shipping container
shall be marked with the name of the material, condition
(temper), this specification number, alloy, size, consignor and

TABLE 10 Permissible Variations from Flatness of Rectangular, Circular, and Sketch Plates

NOTE 1—Permissible variations apply to plates up to 12 ft (3.66 m) in length, or to any 12 ft of longer plates.
NOTE 2—If the longer dimension is under 36 in. (914 mm) the permissible variation is not greater than1⁄4 in. (6.4 mm).
NOTE 3—The shorter dimension specified is considered the width, and the permissible variation in flatness across the width does not exceed the tabular

amount for that dimension.
NOTE 4—The maximum deviation from a flat surface does not customarily exceed the tabular tolerance for the longer dimension specified.

Specified Thickness

Permissible Variations from a Flat Surface for Thickness and Widths Given, in. (mm)

To 48
(1220), excl

48 to 60
(1220 to 1520),

excl

60 to 72
(1520 to 1830),

excl

72 to 84
(1830 to

2130), excl

84 to 96
(2130 to

2440), excl

96 to 108
(2440 to

2740), excl

108 to 120
(2740 to

3050), excl

120 to 144
(3050 to

3660), excl

144 (3660)
and over

Inches

3⁄16 to 1⁄4 , excl 3⁄4 111⁄16 11⁄4 13⁄8 15⁄8 15⁄8 ... ... ...
1⁄4 to 3⁄8 , excl 11⁄16 3⁄4 15⁄16 11⁄8 13⁄8 17⁄16 19⁄16 17⁄8 ...
3⁄8 to 1⁄2 , excl 1⁄2 9⁄16 11⁄16 3⁄4 15⁄16 11⁄8 11⁄4 17⁄16 13⁄4
1⁄2 to 3⁄4 , excl 1⁄2 9⁄16 5⁄8 5⁄8 13⁄16 11⁄8 11⁄8 11⁄8 13⁄8
3⁄4 to 1, excl 1⁄2 9⁄16 5⁄8 5⁄8 3⁄4 13⁄16 15⁄16 1 11⁄8
1 to 2, excl 1⁄2 9⁄16 9⁄16 9⁄16 11⁄16 11⁄16 11⁄16 3⁄4 1
2 to 21⁄4 , incl 1⁄4 5⁄16 3⁄8 7⁄16 1⁄2 9⁄16 5⁄8 3⁄4 7⁄8

Millimetres

4.8 to 6.4, excl 19.1 27.0 31.7 34.9 41.3 41.3 ... ... ...
6.4 to 9.5, excl 17.5 19.1 23.8 28.6 35.0 36.5 39.7 47.6 ...
9.5 to 12.7, excl 12.7 14.3 17.5 19.1 23.8 28.6 31.7 35.0 44.4
12.7 to 19.1, excl 12.7 14.3 15.9 15.9 20.6 28.6 28.6 28.6 34.9
19.1 to 25.4, excl 12.7 14.3 15.9 15.9 19.1 20.6 23.8 25.4 28.6
25.4 to 50.8, excl 12.7 14.3 14.3 14.3 17.5 17.5 17.5 19.1 25.4
50.8 to 57.2, incl 6.4 7.9 9.5 11.1 12.7 14.3 15.9 19.1 22.2
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consignee address, contract or order number, and such other
information as may be defined in the contract or order.

17. Keywords

17.1 plate; sheet; strip; UNS N09908

APPENDIX

(Nonmandatory Information)

X1. CONDITIONS AND FINISHES NORMALLY SUPPLIED

X1.1 This appendix lists the conditions and finishes in
which plate, sheet, and strip are normally supplied.

X1.1.1 Plate—Hot-rolled, annealed, and descaled.
X1.1.2 Sheet—Cold-rolled, annealed, descaled, or bright

annealed.

X1.1.3 Strip—Cold-rolled, annealed, descaled, or bright
annealed.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 878 – 97 (Reapproved 2003)

Standard Test Method for
Nanosecond Event Detection for Electrical Contacts and
Connectors 1

This standard is issued under the fixed designation B 878; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method describes equipment and techniques
for detecting contact resistance transients yielding resistances
greater than a specified value and lasting for at least a specified
minimum duration.

1.2 The minimum durations specified in this standard are 1,
10, and 50 nanoseconds (ns).

1.3 The minimum sample resistance required for an event
detection in this standard is 10V.

1.4 An ASTM guide for measuring electrical contact tran-
sients of various durations is available as Guide B 854.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 542 Terminology Relating to Electrical Contacts and

Their Use2

B 854 Guide for Measuring Electrical Contact Intermit-
tences2

2.2 Other Standards:
IEC 801-2, ed 2:913

EN 50 082-1:943

3. Terminology

3.1 Definitions: Many terms used in this standard are
defined in Terminology B 542.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 event—a condition in which the sample resistance

increases by more than 10V for more than a specified time
duration.

4. Significance and Use

4.1 The tests in this test method are designed to assess the
resistance stability of electrical contacts or connections.

4.2 The described procedures are for the detection of events
that result from short duration, high-resistance fluctuations, or
of voltage variations that may result in improper triggering of
high speed digital circuits.

4.3 In those procedures, the test currents are 100 mA (620
mA) when the test sample has a resistance between 0 and 10V.
Since the minimum resistance change required to produce an
event (defined in 3.2.1) is specified as 10V (see 1.3), the
voltage increase required to produce this event must be at least
1.0 V.

4.4 The detection of nanosecond-duration events is consid-
ered necessary when an application is susceptible to noise.
However, these procedures are not capable of determining the
actual duration of the event detected.

4.5 The integrity of nanosecond-duration signals can only
be maintained with transmission lines; therefore, contacts in
series are connected to a detector channel through coaxial
cable. The detector will indicate when the resistance monitored
exceeds the minimum event resistance for more than the
specified duration.

4.6 The test condition designation corresponding to a spe-
cific minimum event duration of 1, 10, or 50 ns is listed in
Table 1. These shall be specified in the referencing document.

5. Apparatus

5.1 Detector—The detector used shall be an AnaTech 64
EHD, 32 EHD, or equivalent. The detector shall meet the
following requirements:

5.1.1 Electromagnetic Interference (EMI)—The detector
shall pass the European Community (EC) electrostatic dis-
charge (ESD) requirement for computers (EN50 082-1:94
based on IEC 801-2, ed. 2:91). The performance criteria is “1)
normal performance within the specification limits;” that is, no
channel is allowed to trip. Air discharge voltages shall include
2, 4, 8, and 15 kV. Contact discharge voltages shall include 2,
4, 6, and 8 kV. Detector inputs shall be protected with coaxial
shorts.

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.11 on Electrical Contact Test Methods.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1997. Last previous edition approved in 1997 as B 878 - 97.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Available from American National Standards Institute, 11 W. 42nd St., 13th

Floor, New York, NY 10036.
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5.1.2 dc Current—Each channel shall supply 1006 20 mA
when the sample being tested has a resistance between 0 and 10
V.

5.1.3 Input Impedance:
5.1.3.1 Direct Current (dc)—The detector source resistance

(impedance) shall be 50V when the sample resistance is
between 0 and 10V.

5.1.3.2 RF Input Impedance—A Time Domain Reflectome-
ter (TDR) or Network Analyzer Time Domain Reflectometer
(NATDR) shall be used to measure the reflection in percent of
a (simulated) 0.5 ns risetime step when the sample direct
current resistance is 10V and the detector current is 100 mA.
(The 10 V sample resistance is put on the bias port for
NATDR.) An acceptable detector shall reflect less than 30 %
amplitude.

5.1.4 Amplitude Sensitivity—Amplitude required to trip the
detector with a 1 nanosecond duration pulse shall be no more
than 120 % of the direct current trip amplitude. One nanosec-
ond pulse duration shall be measured at 90 % of the pulse
amplitude, and the rise and fall times shall be less than 0.5 ns.
Pulse low level shall be 0 V. These shall be measured with a 1
GHz bandwidth oscilloscope and a pulse generator (see Fig. 1).

5.1.4.1 The same requirements shall be met for the 10 and
50 ns detector settings, but the pulse rise and fall times can now
be less than 2 ns.

5.1.5 Accuracy—It shall be possible to adjust the detector to
trip at 106 1 V for all channels in use.

5.2 Test Setup—Recommended equipment is as shown in
Fig. 2. A short flexible ground strap directs ground loop
currents away from the sample (see Fig. 2, Note E). The
RG-223 coaxial cable is well shielded whereas the short 50V
miniature coaxial cable is flexible. Each EMI loop is connected
to a detector channel and is used as a control.

5.3 Sample and EMI Loop Preparation—The sample circuit
shall have a resistance of less than 4V.

5.3.1 Sample Wiring:

5.3.1.1 A contact or series-wired contacts (see Fig. 3, Note
A) shall be wired from the center conductor to the braid of
miniature 50-V coaxial cable (see Fig. 2, Note C).

5.3.1.2 The sample, as wired to the miniature coaxial cable
for testing, shall be capable of passing short duration pulses. A
time domain reflectometer (TDR) shall be used to measure the
transition time of a fast risetime step (<60 ps) reflected from
the sample under test. On the waveform, find the point
representing the far end of the miniature 50-V coaxial cable
(see Fig. 4, Point 1). Also find the last point on the waveform
where the voltage amplitude is 20 % of Point 1 (see Fig. 4,
Point 2). The time between these points shall be less than the
minimum duration of the event identified in Table 1. Each
series-wired sample circuit shall be measured.

5.3.2 Electromagnetic Interference (EMI) Concerns of
Sample Wiring—At least three major paths for EMI can be
identified in the sample fixturing.

5.3.2.1 EMI couples to the sample through the parasitic
capacitance between the sample and any metal fixturing. To
greatly reduce this coupling, the miniature coaxial cable shield
shall be connected to the metal fixturing as close to the
connector-under-test as possible. This connection shall be as
short as possible and perpendicular to nearby sample conduc-
tors (see Fig. 3, Note D). This is done for the sample channels
only, not the control channels.

NOTE 1—If there is no metal fixturing within 5 cm of the sample circuit,

TABLE 1 Test Condition Designations for Specific Minimum
Event Durations

Test Condition Event Duration, min

A 1 nanosecond
B 10 nanoseconds
C 50 nanoseconds

FIG. 1 Equipment Setup for Amplitude Sensitivity Measurement

NOTE 1—
A One square meter EMI loop monitored at top center (see 6.1).
B Connection to series wired sample circuit with the greatest capacitance

shell or other metal fixturing (see 6.1).
C Miniature coaxial cable (50V) (see 5.3.1.1).
D Patch panel, coaxial through-bulkhead RF connectors in metal panel.
E Short flexible ground strap, 70 mm long and >25 mm wide (see 7.3).
F Strain relief coaxial cable at these locations.
G Physical support for patch panel.
H RG-223 double braid coaxial cable.

FIG. 2 Ten and Fifty Nanosecond Fixturing
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all connections to metal fixturing in this standard may be ignored.

5.3.2.2 Large EMI currents in adjacent contacts can couple
through crosstalk or capacitance to monitored channels. To
reduce this, no conductor of any type may be connected to
contacts not being monitored for the event. It is recommended
that monitored contacts be evenly distributed around the
connector to minimize crosstalk with other monitored channels
(see Fig. 3, Note B).

5.3.2.3 The loop area of the sample circuits shall be mini-
mized to reduce magnetic field coupling.

5.3.3 Control Channel(s)—Anytime a failure is indicated, it
is possible that the real cause was actually electromagnetic
interference (EMI), and not the connector-under-test. The goal

of the control channel(s) is to detect EMI at levels much lower
than required to trigger an event on a sample channel. During
testing, the control channels shall be monitored with the same
detector values as used on the sample circuits. An event
observed on a control channel invalidates any other events
detected during the polling period. See 7.6 to define polling
period.

6. Preliminary Procedures

6.1 For Test Conditions B and C (Ten and Fifty nanosec-
onds, respectively):

6.1.1 A control channel shall consist of a separate loop of
wire with an area of one square meter suspended above the
sample(s) and monitored through a miniature coaxial cable
attached at the top center of the loop (see Fig. 2, Notes A and
B).

6.1.2 Find the series wired circuit with the greatest capaci-
tance to the fixturing metal, measured without any coaxial
cable attached. Instead of connecting this to a miniature coaxial
cable, connect it to the center of the control channel loop,
opposite the coaxial cable connection (see Fig. 2, Note B). A
separate sample may be required if the sample has only one
contact.

6.2 For Test Condition A (One nanosecond):
6.2.1 Three control channels shall be provided, consisting of

3 nested, mutually perpendicular loops (see Fig. 5). Each loop
shall have a nominal area of 36 square cm (for example,
6 3 66 0.5 cm). These loops shall be suspended over the
sample(s).

6.2.2 Find the series-wired circuit with the greatest capaci-
tance to the fixturing metal, measured without any coaxial
cable attached. Instead of connecting this to a miniature coaxial
cable, connect it to the center of one of the control channel
loops, opposite the coaxial cable connection. A separate sample
may be required if the sample has only one contact.

NOTE 1—
A Series-wired contacts (see 5.3.1).
B Contacts skipped to reduce crosstalk (see 5.3.2.2).
C The circuit with maximum capacitance to fixture (see 6.1.1).
D The very short miniature coaxial cable ground (see 5.3.2.1).

FIG. 3 Example of Series-Wired Sample

NOTE 1—Requirement is that Point 2–Point 1 <minimum event dura-
tion from Fig. 1.

FIG. 4 TDR Measurement Trace of Sample Circuit

FIG. 5 One Nanosecond Fixturing with Nested 6 3 6 cm EMI
Loops (see 6.2.1)
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7. Procedure

7.1 Prepare samples and measure the fall time per 5.3.1.2,
using TDR. If this requirement cannot be met, fewer contacts
in series or better fixture wiring may be required.

7.2 Place the EMI loop(s) of 5.3.3 over the sample and
connect to the sample circuit with the greatest capacitance.

7.3 Assemble the equipment as indicated in Fig. 2 (or Fig. 5
for one nanosecond). The 50V miniature coaxial cable and
especially the ground strap shall be kept as short as practical
(see Fig. 2, Note E). Additionally, the miniature coaxial cable
ground connection to connector shell or metal fixturing, or
both, shall be as short as possible and perpendicular to nearby
sample conductors (see 5.3.2.1 and Fig. 3).

7.4 Turn on the equipment. Set the equipment to deliver 100
6 20 mA. Also set the detector to trip at 10V above the initial
resistance. Reset all channels. If the Detail Specification
specifies using a current less than 80 mA or a threshold
resistance less than 10V, it may be necessary to add additional
shielding, or to locate the test equipment in a shielded room or
box.

7.5 Disconnect each sample from the detector by unmating
the coaxial connectors. Confirm that the indicator trips when
disconnected, as a functional check.

7.6 Apply the desired environmental stress to the connector-
under-test. The test should be broken up into equal-length time
periods. At the end of each, the status of each channel should
be polled. Any events detected during a polling period which
also registers an event on a control channel shall be considered
EMI induced (not a connector failure).

7.7 At the end of testing, the failure indications at different
polling times should be analyzed for patterns suggesting EMI,
such as simultaneous events in different channels.

8. Report

8.1 In reporting the results of the test, the following infor-
mation shall be given:

8.1.1 Contact positions tested on each channel.
8.1.2 Connectors tested.

8.1.3 Sample lead dress description (for example, how is the
connection made between the coaxial cable and the sample
conductors, or how is the wiring accomplished between sample
conductors in series, etc.) or diagram.

8.1.4 EMI event history, detected on the EMI loop.
8.1.5 Environmental stresses applied.
8.1.6 Detected event history for each channel.
8.1.7 TDR results on sample setup verification.
8.1.8 Name of operator and date of test.

NOTE 2—The following details shall be specified in the referencing
document:

(a) Samples and contacts to be tested.
(b) 1, 10, or 50 ns minimum duration.
(c) Resistance increase, if other than 10V.
(d) Current, if other than 100 mA.

9. Precision and Bias
9.1 Precision—Test precision is determined by detector

performance. One unit was evaluated which consisted of 64
detectors. In the 50 ns position, the duration sensitivity ranged
between 45.4 and 51.0 ns (pulse amplitude twice the dc trip
value). In the 10 ns position, it ranged between 8.5 and 9.7 ns.
In the 1 ns position, a 1 nspulse tripped two detectors when
they had a peak amplitude equal to the dc trip voltage (other
channels not tested). Thus, voltage amplitude sensitivity did
not change between dc and the shortest duration of this test
standard. All 64 channels were checked for the same using a
1.9 ns duration (90 % amplitude) pulse. The total variation was
63 %.

9.2 Bias—This standard requires the detector to have a
sample current tolerance and a given minimum (voltage)
amplitude sensitivity to each event duration (see 5.1). The most
significant possible errors will be EMI-produced false failure
indications. Since each test location will have a different EMI
environment, such errors will be impossible to predict pre-
cisely.

10. Keywords
10.1 event detection; nanosecond events; nanosecond

intermittences
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Designation: B 880 – 03

Standard Specification for
General Requirements for Chemical Check Analysis Limits
for Nickel, Nickel Alloys and Cobalt Alloys 1

This standard is issued under the fixed designation B 880; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers limits of variation for deter-
mining acceptability of the chemical composition of cast or
wrought nickel, nickel alloy, and cobalt alloy parts and/or
material supplied by a producer. Check analysis limits for
elements or for ranges of elements not currently listed herein
shall be as specified in the applicable material specification or
as agreed upon by purchaser and supplier.

1.2 In case of any conflicting requirements, the require-
ments of the purchase order, the individual material specifica-
tion, and this general specification shall prevail in the sequence
named.

1.3 When specifically referenced in the material specifica-
tion, the buyer may elect to apply check analysis limit to
determine acceptability at his final acceptance or verification
procedures. Check analysis limits are not permitted or are to be
used by the producer for their own ladle or ingot analysis
acceptance testing.

1.4 This standard does not purport to address all of the
safety concerns if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 55 Practice for Sampling Wrought Nonferrous Metals and

Alloys for Determination of Chemical Composition2

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition2

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys2

2.2 SAE Standards:
AMS 2269 Chemical Check Analysis Limits

Nickel, Nickel Alloys and Cobalt alloys

3. Terminology

3.1 Definitions:
3.1.1 check (product or verification) analysis—Analysis

made by buyer of parts and materials to verify conformity to
specification, or to determine variations in compositions within
a heat or lot.

3.1.1.1 Discussion—Heat or lot acceptance or rejection of
parts and materials may be made by applying check limits as
described in 3.1.2. Check limits of finished parts or material do
not apply to elements whose percentage can be varied by
fabricating techniques employed unless the sample is taken in
such a manner as to exclude such variations.

3.1.2 variation limit, under minimum or over maximum—It
is the amount of variation for a specified element, which may
vary either under or over the specified composition limit during
an individual check analysis.

3.1.2.1 Discussion—In no case shall the reported determi-
nations of any element in a heat, using the same analytical
procedure, vary both above and below the specified range.

3.1.3 remainder or balance—Refers to main element, which
forms the basis of that particular alloy and from which the alloy
is made.

3.1.3.1 Discussion—It is assumed to be present in an
amount approximately equal to the difference between 100 %
and the sum percentage of the alloying elements and listed
impurities or residual elements. It need not be analyzed or need
an actual percentage figure for reporting purposes.

3.1.4 residual elements, each, maximum—The maximum
amount of an individual element not mentioned specifically in
the specified composition, but which may be present, due to
presence in starting raw materials or manufacturing processes.

3.1.4.1 Discussion—Producers will not normally analyze
for such elements, unless specifically asked for in the specifi-
cation or purchase order.

3.1.4.2 Discussion—Reporting analyses of unspecified ele-
ments is permitted.

1 This specification is under the jurisdiction of Committee B02 on Nonferrous
Metals and Alloys and is the direct responsibility of Subcommittee B02.07 on
Refined Nickel and Cobalt and Their Alloys.

Current edition approved July 10, 2003. Published August 2003. Originally
approved in 1998. Last previous edition approved in 1998 as B 880 - 98.

2 Annual Book of ASTM Standards, Vol 03.05.
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3.1.5 residual elements, total, maximum—The sum total of
the residual elements (see 3.1.4) which may be possibly
present.

3.1.5.1 Discussion—It is not inferred by this statement that
an analysis need be made for each element of the periodic table
not mentioned specifically in the composition section.

4. Technical Requirements

4.1 Analytical Procedures—Referee analysis shall be by
any method acceptable to purchaser and vendor.

4.2 Check Analysis Limits—Shall be as shown in Table 1

TABLE 1 Check Analysis Variation

Element
Limit or Maximum of
Specified Element, %

Variation
Under min or Over max

Carbon Up to 0.02, incl 0.005
Over 0.02 to 0.20, incl 0.01
Over 0.20 to 0.60, incl 0.02
Over 0.60 to 1.00, incl 0.03

Manganese Up to 1.00, incl 0.03
Over 1.00 to 3.00, incl 0.04
Over 3.00 to 6.00, incl 0.07
Over 6.00 to 10.00, incl 0.10

Silicon Up to 0.05, incl 0.01
Over 0.05 to 0.25, incl 0.02
Over 0.25 to 0.50, incl 0.03
Over 0.50 to 1.00, incl 0.05
Over 1.00 to 4.50, incl 0.10

Phosphorus All 0.005

Sulfur Up to 0.02, incl 0.003
Over 0.02 to 0.06, incl 0.005

Chromium Up to 5.00, incl 0.10
Over 5.00 to 15.00, incl 0.15
Over 15.00 to 25.00, incl 0.25
Over 25.00 to 35.00, incl 0.30
Over 35.00 to 45.00, incl 0.40
Over 45.00 to 50.00, incl 0.50

Nickel Up to 1.00, incl 0.05
Over 1.00 to 5.00, incl 0.10
Over 5.00 to 10.00, incl 0.15
Over 10.00 to 20.00, incl 0.20
Over 20.00 to 30.00, incl 0.25
Over 30.00 to 40.00, incl 0.30
Over 40.00 to 60.00, incl 0.35
Over 60.00 to 80.00, incl 0.45
Over 80.00 to 99.00, incl 0.60

Cobalt Up to 0.10, incl 0.01
Over 0.10 to 0.20, incl 0.02
Over 0.20 to 1.00, incl 0.03
Over 1.00 to 5.00, incl 0.05
Over 5.00 to 10.00, incl 0.10
Over 10.00 to 15.00, incl 0.15
Over 15.00 to 20.00, incl 0.20
Over 20.00 to 25.00, incl 0.25
Over 25.00 to 30.00, incl 0.30
Over 30.00 to 35.00, incl 0.35
Over 35.00 to 50.00, incl 0.50

Molybdenum Up to 1.00, incl 0.03
Over 1.00 to 3.00, incl 0.05
Over 3.00 to 5.00, incl 0.10
Over 5.00 to 20.00, incl 0.15
Over 20.00 to 30.00, incl 0.25
Over 30.00 to 40.00, incl 0.35

Tungsten Up to 1.00, incl 0.04
Over 1.00 to 3.00, incl 0.10
Over 3.00 to 5.00, incl 0.15
Over 5.00 to 10.00, incl 0.20
Over 10.00 to 20.00, incl 0.25
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TABLE 1 Continued

Element
Limit or Maximum of
Specified Element, %

Variation
Under min or Over max

Columbium (Nb) Up to 1.50, incl 0.05
and/or Tantalum Over 1.50 to 3.00, incl 0.10

Over 3.00 to 5.00, incl 0.15
Over 5.00 to 7.00, incl 0.20
Over 7.00 to 10.00, incl 0.25
Over 10.00 to 13.00, incl 0.30

Titanium Up to 0.10, incl 0.02
Over 0.10 to 0.50, incl 0.03
Over 0.50 to 1.00, incl 0.04
Over 1.00 to 2.00, incl 0.05
Over 2.00 to 3.50, incl 0.07
Over 3.50 to 5.00, incl 0.10
Over 5.00 to 10.00, incl 0.20

Aluminum Up to 0.10, incl 0.02
Over 0.10 to 0.50, incl 0.05
Over 0.50 to 2.00, incl 0.10
Over 2.00 to 5.00, incl 0.20
Over 5.00 to 10.00, incl 0.25
Over 10.00 to 15.00, incl 0.30

Boron Up to 0.01, incl 0.002
Over 0.01 to 0.05, incl 0.005
Over 0.05 to 0.15, incl 0.010

Iron Up to 0.20, incl 0.02
Over 0.20 to 0.75, incl 0.03
Over 0.75 to 2.50, incl 0.05
Over 2.50 to 5.00, incl 0.07
Over 5.00 to 10.00, incl 0.10
Over 10.00 to 15.00, incl 0.15
Over 15.00 to 30.00, incl 0.30
Over 30.00 to 50.00, incl 0.45

Copper Up to 0.20, incl 0.02
Over 0.20 to 0.50, incl 0.03
Over 0.50 to 5.00, incl 0.04
Over 5.00 to 10.00, incl 0.05
Over 10.00 to 20.00, incl 0.10
Over 20.00 to 30.00, incl 0.15
Over 30.00 to 40.00, incl 0.20
Over 40.00 to 50.00, incl 0.25

Vanadium Up to 0.50, incl 0.04
Over 0.50 to 1.50, incl 0.05

Yttrium Up to 0.050, incl 0.005
Over 0.050 to 0.10, incl 0.010
Over 0.10 to 0.20, incl 0.015

Zirconium Up to 0.10, incl 0.01
Over 0.10 to 0.20, incl 0.02

Lanthanum Up to 0.20, incl 0.01

Cerium Up to 0.050, incl 0.005
Over 0.050 to 0.10, incl 0.010
Over 0.10 to 0.20, incl 0.015

Hafnium Up to 1.50, incl 0.05
Over 1.50 to 3.00, incl 0.10

Rhenium Up to 1.50, incl 0.05
Over 1.50 to 3.00, incl 0.10
Over 3.00 to 5.00, incl 0.15
Over 5.00 to 7.00, incl 0.20

Platinum Up to 0.50, incl 0.03

Oxygen Up to 0.010, incl 0.005

Nitrogen Up to 0.02, incl 0.005
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TABLE 1 Continued

Element
Limit or Maximum of
Specified Element, %

Variation
Under min or Over max

Over 0.02 to 0.19, incl 0.01
Over 0.19 to 0.25, incl 0.02
Over 0.25 to 0.35, incl 0.03
Over 0.35 to 0.45, incl 0.04
Over 0.45 to 0.60, incl 0.05

Magnesium Up to 0.10, incl 0.01

Lead Up to 0.01, incl 0.002

Tin Up to 0.01, incl 0.002
Over 0.01 to 0.05, incl 0.005

Zinc Up to 0.01, incl 0.002
Over 0.01 to 0.05, incl 0.005

5. Quality Assurance Provisions

5.1 Sampling—For the purpose of determining conform-
ance to the chemical composition requirement, each heat or lot
in a shipment shall be considered separately. All samples shall
be taken from finished part or material in the condition in
which it is received, except that all protective surface treat-
ments shall be removed before sampling. Sample material shall
be free from scale, grease, dirt, and other foreign materials and

shall be taken in such a manner as to prevent alteration of the
chemical composition of the sample. Sampling shall be in
accordance with Practice E 55 for wrought material or Practice
E 88 for cast material, as applicable, insofar as practicable.

6. Keywords

6.1 cobalt alloys; nickel alloys; product check analysis

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
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Designation: B 884 – 01

Standard Specification for
Niobium-Titanium Alloy Billets, Bar, and Rod for
Superconducting Applications 1

This standard is issued under the fixed designation B 884; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers niobium-titanium alloy billets,
bars, and rods, at 46 to 48 % titanium. This material is used in
the manufacture of wire for superconducting applications.

1.2 The values stated in either inch-pound or SI units are to
be regarded separately as standard. The values stated in each
system are not exact equivalents; therefore each system must
be used independent of the other; SI values cannot be mixed
with inch-pound values. SI units are stated in parentheses.

1.3 The following precautionary caveat pertains only to the
test methods portion, Section 13, of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications2

E 92 Test Method for Vickers Hardness of Metallic Mate-
rials3

E 112 Test Methods for Determining Average Grain Size3

E 165 Test Method for Liquid Penetrant Examination4

E 214 Practice for Immersed Ultrasonic Examination by the
Reflection Method Using Pulsed Longitudinal Waves4

E 384 Test Method for Microhardness of Materials3

2.2 ANSI Standard:
ANSI B46-1 Surface Texture5

2.3 ASNT Standard:
ASNT SNT-TC-1A Personnel Qualification and Certifica-

tion in Nondestructive Testing6

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 bar—material greater than or equal to 2.5 in (60 mm)

and less than 6 in. (150 mm) in diameter.
3.1.2 billet—material greater than 6 in. (150 mm) in diam-

eter.
3.1.3 lot—a lot shall consist of all material produced from

the same ingot at one time, with the same cross section and
with the same nominal metallurgical parameters.

3.1.4 Rod—material greater than 0.5 in. (13 mm) and less
than 2.5 in (60 mm) in. diameter.

3.2 For the purpose of determining compliance with the
specified limits of property requirements, an observed value or
a calculated value shall be rounded in accordance with the
rounding method of Practice E 29.

4. Ordering Information

4.1 Purchase orders for material under this specification
should include:

4.1.1 ASTM designation and year of issue,
4.1.2 Quantity in weight, number of pieces, and dimensions,
4.1.3 Marking (see Section 17),
4.1.4 Packaging (see Section 18),
4.1.5 Disposition of rejected material (see Section 15),
4.1.6 Surface texture, if required (see 10.3),
4.1.7 Annealing condition, if different from 7.1,
4.1.8 Permissible variations in length (see 9.2),
4.1.9 Sampling and analytical methods, if required (see

11.3),
4.1.10 Inspection requirements (see Section 14),
4.1.11 Certification and report needs (see Section 16), and
4.1.12 Additions to the specification and supplementary

requirements, if required.

5. Materials and Manufacture

5.1 Materials covered by this specification shall be made
from ingots which are produced by vacuum or plasma-arc
melting, electron beam furnace melting, or a combination of

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.03 on Niobium and Tantalum.

Current edition approved Nov. 10, 2001. Published January 2002. Originally
published as B 884 - 97. Last previous edition B 884 - 97.

2 Annual Book of ASTM Standards, Vol 14.02.
3 Annual Book of ASTM Standards, Vol 03.01.
4 Annual Book of ASTM Standards, Vol 03.03.
5 Available from American National Standards Institute, 25 W. 43rd St., 4th

Floor, New York, NY 10036.
6 Available from The American Society for Nondestructive Testing, Inc., 1711

Arlingate Lane, P. O. Box 28518, Columbus, OH 43228–0518
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these methods. All melting is to be carried out in furnaces
usually used for reactive metals.

5.2 The products covered by this specification are formed
with conventional forging, swaging, rolling, extruding, and
drawing equipment normally available in metal working
plants.

6. Chemical Composition

6.1 The Nb-Ti alloy ingots, billets, and rods covered by this
specification shall conform to the chemical composition limits
shown in Table 1.

6.2 The manufacturer’s ingot analysis shall be considered
the chemical analysis for the products supplied to this specifi-
cation, except for the interstitials carbon, oxygen, nitrogen, and
hydrogen. When specified in the purchase order, the analysis
for the interstitials shall be measured on product.

7. Physical Properties

7.1 Unless otherwise specified in the purchase order, the
material will be supplied in the annealed state.

7.2 The grain size of finished billets or rods shall meet the
limits in Table 2.

7.3 The product shall be free of cracks, laminations, inclu-
sions, voids, and other ruptures with size larger than 3 % of the
product diameter or 0.096 in. (2.5 mm) equivalent diameter,
whichever is smaller. This characteristic shall be measured by
ultrasonic testing (see 13.5).

8. Mechanical Properties

8.1 Hardness testing will be performed on each lot of
finished product and the average of three readings shall be less
than 170 DPH (see 13.2).

9. Dimensions, Mass, and Permissible Variations

9.1 Permissible variations in diameters for finished product
shall be as specified in Table 3, unless otherwise agreed to
between manufacturer and purchaser.

9.2 Permissible variations in length for finished product
shall be as specified in the purchase order.

10. Workmanship, Finish and Appearance

10.1 Surface Condition—The finished material shall be free
of visually detectable cracks, seams, slivers, blisters, laps,
gouges, and other injurious imperfections.

10.2 Liquid Penetrant Examination—The surfaces of billet
and bar shall be examined using liquid penetrant inspection
methods (see 13.4). The following indications are unaccept-
able:

10.2.1 Cracks,
10.2.2 Linear indications,
10.2.3 Rounded indications with dimensions exceeding 0.03

in. (0.8 mm), and
10.2.4 For sidewall surfaces only, rounded indications that

are separated by less than 0.03 in. (0.8 mm) edge to edge.
10.3 Surface Finish—Surface finish shall be as specified in

the purchase order (see 13.6).
10.4 Surface Preparation—The finished surface shall be

pickled and rinsed in water. Removal of liquid penetrant test
materials after pickling shall be by rinsing or additional
pickling.

10.5 Cleanliness—Materials shall be clean to the extent that
no contamination is visible to the unaided eye, corrected for
20/20 vision, when viewed under an illumination of at least
100 foot candles (1100 lux) on the surface being tested.

11. Sampling

11.1 Ingots—Samples for ingot chemical analyses shall be
taken on the ingot sidewall at least at three positions along the
ingot including the middle and to within 5 in. (125 mm) of each
end.

11.2 Product—Samples for chemical and mechanical test-
ing shall be taken from the finished material after all metallur-
gical processing to determine conformity to this specification.
The samples may be taken prior to final inspection and minor
surface conditioning by abrasion and pickling, and shall be
representative of the finished product.

11.3 Care shall be exercised to ensure that the sample
selected for testing is representative of the material and that it
is not contaminated by the sampling procedure. If there is any
questions relating to the sampling technique or the analysis
thereof, the methods of sampling and analysis shall be as
agreed upon between the purchaser and the manufacturer.

12. Number of Tests and Retests

12.1 Initial Tests—Each product sample shall be tested once
for each product test requirement.

12.2 Invalid Tests—If any sample or test is found to be

TABLE 1 Chemical Requirements

Element

Ingot
Maximum
Limit (ppm)

Aluminum 100
Carbon 200
Chromium 100
Copper 100
Hydrogen 45
Iron 200
Nickel 100
Nitrogen 150
Oxygen 1000
Silicon 100
Tantalum 2500
Titanium 46 to 48 %

TABLE 2 Grain Size Requirements

Rod, Bar, and Billet
Diameter in. (mm)

Grain Size Number
(weighted average)

0.5 to 2 (13 to 50) 4.5 or finer
2.1 to 4.5 (50.1 to 115) 2.5 or finer
4.6 to 6 (115.1 to 150) 1.5 or finer
6.1 to 7.75 (150.1 to 200) 1.0 or finer
Greater than 7.75 (200) To be set in purchase order

TABLE 3 Permissible Variations in Diameters

Diameter in. (mm)
Tolerance, plus or
minus, in. (mm)

0.51 to 1.0 (13.1 to 25) 0.010 (0.25)
1.1 to 4.0 (25.1 to 100) 0.015 (0.4)
Over 4.0 (100) 0.020 (0.5)
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contaminated or improperly done, the result may be invalidated
and a new test done to replace the original.

12.3 Retests—If a test result does not meet the specification
or is questionable, retests may be performed on twice the
number of samples originally tested. Both retest values must
conform to the specification. All three values will be reported
on the certification. The retest values shall be marked with an
“R”. Alternatively, each piece in the lot may be tested and
deviant pieces rejected or reworked.

12.4 Rework—Product not meeting this specification may
be reworked to meet this specification.

13. Test Methods

13.1 Analytical methods for chemical composition shall be
in accordance with industry or manufacturer’s standards.

13.2 Hardness testing of product shall be according to Test
Methods E 92 or E 384.

13.3 Measure grain size according to Test Methods E 112.
13.4 Perform liquid penetrant examination in accordance

with Test Method E 165.
13.5 Perform ultrasonic testing in accordance with Annex

A1 for material greater than 2.0 in. (50 mm) in diameter and
Practice E 214 for material equal to or less than 2.0 in. (50 mm)
in diameter.

13.6 Measure the surface finish when required by purchase
order, in accordance with ANSI B46-1.

14. Inspection

14.1 In addition to the above specified inspections, the
manufacturer shall inspect final product for dimensions and
identification. Other inspections shall be as agreed upon
between purchaser and the manufacturer and included in the
purchase order.

14.2 If so specified on the purchase order, the purchaser or
his representative may witness the testing and inspection of the
material at the place of manufacture. In such cases, the
purchases shall state in the purchase order which tests are to be
witness. The manufacturer shall give ample notice to the
purchaser as to the time and place of the designated test. If the
purchaser’s representative is not present at the agreed upon
time for the testing, and if no new date is agreed upon, the
manufacturer shall consider the requirement for purchaser’s
inspection at the place of manufacture to be waived. When the
inspector representing the purchaser does appear at the ap-
pointed place and time, the manufacturer shall afford all
reasonable facilities to see that the material is being furnished

in accordance with this specification. This inspection shall be
conducted so as not to interfere unnecessarily with production
operations.

15. Rejection and Rehearing

15.1 Material that does not conform to this specification or
the purchase order may be rejected. The manufacturer may
elect to repair the material or request a waiver from the
customer.

15.2 In the event of a disagreement between the manufac-
turer and the purchaser concerning material compliance with
the purchase order, a mutually acceptable referee may perform
the tests in question. The referee’s results shall be used in
determining compliance.

16. Certification

16.1 When specified in the purchase order, the manufacturer
will furnish a certificate of compliance. This certificate will
certify that tests required by this specification or specified in
the purchase order have been completed as specified and the
results are in compliance with the specification and purchase
order.

17. Product Marking

17.1 Each billet, rod, bundle, or box shall be marked or
tagged legibly and conspicuously with the number of this
specification, type, temper, lot number, manufacturer’s identi-
fication, nominal size, and the gross, net, and tar weights. If
marking fluids are used, they shall be of such a nature as to be
easily removed with cleaning solutions. The markings or their
removal shall have no deleterious effect upon the material or its
performance. The characters shall be sufficiently stable to
withstand ordinary handling.

18. Packaging and Package Marking

18.1 All material shall be packed in such a manner as to
ensure safe delivery to its destination.

18.2 The box identification shall include the following:
18.2.1 ASTM designation and alloy (NbTi),
18.2.2 Purchase order number,
18.2.3 Lot number,
18.2.4 Number of pieces,
18.2.5 Manufacturer’s name,
18.2.6 Gross, tare, and net weights, and
18.2.7 Size.
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ANNEX

(Mandatory Information)

A1. ULTRASONIC EXAMINATION OF NB-TI SUPERCONDUCTOR QUALITY MATERIAL – ROD, BAR, AND BILLET

A1.1 Scope

A1.1.1 Application:
A1.1.1.1 This annex establishes the minimum requirements

for the ultrasonic inspection of cylindrical Nb-Ti alloy rod, bar,
and billet intended for superconductor applications.

A1.1.1.2 Intermediate sizes of material are inspected using
the longitudinal wave mode only. Smaller diameters (generally
those under 1.5 in. (38 mm) are inspected using both shear and
longitudinal wave modes.

A1.1.2 Methodology:
A1.1.2.1 Ultrasonic waves are transmitted into the material

under test. Waveforms reflected from surface and internal
discontinuities are displayed on a CRT in the form of an
A-Scan. The amplitude of the reflection from the area of the
waveform of interest is recorded on a strip chart or equivalent
device.

A1.1.2.2 Indications detected are evaluated on the CRT
screen and/or recording. After comparison with the amplitudes
of calibration reflectors, acceptability of the material is deter-
mined according to the appropriate accept/reject criteria. Re-
jectable areas are noted on each piece, and the inspection
results for each piece tabulated on the inspection report.

A1.2 Requirements

A1.2.1 Equipment:
A1.2.1.1 Electronic Apparatus—The ultrasonic instrument

shall be capable of generating, receiving, and amplifying
high-frequency electrical pulses at frequencies and energy
levels required to resolve the applicable calibration reflectors
and perform a meaningful inspection.

A1.2.1.2 Immersion Search Units—Focused, immersion
transducers shall be used for shear and longitudinal wave
modes of inspection. The minimum (nominal) transducer
frequency should be 2.25 MHz, although lower frequencies
may be used if required.

A1.2.1.3 Mechanical Apparatus—The material to be in-
spected and the search unit assembly shall have automatic
rotation and translation relative to each other, so that a helical
scan of the material will be performed. Water shall be used as
the couplant and may be treated with rust inhibitors, softeners,
and wetting agents or heated to a sufficient temperature, or
both, to reduce the formation of air bubbles.

A1.2.2 Personnel—Personnel performing ultrasonic inspec-
tions using this procedure shall be qualified and certified in
accordance with the latest revision of ASNT SNT-TC-1A.

A1.3 Standardization

A1.3.1 Surface Condition of Test Material—The sound
beam entry surface of the material under test shall be free of
scale, dirt, or other foreign materials which could prevent the
material from being tested at the required sensitivity.

A1.3.2 Reference Standards:
A1.3.2.1 Fabrication—A reference standard containing ref-

erence reflectors shall be fabricated from material of the same
nominal diameter, surface finish, heat treatment, and alloy (or
acoustically similar material) as the material to be inspected.
Standards of different diameter may be used provided the
required thickness of material is covered by this specification.
The attenuation of the standard back reflection should be
within 25 % of the material to be inspected, or an appropriate
attenuation correction should be utilized (this correction can
include the use of a zoned, or stepped, test where successive
depth regions are inspected in successive scans). The material
used for the ultrasonic reference standard shall be free of
internal reflectors that may interfere with or be confused with
the reference reflectors.

A1.3.2.2 Reference Reflectors—The reference standard
shall contain reference reflectors as described below.

A1.3.2.3 Longitudinal Wave Examination—For material 1.5
in. (38 mm) in diameter or less, the standard shall contain four
radially drilled flat-bottomed holes (FBH) at depths given in
Table A1.1. For material greater than 1.5 in. (38 mm) in
diameter, the reference standard shall contain a minimum of
two holes drilled at depths as given in Table A1.1. Dimensions
of the FBHs are given in Table A1.1.

A1.3.2.4 Circumferential Shear Wave—For standardization
of the circumferential shear wave examination, the standard
shall contain a notch parallel to the longitudinal axis. Notch
dimensions are given in Table A1.1.

A1.3.2.5 Axial Shear Wave—For standardization of the
axial shear wave examination, the standard shall contain a
notch transverse to the longitudinal axis. As an alternate
method, standardization of the axial shear wave examination
may use a hole drilled from the end, located a distance of 25 %
of the diameter (6 0.005 in. (.13 mm)) from the center of the
bar. Hole and notch dimensions are given in Table A1.1.

A1.3.2.6 Other Configurations—Other standard configura-
tions may be used as required by the individual contract. All
standards shall be permanently identified and shall have an
accompanying drawing.

A1.3.3 Standardization of Apparatus:
A1.3.3.1 Reference Amplitudes—The equipment shall be

standardized using the appropriate reference standard. There
shall be a separate transducer and instrument channel used for
each of the longitudinal, axial shear, and circumferential shear
wave examinations. The sensitivity of the system must be set to
obtain a pulse height on the instrument screen and chart
recording of greater than 50 % of full scale for each reference
reflector.

A1.3.3.2 Coverage—Sufficient transducer overlap must be
maintained to ensure 100 % coverage of the material under
test.

A1.3.3.3 Standardization—Standardization shall be accom-
plished as follows:
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A1.3.3.4 The longitudinal wave transducer shall be posi-
tioned normal to the surface of the reference standard, and
oriented to obtain maximum signal response from the flat-
bottomed holes. Defect alarm gates shall be positioned be-
tween the front and back surface reflections so that the signal
from each FBH is within the gate.

A1.3.3.5 The circumferential shear wave transducer shall be
positioned to maximize the signal response from the longitu-
dinal notch or the end-drilled hole. A defect alarm gate shall be
positioned to include this signal.

A1.3.3.6 The axial shear wave transducer shall be set up to
maximize the shear wave signal response from the transverse
notch. A defect alarm gate shall be positioned to include this
signal.

A1.3.3.7 The sensitivity of the system must be set to obtain
a pulse height on the instrument screen and chart recording of
greater than 50 % of full scale for each calibration standard
defect.

A1.3.3.8 Verification—The reference standard must be
scanned and the reference reflectors detected at the beginning
and end of each lot, at intervals not exceeding one hour, and at
the beginning and end of each separate chart recording when
more than one chart recording is used to describe a lot. If the
standard is not reproduced with responses from the artificial
defects within 80 percent of the initial amplitude, all product
inspected since the last acceptable reproduction of the refer-
ence standard must be reinspected.

A1.4 Product Inspection

A1.4.1 Material with diameters from 0.5 to 1.5 in. (13 to 38
mm) (inclusive) shall be inspected using both longitudinal and
shear wave modes. Material with diameter greater than 1.5 in.
(38 mm) requires use of the longitudinal mode only. All

product inspection shall be under the same conditions as those
used at calibration (feed rate, system rotational speed, gain
settings, etc.).

A1.4.1.1 Water Path—The water path during testing shall
be within 610 % of the water path used at standardization.

A1.4.2 Scanning and Index—The product shall be inspected
by a continuous and overlapping scan indexed in a direction
parallel to the longitudinal axis of the piece. The scanning
speed and index of the search unit must be the same as that at
which standardization is performed.

A1.4.3 System Adjustment—When production material has
a different diameter than the calibration standard, adjustment of
the gate length and transducer vertical position are permitted.
No adjustments affecting test sensitivity or resolution are
permitted during the sequence of calibration, test of production
material, and subsequent rerun of the reference standard.

A1.4.4 Multiple Scans of Attenuative Materials—Larger
diameter material with high attenuation properties may require
a multiple-step, or “zoned” inspection if the longer metal path
reference reflectors can only be detected at a gain setting which
causes saturation of those reflectors at a shorter metal path. In
this event, the material shall be scanned in zones corresponding
to the depths where acceptable signals are obtained. This
requires the use of additional flat-bottomed holes in the
standard to ensure adequate depth coverage. The zones shall be
contiguous so that complete coverage is achieved, with the
reference reflector in the linking the zones being displayed on
both scans. The use of and description of the zones shall be
noted on the test report.

A1.5 Interpretation of Results

A1.5.1 Acceptance—Material inspected in accordance with
this test procedure shall be acceptable if no indications are

TABLE A1.1 Recommended Reference Reflector Specifications

NOTE 1—All dimensions given in inches.

Material
Diameter

FBH
Diameter,

max
FBH Depths

End
Hole

Depth and
Diameter

Notch Dimensions

0.5 # D # 0.65 0.014 0.15 D (6 0.010) 0.50 0.03D deep
0.30 D (6 0.010) 0.03D wide
0.50 D (6 0.010) 0.013 diameter 0.125 long
0.60 D (6 0.010) (maximums)

0.65 < D # 1.5 0.03D or 0.15 D (6 0.010) 0.50 0.03D or 0.032 deep
0.032 0.30 D (6 0.010) 0.03D or 0.032 wide

0.50 D (6 0.010) 0.03D 0.125 long
0.60 D (6 0.010) or 0.032 (maximums)

1.5 < D # 4.0 0.03D or 0.90 D or (D-0.125) and < 0.50D N/A N/A
0.064 or

> 0.50 D and 0.10 D
(6 0.010)

4.0 < D # 8.0 0.096 0.90 D or (D-0.125) and < 0.50 D N/A N/A
or

> 0.50 D and 0.10 D
(6 0.010)

D > 8.0 0.127 0.90 D or (D-0.125) and < 0.50D N/A N/A
or

> 0.50 D and 0.10 D
(6 0.010)
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present that exceed the following:
A1.5.1.1 Shear Wave Mode—Material inspected in the

shear wave mode shall be rejected if defect indications are
found to exceed 80 % of the amplitude established at calibra-
tion.

A1.5.1.2 Longitudinal Wave Mode—Material inspected in
the longitudinal mode shall be rejected if defect indications are
found to exceed the smallest amplitude established at calibra-
tion.

A1.5.2 Surface Indications—Material rejected above where
defect indications are clearly associated with surface defects
may be accepted after repair and retesting for acceptability per
this procedure.

A1.5.3 Defect Removal After Inspection—Material rejected
above may be accepted if defective areas are clearly and

permanentlymarked on the material, and removed in subse-
quent trimming operations.

A1.6 Test Report

A1.6.1 At minimum, record the following data on the test
report. Maintain test reports in accordance with contract
requirements:

A1.6.1.1 Material Identification—Heat number, size, lot
number, etc.,

A1.6.2 Specific written test procedure,
A1.6.3 Type of test, that is, longitudinal wave, circumfer-

ential shear, etc.,
A1.6.4 Reference standard identification, and
A1.6.5 Number of acceptable and rejectable pieces.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 885 – 97 (Reapproved 2003)

Standard Test Method for
Presence of Foreign Matter on Printed Wiring Board
Contacts 1

This standard is issued under the fixed designation B 885; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method defines a resistance probing test for
detecting the presence of foreign matter on Printed Wiring
Board (PWB) contacts or fingers that adversely affects electri-
cal performance. This test method is defined specifically for
such fingers coated with gold. Application of this test method
to other types of electrical contacts or to fingers coated with
other materials may be possible and desirable but may require
some changes in fixturing, procedures, or failure criteria.

1.2 Practice B 667 describes another contact resistance
probe method that has more general application to electrical
contacts of various materials and shapes. Practice B 667 should
be used for more fundamental studies. This test method
provides a fast inspection method for printed wiring board
fingers.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
will all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 539 Test Methods for Measuring Contact Resistance of

Electrical Connections (Static Contacts)2

B 542 Terminology Relating to Electrical Contacts and
Their Use2

B 667 Practice for Construction and Use of a Probe for
Measuring Electrical Contact Resistance2

3. Terminology

3.1 Definitions—Terms used in this test method related to
electrical contacts are defined in accordance with Terminology
B 542.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 edgecard connector, n—an electrical connector de-

signed to connect physically and electrically with a compatible
PWB equipped with gold fingers.

3.2.2 printed wiring board (PWB) contacts, PWB fingers,
n—areas near the edge of a printed wiring board coated with
gold and designed to function as electrical contacts when the
board is plugged into a compatible edgecard connector.

4. Summary of Test Method

4.1 Two closely spaced electrodes are brought into contact
with a single PWB finger in such a manner that they contact the
surface with a minimum of wipe. A fixture loads each electrode
to apply a force in the range of 0.5 to 0.7 N to the surface of
the finger. Two electrical leads attached to each electrode are
used to make a four–wire resistance measurement to detect
elevated resistance indicative of the presence of a film or other
contaminant on the finger.

5. Significance and Use

5.1 This test method provides a way to detect contamination
on printed wiring board fingers that affects the electrical
performance of such fingers. Such contamination may arise
during PWB manufacture, circuit assembly, or service life and
may include solder mask, solder flux, hardened lubricants,
dust, or other materials. This test method provides a nonde-
structive method of inspecting such fingers at any point in the
life of the product including after original manufacture, after
assembly of circuit components to the PWB, and after time in
service such as when returned for repair. Because this test
method uses two probes to finger contacts in series, it provides
a sensitive test for contaminants that may increase electrical
resistance when the fingers are plugged into an edgecard
connector that typically makes contact to the finger through
only one contact to finger interface.

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.11 on Electrical Contact Test Methods.

Current edition approved June 10, 2003. Published July 2003. Originally
approved in 1997. Last previous edition approved in 1997 as B 885 - 97.

2 Annual Book of ASTM Standards, Vol 02.04.

1
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5.2 Practice B 667 describes a more general procedure for
measuring contact resistance of any solid material in practi-
cally any geometrical form. The method in Practice B 667
should be used for general studies and fundamental studies of
electrical contact materials.

6. Apparatus

6.1 Four-Wire mV Meter, with a resolution of 0.0001V or
better, capable of performing dry circuit resistance measure-
ments in accordance with Test Methods B 539.

6.2 Two Gold-Tipped Electrodes (Probes), with a radius not
less than 3.0 mm at the tips. Each electrode shall have two
wires attached. One wire, the voltage lead, shall be attached
within 2 mm of the tip end. The other wire, the current lead,
shall be attached at any convenient location that is at least 0.5
mm farther away from the tip than the attachment point of the
voltage lead.

6.3 Fixture, to hold the PWB securely while it is being
probed and a fixture to hold the two electrodes, such that the
distance between the centers of the electrodes is 2.0 to 2.5 mm
and both electrodes will be centered roughly on a single PWB
finger. Fig. 1 shows an example of a suitable fixture. Other
fixtures that provide the same capability may be used. Locate
this fixture to minimize shock and vibration reaching the
probes. Placement on a foam pad on a bench top has been
found suitable.

6.4 Two Springs, one for each electrode, having a spring
constant and a pretension that will apply a load in the range of
0.5 to 0.7 N when the electrode is brought to rest on the finger
being tested. Other mechanisms that achieve the same result
are acceptable.

6.5 Mechanism, that will move the electrode fixture from an
open position to the closed position on the finger in such a
manner that the electrodes meet the surface of the contact with
a minimum of wipe.

6.6 Lens Tissue, for cleaning the electrodes.
6.7 Beakers, 100-mL size, two required.
6.8 Hot Plate, suitable for warming two breakers.
6.9 Thermometer, calibrated in °C over the range of 0 to 100

°C.
6.10 Compressed Air, at 100 to 200 kPa above atmospheric

pressure (15 to 25 psig) or a handheld can of compressed gas
with nozzle designed for use as a dust removal tool, commonly
referred to as a “duster.”

7. Reagents and Materials

7.1 Isopropyl Alcohol (IPA), Pure Chemical Grade
7.2 A gold–coated calibration coupon covered with a mini-

mum of 2.0 µm of gold electrodeposit on the surface to be used
in testing and verifying the cleanliness of the probes. Special
care should be taken with the coupon to ensure and preserve

FIG. 1 Resistance Probe
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the cleanliness of the gold surface, including avoiding touching
the gold surface with anything other than the test probes.

8. Test Procedure

8.1 Clean the gold–plated calibration coupon within 8 h
prior to performing measurements, by dipping it into a beaker
of isopropyl alcohol at 50°C for 1 min. and then into a second
beaker with isopropyl alcohol at 50°C for 1 min.

8.2 Connect probe connections to the milliohmeter using
four-wire connections and set the milliohmeter for dry circuit
conditions.

8.3 Both before and after each PWB is probed, probe the
gold–plated calibration coupon once. If this reading is greater
than 4 mV, clean the electrodes by wiping with clean lens
tissue and measure resistance again, repeating the process until
the reading is 4 mV or below.

8.4 Blow dust and particles off of the fingers using clean
compressed air or handheld compressed gas duster.

8.5 Probe each finger on the PWB on the board once
according to the following steps and record the resistance value
for each finger. Repeat 8.6-8.9 for each finger.

8.6 Align the finger that is to be probed under the electrodes
and clamp down.

8.7 Bring the probe down onto the finger such that the
electrodes contact the surface of the finger with a minimum of
wipe. As discussed in Section 6, the load on each electrode
shall be in the range of 0.5 to 0.7 N.

8.8 Record the initial reading, taken within 2 s of the
electrodes contacting the finger. The electrodes gradually may
penetrate films or other contamination on the surface, and as
they do, the measured resistance will decrease. It is important,
therefore, to obtain and record the initial reading.

8.9 If the reading exceeds 10 mV, wipe the probe tips with
clean lens tissue.

9. Interpretation of Results

9.1 The fingers on the PWB are free of significant contami-
nation if the results satisfy both of the following conditions:

9.1.1 No finger has resistance greater than 50 mV, and
9.1.2 Not more than one finger has a resistance greater than

10 mV.

10. Report

10.1 Report the following information:
10.1.1 Test laboratory identification.
10.1.2 Test operator.
10.1.3 Date of test.
10.1.4 Identification of apparatus used.
10.1.5 Identification of parts tested.
10.1.6 Test results, including number of fingers probed,

number exceeding predetermined resistance levels, and pass or
fail conclusions as appropriate.

10.1.7 Deviations, if any, from documented test method.
10.1.8 Any observations that the test operator feels are

relevant.
10.1.9 Any failure analysis performed on boards tested.

11. Precision and Bias

11.1 No statement is made about either the precision or bias
of this test method for measuring presence of foreign matter on
printed wiring board contacts since the result merely states
whether there is conformance to the criteria for success
specified in the procedure.

12. Keywords

12.1 contact resistance; contamination; edgecard connector;
printed wiring board fingers

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 891 – 98 (Reapproved 2004)

Standard Specification for
Seamless and Welded Titanium and Titanium Alloy
Condenser and Heat Exchanger Tubes With Integral Fins 1

This standard is issued under the fixed designation B 891; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers seamless and welded titanium
and titanium alloy tubing on which the external or internal
surface, or both, has been modified by a cold forming process
to produce an integral enhanced surface for improved heat
transfer. The tubes are used in surface condensers, evaporators,
heat exchangers and similar heat transfer apparatus in unfinned
end diameters up to and including 1 in. (25.4 mm).

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 The following precautionary statement pertains to the
test method portion only: Section 9 of this specification:This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limita-
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:3

B 338 Specification for Seamless and Welded Titanium and
Titanium Alloy Tubes for Condensers and Heat Exchang-
ers

E 426 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Seamless and Welded Tubular Products, Austen-
itic Stainless Steel and Similar Alloys

E 1316 Terminology for Nondestructive Examinations

3. Ordering Information

3.1 Purchase orders for tubes described in this specification
should include the following, to describe the tubes adequately.

3.1.1 ASTM designation and year of issue
3.1.2 Welded or Seamless
3.1.3 Grade number
3.1.4 Dimensions; diameter, wall thickness (ave. or min.

specified), length and location of unenhanced surfaces and the
total tube length. Configuration of enhanced surfaces (fins per
unit length, fin height, wall thickness under fin, etc.) shall be as
agreed upon between the manufacturer and purchaser. (Refer to
Figs. 1 and 2)

3.1.5 Quantity
3.1.6 Packaging
3.1.7 Nondestructive tests
3.1.8 Mill test report
3.1.9 Certification

4. General Requirements

4.1 Tubes described by this specification shall be furnished
with unenhanced ends.

4.2 Enhanced sections of the tube are normally supplied in
the “as-finned” condition (cold worked condition produced by
the enhancing operation). The unenhanced sections of the tube
shall be in the annealed condition and shall be suitable for
rolling-in operations.

5. Materials and Manufacture

5.1 The integrally enhanced (finned) tubes shall be manu-
factured from seamless, welded, or welded/cold worked
(WCW) plain tubes that conform to all requirements as
specified in Specification B 338.

5.2 Enhanced areas shall be produced by cold forming.

6. Condition

6.1 The tube after enhancing shall normally be supplied in
the “as-finned” condition. When specified by the purchaser, for
coiling or other fabricating operations, the tube may be
annealed after enhancing.

1 This specification is under the jurisdiction of ASTM Committee B10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.01 on Titanium.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1998. Last previous edition approved in 1998 as B 891 – 98e1.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SB-_____ in Section II of that Code.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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7. Chemical Composition

7.1 The grade titanium or titanium alloy specified shall
conform to the chemical requirements prescribed in Specifica-
tion B 338.

8. Tensile Requirements

8.1 The tube prior to the finning operation, or unenhanced
portions of the finned tube, shall conform to the grade
requirements for tensile properties prescribed in Specification
B 338

9. Nondestructive Tests

9.1 After enhancing operations, subject each tube to a
nondestructive electromagnetic test, and either a pneumatic or
hydrostatic test as specified in the purchase order. Tubes shall
normally be tested in the as-fabricated condition but, at the
option of the manufacturer or purchaser, may be tested in the
annealed condition.

9.1.1 Eddy Current Test—Eddy current inspect the tube in
accordance with Practice E 426 by passing it through an
encircling coil designed to test the entire cross section of the
tube.

9.1.1.1 The reference standard used to adjust the sensitivity
setting of the apparatus shall be sound and of the same nominal
alloy, enhanced configuration, condition and nominal dimen-
sions as the lot of tubes to be tested on a production basis. Drill
four holes not larger than 0.031 in. (0.787 mm) in diameter
radially through the enhanced wall in each of four successive
planes at 0, 90, 180 and 270°. Use a suitable drill jig to guide
the drill, taking care to avoid distortion of the adjacent fins.
Locate one hole in the weld for welded material. Space
artificial discontinuities at least 16 in. (406 mm) apart to
provide signal resolution adequate for interpretation. Discard
the reference standard and replace when erroneous signals are
produced from mechanical, metallurgical or other damage to
the tube.

9.1.1.2 Adjust the eddy current test unit to obtain an
optimum signal-to-noise ratio with the minimum sensitivity
required to detect all four artificial defects in the reference
standard on a repeatable basis. Equipment adjustments and
tube speed maintained during calibration shall be the same for
production tubes.

9.1.1.3 Set aside tubes showing an eddy current indication
in excess of any signal obtained from artificial defects in the
reference standard and subject them to retest or rejection.

9.1.1.4 Tubes causing irrelevant signals because of mois-
ture, debris and like effects shall be considered to conform,

should they not cause output signals beyond acceptable limits
when retested. Tubes causing irrelevant signals because of
visible and identifiable handling marks shall be considered to
conform, provided the wall thickness in the enhanced and
unenhanced areas is not less than the minimum specified.

9.1.1.5 Tubes causing relevant signals because of injurious
defects that reduce the wall thickness below the minimum
specified shall be rejected. If, after retest and examination, no
source for the reject signal can be discerned, the tube shall be
rejected.

9.1.2 Pneumatic Test—Each tube so tested shall withstand a
minimum internal air pressure of 250 psi (1.72 MPa) for a
minimum of 5 s without showing evidence of leakage. The test
method used shall permit easy detection of any leakage by
placing the tube underwater or by using the pressure differen-
tial method. Any evidence of leakage shall be cause for
rejection of that tube.

9.1.3 Hydrostatic Test—Each tube so tested shall withstand,
without showing bulges, leaks or other defects, an internal
hydrostatic pressure that will produce in the tube wall a stress
of 50 % of the minimum specified yield strength at room
temperature. This pressure shall be determined by the equation:

P 5 SEWf /~dr / 2 2 0.4Wf! (1)

where:
P = minimum hydrostatic test pressure, psi (or MPa),
S = one half the minimum yield strength, psi (or MPa),
Wf = wall under fin thickness, in. (or mm),
dr = fin root diameter, in. (or mm),
E = 0.85 welded tube, and
E = 1.0 seamless and welded/cold worked tube.

9.1.3.1 The maximum hydrostatic test pressure shall not
exceed 2500 psi (17.2 MPa) for sizes 1 in. (25.4 mm) and
under. Hydrostatic pressure shall be maintained for not less
than 5 s. When requested by the purchaser and so stated in the
order, tubes shall be tested to one and one half times the
specified working pressure, provided the fiber stress corre-
sponding to those test pressures does not exceed one half the
minimum specified yield strength of the material as determined
by the equation given in 9.1.3. When one and one half times the
working pressure exceeds 2500 psi (17.2 MPa), the hydrostatic
test pressure shall be a matter of agreement between the
manufacturer and purchaser.

10. Permissible Variations in Dimensions

10.1 Diameter—The outside diameter of the unenhanced
sections shall not vary by more than the amount in Table 1, as
measured by “go” and “no go” ring gages. The diameter over
the enhanced sections shall not exceed the diameter of the plain
sections involved, as determined by a “go” ring gage unless
otherwise specified. The dimensions of the ring gages shall be
as described in 10.1.1 and 10.1.2.

10.1.1 The inside diameter dimension of the “go” ring gage
shall be equal to the nominal tube diameter, plus the plus
tolerance, plus 0.002 in (0.051 mm). The length of the “go”
ring gage shall be 1 in. (25.4 mm) minimum.

10.1.2 The inside diameter dimension of the “no go” ring
gage shall be equal to the nominal tube diameter minus the

FIG. 1 Outside Enhancement Only
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minus tolerance. The length of the “no go” ring gage shall be
1 in. (25.4 mm) minimum.

10.2 Wall Thickness—The wall thickness shall not vary by
more than the amount shown in Table 1. No tube at any point
shall be less than the minimum thickness specified in the plain
sections or in the enhanced sections.

10.3 Length—The length of the tubes shall not be less than
that specified when measured at a temperature of 68° F (20° C),
but may exceed the specified value by the amounts given in
Table 2.

10.3.1 The length of the unenhanced end(s), as measured
from the tube end to the first tool impression, shall not be less
than that specified, but may exceed the specified value by1⁄2 in.
(12.7 mm).

10.4 Squareness of Cut—The angle of cut of the end of any
tube may depart from square by not more than 0.016 in (0.4
mm).

10.5 Straightness—The tube shall be free of bends or kinks,
and the maximum uniform bow shall not exceed the values
given in Table 3.

11. Workmanship, Finish and Appearance

11.1 Finished tubes shall be clean and free of foreign
material, shall have smooth ends free of burrs, and shall be free
of injurious external and internal imperfections. Minor defects

FIG. 2 Outside and Inside Enhancement

TABLE 1 Permissible Variations in Outside Dimensions and Wall
Thickness Based on Individual Measurements

Outside Diameter, in. (mm)
Diameter
Tolerance
in. (mm)A

Permissible
VariationsB in

Wall Thickness, t, %
Under 1 (25.4), excl. 6 0.004 (6 0.102) 6 10
1 (25.4) 6 0.005 (6 0.127) 6 10

AThese permissible variations in outside diameter apply only to tubes as finished
at the mill before subsequent swaging, expanding, bending, polishing or other
fabricating operations.

BWhen average wall tubes are ordered, tolerances are plus and minus. When
minimum wall tubes are ordered, tolerances are all plus and shall be double the
values shown.

TABLE 2 Length Tolerances

Specified Length, ft (m) Tolerance, in (mm)

Up to 24 (7.3), incl + 1⁄8 (3.2)
Over 24 to 34 (7.3 to 10.4), incl + 1⁄4 (6.4)
Over 34 to 44 (10.4 to 13.4) incl + 3⁄8 (9.5)
Over 44 (13.4) + 1⁄2 (12.7) max

TABLE 3 Straightness Tolerances

Length, ft (m) Maximum Curvature (Depth of
Arc)

Over 3 to 6 (0.91 to 1.83), incl 1⁄8 in. (3.2 mm)
Over 6 to 8 (1.83 to 2.44), incl 3⁄16 in. (4.8 mm)
Over 8 to 10 (2.44 to 3.05), incl 1⁄4 in. (6.4 mm)
Over 10 (3.05) 1⁄4 in./any 10 ft (2.1 mm/m)
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may be removed, provided the dimensional tolerances of
Section 10 are not exceeded. A slight amount of oxidation is
acceptable.

12. Inspection

12.1 The manufacturer shall inspect and make the necessary
tests to verify that the tubes furnished conform to the require-
ments of the customer purchase order and to the requirements
of this specification. When specified in the order, the manu-
facturer shall notify the purchaser in a timely manner so that
the purchaser may have his inspector present to witness any
part of the tests that may be desired.

12.2 Should the purchaser additionally elect to perform his
own inspection, the manufacturer shall afford the inspector all
reasonable facilities to determine that the tubes being furnished
conform to the requirements of the customer purchase order
and to the requirements of this specification.

12.3 All tests and inspections shall be made at the place of
manufacture prior to shipment, unless otherwise specified, and
shall be so conducted as not to interfere with the operation of
the facility.

13. Rejection

13.1 Any rejection based on tests made in accordance with
this specification, and those allowed by Specification B 338,
shall be reported to the manufacturer, promptly and in writing.
Disposition of rejected tubing shall be a matter of agreement
between the manufacturer and the purchaser.

13.2 Material that fails in the process of installation shall be
set aside and the manufacturer notified for mutual evaluation of
suitability of the material. Disposition of such material shall be
a matter for agreement between the manufacturer and the
purchaser.

14. Mill Test Report

14.1 The manufacturer shall furnish to the purchaser a
manufacturer’s test report showing a complete description of

the material and results of required tests for both the plain and
enhanced sections as defined in 14.1.1 and 14.1.2.

14.1.1 Plain Tube—Test reports shall include ASTM mate-
rial designation; welded or seamless; grade number; diameter;
wall thickness; heat numbers. Information for each heat pro-
vided shall include chemical composition; product analysis
when specified; tensile test results; flattening, reverse flattening
and flaring test results; ultrasonic, eddy current and either
pneumatic or hydrostatic test results (including test pressure,
psi).

14.1.2 Finned Tube—Test reports shall include ASTM ma-
terial designation; customer name; customer purchase order
number; product description or part number; quantity; eddy
current test results; and either pneumatic or hydrostatic test
results (including test pressure, psi); certificate of compliance
as defined in 15.1 and results of any other checks or testing
required by the customer purchase order.

15. Certification
15.1 The manufacturer shall furnish to the purchaser certi-

fication that the material has been tested and inspected in
accordance with this specification and in accordance with the
customer purchase order, as agreed, and the requirements have
been met. Such certification may be contained as a dedicated
statement within the mill test report provided.

16. Packaging and Package Marking
16.1 The tube shall be packaged in accordance with the

manufacturer’s standard practice, unless otherwise agreed
upon between the manufacturer and the purchaser and so stated
in the purchase order.

16.2 Each shipping unit shall be legibly marked with the
name of the supplier, name of the customer, ship to address,
purchase order number, alloy designation, size or part number,
tube length and number of pieces.

17. Keywords
17.1 condenser; enhanced; heat exchanger; integral fins;

seamless; titanium; titanium alloys; tube; welded
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of infringement of such rights, are entirely their own responsibility.
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if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
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Designation: B 892 – 03

Standard Specification for
ACuZinc5 1 (Zinc-Copper-Aluminum) Alloy in Ingot Form for
Die Castings 2

This standard is issued under the fixed designation B 892; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification covers ACuZinc5, a commercial zinc-
copper-aluminum alloy (Z46540*), in ingot form for remelting
for use in the production of castings.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of order acceptance form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 899 Terminology Relating to Nonferrous Metals and

Alloys3

B 908 Practice for the Use of Color Codes for Zinc Casting
Alloy Ingot3

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications4

E 47 Test Methods for Chemical Analysis of Zinc Die
Casting Alloys5

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition6

E 527 Practice for Numbering Metals and Alloys (UNS)7

E 536 Test Method for Chemical Analysis of Zinc and Zinc
Alloys6

E 634 Practice for Sampling of Zinc and Zinc Alloys for
Optical Emission Spectrometric Analysis6

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 die casting, n—a casting process in which molten

metal is injected under high velocity and pressure into a metal
die and solidified, also a product produced by such a process.
Alternately known as pressure die casting.

4. Ordering Information

4.1 Orders for ingot under this specification shall include
the following information:

4.1.1 Quantity in pounds,
4.1.2 Chemical composition,
4.1.3 Size, if not manufacturer’s standard,
4.1.4 Source inspection (Section 9), and
4.1.5 Marking (Section 11).

5. Materials and Manufacture

5.1 The alloys may be made by any approved process.
5.2 The material covered by this specification shall be of

uniform quality and shall be free of harmful contamination.

6. Chemical Composition

6.1 The ingots shall conform to the requirements as to
chemical composition prescribed in Table 1. Conformance
shall be determined by the manufacturer by analyzing samples
taken at the time the ingots are poured or samples taken from
the ingots. Unless otherwise agreed in the contract or purchase
order, sampling procedure will be the manufacturer’s choice.

7. Sampling for Determination of Chemical Composition

7.1 In the event of a dispute, if the ingots are shipped in
carload lots of the same alloy, not less than five ingots shall be
taken at random from the carload for sampling. If the shipment
is less than a carload lot, one sample ingot shall be taken for

1 ACuZinc and ACuZinc5 are registered trade names of the General Motors
Corporation.

2 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.04 on Zinc and Cadmium.

Current edition approved June 10, 2003. Published August 2003. Originally
approved in 1998. Last previous edition approved in 2001 as B 892 – 01e1.

*See Table 1, footnote A
3 Annual Book of ASTM Standards, Vol 02.04.
4 Annual Book of ASTM Standards, Vol 14.02.
5 Withdrawn; see1998 Annual Book of ASTM Standards, Vol 03.05.
6 Annual Book of ASTM Standards, Vol 03.05.
7 Annual Book of ASTM Standards, Vol 01.01.
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*A Summary of Changes section appears at the end of this standard.
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each 10 000 lb (4500 kg) or fraction thereof. Either party may
request that a sample be taken from each melt of 1000 lb (450
kg) or more.

7.2 The sample for chemical analysis shall be taken by
sawing, milling, or drilling in such a manner as to be
representative of the average cross section of the ingot. The
weight of a prepared sample shall be not less than 75 g in
accordance with Practice E 88.

7.3 The saw, drill or cutter used for taking the sample shall
be thoroughly cleaned. No lubricant shall be used in the
operation, and the sawings or metal chips shall be carefully
treated with a magnet to remove any particles of iron intro-
duced in taking the sample by the method prescribed in 7.2.

7.4 An optional method of sampling for analysis may be by
melting together representative portions of each ingot selected
and then sampling the liquid composite by casting suitable
specimens for either spectrographic or chemical analysis.

7.5 Samples for Spectrochemical and Other Methods of
Analysis—Samples for spectrochemical and other methods of
analysis shall be suitable for the form of material being
analyzed and the type of analytical method used.

8. Methods of Chemical Analysis

8.1 The determination of chemical composition shall be
made in accordance with suitable chemical (Test Methods
E 536 or E 47 for tin) or other methods. In case of dispute, the
results secured by Test Method E 536 and Test Method E 47 for
tin, or by a method agreed upon by both parties, shall be the
basis of acceptance.

8.2 For purposes of determining compliance with specified
composition limits as given in Table 1, an observed or
calculated value shall be rounded to the nearest unit in the last
right-hand place of figures shown in Table 1, in accordance
with the rounding method of Practice E 29.

9. Source Inspection

9.1 If the purchaser desires that his representative inspect or
witness the inspection and testing of the product prior to
shipment, such agreement shall be made by the purchaser and
producer or supplier as part of the contract or purchase order.

9.2 When such inspection or witness of inspection and
testing is agreed upon, the producer or supplier shall afford the
purchaser’s representative all reasonable facilities to satisfy
him that the product meets the requirements of this specifica-
tion. Inspection and tests shall be conducted so there is no
unnecessary interference with the producer’s operations.

10. Rejection and Rehearing

10.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should be reported
to the producer or supplier promptly and in writing. In case of
dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing. If the rehearing
establishes that the material does not conform to the require-
ments of this specification, as much of the rejected original
material as possible shall be returned to the producer or
supplier.

11. Identification Marking

11.1 All ingots shall be properly marked for identification
with the producer’s name or brand.

11.2 Each bundle or skid shall be identified with the
producer’s heat, lot, or other identification mark.

11.3 Each ingot, bundle or skid shall be marked with the red
Color Code for this Zn-Cu-Al alloy as per North American
requirements in Practice B 908.

12. Certification

12.1 When specified in the purchase order or contract, a
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, tested,
and inspected in accordance with this specification and has
been found to meet the requirements. When specified in the
purchase order or contract, a report of the test results shall be
furnished.

13. Preparation for Delivery

13.1 Packaging—Unless otherwise specified, the ingot shall
be packaged to provide adequate protection during normal
handling and transportation. Each package shall contain only
one alloy unless otherwise agreed upon.

14. Keywords

14.1 ACuZinc; ACuZinc5; Casting alloys; die casting al-
loys; zinc; zinc alloys; zinc - copper - aluminum alloys

TABLE 1 ACuZinc5 Chemical and North American Color Code
Requirements

Composition, %
Z46540A

Color CodeB Red

Elements

Copper 5.2 - 6.0
Aluminum 2.8 - 3.3
Magnesium 0.035 - 0.050
Iron 0.05 max
Lead 0.004 max
Cadmium 0.003 max
Tin 0.002 max
Zinc RemainderC

AUNS Alloy designation has been established in accordance with Practice E 527
BRefer to Practice B 908.
CDetermined arithmetically by difference.
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SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue
(B 892 - 01e1) that may impact the use of this standard.

(1) Addition of trade name ACuZinc5 and die casting
definition.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 894 – 03

Standard Specification for
ACuZinc5 1 (Zinc-Copper-Aluminum) Alloy Die Castings 2

This standard is issued under the fixed designation B 894; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification covers ACuZinc5, zinc-copper-
aluminum alloy die castings. (UNS Z46541).3

1.2 The values stated in inch-pound units are standard. The
SI values in parentheses are for information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of order acceptable form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 892 Specification for Zinc-Copper-Aluminum Alloys in

Ingot Form for Die Castings4

B 899 Terminology Relating to Non-ferrous Metals and
Alloys4

E 10 Test Method for Brinell Hardness of Metallic Materi-
als5

E 29 Practice for Using Significant Digits in Test Date to
Determine Conformance with Specifications6

E 47 Test Methods for Chemical Analysis of Zinc Die
Casting Alloys7

E 88 Practice for Sampling Nonferrous Metals and Alloys

in Cast Form for Determination of Chemical Composition7

E 527 Practice for Numbering Metals and Alloys (UNS)8

E 536 Test Method for Chemical Analysis of Zinc and Zinc
Alloys7

E 634 Practice for Sampling of Zinc and Zinc Alloys for
Optical Emission Spectrochemical Analysis7

2.3 Federal Standards:
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)9

2.4 Military Standard:
MIL-P-116 Methods of Preservation10

MIL-STD-129 Marking for Shipment and Storage10

2.5 NADCA Standard:
NADCA Product Specification Standards for Die Cast-

ings11

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 die casting, n—a casting process in which molten

metal is injected under high velocity and pressure into a metal
die and solidified, also a product produced by such a process.
Alternately known as pressure die casting.

4. Ordering Information

4.1 Orders for die castings shall include the following basic
information:

4.1.1 This specification number and date,
4.1.2 Quantity and delivery schedule, as required,
4.1.3 Part name and number,
4.1.4 Alloy (Table 1), and
4.1.5 Drawing of die casting, when required, giving all

necessary dimensions and showing latest revisions and allow-
ances for machining, if any. Location of ejector pin marks or1 ACuZinc and ACuZinc5 are registered trade names of the General Motors

Corporation.
2 This specification is under the jurisdiction of ASTM Committee B02 on

Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.04 on Zinc and Cadmium.

Current edition approved June 10, 2003. Published August 2003. Originally
approved in 1999. Last previous edition approved in 1999 as B 894 - 99e1.

3 See Footnote B in Table 1.
4 Annual Book of ASTM Standards, Vol 02.04.
5 Annual Book of ASTM Standards, Vol 03.01.
6 Annual Book of ASTM Standards, Vol 14.02.
7 Annual Book of ASTM Standards, Vol 03.05.

8 Annual Book of ASTM Standards, Vol 01.01.
9 Available from U.S. Government Printing Office Superintendent of Documents,

732 N. Capitol St., NW, Mail Stop: SDE, Washington, DC 20401.
10 Available from Standardization Documents Order Desk, DODSSP, Bldg. 4,

Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098
11 Available from North American Die Casting Association, 9701 West Higgins

Road, Suite 880, Rosemont, Il 60018–4721, USA.
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parting lines shall be at the option of the producer, unless
specifically designated on the drawing.

4.2 Additional tests, options and special inspection require-
ments as provided below should be justified only on the basis
of need. These shall be specified in the contract or purchase
order, as additional procedures and extended delivery time may
be involved.

4.2.1 Chemical analysis (7.1.1),
4.2.2 Quality assurance (Section 6),
4.2.3 Special proof tests or mechanical properties (Section

8),
4.2.4 General quality options for internal soundness or for

finish (Section 10),
4.2.5 Source inspection (Section 11),
4.2.6 Certification (Section 13),
4.2.7 Marking for identification (Section 14), and
4.2.8 Special packaging (Section 15).

5. Materials and Manufacture

5.1 The metal used in the manufacture of die castings shall
be zinc alloy of a specified chemical composition conforming
to the requirements of Specification B 892.

5.2 The material covered by this specification shall be of
uniform quality and shall be free of harmful contamination.

6. Quality Assurance

6.1 Responsibility for Inspection—When specified in the
contract or purchase order, the producer or supplier is respon-
sible for the performance of all inspection and test require-
ments specified herein. Except as otherwise specified in the
contract or order, the producer or supplier may use his own or
any other suitable facilities for the performance of the inspec-
tion and test requirements specified herein, unless disapproved
by the purchaser. The purchaser shall have the right to perform
any of the inspections and tests set forth in this specification.
Quality assurance standards shall be agreed upon between the
producer or supplier and purchaser at the time a contract or
order is placed.

6.2 For normal inspection purposes, an inspection lot shall
consist of the production from each die during a single

production run, as defined and recorded by the producer, and
shipped, or available for shipment, at one time.

6.2.1 The producer or supplier shall examine each die
casting of a randomly or statistically selected sample to
determine conformance to the requirements of the contract,
purchase order, or part drawing. The results of this inspection
shall be recorded.

6.2.1.1 Unless otherwise specified in the contract, purchase
order, or part drawing, detailed dimensional conformance shall
normally be determined on one or more production samples.

6.2.2 When specified in the contact, purchase order, or part
drawing, special inspection lot definitions may be established,
for a specific part.

7. Chemical Requirements

7.1 Limits—The die casting shall conform to the require-
ments as to chemical composition in Table 1. Conformance
shall be determined by the producer by analyzing samples
taken at the time castings are made. If the producer has
determined the chemical composition of the metal during the
course of manufacture, he shall not be required to sample and
analyze the finished product.

7.1.1 When a detailed chemical analysis is required with a
shipment, is shall be called for in the contract or purchase
order.

7.1.2 If the producer’s or supplier’s method of composition
control is acceptable, sampling for chemical analysis may be
waived at the discretion of the purchaser.

7.2 Number of Samples—When required, samples for deter-
mination of chemical composition shall be taken to represent
the following:

7.2.1 A sample shall be taken from each of two representa-
tive castings selected from each lot defined in 6.2.

7.3 Methods of Sampling—Samples from die castings for
determination of chemical composition shall be taken in
accordance with one of the following methods:

7.3.1 Samples for chemical analysis shall be taken from the
material by drilling, sawing, milling, turning or clipping a
representative piece or pieces to obtain a weight of prepared
sample not less than 100 g. Sampling shall be in accordance
with Practice E 88.

7.3.2 By agreement, an appropriate spectrographic sample
may be prepared at time of manufacture in accordance with
Practice E 634.

7.3.3 The method of sampling cast products for spectro-
chemical and other methods of analysis shall be suitable for the
form of material being analyzed and the type of analytical
method used.

7.4 Method of Analysis—The determination of chemical
composition shall be made in accordance with suitable chemi-
cal (Test Methods E 47 for tin or Test Method E 536), or other
methods. In case of dispute, the results secured by Test Method
E 536 and Test Method E 47 for tin only, shall be the basis of
acceptance.

8. Mechanical Properties and Tests

8.1 Unless specified in the contract or purchase order, or
specified on the detail drawing, acceptance of die castings

TABLE 1 ACuZinc5 Chemical Requirements, Composition, Zinc-
Copper-Aluminum Die Castings A

Elements
Composition, %

(Z46541)B

Copper 5.0 to 6.0
Aluminum 2.5 to 3.3
Magnesium 0.025 - 0.05
Iron 0.075 max
Lead 0.005 max
Cadmium 0.004 max
Tin 0.003 max
Zinc RemainderC

A The following applies to all specified limits in this table: For purposes of
determining conformance with this specification, the observed value or calculated
value obtained from analysis shall be rounded off to the nearest unit in the last
right-hand place of figures used in expressing the specified limit, in accordance
with the rounding method of Practice E 29.

B UNS designations were established in accordance with Practice E 527.
C Determined arithmetically by difference.
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under this specification shall not depend on mechanical prop-
erties determined by tension or impact tests.

8.1.1 Tensile strength, yield strength and elongation values
shown in Table 1. Are weibull analysis values to be used for
design guidance. They are B50 and B1 values with 50 %
confidence and were obtained from tests on 5.3 mm diameter
separately cast test bars which had a 25.4 mm gage length. The
bars were tested in the as-cast condition.

NOTE 1—The property values of test bars cut from castings will vary
depending on the solidification rate of the individual casting. Solidifica-
tion and cooling rate are significantly influenced by casting section size.
Also due to cooling rate and section size variation, the properties of bars
machined from castings may vary from those of separately cast test bars.
For these reasons, acceptance or rejection of the casting shall be based on
chemistry. Hardness and mechanical properties may be used when agreed
by the purchaser and supplier, and specified on the engineering drawing.

8.1.2 Hardness (Test Method E 10)—The hardness shall be
determined on the casting unless otherwise specified on the
part drawing. A Brinell hardness test will be performed using a
500 kg load and a 10 mm ball unless otherwise specified and
agreed to by supplier and user. If the part is too small for a
Brinell test, a Rockwell F or K hardness test is suggested.

9. Permissible Variations in Dimensions

9.1 Permissible variations in dimensions shall be within the
limits specified on the drawings or in the contract or purchase
order.

9.1.1 Any dimensions for which a tolerance is not specified
shall be in accordance with NADCA Product Specification
Standards for Die Castings.

9.2 Dimensional tolerance deviations waived by the pur-
chaser shall be confirmed in writing to the producer or supplier.

10. General Quality

10.1 Internal Soundness—When specified, the soundness of
die castings shall conform to standards or requirements agreed
upon between the producer or supplier and the purchaser. The
number and extend of imperfections shall not exceed those
specified by the purchaser. The standards or requirements may
consist of radiographs, photographs, or sectioned die castings.

10.2 Imperfections inherent in die castings shall not be
cause for rejection provided it is demonstrated that the die
castings are in accordance with the requirements and standards
agreed upon.

10.3 Workmanship— Die castings shall be of uniform
quality, free of injurious discontinuities that will adversely
affect their serviceability.

10.4 Finish—When specified in the contract or purchase
order the as-cast surface finish required shall conform to
standards agreed upon between the purchaser and the producer,
supplier, or as prescribed in NADCA Product Specification
Standards for Die Castings.

10.5 Pressure Tightness—When specified in the contract or
purchase order the pressure tightness of die castings shall
conform to standards agreed upon between the purchaser and
the producer or supplier, or as prescribed in NADCA Product
Specification Standards for Die Castings.

11. Source Inspection

11.1 If the purchaser desires that his representative inspect
or witness the inspection and testing of the product prior to
shipment, such agreement shall be made by the purchaser and
producer or supplier as part of the contract or purchase order.

11.2 When such inspection or witness of inspection and
testing is agreed upon, the producer or supplier shall afford the
purchaser’s representative all reasonable facilities to satisfy
him that the product meets the requirements of this specifica-
tion. Inspection and tests shall be conducted so there is no
unnecessary interference with the producer’s operations.

12. Rejection and Retest

12.1 When one or more samples, depending on the ap-
proved sampling plan fail to meet the requirements of this
specification, the represented lot is subject to rejection except
as otherwise provided in 12.2.

12.2 Lots rejected for failure to meet the requirements of
this specification may be resubmitted for test provided:

12.2.1 The producer has removed the nonconforming mate-
rial or the producer has reworked the rejected lot as necessary
to correct the deficiencies.

12.3 Individual castings that show injurious imperfections
during subsequent manufacturing operations may be rejected.
The producer or supplier shall be responsible only for replace-
ment of the rejected castings to the purchaser. As much of the
rejected original material as possible shall be returned to the
producer or supplier.

13. Certification

13.1 The producer or supplier shall, when called for in the
contract or purchase order, furnish to the purchaser a certificate
of inspection stating that each lot has been sampled, tested, and
inspected in accordance with this specification, and has been
found to meet the requirements specified.

14. Identification Marking

14.1 When specified in the contract or purchase order, or in
the detail drawing, all castings shall be properly marked for
identification with the part number and name or brand of the
producer as specified.

15. Preparation for Delivery

15.1 Packaging—Unless otherwise specified, the die cast-
ings shall be packaged to provide adequate protection during
normal handling and transportation. Each Package shall con-
tain only one type of item unless otherwise agreed upon. The
type of packaging and gross weight of containers shall, unless
otherwise agreed upon, be at the producer’s discretion, pro-
vided they are such as to ensure acceptance by common or
other carriers for safe transportation at the lowest rate to the
delivery point.

15.2 Marking—Each shipping container shall be legibly
marked with the purchase order number, gross and net weights,
and the supplier’s name or trademark. Marking for shipment
shall be in accordance with Fed. Std. No. 123 for civil agencies
and MIL-STD-129 for Military agencies.

15.3 Preservation— Material intended for prolonged stor-
age in unheated locations shall be adequately packed and
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protected to avoid deterioration and damage. When specified in
the contract or purchase order, material shall be preserved,
packaged, and packed in accordance with the requirements of
MIL-P-116. The applicable levels shall be specified in the
contract or order.

16. Keywords

16.1 ACuZinc; ACuZinc5; castings; die castings; pressure
die castings; zinc; zinc alloy die castings; zinc metal; zinc-
copper-aluminum alloys

APPENDIXES

(Nonmandatory Information)

X1. Thermal-Physical Properties of ACuZinc5 Zinc-Copper-Aluminum Die Castings

X1.1 Table X1.1

X2. Mechanical Properties of ACuZinc5 Zinc-Copper-Aluminum Die Castings

X2.1 Table X2.1

TABLE X1.1 Thermal-Physical Properties of ACuZinc5 Zinc-
Copper-Aluminum Die Castings

Thermo-Physical Properties 20°C 50°C 100°C

Electrical Resistivity (nV•m) 64 70.1 80.3
Electrical Conductivity (%IACS) 26.9 24.6 21.5

Thermal Conductivity (W/m•k) 106 108 110.5
Specific Heat (J/g/K) 0.34 0.36 0.40

Thermal Diffusivity (cm2/s) 0.41 0.40 0.40
Coefficient of Thermal Expansion (u m/mK) 24.1 26.4 27.3

Density (Mg/m3) 6.85 ND ND

TABLE X2.1 Mechanical Properties of ACuZinc5 Zinc-Copper-
Aluminum Die Castings

Wibull Analysis
Values

Mechanical Properties B50 B1

Tensile Strength, MPa 355 310
Yield Strength, MPa 284 240
Elongation, % 9.4 4.6

Young’s Modulus 100 3 103 MPa
Brinell Hardness Number 105-115

(500 kg, 10 mm ball)
Poisson’s Ratio 0.29
Creep Rate, s-13 10-6 0.5
25.5 MPa, 150°C
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SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue
(B 894 - 99e1) that may impact the use of this standard.

(1) Added ACuZinc5 trade name and changed definition of die casting.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 896 – 99

Standard Test Methods for
Evaluating Connectability Characteristics of Electrical
Conductor Materials 1

This standard is issued under the fixed designation B 896; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 These test methods define procedures for the relative
characterization of conductor material connectability on the
basis of measurements of parameters important to the design
and performance of electrical contacts and connections to and
with such conductors for both power and signal applications.

1.2 The parameters measured are contact resistance as a
function of contact force, fretting sensitivity, and compressive
relaxation.

1.3 Provision is made for measurement of the connectability
parameters at elevated temperature, or corrosive ambient, or
both, as may be required for evaluation for particular applica-
tions.

1.4 These test methods, using standardized specimen geom-
etry and procedures, are applicable to conductor materials as
employed in an electrical connection system and may be
adapted for evaluation of connectability of materials in the
form of actual connection system components.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of user of this standard to establish appropriate
safety and health practices and determine the applicability of
regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 539 Test Methods for Measuring Contact Resistance of

Electrical Connections (Static Contacts)2

B 542 Terminology Relating to Electrical Contacts and
Their Use2

3. Terminology

3.1 Definitions—Definitions of terms used in this test
method are in accordance with Terminology B 542.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 connectability, n—a combination of properties deter-

mining the ability of a material to establish and maintain stable
low resistance electrical contact under the influence of dete-
riorating environmental and operational factors.

3.2.2 fretting, n—accelerated surface damage occurring at
the interface of contacting materials subjected to small oscil-
latory displacements.

4. Summary of Test Method

4.1 Contact Resistance—Contact resistance is measured as
force is increased between conductors in a crossed-rod contact
pair of the material(s) being tested. Held at the maximum
specified force, test contacts may be exposed to temperature
changes or corrosive environments such as high humidity to
observe the effects of such changes on electrical contact
resistance.

4.2 Fretting Sensitivity—Contact resistance of a crossed-rod
pair is measured at constant normal force while a microscopic
oscillitory tangential motion is applied at the contact interface.
The number of applied motion cycles required to induce
contact resistance instability is determined. The test may be
performed at elevated temperature or in corrosive environment.

4.3 Compressive Relaxation—Change of applied contact
force with time, at fixed engagement displacement of crossed-
wire specimens, is measured. The test may be performed at
elevated temperature.

5. Significance and Use

5.1 These test methods develop comparative information
useful for the design of stationary contacts for wire conductors.

5.2 These test methods produce results, which are free of the
influence of arbitrary connection systems.

5.3 The influence of conductor surface pretreatments and
platings can be evaluated by these test methods.

5.4 The influence of environmental factors, such as high
temperature and corrosive environment can be evaluated by
these test methods.

1 These test methods are under the jurisdiction of ASTM Committee B-02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee B
02.11 on Electrical Contact Test Methods.

Current edition approved May 10, 1999. Published July 1999.
2 Annual Book of ASTM Standards, Vol 03.04.
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5.5 The results obtained by these test methods provide
guidance on connection system design parameters, such as
contact force and gas tightness requirements.

6. Test Methods

6.1 These test methods provide for standardization of speci-
men geometry, contact loads, and other factors, which may
influence the results. Use of nonstandard specimens or proce-
dures may influence the validity of relative connectability
comparisons based on the test results.

CROSSED WIRE CONTACT RESISTANCE—FIXED
LOAD

6.2 The standard specimen shall be 2 mm (#12 AWG, .081
in.) diameter wire, at least 25 mm ( in.) long, and straight to
within 1 %. Specimens of nonstandard diameter may be used.
Resulting performance data only is considered valid for com-
parison with results on same-size specimens, however.

6.3 The apparatus consists of a fixture capable of perform-
ing as follows:

6.3.1 Specimens are oriented perpendicular to one another.
Contact between the specimens occurs approximately at the
center of each specimen (lengthwise).

6.3.2 Specimens are supported by flat or vee-groove, or
equivalent holders, so as to prevent bending due to applied
contact load. Specimen support fixture shall support the speci-
men for a length of 4D6 0.5D, where D = specimen diameter
and shall be centered6 0.5D with respect to the point at which
the crossed specimens make contact. Beyond the load support
region (at center of the specimens), the specimens shall be
unsupported.

6.3.3 Electrical connections to the ends of the specimens
shall be made by flexible leads to fixed terminals mounted on
the fixture base.

6.3.4 The specimens are brought into contact at a rate of 1
mm/min or less until contact is made. After physical contact is
established, the contact force is increased at a rate of 1 kg/min
with a maximum allowable lateral motion of 0.001 mm.
Contact force is increased until it reaches the lesser of the
following:

6.3.4.1 120 % of the force required to achieve contact
resistance of 1.0 mV.

6.3.4.2 2.0 kg (for standard specimen diameter).
6.3.4.3 2.03 D/2 kg (for nonstandard specimen diameter)

where D = diameter in mm.
6.3.5 Instrumentation is provided for measurement of con-

tact force, contact current, and contact voltage. The maximum
open circuit voltage shall be 10 mV and the maximum current
shall be 100 mA.

6.3.6 Constant load long-term testing at the maximum force
(see 6.3.3) the specimen assembly may be fixed, maintaining
the contact force and the physical relationship between the
specimens so as to allow controlled evaluation of the effects of
long-term environmental variables, such as temperature, hu-
midity, or gaseous ambient.

6.3.7 Constant displacement long-term testing at the maxi-
mum force (see 6.3.4), the specimen assembly may be fixed,
maintaining the contact displacement and the physical relation-
ship between the specimens so as to allow controlled evalua-

tion of the effects of long-term environmental variables, such
as temperature, humidity, or gaseous ambient under conditions
whereby the contact load is influenced by stress-relaxation
effects. Fixture design for constant displacement testing must
be rigid and matched in thermal expansion characteristics to
the material being tested, such as to maintain displacement
within 1 % of the initial value for the temperature range in
which it is used for the duration of the test. The rigidity
requirement may be satisfied by a fixture whose spring constant
(force/unit displacement) is calculated to be no less than 2003
larger than the elastic spring constant of the specimen pair
when fully engaged. The specimen spring constant is deter-
mined by measuring the displacement required to decrease the
contact force to 1 kg from an initial 2 kg.

6.3.8 For the purpose of environmental exposure according
to 6.3.6 and 6.3.7, the fixturing shall be designed to maintain
contact load within62 % over the range of applied tempera-
ture for the duration of the test. Fixturing shall be designed
symmetrically so as to preclude introduction of shear forces in
the plane of the specimen contact interface as temperature is
changed.

6.3.9 The specific design of the apparatus may vary, pro-
vided that the functional requirements are met. A representative
embodiment of a constant load crossed-wire fixture is provided
in Appendix X1. For constant displacement crossed-wire
testing, a variation of the stress relaxation fixture shown in
Appendix X3 may be used.

6.4 Specimen contact load, current, and potential drop shall
be recorded for each specimen pair as they are brought into
initial contact and as the load increases. During subsequent
long-term testing at constant load or constant displacement,
specimen current and potential drop shall be measured at
appropriate intervals, no less frequent than1⁄10 of the duration
of the test. For specimens exposed to elevated temperature, the
measurements may be performed at room temperature if
required to achieve the specified accuracy.

FRETTING SENSITIVITY

6.5 Specimen size and fixturing for initial engagement shall
be in accordance with 6.1-6.3.5. Additional requirements are as
follows:

6.5.1 At a maximum force as determined in 6.3.4, the
specimen load shall be fixed, maintaining the contact force for
the balance of the test.

6.5.2 A cyclic motion of 20 µm amplitude at the contact
interface shall be imposed on one of the specimens in the
direction of its longitudinal axis. The other specimen shall be
held rigid. Fixture must be calibrated to assure the correct
displacement at the actual contact interface between the
specimens. Frequency of the applied motion shall be 1 cycle/
min.

6.5.3 For the purpose of environmental exposure during the
fretting sensitivity test, the fixturing shall be sufficiently
resistant to the test environment so as to maintain the contact
load and position (except for the applied cyclic motion) of the
specimens without change for the duration of the test.

6.5.4 The specific design of the apparatus may vary, pro-
vided that the functional requirements are met. A representative
embodiment is provided in Appendix X2.
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6.6 The cyclic motion shall be continued until the contact
resistance becomes unstable.3

COMPRESSIVE RELAXATION

6.7 Specimen size and fixturing for initial engagement shall
be in accordance with 6.1-6.3.5. Additional requirements are as
follows:

6.7.1 The apparatus consists of a fixture capable of perform-
ing the following functions:

6.7.1.1 Specimens are supported fully by flat or vee-groove
or equivalent holders that will prevent bending due to the
applied contact load. To achieve this, the specimens shall be
cemented in place using a material that remains sufficiently
rigid and chemically stable under applied conditions of the test
to meet the requirements of 6.7.1.2. The specimen support
fixture shall support the specimen for a length of 4D6 0.5D,
where D = specimen diameter and shall be centered6 0.5D
with respect to the point at which the crossed specimens make
contact. Beyond the load support region (at center of the
specimens) the specimens shall be unsupported.

6.7.1.2 The compliance of the fixture, including the contact
force measuring means, shall be designed to be no more than
5 % of the elastic spring constant of the fully loaded specimen.
The specimen spring constant is determined by measuring the
displacement required to decrease the contact force to 1 kg
from the initial 2 kg.

6.7.1.3 The test fixture may be maintained at normal room
temperature, 236 3°C, or exposed to elevated temperature, as
appropriate for evaluating the materials of interest with respect
to the requirements for proposed applications. The fixture shall
be designed to impart no more than 5 % change of contact
force when changing temperature from the loading condition to
the long-term dwell condition.

6.7.1.4 The specimens are brought into contact at a rate of 1
mm/min or less until contact is established. After physical
contact is established, the contact force is increased at a rate of
1 kg/min until it reaches 2 kg.

6.7.1.5 The mechanical position of the specimen holders
relative to one another then is fixed. The fixture must accom-
plish this without change in force or position. The loading
mechanism may be removed once the specimen holders are
fixed.

6.7.1.6 The specific design of the apparatus may vary
provided that the functional requirements are met. A represen-
tative embodiment is provided in Appendix X3.

6.7.2 Contact force is measured as a function of time,
maintaining the fixed relationship between the specimen hold-
ers.

7. Sampling

7.1 Sample size for each conductor material evaluated and
for the reference material to which the performance is being
compared, shall be as follows:

7.1.1 Minimum sample size for contact resistance tests is 10
specimens.

7.1.2 Minimum sample size for fretting sensitivity tests is
10 specimens.

7.1.3 Minimum sample size for compressive relaxation tests
is 4 specimens.

8. Specimen Preparation

8.1 Specimens shall be cut from random points along a
length of the conductor being evaluated.

8.2 A basic set of specimens shall be tested without chemi-
cal, abrasive, or other surface cleaning or treatment. The effect
of cleaning or other surface treatment may be evaluated using
additional specimen sets. If electrical insulation must be
removed as part of the specimen preparation, this must be
accomplished without scraping the conductor surface at (what
will become) the contact point.

9. Report

9.1 A report of connectability testing according to these test
method, as a minimum, shall include the information defined in
this section. All nonstandard aspects of test procedure or test
specimen configuration shall be noted.

9.1.1 Identification of person/organization performing the
tests.

9.1.2 Date of test report.
9.1.3 Identification of conductor materials (test materials

and reference materials).
9.1.3.1 Sufficient detail shall be provided to allow procure-

ment of materials essentially identical to that tested.
9.1.4 Specimen configuration and preparation.
9.1.5 Tests performed.
9.1.5.1 Procedure.
9.1.5.2 Sample size.
9.1.5.3 Applied conditions.
9.1.5.4 Test Results—Raw data plus (optional) plotted and

(optional) statistical summaries comparing performance of the
reference conductor to the test conductor.

9.1.5.5 Instrumentation precision and bias evaluation for
electrical, force, and temperature measurements being re-
ported.

10. Precision and Bias

10.1 Precision and bias of the individual parameter mea-
surements depend on the particular instrumentation used in the
tests and the particular design of the fixturing.

10.2 The use of reference samples for testing under these
test methods eliminate many sources of bias. The comparative
results obtained are considered to be free from bias caused by
instrumentation and fixturing variations.

10.3 Other sources of bias, such as lot-to-lot differences in
sample materials, may be detected by comparison of the results
obtained with the reference conductor samples to those previ-
ously obtained on the same material at other times and by other
laboratories.

11. Keywords

11.1 connectability; contact resistance; creep; electrical con-
ductor; fretting sensitivity; stress relaxation

3 Braunovic M., “Effect of Fretting on the Contact Resistance of Aluminum With
Different Contact Materials,” Proceedings of the Ninth International Conference on
Electric Contact Phenomena and the 24th Annual Holm Conference on Electrical
Contacts, Illinois Institute of Technology, Chicago, 1978.
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APPENDIXES

(Nonmandatory Information)

X1. CONSTANT FORCE CROSSED-WIRE FIXTURE

X1.1 Fig. X1.1—Increasing W brings crossed wires into
contact at W0. Flexure plate at A serves to allow crossed wires
to come together but inhibits lateral motion. Increase W at
required rate to reach specified force at crossed-wire contact.
Calculate crossed wire contact force from the geometry.

X1.2 Fig. X1.2—After loading, the tension rod may be
fixed at B by setscrew or adhesive, and W can be removed
without changing the contact force. The compliance of the
spring element (an extension of the flexure plate) must be
designed to assure that the load remains essentially constant
within the limits prescribed.
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X2. CROSSED-WIRE FRETTING FIXTURE

FIG. X1.1 Constant Force Crossed-Wire Fixture

FIG. X1.2 Constant Force Crossed-Wire Fixture: Loaded Position

FIG. X2.1 View of a Single Fretting Station
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X3. STRESS RELAXATION FIXTURE

X3.1 Fig. X3.1—The main body of the fixture is suspended
from a flange around the upper rim. The upper specimen holder
is advanced downward until contact is made between the
specimens and then the load is increased to the specified
amount. The load is held until adhesive at the joint B hardens.
The adhesive may be epoxy, anaerobic locking cement, CNA,
or any other type that is chemically inert relative to the contact
and fixture materials and can withstand the temperature of the
test without softening. The external applied load is removed
after the adhesive hardens.

X3.1.1 Contact load is measured by a load cell incorporated
into one of the specimen holders or by strain gages on the wall
of the body at A. The elasticity of this wall, or of any load cell
used, must be designed carefully so as to enable the force
measurements to be made while at the same time satisfying the
compliance (spring rate) limitation.

X3.1.2 Holes in the fixture may be provided in the upper
and lower sections to facilitate isothermal heating or cooling so
as to minimize effects of thermal expansion and contraction.
Careful selection of materials with respect to thermal expan-
sion coefficient is required to maintain the dimentional rela-
tionships to within the required tolerance.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

FIG. X2.2 Multi-Station Fretting Assembly Driven by a Thermal Motor

FIG. X3.1 Stress Relaxation Fixture
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Designation: B 897 – 03

Standard Specification for
the Configuration of Zinc and Zinc Alloy Jumbo and Block
Ingot 1

This standard is issued under the fixed designation B 897; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This specification covers zinc and zinc alloy jumbo and
block ingot meeting dimensional requirements.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 The following standards of the issue in effect on date of
order acceptance, form a part of this specification to the extent
referenced herein:

2.2 ASTM Standards:
B 6 Specification for Zinc2

B 852 Specification for Continuous Galvanizing Grade
(CGG) Zinc Alloys for Hot-Dip Galvanizing of Sheet
Steel2

B 899 Terminology Relating to Non-ferrous Metals and
Alloys2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance With Specifications3

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 jumbo ingot, n—large casting of zinc or zinc alloy,
having through holes for chains, designed for handling by
mechanical equipment, which is also referred to as a jumbo or
strip jumbo.

3.2.2 block ingot, n—large casting of zinc or zinc alloy,
having lift pockets, designed for handling by mechanical
equipment, which is also referred to as a block.

4. Ordering Information

4.1 Orders for jumbo or block ingots, or both, under this
specification shall include the following information:

4.1.1 This specification number and date,
4.1.2 Quantity (weight),
4.1.3 Name of material and grade, and the
4.1.4 Type of ingot (Jumbo, Type 1 Block, or Type 2 Block),
4.1.5 Order may stipulate dimensions, or tolerances, or

both, not meeting this specification only upon mutual written
agreement between purchaser and producer.

5. Materials and Manufacture

5.1 The producer shall use care to have each lot of zinc
metal or zinc alloy jumbo or block ingots be of as uniform
quality as possible.

6. Dimensions, Mass, and Permissible Variations

6.1 Jumbo Ingots
6.1.1 Permissible variations in dimensions and tolerances

for zinc or zinc alloy jumbo ingots shall be within the limits
specified in Table 1 and Fig. 1 unless prior written agreement
exists between purchaser and producer for nonstandard dimen-
sions and tolerances.

6.1.2 Jumbo ingot weight shall be 24006100 lbs (10896
45 kg).

6.2 Block Ingots
6.2.1 Permissible variations in dimensions and tolerances

for zinc or zinc alloy block ingot shall be within the limits
specified in Table 2 and Figs. 2 and 3 unless prior written
agreement exists between the purchaser and producer for
nonstandard dimensions and tolerances.

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.04 on Zinc and Cadmium.

Current edition approved June 10, 2003. Published August 2003. Originally
approved in 1999. Last previous edition approved in 1999 as B 897 - 99ae1.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 14.02.

1

*A Summary of Changes section appears at the end of this standard.
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6.2.2 In addition to lift pockets in block ingots employed for
ingot handling, smaller lift pockets are sometimes located on
the ingot sides or ends and are employed to remove the ingot
from the ingot mold during production and may be present at
the discretion of the producer.

6.2.3 Smaller “half height” block type ingots typically
weighing 1200 lb (545 kg) are commonly used for casting and
master alloy ingots.

6.3 Block ingot weight shall be 24006 100 lbs (10896 45
kg).

7. Appearance

7.1 Jumbo or block ingots, or both, shall be reasonably free
from dross, cracks, adhering foreign matter, undue surface
oxide, and any “flash” that would interfere with handling and

use.

8. Product Marking
8.1 The producer’s name or a brand name by which the

producer can be identified shall be cast or stamped on each
jumbo ingot.

8.2 Each jumbo or block ingot shall be marked with the
producer’s heat, lot, or other identification mark.

8.3 Additional product marking (color code, etc.) will not be
required unless agreed to by the purchaser and producer.

9. Keywords
9.1 block ingot; jumbo ingot; zinc; zinc alloys

TABLE 1 Zinc Jumbo Ingot Specification

Weight 2400 6 100 lbs (1089 6 45 kg)
Table of Dimensions

Drawing
Identification

Letter
Dimension Definition Dimension, in. Dimension, mm

min max min max
A Top length 48.75 50.25 1238 1276
B Bottom overall lengthA 46.00 48.00 1168 1219
C Top width 19.25 20.25 489 514
0.5C Center of pin hole to length edge 9.63 10.13 245 257
D Bottom overall widthA 16.50 18.50 419 470
E HeightB 11.75 13.25 298 337
F Center of pin hole to end edge 5.75 6.75 146 171
G Height of side fork slots 3.00 4.00 76 102
J Upper width of side fork slot 5.50 8.00 140 203
K Lower width of side fork slot 8.00 10.50 203 267
L Top pin hole diameter 3.00 5.00 76 127
M Bottom pin hole diameterB 4.50 6.50 114 165
N Bottom center leg width 11.50 15.25 292 387
P Upper width of end fork slotB,C 5.50 8.00 140 203
R Lower width of end fork slotC 7.50 10.00 191 254
S Lower outer leg(s) length 6.50 8.00 165 203
T Height of end fork slot 3.00 4.00 76 102

ADimensions with curved corners are measured by placing straight edges on
both sides of the curve and using the intersecting point for the reference
measurement.

BMinimum P dimension must be greater than the M dimension maximum.
CMinimum R dimension must be greater than the P dimension maximum.

FIG. 1 Zinc Jumbo Ingot

TABLE 2 Zinc Block Ingot Specification

Weight 2400 6 100 lbs (1089 6 45 kg)
Table of Dimensions

Drawing
Identification

Letter
Dimension Definition Dimension, in. Dimension, mm

min max min max
A Top length 29.50 33.00 749 838
E Bottom length 23.00 30.25 584 768
G Top width 19.25 23.00 489 584
H Bottom width 14.00 19.25 356 489
F Height 18.50 23.50 470 597
C Lower width of side fork slot 14.75 20.00 375 508
D Lower leg length 2.25 4.25 57 108
B Distance between lift pockets 21.75 28.25 552 718
J Bottom fork slot height 2.50 3.50 64 89
N Inside lift pocket width 3.50 6.50 89 165
P Outside lift pocket width 4.00 8.50 102 216
K Ingot end to lift pocket 0.00 3.25 0 83
M Lift pocket depth 1.25 2.75 32 70
R Ingot top to lift pocket 1.75 7.00 45 178
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FIG. 2 Type 1 Block Ingot
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SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue
(B 897 - 99ae1) that may impact the use of this standard.

(1) Title changed. (2) Addition of Block ingot configurations Type I and Type 2.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

FIG. 3 Type 2 Block Ingot
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Designation: B 898 – 99

Standard Specification for
Reactive and Refractory Metal Clad Plate 1

This standard is issued under the fixed designation B 898; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers plate consisting of a base metal
to which is bonded, integrally and continuously, on one or both
sides a layer of one of the following: titanium, zirconium,
tantalum, niobium, and their alloys. The material generally is
intended for pressure vessel use.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values in parentheses and in metric tables
are provided for information only.

2. Referenced Documents

2.1 ASTM Standards:
A 20/A 20M Specification for General Requirements for

Steel Plates for Pressure Vessels2

A 265 Specification for Nickel and Nickel-Base Alloy-Clad
Steel Plate3

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products4

A 578/A 578M Specification for Straight-Beam Ultrasonic
Examination of Plain and Clad Steel Plates for Special
Applications2

A 751 Test Methods, Practices, and Definitions for Chemi-
cal Analysis of Steel Products4

B 265 Specification for Titanium and Titanium Alloy Strip,
Sheet, and Plate5

B 393 Specification for Niobium and Niobium Alloy Strip,
Sheet, and Plate5

B 551/B 551M Specification for Zirconium and Zirconium
Alloy Strip, Sheet, and Plate5

B 708 Specification for Tantalum and Tantalum Alloy Plate,
Sheet, Strip5

2.2 ASME Code:
Boiler and Pressure Vessel Code, Section IX, Welding

Qualifications6

Boiler and Pressure Vessel Code, Section VIII, Divisions 1,
2, 36

2.3 Military Standard:
MIL-J-2445A 7

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 This material is considered as single-clad or double-

clad dependent upon whether one or both sides of the base
metal are covered by a cladding metal.

3.1.2 base metal, n—the component that comprises the
greatest percentage of total thickness.

3.1.3 cladding metal, or cladding metals, n—the compo-
nent, or components, which individually comprise less than the
greatest percentage of total thickness.

3.1.4 cladding operation, n—the production event, which
results in the formation of the bond between the cladding and
base metal components, plus all related prebonding and post
bonding operations, prior to supply to the purchaser.

3.1.5 interface, n—of the clad product, is that region of
thickness in which the product transitions from essentially
100 % base metal to 100 % cladding metal. Also known as
bond or bond zone.

3.1.6 interlayer, n—a metal layer of a type or grade differ-
ent from the cladding metal and base metal, which is applied
between the cladding and base metal.

4. Ordering Information

4.1 Orders for material under this specification shall include
the following information:

4.1.1 Quantity.
4.1.2 Product dimensions, including thickness of both clad-

ding metal and base metal. It should state whether each
thickness value is minimum or nominal. If not stated, thickness
values shall be nominal.

4.1.3 Cladding metal type and specification (the cladding
metal specification)(see Section 6).

4.1.4 Base metal type and specification (the base metal
specification)(see Section 6).

4.1.5 Flatness requirements (see 10.3).
4.1.6 Ultrasonic inspection level (see Section 11).
4.1.7 Heat treatment requirements, if any.
4.1.8 Restrictions limiting or disallowing welding, or weld

repair, or both, if any (see Section 12).

1 This specification is under the jurisdiction of ASTM Committee B-10 on
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B 10.01 on Titanium.

Current edition approved April 10, 1999. Published July 1999.
2 Annual Book of ASTM Standards, Vol 01.04.
3 Annual Book of ASTM Standards, Vol 01.03.
4 Annual Book of ASTM Standards, Vol 01.01.
5 Annual Book of ASTM Standards, Vol 02.04.
6 Available from the American Society of Mechanical Engineers, 345 E. 47th St.,

New York, NY 10017.

7 Available from Standardization Documents Order Desk, Bldg. 4, Section D,
700 Robbins Ave., Philadelphia, PA 19111–5094, Attn: NPODS.

1
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4.1.9 Any additional codes and standards specified by the
purchaser or manufacturer.

4.1.10 Supplementary Requirements, if any.
4.1.11 Additional requirements, if any.

5. Materials and Manufacture

5.1 Process:
5.1.1 The base metal shall be manufactured in accordance

with all applicable requirements of the base metal specification
(see 4.1.4).

5.1.2 The cladding metal shall be manufactured in accor-
dance with all applicable requirements of the cladding metal
specification (see 4.1.3).

5.1.3 The cladding metal shall be bonded to the base metal
by any cladding operation that will produce a clad product
which will conform to the requirements of this specification.
Cladding methods may be, but are not limited to, explosion
bonding, roll bonding, and weld overlay.

5.1.4 The cladding metal may be fabricated from multiple
sheets or plates by edge butt welding prior to the cladding
operation.

5.1.5 The cladding thickness may consist of multiple layers
of the cladding metal.

5.2 Heat Treatment—Unless otherwise specified or agreed
between the purchaser and the manufacturer, all heat treat-
ments shall be performed as needed in the cladding operation
to assure the following:

5.2.1 The cladding metal conforms to the applicable re-
quirements of the cladding metal specification,

5.2.2 The base metal conforms to the applicable require-
ments of the base metal specification, and

5.2.3 The clad bond exhibits optimum resistance to dis-
bonding during common fabrication processes.

6. Chemical Composition

6.1 The composite plate may conform to any desired com-
bination of cladding metal and base metal as described in 6.2
and 6.3 and as agreed upon between the purchaser and the
manufacturer.

6.2 Cladding Metal—The cladding metal shall conform to
the requirements as to chemical composition prescribed in the
applicable cladding metal specification: B 265, B 393, B 551/
B 551M, or B 708.

6.3 Base Metal—The base metal shall be steel or any other
product conforming to specifications for metal plate. The base
metal shall conform to the requirements as to chemical
composition prescribed in the base metal specification.

7. Mechanical Properties

7.1 The base metal shall conform to the mechanical prop-
erty requirements prescribed in the base metal specification.

7.2 After the cladding operation, the cladding metal may not
conform necessarily to the mechanical property requirements
prescribed in the cladding metal specification unless otherwise
agreed upon between manufacturer and purchaser.

7.3 Mechanical testing of the base metal, in accordance with
the base metal specification, may be performed prior to the
cladding operation if the cladding operation does not affect the
mechanical properties of the base metal, for example, pro-

cesses which use no external heat source, or which do not
result in severe cold working of the entire base metal thickness,
or both.

7.4 Unless simulated post cladding heat treatments are
specified by the purchaser, Supplementary Requirement S5, the
mechanical test specimens shall be representative of the
material in the heat treatment condition of product being
shipped from the clad manufacturer.

7.5 Tensile Strength Requirements—The tensile properties
shall be determined by a tension test on the base metal only in
accordance with the testing requirements of the base metal
specification. When tension test specimen are taken from the
clad plate, the cladding shall be removed before tension tests
are made. When Supplementary Requirement S9 is specified,
requirements may be different.

7.6 Bond Shear Strength—The bond shear strength of the
clad product shall be 20 000 psi (137.9 MPa) minimum when
tested in accordance with Fig. 1. Testing shall be mandatory
only when Supplementary Requirement S1 is specified.

8. Chemical Analysis

8.1 When the cladding operation does not affect the chemi-
cal composition of the cladding or base metal, or both, the
chemical analysis, in accordance with cladding, or base metal
specifications, or both, may be performed prior to the cladding
operation. Otherwise, chemical analysis of the applicable
component or components shall be performed after the clad-
ding operation.

8.2 When chemical analysis is required after the cladding
operation, the frequency of testing, specimen location, and
testing methods shall be agreed upon between manufacturer
and purchaser.

9. Location and Number of Tests and Retests

9.1 Tension, Bend, and Impact Tests (When Required)—The
specimen orientation, location with respect to thickness, and
number of tests and retests shall be in accordance with the
requirements of the base metal specification. The test specimen
location within the plate shall be at the manufacturer’s option.

10. Dimensions and Flatness, Permissible Variations

10.1 Thickness:
10.1.1 Cladding metal thickness tolerances shall be in

accordance with Table 1.
10.1.2 Base metal thickness tolerances shall be in accor-

dance with Table 2.
10.1.3 When the purchaser specifies flatness in accordance

with 10.3.1.3 or 10.3.1.4, overgage tolerances in excess of
those specified herein may be specified by the manufacturer.

10.1.4 When agreed upon by the producer and the pur-
chaser, overgage tolerances different from those specified
herein shall apply.

10.1.5 When an interlayer metal is included in the product
and when its thickness exceeds 0.005 in. (0.127 mm) nominal,
its composition and nominal thickness shall be reported.

10.2 Length and Width or Diameter Tolerances:
10.2.1 Clad plates shall be supplied with edges cut to the

dimensions specified by the purchaser. Cutting may be per-
formed by thermal or mechanical means or any other method,
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which does not deleteriously affect the product quality. Clad
plates shall conform to the length and width or diameter
tolerances of Table 3 unless otherwise agreed upon between the
manufacturer and purchaser.

10.2.2 When specified by the purchaser, clad plate shall be
supplied in the as-clad or mill edge, condition. Minimum sound
bond size shall be specified, and length and width tolerances of
the as-supplied product shall be as agreed upon between
purchaser and manufacturer. Either all edge nonbond areas
outside of the specified minimum sound bond area shall be
marked clearly on the surface, or the boundary of the required
sound bond area shall be marked clearly on the sound bond
portion of the surface.

10.3 Flatness:
10.3.1 Flatness of the clad plate shall be in accordance with

one of the following flatness tolerance requirements. When
flatness requirements are not specified by the purchaser,
flatness tolerances of 10.3.1.1 shall apply.

10.3.1.1Standard Plate Flatness—Out-of-flatness of the

cladding face shall not exceed the requirements of Table 4.
This flatness criteria typically is applicable for clad plates
intended for subsequent forming, or fabrication, or both.

10.3.1.2Special Flatness—Out-of-flatness of the cladding

t 5 Cladding Metal Thickness—If > 0.125 in. (3.2 mm), machine to 0.125 in. (3.2 mm) max
T 5 Base Metal Thickness—If base metal thickness >1.0 in. (25.4 mm), it may be machined to 1.0 in. (25.4

mm) nominal.
Remove all cladding from base metal, except for area shown.
All corners are 90°.

FIG. 1 Shear Test Specimen

TABLE 1 Cladding Metal Thickness Tolerance

When Cladding Metal Thickness is Specified
Minimum Nominal

Specified Thickness # 0.150 in. > 0.150 in. < 0.188 in. $ 0.188 in.
Undergage Tolerance 0 0 0.030 in. 0.060 in.
Overgage Tolerance 100 % of

min
50 % of
min

100 % of
nominal

50 % of
nominal

TABLE 1M Cladding Metal Thickness Tolerance

When Cladding Metal Thickness is Specified
Minimum Nominal

Specified Thickness # 3.8 mm > 3.8 mm < 4.8 mm $ 4.8 mm
Undergage Tolerance 0 0 0.75 mm 1.5 mm
Overgage Tolerance 100 % of

specified
minimum

50 % of
specified
minimum

100 % of
specified
nominal

50 % of
specified
nominal

TABLE 2 Base Metal Thickness Tolerance

When Base Metal Thickness is Specified
Minimum Nominal

Specified Thickness < 1.0 in. $ 1.0 in. < 1.0 in. $ 1.0 in.
Undergage Tolerance 0 0 0.01 in. 0.01 in.
Overgage Tolerance 0.21 in.

over min
0.26 in.
over min

0.20 in. over
nominal

0.25 in. over
nominal

TABLE 2M Base Metal Thickness Tolerance

When Base Metal Thickness is Specified
Minimum Nominal

Specified Thickness < 25.4 mm $ 25.4 mm < 25.4 mm $ 25.4 mm
Undergage Tolerance 0 0 0.25 mm 0.25 mm
Overgage Tolerance 5.3 over

specified
minimum

6.6 over
specified
minimum

5.1 over
specified
nominal

6.4 over
specified
nominal

TABLE 3 Length and Width, or Diameter, Tolerance

Total Thickness
Permissible Variation from Specified Length and

Widths or Diameter

<2.0 in. –0, + 0.8 in.
$ 2.0 in., < 4.0 in. –0, + 1.0 in.
$ 4.0 in., <8.0 in. –0, + 1.5 in.

$ 8.0 in. per agreement

TABLE 3M Length and Width, or Diameter, Tolerance

Total Thickness
Permissible Variation from Specified Length and

Widths or Diameter

<50 mm –0, + 20 mm
$ 50, <100 –0, + 25 mm

$ 100, <200 –0, + 38 mm
$ 200mm per agreement
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face shall not exceed 0.100 in. (2.5 mm) over any 36-in.
(915-mm) span. This flatness criteria typically is applicable for
plates used in the flat condition.

10.3.1.3Machined Flatness—Out-of-flatness of one or both
faces, as specified by the purchaser, shall not exceed 0.010 in.
(0.25 mm) over any 36-in. (915-mm) span.

10.3.1.4Suitable for Machining Flat—The material shall be
supplied in a condition suitable for subsequent machining of
specified face or faces while protecting minimum specified
thickness. The combination of the flatness of the product and
the thickness of the component metals shall permit the cladding
metal, or the base metal, or both, as specified by the purchaser,
to be machined to the requirements of 10.3.1.3 without
reducing thickness below the minimum specified, upon appli-
cation of proper set-up and machining practice.

10.3.1.5Other Flatness—Other flatness requirements may
be agreed upon mutually between the manufacturer and the
purchaser.

11. Nondestructive Testing

11.1 After the completion of all mechanical and thermal
processing components of the cladding operation, clad plates
shall be inspected for bond integrity in accordance with the
procedures and methods of Specification A 578/A 578M. Re-
cordable nonbond indications shall be in accordance with
Specification A 578/A 578M. Three acceptance options shall
apply. If the ultrasonic inspection class is not specified, Class
C shall apply.

11.1.1 Class A—100 % inspection with no single recordable
indication exceeding 1 in. (25 mm) in its longest dimension.
The minimum sound bond area shall be 99 %.

11.1.2 Class B—100 % inspection with no single recordable
indication exceeding 3 in. (75 mm) in its longest dimension.
The minimum sound bond area shall be 97 %.

11.1.3 Class C—Grid inspection on 9-in. (230-mm) centers,
with no single recordable indication exceeding 9 in.2(58 cm2)
in area. The minimum sound bond area shall be 95 %.

11.2 If the cladding metal has been applied by welding or
fabricated from multiple sheets by welding, the exposed
surface of the welds are to be 100 % penetrant inspected in
accordance with ASME Section VIII, Division 1, Appendix 8,
or as agreed between purchaser and manufacturer.

12. Welding

12.1 Any welding, which is part of the delivered product,
shall be performed with welders or welding operators that are
qualified in accordance with ASME Section IX and a welding
procedure specification (WPS) that is in accordance with
ASME Section IX.

12.2 All welds in the delivered product base metal shall be
performed by an ASME stamp holder in accordance with
ASME code rules.

12.3 All welds in the delivered product shall conform to any
applicable requirements of the base and cladding metal speci-
fications and any additional requirements specified in the
purchase order.

12.4 Weld Rework: Unless otherwise specified, rework of
defects in the cladding and/or base metal may be performed by
welding, provided the following requirements are met:

12.4.1 Approval is received from the purchaser in advance
of proceeding with rework. When specified, the welding
procedure specification (WPS) shall be subject to approval by
the purchaser prior to rework welding.

12.4.2 The defective area is removed and the area prepared
for rework is examined by a magnetic particle method or a
liquid penetrant method to ensure all defective area has been
removed. Method of examination and acceptance standard
shall be as agreed upon between the purchaser and the
manufacturer.

12.4.3 Welds to the cladding metal shall be deposited in a
suitable manner so as to leave the surface condition similar in
corrosion resistance to the adjacent cladding.

12.4.4 The reworked area shall be inspected in accordance
with the penetrant inspection requirements of Section 11.2 and
the applicable ultrasonic inspection requirements of Section
11.1.

12.4.5 The location and extent of the weld rework together
with the rework procedure and examination results are trans-
mitted as a part of the certification.

12.5 References to ASME Design Code shall be replaced
with comparable requirements of other national or international
standards when agreed upon by the purchaser and the manu-
facturer (Section 4.1.9).

TABLE 4 Permissible Variations in Flatness of Cladding Metal
Surface

Total Thickness
(in.)

Maximum Out-of-Flatness
Over any 36 in.A

Maximum Out-of-Flatness Over
any 72 in.B,C,D,E

<0.50 0.38 0.56
$0.50 <1.0 0.31 0.47
$1.0 <6.0 0.25 0.38

$6.0 to be agreed upon to be agreed upon
AFlatness is measured by placing a straight edge of 36-in. length or a straight

edge of 72-in. on the plate surface, or both, and then measuring the maximum
deviation between the plate surface and the straight edge. Balancing of the straight
edge on a high point is an acceptable measurement technique.

BFor plate dimensions exceeding 72 in., both the 36-in. and 72-in. measure-
ments shall apply.

CFor plate dimensions between 36 in. and 72 in., only the 36 in. shall apply.
DFor plate dimensions less than 36 in., the maximum out of flatness shall be the

ratio of (applicable dimension / 36 in.) 3 (above value for 36-in. measurement)
EThis flatness criteria shall apply to the total cladding metal surface. Measure-

ments are required only as needed to assure that this requirement is met.

TABLE 4M Permissible Variations in Flatness of Cladding Metal Surface
Total Thickness

(mm)
Maximum Out-of-Flatness mm

Over any 915 mmA
Maximum Out-of-Flatness mm

Over any 1830 mmB,C,D,E

<12.7 9.7 14.2
$12.7 <25.4 7.9 11.9
$25.4 <150 6.3 9.7

$152 to be agreed upon to be agreed upon

AFlatness is measured by placing a straight edge of 915-mm length or a straight
edge of 1830 mm on the plate surface, or both, and then measuring the maximum
deviation between the plate surface and the straight edge. Balancing of the straight
edge on a high point is an acceptable measurement technique.

BFor plate dimensions exceeding 1830 mm, both the 915 and 1830 measure-
ments shall apply.

CFor plate dimensions between 915 and 1830, only the 915 shall apply.
DFor plate dimensions less than 915, the maximum out of flatness shall be the

ratio of (applicable dimension / 915)3 (above value for 915 measurement)
EThis flatness criteria shall apply to the total cladding metal surface. Measure-

ments are required only as needed to assure that this requirement is met.
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13. Workmanship, Finish and Appearance

13.1 The product surfaces shall be free of excess imperfec-
tions and extraneous materials as determined by visual exami-
nation. Excessive imperfections are those which exceed the
standards of the cladding and base metal specifications respec-
tively, or purchaser approved standards. Examples of imper-
fections are scratches, dents, burrs, seams, blisters, and heavy
oxidation. Imperfections, which reduce the cladding, or base
metal thickness, or both, below the minimums specified are not
permissible unless approved by the purchaser. Examples of
extraneous materials are dirt, lubricants, metal chips, abrasive
grit, and excess weld metal or spatter.

13.2 The cladding surface shall be blasted, pickled, ground,
or polished to remove extraneous material.

13.3 The base metal surface condition shall be in accor-
dance with the requirements of the base metal specification.

13.4 Surface defects may be blended by grinding, providing
the metal thickness is not reduced below the specified mini-
mum.

13.5 Surface finish, other than those described herein, may
be agreed upon between producer and purchaser.

14. Inspection

14.1 When an inspector is appointed by the purchaser, the
manufacturer shall afford the appointed inspector all reason-
able facilities to satisfy him that the material is being furnished
in accordance with this specification. All tests shall be made
prior to shipment unless otherwise specified.

15. Rejection

15.1 Material not conforming to this specification or to
authorized modifications, as permitted by this specification,
shall be subject to rejection. Unless otherwise specified,
rejected material may be returned to the manufacturer at the
manufacturer’s expense unless the purchaser receives, within

three weeks of notice of rejection, other instructions for
disposition.

16. Certification

16.1 At a minimum the following shall be certified to the
purchaser by the manufacturer:

16.1.1 The chemical analysis of the cladding metal and base
metal,

16.1.2 The results of mechanical tests of Section 7,
16.1.3 Compliance with the nondestructive tests of Section

11, and
16.1.4 Compliance with the requirements of this specifica-

tion.

17. Product Marking

17.1 Except at specified in 17.2 and 17.3, the following shall
be stamped legibly on each finished clad plate in two places on
the base metal face not less than 12 in. (300 mm) from the
edges:

17.1.1 Name or brand of the manufacturer,
17.1.2 Manufacturer’s test identification number,
17.1.3 This specification number,
17.1.4 Base metal specification number, and
17.1.5 Cladding metal specification number.
17.2 For double-clad material, the information of 17.1 shall

be stamped on one cladding metal face, except that when the
cladding metal of that face is less than 0.2-in. (5-mm) thick, the
marking shall be stenciled legibly instead of stamped.

17.3 When the clad product is less than 72 in. (1830 mm) in
its largest lateral dimension, the specified information may be
stamped in a single location only.

18. Keywords

18.1 clad metal; clad plate; cladding; niobium; tantalum;
titanium; zirconium

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when agreed upon between the
purchaser and the manufacturer.

S1. Bond Shear Strength Testing

S1.1 Bond shear strength testing shall be performed on the
product when specified by the purchaser.

S1.2 Shear test specimens shall be made in the manner
indicated in Fig. 1. Shear testing shall be performed in
accordance with Specification A 265. The minimum permis-
sible shear strength shall be 20 000 psi (137.9 MPa).

S1.3 One shear test shall be performed for each lot of clad
plates, which consist of the same cladding and base metal lots
(material from the same heat having the same thickness and
same heat treatment), and which are clad under the same
bonding conditions. When specified by the purchaser, shear
tests shall be performed on each plate as-clad.

S1.4 Unless otherwise specified, the location of the shear
test specimen shall be at the manufacturer’s option and shall be

representative of the product.
S1.5 Retesting shall be permitted only when the test speci-

men or test method is defective. When retesting is performed,
two test specimens shall be obtained from a location as
adjacent as possible to the original specimen. The shear
strength values of both must exceed the minimum specified
value. If the defective test applies to a lot of more than one
plate, the retest herein shall be performed on the original plate
and a shear test shall be performed on each of the additional
plates as-clad.

S2. Ductility Bend Testing

S2.1 Ductility bend tests shall be performed when specified
by the purchaser and when applicable in the base metal
specification. Two bend tests of the composite plate shall be
made, one with the cladding metal in tension and the other with
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the cladding metal in compression. On double-clad plates, the
bend tests shall be made so that one specimen represents the
cladding metal in tension on one side while the other specimen
represents the cladding metal in tension on the opposite side.
Specimen design and testing shall be in accordance with the
requirements of Specification A 265. Bending radius and
acceptance criteria shall be in accordance with the cladding
metal specification when the cladding is in tension and the base
metal specification when the base metal is in tension.

S3. Side Bend Tests

S3.1 When specified by the purchaser, side bend tests shall
be performed. Testing methods and acceptance criteria shall be
agreed upon or shall be in accordance with an invoked
specification.

S4. Product Analysis

S4.1 Product analysis shall be performed on the cladding, or
base metal, or both, when specified by the purchaser. The
specimen for analysis shall be taken from one end of each
plate, as-clad.

S5. Simulated Heat Treatment of Mechanical Test
Coupons

S5.1 The test specimens representing the plate in the as-
supplied heat treat condition shall be given additional heat
treatments which simulate thermal processing which is to be
performed after supply. The temperature range, time, and
heating/cooling rates, as applicable, shall be specified by the
purchaser. Unless agreed upon, these tests shall replace those
representative of the product in the as-supplied condition.

S6. Charpy V-Notch Impact Test of Base Metal

S6.1 Charpy V-Notch tests shall be performed in accordance
with the relevant requirements of the base metal specification.
Impact test orientation, temperature, and acceptance criteria are
to be specified by the purchaser.

S7. Component Metal Ultrasonic Testing

S7.1 Ultrasonic testing shall be performed on the cladding,
or base metal, or both, when specified by the purchaser. Testing
shall be performed after the completion of all mechanical and
thermal processing components of the cladding operation.
Testing shall be in accordance with the procedures and meth-
ods of Specification A 578/A 578M. The acceptance level is to
be specified by the purchaser.

S8. Bond Tensile Strength Tests

S8.1 When specified by the purchaser, bond tensile strength
tests shall be performed. Testing methods8 and acceptance
criteria shall be agreed upon between purchaser and manufac-
turer.

S9. Requirements When Cladding Metal is Part of
Design Strength Requirement

S9.1 The tensile test shall be performed in accordance with
the requirements of Specification A 265. Specimen design,
testing, and acceptance criteria shall be in accordance with the
requirements of that specification.

S9.2 Ductility tests of S2 shall be performed.
S9.3 If the cladding metal is fabricated from multiple sheets

or plates by welding prior to the cladding operation, or when
rework welds are made, or both, welding must be performed by
an ASME stamp holder in accordance with ASME code rules
and other design code as applicable.

S9.4 References to the ASME Design Code shall be re-
placed with comparable requirements of other national or
international standards when agreed upon by the purchaser and
the manufacturer (see 4.1.9).

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

8 For consideration, one example of bond tensile strength testing is the Ram
Tensile Strength Test described in MIL-J-24445A.
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Designation: B 899 – 04

Standard Terminology
Relating to Non-ferrous Metals and Alloys 1

This standard is issued under the fixed designation B 899; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 To promote precise understanding and interpretation of
standards, reports, and other technical writings promulgated by
Committee B02.

1.2 To standardize the terminology used in these documents.
1.3 To explain the meanings of technical terms used within

these documents for those not conversant with them.

2. Significance and Use

2.1 The terms defined in this document are generic in
respect to the standards under the jurisdiction of Committee
B02 on Nonferrous Metals and Alloys. The same terms may
have different definitions in other ASTM technical committees.

2.2 Some definitions may differ within the committee be-
cause of limitations on items such as weights or dimensions. In
such cases the terms will be more precisely defined in the
Terminologysection of the standards in which these terms are
used.

3. Index of Terms

3.1 Alphabetical Listing of Terms
average diameter
bar
billet
can
cathodic protection
coiled sheet
compact
contact resistance
contact resistance probe
die casting
fill pin
fineness
flats
flat sheet
foundry casting
galvanic anode
graphite permanent mold casting

heat
ingot
liquidus
lot
lot number
melt
nominal wall
part
permanent mold casting
pig
pipe
plate
powder
powder blend
precious metals
pressure die casting
producer
rod
rough part
saline electrolyte
sand casting
seamless pipe
semi-permanent mold casting
shapes
sheet
shot
solidus
sponge
spring wire
strip
thin-wall tube
tube
weaving wire
welded pipe
wire

4. Terminology

4.1 Terms and Their Definitions

average diameter, n—the average of the maximum and
minimum outside the diameters, as determined at any one
section of the pipe or tube. B 160, B 161, B 163, B 165,

B 167, B 407, B 423, B 444, B 445, B 535, B 622, B 677,

1 This terminology is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.91 on Terminology.

Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1999. Last previous edition approved in 2003 as B 899 – 03a.
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B 690, B 710, B 722, B 723, B 726, B 729, B 739, B 751,
B 759, B 775

bar, n—an elongated, forged or rolled metal product with
uniform strength, length and section (such as rectangular,
square, round, oval or hexagonal). B 327, B 518

NOTE 1—In the following standards the term “bar” has a similar
definition, but with greater and more specific detail.B 160, B 164,

B 166, B 408, B 425, B 446, B 473, B 511, B 512, B 637,
B 639, B 649, B 672, B 691, B 719, B 756, B 805

billet, n—a formed shape that may be further worked, or a
solid, semifinished, round, or rectangular product that has
been hot-worked by forging, rolling, or extrusion.

can, n—the container used to encapsulate the powder during
the pressure consolidation process; it is removed from the
final part. B 834

cathodic protection, n—protection of a metal from corrosion
by making it a cathode through the galvanic sacrifice of a
less noble metal or through an impressed electric current.

B 418
coiled sheet,n—sheet in coils with slit edges. B 69
compact,n—the consolidated powder from one can; it may be

used to make one or more parts. B 834
contact resistance,n—the resistance to current flow between

two touching bodies, consisting of constriction resistance
and film resistance. B 667

contact resistance probe,n—an apparatus for determining
electrical contact resistance characteristics of a metal sur-
face.

DISCUSSION—probe, in this instance, should be distinguished from the
classical tool whose function it is to touch or move an object.

B 667

die casting, n—a casting process in which molten metal is
injected under high velocity and pressure into a metal die
and solidified; also, a product produced by such a process.
Alternately known as pressure die casting. B 6, B 240,

B 892, B 894
fill pin, n—the part of the compact in the spout used to fill the

can; it is usually integral to the part produced. B 834
fineness, n—a measure of the purity of precious metals

expressed in parts per thousand.
flat sheet,n—sheet with sheared, silt, or sawed edges that has

been flattened or leveled. B 69
foundry casting, n—a casting process wherein a molten metal

is poured by gravity into the cavity of a mold and solidified;
also, a product of such a process. B 86

galvanic anode,n—a metal electrode that sacrificially cor-
rodes when coupled to a more noble metal in a conducting
medium, thereby supplying a protective electric current to
the more noble electrode. B 418

graphite permanent mold casting, n—a metal object pro-
duced by introducing molten metal by gravity or low
pressure into a graphite mold and allowing it to solidify.

B 86
heat, n—refer to melt.
ingot, n—a casting of simple shape suitable for hot-working or

remelting. B 240, B 327
liquidus, n—the lowest temperature at which an alloy under

equilibrium conditions begins to freeze on cooling or is
completely melted on heating.

lot, n—a quantity of metal made under conditions that, for
sampling purposes, are considered uniform. B 6, B 32,

B 240, B 418, B 749
lot number, n—a unique alphanumeric designation for a lot

that is traceable to manufacturing records. B 32
melt, n—all the metal that, while molten, was held at the same

time in the same holding vessel.
nickel, n—a refined nickel primarily produced from ore or

matte or similar raw material containing a minimum of 99.80
percent nickel by weight. B 39

nickel alloy, n—a material that conforms to a specification that
requires, by weight percent, more nickel than any other
element.

DISCUSSION—Beginning in 1992, only alloys containing nickel as the
principal constituent have been categorized as a nickel alloy for the
purpose of new coverage in B02 specifications. Prior to 1992, nickel
alloys were defined as alloys nominally containing less than 50 % iron
with nickel as the highest nonferrous element present.

nickel-base alloyandnickel-based alloy—these terms are not
used in ASTM standards under the jurisdiction of Committee
B02 and are not preferred. Seenickel alloy.

nominal wall, n—specified wall thickness with a published
plus and minus tolerance from the specified thickness at any
point. B 535, B 710, B 722, B 723, B 726, B 739, B 751,

B 775
part, n—a single item coming from a compact, either prior to

or after machining. B 834
permanent mold casting, n—a metal object produced by

introducing molten metal by gravity or low pressure into a
mold constructed of durable material, usually iron or steel,
and allowing it to solidify. See also graphite permanent mold
casting. B 86, B 792

pig, n—an oblong or square mass of metal that has been cast
while still molten into a mold that gives the metal its
particular shape; most commonly used for lead and tin in
weights that can be handled manually. B 29, B 339

pipe, n—a tubular metal product, cast or wrought, of dimen-
sions that conform to those referred to commercially as
standard pipe sizes. B 161, B 165, B 167, B 407, B 423,

B 444, B 445, B 535, B 622, B 677, B 690, B 710, B 722,
B 723, B 729, B 759, B 775

plate, n—a flat-rolled metal product of same minimum thick-
ness and width arbitrarily dependent on the type of metal.

B 69, B 333, B 434, B 435, B 463, B 536, B 575, B 582,
B 599, B 620, B 625, B 709, B 718, B 814, B 818

powder, n—particles of a solid characterized by small size,
nominally within the range of from 0.1 to 1000 u.m.

powder blend, n—a homogeneous mixture of powder from
one or more heats; it is limited to the amount that can be
mixed in the same blender at one time. B 834

precious metals, n—the eight noble metals: gold, silver,
palladium, platinum, rhodium, iridium, osmium, and ruthe-
nium.

pressure die-casting,n—Same as die casting. B 86, B 791
producer, n—the primary manufacturer of the material.B 32
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rod, n—wrought material of round, solid straight lengths.
B 408, B 518, B 691

NOTE 2—In the following standards the term “rod” has a similar
definition, but is worded differently. B 160, B 164, B 166, B 425,

B 446, B 637, B 639, B 756

rough part, n—the part prior to final machining. B 834
saline electrolyte,n—a solution customarily consisting of the

chlorides of the alkali metals. B 418
sand casting,n—a casting process wherein molten metal is

poured by gravity into the cavity of a sand mold and
solidified; also, a product of such a process. B 791

seamless pipe,n—a round, hollow product made with a
continuous periphery in all stages of manufacture and
produced to the particular dimensions commercially known
as standard pipe sizes. B 423, B 444, B 775

semi-permanent mold casting,n—mold casting that is made
with an expendable core such as sand. B 791

shapes,n—materials of solid section in such forms as angles,
channels, tees, I-beams, and four-fluted bars. B 511

sheet, n—a flat-rolled metal product of some maximum
thickness and minimum width arbitrarily dependent on the
type of metal; it is thinner than plate.B 69, B 463, B 599,

B 625, B 688, B 709, B 718, B 749
shot, n—small spherically shaped particles of metal.B 327
solidus, n—the highest temperature at which under equilib-

rium conditions an alloy begins to melt on heating or is
completely solid on cooling.

sponge,n—a form of metal characterized by a porous condi-
tion that is the result of decomposition or reduction of a
compound without fusion.

spring wire, n—round wire intended especially for the manu-
facture of springs. B 471

strip, n—a flat-rolled metal product of some maximum thick-
ness and width arbitrarily dependent on the type of metal, it
is narrower than sheet. B 463, B 599, B 625, B 536,

B 688, B 709, B 718, B 749
thin-wall tube, n—tube with specified wall thickness 3 % or

less of the specified outside diameter. B 751
tube, n—a hollow product of round or any other cross section

having a continuous periphery of uniform shape.B 423,
B 444, B 445, B 535, B 677, B 722, B 729

NOTE 3—The following standards use the same definition for “tube,”
less the words “of uniform shape.” B 161, B 163, B 165, B 167,

B 407, B 622, B 690, B 759

weaving wire,n—round wire intended especially for weaving.
B 475

welded pipe,n—a round hollow product made by forming flat
stock and joining the single longitudinal seam by welding; it
is produced to the particular dimensions commercially
known as standard pipe sizes. B 775

wire, n—a thin, flexible continuous length of metal, usually of
uniform, round cross section.B 473, B 649, B 672, B 691,

B 805

5. Index of Terms Specific to a Standard

5.1 Terms and Their Corresponding Standard(s)
bars — B 473, B 649, B 672

billet — B 512
High Grade — B 6
jumbo ingot — B 897
mischmetal — B 750
Prime Western — B 6
Special High Grade — B 6
ribbon anode — B 69, B 418
wire — B 164, B 166

6. Abbreviations

6.1
CGG—continuous galvanizing grade zinc
HG—High Grade Zinc
MM—mischmetal
PW—Prime Western Zinc
SHG—Special High Grade Zinc
UNS—Unified Numbering System
V–12—zinc-12 % aluminum master alloy used to produce
die casting alloy #3
ZA—zinc-aluminum
ZA–8—zinc- 8 % aluminum- 1 % copper die casting alloy
ZA–12—zinc- 11 % aluminum- 1 % copper die casting
and foundry alloy
ZA–27—zinc- 27 % aluminum- 2 % copper die casting
and foundry alloy
Zn-5Al-MM—zinc- 5 % aluminum-mischmetal galvaniz-
ing alloy
85 Zn/15 aluminum—85 % zinc- 15 % aluminum alloy
95/5 Zn/Al—95 % zinc- 5 % aluminum alloy
90/10 Zn/Al—90 % zinc- 10 % aluminum alloy
90/10 Al/Sb—90 % zinc- 10 % antimony alloy

7. Index of Keywords Used in B02 Standards

7.1
alloys
aluminum-base master alloy
aluminum alloy hardener
analysis
antimony
babbit metal
bar
bearing alloys
billet
bismuth
blanking dies
block
brightener
cake
casting
casting alloys
cathodic protection
certification
CGG alloy
chemical-copper lead
chemical analysis
chemical composition
chemical requirements
cobalt alloys
cold worked
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color
color code
compact
continuous galvanizing grade zinc
definitions
die casting alloys
die castings
fittings
flux
flux cored solder
forgings
forming dies
foundry alloys
foundry castings
freezing point
fuses
fusible alloys
fusion-welded pipe
fusion welded
galvanic anodes
grades
grain size
gravity casting
high-temperature alloy
high grade zinc
hog
hot-dip coating alloy
hot chamber die castings
hot finished
indium
ingot
iron-nickel-chromium-molybdenum
joining
jumbo ingot
lead
lead-silver alloys
lead-tin-antimony alloys
lead-tin-silver alloys
lead-tin alloys
lead alloys
liquidus
lot
low-bismuth low-silver lead
low melting point alloys
master alloy
mechanical properties
N02200
N02201
N04400
N06002
N06007
N06022
N06025
N06030
N06045
N06058
N06059
N06060

N06110
N06200
N06210
N06230
N06250
N06255
N06333
N06455
N06600
N06603
N06617
N06625
N06686
N06690
N06920
N06975
N06985
N07001
N07080
N07252
N07500
N07718
N07750
N07752
N08020
N08024
N08026
N08028
N08031
N08120
N08135
N08221
N08320
N08330
N08332
N08367
N08535
N08700
N08800
N08801
N08810
N08811
N08821
N08825
N08904
N08925
N08926
N08932
N09908
N10001
N10003
N10276
N10624
N10629
N10665
N10675
N12160
N60975
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nickel-chromium-molybdenum-columbium
nickel-chromium-molybdenum-tungsten
nickel-iron-chromium-molybdenum-columbium
nickel-iron-chromium-molybdenum-copper-columbium
nickel alloy forgings
nickel alloys
nickel alloy
nickel
nonferrous metals
permanent mold castings
pewter
physical properties
pig
pipe
plate
powder
powder parts
pressure consolidated powder metallurgy
pressure die castings
prime western zinc
product analysis
pure lead
R20033
R30556
R31233
refined
ribbon
rod
rolled sheet
rolled zinc
sampling
sand castings
seamless pipe
seamless tube
sheet
sheet metal dies
silver
slush casting
solder alloy
solder metal

solder uses
solidus
special high grade zinc
specimen preparation
strip
tension test
terminology
tin
tin-antimony-copper alloys
tin-antimony alloys
tin-cadmium-zinc alloys
tin-copper alloys
tin-silver alloys
tin-zinc alloy
tin alloys
V-12
welded pipe
welded tube
wire
ZA alloys
zinc
zinc- 5 % aluminum-mischmetal alloy
zinc-aluminum-copper alloys
zinc-aluminum alloys
zinc-base master alloy
zinc-cadmium alloys
zinc-copper-aluminum alloys
zinc-tin-copper alloys
zinc alloy hardener
zinc alloy ingots
zinc alloys
zinc anodes
zinc die casting alloy
zinc master alloys
zinc metal
zinc plate
zinc sheet

8. Keywords

8.1 definitions; nonferrous metals; terminology

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: B 906 – 02

Standard Specification for
General Requirements for Flat-Rolled Nickel and Nickel
Alloys Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 906; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers a group of general require-
ments that, unless otherwise specified in the purchase order or
in an individual specification, shall apply to rolled nickel and
nickel alloy plate, sheet, and strip, under each of the following
specifications issued by ASTM: Specifications B 127, B 162,
B 168, B 333, B 409, B 424, B 434, B 435, B 443, B 463,
B 536, B 575, B 582, B 599, B 620, B 625, B 670, B 688,
B 709, B 718, B 755, B 814, B 818, B 872.

1.2 In case of any conflicting requirements, the require-
ments of the purchase order, the individual material specifica-
tion, and this general specification shall prevail in the sequence
named.

1.3 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material as pro-
vided by the manufacturer, to establish appropriate safety and
health practices, and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
A 262 Practices for Detecting Susceptibility to Intergranu-

lar Attack in Austenitic Stainless Steels2

B 127 Specification for Nickel-Copper Alloy (UNS
N04400) Plate, Sheet, and Strip3

B 162 Specification for Nickel Plate, Sheet, and Strip3

B 168 Specification for Nickel-Chromium-Iron Alloys
(UNS N06600, N06601, N06690, N06603, N06025, and

N06045) and Nickel-Chromium-Cobalt-Molybdenum Al-
loy (UNS N07717) Plate, Sheet, and Strip3

B 333 Specification for Nickel-Molybdenum Alloy Plate,
Sheet, and Strip3

B 409 Specification for Nickel-Iron-Chromium Alloy Plate,
Sheet, and Strip3

B 424 Specification for Ni-Fe-Cr-Ni-Cu Alloy (UNS
N08825 and UNS N08221) Plate, Sheet, and Strip3

B 434 Specification for Nickel-Molybdenum-Chromium-
Iron Alloy (UNS N10003) Plate, Sheet, and Strip3

B 435 Specification for UNS N06002, N06230, UNS
N12160, and UNS R30556 Plate, Sheet, and Strip3

B 443 Specification for Nickel-Chromium-Molybdenum-
Columbium Alloy (UNS N06625) and Nickel-Chromium-
Molybdenum-Silicon Ally (UNS N06219) Plate, Sheet,
and Strip3

B 463 Specification for UNS N08020, UNS N08026, and
UNS N08024 Alloy Plate, Sheet, and Strip3

B 536 Specification for Nickel-Iron-Chromium-Silicon Al-
loys (UNS N08330 and N08332) Plate, Sheet, and Strip3

B 575 Specification for Low-Carbon Nickel-Molybdenum-
Chromium, Low-Carbon Nickel-Chromium-Molybdenum,
Low-Carbon Nickel-Chromium Molybdenum-Copper, and
Low-Carbon Nickel-Chromium-Molybdenum-Tungsten
Alloy Plate, Sheet, and Strip3

B 582 Specification for Nickel-Chromium-Iron-
Molybdenum-Copper Alloy Plate, Sheet, and Strip3

B 599 Specification for Nickel-Iron-Chromium-
Molybdenum-Columbium Stabilized Alloy (UNS N08700)
Plate, Sheet, and Strip3

B 620 Specification for Nickel-Iron-Chromium-
Molybdenum Alloy (UNS N08320) Plate, Sheet, and Strip3

B 625 Specification for UNS N08904, UNS N08925, UNS
N08031, UNS N08932, UNS N08926, and UNS R20033
Plate, Sheet and Strip3

B 670 Specification for Precipitation-Hardening Nickel Al-
loy (UNS N07718) Plate, Sheet, and Strip for High-
Temperature Service3

B 688 Specification for Chromium-Nickel-Molybdenum
Iron (UNS N08366 and UNS N08367) Plate, Sheet, and
Strip3

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2002. Published December 2002. Originally
published as B 906 - 00. Last previous edition B 906 - 00.

2 Annual Book of ASTM Standards, Vol 01.03.
3 Annual Book of ASTM Standards, Vol 02.04.
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B 709 Specification for Iron-Nickel-Chromium-
Molybdenum Alloy (UNS N08028) Plate, Sheet, and Strip3

B 718 Specification for Nickel-Chromium-Molybdenum-
Cobalt-Tungsten-
Iron-Silicon Alloy (UNS N06333) Plate, Sheet, and Strip3

B 755 Specification for Nickel-Chromium-Molybdenum-
Tungsten Alloys (UNS N06110) Plate, Sheet, and Strip3

B 814 Specification for Nickel-Chromium-Iron-
Molybdenum-Tungsten Alloy (UNS N06920) Plate, Sheet,
and Strip3

B 818 Specification for Cobalt-Chromium-Nickel-
Molybdenum-Tungsten Alloy (UNS R31233) Plate, Sheet,
and Strip3

B 872 Specification for Precipitation-Hardening Nickel-
Iron-Chromium-Columbium (Nb)-Titanium-Aluminum
Alloy (UNS N09908) Plate, Sheet and Strip3

B 880 Specification for General Requirements for Chemical
Check Analysis Limits for Nickel, Nickel Alloys and
Cobalt Alloys3

E 8 Test Methods for Tension Testing of Metallic Materials4

E 10 Test Method for Brinell Hardness of Metallic Materi-
als4

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials4

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications5

E 55 Practice for Sampling Wrought Nonferrous Metals and
Alloys for Determination of Chemical Composition6

E 112 Test Methods for Determining the Average Grain
Size4

E 140 Hardness Conversion Tables for Metals (Relationship
among Brinell hardness, Vickers hardness, Rockwell hard-
ness, Rockwell Superficial hardness, Knoop Hardness, and
Scleroscope Hardness)4

E 1473 Test Methods for Chemical Analysis of Nickel,
Cobalt, and High-Temperature Alloys6

2.2 AIAG Standard:
B-5 Primary Metals Identification Tag Application Stan-

dard7

2.3 ANSI Standard:
Accredited Standards Committee X 12 (ANSI ASC X 12)8

2.4 ASME Standard:
ASME Boiler and Pressure Vessel Code, Section IX9

3. Terminology

3.1 Definitions:
3.1.1 Plate, Sheet, Strip, and Cold work as used in this

specification apply to the following:

3.1.1.1 plate—material 3⁄16 in. [4.76 mm] and over in
thickness and over 10 in. [250 mm] in width. Finishes for plate
are actually shown in Section 13.

3.1.1.2 sheet—material under3⁄16 in. [4.76 mm] in thickness
and 24 in. [600 mm] and over in width. Finishes for sheet are
actually shown in Section 11.

3.1.1.3 strip—cold-rolled material under3⁄16 in. [4.76 mm]
in thickness and under 24 in. [600 mm] in width. Finishes are
detailed in Section 12 for strip, and strip edges in Section 14
for Cold-Rolled Strip.

3.1.1.4 cold work—the changing of mechanical properties
by work hardening.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Such requirements may include, but are not
limited to, the following:

4.1.1 Quantity (weight and number of pieces),
4.1.2 Name of material,
4.1.3 Condition (hot-rolled, cold-rolled, annealed, heat-

treated),
4.1.4 Finish (see Section 11 for Sheet, Section 12 for Strip,

and Section 13 for Plates). In the case of polished finishes,
specify whether one or both sides are to be polished,

4.1.5 Form (plate, sheet, or strip),
4.1.6 Dimensions (thickness, width, length),
4.1.6.1 Thickness shall be ordered to decimal or fractional

thickness. The use of the gage number is discouraged as being
an archaic term of limited usefulness not having general
agreement on meaning. The gage number shall not be a basis
for rejection.

4.1.6.2 Thickness, width, and length, when applicable,
should be ordered in the same units, for example, 0.060 in. By
48 in. By 120 in. (1.52 mm by 1219 mm by 3048 mm),

4.1.7 Edge, strip only (see Section 14 for Cold-Rolled
Strip),

4.1.8 Type, refer to the applicable material specification,
4.1.9 Specification designation and date of issue,
4.1.10 Additions to specification or special requirements,
4.1.11 Restrictions (if desired) on methods for determining

yield strength (see appropriate footnote to mechanical proper-
ties table of the basic material specification),

4.1.12 Restrictions on weld repair (see Section 17),
4.1.13 Marking requirements (see Section 22),
4.1.14 Preparation for delivery (see Section 22), and over.

5. Process

5.1 The material shall be manufactured/produced by the
following or as specified in the applicable material specifica-
tion.

5.1.1 The material shall be made by one of the following
processes: electric-arc, electric-induction, or other suitable
processes.

5.1.2 If a specific type of melting is required by the
purchaser, it shall be so specified on the purchase order.

5.1.3 If a specific type of remelt is required by the pur-
chaser, it shall be so specified on the purchase order.

4 Annual Book of ASTM Standards, Vol 03.01.
5 Annual Book of ASTM Standards, Vol 14.02.
6 Annual Book of ASTM Standards, Vol 03.05.
7 Available from Automotive Industry Action Group (AIAG), 26200 Lahser Rd.,

Suite 200, Southfield, MI 48034.
8 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,

4th Floor, New York, NY 10036.A
9 Available from American Society of Mechanical Engineers (ASME), ASME

International Headquarters, Three Park Ave., New York, NY 10016-5990.
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6. Chemical Composition

6.1 In case of disagreement, the chemical composition shall
be determined in accordance with the following methods:

UNS No. Prefixes ASTM Method
N02 E 39
N04 E 76
N06, N08 E 1473

6.2 The ladle analysis of the material shall conform to the
chemical requirements prescribed by the individual product
specification.

6.3 The product (check) analysis of the material shall meet
the requirements of Specification B 880.

7. Sampling

7.1 Lots for Chemical Analysis and Mechanical Testing:
7.1.1 A lot for chemical analysis shall consist of one heat.
7.1.2 A lot of plate, sheet, or strip for mechanical testing

shall be defined as the material from one heat in the same
condition and specified thickness.

7.2 Sampling for Chemical Analysis:
7.2.1 A representative sample shall be obtained from each

heat during pouring or subsequent processing.
7.2.2 Product (check) analysis shall be wholly the respon-

sibility of the purchaser.
7.3 Sampling for Mechanical Testing—Representative

samples shall be taken from each lot of finished material.

8. Number of Tests and Retests

8.1 Chemical Analysis—One test per heat.
8.2 Tension Tests—One test per lot.
8.3 Grain Size—One test per lot.
8.4 Retests—If one of the specimens used in the above tests

of any lot fails to meet the specified requirements, two
additional specimens shall be taken from different sample
pieces and tested. The results of the tests on both of these
specimens shall meet the specified requirements.

9. Specimen Preparation

9.1 Tension test specimens shall be taken from material in
the final condition and tested transverse to the direction of
rolling when width will permit.

9.2 Tension test specimens shall be any of the standard or
subsize specimens shown in Test Methods E 8.

9.3 In the event of disagreement, referee specimens shall be
as follows:

9.3.1 Full thickness of the material, machined to the form
and dimensions shown for the sheet-type specimen in Test
Methods E 8 for material under1⁄2in. (12.7 mm) in thickness.

9.3.2 The largest possible round specimen shown in Test
Methods E 8 for material1⁄2 in. (12.7 mm) and over.

10. Test Methods

10.1 The chemical composition and mechanical properties
of the material as enumerated in this specification shall be
determined, in case of disagreement, in accordance with the
following ASTM standards:

10.1.1 Chemical Analysis—Test Methods E 1473. For ele-
ments not covered by Test Methods E 1473, the referee test
method shall be as agreed upon between the manufacturer and

the purchaser. The nickel composition shall be determined
arithmetically by difference.

10.1.2 Tension Test—Test Methods E 8.
10.1.3 Rockwell Hardness Test—Test Methods E 18.
10.1.4 Hardness Conversion—Hardness Conversion Tables

E 140.
10.1.5 Grain Size—Test Methods E 112.
10.1.6 Determining Significant Places—Practice E 29.
10.1.7 Method of Sampling—Practice E 55.
10.2 For purposes of determining compliance with the

limits in this specification, an observed or calculated value
shall be rounded in accordance with the rounding method of
Practice E 29:

Test Requirement
Rounded Unit for Observed or
Calculated Value

Chemical composition and tolerances nearest unit in the last righthand place
of figures of the specified limit

Tensile strength and yield strength nearest 1000 psi (7 Mpa)

Elongation nearest 1 %

11. Finish for Sheet

11.1 The type of finish available on sheet products are:
11.1.1 No. 1 Finish—Hot-rolled, annealed, and descaled.
11.1.2 No. 2D Finish—Cold-rolled, dull finish.
11.1.3 No. 2B Finish—Cold-rolled, bright finish.
11.1.3.1Bright Annealed Finish—A bright cold-rolled fin-

ish retained by final annealing in a controlled atmosphere
furnace.

11.1.4 No. 3 Finish—Intermediate Polished finish, one or
both sides.

11.1.5 No. 4 Finish—General purpose polished finish, one
or both sides.

11.1.6 No. 6 Finish—Dull satin finish, Tampico brushed,
one or both sides.

11.1.7 No. 7 Finish—High luster finish.
11.1.8 No. 8 Finish—Mirror finish.
11.1.9 Sheets can be produced with one or two sides

polished. When polished on one side only, the other side may
be rough ground in order to obtain necessary flatness.

NOTE 1—Explanation of Sheet Finishes:
No. 1—This finish is produced by hot rolling to specified thickness

followed by annealing and descaling. It is generally used in industrial
applications, such as for heat and corrosion resistance, where smoothness
of finish is not of particular importance.

No. 2D—Produced on either hand sheet mills or continuous mills by
cold rolling to the specified thickness, annealing and descaling. The dull
finish may result from the descaling or pickling operation or may be
developed by a final light cold-rolled pass on dull rolls. The dull finish is
favorable for retention of lubricants on the surface in deep drawing
operations. This finish is generally used in forming deep-drawn articles
which may be polished after fabrication.

No. 2B—Commonly produced the same as 2D, except that the annealed
and descaled sheet receives a final light cold-rolled pass on polished rolls.
This is a general purpose cold-rolled finish. It is commonly used for all but
exceptionally difficult deep drawing applications. This finish is more
readily polished that No. 1 or No. 2D Finish.

Bright Annealed Finish is a bright cold-rolled highly reflective finish
retained by final annealing in a controlled atmosphere furnace. The
purpose of the atmosphere is to prevent scaling or oxidation during
annealing. The atmosphere is usually comprised of either dry hydrogen or
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a mixture of dry hydrogen and dry nitrogen (sometimes known as
dissociated ammonia).

No. 3—For use as a finish-polished surface or as a semifinished-
polished surface when it is required to receive subsequent finishing
operations following fabrication. Where sheet or articles made from it will
not be subjected to additional finishing or polishing operations, No. 4
finish is recommended.

No. 4—Widely used for restaurant equipment, kitchen equipment, store
fronts, dairy equipment, etc. Following initial grinding with coarser
abrasives, sheets are generally finished last with abrasives approximately
120 to 150 grit.

No. 6—Has a lower reflectivity than No. 4 finish. It is produced by
Tampico brushing No. 4 finish sheets in a medium of abrasive and oil. It
is used for architectural applications and ornamentation where high luster
is undesirable; it is also used effectively to contrast with brighter finishes.

No. 7—Has a high degree of reflectivity. It is produced by buffing a
finely ground surface, but the grit lines are not removed. It is chiefly used
for architectural or ornamental purposes.

No. 8—the most reflective finish that is commonly produced. It is
obtained by polishing with successively finer abrasives and buffing
extensively with very fine buffing rouges. The surface is essentially free of
grit lines from preliminary grinding operations. This finish is most widely
used for press plate, as well as for small mirrors and reflectors.

12. Finish for Strip

12.1 The various types of finish procurable on cold-rolled
strip products are:

12.1.1 No. 1 Finish—Cold rolled to specified thickness,
annealed, and descaled.

12.1.2 No. 2 Finish—Same as No. 1 Finish, followed by a
final light cold-roll pass, generally on highly polished rolls.

12.1.3 Bright Annealed Finish—A bright cold-rolled finish
retained by final annealing in a controlled atmosphere furnace.

12.1.4 Polished Finish—Strip is also available in polished
finishes such as No. 3 and No. 4, which are explained in Note
1.

13. Finish for Plates

13.1 The types of finish available on plates are:
13.1.1 Hot-Rolled or Cold-Rolled, and Annealed or Heat

Treated, and Blast Cleaned or Pickled—Condition and finish
commonly preferred for corrosion-resisting and most heat-
resisting applications, essentially a No. 1 Finish.

13.1.2 Hot Rolled or Cold rolled, annealed or heat treated,
blast cleaned and/or ground.

13.1.3 Hot Rolled or Cold rolled, annealed or heat treated,
blast cleaned and/or ground, and pickled.

14. Edges for Cold-Rolled Strip

14.1 The types of edges available on strip products are:
14.1.1 No. 1 Edge—A rolled edge, either round or square as

specified.
14.1.2 No. 3 Edge—An edge produced by slitting.
14.1.3 No. 5 Edge—An approximately square edge pro-

duced by rolling or filing after slitting.

15. Permissible Variations in Dimensions and Weight

15.1 Sheet—Sheet shall conform to the permissible varia-
tions in dimensions specified in Tables A1.1-A1.7 for materials
produced to Specifications B 463, B 536, B 599, B 625, B 688,
B 709 or B 718; and Table A2.2 and Table A2.4 for materials
produced to Specifications B 333, B 434, B 435, B 575, B 582,

B 620, B 814 or B 818; and Table A3.3 and Table A3.6 for
materials produced to Specifications B 127, B 162, B 168,
B 409, B 424, B 443, B 670, B 755 or B 872.

15.2 Cold-Rolled Strip—Cold-rolled strip shall conform to
the permissible variations in dimensions specified in Tables
A1.1-A1.11 for materials produced to Specifications B 463,
B 536, B 599, B 625, B 688, B 709 or B 718; Table A2.2 and
Table A2.4 for materials produced to Specifications B 333,
B 434, B 435, B 575, B 582, B 620, B 814 or B 818; and Table
A3.3 and Table A3.6 for materials produced to Specifications
B 127, B 162, B 168, B 409, B 424, B 443, B 670, B 755 or
B 872.

15.3 Plates—Plates shall conform to the permissible varia-
tions in dimensions specified in Tables A1.12-A1.18 for
materials produced to Specifications B 463, B 536, B 599,
B 625, B 688, B 709 or B 718; Table A2.1 and Table A2.3 for
materials produced to Specifications B 333, B 434, B 435,
B 575, B 582, B 620, B 814 or B 818; and Table A3.1, Table
A3.2, Table A3.4, Table A3.5, and Table A3.7 for materials
produced to Specifications B 127, B 162, B 168, B 409, B 424,
B 443, B 670, B 755 or B 872.

16. Workmanship

16.1 The material shall be of uniform quality consistent
with good manufacturing and inspection practices. The mate-
rial shall have no imperfections of a nature or degree, for the
type and quality ordered, that will adversely affect the stamp-
ing, forming, machining, or fabrication of finished parts.

16.2 Sheet, Strip, and Plate—Sheet, and strip with No. 1
finish and plate with hot-roll anneal or hot-roll anneal and
pickle finish may be ground to remove surface imperfections,
provided such grinding does not reduce the thickness or width
at any point beyond the permissible variations in dimensions.
An iron free abrasive wheel shall be used for such grinding and
shall be operated in a speed ample to ensure that defective
areas are cleanly cut out.

17. Repair of Plate by Welding

17.1 Repair of surface defects of plate, by welding, is
permitted unless prohibited by other specifications or purchase
order requirements.

17.2 Defect depth shall not exceed1⁄3 of the nominal
thickness, and the total area shall not exceed 1 % of the plate
surface area, unless prior approval from the purchaser is
obtained.

17.3 Unacceptable imperfections shall be suitably prepared
for welding by grinding or machining. Open clean defects,
such as pits or impressions, may not require preparation.

17.4 The welding procedure and the welders or welding
operators shall be qualified in accordance with Section IX of
the ASME Code.

17.5 The welding consumables shall be compatible with
both the chemistry and mechanical properties of the base
material.

17.6 After repair welding, the welded area shall be ground
smooth and blended uniformly to the surrounding surface.

17.7 Weld repair, if performed, shall be reported on the test
report in accordance with Section 21.
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18. Inspection

18.1 Inspection of the material by the purchaser’s represen-
tative at the producing plant shall be made as agreed upon
between the purchaser and the seller as part of the purchase
order.

18.2 Unless otherwise specified in the contract or purchase
order: (1) the seller is responsible for the performance of all the
inspection and test requirements in this specification, (2) the
seller may use his own or other suitable facilities for the
performance of the inspection and testing, and (3) the pur-
chaser shall have the right to perform any of the inspection and
tests set forth in this specification. The manufacturer shall
afford the purchaser’s inspector all reasonable facilities neces-
sary to satisfy him that the material is being furnished in
accordance with the specification. Inspection by the purchaser
shall not interfere unnecessarily with the manufacturer.

19. Rejection

19.1 Material that shows injurious imperfections per alloy
specification subsequent to its acceptance at the purchaser’s
works will be rejected and the seller shall be notified.

20. Rehearing

20.1 Samples tested in accordance with the specification
that represent rejected material shall be retained for a period
agreed upon by purchaser and seller from the date of the
notification to the seller of the rejection. In case of dissatisfac-
tion with the results of the test, the seller may make claim for
a rehearing within that time.

21. Material Test Report and Certification

21.1 A report of the result of all tests required by the product
specification shall be supplied when required by the purchase
order. This material test report shall reference the product
specification designation and year date indicating that the
material was manufactured, sampled, tested, and inspected in
accordance with requirements of the product specification and
has been found to meet those requirements. The material test
report shall report the melting process when the purchase order
requires either a specific type of melting or requires that the
melting process used is to be reported.

21.1.1 The report shall indicate the type of material. If
certifying that the material conforms to the requirements for
more than one type of material, the manufacturer may indicate
each type of material on the report, or may issue a separate
report for each type of material.

21.1.2 When weld repair is performed, it shall be so stated
on the test report, noting the alloy type of weld consumable
used.

21.2 A signature is not required on the report. However, the
document shall clearly identify the organization submitting the
report.

21.3 A material test report, certificate of inspection, or
similar document printed from or used in electronic form from
an electronic data interchange (EDI) transmission shall be
regarded as having the same validity as a counterpart printed in
the certifier’s facility. The content of the EDI transmitted
document must meet the requirements of the invoked ASTM

standard(s) and conform to any existing EDI agreement be-
tween the purchaser and the supplier. Notwithstanding the
absence of a signature, the organization submitting the EDI
transmission is responsible for the content of the report.

21.4 When finished material is supplied to a purchase order
specifying the product specification, the organization supply-
ing that material shall provide the purchaser with a copy of the
original manufacturer’s test report.

NOTE 2—Notwithstanding the absence of a signature, the organization
submitting the report is responsible for the content of the report.

NOTE 3—The industry definition as invoked here is: EDI is the
computer-to-computer exchange of business information in a standard
format such as ANSI ASC X 12.

22. Packaging, Marking, and Loading

22.1 For Commercial Procurement:
22.1.1 Marking—Unless otherwise specified in the appli-

cable material specification or the purchase order, marking
shall be conducted as follows:

22.1.1.1 Sheet, strip, and plate shall be marked on one face,
in the location indicated below with the specification designa-
tion number, type of material, material identification number,
and the name or mark of the manufacturer. The characters shall
be of such size as to be clearly legible. The marking shall be
sufficiently stable to withstand normal handling. Unless other-
wise specified by the purchaser, the marking, at the producers
option, may be done with (a) marking fluid (if a specific
maximum impurity limit of designation elements in the mark-
ing fluid is required by the purchaser, it shall be so stated on the
purchase order), (b) low-stress blunt-nosed continuous or
low-stress blunt-nosed-interrupted-dot die stamp, (c) a vibra-
tory tool with a minimum tip radius of 0.005 in [0.1 mm], or
(d) electrochemical etching.

22.1.1.2 Flat sheet, strip in cut lengths, and plate shall be
marked in two places near the ends or may be continuously line
marked. Cut pieces from sheet, strip and plate, with both width
and length, or diameter dimensions less than 48 in., may be
marked in only one place.

22.1.1.3 Sheet, strip, and plate in coil form shall be marked
near the outside end of the coil. The inside of the coil shall also
be marked or shall have a tag or label attached and marked with
the information of 22.1.1.1.

22.1.1.4 Material less than1⁄4 in. [6.4 mm] in thickness shall
not be marked with die stamps.

22.1.1.5 Material that conforms completely with the re-
quirements of two types of material within the ordering
specification may be marked as both types of material provided
that the manufacturer is certifying the material as meeting the
requirements of each of the types of material. Such marking, if
used may be part of the same marking as used for a single type
of material, or may be a separate but similar marking imme-
diately adjacent to the marking used for a single type of
material.

22.1.1.6 The AIAG primary metals identification tag (AIAG
B-5) may be used as a auxiliary method of identification in
cases where a bar-coded identification tag is desired. Use of
this method shall be by agreement between purchaser and
supplier.
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23. Keywords
23.1 nickel alloy; plate; sheet; strip

ANNEXES

(Mandatory Information)

A1. PERMISSIBLE VARIATIONS IN DIMENSIONS, ETC.—INCH-POUND (SI) UNITS

A1.1 Listed in Annex A1 are tables showing the permis-
sible variations in dimensions expressed in inch-pound (SI)
units of measurement applicable to material produced to
Specifications B 463, B 536, B 599, B 625, B 688, B 709 and
B 718, unless modified in accordance with Section 1.2 of this
Specification.

TABLE A1.1 Permissible Variations in Thickness for Hot-Rolled
Sheets in Cut Lengths, Cold-Rolled Sheet in Cut Lengths and

Coils

Specified Thickness,A in. [mm]

Permissible Variations,
Over and UnderB

in. mm

Over 0.145 [3.68] to less than 3⁄16 [4.76] 0.014 0.36
Over 0.130 [3.30] to 0.145 [3.68], incl 0.012 0.30
Over 0.114 [2.90] to 0.130 [3.30], incl 0.010 0.25
Over 0.098 [2.49] to 0.114 [2.90], incl 0.009 0.23
Over 0.083 [2.11] to 0.098 [2.49], incl 0.008 0.20
Over 0.072 [1.83] to 0.083 [2.11], incl 0.007 0.18
Over 0.058 [1.47] to 0.072 [1.83], incl 0.006 0.15
Over 0.040 [1.02] to 0.058 [1.47], incl 0.005 0.13
Over 0.026 [0.66] to 0.040 [1.02], incl 0.004 0.10
Over 0.016 [0.41] to 0.026 [0.66], incl 0.003 0.08
Over 0.007 [0.18] to 0.016 [0.41], incl 0.002 0.05
Over 0.005 [0.13] to 0.007 [0.18], incl 0.0015 0.04
0.005 [0.13] 0.001 0.03

AThickness measurements are taken at least 3⁄8 in. [9.52 mm] from the edge of
the sheet.

BCold-rolled sheets in cut lengths and coils are produced in some type numbers
and some widths and thickness to tolerances less than those shown in the table.

TABLE A1.2 Permissible Variations in Width and Length for Hot-
Rolled and Cold-Rolled Resquared Sheets (Stretcher Leveled

Standard of Flatness)

NOTE 1—Polished sheets with Finishes No. 4 and higher are produced
to tolerances given in this table.

Specified Dimensions, in. [mm]

Tolerances

Over
Under

in. mm

For thicknesses under 0.131 [3.33]:
Widths up to 48 [1219] excl 1⁄16 1.59 0
Widths 48 [1219] and over 1⁄8 3.18 0
Lengths up to 120 [3048] excl 1⁄16 1.59 0
Lengths 120 [3048] and over 1⁄8 3.18 0

For thicknesses 0.131 [3.33] and over:
All widths and lengths 1⁄4 6.35 0

TABLE A1.3 Permissible Variations in Width for Hot-Rolled and
Cold-Rolled Sheets not Resquared and Cold-Rolled Coils

Specified Thickness, in.
[mm]

Tolerances for Specified Width, in. [mm]
24 [610] to 48 [1219], excl 48 [1219] and Over

Less than 3⁄16 [4.76] 1⁄16 [1.59] over, 0 under 1⁄8 [3.18] over, 0 under

TABLE A1.4 Permissible Variations in Length for Hot-Rolled and
Cold-Rolled Sheets Not Resquared

Length, ft [mm] Tolerances, in. [mm]
Up to 10 [3048], incl 1⁄4[6.35] over, 0
Over 10 [3048] to 20 [6096], incl 1⁄2[12.70] over, 0 under

TABLE A1.5 Permissible Variations in Camber for Hot-Rolled and
Cold-Rolled Sheets Not Resquared and Cold-Rolled Coils A

Specified Width, in. [mm]
Tolerance per Unit Length of Any 8 ft

[2438 mm], in. [mm]
24 [610] to 36 [914], incl 1⁄8 [3.18]
Over 36 [914] 3⁄32 [2.38]

ACamber is the greatest deviation of a side edge from a straight line and
measurement is taken by placing an 8-ft [2438-mm] straightedge on the concave
side and measuring the greatest distance between the sheet edge and the
straightedge.

TABLE A1.6 Permissible Variations in Flatness for Hot-Rolled
and Cold-Rolled Sheets Specified to Stretcher-Leveled Standard
of Flatness (Not Including Hard Tempers of 2XX and 3XX Series)

Specified
Thickness,

in. [mm]
Width, in. [mm] Length, in. [mm]

Flatness
Tolerance,A

in. [mm]

Under 3⁄16 [4.76] to 48 [1219], incl to 96 [2438], incl 1⁄8[3.18]
Under 3⁄16 [4.76] to 48 [1219], incl over 96 [2438] 1⁄4[6.35]
Under 3⁄16 [4.76] over 48 [1219] to 96 [2438], incl 1⁄4[6.35]
Under 3⁄16 [4.76] over 48 [1219] over 96 [2438] 1⁄4 [6.35]

AMaximum deviation from a horizontal flat surface.
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TABLE A1.8 Permissible Variations in Thickness for Cold-Rolled Strip in Coils and Cut Lengths

NOTE 1—Thickness measurements are taken at least3⁄8 in. [9.52 mm] in from the edge of the strip, except on widths less than 1 in. [25.4 mm] the
measurements should be taken at least1⁄8 in. [3.18 mm] from the strip edge.

NOTE 2—The tolerance in this table include crown tolerances.

Specified Thickness, in. [mm]

Thickness Tolerances, for the Thickness and Widths Given, Over and Under, in. [mm]

Width, in. [mm]

3⁄16 [4.76] to
6 [152], incl

Over 6 [152] to
12 [305], incl

Over 12 [305] to
24 [610], excl

Thickness TolerancesA

0.005 [0.13] to 0.010 [0.25], incl 10 % 10 % 10 %
Over 0.010 [0.25] to 0.011 [0.28], incl 0.0015 [0.04] 0.0015 [0.04] 0.0015 [0.04]
Over 0.011 [0.28] to 0.013 [0.33], incl 0.0015 [0.04] 0.0015 [0.04] 0.002 [0.05]
Over 0.013 [0.33] to 0.017 [0.43], incl 0.0015 [0.04] 0.002 [0.05] 0.002 [0.05]
Over 0.017 [0.43] to 0.020 [0.51], incl 0.0015 [0.04] 0.002 [0.05] 0.0025 [0.06]
Over 0.020 [0.51] to 0.029 [0.74], incl 0.002 [0.05] 0.0025 [0.06] 0.0025 [0.06]
Over 0.029 [0.74] to 0.035 [0.89], incl 0.002 [0.05] 0.003 [0.08] 0.003 [0.08]
Over 0.035 [0.89] to 0.050 [1.27], incl 0.0025 [0.06] 0.0035 [0.09] 0.0035 [0.09]
Over 0.050 [1.27] to 0.069 [1.75], incl 0.003 [0.08] 0.0035 [0.09] 0.0035 [0.09]
Over 0.069 [1.75] to 0.100 [2.54], incl 0.003 [0.08] 0.004 [0.10] 0.005 [0.13]
Over 0.100 [2.54] to 0.125 [2.98], incl 0.004 [0.10] 0.0045 [0.11] 0.005 [0.13]
Over 0.125 [2.98] to 0.161 [4.09], incl 0.0045 [0.11] 0.0045 [0.11] 0.005 [0.13]
Over 0.161 [4.09] to under 3⁄16 [4.76] 0.005 [0.13] 0.005 [0.13] 0.006 [0.15]

AThickness tolerances given in in. [mm] unless otherwise indicated.

TABLE A1.9 Permissible Variations in Width for Cold-Rolled Strip in Coils and Cut Lengths for Edge Nos. 1 and 5

Specified
Edge No.

Width, in. [mm] Thickness, in. [mm]

Width Tolerance for Thickness and Width Given,
in. [mm]

Over Under

1 and 5 9⁄32 [7.14] and under 1⁄16 [1.59] and under 0.005 [0.13] 0.005 [0.13]
1 and 5 over 9⁄32 [7.14] to 3⁄4 [19.05], incl 3⁄32 [2.38] and under 0.005 [0.13] 0.005 [0.13]
1 and 5 over 3⁄4 [19.05] to 5 [127], incl 1⁄8 [3.18] and under 0.005 [0.13] 0.005 [0.13]
5 over 5 [127.00] to 9 [228.60], incl 1⁄8 [3.18] to 0.008 [0.20], incl 0.010 [0.25] 0.010 [0.25]
5 over 9 [228.60] to 20 [508.00], incl 0.105 [2.67] to 0.015 [0.38] 0.010 [0.25] 0.010 [0.25]
5 over 20 [508.00] 0.080 [2.03] to 0.023 [0.58] 0.015 [0.38] 0.015 [0.38]

B 906 – 02

7



TABLE A1.10 Permissible Variations in Width for Cold-Rolled Strip in Coils and Cut Lengths for Edge No. 3

Specified Thickness, in. [mm]

Width Tolerance, Over and Under, for Thickness and Width Given, in. [mm]

Under 1⁄2 [12.70] to
3⁄16 [4.76], incl

1⁄2 [12.70] to 6
[152.40], incl

Over 6 [152.40] to
9 [228.60], incl

Over 9 [228.60] to
12 [304.80], incl

Over 12 [304.80] to
20 [508.00], incl

Over 20 [508.00] to
24 [609.60], incl

Under 3⁄16 [4.76] to 0.161 [4.09], incl . . . 0.016 0.020 0.020 0.031 0.031
[0.41] [0.51] [0.51] [0.79] [0.79]

0.160 [4.06] to 0.100 [2.54], incl 0.010 0.010 0.016 0.016 0.020 0.020
[0.25] [0.25] [0.41] [0.41] [0.51] [0.51]

0.099 [2.51] to 0.069 [1.75], incl 0.008 0.008 0.010 0.010 0.016 0.020
[0.20] [0.20] [0.25] [0.25] [0.41] [0.51]

0.068 [1.73] and under 0.005 0.005 0.005 0.010 0.016 0.020
[0.13] [0.13] [0.13] [0.25] [0.41] [0.51]

TABLE A1.11 Permissible Variations in Camber for Cold-Rolled
Strip in Coils and Cut Lengths A

Specified Width, in. [mm]
Tolerance per Unit Length of Any 8

ft [2438 mm], in. [mm]
To 11⁄2 [38.10], incl 1⁄2 [12.70]
Over 11⁄2 [38.10] to 24 [609.60], excl 1⁄4 [6.35]

ACamber is the deviation of a side edge from a straight line and measurement
is taken by placing an 8-ft [2438-mm] straightedge on the concave side and
measuring the greatest distance between the strip edge and the straightedge.

TABLE A1.7 Permissible Variations in Diameter for Hot-Rolled
and Cold-Rolled Sheets, Sheared Circles

Specified Thickness, in. [mm]

Tolerance Over Specified Diameter (No
Tolerance Under), in. [mm]

Diameters
Under 30 in.

[762]

Diameters 30
[762] to 48 in.

[1219]

Diameters
Over 48 in.

[1219]
0.0972 [2.46] and thicker 1⁄8 [3.18] 3⁄16 [4.76] 1⁄4 [6.35]
0.0971 [2.46] to 0.0568 [1.45], incl 3⁄32 [2.38] 5⁄32 [3.97] 7⁄32 [5.56]
0.0567 [1.45] and thinner 1⁄16[1.59] 1⁄8 [3.18] 3⁄16 [4.76]
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TABLE A1.12 Permissible Variations in Thickness for Plates A,B

Specified Thickness, in. [mm]

Width, in. [mm]

To 84 [2134], incl
Over 84 [2134] to 120

[3048], incl
Over 120 [3048] to

144 [3658], incl
Over 144 [3658]

Tolerance Over Specified Thickness,C in. [mm]

3⁄16 [4.76] to 3⁄8 [9.52], excl 0.045 [1.14] 0.050 [1.27] . . . . . .
3⁄8 [9.52] to 3⁄4 [19.05], excl 0.055 [1.40] 0.060 [1.52] 0.075 [1.90] 0.090 [2.29]
3⁄4 [19.05] to 1 [25.40], excl 0.060 [1.52] 0.065 [1.65] 0.085 [2.16] 0.100 [2.54]
1 [25.40] to 2 [50.80], excl 0.070 [1.78] 0.075 [1.90] 0.095 [2.41] 0.115 [2.92]
2 [50.80] to 3 [76.20], excl 0.125 [3.18] 0.150 [3.81] 0.175 [4.44] 0.200 [5.08]
3 [76.20] to 4 [101.6], excl 0.175 [4.44] 0.210 [5.33] 0.245 [6.22] 0.280 [7.11]
4 [101.6] to 6 [152.4], excl 0.250 [6.35] 0.300 [7.62] 0.350 [8.89] 0.400 [10.16]
6 [152.4] to 8 [203.2], excl 0.350 [8.89] 0.420 [10.67] 0.490 [12.45] 0.560 [14.22]
8 [203.2] to 10 [254.0], excl 0.450 [11.43] 0.540 [13.72] 0.630 [16.00] . . .

AThickness is measured along the longitudinal edges of the plate at least 3⁄8 in. [9.52 mm], but not more than 3 in. [76.20 mm], from the edge.
BFor plates up to 10 in. [254.0 mm], excl, in thickness, the tolerance under the specified thickness is 0.010 in. [0.25 mm].
CFor circles, the over thickness tolerances in this table apply to the diameter of the circle corresponding to the width ranges shown. For plates of irregular shape, the

over thickness tolerances apply to the greatest width corresponding to the width ranges shown.

TABLE A1.13 Permissible Variations in Width and Length for Rectangular Sheared Mill Plates and Universal Mill Plates

Width, in. [mm] Length, in. [mm]

Tolerances Over Specified Width and Length for Given Width,
Length, and Thickness,A in. [mm]

Under 3⁄8 in. [9.52 mm] in
Thickness

3⁄8 [9.52] to 1⁄2[12.70 mm]
in., incl, in Thickness

Over 1⁄2 [12.70 mm] to 1 in.
[25.40 mm] in Thickness

Width Length Width Length Width Length

48 [1219] and under 144 [3658] and under 1⁄8 [3.18] 3⁄16 [4.76] 3⁄16 [4.76] 1⁄4 [6.35] 5⁄16 [7.94] 3⁄8 [9.52]
Over 48 [1219] to 60 [1524], incl 3⁄16 [4.76] 1⁄4 [6.35] 1⁄4 [6.35] 5⁄16 [7.94] 3⁄8 [9.52] 7⁄16 [11.11]
Over 60 [1524] to 84 [2134], incl 1⁄4 [6.35] 5⁄16 [7.94] 5⁄16 [7.94] 3⁄8 [9.52] 7⁄16 [11.11] 1⁄2 [12.70]
Over 84 [2134] to 108 [2743], incl 5⁄16 [7.94] 3⁄8 [9.52] 3⁄8 [9.52] 7⁄16 [11.11] 1⁄2 [12.70] 9⁄16 [14.29]
Over 108 [2743] 3⁄8 [9.52] 7⁄16 [11.11] 7⁄16 [11.11] 1⁄2 [12.70] 5⁄8 [15.88] 11⁄16 [17.46]

48 [1219] and under over 144 [3658] to 240 [6096] 3⁄16 [4.76] 3⁄8 [9.52] 1⁄4 [6.35] 1⁄2 [12.70] 5⁄16 [7.94] 5⁄8 [15.88]
Over 48 [1219] to 60 [1524], incl 1⁄4 [6.35] 7⁄16 [11.11] 5⁄16 [7.94] 5⁄8 [15.88] 3⁄8 [9.52] 3⁄4 [19.05]
Over 60 [1524] to 84 [2134], incl 3⁄8 [9.52] 1⁄2 [12.70] 7⁄16 [11.11] 11⁄16 [17.46] 1⁄2 [12.70] 3⁄4[19.05]
Over 84 [2134] to 108 [2743], incl 7⁄16 [11.11] 9⁄16 [14.29] 1⁄2 [12.70] 3⁄4 [19.05] 5⁄8 [15.88] 7⁄8 [22.22]
Over 108 [2743] 1⁄2 [12.70] 5⁄8 [15.88] 5⁄8 [15.88] 7⁄8 [22.22] 11⁄16 [17.46] 1 [25.40]

48 [1219] and under over 240 [6096] to 360 [9144] 1⁄4 [6.35] 1⁄2 [12.70] 5⁄16 [7.94] 5⁄8 [15.88] 3⁄8 [9.52] 3⁄4 [19.05]
Over 48 [1219] to 60 [1524], incl 5⁄16 [7.94] 5⁄8 [15.88] 3⁄8 [9.52] 3⁄4 [19.05] 1⁄2 [12.70] 3⁄4 [19.05]
Over 60 [1524] to 84 [2134], incl 7⁄16 [11.11] 11⁄16 [17.46] 1⁄2 [12.70] 3⁄4[19.05] 5⁄8 [15.88] 7⁄8 [22.22]
Over 84 [2134] to 108 [2743], incl 9⁄16 [14.29] 3⁄4 [19.05] 5⁄8 [15.88] 7⁄8 [22.22] 3⁄4 [19.05] 1 [25.40]
Over 108 [2743] 5⁄8 [15.88] 7⁄8 [22.22] 11⁄16 [17.46] 1 [25.40] 7⁄8 [22.22] 1 [25.40]

60 [1524] and under over 360 [9144] to 480 [12192] 7⁄16 [11.11] 11⁄8 [28.58] 1⁄2 [12.70] 11⁄4[31.75] 5⁄8 [15.88] 13⁄8 [34.92]
Over 60 [1524] to 84 [2134], incl 1⁄2 [12.70] 11⁄4 [31.75] 5⁄8 [15.88] 13⁄8 [34.92] 3⁄4 [19.05] 11⁄2[38.10]
Over 84 [2134] to 108 [2743], incl 9⁄16 [14.29] 11⁄4 [31.75] 3⁄4 [19.05] 13⁄8 [34.92] 7⁄8 [22.22] 11⁄2[38.10]
Over 108 [2743] 3⁄4 [19.05] 13⁄8 [34.92] 7⁄8 [22.22] 11⁄2 [38.10] 1 [25.40] 15⁄8 [41.28]

60 [1524] and under over 480 [12192] to 600 [15240] 7⁄16 [11.11] 11⁄4 [31.75] 1⁄2 [12.70] 11⁄2[38.10] 5⁄8 [15.88] 15⁄8 [41.28]
Over 60 [1524] to 84 [2134], incl 1⁄2 [12.70] 13⁄8 [34.92] 5⁄8 [15.88] 11⁄2 [38.10] 3⁄4 [19.05] 15⁄8[41.28]
Over 84 [2134] to 108 [2743], incl 5⁄8 [15.88] 13⁄8 [34.92] 3⁄4 [19.05] 11⁄2 [38.10] 7⁄8 [22.22] 15⁄8[41.28]
Over 108 [2743] 3⁄4 [19.05] 11⁄2 [38.10] 7⁄8 [22.22] 15⁄8 [41.28] 1 [25.40] 13⁄4 [44.45]

60 [1524] and under over 600 [15240] 1⁄2 [12.70] 13⁄4 [44.45] 5⁄8 [15.88] 17⁄8[47.62] 3⁄4 [19.05] 17⁄8 [47.62]
Over 60 [1524] to 84 [2134], incl 5⁄8 [15.88] 13⁄4 [44.45] 3⁄4 [19.05] 17⁄8 [47.62] 7⁄8 [22.22] 17⁄8[47.62]
Over 84 [2134] to 108 [2743], incl 5⁄8 [15.88] 13⁄4 [44.45] 3⁄4 [19.05] 17⁄8 [47.62] 7⁄8 [22.22] 17⁄8[47.62]
Over 108 [2743] 7⁄8 [22.22] 13⁄4 [44.45] 1 [25.40] 2 [50.80] 11⁄8 [28.58] 21⁄4 [57.15]

AThe tolerance under specified width and length is 1⁄4 in. [6.35 mm].
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TABLE A1.14 Permissible Variations in Flatness for Annealed Plates

NOTE 1—Tolerances in this table apply to plates up to 15 ft [4572 mm] in length, or to any 15 ft [4572 mm] of longer plates.
NOTE 2—If the longer dimension is under 36 in. [914 mm], the tolerance is not greater than1⁄4 in. [6.35 mm].
NOTE 3—For plates with specified minimum yield strengths of 35 ksi [240 MPa] or more, and all steels of Specification A 693, the permissible

variations are increased to 11⁄2 times the amounts shown below.

Specified Thickness, in. [mm]

Flatness Tolerance (Deviation from a Horizontal Flat Surface) for Thicknesses and Widths Given, in. [mm]

Width, in. [mm]

48 [1219] or
Under

Over 48
[1219] to 60
[1524], excl

60 [1524] to
72 [1829],

excl

72 [1829] to
84 [2134],

excl

84 [2134] to
96 [2438],

excl

96 [2438] to
108 [2743],

excl

108 [2743] to
120 [3048],

excl

120 [3048] to
144 [3658],

excl

144 [3658]
and Over

3⁄16 [4.76] to 1⁄4 [6.35], excl 3⁄4 [19.05] 11⁄16 [26.99] 11⁄4 [31.75] 13⁄8 [34.92] 15⁄8[41.28] 15⁄8 [41.28] 17⁄8 [47.62] 2 [50.80] . . .
1⁄4 [6.35] to 3⁄8 [9.52], excl 11⁄16 [17.46] 3⁄4 [19.05] 15⁄16 [23.81] 11⁄8 [28.58] 13⁄8[34.92] 17⁄16 [36.51] 19⁄16 [39.69] 17⁄8 [47.62] . . .
3⁄8 [9.52] to 1⁄2 [12.70], excl 1⁄2 [12.70] 9⁄16 [14.29] 11⁄16 [17.46] 3⁄4 [19.05] 15⁄16[23.81] 11⁄8 [28.58] 11⁄4 [31.75] 17⁄16 [36.51] 13⁄4 [44.45]
1⁄2 [12.70] to 3⁄4 [19.05], excl 1⁄2 [12.70] 9⁄16 [14.29] 5⁄8 [15.88] 5⁄8 [15.88] 13⁄16 [20.64] 11⁄8 [28.58] 11⁄8[28.58] 11⁄8 [28.58] 13⁄8 [34.92]
3⁄4 [19.05] to 1 [25.40], excl 1⁄2 [12.70] 9⁄16 [14.29] 5⁄8 [15.88] 5⁄8 [15.88] 3⁄4 [19.05] 13⁄16 [20.64] 15⁄16 [23.81] 1 [25.40] 11⁄8 [28.58]
1 [25.40] to 11⁄2 [38.10], excl 1⁄2 [12.70] 9⁄16 [14.29] 9⁄16 [14.29] 9⁄16 [14.29] 11⁄16 [17.46] 11⁄16 [17.46] 11⁄16[17.46] 3⁄4 [19.05] 1 [25.40]
11⁄2 [38.10] to 4 [101.60], excl 5⁄16 [7.94] 3⁄8 [9.52] 7⁄16 [11.11] 1⁄2 [12.70] 5⁄8 [15.88] 3⁄4 [19.05] 7⁄8 [22.22] 1 [25.40] 1 [25.40]
4 [101.60] to 6 [152.40], excl 3⁄8[9.52] 7⁄16 [11.11] 9⁄16 [14.29] 5⁄8 [15.88] 3⁄4 [19.05] 15⁄16 [23.81] 11⁄8 [28.58] 11⁄4[31.75] 11⁄4 [31.75]

TABLE A1.15 Permissible Variations in Camber for Sheared Mill
and Universal Mill Plates A

Maximum camber = 1⁄8in. in any 5 ft
= 3.18 mm in any 1.524 m

ACamber is the deviation of a side edge from a straight line, and measurement
is taken by placing a 5-ft straightedge on the concave side and measuring the
greatest distance between the plate and the straightedge.
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A2. PERMISSIBLE VARIATIONS IN DIMENSIONS, ETC.—INCH-POUND (SI) UNITS

A2.1 Listed in Annex A1 are tables showing the permis-
sible variations in dimensions expressed in inch-pound (SI)
units of measurement applicable to material produced to
Specifications B 333, B 434, B 435, B 575, B 582, B 620,
B 814 or B 818, unless modified in accordance with Section
1.2 of this specification.

TABLE A1.16 Permissible Variations in Diameter for Circular
Plates

Specified Diameter,
in. [mm]

Tolerance Over Specified Diameter for Given
Diameter and Thickness,A in. [mm]

To 3⁄8 [9.52]
in., excl in
Thickness

3⁄8 [9.52] to
5⁄8[15.88] in.,

excl in Thickness

5⁄8 in. [15.88]
and Over in
ThicknessB

To 60 [1524], excl 1⁄4 [6.35] 3⁄8[9.52] 1⁄2 [12.70]
60 [1524 mm] to 84 [2134

mm], excl

5⁄16[7.94] 7⁄16 [11.11] 9⁄16 [14.29]

84 [2134 mm] to 108 [2743
mm], excl

3⁄8 [9.52] 1⁄2 [12.70] 5⁄8 [15.88]

108 [2743 mm] to 180 [4572
mm], excl

7⁄16 [11.11] 9⁄16 [14.29] 11⁄16 [17.46]

ANo tolerance under.
BCircular and sketch plates over 5⁄8 in. [15.88 mm] in thickness are not

commonly sheared but are machined or flame cut.

TABLE A1.17 Torch Cutting Tolerances A and Recommended
Cleanup Allowance for Rectangular Plates, Circles, Rings, and

Sketches

Specified
Thickness, in.

Tolerance, in. Cleanup
AllowanceB per

Edge, in.Outside Dimension Inside Dimension

2 and under +3⁄8,– 0 –3⁄8, +0 61⁄4
Over 2 to 3 incl +1⁄2,– 0 –1⁄2, +0 63⁄8
Over 3 to 6 incl +3⁄4, –0 –3⁄4, +0 61⁄2

ATolerances to apply unless otherwise agreed. Note that for some applications
user may wish to specify minus rather than plus tolerance or vice versa.

BRecommended cleanup allowance which, unless otherwise specified, will be
applied by supplier to purchasers ordered size.

TABLE A1.18 Permissible Variations in Abrasive Cutting Width
and Length for Plates

Specified Thickness, in. [mm]
Tolerance over Specified Width and LengthA

Width Length

Up to 1 [25.40], incl 1⁄8[3.18] 1⁄8 [3.18]
1 [25.40] to 2 [50.80], incl 3⁄16[4.76] 3⁄16 [4.76]
2 [50.80] to 3 [76.20], incl 1⁄4[6.35] 1⁄4 [6.35]
3 [76.20] to 4 [101.6], inclB 5⁄16[7.94] 5⁄16 [7.94]

AThe tolerances under specified width and length are 1⁄8 in. [3.18 mm].
BWidth and length tolerances for abrasive cut plates over 4 in. [101.6 mm] thick

are not included in the table; consult producer.

TABLE A2.1 Permissible Variations in Thickness of Plate A

Specified Thickness,
in. (mm)

Permissible Variations in Thickness,
in. (mm)B,C

+ –

3⁄16 to 7⁄32 (4.762 to 5.556), incl 0.021 (0.53) 0.010 (0.25)
Over 7⁄32 to 1⁄4 (5.556 to 6.350), incl 0.024 (0.61) 0.010 (0.25)
Over 1⁄4 to 3⁄8 (6.350 to 9.525), incl 0.027 (0.69) 0.010 (0.25)
Over 3⁄8 to 1⁄2 (9.525 to 12.70), incl 0.030 (0.76) 0.010 (0.25)
Over 1⁄2 to 5⁄8 (12.70 to 5.88), incl 0.035 (0.89) 0.010 (0.25)
Over 5⁄8 to 3⁄4 (15.88 to 19.05), incl 0.040 (1.02) 0.010 (0.25)
Over 3⁄4 to 7⁄8 (19.05 to 22.25), incl 0.045 (1.14) 0.010 (0.25)
Over 7⁄8 to 1 (22.25 to 25.4), incl 0.050 (1.27) 0.010 (0.25)
Over 1 to 21⁄2 (25.4 to 63.5), incl 5D 0.010 (0.25)

AApplicable to plate 48 in. (1.22 m) and under in width.
BMeasured 3⁄8 in. (9.525 mm) or more from any edge.
CBuffing or grinding for removal of light surface imperfections shall be permitted.

The depth of such buffed or ground areas shall not exceed the minimum tolerance
thickness.

DExpressed as percent of thickness.
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TABLE A2.2 Permissible Variations in Thickness of Sheet A and
Strip

Specified Thickness,
in. (mm)

Permissible Variations in Thickness, inB,C

(mm) (All Widths)

+ –

0.020 to 0.034 0.004 (0.10) 0.004 (0.10)
(0.51 to 0.86), incl

Over 0.034 to 0.056 0.005 (0.13) 0.005 (0.13)
(0.86 to 1.42), incl

Over 0.056 to 0.070 0.006 (0.15) 0.006 (0.15)
(1.42 to 1.78), incl

Over 0.070 to 0.078 0.007 (0.18) 0.007 (0.18)
(1.78 to 1.98), incl

Over 0.078 to 0.093 0.008 (0.20) 0.008 (0.20)
(1.98 to 2.36), incl

Over 0.093 to 0.109 0.009 (0.23) 0.009 (0.23)
(2.36 to 2.77), incl

Over 0.109 to 0.125 0.010 (0.25) 0.010 (0.25)
(2.77 to 3.18), incl

Over 0.125 to 0.140 0.013 (0.33) 0.010 (0.25)
(3.18 to 3.56), incl

Over 0.140 to 0.171 0.016 (0.41) 0.010 (0.25)
(3.56 to 4.34), incl

Over 0.171 to 0.187 0.018 (0.46) 0.010 (0.25)
(4.34 to 4.75), incl
AApplicable to sheet 48 in. (1.22 m) and under in width.
BMeasured 3⁄8in. (9.525 mm) or more from any edge.
CBuffing for removal of light surface imperfections shall be permitted. The depth

of such buffed areas shall not exceed the permissible minus variation.

TABLE A2.3 Permissible Variations in Width and Length of
Sheared, Torch-Cut, or Abrasive-Cut Rectangular Plate

Specified Thickness

Permissible Variations in Widths and Lengths
for Dimensions Given, in. (mm)

Up to 30 (760), incl Over 30 (760)

+ – + –

Inches

Sheared:
3⁄16 to 5⁄16, excl 3⁄16 1⁄8 1⁄4 1⁄8
5⁄16 to 1⁄2, incl 1⁄4 1⁄8 3⁄8 1⁄8

Abrasive-cut:
3⁄16 to 11⁄2, incl 1⁄16 1⁄16 1⁄16 1⁄16

Over 11⁄2 to 21⁄2, incl 1⁄8 1⁄8 1⁄8 1⁄8
Torch-cut:A

3⁄16 to 2 excl 1⁄2 0 1⁄2 0
2 to 3 incl 5⁄8 0 5⁄8 0

Millimetres

Sheared:
4.76 to 7.94, excl 4.76 3.18 6.35 3.18
7.94 to 12.70, incl 6.35 3.18 9.52 3.18

Abrasive-cut:
4.76 to 38.1, incl 1.59 1.59 1.59 1.59
Over 38.1 to 63.5, incl 3.18 3.18 3.18 3.18

Torch-cut:A

4.8 to 50.8 excl 12.7 0 12.7 0
50.8 to 76.2 incl 15.9 0 15.9 0
AThe tolerance spread shown for torch-cutting may be obtained all on the minus

side, or divided between the plus and the minus side if so specified by the
purchaser.
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A3. PERMISSIBLE VARIATIONS IN DIMENSIONS, ETC.—INCH-POUND (SI) UNITS

A3.1 Listed in Annex A1 are tables showing the permis-
sible variations in dimensions expressed in inch-pound (SI)
units of measurement applicable to material produced to
Specifications B 127, B 162, B 168, B 409, B 424, B 443,

B 670, B 755 or B 872, unless modified in accordance with
Section 1.2 of this specification.

TABLE A2.4 Permissible Variations in Width of Sheet and Strip

Specified Thickness,
in. (mm)

Specified Width,
in. (mm)

Permissible Variations in Specified Width, in. (mm)
+ –

Sheet
0.187 (4.76) and under 2 (50.8) and over 0.125 (3.18) 0

Strip (Slit Edges)
Over 0.020 to 0.075 (0.51 to 1.90), incl 24 (610) and under 0.007 (0.18) 0.007 (0.18)
Over 0.075 to 0.100 (1.90 to 2.54), incl 24 (610) and under 0.009 (0.23) 0.009 (0.23)
Over 0.100 to 0.125 (2.54 to 3.18), incl 24 (610) and under 0.012 (0.30) 0.012 (0.30)

TABLE A3.1 Permissible Variations in Thickness and Overweight of Rectangular Plates

NOTE 1—All plates shall be ordered to thickness and not to weight per square foot. No plates shall vary more than 0.01 in. (0.3 mm) under the thickness
ordered, and the overweight of each lotA in each shipment shall not exceed the amount given in the table. Spot grinding is permitted to remove surface
imperfections, such spots not to exceed 0.01 in. (0.3 mm) under the specified thickness.

Specified Thickness, in. (mm)

Permissible Excess in Average WeightB,C per Square Foot of Plates for Widths Given in Inches (Millimetres)
Expressed in Percent of Nominal Weights

Under 48
(1220)

48 to 60
(1220 to

1520), excl

60 to 72
(1520 to

1830), excl

72 to 84
(1830 to

2130), excl

84 to 96
(2130 to

2440), excl

96 to 108
(2440 to

2740), excl

108 to 120
(2740 to

3050), excl

120 to 132
(3050 to

3350), excl

132 to 144
(3350 to

3660), excl

144 to 160
(3660 to

4070), excl

3⁄16 to 5⁄16 (4.8 to 7.9), excl 9.0 10.5 12.0 13.5 15.0 16.5 18.0 . . . . . . . . .
5⁄16 to 3⁄8 (7.9 to 9.5), excl 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 . . . . . .
3⁄8 to 7⁄16 (9.5 to 11.1), excl 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 19.5
7⁄16 to 1⁄2 (11.1 to 12.7), excl 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0
1⁄2 to 5⁄8 (12.7 to 15.9), excl 5.0 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0 16.5
5⁄8 to 3⁄4 (15.9 to 19.1), excl 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5 15.0
3⁄4 to 1 (19.1 to 25.4), excl 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0 13.5
1 to 2 (25.4 to 50.8), incl 4.0 4.0 4.5 5.5 6.0 7.0 7.5 9.0 10.5 12.0

AThe term “lot” applied to this table means all of the plates of each group width and each group thickness.
BThe permissible overweight for lots of circular and sketch plates shall be 25 % greater than the amounts given in this table.
CThe weight of individual plates shall not exceed the nominal weight by more than 11⁄4 times the amount given in the table and Footnote B.
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TABLE A3.2 Permissible Variations in Thickness for Rectangular Plates Over 2 in. (51 mm) in Thickness

NOTE 1—Permissible variation under specified thickness, 0.01 in. (0.3 mm).

Specified Thickness, in. (mm)

Permissible Variations, in. (mm), over Specified Thickness for Widths Given, in. (mm)

To 36 (915), excl
36 to 60
(915 to

1520), excl

60 to 84
(1520 to

2130), excl

84 to 120
(2130 to

3050), excl

120 to 132
(3050 to

3350), excl

132 (3350
and over)

Over 2 to 3 (51 to 76.0), incl 1⁄16 (1.6) 3⁄32 (2.4) 7⁄64 (2.8) 1⁄8 (3.2) 1⁄8 (3.2) 9⁄64 (3.6)
3 to 4 (76.0 to 102.0), incl 5⁄64(2.0) 3⁄32 (2.4) 7⁄64 (2.8) 1⁄8 (3.2) 1⁄8 (3.2) 9⁄64 (3.6)

TABLE A3.3 Permissible Variations in Thickness of Sheet and Strip
(Permissible Variations, Plus and Minus, in Thickness, in. (mm), for Widths Given in in. (mm))

Specified Thickness, in. (mm), incl

SheetA

Hot-Rolled Cold-Rolled

48 (1220) and Under
Over 48 to 60 (1220 to

1520), incl
48 (1220) and Under

Over 48 to 60 (1220 to
1520), incl

0.018 to 0.025 (0.5 to 0.6) 0.003 (0.08) 0.004 (0.10) 0.002 (0.05) 0.003 (0.08)
Over 0.025 to 0.034 (0.6 to 0.9) 0.004 (0.10) 0.005 (0.13) 0.003 (0.08) 0.004 (0.10)
Over 0.034 to 0.043 (0.9 to 1.1) 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.043 to 0.056 (1.1 to 1.4) 0.005 (0.13) 0.006 (0.15) 0.004 (0.10) 0.005 (0.13)
Over 0.056 to 0.070 (1.4 to 1.8) 0.006 (0.15) 0.007 (0.18) 0.005 (0.13) 0.006 (0.15)
Over 0.070 to 0.078 (1.8 to 1.9) 0.007 (0.18) 0.008 (0.20) 0.006 (0.15) 0.007 (0.18)
Over 0.078 to 0.093 (1.9 to 2.4) 0.008 (0.20) 0.009 (0.23) 0.007 (0.18) 0.008 (0.20)
Over 0.093 to 0.109 (2.4 to 2.8) 0.009 (0.23) 0.010 (0.25) 0.007 (0.18) 0.009 (0.23)
Over 0.109 to 0.125 (2.8 to 3.2) 0.010 (0.25) 0.012 (0.31) 0.008 (0.20) 0.010 (0.25)
Over 0.125 to 0.140 (3.2 to 3.6) 0.012 (0.31) 0.014 (0.36) 0.008 (0.20) 0.010 (0.25)
Over 0.140 to 0.171 (3.6 to 4.3) 0.014 (0.36) 0.016 (0.41) 0.009 (0.23) 0.012 (0.31)
Over 0.171 to 0.187 (4.3 to 4.8) 0.015 (0.38) 0.017 (0.43) 0.010 (0.25) 0.013 (0.33)
Over 0.187 to 0.218 (4.8 to 5.5) 0.017 (0.43) 0.019 (0.48) 0.011 (0.28) 0.015 (0.38)
Over 0.218 to 0.234 (5.5 to 5.9) 0.018 (0.46) 0.020 (0.51) 0.012 (0.31) 0.016 (0.41)
Over 0.234 to 0.250 (5.9 to 6.4) 0.020 (0.51) 0.022 (0.56) 0.013 (0.33) 0.018 (0.46)

Cold-RolledA,B

Specified Thickness, in. (mm), incl
Widths 12 in. (305 mm) and under,

plus and minus

Up to 0.050 (1.27), incl 0.0015 (0.038)
Over 0.050 to 0.093 (1.27 to 2.39) 0.0025 (0.063)
Over 0.093 to 0.125 (2.39 to 3.18) 0.004 (0.11)

AMeasured 3⁄8in. (9.5 mm) or more from either edge except for strip under 1 in. (25.4 mm) in width which is measured at any place.
BStandard sheet tolerances apply for thicknesses over 0.125 in. (3.2 mm) and for all thicknesses of strip over 12 in. (305 mm) wide.
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TABLE A3.4 Permissible Variations in Width A of Sheared, Plasma Torch-Cut, and Abrasive-Cut Rectangular Plate B,C

Specified Thickness

Permissible Variations in Widths for Widths Given, in. (mm)

Up to 30 (760),
incl

Over 30 to 72
(760 to 1830),

incl

Over 72 to 108
(1830 to 2740),

incl

Over 108 to 144
(2740 to 3660),

incl

Over 144 to 160
(3660 to 4070),

incl

Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus

Inches

Sheared:D
3⁄16 to 5⁄16, excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 . . . . . .
5⁄16 to 1⁄2, excl 1⁄4 1⁄8 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8
1⁄2 to 3⁄4, excl 3⁄8 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8
3⁄4 to 1, excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8
1 to 11⁄4, incl 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 1 1⁄8

Abrasive-cut:E,F

3⁄16 to 11⁄4, incl 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8
Over 11⁄4 to 23⁄4, incl 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8

Plasma torch-cut:G
3⁄16 to 2, excl 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0
2 to 23⁄4, incl 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0

Millimetres

Sheared:D

4.8 to 7.9, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 . . . . . .
7.9 to 12.7, excl 6.4 3.2 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2
12.7 to 19.1, excl 9.5 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.1 3.2
19.1 to 25.4, excl 12.7 3.2 12.7 3.2 15.8 3.2 19.1 3.2 22.2 3.2
25.4 to 31.8, incl 15.9 3.2 15.9 3.2 19.1 3.2 22.2 3.2 25.4 3.2

Abrasive-cut:E,F

4.8 to 31.8, incl 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2
Over 31.8 to 69.8, incl 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2

Plasma torch-cut:G

4.8 to 50.8, excl 12.7 0 12.7 0 12.7 0 12.7 0 12.7 0
50.8 to 69.8, incl 15.9 0 15.9 0 15.9 0 15.9 0 15.9 0
APermissible variations in width for powder- or inert arc-cut plate shall be as agreed upon between the manufacturer and the purchaser.
BPermissible variations in machined, powder-, or inert arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
CPermissible variations in plasma torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
DThe minimum sheared width is 24 in. (610 mm).
EThe minimum abrasive-cut width is 2 in. (50.8 mm) and increases to 4 in. (101.6 mm) for thicker plates.
FThese tolerances are applicable to lengths of 240 in. (6100 mm), max. For lengths over 240 in., an additional 1⁄16in. (1.6 mm) is permitted, both plus and minus.
GThe tolerance spread shown for plasma torch cutting may be obtained all on the minus side, or divided between the plus and minus side if so specified by the purchaser.

TABLE A3.5 Permissible Variations in Diameter for Circular Plates

Sheared Plate

Specified Diameter, in. (mm)
Permissible Variations Over Specified Diameter for Thickness Given, in. (mm)A

To 3⁄8(9.5), incl

20 to 32 (508 to 813), excl 1⁄4 (6.4)
32 to 84 (813 to 2130), excl 5⁄16 (7.9)
84 to 108 (2130 to 2740), excl 3⁄8(9.5)
108 to 140 (2740 to 3580), incl 7⁄16(11.1)

Plasma Torch-Cut PlateB

Specified Diameter, in. (mm)

Permissible Variations in Specified Diameter for Thickness Given, in. (mm)C

Thickness max,
in. (mm)

3⁄16 to 2 (4.8 to 50.8), excl 2 to 23⁄4 (50.8 to 69.8), incl

Plus Minus Plus Minus

19 to 20 (483 to 508), excl 23⁄4 (69.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
20 to 22 (508 to 559), excl 23⁄4 (69.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
22 to 24 (559 to 610), excl 21⁄2 (63.5) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
24 to 28 (610 to 711), excl 21⁄4 (57.3) 1⁄2 (12.7) 0 5⁄8 (15.9) 0
28 to 32 (711 to 812), excl 2 (50.8) 1⁄2(12.7) 0 5⁄8 (15.9) 0
32 to 34 (812 to 864), excl 13⁄4 (44.5) 1⁄2 (12.7) 0 . . . . . .
34 to 38 (864 to 965), excl 11⁄2 (38.1) 1⁄2 (12.7) 0 . . . . . .
38 to 40 (965 to 1020), excl 11⁄4 (31.8) 1⁄2 (12.7) 0 . . . . . .
40 to 140 (1020 to 3560), incl 23⁄4 (69.8) 1⁄2 (12.7) 0 5⁄8 (15.9) 0

ANo permissible variations under.
BPermissible variations in plasma torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
CThe tolerance spread shown may also be obtained all on the minus side or divided between the plus and minus sides if so specified by the purchaser.
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TABLE A3.6 Permissible Variations in Width of Sheet and Strip

Specified Thickness, in. (mm) Specified Width, in. (mm)
Permissible Variations in Specified Width, in. (m)

Plus Minus

Sheet

Up to 0.250 (6.35) All 0.125 (3.18) 0

Strip

Under 0.075 (1.9) Up to 12 (305), incl 0.007 (0.18) 0.007 (0.18)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

0.075 to 0.100 (1.9 to 2.5), incl Up to 12 (305), incl 0.009 (0.23) 0.009 (0.23)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.100 to 0.125 (2.5 to 3.2), incl Up to 12 (305), incl 0.012 (0.30) 0.012 (0.30)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.125 to 0.160 (3.2 to 4.1), incl Up to 12 (305), incl 0.016 (0.41) 0.016 (0.41)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.160 to 0.187 (4.1 to 4.7), incl Up to 12 (305), incl 0.020 (0.51) 0.020 (0.51)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0

Over 0.187 to 0.250 (4.7 to 6.4), incl Up to 12 (305), incl 0.062 (1.6) 0.062 (1.6)
Over 12 to 48 (305 to 1219), incl 0.062 (1.6) 0.062 (1.6)

TABLE A3.7 Permissible Variations in Length A of Sheared, Plasma Torch-Cut, B and Abrasive-Cut Rectangular Plate C

Specified Thickness

Permissible Variation in Length for Lengths Given, in. (mm)

Up to 60
(1520), incl

Over 60 to 96
(1520 to 2440),

incl

Over 96 to 120
(2440 to 3050),

incl

Over 120 to
240 (3050 to
6096), incl

Over 240 to 360
(6096 to 9144),

incl

Over 360 to 450
(9144 to 11 430),

incl

Over 450 to 540
(11 430 to

13 716), incl

Over 540
(13 716)

Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus Plus Minus

Inches

Sheared:D
3⁄16 to 5⁄16, excl 3⁄16 1⁄8 1⁄4 1⁄8 3⁄8 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 . . . . . .
5⁄16 to 1⁄2, excl 3⁄8 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 1 1⁄8
1⁄2 to 3⁄4, excl 1⁄2 1⁄8 1⁄2 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8
3⁄4 to 1, excl 5⁄8 1⁄8 5⁄8 1⁄8 5⁄8 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8
1 to 11⁄4, incl 3⁄4 1⁄8 3⁄4 1⁄8 3⁄4 1⁄8 7⁄8 1⁄8 11⁄8 1⁄8 13⁄8 1⁄8 15⁄8 1⁄8 . . . . . .

Abrasive-cut:E
3⁄16 to 11⁄4, incl 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 1⁄8 . . . . . . . . . . . .
Over 11⁄4 to 23⁄4, incl 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 3⁄16 1⁄8 . . . . . . . . . . . .

Plasma torch-cut:F
3⁄16 to 2, excl 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0 1⁄2 0
2 to 23⁄4 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0 5⁄8 0

Millimetres

Sheared:D

4.8 to 7.94, excl 4.8 3.2 6.4 3.2 9.5 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 . . . . . .
7.94 to 12.7, excl 9.5 3.2 12.7 3.2 12.7 3.2 12.7 3.2 15.9 3.2 19.0 3.2 22.2 3.2 25.4 3.2
12.7 to 19.0, excl 12.7 3.2 12.7 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2
19.0 to 25.4, excl 15.9 3.2 15.9 3.2 15.9 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.2 3.2
25.4 to 31.8, incl 19.0 3.2 19.0 3.2 19.0 3.2 22.2 3.2 28.6 3.2 34.9 3.2 41.2 3.2 . . .

Abrasive-cut:E

4.8 to 31.8, incl 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 . . . . . . . . . . . .
Over 31.8 to 69.9, incl 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2 4.8 3.2 . . . . . . . . . . . .

Plasma torch-cut:F

4.8 to 50.8, excl 12.7 0 12.7 0 12.7 0 12.7 0 12.7 0 12.7 0 12.7 0 12.7 0
50.8 to 69.8, incl 15.9 0 15.9 0 15.9 0 15.9 0 15.9 0 15.9 0 15.9 0 15.9 0
APermissible variations in length for powder- or inert arc-cut plate shall be agreed upon between the manufacturer and the purchaser.
BThe tolerance spread shown for plasma torch cutting may be obtained all on the minus side, or divided between the plus and minus sides if so specified by the

purchaser.
CPermissible variations in machined, powder- or inert arc-cut circular plate shall be as agreed upon between the manufacturer and the purchaser.
DThe minimum sheared length is 24 in. (610 mm).
EAbrasive cut applicable to a maximum length of 144 to 400 in. (3658 to 10 160 mm), depending on the thickness and width ordered.
FThe tolerance spread shown for plasma torch-cut sketch plates shall be as agreed upon between the manufacturer and the purchaser.
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
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Designation: B 907 – 01 e1

Standard Specification for
Zinc, Tin and Cadmium Base Solders 1

This standard is issued under the fixed designation B 907; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Footnote E in Table 1 and the Summary of Changes section were corrected editorially in July 2001.

1. Scope *

1.1 This specification covers solder metal alloys (commonly
known as soft solders), including zinc-aluminum, zinc-
aluminum-copper, zinc-tin, zinc-tin-copper, zinc-cadmium-tin,
zinc-cadmium, tin-zinc, cadmium-zinc, cadmium-zinc-silver,
and cadmium-silver, used for the purpose of joining together
two or more metals at temperatures below their melting points.

1.1.1 Certain alloys are also used in Thermal Spray Wire by
the electronics industry (as noted in the Annex part of this
specification). B 833 covers Zinc and Zinc Alloy Wire for
Thermal Spraying (Metallizing) used primarily for the corro-
sion protection of steel (as noted in the Annex part of this
specification).

1.1.2 Tin base alloys are included in this specification
because their use in the electronics industry is different than the
major use of the tin and lead solder compositions specified in
B 32.

1.1.3 These solders include alloys having a nominal liqui-
dus temperature not exceeding 850°F (455°C).

1.1.4 This specification includes solder in the form of solid
bars, ingots, powder and special forms, and in the form of solid
wire, and solder paste.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 Toxicity—Warning: Soluble and respirable forms of
cadmium may be harmful to human health and the environment
in certain forms and concentrations. Therefore, ingestion and
inhalation of cadmium should be controlled under the appro-
priate regulations of the U.S. Occupational Safety and Health
Administration (OSHA). Cadmium-containing alloys and coat-
ings should not be used on articles that will contact food or
beverages, or for dental and other equipment that is normally
inserted in the mouth. Similarly, if articles using cadmium-
containing alloys or coatings are welded, soldered, brazed,
ground, flame-cut, or otherwise heated during fabrication,
adequate ventilation must be provided to maintain occupational

cadmium exposure below the OSHA Permissible Exposure
Level (PEL).

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
B 32 Specification for Solder Metal2

B 833 Specification for Zinc and Zinc Alloy Wire for
Thermal Spraying (Metallizing)2

B 899 Terminology Relating to Nonferrous Metals and
Alloys2

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications.3

E 46 Test Methods for Chemical Analysis of Lead and
Tin-Base Solder4

E 47 Test Methods for Chemical Analysis of Zinc Die
Casting Alloys5

E 51 Method for Spectrographic Analysis of Tin Alloys by
the Powder Technique6

E 55 Practice for Sampling Wrought Nonferrous Metals and
Alloys for Determination of Chemical Composition

E 87 Methods for Chemical Analysis of Lead, Tin, Anti-
mony, and Their Alloys (Photometry Method)7

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Cast Form for Determination of Chemical Composition8

E 527 Practice for Numbering Metals and Alloys
E 536 Test Method for Chemical Analysis of Zinc and Zinc

Alloys
2.2 Federal Standard:

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.04 on Zinc and Cadmium.

Current edition approved May 10, 2001. Published July 2001. Originally
published as B 907-00. Last previous edition B 907-00a.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 14.02.
4 Discontinued; see1993 Annual Book of ASTM Standards, Vol 03.05.
5 Discontinued; see1997 Annual Book of ASTM Standards, Vol 03.05.
6 Discontinued; see1983 Annual Book of ASTM Standards, Vol 03.06.
7 Discontinued; see1983 Annual Book of ASTM Standards, Vol 03.05.
8 Annual Book of ASTM Standards, Vol 03.05.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.

NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.



Fed. Std. No. 123 Marking for Shipment (Civil Agencies)9

2.3 Military Standard:
Mil-Std-129 Marking for Shipment and Storage9

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 lot, n—The term “lot” as used in this specification is

defined as follows:
3.2.1.1 Discussion—For solid solder metal, a lot consists of

all solder of the same type designation, produced from the
same batch of raw materials under essentially the same
conditions, and offered for inspection at one time.

3.2.2 lot number, n—The term “lot number” as used in this
specification refers to a numerical designation for a lot which
is traceable to a date of manufacture.

4. Classification

4.1 Type Designation—The type designation uses the fol-
lowing symbols to properly identify the material:

4.1.1 Alloy Composition—The composition is identified by
a two or four-letter symbol and a number. The letters typically
indicate the chemical symbol for the critical element in the
solder and the number indicates the nominal percentage, by
weight, of the critical element in the solder (see Table 1).

4.1.2 Form—The form is indicated by a single letter in
accordance with Table 2.

4.1.3 Powder Mesh Size (applicable only to solder paste)—
The powder mesh size is identified by a single letter in
accordance with Table 3.

9 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

TABLE 1 Solder Compositions

Table 1a: Zinc Base Alloys

Composition %A,B,C Temperature

UNSD Cd Zn Sn Pb Sb Ag Cu Al Bi As Fe Ni Mg Solidus Liquidus

F C F C

Zn 98 Z30402 0.005 REM 0.003 0.005 0.10 0.015 0.005 1.5–2.5 0.02 0.002 0.02 0.005 0.02 720 382 770 410
Zn 97 Z30505 0.005 REM 0.003 0.005 0.10 0.015 0.005 2.5–3.5 0.02 0.002 0.02 0.005 0.02 720 382 743 395
Zn 95 Z30502 0.005 REM 0.003 0.005 0.10 0.015 0.005 4.5–5.5 0.02 0.002 0.02 0.005 0.02 720 382 720 382
Zn 90 Z34550 0.004 88.0–92.0 0.003 0.005 0.10 0.015 3.0–6.0 3.0–6.0 0.02 0.002 0.100 0.005 0.05 720 382 797 425
Zn 87 Z30705 0.005 REM 0.003 0.005 0.10 0.015 0.005 12.5–13.5 0.02 0.002 0.05 0.005 0.02 720 382 815 435
Zn 85 Z30702 0.005 REM 0.003 0.005 0.10 0.015 0.005 14.0–16.0 0.02 0.002 0.06 0.005 0.02 720 382 842 450
Zn 80 Z30800 0.005 REM 0.003 0.005 0.10 0.015 0.005 19.5–20.5 0.02 0.002 0.08 0.005 0.02 720 382 896 480
Zn/Sn 50 Z56900 0.005 REM 49.0–51.0 0.05 0.10 0.015 0.005 0.100 0.02 0.002 0.02 0.005 0.02 388 198 680 360
Zn/Sn 49 Z56930 0.005 REM 47.5–50.5 0.05 0.10 0.015 0.8–1.3 0.100 0.02 0.002 0.02 0.005 0.05 392 200 592 311
Zn/Sn 27E 33.0 26.0–28.0 REM 0.05 0.10 0.015 0.05 0.050 0.02 0.020 0.02 0.005 0.05 351 177 500 260
Zn/Cd 90E Z50940 REM 89.0–91.0 0.003 0.05 0.10 0.015 0.05 0.100 0.02 0.002 0.02 0.005 0.05 509 265 738 392
Zn/Cd 60E Z50980 REM 59.0–61.0 0.003 0.05 0.10 0.015 0.05 0.100 0.02 0.002 0.02 0.005 0.05 509 265 648 342

Table 1b: Tin Base Alloys

Composition %A,B,C Temperature

UNSD Cd Zn Sn Pb Sb Ag Cu Al Bi As Fe Ni Mg Solidus Liquidus

F C F C

Sn/Zn 60 0.005 REM 59.0–61.0 0.05 0.10 0.015 0.01 0.100 0.005 0.002 0.02 0.005 0.05 390 199 666 352
Sn/Zn 70 0.005 REM 69.0–71.0 0.005 0.10 0.015 0.01 0.100 0.005 0.002 0.02 0.005 0.05 390 199 601 316
Sn/Zn 75 0.004 REM 74.0–76.0 0.20 0.10 0.015 0.05 0.050 0.020 0.020 0.02 0.005 0.05 390 199 572 300
Sn/Zn 80 0.005 REM 79.0–81.0 0.05 0.10 0.015 0.01 0.100 0.005 0.002 0.02 0.005 0.05 390 199 536 280
Sn/Zn 91 0.005 REM 90.0–92.0 0.05 0.10 0.015 0.01 0.100 0.005 0.002 0.02 0.005 0.05 390 199 390 199

Table 1c: Cadmium Base Alloys

Composition %A,B,C Temperature

UNSD Cd Zn Sn Pb Sb Ag Cu Al Bi As Fe Ni Mg Solidus Liquidus

F C F C

Cd 60 REM 39.0–41.0 0.003 0.05 0.10 0.015 0.05 0.100 0.02 0.002 0.02 0.005 0.05 509 265 601 316
Cd 70 REM 29.0–31.0 0.003 0.05 0.10 0.015 0.05 0.100 0.02 0.002 0.02 0.005 0.05 509 265 572 300
Cd 78 REM 11.0–13.0 0.003 0.05 0.10 4.5–5.5 0.05 0.100 0.02 0.002 0.02 0.005 0.05 480 249 601 316
Cd 83 REM 16.0–18.0 0.003 0.05 0.10 0.015 0.05 0.100 0.02 0.002 0.02 0.005 0.05 509 265 509 265
Cd 95 REM 0.007 0.003 0.05 0.10 4.5–5.5 0.05 0.100 0.02 0.002 0.02 0.005 0.05 640 338 739 393

AFor purposes of acceptance and rejection, the observed value or calculated value obtained from analysis should be rounded to the nearest unit in the last right-hand
place of figures, used in expressing the specified limit, in accordance with the rounding procedure prescribed in Practice E 29.

BAll values not given as a range are maximum values unless stated otherwise.
CRemainder (REM) determined arithmetically by difference.
DThe USN designations were established in accordance with Practice E 527. The last digit of a UNS number differentiates between alloys of similar composition.
EThese alloys are listed with the zinc base alloys even though they contain significant amounts of cadmium because their use is similar to those of the other alloys in

Table 1A.
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5. Ordering Information

5.1 Orders for material under this specification indicate the
following information, as required, to adequately describe the
desired material.

5.1.1 Type designation (see 4.1),
5.1.2 Detailed requirements for special forms,
5.1.3 Dimensions of ribbon and wire solder (see 9.2),
5.1.4 Unit weight,
5.1.5 Packaging (see Section 18),
5.1.6 Marking (see Section 17),
5.1.7 ASTM Specification number and issue, marked on (a)

purchase order and (b) package or spool, and
5.1.8 Special requirements, as agreed upon between sup-

plier and purchaser.

6. Materials and Manufacture

6.1 The producer shall have each lot of solder metal as
uniform in quality as practicable and of satisfactory appearance
in accordance with best industrial practices. Each bar, ingot, or
other form in which the solder is sold must be uniform in
composition with the entire lot.

7. Chemical Composition

7.1 Solder Alloy—The solder alloy composition is as speci-
fied in Table 1.

NOTE 1—By mutual agreement between supplier and purchaser, analy-
sis may be required and limits established for elements or compounds not
specified in Table 4.

8. Physical Properties and Performance Requirements

8.1 Solder Paste—Solder paste must exhibit smoothness of
texture (no lumps) and the absence of caking and drying during
storage and application. Some applications may require a fast
drying formulation.

8.1.1 Powder Mesh Size—The solder powder mesh size
shall be as specified (see Section 4.1.3) when the extracted
solder powder is tested as agreed upon between supplier and
purchaser.

8.1.2 Viscosity—The viscosity of solder paste and the
method used to determine the viscosity must be agreed upon
between the supplier and the purchaser.

8.2 The following variables must be taken into account
when relating one viscosity measurement to another: type of
viscometer used, spindle size and shape, speed (r/min), tem-
perature and the recent mixing history of the sample, and the
use or non-use of a helipath.

9. Dimensions and Unit Weight

9.1 Bar and Ingot Solder—The dimensions and unit weight
of bar and ingot solder will be as agreed upon between supplier
and purchaser.

9.2 Wire solder—The dimensions and unit weight of wire
solder are specified in 5.13 and 5.14. The tolerance on specified
outside diameter shall be6 5 % or6 0.002 in. (0.05 mm),
whichever is greater.

9.3 Other forms:
9.3.1 Dimension for ribbon and special forms will be agreed

upon between supplier and purchaser.
9.3.2 The unit weight of solder paste is specified in 5.1.4.

10. Workmanship, Finish and Appearance

10.1 All forms of solder must be processed in such a manner
as to be uniform in quality and free of defects that will affect
life, serviceability, or appearance.

11. Sampling

11.1 Care must be taken to ensure that the sample selected
for testing is representative of the material. The method for
sampling consists of one of the following methods:

11.1.1 Samples taken from the final solidified cast of fabri-
cated product.

11.1.2 Representative samples obtained from the lot of
molten metal during casting. The molten sample is poured into
a cool mold, forming a bar approximately1⁄4in (6.4 mm) thick.

11.2 Frequency of Sampling—Frequency of sampling for
determination of chemical composition shall be in accordance
with Table 4. For spools and coils, the sample is obtained by
cutting back 6 ft (1.8 m) of wire from the free end and then
taking the next 6 ft for test. In other forms, an equivalent
sample is selected at random from the container.

11.3 Other aspects of Sampling—Other aspects of sampling
conforms in the case of bar and ingots, to Practice E 88. For
fabricated solders the appropriate reference is Practice E 55.

12. Specimen Preparation

12.1 Solid Ribbon and Wire Solder—Each sample of solid
ribbon and wire solder is prepared in accordance with 12.1 as
applicable.

12.2 Bar and Ingot solder—Each sample piece is cut in half
and one half marked and held in reserve. The remaining half is
melted in a clean container, mixed thoroughly and poured into
a cool mold, forming a bar approximately1⁄4 in (6.4 mm) thick.
Sampling is performed by one of the following methods:

TABLE 2 Form

Symbol Form

B Bar
I Ingot
P Powder
R Ribbon
S SpecialA

W Wire

AIncludes pellets, preforms, etc.

TABLE 3 Powder Mesh Size

Size Symbol Powder Mesh Size

A <325
B <200
C <100
D <60

TABLE 4 Frequency of Sampling

Size of Lot, lb (kg) Number of Samples (spools, coils,
containers or pieces)

Up to 1000 (450), incl 3
Over 1000 to 10,000 (450 to 4500), incl 5
Over 10,000 (4500) 10
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12.3 Sawing—Saw cuts are made across the bar at equal
intervals of not more than 1 in (2.5 cm) throughout its length.
If it is impractical to melt the bar or ingot as specified above,
saw cuts are made across each piece at equal intervals of not
more than 1 in (2.5 cm) throughout its length. No lubricants are
used during sawing. The specimen consists of not less than 5 oz
(143 g).

12.4 Drilling —The bar is drilled at least halfway through
from the opposite sides. A drill of about1⁄2 in (12.7 mm) in
diameter is preferred. In drilling, the holes are placed along a
diagonal line from one corner of the ingot to the other. The
drillings are clipped into pieces not over1⁄2 in (12.7 mm) in
length and mixed thoroughly. The specimen consists of not less
than 5 oz (143g).

13. Test Methods

13.1 Visual and Dimensional Examination
13.1.1 Ribbon and Wire Solder—Ribbon and wire solder

must be examined to verify that the dimensions, unit weight,
and workmanship are in accordance with the applicable re-
quirements.

13.1.2 Solder Paste—Solder paste must be examined for
smoothness of texture (no lumps), caking, drying, unit weight,
and workmanship in accordance with the applicable require-
ments.

13.1.3 Bar and Ingot Solder—Bar and ingot solder must be
examined to verify that the unit weight, marking, and work-
manship are in accordance with the applicable requirements.

13.2 Alloy Composition—In case of dispute, the chemical
analysis is made in accordance with Test Methods E 46, E 47
(for tin only) Method E 51, E 87, and E 536.

14. Inspection

14.1 Unless otherwise specified in the contract or purchase
order, the supplier is responsible for the performance of all
inspection requirements as specified herein. Except as other-
wise specified in the contract or order, the supplier may use his
own or any other facilities suitable for the performance of the
inspection requirements specified unless disapproved by the
purchaser. The purchaser reserves the right to perform any of
the inspections set forth in the specification where such
inspections are deemed necessary to ensure supplies and
services conform to prescribed requirements.

15. Rejection and Rehearing

15.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection must be reported
to the producer or supplier promptly and in writing. In case of

dissatisfaction with the results of the test, the producer or
supplier may make claim for a rehearing.

16. Certification

16.1 When specified in the purchase order or contract a
producer’s certification must be furnished to the purchaser that
the material was manufactured, sampled, tested, and inspected
in accordance with this specification and has been found to
meet the requirements. When specified in the purchase order or
contract, a report of the test results must be furnished.

17. Product Marking

17.1 The Producer’s name or trademark must be stamped or
cast on each bar or ingot. The alloy grade designation or
nominal composition, or both, must be stamped on each bar or
ingot for identification along with the specification number.

17.2 Each spool or container must be marked to show the
specification number, type designation, dimensions, and unit
weight of wire or other form and lot number. The producer’s
name or trademark must be marked on the spool or container.

18. Packaging and Package Marking

18.1 The material must be packaged to provide adequate
protection during normal handling and transportation. The type
of packaging and gross weight of containers will, unless
otherwise agreed upon, be at the producer’s or supplier’s
discretion, provided that they are such as to ensure acceptance
by common or other carriers for safe transportation to the
delivery point.

18.1.1 For bar and ingot solder a lot number must be marked
on each shipping container or inside package.

18.1.2 When special preservation, packaging and packing
requirements are agreed upon between purchaser and supplier,
marking for shipment of such material must be in accordance
with Fed. Std. No. 123 for civil agencies and MIL-STD-129 for
military agencies.

18.2 Each shipping container must be marked with the
purchase order number, unit weight, and producer’s name or
trademark.

19. Keywords

19.1 Bar; ingot; zinc-aluminum alloys; zinc-aluminum-
copper alloys; tin-zinc alloys; zinc-tin alloys; zinc-tin-copper
alloys; zinc-cadmium alloys; tin-cadmium-zinc alloys;
cadmium-zinc alloys; cadmium-zinc-silver alloys; cadmium-
silver alloys; powder; ribbon; solder alloy; solder metal; solder
uses; wire
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ANNEX

(Mandatory Information)

A1. INTENDED USE

A1.1 Alloy Compositions:

A1.1.1 Zn 98—This is a high temperature, high strength
solder for joining aluminum to aluminum and offers high
corrosion resistance.

A1.1.2 Zn 97—Similar to Zn98 but with a slightly longer
temperature range.

A1.1.3 Zn 95—This zinc-aluminum eutectic solder is used
where temperature limitations are critical and in applications
where an extremely short melting range is required.

A1.1.4 Zn 90—This is high strength, high temperature,
solder normally used for joining aluminum to aluminum and
aluminum to dissimilar metals. Commonly used without flux in
accessible joints. The tensile strength of this alloy (39,000 PSI)
surpasses that of many aluminum alloys.

A1.1.5 Zn 87—This alloy is similar to Zn 85 but with a
lower liquidus temperature.

A1.1.6 Zn 85—This solder is the highest temperature
(830°F) of all the aluminum solders. Care must be taken not to
melt the base metal when using this alloy. It is also used as a
thermal spray wire for the corrosion protection of steel.

A1.1.7 Zn 80—This alloy is used when a long temperature
range is required to solder large areas.

A1.1.8 Zn/Sn 50—This medium strength zinc-tin alloy is
used when a long melting range is required.

A1.1.9 Zn/Sn 49—This zinc-tin-copper alloy was developed
primarily for the repair of galvanized steel sheet. Its wide
melting range makes it an ideal alloy for coating large areas
where galvanizing has been removed. It is also used as a
medium temperature, high strength aluminum solder.

A1.1.10 Zn/Sn 27—This alloy is used primarily for alumi-
num radiator repair. It is an intermediate strength solder and
will join most solderable metals.

A1.1.11 Zn/Cd 90—This alloy, with a melting temperature
of 760°F (404°C) is used in high temperature applications
where high strength is required with application temperatures
below that of brazing alloys.

A1.1.12 Zn/Cd 60—This alloy has very good wetting quali-
ties, and is used when soldering aluminum alloys that are
difficult to wet.

A1.1.13 Sn/Zn 60—This alloy is used in higher temperature
applications to solder aluminum to aluminum and aluminum to

copper. It has good strength and good corrosion resistance.
This material is also used as a thermal spray wire by the
electronics industry in the production of capacitors.

A1.1.14 Sn/Zn 70—This is a general-purpose aluminum
solder similar to SnZn40 but with a lower melting point. It is
also used by the electronics industry as a thermal spray wire in
the production of capacitors.

A1.1.15 Sn/Zn 75—This is an intermediate strength alloy
that is similar to SnZn40 and SnZn30, but with a lower melting
point.

A1.1.16 Sn/Zn 80—This alloy is a medium strength alumi-
num solder with a lower melting point. Fair corrosion resis-
tance when exposed to the elements. Used in the electronics
industry as a thermal spray wire in the production of capaci-
tors.

A1.1.17 Sn/Zn 91—This eutectic alloy has the lowest melt-
ing point of the zinc bearing aluminum soldering alloys. It
flows easily and wets aluminum readily, with strength that
approaches that of the intermediate solders. Corrosion resis-
tance is only fair if exposed to the elements.

A1.1.18 Cd 60—This is a general purpose, medium tem-
perature alloy that has shear strengths approaching 10,000 PSI.

A1.1.19 Cd 70—This alloy performs similarly to Cd60 but
with a lower and shorter melting range.

A1.1.20 Cd 78—This is high temperature solder that is used
where high strength and resistance to vibration is required. Its
high electrical conductivity in relationship to other solders
makes it a good choice for electrical applications. It is also
used to join dissimilar metals because of it good elongation
qualities.

A1.1.21 Cd 83—This cadmium-zinc eutectic alloy is used
when high strength and short melting ranges are required. It is
used extensively as a preform in furnace soldering.

A1.1.22 Cd 95—This is a general purpose cadmium-silver
alloy that will join all solderable metals except aluminum.
Above its liquidus it is extremely fluid and will penetrate the
closest joints. With tensile strengths to 25,000 PSI, its perfor-
mance in application is similar to higher temperature brazing
alloy.
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SUMMARY OF CHANGES

This section contains the principle changes to the standard that have been incorporated since the last issue.

(1) FootnoteE in Table 1 was added.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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Designation: B 908 – 03

Standard Practice for the
Use of Color Codes for Zinc Casting Alloy Ingot 1

This standard is issued under the fixed designation B 908; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This standard is published with the following objectives:
1.2 To establish standard color codes for the Zinc Die

Casting and Foundry industry, and
1.3 To standardize the use and application of these color

codes.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of order acceptance form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 240 Standard Specification for Zinc and Zinc-Aluminum

(ZA) Alloys in Ingot Form for Foundry and Die Castings2

B 275 Practice for Codification of Certain Nonferrous Met-
als and Alloys, Cast and Wrought3

B 327 Standard Specification for Master Alloys Used in
Making Zinc Die Casting Alloys2

B 792 Standard Specification for Zinc Alloys in Ingot Form
for Slush Casting2

B 793 Standard Specification for Zinc Casting Alloy Ingot
for Sheet Metal Forming Dies and Plastic Injection Molds2

B 892 Standard Specification for Zinc-Copper-Aluminum
Alloys in Ingot Form for Die Castings2

B 899 Terminology Relating to Non-ferrous Metals and
Alloys2

E 527 Practice for Numbering Metals and Alloys (UNS)4

2.3 ISO Standard:
ISO 301, Zinc alloy ingots intended for casting, 1981-05-

155

2.4 CEN Standard:
EN 1774, Zinc and zinc alloys—Alloys for foundry

purposes—Ingot and liquid, September 19976

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

4. Significance and Use

4.1 The purpose of these color codes is to allow for quick
identification of ingot bundles or jumbo ingots of zinc casting
alloys. Other than jumbo ingots, this standard is not intended to
imply that each ingot will be color-coded but only that each
ingot bundle be color coded.

4.2 Each ingot bundle or jumbo ingot shall be identified
with the appropriate color code listed in Table 1.

4.3 The color will be applied as a stripe, or stripes, on two
adjacent sides of the ingot bundle or jumbo ingot. The color
stripes will be applied to include the ingot bundle foot.

4.4 When using multiple stripes, the colored stripes will be
applied from left to right as indicated in Table 1.

4.5 In the absence of a written agreement to the contrary
between the supplier and end user, the North American color
code will be the standard for all North American transactions;
for all other transactions the International Color Code will be
used.

5. Keywords

5.1 ACuZinc; ACuZinc5; color; color code; Kirksite; Kirk-
site A; Kirksite B; non-ferrous metals; Zamak; Zamak 2;
Zamak 3; Zamak 5; Zamak 7; zinc; zinc alloys; zinc-aluminum
alloys; zinc-copper-aluminum alloys

1 This practice is under the jurisdiction of ASTM Committee B02 on Nonferrous
Metals and Alloys and is the direct responsibility of Subcommittee B02.04 on Zinc
and Cadmium.

Current edition approved June 10, 2003. Published August 2003. Originally
approved in 2000. Last previous edition approved in 2000 as B 908 - 00.

2 Annual Book of ASTM Standards, Vol. 02.04.
3 Annual Book of ASTM Standards, Vol 02.02.
4 Annual Book of ASTM Standards, Vol. 01.01.
5 “English Version” available from American National Standards Institute

(ANSI), 11 West 42nd St. New York, NY 10036.

6 “English Version” available from Global Engineering Documents, 15 Inverness
Way East, Englewood, Colorado, 80112.

1

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue (B 908 - 00)
that may impact the use of this standard.

(1) Traditional names of alloys listed in Table 1. (2) Footnote F added to Table 1.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Color Codes

Common UNSA ASTM
Standard

ASTM
Alloy

Traditional
Color Code

North AmericaB International

Alloy 3 Z33521 B 240 AG 40AC Zamak 3 None White/YellowD

Alloy 7 Z33522 B 240 AG 40BC Zamak 7 Brown White/BrownE

Alloy 5 Z35530 B 240 AC 41AC Zamak 5 Black White/BlackD

Alloy 2 Z35540 B 240 AC 43AC Zamak 2 Green White/GreenD

ZA-8 Z35635 B 240 ZA-8 ZA-8 Blue White/BlueD

ZA-12 Z35630 B 240 ZA-12 ZA-12 Orange White/OrangeD

ZA-27 Z35840 B 240 ZA-27 ZA-27 Purple White/PurpleD

ACuZinc 5 Z46540 B 892 Zn-Cu5-AI3 ACuZinc5F Red White/RedE

V12 Z33730 B 327 V12 V12 Pink White/PinkE

Slush Casting Alloy A Z34510 B 792 Slush Casting Alloy A Slush Casting Alloy A Black/Red White/Black/RedE

Slush Casting Alloy B Z30500 B 792 Slush Casting Alloy B Slush Casting Alloy B Black/Orange White/Black/OrangeE

Zinc Casting Alloy for Dies and Molds - A Z35543 B 793 Die & Mold Alloy A Kirksite A Green/Red White/Green/RedE

Zinc Casting Alloy for Dies and Molds - B Z35542 B 793 Die & Mold Alloy B Kirksite B Green/Black White/Green/BlackE

A UNS assignations were established in accordance with Practice E 527. The last digit of a UNS number differentiates between alloys of similar composition.
B The North American system is design to be a simplified version of the International system by eliminating the leading white stripe and in the case of Alloy 3 eliminating

all stripes.
C ASTM alloy designations established in accordance with Practice B 275.
D The color codes for these alloys are adapted from European standard (CEN) specification EN 1774. No color coding currently exists in International standard ISO 301.
E These alloys are not currently included in European standard EN 1774 nor International standard ISO 301 and no color codes have previously been assigned.
FACuZinc and ACuZinc5 are registered names of the General Motors Corporation.
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Designation: B 913 – 00

Standard Test Method for
Evaluation of Crimped Electrical Connections to 16-Gauge
and Smaller Diameter Stranded and Solid Conductors 1

This standard is issued under the fixed designation B 913; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method establishes the requirements for a
standardized method of evaluating the quality of crimped-type
electrical connections to solid or stranded conductors. This test
method applies to 16-gauge and smaller diameter copper wire,
coated or uncoated.

2. Referenced Documents

2.1 ASTM Standards:
B 8 Specification for Concentric-Lay-Stranded Copper

Conductors, Hard, Medium-Hard, or Soft2

B 258 Specification for Standard Nominal Diameters and
Cross-Sectional Areas of AWG Sizes of Solid Round Wires
Used as Electrical Conductors2

B 542 Terminology Relating to Electrical Contacts and
Their Use3

3. Terminology

3.1 Definitions—Many terms related to electrical contacts
used in this test method are defined in Terminology B 542.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 crimp, v—to establish an electrical and mechanical

attachment between the two members by mechanically deform-
ing one contact member around another. In most cases, one
member is a wire or group of wires, the other is a hollow
cylinder or partial cylinder that is deformed around the wires.

3.2.2 crimp barrel, crimp tab—the portion of the crimp
terminal that is deformed in the crimping operation.

3.2.3 crimped connection—a mechanical and electrical con-
nection between a conductor and a component. The connection
is made by compressing (crimping) the component (crimp
barrel) or tab(s) of the component about the conductor using a
tool specifically designed for the purpose

3.2.4 crimp terminal—an electrical component designed to
be electrically and mechanically attached to a wire by deform-
ing a portion of the component in a crimping operation to form
an attachment to the wire. The other end of the terminal usually

has a ring, fork, spade, tab, or related configuration designed to
attach to another connection such as a screw or terminal block.

4. Summary of Test Method

4.1 A test lot of test specimens of the crimp terminal
crimped to a short length of wire is prepared. The wire is pulled
from a group of the specimens in a tensile pull and the force
compared to set requirements based on wire diameter. A
separate group of specimens is subjected to an electrical test
where resistance stability of the specimen is evaluated during
deflection of the wire at the exit of the crimped connection. The
group is then aged for 33 days at 118°C and periodically
retested in the electrical test. The electrical test results are
compared to a standard value based on wire diameter. A test lot
passes the evaluation if it passes both the mechanical pull test
and the electrical test. In Method B, additional pull tests are
performed on subgroups of parts during and after the aging test
to provide information on progressive degradation in perfor-
mance.

5. Significance and Use

5.1 This test method establishes the requirements for a
standardized method of evaluating the performance of
crimped-type electrical connections having solid or stranded
conductors.

5.2 In order to achieve a successful crimped connection, the
crimping tool must deform the material of the crimp barrel or
barrel tab(s) around the conductor. As a consequence, the
conductor surfaces are placed under compression by the crimp
terminal and areas of contact are established between the
conductor and the crimp barrel. These areas provide the desired
electrical connection. A reliable crimped connection is one that
is capable of maintaining the contact between the conductor
and crimp barrel so that a stable electrical connection is
maintained when it is exposed to the conditions it was designed
to endure during its useful life.

5.3 Evaluation testing is designed to ensure that a particular
design crimped connection system consisting of conductor and
component and associated tooling is capable of achieving a
reliable electrical and mechanical connection. After the evalu-
ation is completed, if any change in the system parts is made,
the system should be reevaluated using the same procedures.

5.4 After completion of the evaluation test, the tensile pull

1 This test method is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.11 on Electrical Contact Test Methods.

Current edition approved Oct. 10, 2000. Published December 2000.
2 Annual Book of ASTM Standards, Vol 02.03.
3 Annual Book of ASTM Standards, Vol 02.04.
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strength results may be used to develop acceptance require-
ments to be used in inspection of subsequent production lots of
crimped connections. An example of such an acceptance
requirement is shown in Appendix X1.

6. Interferences

6.1 The wire strain relief included in some crimp terminals
may mask the performance of the crimped connection to the
wire. The strain relief shall be disabled prior to testing the
specimens in this test method.

7. Apparatus

7.1 Tensile Test Stand, Load cell and grips, or Holding
Fixtures, adequate to measure the force required to pull the
crimp terminal off the wire at the speed specified in this test
method.

7.2 Oscilloscope, with adequate preamplifiers to measure
dynamic change of 1006 10 µV. An oscilloscope with a
recording device is preferred as it can provide a permanent
record of the results.

7.3 Fixture with Two Clamps, to securely hold the crimp
terminal and end of the wire while making an electrical
connection to each, and allow for manual deflection of the wire
at the exit of the crimp terminal through 15° in all directions.
A fixture with two vise-like clamps mounted about 80 mm
apart on an insulating base has proved suitable. Spring clips
often used with 16 to 24-gauge wire are not adequate; a higher
force clamp is needed.

7.4 dc Power Supply, capable of providing 100-mA milli-
amps current through the sample with noise or ripple less than
10 µV on the measured sample

8. Test Specimen

8.1 Prepare the following quantities of test specimens of the
crimped connection made with the wire and crimp component
to be evaluated. For Test Method A, prepare 64 specimens, for
Test Method B, prepare 94 test specimens. For crimped
connections that will be manufactured with adjustable crimp
dies, prepare 64 (Test Method A) or 94 (Test Method B) test
specimens each made with the smallest and largest die setting
to which the dies will be set in the manufacture of the actual
connections. The wire length beyond the crimp barrel shall be
200 mm (8 in.), minimum. In each test method, the 64 or 94
specimens provide four extra specimens beyond those actually
required for testing, the remaining four can be used in test set
up or retained as examples of the manufactured test specimens
since the testing is destructive. Specifications B 8 and B 258
define wire gauge (diameter) and wire stranding.

8.2 Document the following items at the time that the
specimens are prepared:

8.2.1 Gauge of wire,
8.2.2 Wire conductor stranding,
8.2.3 Wire coating or plating,
8.2.4 Wire manufacturer,
8.2.5 Wire manufacturer’s part number for the wire used,
8.2.6 Type of wire insulation,
8.2.7 Terminal supplier name,
8.2.8 Terminal supplier’s part number for the terminal,
8.2.9 Crimping tool supplier name,

8.2.10 Crimping tool supplier part number, and
8.2.11 Crimping tool die setting (if applicable).
8.3 The test specimens shall meet the following require-

ments:
8.3.1 All strands of the conductor(s) shall be in the crimp

barrel and there shall be no evidence of missing, broken,
damaged, or loose strands of the conductor(s).

8.3.2 Conductors shall not be pre-soldered or solder-dipped
prior to crimping.

8.3.3 Wire is to be stripped immediately before crimping for
a distance that is proper to full insertion into the crimp barrel.
Strip the other end of the wire for 25 mm to allow for
connection to electrical measuring devices.

8.3.4 The crimp indent shall be in the intended position and
orientation on the barrel in accordance with the design intent of
the manufacturer’s die set and crimp barrel.

8.3.5 There shall be no cracking or rupture in any portion of
the barrel, tabs, and so forth.

8.3.6 The crimp barrel shall show no evidence of re-
crimping (double crimping) in the same location. Barrels may
be crimped in more than one location in accordance with the
manufacture’s design.

8.3.7 When a terminal is equipped with an insulation grip or
support, the wire insulation shall be in its intended position
within the grip or support after crimping. The grip or support
shall, as designed, mechanically secure or support the wire
insulation.

8.3.8 On pre-insulated terminals or splices, the insulated
sleeve shall remain in its proper position on the crimp barrel
after crimping and shall not show evidence of cracking or
spalling.

8.3.9 When sleeving is used to insulate uninsulated crimped
barrels, the sleeving shall be a snug fit and shall cause no
evidence of damage to the wire insulation.

8.3.10 The conductor must be fully seated in the barrel and
may extend beyond the barrel but not into the tongue area or
plug end of terminal lugs to the extent that it will interfere with
proper connection of the terminal to another part in the manner
intended.

8.3.11 If more than one conductor is crimped in a single
crimp terminal, the wires must not be twisted together before
crimping.

9. Procedure

9.1 Test Method A:
9.1.1 Visual Test of Samples—Visually inspect all test speci-

mens to determine if they meet the applicable requirements of
the Test Specimens section of this test method.

9.1.2 Tensile Pull Strength Test—Perform the tensile (pull)
strength tests on 30 test specimens in the as-received condition.
For multiple wire crimped connections, test (pull) the smallest
diameter wire in the crimp terminal. Prior to applying the pull
test, inactivate any stress relief or crimp, viz. insulation grip, in
the absence of other prior agreement, so that it does not
influence the test results. Place the barrel/conductor assembly
in a standard tensile testing device and apply an axial load to
pull the wire conductor out of the barrel or rupture the
conductor. The travel speed of the pull testing head shall be
held to a standard speed of 256 5 mm/min. Record the
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maximum pull applied and failure mode, for example, pull out,
wire break, and so forth.

9.1.3 Dynamic Voltage Drop Tests:
9.1.3.1 Subject 30 remaining specimens to the dynamic

voltage drop tests. Before making voltage drop tests, incapaci-
tate any insulation strain relief, and so forth, unless otherwise
agreed upon.

9.1.3.2 Clamp the crimp terminal and the other end of the
wire in the measurement fixture in such a way that the wire
position incorporates enough slack that the movement de-
scribed later in this section can be performed. In clamping the
crimp terminal, avoid applying clamping force to the crimp
barrel. Secure electrical connections shall be established and a
100-mA current passed through the wire and crimp barrel. Set
the oscilloscope to a sweep rate of 100 ms/cm and a sensitivity
such that 100 µV provides a vertical deflection of one quarter
to three quarters of full-scale. Use ac coupling of the oscillo-
scope to the test specimen. While monitoring the voltage
across the connection on the oscilloscope, grasp the wire at a
point approximately 25 mm from the barrel and move it
through approximately 30° of arc 15° either side of center three
times. Observe and record the maximum voltage wave peak to
peak observed on the oscilloscope during the wire movement.

NOTE 1—In the event that a failure occurs, it is recommended that a
length of wire of the type in the crimped terminal be tested in the fixture
using the same measurement system. If a failure is observed with the wire
alone, the clamps at each end of the test specimen may be inadequate to
hold the parts securely.

9.1.3.3 Place the test specimens in an oven where the
temperature is maintained at 1186 2°C. Position them in the
oven to allow free circulation of air about them.

9.1.3.4 Remove the test specimens from the oven after 24 h
and allow them to return to room temperature.

9.1.3.5 Repeat the dynamic voltage drop measurement.
Record the results.

9.1.3.6 Repeat the dynamic voltage drop measurements
after the samples are baked for 7, 15, and 33 days, cumulative.
After the 33-day measurement, the test is complete.

9.2 Test Method B:
9.2.1 Follow the same procedure as Test Method A for the

Visual Test of Samples and the Tensile Pull Strength Test
9.2.2 Select 60 specimens and perform an initial measure-

ment using the Dynamic Voltage Drop Test using the same
procedure as in Test Method A.

9.2.3 Place all 60 test specimens in an oven where the
temperature is maintained at 1186 2°C. Position them in the
oven to allow free circulation of air about them.

9.2.4 Remove the test specimens from the oven after 24 h
and allow them to return to room temperature.

9.2.5 Repeat the dynamic voltage drop measurement.
Record the results. Select a random sample of 10 of the 60
specimens and subject them to the Tensile Pull Strength Test
Record the results. Return the remaining 50 specimens to the
oven.

9.2.6 Remove the test specimens from the oven after 7-days
cumulative aging time and allow them to return to room
temperature.

9.2.7 Repeat the dynamic voltage drop measurement.

Record the results. Select a random sample of 10 specimens
and subject them to the Tensile Pull Strength Test. Record the
results. Return the remaining 40 specimens to the oven.

9.2.8 Remove the test specimens from the oven after 15-
days cumulative aging time and allow them to return to room
temperature.

9.2.9 Repeat the dynamic voltage drop measurement.
Record the results. Select a random sample of 10 specimens
and subject them to the Tensile Pull Strength Test. Record the
results. Return the remaining 30 specimens to the oven.

9.2.10 Remove the test specimens from the oven after
33-days cumulative aging time and allow them to return to
room temperature.

9.2.11 Repeat the dynamic voltage drop measurement.
Record the results. Subject the remaining 30 specimens to the
Tensile Pull Strength Test. Record those results. After the
33-day measurement, the test is complete.

10. Interpretation of Results

10.1 For Method A only, determine the minimum value
observed in the 30 test specimens pulled in the Tensile Pull
Strength Test. The crimped connection passes the Tensile Pull
Strength Test portion of the evaluation if this minimum
observed value is greater than shown in Table 1

10.2 Determine the maximum voltage wave peak-to-peak
observed on the oscilloscope during any measurement step of
the Dynamic Voltage Drop Test. Unless otherwise agreed upon
between the producer and the user, the crimped connection
passes the dynamic voltage drop portion of the evaluation if the
performance meets the following requirements. The maximum
voltage change observed for any sample during any interval of
the Dynamic Voltage Drop Tests shall not exceed 100 µV
peak-to-peak for 16, 18, 20, and 22-gauge wire crimps or 200
µV peak-to-peak for 24-gauge and smaller diameter wire
crimps.

10.3 For Test Method B only, calculate the mean pull
strength of the specimens measured at 1, 7, 15, and 33 days.
Observe whether the strength declines with aging. The manu-
facturer or user may use the results to guide further develop-
ment of crimp products or procedures.

11. Report

11.1 Report the following information:
11.1.1 Test Method, that is, Test Method A or Test Method

B.
11.1.2 Gauge of wire.
11.1.3 Wire conductor stranding.
11.1.4 Wire coating or plating.

TABLE 1 Required Minimum Pull Strength

Wire Gauge or Size,
AWG

Minimum Strength, N Minimum Strength, lbf

28 18 4
26 22 5
24 31 7
22 44 10
20 71 16
18 89 20
16 133 30
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11.1.5 Wire manufacturer.
11.1.6 Wire manufacturer’s part number.
11.1.7 Type of wire insulation.
11.1.8 Terminal supplier name.
11.1.9 Terminal part number.
11.1.10 Crimping tool supplier’s part name.
11.1.11 Crimping tool Supplier number.
11.1.12 Crimping tool die setting (if applicable).
11.1.13 Test engineer name.
11.1.14 Test date.
11.1.15 Dynamic Voltage Drop Test results, maximum volt-

age change observed for each measurement step, and overall
pass or fail decision.

11.1.16 Tensile Pull Force Test results: sample mean, mini-
mum value, sample standard deviation, and pass or fail
decision, if applicable.

11.2 All deviations from the test method shall be identified
in the report.

12. Precision and Bias

12.1 No information is presented about either the precision
or bias of test method B 913 for Evaluating crimped electrical
connections to 16 gauge and smaller diameter stranded and
solid conductors since the test result is nonquantitative.

APPENDIX

(Nonmandatory Information)

X1. USE OF EVALUATION TEST DATA FOR INSPECTION OF PRODUCTION LOTS OF CRIMPED CONNECTIONS

This appendix shows an example of the use of the evaluation
test data for inspection of production lots of crimped connec-
tions. The following method is for inspection of production
lots. Other methods can be readily developed to suit specific
needs of the product and manufacturing processes.

X1.1 Ensure that a production lot is made with the same
combination of crimp terminal, wire size, wire stranding, and
crimp tool as used in the evaluation test. Results of an
evaluation test cannot be applied with validity to manufactur-
ing lots made with other tools or components.

X1.2 Calculate the mean and standard deviation of the Pull
Strength Test results recorded in the evaluation of the 30
as-received samples. Calculate a requirement value equal to the
mean minus 2 times the standard deviation.

X1.3 Select 5 test specimens from a production lot to be
evaluated. Conduct a Pull Strength Test on each using the same
conditions as used in the evaluation test. Compare the result for
each of the production lot test specimens to the requirement
value calculated in X1.2. Accept the lot if all five values equal
or exceed the requirement value.
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Designation: B 914 – 03

Standard Practice for
Color Codes on Zinc and Zinc Alloy Ingot for Use in Hot-Dip
Galvanizing of Steel 1

This standard is issued under the fixed designation B 914; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope*

This Standard is published with the following objectives:
1.1 To establish standard color codes for zinc, zinc alloy and

zinc master alloy ingot used by the Hot-Dip Galvanizing
industry, and

1.2 To standardize the use and application of these color
codes.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Data Sheet for this product/material as provided by
the manufacturer, to establish appropriate safety and health
practices, and determine the applicability of regulatory limi-
tations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of order acceptance form a part of this specification to the
extent referenced herein:

2.2 ASTM Standards:
B 6 Standard Specification for Zinc2

B 275 Practice for Codification of Certain Nonferrous Met-
als and Alloys, Cast and Wrought3

B 750 Standard Specification for Zinc-5 % Aluminum-
Mischmetal Alloy in Ingot Form for Hot-Dip Coatings2

B 852 Standard Specification for Continuous Galvanizing
Grade (CGG) Zinc Alloys for Hot-Dip Galvanizing of
Sheet Steel2

B 860 Standard Specification for Zinc Master Alloys for
Use in Hot Dip Galvanizing2

B 899 Terminology Relating to Non-ferrous Metals and
Alloys2

E 527 Practice for Numbering Metals and Alloys (UNS)4

2.3 ISO Standard:
ISO 752, Zinc and Zinc Alloys–Primary Zinc
2.4 CEN Standard:
EN 1179, Zinc and Zinc Alloys–Primary Zinc

3. Terminology

3.1 Terms shall be defined in accordance with Terminology
B 899.

4. Significance and Use

4.1 The purpose of these color codes is to allow for quick
identification of ingot bundles or jumbo ingots of alloys used
for hot-dip galvanizing. Other than jumbo ingots, this standard
is not intended to imply that each ingot will be color-coded but
only that each ingot bundle be color coded.

4.2 Each ingot bundle or jumbo ingot shall be identified
with the appropriate color code listed in Table 1.

4.3 The color will be applied as a stripe, or stripes, on two
adjacent sides of the ingot bundle or jumbo ingot. The color
stripes will be applied to include the ingot bundle foot.

4.4 When using multiple stripes, the colored stripes will be
applied from left to right as indicated in Table 1.

4.5 In the absence of a written agreement to the contrary
between the supplier and end user, the North American color
code will be the standard for all North American transactions;
for all other transactions the International Color Code will be
used.

5. Keywords

5.1 aluminum-zinc alloys; color; color code; GALFAN;
GALVALUME; galvanizing; hot-dip; non-ferrous metals; zinc;
zinc alloys; zinc-aluminum alloys

1 This practice is under the jurisdiction of ASTM Committee B02 on Nonferrous
Metals and Alloys and is the direct responsibility of Subcommittee B02.04 on Zinc
and Cadmium.

Current edition approved June 10, 2003. Published August 2003. Originally
approved in 2000. Last previous edition approved in 2000 as B 914 - 00.

2 Annual Book of ASTM Standards, Vol 02.04.
3 Annual Book of ASTM Standards, Vol 02.02. 4 Annual Book of ASTM Standards, Vol 01.01.
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SUMMARY OF CHANGES

Committee B02 has identified the location of selected changes to this standard since the last issue (B 914 - 00)
that may impact the use of this standard.

(1) Corrected Primary Zinc Alloys to Primary Zinc Grades in
Table 1.

(2) Footnotes E and F added to Table 1.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

TABLE 1 Color Codes for Zinc and Zinc Alloys Used for Hot Dip Galvanizing

Alloy UNSA ASTM
Standard

Nominal Composition Color Code

Al Other North AmericaB International

Primary Zinc GradesC

SHG (Z13001) B 6 Yellow Yellow
HG (Z15001) B 6 Green Green
PW (Z19001) B 6 Pb–1.0 % Black Black

CGG Alloys
(Z80310) B 852 0.25 Brown/Brown Yellow/Brown
(Z80411) B 852 0.35 Blue/Blue Yellow/Blue
(Z80511) B 852 0.45 Purple/Purple Yellow/Purple
(Z80531) B 852 0.45 Pb–0.02 % Red/Red Yellow/Red
(Z80610) B 852 0.55 Pink/Pink Yellow/Pink
(Z80710) B 852 0.65 Green/Green Yellow/Green
(Z80810) B 852 0.75 Black/Black Yellow/Black
(Z80910) B 852 1.00 Orange/Orange Yellow/Orange

Master Alloys
Type A-1 (Z30750) B 860 10.0 High Purity Red/Green Yellow/Red/Green
Type A-2 (Z31710) B 860 10.0 Low Purity Red/Black Yellow/Red/Black
Type A-3 (Z30503) B 860 5.0 High Purity Red/Blue Yellow/Red/Blue
Type A-4 (Zxxxxx)D B 860 5.0 Low Purity Red/Yellow Yellow/Red/Yellow
Type S-1 (Z55710) B 860 Sb–10.0 % Black/Green Yellow/Black/Green

Specialty Alloys
GALFANE (Z38510) B 750 5.0 Mischmetal Purple/Blue Yellow/Purple/Blue

GALVALUMEF 55.0 Si–1.5 % Orange/Green Yellow/Orange/Green
A UNS assignations were established in accordance with Practice E 527. The last digit of a UNS number differentiates between alloys of similar composition.
B The North American system is designed to be a simplified version of the International system by eliminating the leading yellow stripe.
C Color codes taken from European Standard EN 1179.
D This alloy is currently being balloted for inclusion in ASTM B 860.
EGALFAN is a registered trademark of the GALFAN Information Center, Inc.
FGALVALUME is a registered trademark of BIEC International Inc., USA.
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Designation: B 920 – 01

Standard Practice for
Porosity in Gold and Palladium Alloy Coatings on Metal
Substrates by Vapors of Sodium Hypochlorite Solution 1

This standard is issued under the fixed designation B 920; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test practice covers equipment and methods for
revealing the porosity of gold and palladium coatings, particu-
larly electrodeposits and clad metals used on electrical con-
tacts.

1.2 This test practice is suitable for coatings containing gold
or 75 % by mass of palladium on substrates of copper, nickel,
and their alloys, which are commonly used in electrical
contacts.

1.3 A variety of full porosity testing methods is described in
the literature.2,3 These porosity Test Methods are B 735, B 741,
B 798, B 799, and B 809. An ASTM Guide to the selection of
porosity tests for electrodeposits and related metallic coatings
is available as Guide B 765.

1.4 The values stated in SI units are to be regarded as
standard. The values given in parentheses are for information
only.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.For specific
hazards, see Section 6.

2. Referenced Documents

2.1 ASTM Standards:
B 374 Terminology Relating to Electroplating4

B 542 Terminology Relating to Electrical Contacts and
Their Use5

B 735 Test Method for Porosity in Gold Coatings on Metal

Substrates by Nitric Acid Vapor5

B 741 Test Method for Porosity in Gold Coatings on Metal
Substrates by Paper Electrography5

B 765 Guide for Selection of Porosity Tests for Electrode-
posits and Related Metallic Coatings4

B 798 Test Method for Porosity in Gold or Palladium
Coatings on Metal Substrates by Gel-Bulk Electrography5

B 799 Test Method for Porosity in Gold and Palladium
Coatings by Sulfurous Acid/Sulfur-Dioxide Vapor5

B 809 Test Method for Porosity in Metallic Coatings by
Humid Sulfur Vapor (“Flowers-of-Sulfur”)4

3. Terminology

3.1 Definitions—Many terms used in this practice are de-
fined in Terminology B 542 and terms relating to metallic
coatings are defined in Terminology B 374.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 corrosion products—those reaction products emanat-

ing from the pores that protrude from, or are otherwise attached
to, the coating surface after a vapor test exposure.

3.2.2 metallic coatings—include platings, claddings, or
other metallic layers applied to the substrate. The coatings can
comprise a single metallic layer or a combination of metallic
layers.

3.2.3 porosity—the presence of any discontinuity, crack, or
hole in the coating that exposes a different underlying metal.

3.2.4 underplate—a metallic coating layer between the
substrate and the topmost layer or layers. The thickness of an
underplate is usually greater than 0.8 µm (30 µin.).

4. Summary of Practice

4.1 The test practice employs a solution of sodium hy-
pochlorite, a material readily available as household bleach.
The test is recommended primarily as a qualitative means for
assessing the plating quality in electrical connectors and is
desirable because it uses readily available reagents and equip-
ment and is extremely inexpensive, simple, and fast. In the test,
the coated parts to be evaluated are suspended above a solution
of sodium hypochorite in a vessel that is closed but not sealed.
Paper towels extend from the solution in the bottom part of the
way up the sides of vessel providing a wicking action for the

1 This practice is under the jurisdiction of ASTM Committee B02 on Nonferrous
Metals and Alloys and is the direct responsibility of Subcommittee B02.11 on
Electrical Contact Test Methods.

Current edition approved Nov. 10, 2001. Published January 2002.
2 For example see: Nobel, F. J., Ostrow, B. D., and Thompson, D. W., “Porosity

Testing of Gold Deposits,”Plating, Vol 52, 1965, p. 1001.
3 S. J. Krumbien, Porosity Testing of Contact Platings, Proceedings, Connectors

and Interconnection Technology Symposium, Oct. 1987, p. 47.
4 Annual Book of ASTM Standards, Vol 02.05.
5 Annual Book of ASTM Standards, Vol 02.04.
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solution. After exposure in this manner for 30 to 45 min, the
parts are removed from the vessel, dried with hot air and
examined for the presence of corrosion products that indicate
porosity.6

4.2 For more quantitative characterization of porosity it is
better to use one of the previously mentioned porosity test
standards. This practice is oftentimes used as an early predictor
of the likelihood of failure in a full mixed flowing gas (MFG)
test used as an accelerated environmental test.

4.3 Exposure periods may vary, depending upon the degree
of porosity to be revealed. Reaction of the gas with a
corrodable base metal at pore sites produces reaction products
that appear as discrete spots on the gold or palladium surface.
Individual spots may be counted with the aid of a loupe or
low-power stereomicroscope.

4.4 This porosity test involves corrosion reactions in which
the products delineate defect sites in coatings. Since the
chemistry and properties of these products may not resemble
those found in natural or service environments this test is not
recommended for prediction of the electrical performance of
contacts unless correlation is first established with service
experience.

5. Significance and Use

5.1 Palladium and gold coatings are often specified for the
contacts of separable electrical connectors and other devices.
Electrodeposits are the form of gold that is most used on
contacts, although it is also employed as inlay or clad metal
and as weldments on the contact surface. The intrinsic nobility
of gold and palladium alloys enables it to resist the formation
of insulating oxide films that could interfere with reliable
contact operation.

5.2 In order for these coatings to function as intended,
porosity, cracks, and other defects in the coating that expose
base-metal substrates and underplates must be minimal or
absent, except in those cases where it is feasible to use the
contacts in structures that shield the surface from the environ-
ment or where corrosion inhibiting surface treatments for the
deposit are employed. The level of porosity in the coating that
may be tolerable depends on the severity of the environment to
the underplate or substrate, design factors for the contact
device like the force with which it is mated, circuit parameters,
and the reliability of contact operation that it is necessary to
maintain. Also, when present, the location of pores on the
surface is important. If the pores are few in number and are
outside of the zone of contact of the mating surfaces, their
presence can often be tolerated.

5.3 Methods for determining pores on a contact surface are
most suitable if they enable their precise location and numbers
to be determined. Contact surfaces are often curved or irregular
in shape, and testing methods should be suitable for them. In
addition, the severity of porosity-determining tests may vary
from procedures capable of detecting all porosity to procedures
that detect only highly porous conditions.

5.4 The present test practice is capable of detecting virtually
all porosity or other defects that could participate in corrosion

reactions with the substrate or underplate. In addition, it can be
used on contacts having complex geometry such as pin-socket
contacts (although with deep recesses it is preferred that the
contact structures be opened to permit reaction of the vapors
with the interior significant surfaces).

5.5 The relationship of porosity levels revealed by particular
tests to contact behavior must be made by the user of these tests
through practical experience or by other forms of testing. Thus,
absence of porosity in the coating may be a requirement for
some applications, while a few pores in the contact zone may
be acceptable for others. The acceptable number, sizes and
locations of the pore corrosion products shall be as specified on
the appropriate drawing or specification.

5.6 This test is considered destructive in that it reveals the
presence of porosity by contaminating the surface with corro-
sion products and by undercutting the coating at pore sites or
at the boundaries of the unplated areas. Any parts exposed to
this test shall not be placed in service.

5.7 The test is simple and inexpensive. The cost associated
with the test is very low, using standard basic equipment found
in an industrial laboratory. There are minimal waste disposal
issues associated with the procedure. The test is very popular
because of its very quick means of assessing the likelihood of
plating quality problems, prior to the performance of acceler-
ated environmental testing on the 1-2 week scale at much
greater expense.

6. Safety Hazards

6.1 Carry out this test procedure in a clean, working fume
hood. The vapor emitted is toxic, corrosive, and irritating.

6.2 Because the test is conducted in a reaction vessel using
a loose-fitting cover, it is desirable to insure that the drafts
often found in hoods are not so high as to adversely effect the
reproducibility of the test within the reaction vessel.

6.3 Observe good laboratory practices when handling the
sodium hypochlorite (household bleach) solution. In particular,
wear eye protection completely enclosing the eyes, and make
eye wash facilities readily available.

7. Apparatus

7.1 Test Glassware, a vessel of sufficient size such that the
sodium hypochlorite solution at least 1 cm in depth can be
placed in the bottom of the vessel without interfering with the
samples. The vessel (see Figs. 1 and 2) shall be made of glass
or plastic not having a gastight lid, such as a glass beaker with
a watch glass cover or desiccator.

7.2 Specimen Holders or Supports, may be made of glass,
polytetrafluoroethylene, or other inert materials. It is essential
that the specimens be arranged so as not to impede circulation
of the gas. Specimens shall not be closer than 12 mm (0.5 in.)
from the wall or paper towels and 25 mm (1 in.) from the
solution surface. Also, the measurement areas of the specimens
shall be at least 12 mm (0.5 in.) from each other.

7.3 Do not use a porcelain plate or any other structure that
would cover more than 30 % of the liquid surface cross-
sectional area. This is to insure that movement of air and vapor
within the vessel will not be restricted during the test.

7.4 Stereomicroscope, having at least 203 magnification
shall be used for pore examination is recommended. In6 J. Chao, IBM Corporation, ASTM Research Report to be published.
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addition, a movable source of illumination capable of provid-
ing oblique lighting on the specimen surface is required. It is
further recommended that a graduated reticle be inserted into
one of the eyepieces of the microscope.

7.5 Hot Air Dryer.

8. Reagents

8.1 Sodium Hypochlorite Solution, 5.25 % nominal, (non-
scented). Acquire this material locally to ensure freshness.

8.2 Plain Paper Towels, or suitable non-reactive paper
product which will retain its shape following exposure.

9. Procedure

9.1 Handle specimens as little as possible, using only
tweezers, microscope-lens tissue, or clean, soft cotton gloves.
Prior to the test, inspect the samples under 203 magnification
for evidence of particulate matter. If present, such particles
shall be removed by blowing them with clean, oil-free air. If
this is not successful discard the sample. Then, clean the

samples with solvents or solutions that do not contain chlori-
nated hydrocarbons, CFC’s or other known ozone-destroying
compounds. The procedure outlined in Note 1 has been found
to give satisfactory results for platings with mild to moderate
surface contamination.

NOTE 1—Suggested Cleaning Procedure:(1) Keep individual contacts
separated if there is a possibility of damage to the measurement areas
during the various cleaning steps; (2) Dip in methanol if desired to aid in
the removal of organic residues; (3) Clean samples for 5 min in an
ultrasonic cleaner, which contains a hot (65-85°C) 2 % aqueous solution
of a mildly alkaline (pH 7.5-10) detergent (such as Micro or Sparkleen);
(4) After ultrasonic cleaning, rinse samples under warm running tap water
for at least 5 s; (5) Rinse samples ultrasonically for 2 min in fresh
deionized water to remove the last detergent residues; (6) Immerse in fresh
methanol or isopropanol, and ultrasonically “agitate” for at least 30 s in
order to remove the water from the samples; (7) Remove and dry samples
until the alcohol has completely evaporated. If an air blast is used as an aid
to drying, the air shall be oil free, clean, and dry; (8) Do not touch surface
measurement area of the samples with bare fingers after cleaning; (9)
Re-inspect samples (under 203 magnification) for particulate matter on
the surface. If particulates are found, repeat the cleaning steps. Surface
cleanliness is extremely important; contaminants, such as plating salts,
organic films, and metal filings or flakes may give erroneous indications
of defects, and are unacceptable.

NOTE 2—Omit the cleaning steps for samples having corrosion-
inhibiting, or lubricant coatings, or both, if it is desired to determine the
efficacy of these coatings in the test atmosphere.

9.2 The test temperature shall be 236 3°C, unless other-
wise specified, and the relative humidity in the immediate
vicinity of the test chamber shall be no greater than 60 %. If the
relative humidity is greater than 60 %, results can be unpre-
dictable and therefore the test is not acceptable.

NOTE 3—Procedure to be Performed in Hood or Well-Ventilated Area:
(1) Obtain a clean, dry beaker or other vessel (sufficient in size to
accommodate your sample size), a cover glass and a specimen support
strip, made of an inert material, for example, polyethylene or glass; (2)
Attach the contacts to be tested to the support strip, by any suitable means
such as the use of two-sided adhesive tape so that the areas of interest on
the contact extend beyond the edge of the support, and the fumes freely
access the surfaces; (3) Place strips of paper towel on the inside surface of
the vessel, so as to provide a wick for the bleach, and sufficient material
for reaction with the solution. (This is important, since the bleach alone
will not generate sufficient chlorine to cause a reaction in a short
time-frame.); (4) Pour in sufficient bleach such that a depth of approxi-
mately 1 cm is obtained after the paper towel has been made completely
wet. Recap the bottle tightly after use; (5) Suspend the contacts 2 - 3 cm
above the surface of the bleach, and place the cover on the vessel; (6)
Expose the contacts to the gas fume environment generated for a period of
30-45 min; (7) Remove samples from the vessel, and immediately dry by
using a hot air dryer; (8) Examine samples under 203 stereomicroscope
to determine extent of porosity or plating discontinuity.

10. Quantitative Examination (Not Required)

10.1 Examine individual pore-corrosion products at 203
magnification, using collimated incandescent illumination at an
oblique angle below 15°. They are delineated by the presence
of corrosion products protruding from the pore sites. The solids
may be transparent, especially in the case of gold or palladium
alloy plated nickel; exercise great care in counting, particularly
for rough or curved surfaces.

NOTE 4—It may be desirable to quantitatively report the extent of pore
decoration by counting. The following hints may be useful as an aid to

FIG. 1 Test Apparatus Using 400 mL Beaker

FIG. 2 Test Apparatus Using Large Dessicator
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counting: (1) Count only corrosion products that protrude above the
surface. Stains are not considered porosity within the scope of this
specification; (2) Loose contamination that can easily be removed by a
gentle blowing of air should not be considered corrosion products; (3)
Move sample around under the light to vary the angle when unsure of a
pore. Burnished gold can give the appearance of black spots; (4) A
corrosion product should be measured and counted when at least one half
of the corrosion product falls within the targeted measurement area.
Unless otherwise specified, corrosion products which initiate outside the
measurement area but fall within it, and which are irregular in shape
should not be counted. However, for small measurement areas, or where
the migrating pore-corrosion product covers a significant portion of this
area, the presence of such products should be recorded.

10.2 Pore size shall be defined by the longest diameter of
the corrosion product. Unless otherwise specified, corrosion
products less than 0.05 mm (0.002 in.) in diameter shall not be
counted. A graduated reticle in the microscope eyepiece is
useful as an aid to counting and sizing.

NOTE 5—A useful sizing technique is to tabulate the pore-corrosion
products in accordance with three size ranges. These are (approximately):
(1) 0.12 mm diameter (0.005 in.) or less, (2) between 0.12 and 0.40 mm
diameter (0.005 and 0.015 in.), and (3) greater than 0.40 mm diameter
(0.015 in.).

11. Qualitative Examination

11.1 The following remarks are made based on reports
based on the use of this test practice. If parts were wet or

splashed with the hypochlorite solution during the test, corro-
sion products may be found which appear as solid white/green
patches and often take on a crusty appearance. If this condition
is seen and it is attributed to direct liquid contact, then the test
should be disregarded and repeated on new test specimens.

11.2 Palladium and alloy plated products may react to
produce gross condensation (wetting) on the surface which will
appear as a brown color in appearance. For these parts, the test
should be re-run, and if the complete wetting persists, a
different porosity test must be used.

11.3 The following pore corrosion products are oftentimes
seen in qualitative examination (203). As a general guideline
as to the source of these corrosion products it is generally
believed that porosity to nickel- generates uncolored clear
corrosion products, porosity to copper- generates green, black,
or combined white/green blooms, and finally porosity due to
palladium and its alloys such as palladium-nickel- generates a
brown tobacco juice appearance, sometimes black.

12. Keywords

12.1 Cloroxy; electrical contacts; gold coatings; gold plat-
ings; hypochlorite; palladium coatings; palladium platings;
plated contacts; plating porosity; pore corrosion test; pore
counting; porosity screen testing; porosity testing
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Designation: B 924 – 02

Standard Specification for
Seamless and Welded Nickel Alloy Condenser and Heat
Exchanger Tubes With Integral Fins 1

This standard is issued under the fixed designation B 924; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 describes seamless and welded
nickel alloy tubing on which the external or internal surface, or
both, has been modified by a cold forming process to produce
an integral enhanced surface, for improved heat transfer. The
tubes are used in surface condensers, evaporators, heat ex-
changers and similar heat transfer apparatus in unfinned end
diameters up to and including 1 in. (25.4 mm).

1.2 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

1.3 The following precautionary statement pertains to the
test method portion only: Section 10 of this specification.This
standard does not purport to address all of the safety concerns,
if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory require-
ments prior to use.

2. Referenced Documents

2.1 ASTM Standards:
A 941 Terminology Relating to Steel, Stainless Steel, Re-

lated Alloys, and Ferroalloys3

B 163 Specification for Seamless Nickel and Nickel Alloy
Condenser and Heat-Exchanger Tubes4

B 167 Specification for Nickel-Chromium-Iron Alloys
(UNS N06600, N06601, N06603, N06690, N06693,
N06025, and N06045) and Nickel-Chromium-Cobalt-
Molybdenum Alloy (UNS N06617) Seamless Pipe and
Tube4

B 407 Specification for Nickel-Iron-Chromium Alloy
Seamless Pipe and Tube4

B 423 Specification for Nickel-Iron-Chromium-

Molybdenum-Copper Alloy (UNS N08825 and N08221)
Seamless Pipe and Tube4

B 444 Specification for Nickel-Chromium-Molybdenum-
Columbium Alloy (UNS N06625) and Nickel-Chromium-
Molybdenum-Silicon Alloy (UNS N06219) Pipe and
Tube4

B 468 Specification for Welded UNS N08020, N08024, and
N08026 Alloy Tubes4

B 515 Specification for Welded UNS N08120, UNS
N08800, UNS N08810, and UNS N08811 Alloy Tubes4

B 516 Specification for Welded Nickel-Chromium-Iron Al-
loy (UNS N06600, UNS N06603, UNS N06025, and UNS
N06045) Tubes4

B 622 Specification for Seamless Nickel and Nickel-Cobalt
Alloy Pipe and Tube4

B 626 Specification for Welded Nickel and Nickel-Cobalt
Alloy Tube4

B 674 Specification for UNS N08904, UNS N08925, and
UNS N08926 Welded Tube4

B 676 Specification for UNS N08367 Welded Tube4

B 677 Specification for UNS N08904, UNS N08925, and
UNS N08926 Seamless Pipe and Tube4

B 690 Specification for Iron-Nickel-Chromium-
Molybdenum Alloys (UNS N08366 and UNS N08367)
Seamless Pipe and Tube4

B 704 Specification for Welded UNS N06625, UNS
N06219 and UNS N08825 Alloy Tubes4

B 729 Specification for Seamless UNS N08020, UNS
N08026, and UNS N08024 Nickel-Alloy Pipe and Tube4

B 751 Specification for General Requirements for Nickel
and Nickel Alloy Welded Tube4

B 829 Specification for General Requirements for Nickel
and Nickel Alloys Seamless Pipe and Tube4

B 899 Terminology Relating to Non-ferrous Metals and
Alloys4

E 426 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Seamless and Welded Tubular Products, Austen-
itic Stainless Steel and Similar Alloys5

E 571 Practice for Electromagnetic (Eddy-Current) Exami-
nation of Nickel and Nickel Alloy Tubular Products5

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Oct. 10, 2002. Published December 2002.
2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-

cation SB-924 in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 01.01.
4 Annual Book of ASTM Standards, Vol 02.04. 5 Annual Book of ASTM Standards, Vol 03.03.
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3. Terminology

3.1 For definition of general terms used in this specification,
refer to Terminologies A 941 and B 899.

3.2 Definitions of Terms Specific to this Document (Integral
Fin Tube Nomenclature):

D = outside diameter of unenhanced section
Di = inside diameter of unenhanced section
dr = root diameter of enhanced section outside of tube
do = outside diameter of enhanced section
di = inside diameter of enhanced section
W = wall thickness of unenhanced section
Wf = wall thickness of enhanced section
Fh = height of fin—enhanced section outside of tube
Fm = mean fin thickness—enhanced section outside of tube
P = mean rib pitch—enhanced section inside of tube
Rh = height of rib—enhanced section inside of tube
Ha = rib helix angle—enhanced section inside of tube
Tt = transition taper

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Such requirements may include, but are not
limited to, the following:

4.1.1 ASTM designation and year of issue (this specifica-
tion),

4.1.2 ASTM designation and year of issue (plain tube
specification),

4.1.3 Welded or seamless,
4.1.4 Alloy grade and UNS designation,
4.1.5 Dimensions; plain tube outside diameter, plain tube

wall thickness (ave. or min. specified), length and location of
unenhanced surfaces and the total tube length. Configuration of
enhanced surfaces (fins per unit length, fin height, wall
thickness under fin, rib pitch, rib height, etc.) shall be as agreed
upon between the manufacturer and purchaser. (Refer to Figs.
1 and 2).

4.1.6 Temper (as-finned or stress relief annealed),
4.1.7 Quantity,
4.1.8 Packaging,
4.1.9 Nondestructive tests,
4.1.10 Customer inspection,
4.1.11 Mill test report, and
4.1.12 Certification.

5. General Requirements

5.1 Seamless material furnished under this specification
shall conform to the requirements of Specification B 829,
unless otherwise provided herein.

5.2 Welded material furnished under this specification shall
conform to the applicable requirements of Specification B 751,
unless otherwise provided herein.

5.3 Enhanced (integrally finned) sections of the tube shall
be produced by cold forming the tubing in such a manner that
exterior fins, wall under the fin and inside ribs (when specified)
are homogeneous.

5.4 Tubes described by this specification shall be furnished
with unenhanced (plain) ends.

5.5 Enhanced sections of the tube are normally supplied in
the “as finned” temper (cold worked condition produced by the
enhancing operation). The unenhanced sections of the tube
shall be in the annealed condition and shall be suitable for
rolling-in operations.

6. Materials and Manufacture

6.1 The integrally enhanced (finned) tubes shall be manu-
factured from seamless, welded, or welded/cold worked plain
tubes that conform to one of the following ASTM specifica-
tions: B 163, B 167, B 407, B 423, B 444, B 468, B 515,
B 516, B 622, B 626, B 674, B 676, B 677, B 690, B 704, and
B 729.

7. Temper

7.1 The tube after enhancing shall normally be supplied in
the as-finned temper. When specified by the purchaser, for
bending, coiling or other fabricating operations, enhanced
portions of the tube may be stress relief annealed or solution
annealed.

7.2 Heat treatment of enhanced sections and bend areas, or
both, shall be in accordance with the governing plain tube
specification.

8. Chemical Composition

8.1 The tubing specified shall conform to the chemical
requirements prescribed in the governing plain tube specifica-
tion.

9. Tensile Requirements

9.1 The tube prior to the finning operation, and unenhanced
portions of the finned tube, shall conform to the requirements
for tensile properties prescribed in the governing plain tube
specification.

10. Test Requirements

10.1 After enhancing operations, subject each tube to a
nondestructive electromagnetic test, and either a pneumatic orFIG. 1 Outside Enhancement Only

FIG. 2 Outside and Inside Enhancement
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hydrostatic test as specified in the purchase order. Tubes shall
normally be tested in the as-fabricated condition but, at the
option of the manufacturer or purchaser, may be tested in the
stress relief annealed condition.

10.1.1 Eddy Current Test—Eddy current inspect the tube in
accordance with Practice E 426 or E 571, by passing it through
an encircling coil designed to test the entire cross section of the
tube.

10.1.1.1 The reference standard used to adjust the sensitiv-
ity setting of the apparatus shall be sound and of the same
nominal alloy, enhanced configuration, condition (temper) and
nominal dimensions as the lot of tubes to be tested on a
production basis. Drill four (4) holes not larger than 0.031 in.
(0.787 mm) in diameter radially through the enhanced wall in
each of four successive planes at 0°, 90°, 180° and 270°. Use
a suitable drill jig to guide the drill, taking care to avoid
distortion of the adjacent fins. Locate one (1) hole in the weld
for welded material. Space artificial discontinuities at least 16
in. (406 mm) apart to provide signal resolution adequate for
interpretation. Discard and replace the reference standard when
erroneous signals are produced from mechanical, metallurgical
or other damage to the tube.

10.1.1.2 Adjust the eddy current test unit to obtain an
optimum signal-to-noise ratio with the minimum sensitivity
required to detect all four artificial defects in the reference
standard on a repeatable basis. Equipment adjustments and
tube speed maintained during calibration shall be the same for
production tubes.

10.1.1.3 Set aside tubes showing an eddy current indication
in excess of any signal obtained from artificial defects in the
reference standard and subject them to retest or rejection.

10.1.1.4 Tubes causing irrelevant signals because of debris
and like effects shall be considered to conform, should they not
cause output signals beyond acceptable limits when retested.
Tubes causing irrelevant signals because of visible and identi-
fiable handling marks (rough fin tip, notches in the fin) shall be
considered to conform, provided the wall thickness in the
enhanced and unenhanced areas is not less than the minimum
specified.

10.1.1.5 Tubes causing relevant signals because of injurious
defects (incomplete welds, splits, embedded debris, broken
tool impressions, ID defects) that reduce the wall thickness
below the minimum specified shall be rejected. If, after retest
and examination, no source for the reject signal can be
discerned, the tube shall be rejected.

10.1.2 Pneumatic Test—When examined with this method,
each tube shall withstand a minimum internal air pressure of
250 psi (1.72 MPa), for a minimum of 5 s, without showing
evidence of leakage. The test method used shall permit easy
detection of any leakage either by placing the tube under water
or by using the pressure differential method as follows:

10.1.2.1Air Underwater Pressure Test—Each tube shall be
tested in accordance with Specification B 751 except using test
pressure specified in 10.1.2.

10.1.2.2Pressure Differential Test—Procedure and accep-
tance criteria shall be agreed upon between the manufacturer
and purchaser.

10.1.3 Hydrostatic Test—When examined with this method,
each tube shall be tested to an internal hydrostatic test pressure
of 1000 psi (6.9 MPa) provided that the fiber stress, calculated
in accordance with the following equation, does not exceed the
allowable fiber stress,S, indicated as follows:

P 5 2S Wf / dr (1)

where:
P = hydrostatic test pressure, psi (MPa),
S = allowable fiber stress, for material in the condition

(temper) furnished as specified in the product speci-
fication (S is calculated as the lower of2⁄3 of the
specified minimum 0.2 % offset yield strength or1⁄4
of the specified minimum ultimate strength for the
material),

Wf = minimum wall thickness under fin permitted, in.
(mm), including minus tolerance, if any, and

dr = nominal fin root diameter of the tube, in. (mm).
10.1.3.1 Testing at a pressure greater than 1000 psi (6.9

MPa) can be done as agreed upon by the purchaser and
manufacturer provided that the allowable fiber stress is not
exceeded.

10.1.3.2 The test pressure must be held for a minimum of 5
s.

10.1.3.3 Any tube that leaks during hydrostatic testing shall
be rejected.

10.1.3.4 The hydrostatic test may be performed before the
tube is cut to final length, but must be performed after
enhancing, bending, heat treatment or other forming opera-
tions.

11. Permissible Variations in Dimensions

11.1 Diameter—The outside diameter of the unenhanced
sections shall not exceed the diameter tolerances shown in the
governing plain tube specification as measured by micrometers
and verified by “go” and “no go” ring gages. The diameter over
the enhanced sections shall not exceed the diameter of the plain
sections involved, as determined by a “go” ring gage unless
otherwise specified. The dimensions of the ring gages shall be
as described in 11.1.1 and 11.1.2.

11.1.1 The inside diameter dimension of the “go” ring gage
shall be equal to the nominal tube diameter, plus the maximum
tolerance, plus 0.002 in. The length of the “go” ring gage shall
be 1 in. (25.4 mm) minimum.

11.1.2 The inside diameter dimension of the “no go” ring
gage shall be equal to the nominal tube diameter minus the
maximum tolerance. The length of the “no go” ring gage shall
be 1 in. (25.4 mm) minimum.

11.2 Wall Thickness—The wall thickness of enhanced and
unenhanced sections shall not exceed the thickness tolerances
shown in the governing plain tube specification unless other-
wise agreed to between the manufacturer and purchaser. No
tube at any point shall be less than the minimum thickness
specified in the plain sections or in the enhanced sections.

11.3 Length—The length of the tubes shall not be less than
that specified, but may exceed the specified value by the
amounts given in Table 1.
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11.3.1 The length of plain ends, as measured from the tube
end to the first tool impression, shall not be less than that
specified, but may exceed the specified value by1⁄2 in. (12.7
mm).

11.3.2 The length of fin sections and lands (unenhanced
portions) shall be as specified6 1⁄4 in. (6.35 mm).

11.4 Squareness of Cut—The angle of cut of the end of any
tube may depart from square by not more than 0.016 in.

11.5 Straightness—The tube shall be reasonably straight
and free of bends or kinks.

12. Workmanship, Finish and Appearance

12.1 Finished tubes shall be clean and free of foreign
material, shall have smooth ends free of burrs, and shall be free
of injurious external and internal imperfections. Minor defects
may be removed, provided the dimensional tolerances of
Section 11 are not exceeded.

12.2 A slight amount of oxidation on the surface resulting
from heat treatment after enhancing or bending is acceptable.
When the plain tube specification allows for a slight amount of
oxidation on the surface resulting from heat treatment, this is
also acceptable.

13. Inspection

13.1 The manufacturer shall inspect and make the necessary
tests to verify that the enhanced tubes furnished conform to the
requirements of the customer purchase order and to the
requirements of this specification.

13.2 Witnessing of testing or inspection by the purchaser’s
representative shall be agreed upon by the purchaser and the
manufacturer as part of the purchase contract.

14. Certified Test Report

14.1 The manufacturer shall furnish to the purchaser a
Certified Test Report in accordance with requirements in
Specification B 829 for seamless material, or Specification
B 751 for welded material.

14.2 In addition, the Certified Test Report shall include the
following information and test results, as modified, when
applicable:

14.2.1 Plain Tube:
14.2.1.1 ASTM material designation,
14.2.1.2 Welded or seamless,
14.2.1.3 Alloy grade and UNS designation,
14.2.1.4 Tube dimensions (outside diameter and wall thick-

ness),

14.2.1.5 Heat number,
14.2.1.6 Heat analysis,
14.2.1.7 Product analysis, when specified,
14.2.1.8 Tensile properties,
14.2.1.9 Flattening test acceptable,
14.2.1.10 Reverse flattening test acceptable,
14.2.1.11 Flaring test acceptable,
14.2.1.12 Flange test acceptable,
14.2.1.13 Hardness test values,
14.2.1.14 Hydrostatic or pneumatic test, test pressure and

test results,
14.2.1.15 Non-destructive electric test method and test re-

sults,
14.2.1.16 Impact test results,
14.2.1.17 Other test results or information required to be

reported by the governing bare tube specification, and
14.2.1.18 Test results or information required to be reported

by supplementary requirements, or other requirements desig-
nated in the purchase order shall be reported, but may be
reported in a separate document.

14.2.2 Enhanced Tube:
14.2.2.1 ASTM material designation,
14.2.2.2 Manufacturer name and order number,
14.2.2.3 Customer name and purchase order number,
14.2.2.4 Product description or part number,
14.2.2.5 Quantity,
14.2.2.6 Eddy current test results,
14.2.2.7 Pneumatic test, test pressure and test results, when

specified,
14.2.2.8 Hydrostatic test, test pressure and test results, when

specified,
14.2.2.9 Stress relief annealed, when specified, and
14.2.2.10 Results of any other checks or testing required by

the customer purchase order.

15. Rejection

15.1 Provisions for rejection shall be in accordance with
requirements in Specification B 829 for seamless material, or
Specification B 751 for welded material.

16. Packaging and Package Marking

16.1 The tube shall be packaged in accordance with the
manufacturer’s standard practice, unless otherwise agreed
upon between the manufacturer and the purchaser and so stated
in the purchase order.

16.2 Each shipping unit shall be legibly marked with the
name of the supplier, name of the customer, ship to address,
purchase order number, alloy designation, size or part number,
tube length and number of pieces.

17. Keywords

17.1 condenser tube; enhanced tube; heat exchanger tube;
integral fin tube; nickel alloys; seamless tube; welded tube

TABLE 1 Length Tolerances

Specified Length, ft (m) Tolerance, in (mm)

Up to 24 (7.3), incl 61⁄8 (3.2)
Over 24 to 34 (7.3 to 10.4), incl 61⁄4 (6.4)
Over 34 to 44 (10.4 to 13.4) incl 63⁄8 (9.5)
Over 44 (13.4) 61⁄2 (12.7) max.
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Designation: B 932 – 04

Standard Specification for
Low-Carbon Nickel-Chromium-Molybdenum-Gadolinium
Alloy Plate, Sheet, and Strip 1

This standard is issued under the fixed designation B 932; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification2 covers plate, sheet, and strip of
low-carbon nickel-chromium-molybdenum-gadolinium alloy
(UNS N06464) as shown in Table 1, for use for neutron
adsorption, structural, and corrosive application in nuclear
waste disposal service.

1.2 The following products are covered under this specifi-
cation:

1.2.1 Sheet and Strip—Hot or cold rolled, solution an-
nealed, and descaled unless solution anneal is performed in an
atmosphere yielding a bright finish.

1.2.2 Plate—Hot or cold rolled, solution annealed, and
descaled.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to become familiar
with all hazards including those identified in the appropriate
Material Safety Data Sheet for this product/material, to estab-
lish appropriate safety and health practices, and determine the
applicability of regulatory limitations prior to use.

1.4 The values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are for
information only.

2. Referenced Documents

2.1 ASTM Standards:3

B 906 Specification for General Requirements for Flat-
Rolled Nickel and Nickel Alloys Plate, Sheet, and Strip

E 112 Test Methods for Determining Average Grain Size
E 140 Standard Hardness Conversion Tables for Metals

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 cold-rolled plate, n—material 3⁄16 to 3⁄8 in. (4.76 to

9.52 mm), inclusive, in thickness.
3.1.2 hot-tolled plate, n—material 3⁄16 in. (4.76 mm) and

over in thickness.
3.1.3 plate, n—material 3⁄16 in. (4.76 mm) and over in

thickness.
3.1.4 sheet and strip, n—material under3⁄16 in. (4.76 mm) in

thickness.

4. Ordering Information

4.1 It is the responsibility of the purchaser to specify all
requirements that are necessary for material ordered under this
specification. Examples of such requirements include, but are
not limited to the following:

4.1.1 Alloy—See Table 1,
4.1.2 Dimensions—Thickness (in decimals of an inch),

width, and length (inch or fractions of an inch),
4.1.3 Optional Requirements—Plate; state how plate is to be

cut (Specification B 906, Table A2.3),
4.1.4 Certification—State if certification or a report of test

results is required (Specification B 906, Section 21),
4.1.5 Purchase Inspection—State which tests or inspections

are to be witnessed (Specification B 906, Section 18), and
4.1.6 Samples for Product (Check) Analysis—State whether

samples should be furnished (Specification B 906, 7.2.2).

1 This specification is under the jurisdiction of ASTM Committee B02 on
Nonferrous Metals and Alloys and is the direct responsibility of Subcommittee
B02.07 on Refined Nickel and Cobalt and Their Alloys.

Current edition approved Feb. 1, 2004. Published March 2004.
2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-

cation SB-575 in Section II of that Code. New designations established in
accordance with ASTM E 527 and SAE J1086, Practice for Numbering Metals and
Alloys UNS.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.

TABLE 1 Chemical Requirements

Composition Limits, %
Element Alloy N06464

Molybdenum 13.1 to 16.0
Chromium 14.5 to 17.1
Iron 1.0 max
Cobalt, max 2.0
Carbon, max 0.010
Silicon, max 0.08
Manganese, max 0.5
Phosphorus, max 0.005
Sulfur, max 0.005
Nickel RemainderA

Oxygen 0.005
Nitrogen, max 0.010
Gadolinium 1.9 to 2.1

A Shall be determined arithmetically by difference.

1
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5. Material

5.1 Material furnished under this specification shall con-
form to the applicable requirements of Specification B 906
unless otherwise provided herein.

6. Chemical Composition

6.1 The material shall conform to the composition limits
specified in Table 1.

6.2 If a product (check) analysis is made by the purchaser,
the material shall conform to the requirements specified in
Table 1 and Specification B 906.

7. Mechanical Properties and Other Requirements

7.1 Tensile Properties—The material shall conform to the
room temperature tensile properties prescribed in Table 2.

7.2 Hardness—The hardness values given in Table 2 are
informative only.

7.3 Grain Size for Sheet and Strip—Sheet and strip shall
conform to the grain sizes as illustrated in Plate 1 of Test
Methods E 112. The requirements shall be as indicated in Table
3.

8. Dimensions, Mass, and Permissible Variations

8.1 Weight—For calculations of mass or weight, the follow-
ing densities shall be used:

Density
Alloy lb/in.3 g/cm3

N06464 0.316 8.76

8.2 Thickness:
8.2.1 Plate—The permissible variations in thickness of

plate shall be as prescribed in Specification B 906, Table A2.1.
8.2.2 Sheet and Strip—The permissible variations in thick-

ness of sheet and strip shall be as prescribed in Specification
B 906, Table A2.2.

8.2.3 The thickness shall be measured with the micrometer
spindle3⁄8 in. (9.525 mm) or more from any edge for material
1 in. (25.4 mm) or over in width and at any place on material
under 1 in. (25.4 mm) in width.

8.3 Width:
8.3.1 Plate—The permissible variations in width of rectan-

gular plates shall be as prescribed in Specification B 906, Table
A2.3.

8.3.2 Sheet and Strip—The permissible variations in width
for sheet and strip shall be as prescribed in Specification B 906,
Table A2.4.

8.4 Length:
8.4.1 Plate—Permissible variations in the length of rectan-

gular plate shall be as prescribed in Specification B 906, Table
A2.3.

8.4.2 Sheet and Strip—Sheet and strip may be ordered to cut
lengths, in which case a variation of1⁄2 in. (3.175 mm) over the
specified length shall be permitted, with a 0 minus tolerance.

8.5 Straightness:
8.5.1 The edgewise curvature (depth of chord) of flat sheet,

strip, and plate shall not exceed 0.05 in. (1.27 mm) multiplied
by the length in centimeters.

8.6 Squareness (Sheet)—For sheets of all thicknesses and
widths of 6 in. (152.4 mm) or more, the angle between adjacent
sides shall be 906 0.15° (1⁄16 in. in 24 in. of 2.6 mm/m).

8.7 Flatness—Plate, sheet, and strip shall be commercially
flat.

8.8 Edges:
8.8.1 Plates shall have sheared or cut (machined, abrasive

cut, powdered cut, or inert arc cut) edges, as specified.
8.8.2 Sheet and strip shall have sheared or slit edges.

9. Product Marking

9.1 Each plate, sheet, or strip shall be marked on one face
with the specification number, alloy, heat number, manufactur-
er’s identification and size. The markings shall have no
deleterious effect on the material or its performance and shall
be sufficiently stable to withstand normal handling.

9.2 Each bundle or shipping container shall be marked with
the name of the material; this specification number, alloy; the
size; gross, tare, and net weight; consignor and consignee
address; contract or order number, and such other information
as may be defined in the contract or order.

10. Keywords

10.1 N06464; plate; sheet; strip

TABLE 2 Mechanical Property Requirements

Alloy
Tensile Strength,

min, psi
(MPa)

Yield Strength
(0.2 % Offset),

min, psi
(MPa)

Elongation in
2 in. (50.8 mm)

or 4DA

min, %

Rockwell
Hardness,B

max

N06464 100 000 (690) 45 000 (310) 20 100 HRB
A Refers to the diameter of the tension specimen.
B Hardness values are shown for information purposes only and are not to be

used as a basis of acceptance or rejection. For approximate hardness conversion,
see Tables E 140.

TABLE 3 Grain Size for Annealed Sheet

Thickness,
in. (mm)

ASTM Micrograin
Size Number

Average Grain Diameter,
in. (mm)

0.125 (3.175) and under 3.0 or finer 0.0050 (0.127)
Over 0.125 (3.175) 1.5 or finer 0.0084 (0.214)
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APPENDIX

(Nonmandatory Information)

X1. HEAT TREATMENT

X1.1 Proper heat treatment during or subsequent to fabri-
cation is necessary to optimum performance, and the manufac-
turer should be consulted for details.
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