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If you look around, you will probably be able to identify many different types of 
materials

• Wood
• Metal
• Stone
• Glass
• Plastic

Image by SantiMB. Copyright Creative Commons.
How much do you know about these materials that surround you?

Most of these materials have been around for thousands of years, but plastics 
as we know them today have only been around for a couple hundred 
years.
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Why do we use plastic?
1. Versatile

• Can easily be formed into very complex shapes

2. Relatively Inexpensive

3.  Many processes are easily automated

4. High strength to weight ratio

5.   Can quickly produce a lot of parts
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Why do we use plastic?
6. Good insulation properties

• Thermal
• Electrical

7. Corrosion resistance
8. Can be made transparent or easily colored
9. Capable of being foamed

• Lightweight
• Flexible

Many of the products used today would not 
be possible without plastics.
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When you hear the word PLASTIC, what comes to 
mind?

What is a ‘PLASTIC’?

What is a ‘POLYMER’?

How long have plastics been around?

How much plastic is used each year?



Introduction Plastics 001

When you hear the word PLASTIC, what comes to mind?

According to Dictionary.com a plastic can be defined as

Any of a group of synthetic or natural organic materials that may be 
shaped when soft and then hardened, including many types of 
resins, resinoids, polymers, cellulose derivatives, casein materials, 
and proteins: used in place of other materials, as glass, wood, and 
metals, in construction and decoration, for making many articles, as 
coatings, and, drawn into filaments, for weaving. They are often 
known by trademark names, as Bakelite, Vinylite, or Lucite.

http://dictionary.reference.com/browse/plastic

http://dictionary.reference.com/browse/plastic
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The definition of a polymer is:

Polymer - Any of numerous natural and synthetic compounds of usually 
high molecular weight consisting of up to millions of repeated 
linked units, each a relatively light and simple molecule.

Most of the materials we refer to as plastics are technically polymers.

http://dictionary.reference.com/browse/polymers

http://dictionary.reference.com/browse/polymers
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Basically a plastic is a material that you can shape when it is soft and it 
will then harden. 

It can be a naturally occurring 
material like clay.

It can be a synthetic material
like Polyethylene.
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When we think of plastics today, we are primarily talking about 
polymers or a group of synthetic organic compounds, that are heated 
and shaped to make items ranging from children’s toys to automotive 
components to high tolerance medical parts.

An organic compound is a material that is composed of primarily Carbon 
(C).

Today’s plastics are mostly created from oil and natural gas – but some 
are created from agricultural sources like corn.
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The word POLYMER comes from the Greek language and basically 
means many ‘mers’
– A ‘mer’ is a unit
– Polyethylene means many ‘ethylenes’
– Think of it like each unit is a bead and the final 

molecule is the string of beads – only the string 
usually has several thousand beads

Ethylene Polyethylene

H  H
|   |
C= C
|   |
H  H

H  H H H H H H H H H H H H H
|   |   |   |  |   |  |   |   |  |   |   |  |   |  

[-C-C-C-C-C-C-C-C-C-C-C-C-C-C-]
|   |   |  |   |  |   |   |  |   |  |   |   |  |  
H  H H H H H H H H H H H H H
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Molecular Weight
The molecular weight of a polymer depends on the length of the chain  
(The number of ‘mers’ (beads) times the weight of the ‘mer’)

The length of the chain will effect the properties or the molecule and the state or 
phase of the material
• 2 ethylene ‘mers’ = butane (a gas found in lighters)
• 4 ethylene ‘mers’ = octane (gasoline)
• 10-20 ethylene ‘mers’ = greases or oils
• 200-300 = waxes
• 10,000 + = polyethylene
Each polyethylene ‘mer’ has a molecular 
weight of 28 grams/mole, so a molecular 
chain of polyethylene 10,000 ‘mers’ long 

would have a molecular weight of 280,000 grams/mole

A mole is a unit of measure 
for atoms and molecules
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Structure
The structure of polymer materials leads to their unique properties as 
well as some of their disadvantages.

–Dimensional instability
–Some absorb moisture
–Many are flammable
–Some are attacked or dissolved by certain chemicals
–Many take a long time to degrade when disposed of

Different material families will have different disadvantages, which is 
why it is very important to choose the right material for the right 
application.
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History
Natural polymers have been around longer than we have.

Natural rubbers, cellulose, spider webs, and animal horns are all 
examples of natural polymers.

Man has worked with natural polymers to 
create objects for a long, long time.

It wasn’t until the mid 1800’s that man began to modify natural 
polymers to make them easier to process and increase their 
usefulness. 
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History
Much of the development/discovery of plastics 
has either been in the attempt to replace other 
materials or through accidental discovery.

– Much of the development of PVC (Vinyl) was
in an attempt to replace rubber

– Nylon development was spurred on by the need to 
replace silk in parachutes and ropes

– Teflon (Polytetrafluoroethylene) was discovered 
accidentally in a DuPont Lab when working on 
alternative refrigerants.

– Celluloid was developed in response to a need to 
replace ivory in billiard balls.
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Volume

The ages of man are listed as; 

Stone Age – man made primitive tools and weapons from stone.

Bronze Age – man began to smelt copper and tin to make items

Iron Age – man began to work iron 

The late 20th century and on could very well be named the Plastic Age.
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Volume
Many of the technological developments of the past 50 years 
would not have been possible without the discovery and 
development of plastic materials

Plastics have allowed for
the miniaturization of
many of today’s 
common devices:

• Laptops
• Cell phones
• Ipods
• Etc.
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Volume
Plastics are highly used in almost every industry

• Automotive
• Medical
• Construction
• Packaging
• Consumer goods
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Volume
In 2006 there were 113.2 billion pounds of plastic produced 
worldwide.

Making products out of plastic saves energy not only in the production 
of the items, but also in the transportation of those items. 

Because of the incredible volume of plastics used in today’s society, 
many activist and political groups are concerned with the recyclability 
of plastic materials.
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Recycling
Plastic materials do not decompose quickly in a landfill 
environment. 
– The lack of oxygen and sunlight slows the decomposition 

process.
This is the reasoning behind two main initiatives in the plastics 
industry
1. Recycling
2. The development of 

degradable polymers
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Recycling
On average we recycle around 27% of the plastic products that are 

produced with some materials being as high as 60%



Introduction Plastics 001

Recycling
Common products made with recycled materials:

Carpet 
Rope 
Flower Pots
Trash Cans 
Drainage Pipes 
Grocery Bags
Plastic Lumber 
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Volume
Biodegradable materials
The other option to recycling is the development of degradable 
materials. 

The development of these materials is also driven due to the rising 
cost of oil and natural gas.

The most prominent material in this area is probably Polylactic Acid 
which is processed from corn.
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Material Families
Of the 113.2 billion pounds of plastic materials produced in 2006; the 
major material ‘families’ are broken down in the following distribution.

Polyethylene
9 Million Metric Tons

Polypropylene
8.4 Million Metric Tons

Poly Vinyl Chloride (PVC)
7.3 Million Metric Tons  

Polycarbonate 
3 Million Metric Tons 
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Plastics

Introduction

Questions?
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History of Plastics
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PRE -1700’s
South American Indians used 
natural rubber (Isoprene) to 
create items such as raincoats, 
shoes, balls, and water 
containers. They used rubber tree 
sap and a primitive dip molding 
process to create most of these 
items.
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Small blocks of natural rubber are sold to erase 
marks made by lead pencils. The motion used to 
erase these marks leads to the naming of the 
material – rubber.

1770’s
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Charles Goodyear develops the vulcanization 
process which improved on the properties of 
rubber materials by adding sulphur and heat 
to the natural rubber.  This allowed for 
increased hardness, chemical resistance and 
wear resistance in the materials by 
crosslinking, creating chemical bridges 
between the molecules of the base material.

1833
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Christian Friedrich Schönbein 
develops cellulose nitrate, 
guncotton, by wiping up a 
mixture of sulphuric and nitric 
acid with his wife’s cotton 
apron. The apron burst into 
flames when hung above a 
hot stove to dry.

1845
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Alexander Parks displayed Parkesine at the 
International Exhibition in London. Parkesine is a 
Cellulosic material made from Nitric Acid and 
Cellulose.

1862
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John W. Hyatt submitted a material he 
developed as a contest entry. The 
contest was to find a replacement 
material for Ivory, due to its high cost. 
The material, Celluloid, was created by 
mixing Camphor with pyroxylin, a low 
nitrogen nitrocellulose material. Mr. 
Hyatt began the production of plastic 
materials in the United States.

1868
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Casein formaldehyde is discovered by Adolf Spitteler. 
1897
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Leo Baekeland patented Bakelite, a phenol-
formaldehyde resin (phenolic). He began the mass 
production of items that would replace those made 
of other materials like metal and wood. 

1909
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Bakelite
This not only produced items that were lighter, 
more chemically and electrically resistant, and in 
many cases stronger than the original item, but 
also allowed for more experimentation in the 
design due to the ease of fabrication of the newly 
developed material. Phenolic was the first fully 
synthetic resin.

1909 (continued)
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• Cellulose Acetate was developed as a safer 
alternative to the explosive cellulose nitrate.
–The most common use of Cellulose Acetate today is in 
cigarette filters

• Plasticized Polyvinyl Chloride (PVC) developed by 
Waldo Semon

1927



History Plastics 001

Wallace Carothers at DuPont 
developed Polychloroprene
(Neoprene), Polyester, and 
Polyamide 6. He also coined 
the terms addition 
polymerization and 
condensation polymerization.

1930’s
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Polyvinyl Acetate, Polystyrene, 
Polymethylmethacrylate, and Polyurethane 
developed.

1930’s (continued) 
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• Eric Fawcett and Reginald Gibson polymerized 
Polyethylene

1933
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• Polypropylene is produced with Zeigler-Natta 
metallocene catalyst

1954
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• Polycarbonate discovered at General Electric 
by Daniel Fox while trying to develop a wire 
coating material.

1957
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Stephanie Kwolek discovered Liquid Crystal 
Polymers (LCPs) which led to the development 
of Aramid fibers (Kevlar)

1964
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Development of many high temperature 
engineering polymers; Polyetherketone, 
Polyetherimide, Polyethersulphone, etc.

1970-2000
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• Development and commercialization of 
biopolymers (Polylactic acid and starch based).

• Plastics and chemicals used in their production 
come under attack by many environmental groups. 

2000 →
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History of Plastics

Questions?
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Polymerization
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After reviewing the Polymerization presentation, 
students should:

• Be able to name and describe the two basic methods of 
polymerization of thermoplastic materials

• Understand the difference between a homopolymer, copolymer, 
alloy, and blend

• Understand how branching and tacticity can affect the properties of 
the material

KEY POINTS:  
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Overview
Thermoplastic molecules are long strands or chains of atoms.

Smaller atoms or groups of atoms (mers) are linked together to form the 
long chains so that they are many units long.
(many ‘mers’ – polymer) 

This long length to diameter or high aspect ratio gives polymeric 
materials very distinctive properties like high strength with very 
light weight.

The reason for these properties is that the polymer chains are held 
together due to ENTANGLEMENT. The chains have a hard time 
sliding past each other like tangled hair.

The polymer chains do not share chemical bonds with each other. If they 
did, they would be crosslinked and would not melt when reheated.
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Overview
Entanglement isn’t the only thing that holds the molecules together, 

there are charges on the molecules that attract the other 
molecules (polar forces), and weak attractive forces between the 
molecules (secondary forces sometimes called Van der Waal’s 
forces.)

The two main polymerization methods or reactions used to create 
polymer chains are:

ADDITION and CONDENSATION
REACTIONS
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Addition Reactions
In addition reactions, the double or triple bonds between the atoms of the molecule 

are broken and the chain grows longer when another molecule that has also had 
its bonds broken links together with it.

In Polyethylene, the double carbon bond in the ethylene molecule separates and links 
with another carbon bond from another ethylene molecule.

H H

C = C

H           H

Breaks

H    H    H    H    H    H

[ - C – C – C – C – C – C - ]

H    H    H    H    H    H

The start of the process is called the initiation reaction, 
the growth stage is known as the propagation reaction, 
and the end stage is called the termination reaction
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Condensation Reactions
In condensation reactions, a portion of the ‘mer’ molecule reacts with 
another ‘mer’ molecule to form a new bond and gives off water, carbon 
dioxide, or possibly an acid.

The portion of the ‘mer’ that reacts is known as the functional group.

Condensation reactions usually take longer than addition reactions
• In addition reactions any chain end will react with any other chain 

end and the molecules grow at different rates depending on what 
size chains combine.

• In condensation reactions the chains typically grow at the same rate 
as the chemicals that make up the polymer chain are consumed, the 
reaction rate slows down.



Polymerization Plastics 001

Condensation Reactions

Reacts
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Homopolymer

If each of the circles in the chain was 
a single ‘mer’, this strand would be 
considered a homopolymer because 
all of the ‘mers’ are the same.
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Copolymers

Sometimes two types of ‘mers’ will 
be polymerized together in order to 
manipulate the properties of the 
final product. These are called 
copolymers. Shown is an alternating 
copolymer in which each of the 
‘mers’ alternates in an ordered 
fashion
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Copolymers 

When one type of ‘mer’ alternates 
with no specific pattern, the 
arrangement is known as a random 
copolymer.

Alternating and random copolymers 
with the same ‘mers’ can have very 
different properties.
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Copolymers – Graft Copolymer

When ‘sections’ of one type of polymer 
is attached or ‘grafted’ to the main 
chain of another polymer
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When small groups of monomers are 
attached to each other in alternating 
fashion, the product is called a block 
copolymer

Copolymers – Block Copolymer
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Terpolymer 

When there are three types of ‘mers’ polymerized 
together it is known as a terpolymer.

Acrylonitrile Butadiene Styrene (ABS) is a 
terpolymer of Acrylic, Butadiene rubber, and 
Styrene.

This gives the Acrylic and Styrene added impact 
resistance and the properties can be manipulated 
by changing the amount of each of the individual 
‘mers’
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Branching

Side branches 
off of the 
main chain

During the polymerization 
process, reactions can also 
happen off of the side of the 
main chain. These side-chains 
are known as branches and the 
branches increase the 
entanglement of the polymer 
chains and can also affect the 
properties of the final product 
depending on the degree of 
branching.
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Branching
If there is a large number of branches, or 
the branches are very large, this serves to 
hold the main polymer chains further 
apart from each other. When they are 
held further apart, there is a lower degree 
of entanglement in the polymer which 
leads to a softer, more ductile material. 
The additional space between the 
molecules makes it easier for them to 
flow past one another. In materials made 
with condensation reactions, there is very 
little if any branching present.

A stack of tree branches will be much 
smaller if you strip off all of the smaller 
branches.
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Tacticity
Although typically polymer molecules are designated in 2-D, they are 

actually three dimensional structures.

The way the side groups or side chains are arranged on the molecule 
will also affect the material’s properties by changing the amount of 
free space between the molecules and dictating how easily the 
molecules can fold up.
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Atactic
In Atactic Polypropylene, the CH3 side groups are arranged in a random 
fashion along the main polymer chain.

Tacticity

Main Chain

Sidegroups
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Tacticity
Isotactic
In Isotactic Polypropylene, the CH3 side groups are all arranged on the 

same side of the main chain.
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Tacticity
Syndiotactic
In Syndiotactic Polyopropylene, the sidechains alternate on
opposite sides of the main chain.

B

A

A

A
A

A

B

B

B

B
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Tacticity
When the sidegroups have a regular arrangement as in syndiotactic and 

isotactic Polypropylene, the main chains will have less space between 
them because the chains can interlock like the pieces of a jigsaw 
puzzle or the teeth of a zipper.

When the chains are closer together, it is harder for them to flow past 
each other and the material is harder
and stiffer.

If they are further apart and can flow 
past each other more easily, the 
material is more ductile and softer. 



Polymerization Plastics 001

Alloys and Blends
Sometimes to try to combine the benefits of two different types of 

polymers by mixing them together in different ratios.
Mixing Acrylic and melt processable rubber increases the impact 

resistance of the final product. It makes the Acrylic tougher.

If the two materials are not totally compatible, a compatibilizing agent 
needs to be added to improve the properties and provide a 
homogenous mix.
• An example of a compatibilizer is Pyrrolidinone which is used to 

improve the properties of materials that are not normally 
compatible
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Polymerization

Questions?
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Molecular Weight
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KEY POINTS:  
After reviewing the Molecular Weight presentation, 

students should:
• Understand what molecular weight means when dealing with 

polymers
• Understand the effect of molecular weight on material properties

• Understand entanglement
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Molecular Weight
By this point in your education, you should be aware of what atoms, 

molecules, protons, electrons, and a periodic table are. If you are 
not, you should probably review some of your basic chemistry before 
continuing with this lesson.

On a periodic table of the elements, you will 
see something that looks like this:
for each element.
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Molecular Weight
At the top of the cell for each element it will 
commonly list the name of the element.

Next, you will normally find the atomic number 
which is the number of electrons present in the 
atom of the element.

The symbol for the element

Lastly the atomic weight of the element.
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Molecular Weight
Molecular weight is the sum of the atomic weights of the atoms that 

make up the molecule.

Carbon has an atomic weight of 12.011 grams/mole. 12 is close enough 
for what we’re doing 

A mole is 6.0221415 × 1023 atoms or molecules 
This is known as Avogadro's number, it is a count or number of 

units – like a dozen  

Because of their extremely long molecules (8,000-10,000 mers long),
polymers can have extremely high molecular weights.
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Molecular Weight
To put it into perspective:

A mole of water (1 oxygen [16] and 2 hydrogen [1]) weighs 18 grams –
that is barely enough to cover the bottom of a glass.

A mole of polypropylene (3 carbons [12] and 6 hydrogen [1]) weighs 
378,000 grams (assuming 9,000 mers have linked up)

• That converts to around 830 pounds 
or almost a full gaylord.

Gaylord
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Molecular Weight
If you had Avogadro’s number of pennies and you could stack them up, 

you would have a pile of pennies 
579,783,000,000,000,000 miles high that weighs
1,660,000,000,000,000,000 tons

The earth is 92,956,952 miles from the sun
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Molecular Weight
The atomic weights of the atoms most commonly found in polymers are:

Hydrogen (H) = 1 g/mole (1.0079)
Carbon (C) = 12 g/mole (12.011)
Nitrogen (N) = 14 g/mole (14.007)
Oxygen (O) = 16 g/mole (15.999)
Chlorine (CL) = 35.5 g/mole (35.453)
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Molecular Weight
When we talk about molecular weight in terms of polymers, we are 

really talking about the length of the individual chains.

The polymerization process is subject to variation so there is no single 
chain length, there is actually a 
wide range of lengths, so when 
we discuss molecular weight, we 
really mean the average molecular
weight of the material. This 
average is found by measuring 
samples of the material as it is 
produced.
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Molecular Weight
There are two different categories of molecular weight average that 

are commonly used:

The first is the Number Average Molecular Weight (Mn    )

The second is the Weight Average Molecular Weight (     )

Another important aspect of the molecular weight distribution is the 
shape of the curve.
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Molecular Weight
The figure to the right represents 

a typical molecular weight
distribution.

The vertical axis represents
the number of chains at that
length.

The horizontal axis represents the 
different chain lengths.

Notice that the longer chains are to the left on the graph and the 
shorter chains are to the right.
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Molecular Weight
The Number Average Molecular 

Weight (       ) is the total weight 
of the polymer molecules
divided by the total number
of moles.



Molecular Weight Plastics 001

Molecular Weight
Number Average Molecular Weight (    ) Example:
We have:

10 moles of Polyethylene (PE) that are 500 monomers long
5 moles of PE that are 100 monomers long
5 moles of PE that are 800 monomers long

What is         ?
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Molecular Weight
Number Average Molecular Weight (       ) Example:
Each monomer is 2 Carbons and 4 Hydrogens

10 moles X 500 monomers = 5,000
5 moles X 100 monomers = 500
5 moles X 800 monomers = 4,000

Total number of moles = 20 (10 + 5 + 5)
Total number of monomers = 9,500 

What is         ? = 475 monomers
The average chain is 475 monomers long
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Molecular Weight
The Weight Average Molecular 

Weight (       ) takes into account 
that the larger molecules 
contain a much higher amount 
of the molecular mass of the 
polymer.

The Weight Average Molecular 
Weight is almost always higher 
than the Number Average 
Molecular Weight (        ).
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Molecular Weight
An example that points out why the          would be important.
You have:

100 cherries at 9 g 
6 bananas at 180 g 
4 watermelons at 11,350 g 

What is the average weight of a piece of fruit?
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Molecular Weight
The average weight of a piece of fruit in this example is around 431 g 
(100 x 9 g) + (6 X 180 g) + (4 X 11,350 g) = 430.73 g

(100 + 6 + 4)
This would be equivalent to the         value we calculated earlier, but 
the watermelons contain a much higher percentage of the weight. 
The average gram of fruit found in a fruit salad made up of the fruits 
we used didn’t come from a fruit that 
weighed 431 g. It was much heavier. 
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Molecular Weight
To calculate the         from the example, you need to find the weight 

fraction of the group.
The weight fraction is determined by taking the weight of one of the 

components and dividing it by the total weight.
100 cherries at 9 g = 900 g
6 bananas at 180 g = 1,080 g
4 watermelons at 11,350 g = 45,400 g   The total weight = 47,380 g

The weight fractions are:
Cherries: 900/47,380 = 1.9 % (The cherries make up 1.9% of the total weight)

Bananas: 1,080/47,380 = 2.3%
Watermelons: 45,400/47,380 = 95.8%
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Molecular Weight
To calculate the Weight Average Molecular Weight (        ), you take the 

sum of the weight fractions times their respective weights.

Mw =  (0.019 x 9 g) + (0.023 x 180 g) + (.958 x 11,350 g)
= 0.171 g + 4.10 g + 10,876 g  = 10,880 g

This turns out to be much higher than the 431 g (         )found earlier

Another good example of the differences between        and         can be 
found at: http://pslc.ws/mactest/weight.htm

http://pslc.ws/mactest/weight.htm
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Molecular Weight
Look at the numbers from the previous example:

10 moles of PE that are 500 monomers long
5 moles of PE that are 100 monomers long
5 moles of PE that are 800 monomers long

Calculate the 
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Molecular Weight
Calculate the
Find the weight fractions:

10 x 500 / 9500 =  52.6% 
5 x 100/ 9500 = 5.3%
5 x 800 / 9500 = 42.1%

= (0.562 x 500) + (0.053 x 100) + (0.421 x 800) = 605.3 monomers 
long
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Molecular Weight
Just knowing the averages is not 

enough, the distribution of 
the molecular weights also 
has a large effect on how the 
material will process and its 
properties.

A broader or ‘wide spec’ 
distribution may make the 
material unsuitable for 
processes like injection 
molding, but better suited for 
processes like extrusion, blow-
molding, or thermoforming.
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Molecular Weight
For injection molding grades of 

material, a narrower 
distribution is better.

When the distribution is 
narrow, the polymer chains 
will melt and flow at around 
the same temperature.

The longer the chains, the 
higher the viscosity or 
resistance to flow.
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Molecular Weight
When you have a broad or even a bi-modal 

distribution, the shorter chains melt 
more quickly and allow some flow, while 
the longer chains hold the material 
together. 

This gives the polymer mixture melt 
strength which allows it to be used for 
some of the other processes mentioned 
other than injection molding.
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Molecular Weight
You can have virtually an infinite 

number or distributions with 
the same number average 
molecular weight.

All of these materials will process 
differently and have at least 
slightly different properties.
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Properties
When making polymers, the goal is to make a material with the ideal 
properties.

The longer the molecules (or the higher the molecular weight) the 
higher the entanglement forces:

• Longer hair is harder to get untangled than shorter hair
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Properties
Increasing the molecular weight of the material increases many of the 
properties of the material by increasing the entanglement of the 
molecules.
A higher molecular weight:
•Increases the chemical resistance - to a point

– It takes more damage to the main chains of the molecules before 
it will affect the strength of the material

– The big loophole to this is if you have a chemical
that is very similar to the chemical makeup of the
main chain, it will dissolve it much more easily

»Like Dissolves Like
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Properties
A higher molecular weight:
•Increases how far the material can stretch before rupturing

– The higher degree of entanglement allows the material to be 
pulled further before the chains break
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Properties
A higher molecular weight:
– A candle and Polyethylene (PE) have basically the same molecular 

structure. The chain length of the  candle is just much shorter than 
that of the PE. If you bend a bar of PE in half – it will bend, if you 
bend a candle in half, it will fracture.
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Properties
A higher molecular weight:
•Increases the impact resistance of the material

–The higher degree of entanglement means that in order to 
rupture, more polymer bonds need to be broken, this means that 
the polymer can absorb more energy before failing.
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Properties
A higher molecular weight:
•Increases the weather resistance of the material

– Same type of reasoning behind the increase in chemical resistance, 
the chains are longer, so they can withstand more damage before 
the mechanical properties will start to diminish

Image by Alex Cheek 
Creative Commons

OAR/ERL/National Severe Storms 
Laboratory (NSSL)
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Properties
A higher molecular weight:
•Increases the viscosity of the material – makes it harder to process 
the material using conventional methods

–The longer the chains, the harder it is to get them to flow
» More tangled

Image of Honey by Balakov Creative Commons
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Properties
Processors want materials that will flow easily in order to form 
complex geometries, but that can affect the properties of material 
used to create the product.

Many times it turns out to be a trade-off between the required 
properties and processability of the material.

CD’s and DVD’s are made from the same material as most safety 
glasses, Polycarbonate.

Safety glasses require a higher molecular weight in order to provide 
the necessary property of impact resistance.
CD’s and DVD’s require a lower molecular weight material in order to 
fill out the thin walls. CD’s and DVD’s can shatter, safety glasses don’t.
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Properties
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Molecular Weight

Questions?
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Polymer Structure
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After reviewing the Polymer Structure presentation, 
students should:

• Recognize and draw the monomers that make up some of the 
common thermoplastic materials families.

• Understand the different types of bonds present in thermoplastic 
materials.

• Be able to explain how the polymer structure can affect a material’s 
properties

KEY POINTS:  
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Overview
Many people lump ‘PLASTICS’ into a single category.

There are many different ‘families’ of plastic materials with vastly 
different properties.

The types of atoms and how they are arranged in the polymer molecule 
will affect the final properties of the material.
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Properties
The topic of entanglement has been discussed previously as well as the 

fact that the individual polymer chains do not share primary 
bonds between them.

There are several factors that will go into determining a material’s 
properties. These factors are:
• Types of atoms present in the molecules
• Types of bonds present in the molecules
• How the atoms are arranged in the molecule

These factors all have an effect on the flexibility of the polymer chain –
how easily it will change shape when a stress is applied.
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Atoms
Most of the thermoplastic materials we will be dealing with are made 

up of 5 main atoms.
• Carbon
• Hydrogen
• Oxygen
• Nitrogen
• Chlorine

Some of the less common thermoplastic materials and thermosetting 
materials contain some other elements like Sodium, Calcium, 
Silicon, Sulphur, Fluorine, Bromine, Phosphorus, and Magnesium
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Atoms
Carbon is the most important and most abundant element found in 

plastic materials.
It is the basis of Organic Chemistry.
One of the reasons for Carbon’s versatility is that it has 4 electrons in its 

outer shell. This makes it neutral or more likely to share electrons 
as opposed to either taking or giving up electrons.

It also has the ability to bond to itself with very stable
bonds. These can be single (sharing one 
electron), double (two electrons), or even
triple (three electrons) bonds.

It can form chains of virtually any length.
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Atoms
Atoms are like fanatic collectors. They want a complete set of electrons 

in their outer shells (valence shells)
• The first shell is complete with 2 electrons
• The second shell is complete with 8 electrons

If an atom’s outer shell is complete, it is inert and very difficult to get it 
to react.

If an atom has only one or two of electrons in its outer shell, 
it is more likely to give them up(except H). This makes it 
electropositive.

If an atom only needs one or two electrons in its outer shell, it is more 
likely to take them from another atom. It is electronegative.
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Bonds
There are two basic types of bonding between atoms within molecules.
An IONIC bond is one in which one of the atoms gives up its outer 

electron(s) to the other atom. The atom that received the electron 
is now negatively charged and the one that gave up the electron is 
positively charged. The difference in charges causes a strong 
attraction between the two atoms. An example of this is table salt.

The Sodium (Na) atom has only one electron in its outer shell.
The Chlorine atom has 7 electrons in its outer shell
This high difference in electronegativity causes the 

Sodium to give up its electron to the Chlorine.
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Bonding
In COVALENT bonding, the electrons are shared between the two atoms.
Covalent bonding is the most important bond type in organic chemistry.

Because Carbon is neutral (4 electrons in its outer shell) and can have 4 
bonds, the number of organic compounds that can be produced is 
staggering.

•Single Carbon bond is represented by  C-C
•Double Carbon bond is represented by C=C

Carbon bonds are very stable by themselves (diamond), but when we 
bond other elements to the chain, they reduce the stability of 
the molecules.
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Bonding
There is another type of force that helps to hold the polymer chains 

together. These are called Van der Waals forces (sometimes called 
Van der Waals bonds)

When the balance on the polymer chain is slightly different, or there are 
sidegroups on one side of the chain, it causes a slight polarity in the 
molecule.

A slightly positive charge on one side of a polymer 
chain will attract a slightly negative charge on 
another polymer chain.

When the polymers are heated, the chains get further apart and the 
attraction is greatly reduced or lost.
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Arrangement + Effects
When a polymer has a double carbon bond C=C, it is more reactive. 

Especially if it is at the end of the molecule as opposed to being in 
the middle.

When a material that has a double carbon bond is burned, it produces 
a lot of sooty smoke due to the incomplete burning of the double 
bonds.

Having a double carbon bond also makes a material more susceptible 
to chemical attack, because of the higher degree of reactivity.
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Arrangement + Effects
Benzene Ring (aromatic)
Carbon and Hydrogen can be arranged in a benzene 

ring formation.
The alternating double and single bonds in the 

structure is known as conjugated resonance.
When this structure is added to a polymer chain, it 

adds a heat stability, especially if it is a part of the 
main polymer chain and not a sidegroup. 



Polymer Structure Plastics 001

Arrangement + Effects
The carbon-hydrogen bond is very stable in most cases, 

especially when the hydrogens are balanced.
Take for instance Polypropylene:
•In the CH3 side chain, there is a very stable 
balance between all of the hydrogen bonds

• The CH2 component of the main chain is also 
fairly balanced and relatively stable.

•The Hydrogen on the opposite side of the CH3 
side group is in the least amount of balance 
and the most susceptible to chemical or UV 
attack

- This doesn’t mean that this bond is very 
weak, it is just weaker than the other 
two and the spot where it will fail first.

Most stable

Very stable

Least stable
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Arrangement + Effects 
Polyethylene is probably the most chemically and heat resistant 

thermoplastic material. It contains only carbon and hydrogen 
bonds. 

Polypropylene is also very chemically and heat resistant, it comes close 
to Polyethylene, but falls a little short.

Polyethylene Polypropylene
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Arrangement + Effects 
The Carbon-Hydrogen bond is not all sunshine and roses though.
It is flammable.
Gasoline (Octane) is just 8 carbon atoms linked up with 18 hydrogens 

and it is very flammable. 
When very high heat and flame breaks down a polyethylene chain, the 

small pieces of the chain that break off of the main chain are 
flammable.
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Arrangement + Effects
1 Carbon and 4 Hydrogens = Methane
2 Carbons and 6 Hydrogens = Ethane
3 Carbons and 8 Hydrogens = Propane
4 Carbons and 10 Hydrogens = Butane
5 Carbons and 12 Hydrogens = Pentane
6 Carbons and 14 Hydrogens = Hexane
7 Carbons and 16 Hydrogens = Heptane
8 Carbons and 18 Hydrogens = Octane
9 Carbons and 20 Hydrogens = Nonane
10 Carbons and 22 Hydrogens = Decane

All of them are Flammable
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Arrangement + Effects
Nitrogen and Oxygen are common elements found in polymers.
When they are bonded to Hydrogen, they increase the reactivity of the 
polymer.

When they are present in the polymer, the material is HYGROSCOPIC.
• Hygroscopic materials hold moisture in the polymer matrix and need 

to be dried prior to processing
• If they are not dried, the moisture causes the main polymer chains to 

break when the material is heated and sheared. (hydrolysis)
• Nylon is probably the most moisture sensitive material
• Polyester will actually start to unzip or unravel the polymer chains if 

processed  without drying.
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Arrangement + Effects
Chlorine is a large atom and tends to separate from the carbon chain 

when stresses are present like heat and shear.
When it separates from the main chain, the Chlorine forms free radicals 

that are very flame retardant. Polyvinyl Chloride (PVC) will only 
burn if a flame is held to it. Once removed, the material will self-
extinguish.

The large Chlorine atom also makes the polymer more dense, which is a 
disadvantage when plastic materials are bought by weight and sold 
by volume.

The Chlorine is not all bad though, it serves to protect 
the main polymer chain from chemical attack, this 
is one reason why PVC is used in piping.
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Arrangement + Effects
Chain Flexibility
How easily the main chain of the polymer can move, is a key factor in 

determining the properties of the material.
There are several factors that will determine the chain flexibility:

• Temperature 
• Types of bonds
• Side groups
• Branching
• Additives
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Arrangement + Effects
Chain Flexibility - Temperature
Polymer chains are not static, they are constantly vibrating and rotating.
How much space or free volume there is around the chains determines 

how much they can move. 
The more thermal energy (heat) present, the more the chains will move 

and the more space between them. The more flexible the material.
Each material has a specific temperature at which the chains are mobile 

enough that the material behaves more like a rubbery solid than a 
glassy solid. This is the Glass Transition
Temperature (Tg) and it will be discussed 
in more detail in the Morphology and 
Viscoelasticity lessons.
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Arrangement + Effects
Chain Flexibility – Types of Bonds
Single Carbon –Carbon (C-C) and Carbon - Hydrogen (C-H) bonds move 

relatively easily.

Double Carbon bonds (C=C) do not rotate and are very rigid.

Having an Oxygen or a Nitrogen in the main chain provides additional 
room  for movement because of the lower number of bonds 
present for these atoms.
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Arrangement + Effects
Chain Flexibility – Types of Bonds
Having a benzene ring in the main chain can add stiffness to it. It 

depends a lot on what else is present in the monomer.
For example: Polycarbonate has two benzene rings in the main chain separated 

by a Carbon with two methyl groups (CH3) attached. This structure is very rigid. 
Polyester Has a benzene ring in the main structure, but also has an Oxygen and a 
few Carbon-Hydrogen bonds to allow it to be flexible when there is adequate 
room to move.

PC 
Rigid

PET 
Flexible

when hot
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Arrangement + Effects
Chain Flexibility – Side Groups
Side groups restrict chain movement. The larger the side group, the 

more rigid the molecule
Having a Methyl (CH3) group attached to one side 

of the main chain will add some stiffness. 
Polypropylene is relatively flexible even at  
room temperature.

Having one attached to both sides of the main 
chain will add a lot of stiffness. PMMA is very
rigid.
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Arrangement + Effects
Chain Flexibility – Side Groups
Having a Benzene ring attached to one side of the chain will greatly 

affect the stiffness. Polystyrene is very stiff to the point of being 
brittle (CD cases)
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Arrangement + Effects
Chain Flexibility – Branching
Although branching can increase the entanglement

of the polymer chains, branching increases
the chain flexibility. 

Larger branches hold the molecules further 
apart, increasing the free volume, giving the
molecules more room to move.

Additives will be covered later in the Additives lesson.



Polymer Structure Plastics 001

Structures of Common Polymer Families
Now  that you have learned a little about how the structure and 

bonding will affect the properties, you should learn to recognize 
the structures of some of the common polymer families.

The structures will be represented with the repeating monomer unit in 
brackets.

Based on the structure of the monomer, you should be able to 
determine some of the polymer’s properties like:

• Crystallinity
• Hygroscopy
• Glass Transition
• Flammability
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Polyethylene
• Crystalline – Yes only C-H bonds, flexible –no 

side groups
• Hygroscopic – No (not O or N)
• Glass Transition – Low (-180 F)
• Flammability – Yes only C-H bonds
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Polypropylene
• Crystalline – Yes only C-H bonds, flexible – side 

groups every other C
• Hygroscopic – No (not O or N)
• Glass Transition – Low (15 F)
• Flammability – Yes only C-H bonds
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Polystyrene
• Crystalline – No (Benzene ring makes it too rigid)
• Hygroscopic – No (not O or N)
• Glass Transition – High (210 F)
• Flammability – Yes only C-H bonds
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Polyvinylchloride
• Crystalline – No, rigid (Cl to big to allow)
• Hygroscopic – No (not O or N)
• Glass Transition – High (185 F)
• Flammability – No (Cl puts out)
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Polycarbonate

• Crystalline – No, too rigid
• Hygroscopic – Yes (O)
• Glass Transition – High (300 F)
• Flammability – No (High number of double carbon 

bonds will extinguish –soot)
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Polyester (PET)
• Crystalline – Yes, flexible enough
• Hygroscopic – Yes (O)
• Glass Transition – Low (155 F)
• Flammability – Yes (only C-H and C=O bonds)
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Polyamide (Nylon 6-6)

• Crystalline – Yes, very flexible
• Hygroscopic – Yes (O and N)
• Glass Transition – Low (135 F)
• Flammability – Varies depending on additives, but 

will usually self extinguish because of N
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Polymethylmethacrylate (Acrylic)

• Crystalline – No, too rigid (dual methyl groups)
• Hygroscopic – Yes (O)
• Glass Transition – High (220 F)
• Flammability – Yes (only C-H and C=O bonds)
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Polyoxymethylene (Acetal or POM)
• Crystalline – Yes, very flexible
• Hygroscopic – Yes (O)
• Glass Transition – Low (-100 F)
• Flammability – Yes (only C and O bonds)
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Polymer Structure

Questions?
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Morphology
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After reviewing the morphology presentation, students 
should:

• Be able to name and describe the two basic morphologies of 
thermoplastic materials

• Understand the difference between Tg and Tm and the significance of 
each.

• Understand Orientation and how it affects properties.

• Be able to name several property differences that exist between the 
two different morphologies

• Be able to name several materials that belong to each morphological 
family

KEY POINTS:  
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Overview
Morphology is a term that has slightly different meaning depending on 

the words with which it is used. In general it has to do with the 
‘form’ or ‘structure’ of whatever topic it is used to describe.

For our purposes, we will use it to describe the form or structure of the 
polymer chains of thermoplastic materials when they are in their 
frozen or solid state.

For thermoplastic resins, there are two basic morphologies:
AMORPHOUS  and  SEMI-CRYSTALLINE
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Amorphous
Amorphous polymers appear random and jumbled when allowed to 

cool in a relaxed state. They appear very similarly to their molten 
state, only the molecules are closer together.

They can be described as being similar to a large pot of spaghetti 
noodles.
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Semi-crystalline
A portion of the molecular chains in semi-crystalline polymers tend to 

‘fold-up’ into densely packed regions called crystals as the polymer 
cools.

If more than 35% of the polymer chain will form these crystals – the 
polymer is classified as semi-crystalline.

Amorphous 
regions

Semi-crystalline 
regions
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Example
Think of Semi-crystalline materials like 
ramen noodles. When in their solid 
state, they have a compact ordered 
arrangement

The dense arrangement makes 
them stiffer and they resist 
flowing in that state
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Example
Amorphous materials are like cooked ramen noodles in that there is a 
random arrangement of the molecules and there are no crystals present 
to prevent the chains from flowing

It is important to remember 
that both materials have the 
random, unordered 
arrangement when molten
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Degree of Crystallinity
There are many different factors that can determine the amount of 

crystals or degree of crystallinity of a plastic component.
• Cooling rate – it takes time for the polymer chains to fold up. If we 

cool the polymer more quickly, we form fewer crystals
• Additives – some additives can be put into plastics to increase the 

degree of crystallinity while others can disrupt the formation of the 
crystals giving us a lower degree of crystallinity

• Polymer type – different materials can form higher 
or lower levels of crystallinity depending on their 
molecular structure
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Temperature
• As matter heats up, the molecules vibrate faster due to the 

addition of the heat energy.
• This faster vibration causes the molecules to move 

further apart increasing the space or free volume 
between the molecules

• At some point the molecules get so far apart, they 
are no longer solid, they behave like a liquid.

• If you continue to heat the matter, the molecules get so far apart 
they turn into a gas (evaporate)

• With plastic materials, it is very difficult if not impossible to get 
them to evaporate because of their degree of entanglement.
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Temperature
For most materials, we are concerned with the melting point and boiling 
point. These are the temperatures at which the matter experiences a 
‘change of state’

o Solid to Liquid

o Liquid to Gas

For thermoplastic materials, we are concerned with:

o Glass Transition Temperature

o Melting Temperature
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Glass Transition Temperature (Tg)
The Tg is important to both morphologies of thermoplastics

In amorphous materials, it is the temperature at which the molecules 
have enough absorbed enough energy and have moves far enough apart 
that the material behaves more rubber-like than glass-like.

§The material stretches further when pulled

§The material absorbs more impact energy without fracturing 
when struck

§When the material does fail, it fails in a ductile manner as 
opposed to a brittle manner. (If a material fails in a ductile manner, it 
yields before it fails. In a brittle manner, it fails or ruptures before it yields)
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The sample to the left experienced a 
brittle failure

• The material did not yield before failure

• The material broke like glass

The sample to the right broke in a ductile 
manner

• The material yielded (stretched) before 
failure

• The material behaved more like a rubber

Glass Transition Temperature (Tg)
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Glass Transition Temperature (Tg)
Because a semi-crystalline material has a portion of its chain that 
remains in an amorphous state, it is also affected by the Tg

- When a S/C material is above its Tg, it can form crystals – once it    
dips below the Tg crystal formation stops

-The amorphous portions of the chains have enough energy and the 
molecules are far enough apart, that the molecules can continue to 
fold up and unfold. 

- The crystals are more easily pulled apart
- The material is more flexible

Ex. Polyethylene and Polypropylene both have low Tg’s. They are 
way below room temperature. That is why milk jugs and yogurt
containers are flexible when you take them out of the refrigerator.
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Melt Temperature (Tm)
Amorphous materials don’t truly have a Tm. They just continue to 
soften more until they behave more like a liquid.

The molecules absorb enough energy and move far enough apart 
(increase the free volume) that the material can flow.

When we refer to the melt temperature for amorphous materials, it is 
usually the temperature at which we can process it.
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Melt Temperature (Tm)
For S/C materials, the Tm is the temperature at which the crystals melt.

Once the crystals are melted the material generally flows very easily.

The ideal temperature for growing crystals is approximately 2/3 of the 
way between the Tg and the Tm.

Not in all cases, but in many, the degradation temperature for S/C 
materials is not much higher than the melt temperature. 
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Orientation
When we talk about orientation in respect to polymer materials, we are 
talking about the alignment of the molecules.

Think of a polymer molecule like a broken rubber band sitting on your 
desk.

- As it flows, the molecule straightens out and stretches
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Orientation
-When it stops flowing, it wants to return to its random state.
-As it cools, it will either start to fold up into a crystal or just move 

closer to the other molecules.
-If we cool the molecule quickly, before it has a chance to relax, we 

lock in that molecular alignment or orientation.
-When the molecules are aligned – the material is stronger in the 

direction of the alignment, but weaker transverse to it.
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Properties
You have already seen that there is a big difference between the two 
basic morphologies of thermoplastic materials. 

These differences cause the different types of materials to experience 
property differences. 

Although the properties are mainly dependent on a specific polymer’s 
structure, there are tendencies that go with the specific morphologies.

This is why material selection is so important 
to the plastics field. 

If the wrong material is used for a specific application, it can fail and 
cause damage or worse – personal injury or death.
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Properties
Chemical Resistance

Plastic materials are used in virtually every aspect of today’s activities 
and they come into contact with a wide variety of chemical substances 
that they need to resist.

As a general rule S/C materials are more resistant to chemical attack 
than amorphous materials.

It is more difficult for the chemical media to penetrate the dense 
crystalline structure to damage the polymer chains.

Polyethylene is used to store everything from detergent to mineral 
spirits to gasoline. Polypropylene is only slightly less chemically 
resistant than Polyethylene. 
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Properties
Chemical Resistance

Of the amorphous materials PVC is probably the best in chemical 
resistance, mainly due to the large chlorine atom that helps to protect 
the main polymer chain.

Polycarbonate, Acrylic, Polystyrene and the other 
styrenics are all very susceptible to chemical attack, 
especially to mineral spirits and solvents like lacquer 
and paint thinners, alcohol, and  gasoline.
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Properties
Optical Properties

Amorphous materials have a much higher clarity than S/C materials. 

The crystals that form in the material diffract the light as it passes 
through giving the material a translucent to opaque appearance.

If the crystallinity is disrupted by adding a copolymer or other additive 
or by quenching the material so quickly the crystals don’t have enough 
time to form, the material may appear somewhat clear.

Amorphous Acrylic more commonly known as Plexiglas and 
Polycarbonate used in safety glasses and optical lenses are far superior 
in terms of optical properties.
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Properties
Impact Resistance

The material structure determines the impact resistance, but as a 
general rule, S/C materials are more brittle than Amorphous. 

The chain portions that are folded up in the crystal restrict the polymer chains 
as they try to move past one another when a force is applied making the S/C 
materials more brittle.

Polycarbonate is used in safety glasses, but General Purpose Polystyrene 
(GPPS) is very brittle – both are amorphous, but have different polymer 
structures.

On the S/C side, Polyethylene is very ductile at room temperature because it is 
above its Tg, but Nylon and Polyester are brittle at room temperature. 
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Properties
Viscosity

S/C materials by their very nature flow more easily than Amorphous 
materials. 

The same mechanism that allows the material to fold up into dense 
crystals allows the polymer chains to slide past one another easily in the 
melted state.

For this reason materials like Nylon require very 
tight tolerances on their tooling to prevent 
melted plastic from leaking out of the cavities 
causing flash.

Flash
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Properties
Weather Resistance

When it comes to weather resistance, the most damaging aspect of 
weathering is generally considered to be Ultraviolet light.

The UV light breaks down the chains of the polymers making them more 
brittle, causing colors to fade or yellow, and causing additives in the 
polymers to migrate to the surface (chalking).
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Properties
Weather Resistance

Amorphous polymers have better chemical resistance to weathering 
effects than S/C polymers.

The crystals in the S/C polymers diffract the light so the UV rays spend 
more time within the polymer structure and do more damage. The clear 
amorphous polymers allow the damaging radiation to pass through 
doing less damage.
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Properties
Shrinkage

Because they fold up into crystal structures, S/C materials have higher 
shrinkage rates when compared to Amorphous materials.

In injection molding most amorphous materials will shrink between 
0.003-0.007 in/in (0.3-0.7%)

S/C materials shrink differently depending upon the level of crystallinity 
that they achieve.

Some will shrink over 0.025 in/in depending  on processing variables, 
part thickness, and additives.



Morphology Plastics 001

Material Types
Amorphous

Polyvinyl Chloride (PVC)

General Purpose Polystyrene (GPPS)

Polycarbonate (PC)

Polymethylmethacrylate (PMMA or Acrylic)

Acrylonitrile Butadiene Styrene (ABS – a terpolymer)
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Material Types
Semi-crystalline

Polyethylene (PE, HDPE, LDPE, etc.)

Polypropylene (PP)

Polyamides (PA – Nylon)

Polyesters

Polyethylene Terephthalate (PET)

Polybutylene Terephthalate (PBT)

Polyoxymethylene (POM - Acetal)

Polytetrafluoroethylene (PTFE – Teflon)
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Morphology

Questions?
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Viscoelasticity
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KEY POINTS:  
After reviewing the Viscoelasticity presentation, 

students should:
• Understand entanglement and viscoelasticity
• Understand how changes in temperature and strain rate affect 

thermoplastic products
• Understand how other polymer factors such as molecular weight, 

fillers, branching, crystallinity, and structure affect a material’s 
properties.
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Overview
Because of the entanglement of the molecules thermoplastic materials 

have different properties compared to other materials like metals.
The polymer chains can slide past each other because they do not share 

chemical bonds with the other chains around them.

Polymer materials have viscoelastic properties
They stretch (elastic) and they flow (viscous)
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Viscoelasticity
If you put a load on a metal rod, it will stretch to a certain length.
As long as the load does not exceed the yield strength of the rod, when 

the weight is removed, the rod will return to its original length.
This is elastic behavior
If you put a load on a plastic rod, it too will stretch. If you remove the 

load quickly the rod may return to its original length, but if you leave 
the load on the rod for a length of time, the polymer chains will slide 
past each other and flow to make the rod’s length longer (an increase 
in strain)

The longer the load is applied, the more the rod will lengthen (the more 
the chains will have flowed) until the bar ruptures.
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Viscoelasticity
This cold flow exhibits the viscoelastic nature of thermoplastic materials.
An increase in length with a constant load over time is known as creep.

Think of a plastic plant hanger stretching over time
A decrease in stress with a constant strain is known as stress relaxation.

Think of a plastic cap that loosens as it sits on a shelf.
If you roll silly putty into a ball, and set it on the desk, it flattens out by 

itself. This is viscoelastic behavior. Gravity causes the molecules to 
flow to relieve the stress.
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Viscoelasticity
There are two main things that will affect the viscoelasticity of a plastic 

part.

Temperature and Strain Rate

As you increase the temperature, the polymer chains are further apart, 
there is more free volume, and can slide past one another more 
easily.

As you increase the strain rate, the polymer chains don’t have enough 
time to flow past one another and they will break sooner. They get 
tangled with each other.
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Viscoelasticity
It is important to remember that Viscoelasticity only deals 

with solidified plastic materials.

When the material is molten, viscosity refers to how the 
chains move in relation to each other.
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Viscoelasticity
Why is viscoelasticity important?
• Thermoplastic materials have both long-term and short term 

properties – they flow due to stress over time
• Most mechanical testing of plastic materials is actually testing the 

material’s viscoelasticity – how the plastic flows when different 
stresses are applied

• Plastics are rate sensitive 
• It is important to understand the viscoelasticity of plastic 

materials so you know how they will behave in their intended 
application

Viscoelasticity is a fundamental concept of plastic behavior that you 
need to understand
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Viscoelasticity
A good way to understand how material factors affect the viscoelasticity 

of a polymer is to look at how they are commonly tested.
Some common mechanical tests performed on most plastic materials 

are:
• Tensile testing
• Impact testing
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Testing - Tensile
In a tensile test, a test bar commonly called a dog-bone is pulled from 

one end while the other end is fixed.

Fixed
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Testing – Tensile
The test machine causes the 

moveable grip to move away 
from  the fixed grip at a 
constant rate.

While the grip is moving away, the
equipment measures the force 
necessary to maintain the 
constant speed and creates a 
curve to evaluate the results.
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Testing – Tensile
Some important properties gained from the stress/strain graph are:

• Modulus 
• Yield stress
• Ultimate elongation
• Toughness 

The stress is the load divided by the cross sectional
area of the test bar and the strain is the 
change in length divided by the initial length.
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Testing – Tensile

The Modulus is the slope of the curve in its most linear (initial) portion.
It is the change in stress/change in strain.
It is a measure of the stiffness of the material.
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Testing – Tensile

The yield point is taken when the slope of the line is zero and is 
sometimes called the zero slope yield.
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Testing – Tensile

The ultimate elongation is how far the bar stretched prior to failing
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Testing – Tensile

The toughness is the area under the curve, it is a measure of the 
amount of energy absorbed by the sample before failure.
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Testing – Tensile
These figures shows how the curve indicates the material properties.
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Properties – Tensile
How would the tensile properties change:
• if the temperature were increased?
• if the strain rate (test speed) were increased?
• If the molecular weight was higher?
• If a filler were added to the material?
• If there were a higher level of crystallinity in the material?
• If the material had a higher level of branching?
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Properties – Tensile
How would the tensile properties change if the temperature were 

increased?
More free volume 
allows the chains 
to flow past each 
other easier
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Properties – Tensile
How would the tensile properties change if the strain rate (test speed) 

were increased?
The polymer chains don’t 
have time to slide past each 
other.

Like 
running 
Your
fingers
quickly 
through 
long hair
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Properties – Tensile
How would the tensile properties change if the strain rate (test speed) 

were increased?
Bar run at 1 in/min strain rate

Bar run at 20 in/min strain rate
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Properties – Tensile
How would
the tensile 
properties
change if 
the strain 
rate (test 
speed) 
were
increased?

Run at 20 in/min

Run at 1 in/min
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Properties – Tensile
How would the tensile properties change if the strain rate (test speed) 

were increased?

Run at 20 in/minRun at 1 in/min
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Properties – Tensile
Changing the temperature in one direction is comparable to changing 

the test speed in the other direction in terms of 
the effect on the material’s properties.
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Properties – Tensile
How would a higher molecular weight affect the tensile properties?
• A higher molecular weight will affect some of the properties, but 

typically the modulus does not change much.
• A higher molecular weight increases the entanglement of the 

polymer chains, which will increase the elongation, toughness, and 
yield strength (slightly).

• The modulus is more dependent on the structure
of the molecule and less on entanglement forces,
so it is relatively unaffected by longer chain lengths.
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Properties – Tensile
How would adding a filler affect the tensile properties?
• Fillers hinder molecular movement, they prevent the molecules from 

sliding past one another
• Fillers make the material stiffer 

– Increase modulus and yield strength
– Decrease elongation and toughness

• The amount of the effect of the filler on the properties will depend 
on:
– Amount of filler
– Type of filler
– Shape and size of the filler particle
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Properties – Tensile
How does the amount of crystallinity affect the tensile properties?
• In a semi-crystalline material, a higher level of crystallinity will 

provide:
– Higher modulus and yield stress 
– Lower elongation and toughness

• The densely packed crystalline regions prevent the chains from sliding 
past one another

• This does not necessarily mean that a semi-crystalline material will be 
stiffer than an amorphous material. It is more a matter of the 
individual material’s chain structure and where the material is in 
relation to its Tg.
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Properties – Tensile
How would a higher level of branching affect the tensile properties?
• More shorter branches would cause a higher degree of entanglement 

and the material would behave similarly to if you increased the 
molecular weight.

• Longer branches provide more space
between the molecules and reduce
the entanglement similarly to if you 
increased the temperature
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Testing – Impact
The most common impact test performed on plastic materials is 

probably the notched Izod impact test.

In this test a 2.5 inch long test bar is fixed 
with the notch held level with the
fixture.
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Testing – Impact
A weighted hammer is released and swings through the test bar.

The machine compares the height 
that the hammer swings after passing 
through the bar with the height that 
the hammer swings when there is no 
bar present and calculates the energy 
absorbed by the bar.
One problem with this method is that 
plastic materials are rate sensitive and 
although you can change the size of 
the hammer, the speed that it hits the 
sample is the same every time.
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Testing – Impact
A weighted hammer is released and swings through the test bar.

ABS sample
-note the hinged 
break

Polypropylene sample 
-note the complete 
break
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Properties – Impact
How would the impact properties change:
• if the temperature were increased?
• if the strain rate (test speed) were increased?
• If the molecular weight was higher?
• If a filler were added to the material?
• If there were a higher level of crystallinity in the material?
• If the material had a higher level of branching?
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Properties – Impact
How would the impact properties change if the temperature were 

increased?

Impact properties generally increase with a rise in temperature – to a 
point.

The polymer chains being able to move more easily allows them to 
absorb more energy before failure, but as you approach the melting 
temperature the material cannot absorb the energy and fails sooner.
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Properties – Impact
How would the impact properties change if the strain rate (test speed) 

were increased?
An increase in the rate of impact will reduce the impact strength
The chains cannot slide fast enough to absorb the energy.
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Properties – Impact
How would the impact properties change if the molecular weight was 

higher?

An increase in molecular weight would provide more entanglement and 
definitely allow the material to absorb more energy before failure?
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Properties – Impact
How would the impact properties change if a filler were added to the 

material?
The impact properties would change depending on the same factors 

that would affect a material’s tensile properties
– Amount of filler
– Type of filler
– Shape and size of the filler particle

• Fillers can either increase or decrease the impact strength, but they 
do always make the break more brittle
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Properties – Impact
How would the impact properties change if there were a higher level of 

crystallinity in the material?

A higher level of crystallinity generally lowers impact strength in 
polymers. 

The dense crystal structure does not allow the chains to slide past each 
other to absorb as much energy as when the material is in a random 
amorphous state.
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Properties – Impact
How would the impact properties change if the material had a higher 

level of branching?
Small short branches would increase the impact strength by improving 

the entanglement, but large branches could allow the chains to slide 
too easily making the material too ductile.

BRITTLE DUCTILE
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Conclusion
Having a firm grasp on the concept of viscoelasticity and how it affects 

part properties will provide an understanding of how plastic materials 
will behave in different applications and under different conditions.

As was mentioned previously, this is one of the fundamental concepts 
dealing with polymeric material behavior and you need to 
understand it if you plan on working in the plastics industry.
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Viscoelasticity

Questions?
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Viscosity

If volcano ‘A’ is erupting high 
viscosity lava and volcano ‘B’ is 
erupting low viscosity lava. 
Which volcano will be taller?
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KEY POINTS:  
After reviewing the Viscosity presentation, students 

should:
• Understand why viscosity is an important property of plastic 

materials
• Be able to explain several primary factors that affect a material’s 

viscosity
• Be able to explain the difference between a Newtonian and a non-

Newtonian fluid.
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Overview
Viscosity is resistance to flow.

Many people have a hard time understanding this concept.
A high viscosity material is very thick and has trouble flowing – like 

honey

A low viscosity material flows very easily 
–like water
Viscosity is very important in the study of plastic materials because the 

viscosity of plastic materials is very dynamic –it changes very quickly 
based on the environmental conditions.
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Viscosity
One of the primary advantages to using thermoplastic materials to 

produce items is the ability to produce a large number of 
components in a short period of time.

The catch to this is that you need to produce consistent components 
that meet the customer’s specifications.

It does not do us any good to make a large number of bad or scrap parts 
in a short period of time.

Scrap parts are usually ground into smaller particles and 
sometimes used in the original process, but often used 
to make products like plastic lumber or flower pots.
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Viscosity
The key to producing good parts is to maintain consistency in all aspects 

of the production process.
There are four key aspects where it is important to maintain 

consistency:
1. Tooling
2. Equipment (Machinery)
3. Process
4. Material

There is variation in every area, but one is the largest source of variation 
in plastic processing.
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Viscosity
Of  the four aspects, the one that is the most subject to variability is the 

material. By the nature of how it is produced, there is always 
variation in the molecular weight averages of different lots of 
material. Variation is the nemesis of consistency.
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Viscosity
The characteristics of how the material flows is a very good indication of 

the molecular weight as well as other factors like:
• Consistency of additives
• Filler amounts
• Degree of branching

For this reason, Rheology or the study of flow is very important 
to maintaining consistency in plastic materials.

Viscosity is the resistance to flow and directly affects how all
materials flow.
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Viscosity
There are two main things that will affect the viscosity of a plastic 

material.

Temperature and Shear Rate

As you increase the temperature, the polymer chains are further apart 
and can slide past one another more easily. It flows more easily

As you increase the shear rate, the polymer chains orient in the 
direction of flow more and can more easily flow past each other.
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Viscosity
Because of their high aspect ratio (high length compared to diameter), 

plastic materials do not behave the same way as most liquids when in 
a molten state.

The entanglement of the polymer chains causes them to have very high 
viscosities – they don’t flow easily.

Understanding how temperature affects viscosity should not be difficult. 
As you heat things, they expand. The further apart the molecules get, 
the easier it is for them to flow past one another.

Shear Rate is a little more difficult and requires a 
longer explanation.
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Shear Rate
In order to explain shear rate, first there are a few items that need to be 

discussed:
– Reynolds Number
– Turbulent and Laminar Flow
– Newtonian and non-Newtonian fluids
– Fountain Flow
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Reynolds Number
When discussing fluid flow, there are two distinct types of flow:

Turbulent and Laminar (there is also transitional flow which occurs 
between the two distinct types)

Turbulent flow is very random and there is a lot of mixing that takes 
place within the molecules.

Laminar flow is very ordered, the molecules move in layers.

The Reynolds number is a dimensionless number that is used to 
describe the type of flow that is occurring.
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Reynolds Number
The Reynolds Number (Re) of a fluid moving through a round channel is 

equal to;

Re = density x velocity x diameter =   ρ x v x d   
viscosity µ

If a fluid has a Re of:
2300 > »Laminar Flow
2300-4000 »Transitional Flow
> 4000 »Turbulent Flow

Turbulent flow provides a higher degree of mixing and a more consistent 
temperature across the flow channel than laminar flow.

In applications where we use water flow to cool tooling, we want 
turbulent flow in order to get better heat transfer.
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Laminar Flow
While Turbulent flow is very chaotic an there is a lot of mixing that takes 

place, Laminar flow is much smoother and there is a difference in 
velocity across the flow channel.

The molecules at the channel wall are flowing more slowly than the 
molecules in the middle due to frictional drag.

Faster Flow – less drag

Frictional Drag

Frictional Drag
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Laminar Flow
Laminar flow is sometimes envisioned as a series of plates or layers that 

flow across each other.

If each laminate can be assumed to be moving at a constant velocity, the 
number of laminates will be determined by the thickness of the flow 
channel, the average velocity, and the viscosity of the liquid.

The shear rate is determined by the velocity divided by the thickness of 
the laminate or γ= v/h
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Newtonian and Non-Newtonian Fluids
A Newtonian fluid is a fluid that the viscosity stays the same when the 

shear rate changes. The viscosity will still change with a change in 
temperature or pressure, but as we push it faster, the viscosity stays 
constant.

A non-Newtonian fluid is a fluid that the viscosity changes (drops) as we 
increase the shear rate. 

Polymer molecules are a lot like hair, long thin strands. As we push them 
faster, the drag on the outer walls causes the strands to line up and 
orient. As the strands orient more, it is easier for them to flow past 
each other and the viscosity drops.

A good example of this behavior is with ketchup, when the ketchup is
just sitting in the bottle, it is at a high viscosity and difficult to get to  
flow, once it starts flowing the tomato fibers align and it flows more 
easily.
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Fountain Flow
When plastic molecules flow into a cold mold in order to make a 

component, they exhibit fountain flow due to their high viscosities 
and high aspect ratios. 

The molecules in the middle of the flow channel remain in a relatively 
amorphous arrangement with a low level of orientation. The 
molecules at the
mold wall freeze 
in place almost 
instantly. The 
molecules just 
inside of the 
frozen layer see 
the highest shear rates. 
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Fountain Flow
The molecules just inside of the frozen layer also exhibit the highest 

degree of orientation due to the higher shear rate.
Theoretically if we push the material fast enough, all of the molecules 

will align and the material will start to behave like a Newtonian fluid. 
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Fountain Flow
This phenomena of fountain flow allows for operations like in-mold 

decoration, where a decal is placed into a mold and the plastic is 
injected over it. The plastic does not race across the mold face, it lays 
down similar to if paint rollers were traveling across it.
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Viscosity
Questions?

If volcano ‘A’ is erupting high 
viscosity lava and volcano ‘B’ is 
erupting low viscosity lava. 
Which volcano will be taller?

Volcano ‘A’
The higher viscosity lava will not flow away 
as quickly and will cool into a taller peak.
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Plastics

Thermoplastic Material Families

Commodity Polymers
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KEY POINTS:  
After reviewing the commodity plastics presentation, 

students should:
• Understand the difference between a commodity polymer and an 

engineering polymer
• Know the advantages and disadvantages for using commodity 

polymers
• Know how commodity materials compare in many categories related 

to design specifications.
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Overview
Many different items are exchanged on the commodities market; like 

gold, hogs, oil, and corn, but what does the word commodity 
mean?

The word commodity has many definitions. The one that we are 
interested in is the first definition found at Merriam-Webster’s 
Online Dictionary:
an economic good: as a: a product of agriculture or mining b: an article of 
commerce especially when delivered for shipment <commodities futures> c: a 
mass-produced unspecialized product <commodity chemicals> <commodity
memory chips>

A commodity resin is classified as such for a couple of different reasons.
1. The amount produced yearly
2. Whether its application requires specific mechanical or other properties. 
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Overview
Commodity polymers are produced in very high volumes and make up 

the majority of plastics a person would encounter daily, but they 
typically do not have outstanding mechanical properties.

When the application requires rigid performance requirements, an 
engineering material is generally required.

A lot of work has gone into trying to make the cheaper commodity 
plastics a better fit in engineering applications, and some of them 
have even worked for specific applications.

In general, you choose the cheapest material that you can to make parts 
that meet customer specifications.
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Big Four
1. Polyethylene (PE)
2. Polypropylene (PP)
3. Polyvinyl Chloride (PVC or Vinyl)
4. Polystyrene (GPPS – General Purpose Polystyrene – also includes 

Styrofoam or expanded polystyrene [eps])

Of the seven symbols used for 
domestic recycling, 5 of them 
are for commodity plastics.
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Polyethylene
History – Polyethylene (PE) was developed in 1898 by a German 

chemist named Hans von Pechmann.  He prepared it by accident 
while heating diazomethane.

Structure – The structure of PE is probably the simplest in the 
polymer world. It is made up of the monomer Ethylene and 
contains only C-C and C-H bonds which makes it very stable.

The most common application for polyethylene that 
everyone can identify with is the polyethylene milk jug.
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Polyethylene – Forms
PE comes in a wide variety of forms made by changing the density, 

branching, and crystalline structure of the basic polyethylene chain.
• HDPE is probably the most common 

form people are familiar with so the 
properties provided will be for HDPE

• LDPE – Low Density Polyethylene
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Polyethylene – Forms
• LLDPE – Linear Low Density Polyethylene 
• UHMWPE – Ultra High Molecular Weight

Polyethylene – Usually around 8-10,000
monomers need to be linked up in order 
to make the polyethylene useable as a
polymer. For UHMWPE the number of 
monomers is around 70,000. 

• PEX – Cross-Linked Polyethylene 

HDPE is probably the most common form
people are familiar with so the 
properties provided will be for HDPE
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Polyethylene - Considerations
Density – HDPE has a specific gravity of 0.95 which means that it will 

float in water.

Crystallinity – HDPE is semi-crystalline (around 65%)

Hygroscopy – HDPE is not hygroscopic and does not require drying 
when processed

Tg – HDPE has a glass transition temperature of -180° F

Tm – HDPE’s crystals melt at around 280° F, but it is commonly 
processed in a melt range of 375 – 525° F.
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Polyethylene - Considerations
Price – HDPE is one of the cheapest polymers in terms of cost. The 

commodity polymers are generally cheaper than the engineering 
grade polymers depending on the quantity purchased.

Mechanical Properties – HDPE is generally considered to have poor 
mechanical properties with the exception of impact strength. Its 
tensile strength averages around 4,000 psi and its tensile modulus 
around 150,000 psi.

Chemical Resistance – HDPE has excellent chemical resistance. It is one 
of the most chemically resistant thermoplastic resins. This is the 
reason it is commonly used in bottles for detergents and other 
household chemicals.
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Polyethylene - Considerations
Optical Properties- HDPE has a high degree of crystallinity making its 

optical properties quite poor.

Flammability- Unmodified HDPE is classified in the “quite flammable” 
category which is the lowest rating a plastic can achieve.  This rating is 
determined by a flammability test.  HDPE not only burns and 
continues to burn, but usually also drips flaming melt which continues 
to burn. This is not a good property for a plastic material to have.    

Electrical Properties- The electrical properties of
HDPE are moderate but it is used for some
types of wire coatings.
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Polyethylene - Considerations
Weatherability- HDPE is very susceptible to weathering making its uses 

in outdoor applications somewhat limited unless it is modified to 
withstand the ultraviolet rays of the sun.

Processability – HDPE is easily processed in virtually all standard plastic 
forming processes.

Thermal Sensitivity – HDPE is not very thermally sensitive. It can remain 
at high temperatures for long periods of time without suffering 
thermal degradation. It is commonly used to purge other materials 
out of the processing machinery because of its thermal resistance.
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Polyethylene - Considerations
Decoration and Assembly – HDPE can be difficult to decorate and 

assemble with some methods because of its low surface energy. Inks 
tend to ‘bead-up’ on it and adhesives can have a hard time sticking to 
it. It has a waxy feel to it due to its low Tg and many assembly 
methods that use friction to generate heat for bonding have difficulty 
processing HDPE. 

Creep – HDPE creeps badly due to its low glass transition temperature. 
This leads to low dimensional stability and is reason it is not used in 
some applications. 

Recyclability – HDPE and all other PE’s are 
highly recyclable. Recycled products made
from PE’s include trash cans, detergent 
bottles, flower pots, grocery bags, and 
composite decking.
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Polyethylene - Applications
• Consumer goods- Toys, food storage containers, buckets 
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Polyethylene - Applications
• Medial Applications- much of the packaging for medical instruments 

is polyethylene and some implants (hips) are made from UHMWPE

• Automotive- Car covers, car chocks
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Polyethylene - Applications
• Packaging-Film wrap, plastic bags, industrial and household 

chemical containers, milk jugs, cereal box liners, etc.

• Construction-Wire and cable insulation,
water pipes (PEX), wood-plastic 
composites, structural housing panels
(UHMWPE)
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Polypropylene
History – Polypropylene (PP) was developed in Spain in 1954 by 

professor Giulio Natta.  He was able to produce the resin by using 
catalysts from the Polyethylene industry and applying them to 
propylene gas.

Structure – The PP monomer is a single bond between two carbon 
atoms and can be seen below. It is similar to Polyethylene in many 
ways, but the methyl group that takes the place of the hydrogen 
reduces the chain flexibility, making polypropylene a stiffer material.

Methyl group
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Polypropylene – Forms
PP comes in a few varieties:
• Homopolymer - General purpose grade, very versatile

• Block Copolymer - 5-15% ethylene, improved impact strength to 
below 20° C 

• Random Copolymer - Co-monomers arranged randomly on the 
molecular chain, more flexibility and better clarity
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Polypropylene - Considerations
Density – PP has a specific gravity of .93 which means that it will float in 

water.

Crystallinity – PP is semi-crystalline (around 75%)

Hygroscopy – PP is not hygroscopic and does not require drying when 
processed

Tg – PP has a glass transition temperature of 15° F

Tm – PP’s crystals melt at around 350° F, but it is commonly processed 
in a melt range of 420 – 540° F.
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Polypropylene - Considerations
Price – PP is a very cheap and extremely common polymer. The 

commodity polymers are generally cheaper than the engineering 
grade polymers depending on the quantity purchased.

Mechanical Properties – PP has a tensile strength that averages around 
4,500 psi and its tensile modulus around 175,000 psi.

Chemical Resistance – PP has excellent chemical resistance.  It is one of 
the most chemically resistant thermoplastic resins. It is not quite as 
good as HDPE, but it is still one of the best in terms of chemical 
resistance.
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Polypropylene - Considerations 
Optical Properties- PP has a high degree of crystallinity making its 

optical properties quite poor.
Flammability- PP is classified in the “quite flammable” category which is 

the lowest rating a plastic can achieve. PP not only burns and 
continues to burn, but usually also drips flaming melt which 
continues to burn. This is not a good property for a plastic material to 
have in certain applications.    

Electrical Properties- PP has excellent electrical properties making it 
very useful as an insulating material on high voltage capacitors.   
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Polypropylene - Considerations 
Weatherability- PP has a poor weathering resistance and is especially 

susceptible to extreme cold and high degrees of UV rays

Processability – PP is easily processed in virtually all standard plastic 
forming processes

Thermal Sensitivity – PP is not very thermally sensitive.  It can remain at 
high temperatures for long periods of while suffering little if any 
thermal degradation
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Polypropylene - Considerations 
Decoration and Assembly – PP is difficult to decorate but when it is 

decorated the most common method is using a hot stamp.  Hot 
stamping is a fairly simple process which has an endless variety of 
colors, metals, designs, etc. 

Creep – PP creeps badly due to its low glass transition temperature This 
is another reason it is not used in some applications. 

Recyclability – PP is recyclable but not in any meaningful quantities.  
Recycled products made from PP include plastic lumber, and 
car battery cases. Many times it is mixed in with the PE regrind and 
processed together due to their similar processing qualities.
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Polypropylene - Applications
• Consumer goods- Food storage containers, weather resistant 

clothing, indoor–outdoor carpeting

Polypropylene is usually used for food 
storage containers so that they don’t 
warp and lose their shape in the 
microwave or in the dishwasher.
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Polypropylene – Applications
• Medial Applications- Syringes, storage containers for needles, 

surgical disposable fabric

• Automotive- Instrument panels, fender liners, and brake/coolant 
reservoirs 
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Polypropylene - Applications
• Packaging-Notably anything with a living hinge is usually made from 

PP like tic-tac container lids and shampoo bottle lids, food storage 
containers, water bottles, pill bottle lids, etc.

• Construction- Non-electric fuses, insulating material for power 
capacitors
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Polyvinyl Chloride
History – Polyvinyl was discovered by accident on two separate 

occasions. The first discovery occurred in 1835 by Henri Victor 
Regnault (1810-1878), a French chemist and physicist. The second 
finding came 37 years later, in 1872 by Eugene Baumann. 

Structure – PVC is made up of hydrogen, carbon, and Chlorine. The 
large Chlorine atom helps to protect the 
polymer chain from chemical attack, but
makes the material more shear and heat 
sensitive.
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Polyvinyl Chloride - Considerations 
Forms – PVC comes in a wide variety of forms:
• Plasticized PVC (PPVC)
• Rigid PVC (RPVC)
• Semi-Rigid PVC

The mechanical properties and hardness of PVC are frequently modified 
with the use of plasticizers. The properties provided will mostly be 
for Rigid PVC (RPVC) unless otherwise stated.



Commodity Plastics Plastics 001

Polyvinyl Chloride - Considerations 
• Density – RPVC has a specific gravity of 1.4 which means that it will 

not float in water. It is one of the densest unfilled thermoplastics.

• Crystallinity – RPVC is an amorphous material, it only achieves 
around 8% crystallinity

• Hygroscopy – RPVC is not hygroscopic and does not require drying 
when processed

• Tg – RPVC has a glass transition temperature of 185° F
• Tm – RPVC’s has a melt temperature of 465° F, but it is 

commonly processed in a melt range of 385 – 400° F.
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Polyvinyl Chloride - Considerations 
Price – Pricing on RPVC is almost directly related to construction and 

industrial activity. 

Mechanical Properties – RPVC is generally considered to have good 
mechanical properties.  Its tensile strength averages around 8,000 psi 
and its tensile modulus around 400,000 psi.

Chemical Resistance – RPVC has an excellent chemical resistance. PVC is 
resistant to most oils, fats, alcohols, and petrol. PVC is also resistant 
to the most severe oxidizing conditions. 
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Polyvinyl Chloride - Considerations 
Optical Properties– RPVC is usually a tan or white color and is not 

transparent. Plasticized grades are usually transparent, but have a 
blue tint.

Flammability- RPVC has a very low natural combustibility and is usually 
self-extinguishing.   This is a very advantageous property to have in 
buildings and homes.  

Electrical Properties- PPVC has excellent electrical properties making it 
very useful for wire insulation among 
many other uses. 
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Polyvinyl Chloride - Considerations 
Weatherability- RPVC has a good weather resistance which makes it 

great for many outdoor uses like pipes and house siding.

Processability – RPVC can be processed by most commercial methods 

Thermal Sensitivity – PVC is very thermally sensitive.  A temperature of 
15°F less than the recommended melt temperature can drastically 
increase the viscosity of the melt and cause discoloration and 
burning.  A temperature of 15°F greater than the recommended 
melt temperature  can degrade the material.  When PVC degrades,
it can release a gaseous form of toxic hydrochloric acid. 
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Polyvinyl Chloride - Considerations 
Decoration and Assembly – Painting RPVC can be very difficult because 

most paints do not stick well to PVC.  There is a spray paint that is 
specially designed to stick to plastic lawn furniture and a specially 
formulated solvent based ink that is widely used for the decoration
of PVC. Because of its polarity, PVC can be assembled by Dielectric 
Sealing. This method uses alternating charges on opposite sides of 
the material to cause it to melt due to friction. It is the common 
method used for joining thin sheets of PVC material.
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Polyvinyl Chloride - Considerations 
Creep – RPVC generally has low creep when compared to other plastic 

materials

Recyclability – RPVC is recyclable but it accounts for only a minimal 
amount of the total recycled plastics. Recycled products made from 
PVC include drainage and irrigation pipes. The problems with 
recycling it generally deal with its propensity for degradation.
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Polyvinyl Chloride - Applications
• Consumer goods- Toys
PVC  has been used for a long time as teething rings and other toys for 

infants. Recently however, PVC has been banned in some areas for 
these applications due to the Phthalates used as plasticizers to soften 
them.  The medical studies have shown phthalates can cause health 
issues if the amounts consumed or inhaled are large enough, but the 
amounts that exude from the material are generally well below 
dangerous levels.
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Polyvinyl Chloride – Applications
• Medial Applications- Medical tubing, blood bags, feeding equipment, 

respiratory support equipment, organ assistance, catheters, products 
with skin contact, and products with oral mucosal contact. 

• Automotive- Underbody coatings, 
sealants, wire harnesses, door panels,
passenger compartment parts, and 
exterior parts. 
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Polyvinyl Chloride – Applications
Applications
• Packaging- Bottles for certain chemicals 

and blister packs

• Construction- Pipes, Wire Insulation, House Siding, Window and 
Door Trim, Linoleum, and many outdoor household uses
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Polystyrene
History – Polystyrene (PS), like most polymers, was accidentally 

discovered in Berlin in 1839 by a pharmacist named Eduard 
Simon 

Structure – The structure of PS can be seen below. The large 
Benzene ring structure adds rigidity to the polymer chain.
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Polystyrene
Forms – Poystyrenecomes in a wide variety of forms:
• ABS – Acrylonitrile Butadiene Styrene 
• GPPS – General Purpose Polystyrene
• EPS – Expanded Polystyrene
• SAN – Styrene Acrylonitrile 
• SMA – Styrene Maleic Anhydride
• SPS - Syndiotactic Polystyrene (semi-crystalline)
Many of the blends and co-polymers of GPPS will be covered in the 

engineering plastics lesson
GPPS is probably the most common form people are familiar other than 

expanded polystyrene foam, so the properties provided will be for 
GPPS
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Polystyrene - Considerations 
• Density – GPPS has a specific gravity of 1.05 which means that it will 

not float in water.

• Crystallinity – GPPS is amorphous 

• Hygroscopy – GPPS is not hygroscopic and does not require drying 
when processed

• Tg – GPPS has a glass transition temperature of 210° F

• Tm – GPPS has a melt temperature of 410° F, but it is commonly 
processed in a melt range of 374 – 525° F
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Polystyrene - Considerations 
Price – GPPS prices have been on the rise for some time.  It is one of the 

more expensive commodity polymers.

Mechanical Properties – GPPS has a tensile strength that averages 
around 6,500 psi and a tensile modulus around 450,000 psi.

Chemical Resistance – GPPS is not known for its chemical resistance. It 
can be dissolved by most solvents. It is resistant to most acids and 
bases. It is commonly used in models because it is easily solvent 
bonded.
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Polystyrene - Considerations 
Optical Properties- GPPS is known for its sparkling clarity and excellent 

optical properties, making it useful in products that require a high 
degree of clarity. 

Flammability- GPPS is classified in the “quite flammable” category 
which is the lowest rating a plastic can achieve.  This rating is 
determined by a flammability test.  Polystyrene has a rating of HB 
which is horizontal burning, the most flammable rating. 

Electrical Properties- GPPS has excellent electrical properties making it 
widely used for laminated electronic circuits, high frequency 
insulation sheeting, insulators and other electrical applications. 
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Polystyrene - Considerations 
Weatherability- GPPS is ranked fair to poor when weather is concerned.  

Like many other plastics UV rays will degrade the plastic significantly 
and cause premature part failure.  This is usually combated by 
additives and fillers which also cause a rise in price. 

Processability – GPPS can be processed 
by most commercial methods.

Thermal Sensitivity- GPPS and other styrenics have a relatively good 
thermal sensitivity.  They can tolerate relatively long residence times 
as long as the processing temperatures are kept within reason. 
Average processing temperatures should be kept around 400-430°
F to resist degradation of the material and part deformation.

Lion head 
mask 
thermoformed 
at PSU
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Polystyrene - Considerations 
Decoration and Assembly– Hot stamping is a common form of 

decoration for GPPS. Designs can be screen printed with specified 
inks onto the stamps, which are then chemically adhered by applying 
heat to the part’s surface. Acrylic and water-based acrylic paints 
should be used for polystyrene products to avoid degrading the 
surface. GPPS is easily assembled by most methods, but care must be 
taken when solvent bonding not to damage the integrity of the 
material.
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Polystyrene - Considerations 
Creep– GPPS has a relatively good creep resistance.  Additives and fillers 

are commonly added to GPPS to create a stronger more durable form 
called high impact polystyrene (HIPS) 

Recyclability – GPPS is recyclable but it accounts for only a minimal 
amount of the total recycled plastics.  Recycled products made from 
GPPS include plastic lumber and flower pots.
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Polystyrene - Applications
• Consumer goods- Food containers, plates, utensils, coolers, and cups
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Polystyrene - Applications
• Medial Applications- Petri dishes, test tubes 

• Automotive – The common use for PS in 
automotive applications is sound deadening foam, but the 
instrument panel cover is also made from a styrenic material (SAN).

Don’t get electrical contact cleaner on your 
instrument panel cover like I did.
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Polystyrene - Applications
• Packaging- Egg cartons and any other

Styrofoam packing

• Construction- Foam Board
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HDPE PP PVC GPPS
Density 0.95 0.93 1.4               1.05
Crystalline Yes Yes No                No
Hygroscopic No                    No No                No
Tg -180°F 15°F 185°F            210° F
Tm 280°F 350°F           465°F           410° F
Tensile 4,000 4,500            8,000           6,500 
Strength psi psi psi psi       
Tensile 150,000        175,000       400,000       450,000 
Modulus psi psi psi psi 
Chemical V.Good          V.Good        V. Good     Moderate
Reisistance

SUMMARY CHART
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HDPE PP PVC GPPS
Optical Poor            Moderate     Poor V. Good
Flammability Poor            Poor     V. Good Poor
Electrical Moderate  Moderate      V. Good V. Good
Weathering Poor            Poor               V. Good Average
Processing V. Good      V. Good         Moderate V. Good  
Creep Poor Poor Good Good
Recycling V. Good      V. Good          Poor Good

Scaled as Very Good – Good – Average- Moderate - Poor

SUMMARY CHART
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Commodity Plastics

Thermoplastic material families

QUESTIONS?



Engineering Plastics Plastics 001

Plastics

Thermoplastic Material 
Families

Engineering Polymers
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KEY POINTS:  
After reviewing the engineering plastics presentation, 

students should:
• Recognize and be able to name the differences between commodity 

polymers and engineering polymers
• Know the advantages and disadvantages for using engineering grade 

polymers
• Be able to describe how engineering grade thermoplastic materials 

compare in many categories related to design specifications.
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Overview
When choosing a material for a specific application, generally the least 

expensive material that will do the job is chosen.
When searching for the right resin for the job, many factors will come 

into play and they all will be balanced against the cost. Factors such 
as dimensional stability, service temperature range, and impact 
strength can all cause materials to be eliminated from list of 
possible choices.

Engineering plastics are typically  chosen for their superior 
properties, but if a commodity plastic can do 
the job, it is the obvious choice.
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Families
There are six basic divisions of the most common engineering polymers, 

but there are many more subdivisions. 
1. Polycarbonates (PC)
2. Polyesters

– Polyethylene Terephthalate (PET)
– Polybutylene Terephthalate (PBT)
– Liquid Crystal Polymer (LCP)

3. Styrenic copolymers
– Acrylonitrile Butadiene Styrene (ABS) 
– Styrene Acrylonitrile (SAN)
– Styrene Maleic Anhydride (SMA)
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Families
There are six basic divisions of the most common engineering polymers, 

but there are many more subdivisions. 
4. Polyamides (Nylons)

5. Polymethylmethacrylate (PMMA or Acrylic)

6. Polyoxymethylene (Acetal or POM)
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Polycarbonate
History – – Polycarbonate (PC) was discovered in 1898 by a German 

chemist named Einhorn.  In 1953 it was developed concurrently in 
Germany (Bayer Laboratories) and the United States (General Electric)

Structure –
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Polycarbonate - Considerations
Density – The density of PC is 1.2 g/cc

Crystallinity – amorphous (virtually 0%)

Hygroscopy – Should be dried at 250°F for 3-4 hrs or until it reaches a 
moisture content of < 0.02%

Tg – 300°F

Tm – 475°F
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Polycarbonate - Considerations
Price – Around $1.80 / pound at the time this material was prepared, 

but the prices of all engineering plastics have been rising primarily due 
to the cost of oil. The price will also depend on the amount of material 
purchased.

Mechanical Properties – Very good to excellent mechanical properties, 
especially impact.

Chemical Resistance – Poor to moderate, being an amorphous material, 
it is more susceptible to chemical attach, especially solvents.
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Polycarbonate- Considerations
Optical Properties- Excellent – very clear material. Safety glasses and 

CD’s.

Flammability- Typically self-extinguishes due to a buildup of char at the 
flame front.

Electrical Properties- Very good – it is used for outlets and electrical 
connectors
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Polycarbonate - Considerations
Weatherability- Good to very 

good – most backlit signage is 
made of Polycarbonate. The 
siding on the REDC building is 
Polycarbonate.

Processability – Can be difficult to process due to its high viscosity. A lot 
will depend on the wall thickness of the component and the required 
length of flow.

Thermal Sensitivity – It will degrade in the barrel if the residence time is 
too long or the heater bands are set too high, but not as sensitive as 
some of the other engineering materials.

REDC Building at Penn State Erie, The Behrend College
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Polycarbonate - Considerations
Decoration and Assembly – Easily decorated and assembled by almost 

any means

Creep – Good to very good at creep resistance due to its high Tg

Recyclability – Not commonly recycled much due to the small amount 
that is used in common disposable items. 
It falls into the ‘other’ category of recycled materials.
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Polycarbonate- Applications
• Consumer goods- Water bottles, 

And high temperature cooking
utensils are common applications
as well as safety glasses, CD’s, and
DVD’s
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Polycarbonate - Applications
• Medial Applications- Used in a lot of medical applications due to its 

ability to be sterilized by almost any of the common methods and its 
clarity.

• Automotive- Some windshields are made of Polycarbonate (not in 
the USA), but more commonly light covers 
are PC.
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Polycarbonate - Applications
• Packaging- Other than water containers, PC is not commonly used in 

packaging due to the cost.

• Construction- Used in siding and clear 
panels.
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Polyester
History – The most common form of Polyester used in thermoplastic 

applications is Polyethylene Terephthalate, was discovered by a group 
of British scientists in 1941, who carried on the work of Walter 
Carothers. Carothers had been working with the components of 
Polyesters, but concentrated on Nylon which appeared more 
promising at the time. 

Structure –
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Polyester – Forms
Forms – Polyethylene Terephthalate is commonly copolymerized with 

other materials in order to disrupt its crystallinity. PETG is 
Polyethylene Terephthalate Glycol. By putting in the glycol, it makes 
the material clearer and improves the barrier properties so it works 
better at keeping your soda from going flat.

There are also
thermosetting forms
of Polyester – If you
work on cars, you
Have  probably used
them.
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Polyester - Considerations
Density – PET has a specific gravity of 1.33
Crystallinity – around 65%

Hygroscopy – Polyesters depend on the grade for selecting the drying 
temperature. Some are dried as low as 150°F and some as high as 
350°F. The time required to dry can vary from 2-6 hours depending 
on moisture content and grade as well. Typically Polyesters should 
have moisture contents < 0.02% prior to processing.

Tg – 155°F

Tm – 510°F
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Polyester - Considerations
Price – Around $1/pound – but prices change frequently (SEE PC 

disclaimer)

Mechanical Properties – Very good to excellent especially when filled.

Chemical Resistance – Polyester has good to very good chemical 
resistance, but it can run into problems with some common chemicals 
like alcohols, chlorine, and some acids.
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Polyester- Considerations
Optical Properties- PET has good clarity when oriented or 

copolymerized even though it is a semi-crystalline material

Flammability- Polyester will burn and drip when flame retardants are 
not added.

Electrical Properties- It has very 
good electrical properties and is 
commonly used in electrical 
connectors.
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Polyester - Considerations
Weatherability- PET has moderate weatherability characteristics

Processability – It can be difficult to process PET. Typically when it is 
processed, the process needs to be accurately controlled because if 
the process is too aggressive the material will cause deposits on the 
mold. It also needs to be dried well or the polymer chains can begin to 
unzip which will drastically reduce the mechanical properties.

Thermal Sensitivity – Polyester has good thermal stability once molded. 
When processing, it is also relatively stable unless the temperatures 
start to exceed the melt temperature by too much.
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Polyester - Considerations
Decoration and Assembly – PET can be decorated and assembled with a 

wide variety of methods, it can also be easily drawn into fibers for 
textile use (clothing and carpeting)

Creep – PET has good to very good creep resistance. It is increased 
when crystals are allowed to form, but the stiffness of the chain 
prevents a lot of creep in the material. That is why your pop bottles 
hold their shape even though they are under pressure.

Recyclability – PET is one of the most 
recycled resins used today. It is so
highly recycled, because of its use
in carpeting and fibers. Recycled
bottles can be made into carpet and
clothing fibers.



Engineering Plastics Plastics 001

Polyester - Applications
• Consumer goods – Clothing and cloth woven from PET fibers make up 

the majority of applications that most people would come into 
contact with along with filler inside of insulative clothing. Other 
applications run from equipment housings to protective coatings to 
speaker domes.

The thermosetting variety is used to make many
boat hulls
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Polyester - Applications
• Medial Applications- PET is mostly used for coatings

and insulation for medical components and
medical grade fabrics.

• Automotive- Polyester shows up in the automotive industry in the 
form of car seat and panel fabrics, carpeting and under hood 
applications.

And of course body filler and fiberglass 
body panels
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Polyester - Applications
• Packaging- bottles and films for packaging make up a huge portion of 

the amount of PET that is produced. 
PET films are commonly used for packaging 
in the food industry
PET is also thermoformed into 
disposable packaging 
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Polyester – Applications
• Construction- Carpeting is probably the largest market for 

thermoplastic PET in the construction industry, but it is also used in 
the form of coatings. The thermosetting variety is also used to some 
extent.

Image used courtesy of Biohort
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Styrenics (ABS)
History – In WWII there was a push to develop alternatives to rubber 

due to America’s primary source of rubber (Asia) being cut off. 
Experimentation with Styrene Butadiene Rubber led to the 
development of Acrylonitrile Butadiene Styrene or ABS

Structure –

Butadiene
Styrene

Acrylonitrile
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Styrenics (ABS) – Forms
The Terpolymer ABS is commonly alloyed with other materials like 

Polycarbonate and Polyester for improved properties, but the 
terpolymer alone can be modified by changing the ratios of the 
different monomers to obtain a wider range of properties.
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Styrenics (ABS) - Considerations
Density – The specific gravity of ABS is 1.05, the same as polystyrene

Crystallinity – Amorphous

Hygroscopy – Should be dried at 190°F for 3-4 hrs or until it reaches a 
moisture content of < 0.04%

Tg – 200°F

Tm – 410°F
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Styrenics (ABS) - Considerations
Price – Around $0.95/pound depending on previously mentioned 

factors

Mechanical Properties – ABS has good to excellent mechanical 
properties. It is commonly used for ABS pipe and housings for 
computers and other electronic equipment.

Chemical Resistance – good chemical resistance, but it is not resistant 
to solvents, much like Polycarbonate and Polystyrene, so be a little 
careful what you dump down the drain if you have ABS pipes!



Engineering Plastics Plastics 001

Styrenics (ABS) - Considerations
Optical Properties- ABS is generally not clear, there are a few clear 

grades, but they are primarily used in the medical field. It can attain a 
glossy finish with the proper mold polish.

Flammability- Burns freely and gives off a black sooty smoke

Electrical Properties- It can be made conductive with plating, but 
otherwise its electrical properties would be considered good.
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Styrenics (ABS) - Considerations
Weatherability- ABS doesn’t weather as well as some other materials 

unless highly modified or coated.

Processability – Easily processed using most common methods

Thermal Sensitivity – ABS has good thermal stability, it will degrade, but 
not in a short period of time at normal processing temperatures.
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Styrenics (ABS) - Considerations
Decoration and Assembly – Easily decorated and assembled by most 

means. The only real consideration is to not use solvent based paints 
as they can weaken the substrate material.

Creep – Good to very good creep resistance

Recyclability – ABS may be recycled with
other styrenic materials
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Styrenics (ABS) - Applications
• Consumer goods – From toys to tool housings to computers and other

electronics, ABS has a wide variety of uses.
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Styrenics (ABS) - Applications
• Medial Applications- ABS is commonly used in 

the medical field because of its ease of sterilization, 
decoration, and assembly.

• Automotive- ABS has been used to make body 
panels, wheel covers and interior trim
components in the automotive industry.
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Styrenics (ABS) - Applications
• Packaging- ABS is not commonly used in food packaging due to poor 

permeability, but it can be formed into containers for non-perishable 
items

• Construction- The most common use for ABS in the construction 
industry is in waste piping.
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Polyamides (Nylon)
History – Developed in the 1930’s at DuPont by Wallace Carothers and 

his team of researchers, Nylon has proven to be a versatile and 
valuable thermoplastic polymer.

Structure – Nylon 6/6
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Polyamides (Nylon) – Forms
Depending on how it is produced, the structure and arrangement of the 

atoms in the molecule will differ. There are many different types of 
Nylon;
Nylon 6, Nylon 10, Nylon 12, Nylon 6/6, Nylon 6/12, Nylon 6/3, etc.

The way they are named has to do with
the number of Carbon atoms in the 
monomer. Nylon 6/6 in the previous slide 
has  6 Carbons, a Nitrogen separator and 
then 6 more Carbons »» Nylon 6/6

Nylon 6/6
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Polyamides (Nylon) - Considerations
Density – PA 6/6 is around 1.14 Specific Gravity

Crystallinity –Typically PA 6/6 is 50% crystalline

Hygroscopy – PA 6/6 should be dried at 180°F for 2-5 hrs or until it 
reaches a moisture content of  < 0.2% and > 0.02% (can be over dried 
which will make it more viscous)

Tg – 135°F

Tm – 510°F
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Polyamides (Nylon) - Considerations
Price – Around $1.80/ pound

Mechanical Properties – Good to Very Good properties, but the 
properties are dependent on what type is used. Another advantage of 
Nylons is that they are very easily modified by adding fillers and fibers 
to increase their properties.

Chemical Resistance – Very Good to 
Excellent. Being semi-crystalline helps out.
heir one big weakness is strong acids and 
bases.



Engineering Plastics Plastics 001

Polyamides (Nylon) - Considerations
Optical Properties- Nylon does not have very good optical properties. 

Being semi-crystalline makes it translucent to opaque.

Flammability- Typically nylons tend to self-extinguish when burned

Electrical Properties- Nylon possesses Excellent electrical properties. It 
is commonly used in a wide variety of electrical connectors.
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Polyamides (Nylon) - Considerations
Weatherability- Nylon does not weather well when it is not modified to 

resist ultraviolet light. It also experiences property changes with 
changes in humidity. When there is very low humidity, it can get 
brittle.

Processability – It can be difficult to process Nylon due to its low 
viscosity when melted, but it processed heavily in injection molding 
and extrusion.

Thermal Sensitivity – Nylon is very thermally sensitive and will degrade 
easily if kept too long at temperatures above its comfort range. It has 
even been known to turn brown if left in a dryer for too long at 
180°F which is well below its melting point. 
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Polyamides (Nylon) - Considerations
Decoration and Assembly – Nylon can be difficult to assemble with 

some operations which rely on frictional heating. Its low viscosity 
causes it to flow quickly away from the weld point and it freezes 
quickly once away from the source of the heat. It is one of the few 
plastic materials that can be dyed once it has been molded and it can 
be decorated by most standard processes.

Creep – Its crystallinity provides Nylon with Good to Very Good creep 
resistance.

Recyclability – Nylon falls into the ‘Other’ (7) category and is not 
commonly recycled for any specific purpose.
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Polyamides (Nylon) - Applications
• Consumer goods- Nylon is used for a wide variety of consumer 

applications ranging from cookware to rope to gears and bushings 
to of of course women’s hosiery.



Engineering Plastics Plastics 001

Polyamides (Nylon) - Applications
• Medial Applications- Nylon does not show up in an lot of medical 

applications, but it does have some. Many times those applications 
deal with Nylon in the form of fabrics instead of molded components.
Hair and beard nets and blood pressure cuffs are a couple of 
examples.

• Automotive- Nylon is used in many under-hood 
applications like radiator end housings and is also used
for many automotive electrical connectors. Nylon
belts are also used in many tires.
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Polyamides (Nylon) - Applications
• Packaging- Other than wire or zip ties, Nylon’s uses in packaging are 

limited. It is however being used in many multi-layer bottles and films, 
especially those that contain foods that require an excellent Oxygen 
barrier (like meats).

• Construction- Nylon fabrics and ropes are 
commonly used in the construction industry,
but due to its poor weathering
characteristics, its other uses in this 
industry are limited.
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Polymethylmethacrylate (PMMA, Acrylic)
History – The first acrylics were developed in the early 1800’s, but the 

acrylic we know today, Polymethylmethacrylate was not polymerized 
until  1877 by the German chemists Fittig and Paul.

Structure –
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PMMA (Acrylic) – Forms
PMMA is commonly copolymerized with other monomers to add impact 

resistance, to improve its heat resistance, and add stability for 
processing.
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PMMA (Acrylic) - Considerations
Density – PMMA has a specific gravity of 1.16

Crystallinity – PMMA is amorphous

Hygroscopy – Should be dried at 180°F for 2-3 hrs or until it reaches a 
moisture content of  < 0.04%

Tg – 220°F

Tm – 410°F
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PMMA (Acrylic) - Considerations
Price – At this time the price is around $1.15/pound

Mechanical Properties – Very good mechanical properties, it is very 
strong and stiff, but it can be brittle if it is not modified or if it does 
not have sufficient thickness.

Chemical Resistance – As with most amorphous engineering 
thermoplastics, chemical resistance is a weak 
spot.  PMMA is a known stress cracker and will 
dissolve or weaken significantly when exposed 
to solvents.
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PMMA (Acrylic) - Considerations
Optical Properties- Excellent optical properties – clearer than glass

Flammability- PMMA is flammable, it will continue to burn and will drip 

Electrical Properties- Although PMMA is a good insulator, it is not well 
known for its electrical properties. There are many other engineering 
plastics that have superior properties and are more easily processed 
into the required configurations.
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PMMA (Acrylic) - Considerations
Weatherability- Excellent weather resistance. The most common 

problem due to weather is ultraviolet light damage and with PMMA, 
almost all of the damaging light passes through without damaging the 
polymer.

Processability – The most common method of production of PMMA is 
through extrusion, but it can be injection molded, blow molded, and 
thermoformed. It does not process as easily as many other materials 
and special care needs to be taken with the design.

Thermal Sensitivity – PMMA is good to very good in terms of thermal 
sensitivity. Its rigid backbone resists creep and it can tolerate fairly 
long residence times.
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PMMA (Acrylic) - Considerations
Decoration and Assembly – PMMA is easily decorated and assembled 

using most available methods, but special care needs to be taken 
when using paints and inks that are solvent based. It is very easily 
colored.

Creep – PMMA’s rigid backbone resists creep under normal 
temperature conditions

Recyclability – Not as commonly recycled as other materials. It falls into 
the ‘7’ or other category.
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PMMA (Acrylic) - Applications
• Consumer goods- PMMA’s use in consumer goods is usually limited to 

items like decorations, lighting fixtures, and aquariums. It can also be 
used to make tables, sinks, and washbasins though.
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PMMA (Acrylic) - Applications
• Medial Applications- PMMA is implantable in the human body. It is 

commonly used for implantable optical lenses and for hip 
replacements.

• Automotive- Some of the first uses for PMMA were canopies on 
fighter planes, but they are not used in automotive applications as 
windshields, at least not in America. The most common automotive 
application is in the lighting fixtures. 
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PMMA (Acrylic) - Applications
• Packaging- PMMA is not commonly used in the packaging 

industry except in very high-end applications where the
cost is justified like in cosmetics.

• Construction- PMMA is commonly used for skylights and any other 
glass replacement. It is also used for manyoutdoor signs.
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Polyoxymethylene (Acetal or POM)
History – Developed by DuPont in the 1950’s POM is used in many 

applications where there are moving components due to its low 
coefficient of friction and high stiffness.

Structure –
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POM (Acetal) – Forms
POM is commonly available in either the homopolymer of copolymer 

forms. The homopolymer is stiffer and melts at a higher temperature, 
while the copolymer is more ductile and attains lower levels of 
crystallinity.
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POM (Acetal) - Considerations
Density – The specific gravity of Acetal is about 1.41, which makes it 

one of the more dense thermoplastic materials. Plastics are bought by 
weight and sold by volume. Having a high density is a definite 
disadvantage

Crystallinity – Highly crystalline (can attain a crystalliny of around 95%)

Hygroscopy – Should be dried at 200°F for 1-2 hrs or until it reaches a 
moisture content of  < 0.05%

Tg – -100°F
Tm – 350°F
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POM (Acetal) - Considerations
Price – Around $1.20/pound

Mechanical Properties – Very good to Excellent mechanical properties. 
It also has a very low coefficient of friction and is very wear resistant 
which makes it an excellent choice for bushings, bearings, and gears

Chemical Resistance – Much like Nylon, POM has excellent chemical 
resistance to most chemical media, but is weak when exposed to 
strong acids and Chlorine. Avoid mixing with PVC.
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POM (Acetal) - Considerations
Optical Properties- Poor optical properties due to its high crystalline 

content. It almost always appears white unless colored due to the 
high number of crystals.

Flammability- POM will burn and continue to burn, when burned it 
gives of a smell of formaldehyde. It is very difficult to see the flame 
when it burns.

Electrical Properties- Very good electrical properties. Commonly used 
for twist-on electrical connectors.
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POM (Acetal) - Considerations
Weatherability- POM exhibits poor weathering resistance. Its high 

levels of crystallinity cause it to absorb a large amount of ultraviolet 
light which accelerates oxidation.

Processability – Easily processed, but it has high shrinkage rates which 
can make holding tight tolerances difficult.

Thermal Sensitivity – It is necessary to avoid excessive residence times 
when processing POM. It will degrade relatively quickly and when it 
does, it gives off formaldehyde gas.
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POM (Acetal) - Considerations
Decoration and Assembly – It is very difficult to assemble and decorate 

POM. Its low coefficient of friction makes it difficult to adhere inks, 
paints, and adhesives to the surface. Many thermoplastic assembly 
methods use friction to cause enough heat to melt the material in 
order to bond the surfaces together. The low surface friction makes it 
difficult to generate the necessary heat for bonding.

Creep – Its extremely high levels of crystallinity increase the creep 
resistance of the material.

Recyclability – Not commonly recycled alone. Generally lumped in with 
the 7’s (Other).
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POM (Acetal) - Applications
• Consumer goods- Gears, rollers, 

bushings, guitar picks, backpack buckles 
and even yoyo’s are common applications 
for POM.
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POM (Acetal) - Applications
• Medial Applications- POM shows up in the medical field many times 

when the application requires two surfaces to slide under pressure. It 
is not as common in the medical field as some other materials 
because special grades must be used when the parts require
sterilization by some methods.

• Automotive- Its high density when compared to other plastics, limits 
POM’s applications in the automotive arena. It is commonly used in 
small gears and electrical switches, though.
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POM (Acetal) - Applications
• Packaging- POM is not commonly seen in packaging. It does not 

possess properties that would justify the higher price associated with 
its high density.

• Construction- Electrical connectors and switches, rollers, gears, 
bushings, and some plumbing fittings are common applications for 
POM in the construction field.
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SUMMARY CHART
Density Crystalline Hygroscopic Tg Tm

PC 1.20 No Yes 300°F 475°F
PET 1.33 Yes Yes 155°F 510°F
ABS 1.05 No Yes 200°F 410°F
Nylon 1.14 Yes Yes 135°F 510°F
PMMA 1.16 No Yes 220°F 410°F
POM 1.41 Yes Yes -100°F 350°F
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SUMMARY CHART
Tensile Tensile Chemical

Strength Modulus Resistance Optical Flammability

PC
10,000 psi 350,000 psi Moderate Excellent Very Good

PET 
8,000   psi 500,000 psi Very Good Good Moderate

ABS
6,500  psi 300,000 psi Moderate Poor Moderate

Nylon
8,000  psi 175,000 psi Very Good Poor Good

PMMA
10,000 psi 400,000 psi Moderate Excellent Moderate

POM 
10,000 psi 400,000 psi Very Good Poor Moderate
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SUMMARY CHART
Electrical Weathering Processing Creep Recycling

PC
Very Good Very Good Good Very Good Moderate

PET 
Very Good Moderate Moderate Very Good Excellent

ABS
Good Moderate Very Good Very Good Moderate

Nylon
Very Good Poor Moderate Very Good Moderate

PMMA
Good Excellent Moderate Very Good Moderate

POM 
Very Good Poor Good Good Moderate

Scaled as Very Good – Good – Average- Moderate - Poor



Engineering Plastics Plastics 001

Engineering Plastics

Thermoplastic material 
families

QUESTIONS?
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Sustainability
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KEY POINTS:  
After reviewing the Sustainability presentation, 

students should:
• Be able to Define the idea of sustainability and explain its impact on 

the plastics industry
• List and explain the main industry initiatives for trying to attain 

sustainability. 
• Be able to explain why Plastic materials are the best choice for the 

environment.
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Overview

WHAT IS SUSTAINABILITY?
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Overview
Sustainability is defined by the EPA as:
“meeting the needs of the present without compromising the ability 

of future generations to meet their own needs.”
http://www.epa.gov/Sustainability/

It stems from a concept developed by Thomas Jefferson which 
basically means not leaving a debt for future generations.

The plastics industry takes a lot of criticism due to the large amount of 
products that end up in land fills or on the side of the road as litter.
The plastics industry is not doing the littering, it is the people who use 
the products.

http://www.epa.gov/Sustainability/
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Overview
PLASTIC IS THE DEVIL’S MATERIAL
PLASTIC IS BAD FOR THE ENVIRONMENT
PLASTIC CAUSES CANCER
PLASTIC KILLS SEA TURTLES
PLASTIC SHOT MY DOG (JOKING)
The relentless attacks on the plastics industry are 

based primarily on perception – not fact.

The plastics industry did not throw those bags into 
the ocean or trees – people did.

If those bags had been recycled, none of these 
pictures would have been possible

Image courtesy of Turtle Bags

Image courtesy of the City of Los Angeles
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Overview
Many of the same properties that make plastics such a 

valuable resource also make it a target for environmental 
groups.

• Plastics are durable and chemically resistant
-They don’t degrade easily

• Plastics are lightweight
-They will blow around and get stuck in trees and other plant life
- Some float and are visible when they are polluting waterways

It’s not the plastic that is the problem, it is the people who are not 
disposing of them properly. To me, that is not a problem with our 
INDUSTRY, it is a problem with our SOCIETY.
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Overview
YOU are going to be the ambassadors of the plastics 

industry.
YOU need to know how to defend yourself against 

bad science.

When the real facts are examined, plastic materials 
turn out to be the environmentally conscious 
decision
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Plastic or Glass?
Making containers out of plastic instead of glass leads to reductions in 

fuel costs and emissions as well.
Lets look at mustard

Glass Plastic

Weight Weight
(oz.) % (oz.) %

Mustard 9.0 64 8.0 86
Package 5.0 36 1.3 14

14.0 100 9.3 100
71% less packaging per ounce of product
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Plastic or Glass?
Peanut Butter anyone?

Glass Plastic
Weight of the jar: 10.2 oz. 1.7 oz.
% of total weight 

that’s product: 64% 91%
Shipping and energy comparison: you can ship the same amount of 

peanut butter in 2 tractor trailers that you would need to ship in 3 
tractor trailers if you use plastic packaging instead of glass
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Paper or Plastic?
Whenever I go to the grocery store, and the cashier asks me whether I 

want paper or plastic bags, I ALWAYS reply, “Plastic, because it’s better 
for the environment.”

Usually I get either a dumb look or a chuckle, but every once in a while I 
get someone who will start to argue with me, and then it’s GO TIME.

• It takes 7 semi’s to ship the same amount of paper bags as it does to 
ship plastic bags. That’s 7X the amount of fuel consumed and 
emissions into the atmosphere.

– 1,000 paper bags weigh 140 lbs (46 in high)
– 1,000 plastic bags weighs 16 lbs (4 in high)

Wow, those’re some heavy paper bags!
Image courtesy of theliar.
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Paper or Plastic?
• Plastic bags consume only 18% of the energy required to make paper 

bags. Most energy production plants burn fossil fuels to produce their 
energy, they don’t run on fairy dust.

• Plastic bags use only 3% of the fresh water required
to make paper bags.

• Plastic bags produce 80% LESS waste than paper 
bags. That means that it takes 5X the number of
garbage trucks to carry the same number of paper
bags to the dump as 1 truck of plastic bags.

• It takes 91% less energy to recycle one pound of
plastic bags when compared to one pound of paper
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Paper or Plastic?
Plastic bags are commonly recycled into more plastic bags and also 

plastic lumber.

So which is better for the environment?

That’s good science.

When you take a barrel of crude oil and 
convert it into gasoline, once you burn it
off in your car, it is gone. If you convert 
the crude oil into plastic, it can be reused 
to make products over and over and then be used to produce energy
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Sustainability
There are four basic points to the sustainability platform:
1. Recycling
2. Biodegradable polymers or polymers made from sustainable 

sources
3. Reduction of the amount of material used in products
4. Designing for recyclability

Picnic tables made from 
recycled materials



Sustainability Plastics 001

Recycling
There are 7 primary recycling symbols
They are listed at the left. The most 
commonly recycled materials are 
PETE (Polyester), polyethylene, and 
polypropylene.

Polyester is commonly recycled into
carpeting and polyethylene bags are recycled into more 

bags. 

Many times polyethylene and polypropylene recycled 
materials are mixed and molded into items like flower 
pots or plastic lumber.
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Recycling
Regardless of how much we reduce the amount of plastic materials in 

products and how efficient we make the designs, there will still be 
material that needs to be recycled and reused.

One of your challenges in the industry will probably 
be to identify areas where this material can be 
utilized.

There are many components that are not as 
dimensionally or functionally demanding that this
material can be used for. There are applications in
every industry where recycled materials can be 
used.

Coming up with innovative ways to utilize this ‘waste’
makes companies more efficient and can save money.
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Recycling
There are two basic types of recycled plastic:

• Post-consumer
• Post-industrial 

Post-consumer is more difficult to deal with. It needs to be sorted, 
washed, ground, and sometimes re-extruded into pellets. It can 
contain materials like metal, labels, and biological material.

Post-industrial is usually just regrind or contaminated material which is 
no longer useable by the original purchaser. 
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Biodegradable 
Many years ago, there were two primary plastic initiatives meant to deal 

with the accumulation of plastic waste. These were recycling and 
biodegradability.

The two initiatives were directly opposed to each other because when 
you make an article out of recycled material, you may want it to last 
for a long time, like plastic lumber. 

If biodegradable materials are mixed in with the materials being 
recycled, it very well may cause a premature failure of the product.
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Biodegradable 
At the time, the direction the industry chose was recycling.
Now, with the cost of oil rising, and the high demand for fossil fuels, 

biopolymers are rising to the forefront of the industry once again.
It’s not a hoax that we will eventually run out of fossil fuels, it’s a fact. 
Our society may condemn plastics for the pollution it causes, but try to 

imagine life without them. The convenience, safety, and durability 
they provide would be sorely missed. 
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Biodegradable 
Some of the first plastic materials created were from agricultural 

sources – rubbers, cellulosic, and casein. 
Today, many of the newer polymers that are being developed are being 

created from starches. Mainly corn and potato.
Polylactic acid is produced from corn starch and has many properties 

similar to that of Polyester Terephthalate. It is more difficult to 
process and is more easily degraded by higher temperatures, but the 
material shows potential.
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Biodegradable
Biodegradable vs. Compostable.
A biodegradable plastic is one that will break down in to CO2, water, and 

biological components. Some definitions require that there can be 
NO polymer chains left intact at the end of its life cycle.

Compostable means that the material will break down and into smaller, 
less dangerous constituents in a composting facility.

Not all biopolymers are biodegradable and compostable.
They may break down, but it doesn’t happen overnight,

it can take weeks or even months.
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Biodegradable
Why do they take so long to break down?
Typically the degradation process is performed by microbes, in the 

presence of oxygen and moisture. The microbes eat the starches and 
cause the polymer matrix to break into smaller and smaller pieces.

In a landfill, both can be scarce. Nothing degrades well in a landfill. You 
can dig up newspapers decades old and still read the newsprint.

1990

After 20 yrs
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Material Reduction
Reducing the amount of plastic material that goes into a product serves 

several purposes;
• The product will cost less
• There will be less material after use for recycling or disposal
• There will be more material available for other uses.
• Less energy is required to produce and transport the product.

If you go into product design, you must be conscious of the advantages 
or using less material in your products.

The improvement in material properties, processes, and designs makes 
the ability to reduce material content possible.
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Material Reduction
There are some other ways to reduce material content as well.
Concentrated – just add water (detergents and cleaners)
Refillable – buy the concentrate and refill your bottles
Returnable – When I went to Sweden in 2006, I went into a convenience 

store to buy a water. The bottle was much thicker than the ones we 
have here in the states and it was scratched and scuffed. The reason 
is that they clean and refill some of their bottles numerous times like 
we used to do with soda and beer bottles.

Image courtesy of kt
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Design for Recyclability
This is an area where a plastics engineer can make a real impact if they 

know what they are doing.
• Try to make the assembly out of a single material or compatible 

materials.
• Make assemblies that can be easily disassembled
• Avoid screws and metal fasteners in favor of snap or press fits if 

possible
• Reduce the number of components 
• Avoid labels if possible
• Try not to mix in thermosetting components in assemblies 

(thermoplastic elastomers instead of rubber seals)
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Design for Recyclability
You may not have the final word on the designs you produce, but you 

will at least be able to offer alternatives to make your product 
‘greener’ and easier to take to its next use.

It used to be that products were designed for ‘end of life’. They were 
designed to last for a specified period of time and that was all the 
thought that was given to them.

Now many products are being designed with ‘next life’ in mind. What 
will it be able to be used for AFTER its intended use.
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Energy
There is a lot of energy locked up in a polymer chain. As has been 

discussed previously, some polymers are like ‘frozen gasoline’.
Instead of making gasoline and heating oil out of fossil fuels, why not 

make useful products out of them, and when we are finished with 
those products, make more useful products out of them, and maybe 
one more round of useful products, and THEN burn them for fuel.
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Conclusion
You will be the ambassadors of the Plastics Industry
You may eventually be faced with decisions that will 

affect our environment
You need to be informed
You need to be aware
You need to make the right decisions 

And you need to inform others
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Links

http://www.mindfully.org/Plastic/Ocean/Pacific-Garbage-Patch30oct07.htm

http://www.icis.com/Articles/2008/02/11/9099296/biodegradable-plastics-confuse-
the-public.html

http://www.mindfully.org/Plastic/Ocean/Pacific-Garbage-Patch30oct07.htm
http://www.icis.com/Articles/2008/02/11/9099296/biodegradable-plastics-confuse
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Questions?

Sustainability
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ADDITIVES
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KEY POINTS:  
After reviewing the additives presentation, students 

should:
• Be able to explain the importance of additives in the plastics industry
• List several of the main types of additives currently used in the 

plastics industry and explain the effect of their use on a material’s 
properties.

• Be able to explain how different additives can affect a material’s 
processing properties.
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Overview
Thermoplastic materials have made many of the conveniences of the 

21st century possible. iPods, cell phones, laptop computers, game 
boys, etc. may still be possible, but none of them would be as 
compact and lightweight as they are with the use of plastic 
materials.

It is not just the plastic that we have to thank for our 
lightweight compact world of convenience though. 
Many of today’s plastics applications would not be
possible without the use of certain additives.
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Overview
Let’s think of plastic 

as a hamburger. 
Everyone has 
their own way 
they like their 
hamburger, 
much in the 
same way that 
every plastic 
application has 
slightly different 
material 
requirements.

Additives are like condiments, 
you can flavor your 
hamburger so it tastes the 
way you like it, much in the 
same way that material 
suppliers and compounders 
can ‘tweak’ a material’s 
properties slightly so that it 
can meet the different 
material requirements.
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Overview
Remember though, we can only do so much property manipulation with 

additives. It would be nearly impossible and probably not cost 
effective to make polyethylene suitable for an application that uses a 
high heat polymer like PEEK, much in the same way that you can add 
all the condiments you want, but you can’t make your hamburger 
taste like lobster, IT’S STILL A HAMBURGER.
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Overview
The main additive families that will be discussed are:

• Colorants
• Stabilizers

o Heat
o Light

• Lubricants
• Impact Modifiers
• Plasticizers
• Flame Retardants
• Coupling Agents
• Foaming Agents
• Anti Fogging Agents
• Anti Microbial
• Miscellaneous additives
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Colorants
The majority of plastic parts produced are colored. In its natural state, 

most thermoplastics have a yellowish or straw-colored tint to 
them.

Color is important because it imparts quality or perceived value to the 
parts in question.
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Colorants
People will form an opinion that a product is better or will have better 

performance if it has an eye-catching color or the colors are 
consistent in an assembly.

If the body panels of a car are all a slightly different color, people will 
think that it is a lower quality even though its performance may be 
fine.

Some people are more concerned about color and 
appearances than others, but color and perceived 
quality can definitely affect sales and customer 
perception of value.
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Colorants
There are many variables that can affect color in plastic parts
• Base material type 
• Part thickness
• Processing conditions
• Colorant mean particle size
• Colorant particle shape
• Colorant type

Think about the automotive sector of the plastics industry- they are 
trying to color match automotive body panels made in different 
areas of the country in different machines and at different cycle 
times. Color is extremely important to them and they have invested 
a lot of time and effort to establish consistent test methods.
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Colorants - types
Pigments – two main types
1. Organic (containing Carbon)(can be partially soluble)

a. Not good in high temperature applications (can degrade)
b. Provide good opacity
c. Red, Yellow, Blue, Violet
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Colorants - types
Pigments
2. Inorganic (ground up rocks)

a. Titanium Dioxide – White
b. Sulfidic – Yellow – weak acid 

resistance, atmospheric 
conditions can cause changes

c. Chromates – Reds
d. Metal Oxides – Have high thermal

stability
e. Carbon Black
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Colorants - types
Dyes

– Typically organic compounds
a. Soluble
b. Tints

– Commonly added to transparent polymers that Yellow easily
a. PMMA
b. GPPS
c. PVC
d. PC

When a material starts to yellow and 
it has a blue tint to it, it appears more clear.

Image courtesy of rogersmith
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Colorants – types
Special Colorants
1. Metal Flake

2. Pearlescent

3. Fluorescent
– Converts UV light into color

1. Phosphorescent
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Form
1. Pre-colors – material has been compounded with

necessary colorants - $$$$$

2. Dry colorants – Agglomerates – need to be 
broken down and dispersed

3. Liquid colorants 
a. Colorant is completely dispersed in the liquid medium
b. Need to make sure you have a homogeneous distribution
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Form
4. Color concentrate

a. Colorant is pre-compounded in a concentrate (masterbatch) and needs 
to be added to base resin at some let-down-ratio (LDR)  in order to 
achieve the desired color.

b. Low molecular weight carrier resin with 
lubricants and dispersion aids to aid in 
creating a homogeneous mix

c. Mean Particle Size can be significant
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Problems with consistency with colorants
1. Lot-to-lot differences – like paint – slight differences 

between batches
2. Slight differences within lot
3. Process can influence final color 

a. Heat history
b. Shear heating
c. % crystallinity

4. Thickness of part will change 
apparent color

5. Particle size can be significant
6. Colorant can affect process
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Colorants can affect process and properties
1. Lubricants can affect flow properties

2. Base material for masterbatch changes

3. Definite affect on crystallinity – distortion, brittleness
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Color Variation
Parts too dark Parts too light or streaked

Lower temperatures Raise temps
Lower speeds Raise back pressure
Lower back pressure Ensure good mixing – Additive 
Ensure good mixing feeder
Reduce LDR Increase LDR

Use a filter or dispersion disk
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Common problems with colorants
1. Metamerism
2. Dichroism
3. Thermal Stability

• Very important when using organic colorants
• Important even when using inorganic colorants - high 

heat history can change the color by changing the color
of the base resin
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Common problems with colorants
4. Migration – mobility of colorants or other additives as 

a result of partial solubility. 
1. Organic only
2. 3 types

5. Plate Out - deposition of pigment containing plastics 
or plastic constituents on mold or die surfaces (Acetal)
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Types of Migration
1. Solvent Bleeding – the release of coloring constituents 

into an organic liquid – primarily Dyes and Organic 
Pigments

2. Contact Bleeding – color 
transfer in a solid/solid system

1. Blooming – migration of pigment particles to the 
surface of the part. Produces a bronze-like haze. 
(Organic Pigments)
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Plate Out
1. Causes surface (finish) defects of parts

2. Can cause problems with flow in hot runner systems

3. Caused by inadequate compatibility of one of the ingredients

4. Can cause stress concentrations - pits
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Stabilizers a) Heat
1. Heat speeds up the oxidation (aging) process

a. Aging – loss of both visual and mechanical properties
a. Visual – discoloration (yellowing), loss of gloss or transparency, 

chalking, surface cracks
b. Mechanical – loss of impact strength, elongation, tensile, etc.

b. Highly unsaturated (ready to share electrons) polymers are much more 
sensitive to oxidation

c. Stability depends on:
a. Chemical structure
b. Manufacturing process
c. Morphology (crystallinity, orientation)

2. Many of today’s plastics applications and processes would not be possible 
without the use of anti-oxidants.
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Heat Stabilizers (continued)
3. Various means of retarding thermal oxidation.

a. Structural modification of the polymer – e.g. copolymerization 
with vinyl group containing antioxidants

b. Capping of end groups - mainly polyacetal
c. Physical stabilization by orientation
d. Addition of antioxidants – most common 

method
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4. Most polymers are thermally stable when not in the presence of 
Oxygen. Autoxidation – the reaction of organic compounds with 
molecular Oxygen.

a. Three main reactions need to be taken into account
1. Initiation reactions – generation of free radicals

a) Initiation reactions are caused by heat, mechanical stress, or a 
combination of the two.

b) Peroxy free radicals are formed
2. Propagation – chain branching reactions, leads to reduction in molecular 
weight
3. Termination reactions – elimination of free radicals from the system

a) Free radicals consumed
b) Causes some degree of cross-linking

Heat Stabilizers (continued)



Additives Plastics 001

5. Types
A. Most important types of Anti-oxidants interfere in chain breaking 

or chain propagation steps
1) Tin – commonly used in pipes
2) Lead – used in many 

outdoor applications
3) Mixed metals – Ba+Ca 

used in PVC
B. Secondary types 

– destroy hydroperoxide 
groups

Heat Stabilizers (continued)
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6. Polymers can be oxidized at any point  in their life cycle; 
manufacturing, storage, drying, processing, and end use.
A. Stabilizers are consumed – must  put enough into polymer to see 

it through its life cycle

Heat Stabilizers (continued)
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7. Concerns
A. Toxicity
B. Color stability
C. Thermal stability
D. Hydrolitic stability
E. Volatility
F. Compatibility

Heat Stabilizers (continued)
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Light Stabilizers - chemical compounds capable of interfering with the 
physical and chemical processes of light-induced degradation 
(mainly UV)

1. Carbon Black and other colorants may also protect plastics from the 
effects of light, they are considered pigments.

A. Only compounds which confer slight or no discoloration are 
considered light stabilizers.

Stabilizers b) Light
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2. Most important light stabilizers
A. 2-hydroxybenzophones
B. 2-hydroxyphenyl benzotriazoles
C. Hindered amines (HALS  – hindered amine light stabilizers)
D. Organic Nickel compounds

Light Stabilizers (continued)
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3. Concentrations used are generally 0.05%-2% - 2% rarely used
4. Mechanism

A. Light hits polymer – either reflected, absorbed, or scattered. 
Only absorbed light has a degenerative effect.

? Which type of polymer is more sensitive to photo oxidation?
B. Light that is absorbed excites the chromophoric group, and when 

oxygen is present photo oxidation occurs – free radicals form
C. Effects are magnified by heat, oxygen, 

and humidity

Light Stabilizers (continued)
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5. Methods of Stabilization – tested w/ accelerated weathering
A. Prevent UV absorption or limit it
1) UV absorbers convert the UV radiation into heat
a. Must be very stable or will be consumed quickly
b. Disadvantage – must have a certain absorption depth (thickness) 

for good protection – not good for films or coatings
B. Deactivate the excited state of the chromophoric group –

quenchers, able to take over the energy of the chromophoric
group.

C. Transform hydroperoxides into more stable compounds without 
generating free radicals – free radical scavengers (HALS)

6. Concerns – same as heat stabilizers

Light Stabilizers (continued)
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7. Influence of pigments on light stabilizer performance – most articles 
are colored
A. Pigments can act as sensitizers 

and reduce the stability of the 
polymer – most common in 
organic reds and yellow pigments

B. Some pigments increase stability,
especially in thick samples

C. Some pigments take over the role
of stabilizer and prevent UV 
radiation from reaching the 
deeper layers of the polymer

D. Color can strongly influence the 
surface temperature of the part

Light Stabilizers (continued)
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Lubricants and other related additives
1. Lubricants are mainly used as a processing aid – widen the 

processing window
A. Reduce shear heat
B. Aids in flow – reduce viscosity
C. Aids in release from molds and machine parts
D. Gives a glossy surface finish
E. Aids in the dispersion of pigments and fillers

2. Internal lubricants – soluble
A. Viscosity reduction – lubricates the nodes of the macromolecule
B. Reduction of heat dissipation – high shear rates convert the 

mechanical energy into heat energy
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3. External lubricants
A. Release effect – prevents hot melt from sticking to hot metal 

components
B. Plastification-retarding effect – reduce friction between melt and 

barrel wall/screw
C. Prevention of melt fracture – rhythmic  alteration of 

adhesion/slippage through the flow channel

4. Effective in concentrations of 1% or less 
– plasticizers require concentrations of >10%

Lubricants (continued)
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5. Specific types
A.Metal sterates

1) Internal – PVC
2) External - PE

B. Paraffin wax - external
C. Fatty acids – external
D.Esters – both external and 

internal
E. Fatty alcohols – both
F. Amines – mold releases -

external

Lubricants (continued)



Additives Plastics 001

6. Specifics of how they widen the process window
A. Mold release effect – reduction of demolding force and 

possible reduction in cure times
B. Slip effect – lower friction surfaces
C. Anti-blocking and anti-slip effect 

– roughen surface when a smooth
surface can cause problems - vacuum

D. Dispersion of pigments – reduces the need for heat and back 
pressure

E. Water repellency
F. Binding capacity

Lubricants (continued)
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Impact Modifiers
1. Impact modifiers (IM) induce reversible plastic deformation before 

crack initiation
A. With the addition of IM it is possible to greatly increase the 

impact strength of plastic components to make them acceptable 
for applications they would otherwise be unsuitable for.

B. 3 things that govern the effectiveness of IM
1)Type and amount of IM
2)Conditions under which IM is incorporated into thermoplastics
3)Processing conditions used in producing IM articles

C. IM increase the toughness and reduce the brittleness
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Impact Modifiers (continued)
2. Blending in of an IM creates a combination of hard and soft phases

A. Mechanical energy is initially absorbed by the hard plastic phase and is 
transferred to the enclosed soft elastic phase.
• If energy cannot be transferred to soft phase; stress cracks form, a stress 

concentration is created at crack, crack propagates, and fracture occurs.
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3. Other ways to IM polymers
A. Reduce crystallinity – greater 

amorphous sections – more entangled
B. Plasticizers – soften polymer and 

reduce viscosity
C. Lubricants – reduce viscosity – easier to 

flow at lower temps.

4. Common types
1. Bulk Rubber (EPDM)
2. Grafted Bulk Rubber (SAN)
3. Block Polymer Rubber – SBS in PS

Impact Modifiers (continued)
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Plasticizers
1. A substance which is added to a material (usually a plastic resin or an 

elastomer) to improve its processability, flexibility, and stretchability

A. 80-90% of all plasticizers used with 
PVC

B. Can decrease melt viscosity, glass 
transition temperature, and modulus
of elasticity of the product without 
altering the fundamental chemical 
character of the plasticized material.
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2. Internally vs. Externally plasticized
A. Externally plasticized

1)Allows for a lot of variation

2)Plasticizer is bound physically to the chain – not chemically

3)Processor can adjust flexibility over a wide range – properties 
can be tailored for a specific application

4)Disadvantage – extractable – migrate to the surface

Plasticizers (continued)
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2. Internally vs. Externally plasticized
B. Internally plasticized

1) Monomers with high Tg being selectively 
copolymerized with monomers whose 
homopolymers have a substantially lower Tg

2)Plasticizer is not extractable
3)Can also be externally plasticized
4)Disadvantage – Limited

a) Every copolymer suited to certain flexibility 
requirements

b) Mechanical properties are very temperature 
dependant

c) Insufficient dimensional stability at higher temps.

Plasticizers (continued)
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3. Types
A. Primary Plasticizers

1) Must be useable alone
2) Must not exude from the plastic material
3) Phthalates (DOP & DIOP)

a) 86% of world plasticizer market
b) DOP – Di(2-ethylhexyl)phthalate
c) DIOP – Diisooctyl phthalate

B. Secondary Plasticizers
1) Limited compatibility with the polymer
2) Usually also requires the use of a primary plasticizer

Plasticizers (continued)
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3. Types (continued)
C. Extenders

1) Gel PVC poorly
2) Exude strongly if used singly
3) Mainly used as dilutants for primary  plasticizers

4. Anti-plasticizers – small amounts of plasticizer in certain plastics 
can make them harder / more brittle

A. Increase the mobility of molecules – increase the crystallinity   
(4-15%)

B. Increasing the amount of plasticizer reduces and finally 
eliminates crystallinity

Plasticizers (continued)
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5. Concerns
A. Cost
B. Compatibility
C. Processing characteristics
D. Thermal, electrical, and mechanical properties
E. Resistance to water, chemicals, weathering,

dirt, and microorganisms
F. Toxicity
G. Effect on rheological properties

Plasticizers (continued)
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6. Need to know when specifying

A. Processing method

B. Special demands on end product – require specific plasticizers
1. Very high or low temps
2. Resistance to petroleum products (polyester  plasticizers)

Plasticizers (continued)
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Flame Retardants
Plastics are hydrocarbons – flammable
A. Many applications have ‘flame retardant’ specifications for plastic 

use
1) Electrical
2) Mining
3) Building
4) Transportation
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1.  Additive flame retardants
A. Can be incorporated into polymer before, during,

or after polymerization process
A. Types

1) Aluminum Hydroxide
1) Breaks down – endothermic reaction – cools polymer
2) Releases water vapor – dilutes gas phase
3) Aluminum oxide forms – char – protective layer

2) Halogen compounds – interfere in gas-phase reactions
3) Phosphorous – especially good for Oxygen containing 

polymers – forms a gas shield layer
Must be stable and compatible or they will bleed out

Flame Retardants (continued)
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2. Reactive Flame Retardants
A. Built right into polymer molecule
B. Used primarily with Thermosets
C. Have no plasticizing effect and do not affect the thermal 

stability of the polymer
3. Synergistic Flame Retardants (secondary)

The sum of the effect of the additives reacts to produce a much 
higher flame retardant effectiveness.

4. Smoke suppressants
A. Act physically to coat or dilute in the condensed phase
B. Act chemically to exude Carbon Dioxide or Carbon Monoxide

Flame Retardants (continued)
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Coupling Agents
1. Promote adhesion between polymer and fillers

A. Silanes
1) Used primarily with glass, but can be used with other fillers 
that have  an –OH group on the surface
2) Agents absorbed by the glass (silica) and sometimes forms a 
bond with the polymeric molecule.

B. Titanates
A. Also used primarily with –OH fillers
B. More thermally stable than silanes
C. More $
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Foaming Agents
1. Additives which are able to evolve gas through chemical reactions 

and produce foam structures in a polymeric matrix. 
A. Usually takes place in a narrow, elevated temperature range
B. Primarily chosen by decomposition temperature

2. Can be either open or closed cell
3. Reduces sinks on the surface of 

the part
4. Mixed in with pellets prior to 

processing
5. Two types

A. Physical
B. Chemical
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Anti-Fogging Agents
Nucleating agents – very small particles, invisible to the naked eye, 

which cause a high degree of crystallization to occur, but because 
of the large number of crystals forming in a small time frame, the 
size of the crystals is much smaller thereby increasing the 
transparency of the material.
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Anti-Microbial
1. Most plastics are immune to microbe attack, it is the additives and 

microbial by-products which will degrade the polymer (PVC-
Plasticizers)

2. Problems caused by microbial degradation
A. Staining – some microbial by-products are

dyes
A. Odor – mold and mildew, yeasts
B. Reduction of electrical properties
C. Enhanced dirt uptake – roughening of the

surface finish
A. Increased permeability of solvents and gasses
B. Hygienic effects
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Anti-Microbial (continued)
3. Microbes

A. Mold
B. Mildew
C. Yeast
D. Fungus
E. Bacteria
F. Algae
G. Lichens
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Miscellaneous
1. Antistats

A. The same properties that give plastics excellent electrical 
properties also make them highly susceptible to static charge
1)Attracts dust – hygienic problems
2)Can cause processing problems – especially with films
3)Static discharge can damage some products – microchips
4)Static discharge can cause fires  – flammable environment

B. Mechanisms to prevent static
1)Surface application of an external antistat agent
2)Incorporation of an internal antistat  agent
3)Incorporation of conductive additives to dissipate the charge
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2. Degradable Additives
A. Additives that promote the degradation of the plastic article at 

the end of its lifecycle (corn-starch in 6 pack holders)
B. Comes into direct conflict with recycling proponents

3. Fragrances – chemical additives put into the polymer matrix to 
impart a distinctive smell.

4. Peroxides 
A. Cross-linking agents

1) Provide dimensional stability at elevated temperatures
2) Provides increased chemical resistance

B. Mainly used in Polyethylene (PEX)

Miscellaneous (continued)
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Questions ???

ADDITIVES
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Plastics Processes
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Module 6 will provide a brief overview of the 
major Plastics processes. Because of the unique 
features of plastic parts (size, shape, is it 
hollow?, …), many types and variations of 
processes have been invented to create these 
parts.
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• Module Objectives
– By the end of this module, you should be able to:
– Understand the basic operation of each process.
– Understand the key processing parameters.
– Understand several Advantages of each process.
– Understand several Disadvantages of each 

process.
– Understand how to identify parts made by each 

process.
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Injection Molding
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• Introduction
– Injection Molding is one of the most popular and 

most used processes in Plastics. The largest 
variety of parts are made with Injection Molding.

• To Read
– Review Chapter 6.3 before beginning the lesson.
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• To Do
– Assignment 11: See the Assignments folder in our 

course Angel space for this assignment. 
Remember, all assignments are due by midnight 
on the date stated on your syllabus.

– Take Quiz 7 after this lesson and before beginning 
Module 6 Lesson 3.
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• Topics
– Injection Molding Process
– Variations in the Process
– Materials and Material Requirements
– Key Processing Parameters
– Advantages and Disadvantages
– Competing Processes
– Future Development
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• Introduction
– It is a high-speed process that can make quite 

large to very small, solid parts with simple or 
highly intricate 3D geometries. 

– Process can hold extremely high tolerances.
– Tooling costs are high, so the process is best suited 

for high-volume applications.
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• Introduction
– Can produce high-gloss parts with high depth of 

image and a wide variety of special effects 
requiring little or no post-mold finishing.

– Insert molding allows production of parts with 
integral decorative surfaces (paint films, foils, 
carpet, fabric).
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• Introduction
– Moldable Range of Part Sizes:  As small as the 

head of a pin to as large as an Automobile Bumper 
or Fascia
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• Current Areas of Use
– Computer Housings
– Bumper Fascias for Autos
– Electrical Connectors
– Medical Instruments
– Toys
– Appliance Housings
– Furniture
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• Plastification Stage

– The first stage is the plastification stage. During 
this stage, the screw rotates and pumps the 
polymer material in front of the screw. This 
polymer cannot flow into the mold, so it starts to 
collect in front of the screw.
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• Plastification Stage
– The pressure that builds up, because of the 

material being forced in front of the screw, starts 
to push the screw towards the back of the 
injection unit. When the screw is pushed back to 
a pre-set distance, the screw stops rotating. The 
amount of material in front of the screw is 
referred as the shot size.
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• Filling Stage
– When the mold closes, the screw is pushed 

forward.  This fills the mold to 98% full.  
– This filling is done at high speed.  
– If the mold was completely filled, the pressure 

would be too great and would push the mold 
open.
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• Filling Stage
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• Packing Stage
– The last 2% of the part is filled during the second 

stage of the injection molding cycle.
– As the molten polymer starts to cool, it shrinks.  

Compensation for this shrinkage is done in this 
stage.  Without this compensation, the part would 
shrink away from the mold walls.

– This stage is complete when the gate solidifies and 
no more compensation can occur in the part.
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• Packing Stage
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• Cooling Stage
– When the gate is solidified, the screw builds up 

another shot.
– The part is kept in the mold to solidify and retain 

shape.
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• Ejection Stage
– When the mold opens, the part is pushed out of 

the mold.
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• Injection molding has many variations to the 
basic process. These process variations, in 
conjunction with materials selection, can be 
used to broadly expand the range of available 
part properties and geometries.
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• Process Variations:  Gas-Assist
– High-pressure nitrogen is injected after the mold 

is filled 60-90% full with polymer.  
– The gas finishes the filling and provides the 

pressure to pack the part.  
– Thick gas channels can be used to increase part 

stiffness without adding mass.  Parts with thick 
regions (that can be difficult to cool) can also 
benefit from this process.
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• Process Variations:  Micro-Molding
– Tiny parts, as small as 0.00012 g, can be made 

with Micro-Molding.  
– Special machines that can repeatedly deliver very-

small shots of polymer are needed for this 
process.  

– Parts from this process are typically used in 
medical and electronics applications.
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• Process Variations:  Structural Foam
– Injection molded parts can be mechanically or 

chemically foamed to create quite large parts with 
higher stiffness/weight ratios & low molded-in 
stresses.

– Unlike standard injection molded parts with solid 
walls, foamed parts have closed cell wall sections 
and can be designed with variable wall thickness.
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• Process Variations:  Structural Foam
– The foaming process finishes the filling and 

packing of the parts.
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• Process Variations:  Co-Injection & Sandwich
– Co-Injection and Sandwich molding are two ways 

to have one plastic part with two or more 
materials bonded together in the mold.  

– Co-Injection puts materials side by side, while  
Sandwich Molding put the second material inside 
the part between the first material.  

– This is usually done to provide stiffness with a 
softer touch outer material, put recycled material 
in the center, or create integrated seals in a part.
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• Material Requirements
– Sufficiently low viscosity to flow through the melt 

delivery system and fill the mold’s geometry.
– Only extremely high molecular weight materials 

cannot be processed in injection molding.
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• Common Materials
– Commodity 

Thermoplastics
• PS
• SAN
• PP
• HDPE
• TPOs
• PVC (flexible and rigid)

– Commodity Thermosets
• Unsaturated Polyesters
• Melamine
• Phenolics

– Engineering 
Thermoplastics

• ABS
• PC
• Nylon (PA)
• MPPE (or MPPO)
• PET
• PBT
• PEI
• PPS
• POM
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• Common Materials
– Exotics/Specialty Resins

• LCPs
• PEEK
• PI

– Engineering 
Thermoplastics

• Acetal (POM)
• TPEs
• TPUs
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• Key Processing Parameters
– Barrel temperatures determine the viscosity of the 

polymer.  A higher temperature will lower the 
viscosity. This will allow it to flow easier.  Although 
80% of the melting comes from frictional heating 
from the rotation of the screw, the barrel 
temperatures can change the melt temperature 
over a limited rate.
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• Key Processing Parameters
– Mold temperature can determine surface 

appearance and affect packing of the part.  
Warmer mold temperatures give the polymer 
more time to pick up the mold detail before it 
cools.  If the mold is cool enough, it could cool the 
molten polymer in the middle of the part and 
decrease the amount of compensation during the 
packing stage.
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• Key Processing Parameters
– Injection speed determines the amount of 

orientation in the part.  If the speed is too fast, the 
frictional heating could become too high, increase 
the polymer temperature, and decrease the 
polymer's viscosity.
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• Key Processing Parameters
– Packing pressure compensates for the polymer 

shrinkage as it cools. A higher pressure will 
provide more compensation. If the pressure is too 
high, it could cause the parts to stick in the mold.

– The cooling time determines the temperature of 
the part as it comes out of the tool.  If it is too 
warm, there could be some unrestricted shrinkage 
in the part, which, in turn, could lead to warpage.
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• Process Advantages
– Provides high production rates – particularly 

when using multi-cavity tools.
– Capable of holding highest tolerances of any 

plastics processing method.
– Tools equipped with hot runners have low 

scrap rates.
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• Process Advantages
– Once process settings are finalized, process can 

operate automatically with minimal human labor, 
except for secondary finishing.

– Process is capable of extremely complex shapes, 
although this must be balanced against higher 
tooling costs and more complicated operation and 
maintenance.
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• Process Advantages
– Because of the high pressures involved, process is 

capable of reproducing an excellent – even mirror 
surface finish,  depending on finish on tooling.
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• Process Disadvantages
– Compared to other plastics processes, tooling 

costs are high.
– Some part details, such as undercuts, are not 

easy to construct in the mold.
– Parts with high levels of residual stresses can 

continue to shrink or warp for several days 
after molding.
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• Process Disadvantages
– It can take a long time to build the molds 

because of the tighter tolerances and making 
sure that the mold can withstand the high 
pressures that are needed for the process.

– It is hard to predict accurate shrinkage. 
Depending on how the part is processed, the 
shrinkage can be changed.  The process has a 
huge effect on the parts final dimensions.
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• Competing Processes
– Except for large parts, hollow parts can be 

assembled from several injection molded parts.   
• The traditional hollow parts processes are Blow 

Molding, Rotational Molding, and Twin-Sheet 
Thermoforming.  

– Injection molding can make equivalent parts at 
higher tolerances, assuming volumes justify higher 
tooling and extra assembly costs, and aesthetic 
standards will allow a welded area around the 
part.
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• Competing Processes
– Any plastic process could be a competitor of 

injection molding.  These other process could be 
less costly and offer some properties that injection 
molding cannot (e.g. very low molded stresses).  

– Injection molding would be able to create the 
parts with higher tolerance but likely at higher 
costs unless production volumes were also high.
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• Future Development
– Injection molding is almost always the first 

process examined when converting metal parts to 
plastic because it is so well suited to parts 
consolidation.  

– Developments in injection molding, such as liquid 
silicone molding and gas-assist, make it more 
attractive than other competing polymer 
processes for some current applications.
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• Future Developments
– In addition, new mold making techniques are 

being evaluated to replace traditional methods of 
insert creation.  These techniques involve a laser 
that melts powdered metal to create mold inserts 
directly from a computer model.
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• Future Development
– Computer control of the injection molding process 

would allow instant modification of the process 
based on a parts attributes.

– The use of CAE design software to automatically 
design molds is still in its infancy.

– Molding variations, such as Micro-Molding, 
MuCell, Liquid Silicone Injection Molding, … are 
starting to be used more.
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• Future Development
– Although CAE analysis of the injection molding 

process has been around for many years, it is still 
struggling to gain wider acceptance.  Although it is 
being used more in the medical and automotive 
industries, it is still only being used on about half 
of the molds being made in the US.
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Fillers, Fibers, and Reinforcements
(composite materials)
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KEY POINTS:  
After reviewing the Fibers, Fillers, and Reinforcements 
plastics presentation, students should:
• Be able to explain the property changes associated with adding fillers 

and fibers to thermoplastic materials
• Be able to name several fillers and fibers as well as the advantages 

and disadvantages of each
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Overview
In many applications, thermoplastic materials are not the ideal material 
for the job. 

They either are not strong  enough or they don’t possess the 
dimensional stability required.

By adding  fillers, we can increase
the dimensional stability and 
stiffness of the material 
– we make it harder for the 
polymer chains to slide past one 
another.
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Overview
By adding certain reinforcing fibers, we can drastically increase the 
mechanical properties of the material.

Adding reinforcing fillers and fibers to some commodity plastics can 
increase their properties to an extent that they may be used to replace 
a more expensive engineering plastic.

In some other cases, fillers are added just to act as a resin stretcher –
the make it go further. It’s kind of like watering down the kool-aid at 
your stand so you have more to sell.
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Fillers and Reinforcements
Solid materials which are added to polymers to increase bulk or improve 

properties.
A. Generally inorganic

1. Inert fillers/extenders increase bulk and reduce cost
2. Active fillers produce specific improvements in resin 

properties – reinforcement fillers.

B. Some fillers form chemical bonds with the polymer they are 
reinforcing. Carbon black – crosslinks elastomers.
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C. Other fillers act merely by taking up space
1. At surface of filler – molecules form valence

bonds with the polymer molecules.
2. Immobilization and possible orientation of

polymer segments
a.Increase in Glass Transition Temperature 

Wrong –the Tg is a function of the structure of the 
polymer , the filler will increase the service temp.,
but the Tg remains the same

b. Increase in stiffness of the material
D.Uniform distribution of fillers is important

a. Want as much surface area of the filler in contact with the polymer
b. MPS (Mean Particle Size) will affect the degree of stiffness

Fillers and Reinforcements (continued)

Image of the Hubble Deep Field
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Property Improvements
Any filler will increase some properties

Modulus of Elasticity (Stiffness)
WHY?

Fillers and Reinforcements (continued)
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Fillers and Reinforcements (continued)

Using extender fillers primarily results in changes in polymer properties:
1. Increase in Density
2. Increase in Modulus of Elasticity, Compressive and Flexural Yield 

Strength
3. Decreased shrinkage
4. Increased hardness and improvement in surface quality (?)
5. Increased HDT
6. Lower temperature dependence of mechanical and physical 

properties
7. Reduced cost
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Fillers and Reinforcements (continued)

Using reinforcing fillers primarily results in changes in polymer 
properties:
1. Tensile strength at yield and break
2. Increase in Modulus of Elasticity, Compressive and Flexural 

Strength
3. Increased HDT
4. Lower temperature dependence of mechanical 

and physical properties
5. Decreased Shrinkage
6. Improvement in creep behavior
7. Reduction of viscoelastic yield under load
8. Partial improvement in impact strength
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Considerations when specifying fillers
A. Optimum particle size distribution
B. Possible catalytic activities at filler’s surface
C. Bonding properties with plastics’ matrix
D. Abrasive action in processing machinery
E. Properties of the compound
F. Problems with industrial safety
G. Cost

Disadvantages of fillers are usually attributed to the directional 
effect of fillers – effects are magnified in one direction, but 
lessened in the other – WHY???

Fillers and Reinforcements (continued)
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Types
A. Calcium carbonate (CaCO3) (Chalk)

1. Mostly used as an extender 
– most important filler used

2. Low cost
3. High chemical purity
4. Does not form agglomerates
5. High degree of whiteness – Pastel colors – Vinyl siding
6. Mildly abrasive – gentle on machinery – toothpaste
7. Good dispersion
8. Increase in stiffness and Modulus of Elasticity

Fillers and Reinforcements (continued)
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Types
A. Calcium carbonate

9. Reduced Shrinkage
10. Improvement of surface finish
11. Lower plate out
12. Increased impact strength (coated grades)
13. Improved stability and aging resistance (coated grades)
14. Nontoxic, odorless, heat resistant up to 600º F
15. Low cost ($140/Metric ton)

Fillers and Reinforcements (continued)

Image courtesy of heyyu
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Types 
B. Silicates (glass spheres –hollow or solid) (Fibers will be covered later)

1. Uniform shape
2. Transparent
3. Compression resistant
4. High thermal stability
5. Do not have a big effect on 

material flow

Fillers and Reinforcements (continued)
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Types 
B. Silicates (continued)

6. Distribute stresses
7. Provide uniform shrinkage
8. Increase tensile and compressive

strength – also flexural modulus
9. Commonly used with a silane

coupling agent
10. Hollow spheres add less weight to finished articles

Fillers and Reinforcements (continued)
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Types 
C. Talc – used a lot in PP

1. Very finely ground talc has a nucleating effect
2. Increase in stiffness and flexural modulus
3. Reduction of creep
4. Improves HDT and dimensional

stability
5. Improves shrinkage 

– reduces warpage
6. Increases surface hardness
7. Good thermal conductivity

Fillers and Reinforcements (continued)
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Types
C. Talc – used a lot in PP

8. Decrease in tensile and impact 
properties

9. Lower MFR
10. Changes color – brown tint
11. May not be suitable for contact with 

food
12. Pure products are $$$$
13. Abrasive

Fillers and Reinforcements (continued)
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Types 
D. Kaolin – hydrated aluminum silicates

1. Improves electrical  properties and chemical resistance
2. Lowers crack tendency
3. Improves shock resistance
4. Improves surface quality
5. Improves permeability of  base

material

Nanocomposites

Fillers and Reinforcements (continued)
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Types 
D.Mica
1. High stiffness
2. High dimensional stability at elevated temps
3. Good dielectric properties

Fillers and Reinforcements (continued)
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Types 
E.Other fillers

1. Precipitated Calcium Carbonate – finer particle size, very pure, 
more $$

2. Dolomite – more abrasive, less weather resistance than CaCO3
3. Gypsum – Calcium Sulphate – increased acid resistance
4. Asbestos – greatly increases stiffness – health hazard

Fillers and Reinforcements (continued)



BLANK
Plastics 001Fillers, Fibers, and Reinforcements

Types 
E. Other fillers (continued)

5. Carbon Black - conductivity
6. Graphite - lubricant
7. Metal Flake - conduction
8. Magnetic fillers

Fillers and Reinforcements (continued)
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Fibers
Glass, Aramid, and Carbon fibers are the only fibers of importance for 
the reinforcement of plastics.
A. Processed as textile fibers
B. Possess a large length to diameter ratio (l/d>10)
C. Possess sufficient strength and flexibility
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Fibers – Glass (continued)

Textile Glass Fibers – fine fibers with almost uniform, mainly round cross 
section, obtained from molten glass
A. Textile glass fibers

1. Glass filament – textile glass 
fiber of practically unlimited 
length with defined fiber 
diameter drawn from molten
glass

2. Staple glass fiber – textile glass
fiber of finite length (spun fiber) and defined fiber diameter 
obtained from molten glass by 
mechanical means or by the use of gaseous media
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Fibers – Glass (continued)

B. 90% of glass fibers is E-glass (Aluminum Boron Silicate Glass). Other 
specialty glasses are available for specific applications

1. R and S glass fibers for increased strength – 50% higher
2. ECR glass for high acid resistance
3. Zirconium oxide for high alkaline environment
4. D-glass for improved dielectric properties
5. C-glass to build up anticorrosion layer against aggressive media.
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Fibers – Glass (continued)

C. Surface Treatment – usually applied to the glass during the drawing 
process
1. Lubricants, coupling agents, and other additives
2. Affect the processing properties and reinforcing effects in plastics.

D. Safety – Nontoxic and ecologically safe. Only issues are skin irritation 
on contact and inhalation.
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Fibers – Glass (continued)

E. Costs – additional costs incurred by using glass include the added 
compounding and using specialized equipment to process.
1. PE, PS, and PVC are generally not reinforced – improvements in 

mechanical properties do not justify the additional cost

2. When using PA, PC, PET, PBT, and POM the cost is usually justified.

3. In PP, SAN, and ABS the glass fiber reinforced form possesses 
properties that approach those of engineering plastics.

4. Generally the addition of glass reduces the toughness of a 
polymer. $

$

$

$

$
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F. Critical fiber length 
1. The linkages in the fiber/resin interface must allow the forces to be 

conducted to the molding

2. Critical fiber length is mainly dependant on either interfacial shear 
strength or filament diameter

3. Critical length 
= tensile stress/(2*interfacial shear stress)

Fibers – Glass (continued)
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G. Considerations 
1. Lower energy costs – Why?

– Faster cycle times – Why?
2. 40% of reinforced plastics used in automotive
3. Shear forces must be kept low during processing

– Don’t want to break up the fibers – reduce the strength of the 
components

Fibers – Glass (continued)
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I. Advantages
1. Increased Strength
2. Increased stiffness
3. Increased HDT
4. Reduced Shrinkage
5. Reduced coefficient of thermal expansion
6. Increased dimensional stability
7. Reduced cycle times
8. Reduced weight

J. Disadvantages
1. Reduced impact strength
2. Directional warping
3. Increased abrasion
4. Reduces surface appearance quality

Fibers – Glass (continued)
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Fibers – Carbon
Carbon Fibers

A. Produced from either Polyacrylonitrile (PAN) or pitch (mainly pitch)
B. Forms

1. Filament yarns (woven) – 1-320k filaments (1-12k used in 
plastics)

2. Short fibers – 3-6 mm long
C. Safety considerations

1. Special exhaust units used to evacuate
dust

2. Dust is highly conductive and electrical
equipment

3. Skin irritation
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Fibers – Carbon (continued)

Carbon Fibers 
D. Advantages

1. Increased strength
2. Increased extension at break
3. Increased modulus (stiffness)
4. Electrical conductivity
5. Reduced coefficient of 

thermal expansion
6. Reduced weight
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Fibers – Aramid
Aramid Fibers
1. Melt at 500ºC
1. Two forms

a. Unoriented – type A
b. Oriented – higher modulus 

– type B
2. Types

a. Kevlar
b. Nomex

3. Will absorb moisture – properties will fail in a strongly acidic or 
alkaline environment
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Aramid Fibers 
D. Forms

1. Filament yarns (woven) – 125-5k filaments 
2. Spun fibers – 40-60 mm 
3. Short fibers – 6 mm long
4. Pulps

E. Safety considerations
1. Special exhaust units used to evacuate dust
2. Dust is flammable and can ignite
3. Skin irritation

Fibers – Aramid (continued)
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Fibers – Aramid (continued)

Aramid Fibers 
F. Advantages

1. Increases strength
2. Increased modulus
3. Reduced coefficient of thermal expansion
4. Reduced weight
5. Greatly increased impact strength at elevates stress rates –

antiballistic 
6. Lubricational effect when surfaces containing Aramid fibers rub 

together
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Fibers – Miscellaneous
Miscellaneous Fibers

A. Ceramic fibers – high temperature, very abrasive
1. Aluminum Silica
2. Aluminum Oxide
3. Silicone Carbide
4. Zirconia Silica

B. Metal Fibers – high strength, abrasive
1. Aluminum 
2. Nickel 
3. Stainless Steel

C. Polymer Fibers
1. Nylon
2. PP
3. PET
4. PE
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Fillers, Fibers, and Reinforcements
(composite materials)

Questions?
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Profile Extrusion
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• Introduction
– Extrusion is a process that can make long parts 

with a constant cross-section. Everything from 
pipes to weather-stripping can be made with this 
process. For the kinds of parts, no other process 
can create these parts as cheaply as Extrusion.



Extrusion
Plastics 001

• To Read
– Review Chapter 6.1, 6.1.2, and 6.1.2.2 before 

beginning the lesson.
• To Do

– Take Quiz 7 after this lesson and before beginning 
Module 6 Lesson 3.
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• Topics
– Profile Extrusion
– Common Materials
– Processing Parameters
– Film and Sheet Extrusion
– Competing Processes
– Future Development
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• Introduction
– This process can make long, 2D geometry.
– Parts can be made solid or hollow.
– Multiple materials can be co-extruded together 

(rigid material with softer seal).
– Process is continuous and fast.  Individual parts 

must be cut from continuous feed.  Useful for 
producing roll-stock.
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• Product Range
– Min:

• < 0.001 inches fiber
– Max:

• 30 feet wide sheet
• 2 inch thick
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• Areas of Use
– Window Profiles
– Fibers
– Pipe
– Packaging

• Sheet/Film
• Bags
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Die
ScrewAir Blowers

Hopper

Heater Bands
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• Basic Process
– The material is melted in the extruder.  The 

molten polymer is pushed from the extruder 
through a die, whose shape it takes on.

– The molten polymer exiting the die must be 
cooled.  It is usually pulled through a water bath.

– A sizing die or shaping fingers are used to hold the 
part’s dimensions as it cools.
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• Sizing dies are used to control the shape of 
the molten polymer as it enters the cooling 
bath.  If there were no sizing die, the molten 
polymer will shrink uncontrollably before it 
solidifies.

• Sizing dies are usually made of aluminum or 
brass and take the shape of the part being 
extruded. 
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• Basic Process
– A puller is used to pull the polymer extrudate

through the cooling tank after it leaves the die.  It 
usually pulls faster than the velocity of the 
polymer exiting the die.  This causes orientation of 
the polymer and reduces the part’s size.

– Once solidified, the extrudate is usually rolled or 
cut into individual parts and stacked.
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Extruder

Sizing 
Die

Water Tank Puller
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• 2D Shape
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• Sheet
– When rolled, the sheet has permanent 

deformation.  It is generally greater than 0.010 
inches in thickness.  There is single direction 
orientation because of the puller.

• Film
– When rolled, the film has no permanent 

deformation.  It is usually less than 0.020 inches in 
thickness.  It is biaxially orientated from the puller 
and stretching perpendicular to flow.
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• Thickness
– 0.010 – 0.50 inches

• Widths
– Up to 36 feet

• Lengths
– Virtually unlimited
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• A coat-hanger die is attached to the extruder, 
which is positioned horizontally.  The molten 
polymer is pulled into a frame that grabs the 
side of the film with hooks and allows it to 
start cooling.  The hooks are set on a track and 
are allowed to pull the sides of the film to 
make it wider.  At the same time, the film is 
being pulled faster than the film exits the die.
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• Coat-Hanger Die & Chill Rolls
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• Bi-Axially Oriented Film



Extrusion
Plastics 001

• A tubular die is attached to the extruder, 
which is positioned vertically.  A hollow tube 
of plastic is extruded and blown upwards, 
expanding the diameter of the tube as it is 
pulled upward. A frame at the top of the 
machine starts to flatten out the tube as it is 
pulled back down the side of the tower.  A set 
of rollers at the top closes the tube and seals 
in the air.  The film is put on rolls.
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• Co-extrusion allows different materials to be 
extruded together.
– An elastomer can be extruded over a rigid 

material creating a self-seal.
– Multiple colors can be co-extruded together.
– Multiple types of materials can be combined to 

maximize properties (e.g. a barrier layer, a layer 
for strength or chemical resistance, and an outer 
layer for aesthetics).
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• Materials for extrusion must possess good 
melt strength so the puller can keep tension 
on the molten polymer as it exits the die 
without causing breakage.
– Lower barrel temperatures than Injection Molding 

are used to increase viscosity.
– Wide Spec/Higher Molecular Weight grades are 

used to give the molten polymer more strength.
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• Common Materials
– Polyethylene

• Tubing
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• Common Materials
– PVC

• Pipes
• Grocery Store Signage
• Siding
• Tubing
• Medical Supplies



Extrusion
Plastics 001

• Common Materials
– Polypropylene

• Tubes
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• Common Materials
– Elastomers

• Shopping Cart Bumpers
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• Key Processing Parameters
– Melt Temperature – Changes the viscosity of the 

material.
– Extruder Speed – Determines the speed that the 

part is made.
– Cooling Temperature – Determines how quickly 

the part is cooled.
– Puller Speed – It is used to size the part.  The 

puller pulls faster than the extruder.
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• Die Swell
– As the polymer is moved through the screw and 

pushed through the die, the polymer is 
compressed.  The land, which is the die section 
with the actual geometry, is usually short.  The 
polymer is squeezed and oriented as it goes 
through the land.  Since it is not in this section 
very long, the polymer chains do not have enough 
time to fully realign themselves to this new 
orientation.
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• Die Swell
– When the polymer exits the die, it tries to recover 

some of its original orientation and it swells in 
size.  If the land is long enough, the polymer 
chains have more time to realign to the new 
orientation and do not swell as much.
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• Advantages
– Because the process is continuous, it is 

possible to have high production rates.
– Compared to injection molding, there is low 

tooling cost.
– The continuous nature of extrusion makes it 

the lowest cost conversion process for plastics.
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• Disadvantages
– Since the parts are continuously formed, 

secondary operations are needed to cut parts 
to size.  Any holes or cuts have to be put in 
after cooling or after the parts are cut to size.

– Any changes in viscosity will change the 
dimensions of the part.  It takes constant 
checking to keep parts in tolerance.
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• Disadvantages
– It takes a long time to debug the die to make parts 

within tolerance.  Once the die is debugged, the 
output may be limited.  Faster speeds would 
change viscosity and potentially put the parts out 
of tolerance.

– Surface defects can be caused by dirt or scratches 
on the die.  The velocity of the polymer and die 
temperatures sometimes create surface defects.
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• Competing Processes
– Injection Molding

• To create some of the complex geometry in injection 
molding, assembly would be needed and the mold 
costs would be very expensive.
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• Future Development
– Architectural elements such as decking or fencing 

are growing stronger.
– The use of CAE analysis software to design dies is 

slowly growing.
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Extrusion Blow Molding
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• Introduction
– Extrusion Blow Molding is a process that can 

create hollow parts. There are two different 
industry segments that use Extrusion Blow 
Molding, packaging (bottles) and industrial (any 
parts that are not bottles).
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• To Read
– Review Chapter 6.4.3 and 6.4.3.1 before beginning 

the lesson.
• To Do

– Take Quiz 8 after this lesson and before
scheduling Exam #3.
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• Topics
– What is Extrusion Blow Molding
– Continuous and Intermittent Extrusion Blow 

Molding
– 3D Blow Molding
– Common Materials and Key Processing 

Parameters
– Advantages and Disadvantages of Extrusion Blow 

Molding
– Competing Processes and Future Development
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• Introduction
– Extrusion blow molding is a process that can make 

small to large hollow parts quickly.
– The products range from less than 1 oz up to 1000 

gal
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• Some current products:
– Containers
– Gas Tanks
– Toys
– Seat Backs
– Air Ducts
– 55 gal Drums
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• The process starts with the formation of a 
hollow tube of plastic, called a parison.  
– The tube is extruded downward until it extends 

past the bottom of the mold.
– The mold then closes on the parison..
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• Air is introduced into the parison via a blow 
pin at the top of the part or a needle in the 
middle of the part, inflating the plastic and 
pushing it against the mold sides.

• The part cools in the mold.
• The part is ejected from mold.
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• Continuous Extrusion Blow Molding
– The parison is continuously extruded 

throughout the cycle.
– It can only be used with materials that have 

good melt strength.
– It also can only be used for short cycle times.
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• Intermittent Extrusion Blow Molding
– The plastic material that is extruded is stored in 

an accumulator.
– When the mold opens, the accumulator 

pushes the material out of the die to form a 
parison.

– It is used for parts with long cycles and 
materials with low melt strength.
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• 3D
– It is used for parts with complicated tubular 

geometry.
– It is used with intermittent extrusion blow 

molding.
– Can be used with multiple materials (Co-

Extrusion).
• Usually an elastic material with a rigid material.
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• There are two ways to get air into the parison.
– Blow pins are used to bring the air in on the 

parting line of the mold.
• In bottles, it is inserted through the neck.

– Blowing needles are used to create very small 
holes in a part.  Such pins can be located 
anywhere in a mold.
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• The plastic material expands through its 
thickness as it exits the die.  This is called die 
swell.
– It expands because of plastic memory.  The plastic 

material is squeezed as it goes though the land in 
a blow molding die.  

– As it exits, it wants to go back to the shape it had 
before it went through the land.
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• During the formation of the Parison, it gets 
longer and heavier.  As it gets heavier, gravity 
starts to extend the Parison.  This is called 
Parison Sag.

• This creates an uneven wall thickness in the 
Parison.
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• Materials with High Melt Strength are needed 
in Extrusion Blow Molding to reduce the 
amount of Sag (and excess thinning) in the 
Parison.
– Lower barrel temperatures than Injection Molding 

are used to increase viscosity.
– Wide Spec/Higher Molecular Weight grades are 

used to give the parison more strength to hang 
without tearing or excessive sagging.
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• Common Materials
– Olefins (Polyethylene, Polypropylene)
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• Common Materials
– Thermoplastic Elastomers (TPEs)
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• Common Materials
– Polycarbonate
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• Common Materials
– PVC
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• Key Processing Parameters
– Melt Temperature – Changes the viscosity of the 

material.
– Extruder Speed – Determines the speed that the 

parison is made.
– Blow Time – Although blowing forms the product, 

holding the pressure on the product keeps it in 
contact with the mold and increases the cooling.
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• Key Processing Parameters
– Blow Pressure – Helps to pick up surface detail in 

the mold.
– Parison Drop Time – How long the parison hangs 

and stretches before the mold closes.
– Parison Programming – Creates local thickness 

changes in the parison.  
– If the parison is off-center, it will cause thickness 

variation around the circumference of the part.
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• Process Advantages
– Molds are inexpensive vs. injection molding.  Since 

molding pressures are much lower, tooling can be 
produced in aluminum.

– Irregular geometry can be easily molded if the 
mold can open without destroying the part.

– There is the ability to combine several 
components into one part.

– The inside volume of the part can be filled with 
foam while the mold is still closed.
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• Process Advantages - Co-extrusion
– By using specialized polymers, better barrier 

properties can be had.
– Recycled materials can be layered in the middle.
– Less costly materials can be used in a layer to 

reduce the part’s cost.
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• Process Disadvantages
– There are problems filling corners and deep 

sections because the parison will be stretched 
too thin.

– In injection molding, the part is cooled and 
constrained by two sides of the mold.  With 
extrusion blow molding, the part only touches 
the mold on one side.  This helps to create 
wider tolerance than is seen with injection 
molding.
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• Process Disadvantages
– On long flat surfaces there is a tendency for the 

flat surfaces to warp.
– To ensure proper filling and a strong weldline, the 

parison is extruded larger than the tool.  Hence, 
there is always some flash created as excess 
material is squeezed between parting lines during 
the blowing operation.
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• Process Disadvantages
– Secondary operations are always needed to 

remove flash.  Holes and other features are put in 
after the part is removed from the mold.

– There is wall thickness variation because of 
parison sag and part shape.  The parts tend to be 
thinner at the top because of sag.  When the parts 
have a bigger local diameter, the parts will be 
thinner in the thicker regions.  The further the 
parison has to travel; the thinner it gets.
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• Disadvantages
– Any surface defect that result from the extrusion 

of the parison or sweating of the mold will cause 
surface appearance problems on the part.

– If there is a change in parison thickness or if the 
pinch-off is not designed correctly, there could be 
a weak weld leading to part failure.
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• Competing Processes
– Injection Molding

• Hollow parts can be made, but they must be molded in 
halves and assembled.  The parts will have constant 
wall thickness and tighter tolerances. 

– Rotational Molding
• Parts will have more uniform wall thickness, but will 

have a looser tolerance.
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• Competing Processes
– Twin Sheet Thermoforming

• Parts will have an external seam/weld.
– Injection Blow Molding

• Parts will not have a weld, have better surface finish, 
and tighter tolerances, but cannot be produced as large 
or as structural.
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• Future Development
– Extrusion Blow Molding is looking at converting 

parts or products, that have two components that 
are assembled together, to one Extrusion Blow 
Molded part.  Because  Extrusion Blow Molding is 
a hollow part process, both sides of a product can 
be molded together.
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Injection Blow Molding
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• Introduction
– This lesson will cover the injection blow molding 

process, which is closely related to extrusion blow 
molding, and which can make tight tolerance, 
hollow parts without a seam. These parts can be 
highly oriented to provide strength and better 
barrier properties, as well as being able to create 
parts quickly.



Injection Blow Molding
Plastics 001

• To Read
– Review Chapter 6.4.3.2 before beginning the 

lesson.
• To Do

– Assignment 11: See the Assignments folder in our 
course Angel space for this assignment. 
Remember, all assignments are due by midnight 
on the date stated on your syllabus.
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• Topics
– What is Injection Blow Molding
– Basic Injection Blow Molding Process
– Variations in the Process
– Common Materials and Key Processing 

Parameters
– Advantages and Disadvantages
– Competing Processes and Future Development
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• Introduction
– It is closely related to Extrusion Blow Molding.
– This process can make tight tolerance, hollow 

parts without a seam.
– The parts can be highly oriented to provide 

strength and better barrier properties.
– It can create parts quickly.
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• Current Areas of Use
– Containers
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• Product Range
– Less than 1 oz to Slightly Greater than 5 gallon
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• The process is a variation on Extrusion Blow 
Molding. Instead of an extruded parison that 
was used in Extrusion Blow Molding, a 
preform, which is a “test tube” shaped, 
injection molded part, is used in Injection 
Blow Molding. This preform is injection 
molded first in either the same machine or on 
a separate injection molding machine prior to 
being expanded in the blow molding cycle.
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• Before the preform can be molded into the 
shape of the final part, it needs to be 
conditioned. The conditioning either heats or 
cools the preform so it is the correct 
temperature to blow into the shape of the 
mold. If the preform is made on the same 
machine, heat has to be removed to give the 
polymer some strength so it can be blown into 
shape. 
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• If the preform is made on a separate injection 
molding machine, it needs to be reheated to 
decrease its viscosity. In this case, the 
preform is usually brought to the blow 
molding machine at room temperature.

• Once the preform is at the correct 
temperature, it is moved into the blow mold.
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• Air is introduced into the neck of the part, 
blowing it out against the mold surfaces to 
form it into shape. Once the preform takes 
the shape of the mold, it is held under 
pressure to allow good contact with the 
mold. This is done to get better cooling of the 
part. The part is then ejected from the 
machine.
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• Injection Blow Molding is used to make 
seamless bottles than do not need high 
strength or barrier properties.
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• Injection stretch blow molding is used for 
bottles that need higher strength and good 
barrier properties. This strength and barrier 
properties are a result of the orientation in 
the axial and hoop direction. This biaxial 
stretching is accomplished by a stretch rod 
that stretches the preform down to the 
bottom of the blow mold before air is 
introduced.
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• The orientation in the hoop direction, around 
the circumference of the part, results from the 
air pressure stretching the preform as it is 
molded into the shape of the mold.
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• When the preform is injection molded in 
the same machine as it is blown, it is called 
a single-stage machine. Such machines 
usually have three stations: injection, blow, 
and ejection. In the conditioning phase, the 
injection mold is cooled to reduce the 
viscosity of the material before it moves to 
the blow mold.
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• These machines are typically slower that the 
reheat machines because both injection and 
blowing are done together. If the injection 
cycle is longer than the blowing cycle, it can 
slow the process down. There is usually a 
limit to to the number of parts that can be 
molded in each cycle.
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• There is a limit on the size of the machine that 
can be used to make both preform and parts, 
so that also limits the number of parts than 
can be produced in each cycle.
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• In a reheat machine, the preforms are made 
on a standard injection molding machines. In 
high-speed production, it usually takes four 
injection molding machines to feed one blow 
molding machine.
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• Since the preforms are made on a separate 
Injection Molding machine and the blow 
molds are usually on a rotary table with 
multiple molds, the production of parts is very 
fast. The fast rotary table machines are 
capable of producing around 15 parts per 
second.
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• Common Materials
– PET
– Polycarbonate
– Polyethylene
– Polystyrene
– Polypropylene
– PVC
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• Key Processing Parameters
– Blow Molder

• The temperature and temperature profile of the 
preform is critical to the thickness of the final 
part. Changes in viscosity will change how the air 
pressure moves the preform against the mold wall.

• The blow pressure determines how the preform is 
blown and holds the part to the mold wall for better 
cooling.

• The blow time is used to hold the part against the mold 
wall for cooling.
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• Key Processing Parameters
– Injection Molder

• The injection speed determines the filling time of the 
mold.

• The melt temperature determines the viscosity of the 
material as it is injected into the mold.

• The packing pressure and time determine the amount 
of material that is pushed into the mold to compensate 
for shrinkage as the material starts to solidify.
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• Process Advantages
– With stretch injection blow molding, biaxial 

orientation gives strength and improved barrier 
properties. When the polymer is highly oriented, 
it gives the part some extra strength. This can be 
easily seen with plastic soda bottles. Because the 
soda has CO2 dissolved in the liquid and the CO2
wants to come out of the liquid, it creates 
pressure inside the bottle.
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• Process Advantages
– If the bottle did not have any orientation, the 

pressure would be high enough to distort 
bottle. The bi-axial orientation give the bottle 
extra strength to withstand the pressure and keep 
the bottle in its original shape. Because the 
polymer is highly oriented, it reduces the space 
between the polymer chains, which reduces the 
openings for the CO2 to migrate out or oxygen to 
migrate into the bottle.
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• Process Advantages
– Because the injection molds are basically hot 

runner molds and there is no need for a pinch-off 
as in Extrusion Blow Molding, there is no scrap 
generated.

– Because the preform is injection molded and has 
the shiny, smooth surface finish of the injection 
mold, it creates a good surface finish on the 
Injection Blow Molded parts.
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• Process Advantages
– In addition, tighter tolerance parts can be made 

versus Extrusion Blow Molding. The threads 
around the neck are injection molded and this is 
responsible for better tolerances. In Extrusion 
Blow Molding, the threads are either blown into 
shape or compressed into shape by the blow pin.
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• Process Disadvantages
– Because the preform is injection molded first, 

there is a practical limit to the size that can be 
produced. This limits ultimate part size. In 
Extrusion Blow Molding, the die that produces the 
parison can be constructed for a fraction of an 
Injection Molding mold. With the intermittent 
Extrusion Blow Molding process, parts up to 1,000 
gallons can be made. In order to make parts over 
5 gallons, the mold would have to very large and 
costly.
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• Process Disadvantages
• There are higher tooling costs than with 

extrusion blow molding. There are multi-
cavity injection molds that have to be 
created and even the blow molds are 
generally more complex than an equivilent
Extrusion Blow Molding mold.
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• Process Disadvantages
– Containers with necks offset to the center of the 

bottle are difficult to produce in this process. In 
Extrusion Blow Molding, the blow pin can be 
positioned just about anywhere as long as it can 
get coverage with the parison. In Injection Blow 
Molding, the preform is always created in the 
center of the neck.
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• Competing Processes
– Injection Molding

• Hollow parts can be made, but they must be molded in 
halves and assembled. The parts will have constant 
wall thickness and tighter tolerances.

– Rotational Molding
• Parts will have more uniform wall thickness, but will 

have a looser tolerance.
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• Competing Processes
– Twin Sheet Thermoforming

• Parts will have an external seam/weld.
– Extrusion Blow Molding

• Parts will be cheaper to produce and can be more 
structural.
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• Future Development
– One future development includes creating lighter, 

more cost-effective bottles. Aluminum cans are 
still about a penny cheaper to purchase than an 
equivalent sized plastic bottle. The industry is 
trying hard to find ways to decrease the amount 
of material in each bottle.

– Because of newer policies about limiting soft 
drinks in schools, single-serve sized bottles for 
fruit juices and milk are becoming more popular.
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• Introduction
– Thermo-forming is a process that converts shhet

and film into Plastic parts. It is capable of high 
production volumes. Hollow parts can be 
produced with Twin-Sheet Thermoforming.
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• To Read
– Review Chapter 6.4.3.3 before beginning the 

lesson.
• To Do

– Assignment 12: See the Assignments folder in our 
course Angel space for this assignment. 
Remember, all assignments are due by midnight 
on the date stated on your syllabus.
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• Topics
– The Thermoforming Process
– Vacuum Forming
– Dual Sheet or Twin Sheet Thermoforming
– Pressure Forming
– Matched Die Thermoforming
– Common Materials Used in Thermoforming
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• Topics
– Common Materials Used in Thermoforming
– Processing Parameters for Thermoforming
– Advantages and Disadvantages of Thermoforming
– Competing Processes
– Future Development
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• Introduction
– The Thermoforming process is used to convert 

sheet and film into Plastic parts. Unlike Injection 
Molding or Extrusion, the polymer sheet is 
not melted, it is softened.

– The parts can be as small as 1 in. to 25 feet.
– The thickness of the base sheet can be as thick as 

0.6 inches.
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• Current Areas of Use
– Packaging
– Automotive
– Trays
– Pallets
– Building Products
– Signs
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• The process starts with a flat sheet cut to the 
size of the machine frame or sheet unrolled 
from a roll. In short run or thicker sheet 
materials, the sheet is flat. Parts that are set-
up for fast production with thin sheet, the 
sheet is pulled from a roll.
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• The sheet is put under a heater to soften the 
sheet.

• The sheet is transferred to the mold station.
• The mold comes in contact with the sheet.
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• The sheet can be formed by three methods.
– Vacuum Forming - A vacuum is pulled on the mold 

side of the sheet.  Atmospheric pressure (14.5 psi) 
pushes the sheet against the mold.

– Pressure Forming – A pressure is applied on the 
non-mold side of the sheet, pushing it against the 
tool.

– Matched Die – Matching male & female mold 
halves close around the sheet and force it to 
shape.
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• The part is held against the mold to cool the 
sheet. The sheet can form to the mold wall in 
a fraction of a second. The typical vacuum 
time is around a few seconds. The extra time 
is used to hold the sheet against the mold to 
help with cooling.

• Part is trimmed from the sheet.
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• Vacuum Forming
– Vacuum Forming is the most common type of 

process for Thermoforming. It uses atmospheric 
pressure to form the part. Typical forming 
pressures are 14.5 psi or less.
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– Since the pressure to form is low, the vacuum 
needs to be applied quickly. A surge tank, which is 
a tank that has all of the air pumped out, is used 
to quickly pull the air out between the mold and 
the sheet. Without a surge tank, it would take a 
longer time for the vacuum tank to remove the air 
between the sheet and the mold.
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• Molds
– There are two types of molds. Male molds are 

more common. They are easier and cheaper to 
construct than a female mold for the same 
part. In Thermoforming, the sheet will only pick 
up good mold detail on the side that touches the 
mold. That can help determine which type of 
mold would be selected for the part.
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– Thickness of the part is determined by how far the 
sheet stretches from its original position. The 
pictures below show the differences in the same 
part molded by the two types of molds.
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• Dual Sheet/Twin Sheet Thermoforming
– Dual Sheet/Twin Sheet Thermoforming is a 

variation on Vacuum Forming. It is one of the 
three hollow part procecesses. It uses uses two 
vacuum formers to create a hollow part. The 
sheets are heated seperatly and brought to the 
molding area. Once vacuum is applied, the mold 
closes and seals the sheets together.



Thermoforming
Plastics 001

– By bringing the molds together while the sheets 
are still warm, it welds the two sheets 
together. The part is then trimmed. An external 
weld is always visible. In Extrusion Blow Molding, 
the weld is formed on the interior of the part. The 
reason the weld can be created on the interior of 
the part with Extrusion Blow Molding is because 
the parison is in the melt state and the polymer 
can flow.
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– In Thermoforming, the polymer sheet is softened, 
not melted. The polymer cannot flow very well if 
it is not in the melt state.
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• Pressure Forming
– The Pressure Forming process is the closely 

related to Vacuum Forming. In Vacuum Forming, 
the pressure used to form the sheet is 14.5 psi. In 
Pressure Forming, the the pressures are much 
higher. Typical forming pressures are below 150 
psi. Post-forming pressures can be as high as 300 
psi. The sheet can form to the mold wall in a 
fraction of a second.
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– The typical vacuum time is around a few 
seconds. The extra time is used to hold the sheet 
against the mold to help with cooling. With the 
higher pressures, the sheet will pick up much 
more detail than Vacuum Forming. In some cases 
the surface finish and detail are so high, that the 
parts look just like Injection Molded parts on the 
mold side of the part.
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– Pressure Forming has sometimes been used to 
prototype Injection Molded parts because the 
molds are so much cheaper than Injection 
Molding molds.
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• Matched Die
– The Matched Die type of molding is used to 

make parts with detail on both sides of the sheet 
or parts that need to hold tighter tolerances 
than other Thermoforming processes. It does not 
use vacuum or air pressure to form the part. The 
sheet is compressed by molds on both sides of the 
sheet. The molds put pressure on the sheet and 
cause it to form the details of the mold. There is 
some flow/movement of the softened material, 
but there is not enough force to make it flow far.
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• Materials used in thermoforming require good 
melt strength to keep the sheet strong enough 
to stay as a sheet when it is softened and soft 
enough to be formable.

• The polymer should be wide spec/higher 
molecular weight grades that are used to give 
the sheet more strength.
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• Common Materials
– PVC
– Styrenics

• HIPS
• ABS

– HDPE
– PMMA
– PC
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• Key Processing Parameters
– Melt (Softening) Temperature

• This changes the viscosity of the material. It also sets 
the time it takes to heat the sheet.

– Melt Time
• It is the time that the sheet is under the heaters. Melt 

time and temperature work together. They determine 
how the sheet will sag when sofened and how easily 
the sheet can be formed to the mold.



Thermoforming
Plastics 001

• Key Processing Parameters
– Vacuum Time

• Although forming of the product takes little time, 
holding the pressure on the product keeps it in contact 
with the mold and increases the cooling.

– Ejection Time
• Time that air pressure is blown through the mold to 

push the part off the tool.
– Air Pressure

• The pressure used to form the part and hold the part 
on the tool. This is only used in pressure forming.
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• Process Advantages
– Tooling costs are lower than most other 

processes because only one mold half often 
needs to be made. In addition, production 
tools are typically made of cast aluminum and 
do not require much machining. Prototype 
tools can be made from wood or kirksite. The 
wood master used to make the production tool 
can also be used to mold some parts.
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• Process Advantages
– Because of the simple geometry and 

construction methods (cast tooling), 
Thermoforming tooling has a shorter lead time 
than for other processes.

– It is also easier to make larger parts with 
simple geometry vs. injection molding because 
of the process operation.



Thermoforming
Plastics 001

• Process Advantages
– The part piece price is lower vs. most other 

processes because tooling costs are lower and less 
auxiliary equipment is needed. In most 
applications, there is a quicker cycle time than 
injection molding.

– Pressure Forming and Matched Die produce parts 
with good surface finish.
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• Process Disadvantages
– Vacuum forming yields parts with poor surface 

finish because the low pressures used are 
insufficient to pick up a lot of mold detail. Also, 
the further the sheet travels from its original 
position, the thinner it becomes. Parts will have 
non-uniform wall thickness. All parts need to be 
trimmed from the sheet.
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• Process Disadvantages
– Unlike Injection Molding where ribs and bosses 

can be easily molded, interior details cannot be 
molded in Thermoforming.

– There are a limited number of materials that can 
be used in Thermoforming. The polymer must 
have the ability to be formed and hold its strength 
during the molding process.
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• Process Disadvantages
– Secondary operations, such as trimming or 

punching holes, are usually needed to finish a 
part. There are problems with wall thickness if the 
sheet needs to stretch excessively. It could 
become too thin.

– Webbing is a common problem in male molds in 
sharp vertical, outside corners and male features 
that are close together. The sheet folds on itself 
and forms a gusset-like object when it is pushed 
into the corner.
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• Competing Processes
– Injection Molding - It produces parts with constant 

wall thickness and tighter tolerances. Blow 
Molding, both Extrusion and Injection Molding, 
when compared to twin sheet thermoforming, 
produce parts that will not have an external weld. 
In addition, using extrusion and injection molding 
also allows greater complexity to be molded.
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• Competing Processes
– Compression Molding - It allows for the possibility 

of much greater design complexity. Reinforced 
materials with higher mechanicals can be used. 
And while tooling costs are higher, production 
speeds are much faster and the process is easier to 
automate.
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• Future Development
– There is interest in converting some thick sheet 

applications to laminar or compsite sheet. This 
would create thinner walled parts and reduce 
weight.

– The automotive industry has been experimenting 
with in-mold-labeling. A pre-painted film with 
a is placed in the mold. When the hot sheet 
comes into contact with this film, the paint is 
transferred from the film to the sheet. Once the 
part has the label, it makes it difficult to regrind.
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• Future Development
– Sheet with nano-composites are also being 

explored. They provide the benefit as laminar or 
composite sheet.

– There is interest in biodegradable polymers for 
packaging applications. Since packaging is a throw 
away item, biodegradable polymers would help 
the environment.
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Rotational Molding
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• Introduction
– In this lesson, we will discuss Rotational 

Molding. Rotational molding is a process used to 
make hollow plastic parts. Out of the three 
hollow parts processes, it is the only one that can 
create near uniform wall thickness in the 
parts. The corners have thicker sections. This is 
the only hollow parts process that can create 
extremely large hollow parts.



Rotational Molding
Plastics 001

• To Read
– Review Chapter 6.9 before beginning the lesson.

• To Do
– Assignment 13: See the Assignments folder in our 

course Angel space for this assignment. 
Remember, all assignments are due by midnight 
on the date stated on your syllabus.
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• Topics
– Rotational Molding Process
– Types of Machines
– Common Materials and Key Processing 

Parameters
– Common Processing Problems
– Advantages and Disadvantages
– Competing Processes
– Future Development
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• Introduction
– Rotational molding is a process used to make 

hollow plastic parts.  Out of the three hollow parts 
processes, it is the only one that can create near 
uniform wall thickness in the parts.  The corners 
have thicker sections.  This is the only hollow parts 
process that can create extremely large hollow 
parts.
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• Current Areas of Use
– Large Tanks
– Trash Containers
– Kayaks
– Toys
– Large Housings
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• Product Range
– Parts as small as ping-pong balls can be made with 

Rotational Molding.  There have been some 
smaller applications for the military.  Because the 
material is put in as a powder and eventually 
sinters together to form the part, there is a limit 
on how much powder can be put into a small 
mold.  This restricts how small you can make a 
part.  The largest part is a 25,000 gal tank.  The 
only limit on maximum size is the size of molding 
machine available.
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• Process
– A powdered resin is loaded into an open mold.  

Some polymers are put in as a liquid, but they are 
not commonly used.  The mold is closed and 
clamped to keep resin from leaking out during 
rotation.  Because of gravity, the powdered resin 
forms in the bottom of the mold.  Often multiple 
molds are connected and move sequentially 
through the various process steps.
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• Process
– The process consists of four steps; material 

loading, heating, cooling, and unloading.  The 
mold is moved into an oven to heat the polymer.  
During the loading step, powdered polymer is 
poured into the mold.  When the mold is closed, it 
is moved to the heating station.  Inside the 
heating station, the mold starts to rotate and is 
brought up to heat.
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• Process
– As the mold rotates, the powder pool at the 

bottom of the mold comes into contact with the 
hot mold.  When the powder contacts the hot 
mold, it sticks to the wall and becomes tacky.  
When the powder pool comes into contact with 
this area again, the powder sticks to the tacky 
polymer, thus building wall thickness a layer at a 
time.  When the last of the polymer in the 
powder/liquid pool has been picked up by the 
mold, the mold is moved to a cooling station.
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• Process
– Once the mold is cooled, the part is pulled out of 

the mold in the unloading station.  Parts need to 
be trimmed and sometimes have secondary 
operations performed after they are pulled from 
the mold.
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• Mold Rotation
– The mold typically rotates fully on only two axis.  It 

only needs two axis to have full coverage of 
powder inside the mold.  However, the speeds at 
which each axis rotates dictated how well the 
mold picks up the powder.
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• Mold Rotation
– The rotation of the mold determines what areas 

of the mold will pass under the powder pool.  If 
the axis speeds are the same or a multiple of each 
other, the same areas of the mold will move under 
the powder pool every several rotations and those 
areas will receive good coverage.  The areas that 
do not move under the powder pool will then 
have little coverage.  A common ratio of the 
primary to secondary axis is 3.75:1.  This helps to 
ensure that there is even coverage of the mold.
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• Mold Rotation
– The speed of both axes needs to be low.  If the 

speeds are too fast, centrifugal force will hold the 
powdered polymer to the mold walls and there 
will be little or no powder pool.  The axes speeds 
are less than 60 rpm.
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• Carousel Machine
– This is the most common type of Rotational 

Molding machine.  These machines can have as 
many as three to six arms on the machine.  The 
molds are attached to the arms on the machine.  
The heating station can be seen as a big enclosed 
housing on the left side of the picture.  It has 
doors to let the arms in and out of the station.  
The cooling is typically done by fans.
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• Carousel Machine
– When the molds are fairly cool, a water mist is 

sprayed on the molds to speed up the cooling 
cycle.  The water mist is not used when the molds 
are still hot.  This could warp the molds.  The 
loading and unloading stations are typically 
platforms between the cooling and heating 
stations.
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• Carousel Machine
– Multiple molds can be placed on each arm.  This 

will increase the amount of production of the 
machine.  This machine is capable of higher 
production rates than any other Rotational 
Molding machine.  Since the molds are supported 
on a single arm, it limits the amount of weight 
that can be placed on that arm.  This machine 
does take up quite a bit of floor space.
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• Shuttle Machine
– This machine is loosely based on the carousel 

machine.  Instead of the arms moving from station 
to station, the heating station moves to the arm or 
arms (dual shuttle machine).  The heating 
chamber is in the middle and rides on a track to 
the service the arm.  After heating, the center 
oven moves away from the arm and the fans start 
to cool the mold or molds.  Its main advantage 
over a carousel machine is that it conserves floor 
space.
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• Clamshell Machine
– This machine is good for making large parts.  

Because the mold does not need to move from 
station to station and the arm is supported on 
both sides of the machine, heavier molds can be 
supported.  This is the machine that makes the 
25,000 gallon tank.  Compared to the carousel or 
dual shuttle machine, it cannot produce the same 
number of parts in the same amount of time.
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• Clamshell Machine
– The heating and cooling stations share the same 

space.  In the carousel and dual shuttle, the 
heating chamber and cooling are separate areas 
and can produce two sets or more at the same 
time.  This machine does saves floor space 
because the molds stay in the one place.
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• Rock-n’-Roll Machine
– This is a specialty Rotational Molding process to 

make long, thin parts like kayaks and canoes.  The 
machine rotates 360° on one axis.  The second 
axis only rocks back and forth over 45°.  If you 
were looking to run these parts in a standard 
machine, you would need a large clamshell 
machine.  Since the parts are long, it would be 
necessary to use that type of machine.  It would 
be a waste of space, the mold is long, but it is also 
thin. 
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• Rock-n’-Roll Machine
– The rock-n’-roll machine allows these type of 

parts to be run on a smaller machine.  Because of 
the second axis rotation is not 360°, special color 
techniques can be used to decorate the part.  
These techniques cannot be done on the other 
types of machines.
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• Rock-n’-Roll Machine
– The kayak in the picture has two different colors 

shown on the surface.  These colors are from two 
different colored powders that were placed in the 
mold.  The powder will stay in the area it was 
placed in the mold and not migrate to other areas.
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• Material Characteristics
– Thermal stability is required because of long cycle 

times.  The polymer has to have the ability to be 
pulverized into uniform particles or suspended as 
a liquid. Usually, lower molecular weight materials 
are used.
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• Common Material
– LDPE
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• Common Materials
– NYLON
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• Common Materials
– PP
– PC
– Fluoropolymers
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• Key Processing Parameters
– The Heating Time should be long enough to make 

sure that the mold has picked up all of the powder 
in the powder pool.

– The Heating Temperature should be set to the 
temperature where the material can become 
tacky enough to sinter without degrading the 
polymer over the length of the cycle.
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• Key Processing Parameters
– The speed of rotation on the two axes is important 

to ensure full coverage of polymer in the mold.
– The mold is cooled by fans blowing air on the 

mold.  When it cools, water is sprayed on the 
mold to finish cooling.  Water is not used right 
away because it could warp the mold.  The time to 
cool the mold is dependant on when the part can 
be removed from the mold without deforming.
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• Process Advantages
– The tooling for rotational molding is inexpensive 

compared to similar tooling for Blow Molding and 
Injection Molding.  The tooling is typically made 
from cast aluminum or fabricated sheet metal.

– Any shape can easily be molded if the mold can 
open without destroying the part.

– Because the polymer material does not use 
pressure to make the polymer flow to the mold 
walls, the parts have low stress.  The only cause of 
stresses is from the cooling of the part.
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• Process Advantages
– Except for corners, the parts have uniform wall 

thickness.
– Because the first powder to stick to the mold wall 

sees heat for the longest time, it has the time and 
temperature to pick up all of the surface detail.
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• Process Advantages
– Parts with double wall construction can be made if 

there is sufficient room for the powder pool to 
flow properly inside the mold.

– By using insulation on some sections of the mold, 
thinner wall thickness can be produced in local 
areas on the part.
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• Process Disadvantages
– Because the way the material is heated and 

formed into a part, extremely long cycle times can 
occur.  Thin wall parts can be formed in 8 to 10 
minutes.  Thicker wall parts can take as much as 
30 to 40 minutes.

– Because the material has to be pulverized into a 
uniform powder, only a few limited materials can 
be used.
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• Process Disadvantages
– Warpage of the part can occur if the mold is not 

cooled evenly.
– Secondary operations are usually needed to trim 

flash from the part or add features to the part, 
such as holes.
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• Process Disadvantages
– Since there is no pressure to hold the parts against the 

mold during the molding cycle, some areas of the part 
can pull away from the mold walls and reduce the 
heat transferred from the part.  This unrestricted 
shrinkage creates parts that have warpage.  Injection 
Molding use pressure to compensate for shrinkage 
during the packing phase.  In Blow Molding, air 
pressure holds the parts against the mold wall to help 
aid in heat transfer.  The pressurization of the parts 
help to hold tolerances better than Rotational 
Molding.
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• Competing Processes
– Extrusion and Injection Blow Molding

• Parts made with Blow Molding will have a higher 
tolerance.  Typical cycle times would be a fraction of 
the Rotational Molding cycle.  In Extrusion Blow 
Molding, the largest part is a 1000 gallon tank.  It is 
possible to make bigger parts with Rotational Molding.
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• Competing Processes
– Twin Sheet Thermoforming

• Parts made with Twin Sheet Thermoforming will have 
an external seam/weld.  Typical cycle times would be a 
fraction of the Rotational Molding cycle.



Rotational Molding
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• Competing Processes
– Injection Molding

• Hollow parts can be made with Injection Molding, but 
assembly would be required.  Injection Molding is 
capable of holding higher tolerances.  Injection Molding 
cycles would be much higher.  It would not be possible 
to mold really large parts as cheaply as Rotational 
Molding.
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• Future Development
– LDPE is the most common material.  In order for 

some new parts to be produced with Rotational 
Molding, new materials to the process are being 
explored and developed.

– The process is currently used manual labor for 
most or all of the operations in Rotational 
Molding.  Automated machinery is being explored 
to help reduce production costs.



Rotational Molding
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• Future Development
– Since the cooling is currently done on the outside 

of the mold, adding cooled air inside the part is 
just starting to be investigated.  Although this may 
not always reduce the cycle time if the heating 
time limits the cycle, it could create some cycle 
time reduction and possibly reduce warpage.

– By pressurizing the mold during the cooling cycle, 
warpage could be reduced.  This is also currently 
being investigated.
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ASSIGNMENT #1 is an INDIVIDUAL ASSIGNMENT  
 
Assignment: 
Gather five (5) different plastic components. Try to get components from various industrial areas; 
medical, consumer, automotive, packaging, etc.  Get components, not assemblies. You want a specific 
part made from one type of plastic material. 

Take pictures of the components from a couple of different angles and write a brief description of each.  
 
Try to identify the type of material used for the component using your textbook. 
 
Some example questions you should answer in your description of each component are: 

What is it? 
What does it do? 
How much does it weigh?  
Is it disposable? 
Is it a component of an assembly? 
Was it decorated in any way? 
Is it colored? 
Is it made for indoor or outdoor use or both? 
How long do you think it is supposed to last? (guesstimate) 

 
Use the sample report format provided in 'Course Materials' on the Angel page for this course. 
 
 
Due Date:  One week 
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ASSIGNMENT #2 is an INDIVIDUAL ASSIGNMENT  
 
Assignment: 

Pick three dates or time periods from the timeline and write a paragraph or two on each date 
selected describing in more depth; who was involved, what happened, where it took place, and how 
it affected the plastics industry. Use other sources than your textbook (at least 2) and be sure to 
reference them in the proper format. 

 
AND 
 
Pick 3 time periods not listed on the timeline where something significant happened in the 

plastics or rubber industry and write a paragraph or two describing who was involved, what 
happened, where it took place, and how it affected the plastics industry. Use the sample report 
format provided in 'Course Materials' on the Angel page for this course. The report should be longer 
than a single page, but not longer than two pages. Use other sources than your textbook (at least 2) 
and be sure to reference them in the proper format. 

 
 

Due Date:  One week  
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ASSIGNMENT #3 is an INDIVIDUAL ASSIGNMENT  
 
Assignment: 
Write product specifications for each of the components that you have gathered.  
Why was plastic used to make the product? Look at the specific properties required. 
Chemical resistance, ultraviolet light resistance, lightweight, cheap, fatigue resistance, barrier properties 
(packaging), dimensional stability, colorability, clarity, scratch resistance, etc. 
What is the temperature range that the product will need to withstand? 
How long will it need to last? 
 
This is a product specification and should be written in terms of the component, not the material that 
was used to create it. 
 
 ‘The component needs to have good chemical resistance because it will need to be cleaned with 
household chemicals’ 
‘It needs to have high dimensional stability because it is part of a assembly and will need to be 
assembled numerous times daily throughout its expected service life’ 
 
Add these specifications to the Assignment #1 report with any corrections and submit. 
 
Due Date:  One week 
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ASSIGNMENT #4 is an INDIVIDUAL ASSIGNMENT   Due Date:  One week  

Assignment: 
Solve the following molecular weight problems 

You have the following 5 different polymers;  

Polymer A at a molecular weight of 500,000 g/mole. 
Polymer B at a molecular weight of 250,000 g/mole 
Polymer C at a molecular weight of 200,000 g/mole 
Polymer D at a molecular weight of 100,000 g/mole 
Polymer E at a molecular weight of 25,000 g/mole 
 

1. If you mixed 1,000 lb of each polymer, what would be:  
  The number of moles of Polymer A? _______________ moles 
  The number of moles of Polymer B? _______________ moles 
  The number of moles of Polymer C? _______________ moles 
  The number of moles of Polymer D? _______________ moles 
  The number of moles of Polymer E? _______________ moles 
  The weight fraction of Polymer A? ____________% 
  The weight fraction of Polymer B? ____________% 
  The weight fraction of Polymer C? ____________% 
  The weight fraction of Polymer D? ____________% 
  The weight fraction of Polymer E? ____________% 
  The Mw? _______________ 
  The Mn? _______________ 
 

2. If you mixed 4 moles of polymer A with 8 moles of polymer C; 
The weight fraction of Polymer A? ____________% 

  The weight fraction of Polymer C? ____________%  
  The Mw? _______________ 
  The Mn? _______________ 
 

3. A mix of 10,000 lbs of  Polymer B and 20,000 lbs of Polymer C; 
The number of moles of Polymer B? _______________ moles 
The number of moles of Polymer C? _______________ moles 
The weight fraction of Polymer B? ____________% 

  The weight fraction of Polymer C? ____________% 
  The Mw? _______________ 
  The Mn? _______________ 
  



 

 
4. An even mix of 10 moles of each polymer; 

The weight fraction of Polymer A? ____________% 
The weight fraction of Polymer B? ____________% 
The weight fraction of Polymer C? ____________% 
The weight fraction of Polymer D? ____________% 
The weight fraction of Polymer E? ____________% 
The Mw? _______________ 
The Mn? _______________ 
 

5. A mixture of Polymers A, C, & E at 2 moles each;  
The weight fraction of Polymer A? ____________% 
The weight fraction of Polymer C? ____________% 
The weight fraction of Polymer E? ____________% 
The Mw? _______________ 
The Mn? _______________ 
 

6. A mixture of Polymers A, C, & E at 50 lbs each;  
The number of moles of Polymer A? _______________ moles 
The number of moles of Polymer C? _______________ moles 
The number of moles of Polymer E? _______________ moles 
The weight fraction of Polymer A? ____________% 
The weight fraction of Polymer C? ____________% 
The weight fraction of Polymer E? ____________% 
The Mw? _______________ 
The Mn? _______________ 
 

7. A mixture of Polymers A, B, & C at 5 moles each;  
The weight fraction of Polymer A? ____________% 
The weight fraction of Polymer B? ____________% 
The weight fraction of Polymer C? ____________% 
The Mw? _______________ 
The Mn? _______________ 

8. A mixture of Polymers A, B, & C at 50,000 lbs each;  
The number of moles of Polymer A? _______________ moles 
The number of moles of Polymer B? _______________ moles 
The number of moles of Polymer C? _______________ moles 
The weight fraction of Polymer A? ____________% 
The weight fraction of Polymer B? ____________% 
The weight fraction of Polymer C? ____________% 
The Mw? _______________ 
The Mn? _______________ 



 
9. You have 150,000 lbs of Polymer A and are having trouble processing it. It is too viscous. Your 

boss told you to have it compounded with Polymer B in order to drop the Mw by 15% to make 
it less viscous, but still retain the majority of its mechanical properties. 
How many lbs of Polymer B do you need to add to get the required Mw?  
 
___________________________________ lbs 
 

10. You have a material silo filled with Polymer B at 250,000 lbs. It doesn’t possess the melt 
strength necessary for your blow molding operation; you need some lower viscosity material 
added so you can lower the temperatures and make the material more like taffy and less like 
water. You have a large quantity of Polymer D on hand and need to mix enough in to lower the 
Mw by 40%. 

How many lbs of Polymer D do you add? ________________________________lbs. 
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ASSIGNMENT #5 is an INDIVIDUAL ASSIGNMENT  
 
Assignment: 

Write a 2-3 page report on current events or topics in the plastics industry. You should pick at 
least 3 topics/events and they should be important to the industry at a national level (not a 
plastic shop down the street from my house closed) 

• One topic should cover a sustainability/recycling issue 
• One topic should cover a material pricing issue 
• The remaining topic(s) are at your discretion 

Be thorough: Who, what, where, when, how, etc. 

 
Due Date:  One Week  
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ASSIGNMENT #6 is an INDIVIDUAL ASSIGNMENT  
It is a continuation of assignments 1 and 3 
 
Assignment: 

Write a paragraph for each of your chosen components describing how the structure of the 
monomer molecule of the base material influences the properties that make it the material that was 
chosen to create it. In other words; the structure of the monomer provided the properties that 
caused the material to be chosen for that application. Explain how the structure of the monomer 
leads to those properties that make the material the best choice for that application. 

• The paragraph should include a discussion of the material’s morphology, viscoelasticity, 
and viscosity. 

• The paragraph should be added to the original report after the portion concerning 
component specifications 

 

 
Due Date:  One Week  
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ASSIGNMENT #7 is an INDIVIDUAL ASSIGNMENT  
 
Assignment: 

Pick one day of the week and list all of the thermoplastic materials you encounter from the time 
you wake up in the morning until your list hits 25 materials. List them in order and don’t repeat an 
entry – if you drink 6 bottles of mountain dew in the morning only list the bottle and the lid once. 

• List the application (part) 
• List the type of material 
• List whether it is semi-crystalline or amorphous 
• List whether it is a commodity or an engineering plastic 

 
This exercise is designed to raise your awareness of the plastic materials that you deal with daily and 
how prevalent plastic materials are in our society. If it takes you more than an hour of activity, you 
are doing something wrong. 

Spell all of the names of the plastic materials correctly, don’t abbreviate. 

 
Due Date:  One week  
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ASSIGNMENT #8 is an INDIVIDUAL ASSIGNMENT  
It is a continuation of assignments 1, 3 and 6 
 
Assignment: 

You are going to justify the material chosen for your components. Write a couple of paragraphs 
for each of your chosen components which justify why it was chosen for the application. Pick two 
other materials which could be substitutes and outline why your material is the superior choice 
based on the material specifications you developed. Compare the material properties (all of them 
outlined in the specifications) and costs. 

 

 
Due Date:  One week  
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ASSIGNMENT #9 is an INDIVIDUAL ASSIGNMENT  
It is a continuation of assignments 1, 3, 6 and 8 
 
Assignment: 

Write a paragraph discussing the additives, fillers, and fibers that are most likely present in your 
components. For the ones that you don’t think are present, discuss why they are not required for 
your material and the application. Cover ALL of the additives, fillers and fibers covered in class. If your 
part is not filled, you don’t have to cover all of the fillers and fibers, just say that it isn’t filled and why 
you think it isn’t. 

 

 
Due Date:  One week  
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ASSIGNMENT #10 is an INDIVIDUAL ASSIGNMENT  
 
Assignment: 
Gather five (5) different plastic components.  Try to find parts that are not all made from the same 
process!  Try to get components from various industrial areas; medical, consumer, automotive, toys, 
packaging, etc. 

Take pictures of the components from a couple of different angles and write a brief description of each.  
 
Some example questions you should answer in your description of each component are: 

What is it? 
What does it do? 
What process was used to make the part? 
How can you tell what process was used to make the part?  
Is there another reasonable process that could have made this part? 
Why was process that was used to make the part better than the other possible options?  What 
part attributes make this process better than the other possible options? 
Can you identify the material that is used for the part? 
Was it decorated in any way? 

 
Use the sample report format provided in 'Course Materials' on the Angel page for this course. 
 
Due Date:  One week (you don’t need to wait until Sunday to start it though)  



EXAMPLE 

Assignment # 3 

 

 

This product is a garbage can.  This particular garbage can is designed to hold small pieces of garbage, 
yet is quite sturdy.  It weighs XXX ounces.  Garbage cans can come in many different shapes, sizes and 
colors.  They are generally colored to prevent having to look at the garbage in the can. This model is 
designed to remain indoors and is not a disposable item. It is not decorated in any way. It is probably 
made of Polypropylene and it should last 3-5 years. 

The garbage can was created from plastic in order for it to be lightweight and durable. It does not flex in 
any way unless it is overloaded and the garbage is pressed down, because it is not a cyclic load, it will 
not need to require fatigue resistance. The can needs to be able to hold at least 25 lbs of garbage and 
not become distorted or fail when picked up. Because it is designed for indoor use, ultraviolet light 
resistance is not required. The material does need to be easily colorable for this application and it also 
needs to withstand common household chemicals and cleaning supplies. Due to the commercial use of 
this product, the material needs to be relatively cheap. There are no barrier property requirements for 
this product because it does not need to keep moisture, Carbon Dioxide or Oxygen from getting to the 
garbage. The product does need to be waterproof to prevent leaks in the event that someone throws a 
liquid into it. Clarity is not required for this product and neither is scratch resistance. The product should 
have dimensional stability to prevent it from being deformed when full of garbage. The garbage can 
should be able to withstand temperatures within the range of 40-90 degrees F. 

  
  



Took around 12 minutes to hit 25 and 15 to write up 

1. Alarm clock – ABS – AM – ENG 
2. Carpeting – PET – S/C – ENG 
3. Linoleum – PVC – AM – Comm 
4. Light switch – PP – S/C – Comm 
5. Light switch cover – PS – AM - Comm 
6. Plastic Storage container for Dog Food + Lid – PP – S/C – Comm 
7. Plastic Scoop – PP – S/C – Comm 
8. Garage door opener light switch – ABS – AM – ENG 
9. Garage door opener housing – ABS – AM – ENG 
10. Coffee Maker + Lid - PP – S/C – Comm 
11. Coffee Maker strainer - PP – S/C – Comm 
12. Coffee Pot Handle - PP – S/C – Comm 
13. Refrigerator handle – ABS- AM –ENG 
14. Refrigerator interior – PS or ABS – AM – Comm or ENG 
15. Plastic baggies with sandwiches in them – PE – S/C – Comm 
16. Gladware container + Lid - PP – S/C – Comm 
17. Yogurt container - PP – S/C – Comm 
18. Silverware organizer – PE – S/C-Comm  
19. Lunchbox – Nylon – S/C – ENG 
20. Lunchbox liner – PE – S/C – Comm 
21. Foam insulation in lunchbox – PE – S/C – Comm 
22. Frozen water bottles  - PET – S/C – ENG 
23. Lids on bottles – PE – S/C – Comm 
24. Dish drainer – PP – S/C – Comm 
25. Protein shake bottle - PP – S/C – Comm 
26. Protein shake lid – PE – S/C- Comm 
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1. Name and describe the two basic morphologies of thermoplastic materials (10 pts) 
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
2. What was the first fully synthetic plastic material, who invented it, and when was it invented?  (5 pts) 
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
3. What is viscoelasticity and what causes it? (10 pts) 
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
4. Having certain atoms in the polymer chain increase the flexibility and make the material hygroscopic. What are the elements and 

why do they make the polymer chain more flexible? Sketch if it helps  (5 pts) 
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
5. List whether the following materials are Semi-crystalline (S) or Amorphous (A) 

(+3 pt/ -10 pts each) It’s only -10 if you answer incorrectly – blanks are -5) 
  

_____ PVC   _____ PET    ______ ABS     _____PMMA  _____ Nylon 6/6 30%GF 
 

_____  GPPS     _____ POM      _____ HDPE     _____ Nylon 6/6  _____ PP 
6. Thoroughly explain branching and how it affects a material’s ductility. (10 pts) 
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
7. Name and describe the two primary polymerization reactions. (10 pts) 
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  



8.  One type of reaction is more likely to have a narrow molecular weight distribution and a much lower degree of branching. Which 
type is it and why does it possess these qualities? (10 pts) 
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
9.  Enter either an ↑ , ↓ , or NC (no change) for the following material properties (2 pt each) 

a. An increase in temperature 
 

____Modulus  ____Impact strength  ____ Density 
 

____ Viscosity  ____Yield Strength ____ Creep   _____ Toughness 
b. An increase in test speed (strain rate) 

 

____Modulus  ____Impact strength  ____ Density 
 

____ Viscosity  ____Yield Strength XXXX Creep   _____ Toughness 
c. Increasing the molecular weight 

 

____Modulus  ____Impact strength  ____ Density 
 

____ Viscosity  ____Yield Strength ____ Creep   _____ Toughness 
d. A decrease in crystallinity 

 

____Modulus  ____Impact strength  ____ Density 
 

____ Viscosity  ____Yield Strength ____ Creep   _____ Toughness 
10. Why does Polypropylene have a higher Tg than PE? (3 pts) 

 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
11. Draw and Label Polyethylene and Polystyrene (10 pts) 

   
 
 
 
 
 

12. Name the plastic materials that are made from the following monomers (10 pts) 

       
 
 

______________________________  ___________________________________ 
13. What was the time period when man started modifying natural polymers?____________________________(3 pts) 



 

14. Thoroughly explain the difference between a thermosetting and a thermoplastic resin (5 pts) 
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________ 
15. Name an instance where you would want a wider molecular weight distribution and explain why. (5 pts) 

 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________ 
16. Plastic molecules have a high aspect ratio, what does this mean? (3 pts) 

 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 
17. ______________________________ When small groups of monomers are attached to the main chain of another polymer (3 pts) 

18. ___________________________________________________When there are three types of ‘mers’ polymerized together (3 pts) 

19. ____________________________ When one type of ‘mer’ alternates with another mer in a chain with no specific pattern (3 pts) 
 

20. In ______________________________________, the CH3 side groups are all arranged on the same side of the main chain (3 pts) 

21.  In _______________________________________________________, the side groups alternate with no apparent order.  (3 pts) 

22.  In one type of polymerization reaction only a part of the molecule reacts, what is the name of that part? (3 pts) 

_________________________________________________ 

23. Explain how Orientation increases the properties in the direction of orientation, but lessens them perpendicular to the 
orientation (3 pts) 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________  
 

______________________________________________________________________________________



You have the following 3 different polymers;  
Polymer A at a molecular weight of 450,000 g/mole. 
Polymer B at a molecular weight of 250,000 g/mole 
Polymer C at a molecular weight of 200,000 g/mole 
 

24. If you mixed 2,000 lb of polymer A with 1,000 lb of B, and 500 lb. of C, what would be:  
 

  The number of moles of Polymer A? _______________ moles (2 pts) (2 decimal places) 
 

  The number of moles of Polymer B? _______________ moles (2 pts) (2 decimal places) 
 

  The number of moles of Polymer C? _______________ moles (2 pts) (2 decimal places) 
 

  The weight fraction of Polymer A? ___________% (2 pts) (1 decimal place) 
 

  The weight fraction of Polymer B? ___________% (2 pts) (1 decimal place) 
 

  The weight fraction of Polymer C? ___________% (2 pts) (1 decimal place) 
   

  The Mw? ______________________ g/mole (5 pts) (0 decimal places) 
 

  The Mn? ______________________ g/mole (5 pts) (0 decimal places) 
 

25. You have an unlimited supply of polymers A and B.  You are trying to achieve a Mw of 400,000 g/mole. What is your mix 
ratio? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ratio of A:B _____:_____ (10 pts) 
 

Bonus: 1 pt each 

Name 6 advantages and 3 disadvantages of plastic materials 

Adv _______________________________________________ Dis _______________________________________ 

 _______________________________________________       ________________________________________ 

 _______________________________________________           _________________________________________ 

 _______________________________________________ 

 _______________________________________________ 

 _______________________________________________ 
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1. List the materials that would be considered to have very good to excellent optical properties, list whether they are amorphous 
or semi-crystalline, and list if they are a commodity or an engineering polymer (10 pts) You can abbreviate. (There may not be 6) 
answers. 

 

_________________________ _________________________ ______________________  
 

_________________________ _________________________ ______________________  

2. Why do HDPE and PP have such good chemical resistance and PC and GPPS do not?  (5 pts) 
 

 __________________________________________________________________________________ 
 

 __________________________________________________________________________________ 
 

 ___________________________________________________________________________________ 
3. List 3 materials that are commonly used in packaging, list whether they are amorphous or semi-crystalline, and list if they are a 

commodity or an engineering polymer. Also list what it is they would be used to package. (12 pts) 
 

1__________________________________________________________________________________ 
 

2__________________________________________________________________________________ 
 

3__________________________________________________________________________________ 
4. List 2 materials that are commonly used to make gears or bushings, list whether they are amorphous or semi-crystalline, and list 

if they are a commodity or an engineering polymer.(8 pts) 
 

1__________________________________________________________________________________ 
 

2__________________________________________________________________________________  

5. List 3 materials that are commonly copolymerized, list whether they are amorphous or semi-crystalline, and list if they are a 
commodity or an engineering polymer. Why would they be copolymerized? (12 pts) 

 

1__________________________________________________________________________________ 
 

2__________________________________________________________________________________ 
 

3__________________________________________________________________________________ 
 

WHY? _______________________________________________________________________________________________ 
 

____________________________________________________________________________________________________ 
6. Which 2 materials will float regardless of the geometry of the component? (3 pts) 

 

_________________________________ ____________________________________ 
7. List 2 materials that do not burn easily or self -extinguish, list whether they are amorphous or semi-crystalline, and list if they 

are a commodity or an engineering polymer.(8 pts) 
 

1__________________________________________________________________________________ 
 

2__________________________________________________________________________________  

8. List 3 materials that are hard to decorate using many decoration methods, list whether they are amorphous or semi-crystalline, 
and list if they are a commodity or an engineering polymer. Answer why they are hard to decorate (12 pts) 

 

1__________________________________________________________________________________ 
 

2__________________________________________________________________________________ 
 

3__________________________________________________________________________________ 
 

WHY?_______________________________________________________________________________________________ 
 

____________________________________________________________________________________________________ 
 



9. List 2 materials that give off toxic fumes when they degrade, list whether they are amorphous or semi-crystalline, and list if they 
are a commodity or an engineering polymer.(8 pts) 

 

1.___________________________________________________________________________________ 
 

2.___________________________________________________________________________________  

10. List 2 materials that can be difficult to process and why they can be difficult to process. (8 pts)    

1.__________________________________________________________________________________ 
 

___________________________________________________________________________________ 
 

2.__________________________________________________________________________________ 
 

___________________________________________________________________________________  
11. Name one of the materials that has a very high specific gravity > 1.35, list whether it is are amorphous or semi-crystalline, and 

list if it is a commodity or an engineering polymer (10 pts)  
       

 __________________________________________________________________________________________________________________ 
12. List 2 materials that are not commonly recycled, list whether they are amorphous or semi-crystalline, and list if they are a 

commodity or an engineering polymer. Answer why they are not commonly recycled  (10 pts) 
 

1.___________________________________________________________________________________ 
 

2.___________________________________________________________________________________ 
 

WHY?_______________________________________________________________________________________________ 
 

13. What are the four basic points to the sustainability platform? (8 pts) 
 

1_________________________________________________________________________________ 
 

2__________________________________________________________________________________ 
 

3__________________________________________________________________________________ 
 

4__________________________________________________________________________________  

14. What is sustainability?(5 pts) 
 

___________________________________________________________________________________ 
 

___________________________________________________________________________________ 
 

___________________________________________________________________________________ 
15. What are the two basic types of recycled plastic?(3 pts) 

_________________________________ ____________________________________ 
16. Why is the substitution of Plastic for glass packaging good for the environment? (3 pts) 

___________________________________________________________________________________ 
 

__________________________________________________________________________________ 
 

___________________________________________________________________________________ 
17. List 2 reasons why Plastic bags are better for the environment than paper bags (4 pts) 

1_________________________________________________________________________________ 
 

2__________________________________________________________________________________  

18. What are the two sustainability initiatives of  the plastics that are directly opposed to each other and why are they? (5pts) 
 

___________________________________________________________________________________ 
 

__________________________________________________________________________________ 
 

___________________________________________________________________________________ 



 
19. Name two ways a part or assembly could be designed in order to make recycling easier .(5 pts) 

1_________________________________________________________________________________ 
 

2__________________________________________________________________________________  

20. List two of the commodity plastics and list 5 advantages and 3 disadvantages of each (20 pts) 

Advantages Material_____________________  Disadvantages 

1. ____________________________________  1. _____________________________________________ 

2. ____________________________________  2. _____________________________________________ 

3. ____________________________________  3. _____________________________________________ 

4. ____________________________________  

5. ____________________________________  

Advantages Material_____________________  Disadvantages 

1. ____________________________________  1. _____________________________________________ 

2. ____________________________________  2. _____________________________________________ 

3. ____________________________________  3. _____________________________________________ 

4. ____________________________________  

5. ____________________________________  

21. List the other two commodity plastics and list 4 advantages and 2 disadvantages of each (16 pts) 

Advantages Material_____________________  Disadvantages 

1. ____________________________________  1. _____________________________________________ 

2. ____________________________________  2. _____________________________________________ 

3. ____________________________________   

4. ____________________________________  

Advantages Material_____________________  Disadvantages 

1. ____________________________________  1. _____________________________________________ 

2. ____________________________________  2. _____________________________________________ 

3. ____________________________________   

4. ____________________________________  

22. List three of the Engineering plastics and list 5 advantages and 3 disadvantages of each (30 pts) 

Advantages Material_____________________  Disadvantages 

1. ____________________________________  1. _____________________________________________ 

2. ____________________________________  2. _____________________________________________ 

3. ____________________________________  3. _____________________________________________ 

4. ____________________________________  

5. ____________________________________  



 

Advantages Material_____________________  Disadvantages 

1. ____________________________________  1. _____________________________________________ 

2. ____________________________________  2. _____________________________________________ 

3. ____________________________________  3. _____________________________________________ 

4. ____________________________________  

5. ____________________________________  

Advantages Material_____________________  Disadvantages 

1. ____________________________________  1. _____________________________________________ 

2. ____________________________________  2. _____________________________________________ 

3. ____________________________________  3. _____________________________________________ 

4. ____________________________________  

5. ____________________________________  

23. List the other three engineering  plastics and list 4 advantages and 2 disadvantages of each (24 pts) 

Advantages Material_____________________  Disadvantages 

1. ____________________________________  1. _____________________________________________ 

2. ____________________________________  2. _____________________________________________ 

3. ____________________________________   

4. ____________________________________  

Advantages Material_____________________  Disadvantages 

1. ____________________________________  1. _____________________________________________ 

2. ____________________________________  2. _____________________________________________ 

3. ____________________________________   

4. ____________________________________  

Advantages Material_____________________  Disadvantages 

1. ____________________________________  1. _____________________________________________ 

2. ____________________________________  2. _____________________________________________ 

3. ____________________________________   

4. ____________________________________  

Bonus: Name and explain why one of the morphologies of thermoplastic materials is more difficult to assemble (5 pts) 

_________________________________________________________________________________________________ 

_________________________________________________________________________________________________ 

_________________________________________________________________________________________________ 

_________________________________________________________________________________________________ 

_________________________________________________________________________________________________ 

Bonus: Name as many methods of sterilization of plastic components as you can (4 pts) 

__________________________________________________________________________________________________ 

__________________________________________________________________________________________________ 
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 T/F (2 pts each) Circle the ‘T’ or the ‘F’ to designate whether you think the correct answer is True or False 
1. T    F   Highly unsaturated (ready to share electrons) are much more sensitive to oxidation 
2. T    F   Plate Out causes aesthetic problems with the parts due to buildup on the mold surfaces. 
3. T    F   Plasticizers can increase the melt viscosity, glass transition temperature, and modulus of elasticity of the product without altering the 

fundamental chemical character of the plastic material. 
4. T    F   Surface treatments such as lubricants and coupling agents are commonly added to the glass during the compounding process. 

5. T    F   Light stabilizers can be partially soluble and provide good opacity, but are not good in high temperature applications 
6. T    F   Dyes are typically organic compounds and are commonly added to transparent polymers that yellow easily such as PMMA, PC, and PVC 
7. T    F   Back pressure and screw speed are important when adding fibers because if the shear stresses are too high, the            fibers may be 

broken into smaller fragments which will decrease the properties of the final product 
8. T    F   The amount of heat stabilizers that is added to a material is important because it is consumed during the processing of the material 

and enough needs to be added to see the material through its entire life cycle. 
9. T    F   Additives will raise the HDT of a material because they interfere with molecular movement 
10. T    F   Peroxides are commonly used as nucleating agents 
11. T    F   Common considerations when specifying fillers are; cost, abrasiveness, flammability, and the properties of the final product. 
12. T    F   Organic pigments can be partially soluble and provide good opacity, but are not good in ↑  temperature applications 
13. T    F   Some ways in which a lubricant widens the processing window are; reduce shear heat, reduce viscosity, and aid in the dispersion of 

fillers.   
14. T    F   Applications where a specialty plasticizer would be required would be extreme temperatures or exposure to petroleum products 

Fill in the blanks  
1. Thoroughly explain the anti-plasticizer effect. (3)  
 

_______________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________ 
2. Why is color important? (2) The real reason, not PEOPLE ARE STUPID 

 

_______________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________ 
3. Why can’t pigments be considered light stabilizers? (3) 

 

_______________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________ 
4. Pigments and colorants can affect how fast a material will weather. Thoroughly explain how and the stipulation(4) 

 

_______________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________ 
5. Why can colorants affect both the process and properties? (3)  

 

_______________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________ 
6. Name the three reasons Aluminum Hydroxide makes such a good flame retardant (2 ea) 

1) _______________________________________________________________________________________________ 

2) _______________________________________________________________________________________________ 
 

3) _______________________________________________________________________________________________ 



  

 

7. A color appears differently under different light sources (1) ___________________________________ 
 

8. A color appears differently at different angles (1) ____________________________________ 
 

9. What causes plate-out? (3) ______________________________________________________________________ 
10. Name the four common forms of colorants (2 ea) 

 

1) _________________________________ 3)   ___________________________________________ 
 

2) _________________________________ 4)  ____________________________________________  
 

11. Why is Plate-out different from migration?(3) ________________________________________________________________________ 
 

______________________________________________________________________________________________________________ 
12. Name two ways to impact modify a polymer without adding an impact modifier? (2 ea) 

 

1 _____________________________________________________________________________________________________ 
 

2 ______________________________________________________________________________________________________ 
13. Name a means other than adding heat stabilizers (antioxidants) of retarding thermal oxidation (2) 

 

__________________________________________________________________________________________________________________ 
14. Explain how you can reduce weight by using glass, carbon, or Aramid fibers. (2) 

 

__________________________________________________________________________________________________________________ 
15. What is the main difference between extender fillers and fibers in terms of why they are used? (3) 

 

_______________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________ 
16. Thoroughly explain how glass fibers can be used to decrease energy costs? (3) 

 

_______________________________________________________________________________________________________________ 
17. Any type of fiber will increase most of a material’s mechanical properties. Why do some materials experience a greater increase in 

mechanical properties when compared to other materials? (3) 
 

________________________________________________________________________________________________________________ 
18. Why does the addition of fibers generally have a much larger effect on a material’s mechanical properties when compared to the addition 

of fillers? (5) 
 

_____________________________________________________________________________________________________________ 
19. Thoroughly explain how a nucleating agent can make the molded parts clearer while still affecting mechanical properties and shortening 

cycle times. (3) 
 

______________________________________________________________________________________________________________ 
 

______________________________________________________________________________________________________________ 
 

______________________________________________________________________________________________________________ 
 

______________________________________________________________________________________________________________ 
20. What additive is commonly used to increase the adhesive forces between a polymer and fibers or fillers? Give the base additive family name 

and a couple of types. (3) 
 

_______________________________________________________________________________________________________________ 
21. Which type of colorant form will provide the most consistent color in the final parts? (2) 

 

___________________________ What is the main disadvantage of this type? (2) _________________________________________ 
22. Why do fillers and fibers increase some of the mechanical properties of plastic materials? (2) 

 

___________________________________________________________________________________________________________ 
 

___________________________________________________________________________________________________________ 
23. Why do Aramid fibers fail in strong acidic and basic environments? (2) 

 

___________________________________________________________________________________________________________ 
 

___________________________________________________________________________________________________________ 
24. Name and describe two of the types of migration (6) 

 

___________________         _____________________________________________________________________________________ 
 

____________________________________________________________________________________________________________ 
 

___________________          _________________________________________________________________ 
 

_________________________________________________________________________________________ 



  

25. Why don’t fillers increase the glass transition temperature of a material, but they increase the service temperature?(2) 
 

______________________________________________________________________________________________________________ 
 

______________________________________________________________________________________________________________ 
 

______________________________________________________________________________________________________________ 
 

______________________________________________________________________________________________________________ 
 

26. What is the most common form of light stabilizer? (2) ______________________________ 
27. What type of additive reduces sinks in molded parts and may allow for less holding pressure during the process? (2) 

 

______________________________________________________ 
28. Name a material for each of the following statements. (6) 

 

________________Are generally not reinforced because improvements in mechanical properties do not justify the additional cost. 
When using ________________________ the cost of using glass is usually justified. 
 

In _______________, the glass fiber reinforced form possesses properties that approach those of engineering plastics 
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1. Why can you get better surface finish with Injection Molding compared to Extrusion or Extrusion Blow Molding? (2 pts) 
 

___________________________________________________________________________________________________ 
 

2. How can you tell if the plastic part that you have is made with Injection Molding? (2 pts) 
 

___________________________________________________________________________________ 
 

3. What causes the screw in an Injection Molding machine to be pushed towards the back of the injection unit during the 
plastification stage? (2 pts) 

 

____________________________________________________________________________________________________ 
 

4. What completes/finishes the packing stage in Injection Molding? (2 pts) 
 

____________________________________________________________________________________________________ 
 

5. Which Injection Molding process variation puts a second material inside the part between the first material? (2 pts) 
 

____________________________________________________________________________________________________ 
 

6. Why would you pick Injection Molding as a process to make a part over any other plastics process? (2 pts) 
 

____________________________________________________________________________________________________ 
 

7. Why can Injection Molded parts have higher tolerances compared to other plastics processes?  (2 pts) 
 

_____________________________________________________________________________________________________ 
 

8. Name 2 advantages of Injection Molding: (2 pt each) 
 

1) ___________________________________________________________ 
 

2) ___________________________________________________________ 
 
9. Name 2 disadvantages of Injection Molding: (2 pt each) 
 

1) ___________________________________________________________  
 

2) ___________________________________________________________ 
 

10. How can you distinguish a Profile Extrusion part from and Injection Molded part? (2 pts) 
 

_____________________________________________________________________________________________________ 
 
11. Why would you need to cool the barrel of an Extruder while it is making a part? (2 pts) 
 

_____________________________________________________________________________________________________ 
 
12. What does a sizing die do in Profile Extrusion? (2 pts) 
 

_____________________________________________________________________________________________________ 
 
13. What makes the polymer extrudate move through the cooling tank? (2 pts) 
 

_____________________________________________________________________________________________________ 
 
14. What type of die is used in Blown Film Extrusion? (2 pts) 
 

_____________________________________________________________________________________________________ 
 
15. What polymer property is needed so the extrudate in Profile Extrusion does not break, before it cools, as it moves through 

the cooling tank? (2 pts) 
 

_____________________________________________________________________________________________________ 
 



   

16. What is die swell in Profile Extrusion? (2 pts) 
 

_____________________________________________________________________________________________________ 
 

17. Name 2 advantages of Profile Extrusion: (2 pt each) 
 

1) ___________________________________________________________ 
 

2) ___________________________________________________ ________ 
 
18. Name 2 disadvantages of Profile Extrusion: (2 pt each) 
 

1) ___________________________________________________________  
 

2) ___________________________________________________________ 
 

19. Which Blow Molding process can make larger parts? (2 pts) 
 

_____________________________________________________________________________________________________ 
 

20. What two methods can be used to get air inside of the hollow extruded tube in Extrusion Blow Molding? (2 pts) 
 

_____________________________________________________________________________________________________ 
 

21. What is the hollow extruded tube called in Extrusion Blow Molding? (2 pts) 
 

_____________________________________________________________________________________________________ 
 

22. In Intermittent Extrusion Blow Molding, where is the polymer stored while the mold is closed? (2 pts) 
 

_____________________________________________________________________________________________________ 
 

23. What causes sag in Extrusion Blow Molding? (2 pts) 
 

_____________________________________________________________________________________________________ 
 

24. Name 2 advantages of Extrusion Blow Molding: (2 pt each) 
 

1) ___________________________________________________________  
 

2) ___________________________________________________________ 
 

25. Name 2 disadvantages of Extrusion Blow Molding: (2 pt each) 
 

1) ___________________________________________________________  
 

2) ___________________________________________________________ 
 

26. What is the maximum sized bottle that can be made in Injection Blow Molding? (2 pts) 
 
_____________________________________________________________________________________________________ 
 

27. What is the Injection Molded tube called in Injection Blow Molding? (2 pts) 
 

_____________________________________________________________________________________________________ 
 

28. What are two ways to condition an Injection Molded tube in Injection Blow Molding? (2 pts) 
 

_____________________________________________________________________________________________________ 
 
29. Name 2 advantages of Injection Blow Molding: (2 pt each) 
 

1) ___________________________________________________________  
 

2) __________________________________________________ ________ 
 
30. Name 2 disadvantages of Injection Blow Molding: (2 pt each) 
 

1) ___________________________________________________________  
 

2) __________________________________________ ________________ 
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1. Name and describe the two basic morphologies of thermoplastic materials (10 pts) 
 

Amorphous – random arrangement of polymer chains 
 

Semi-crystalline – a portion of the polymer chains folds up into densely packed crystals  
2. What was the first fully synthetic plastic material, who invented it, and when was it invented?  (5 pts) 

_bakelite; Baekeland; 1909 
3. What is viscoelasticity and what causes it? (10 pts) 
Plastic materials stretch and flow – aspect ratio. Long thin nature  
4. Having certain atoms in the polymer chain increase the flexibility and make the material hygroscopic. What are the elements 

and why do they make the polymer chain more flexible? Sketch if it helps  (5 pts) 
 

Nitrogen and oxygen – only have two bonding sites allow polymer molecule to move – creates room  
 
5. List whether the following materials are Semi-crystalline (S) or Amorphous (A) 

(+3 pt/ -10 pts each) It’s only -10 if you answer incorrectly – blanks are -5) 
  

__A___ PVC   _S____ PET    ___A___ ABS     ___A__PMMA  __S___ Nylon 6/6 30%GF 
 

_A____  GPPS     __S___ POM      __S___ HDPE     __S___ Nylon 6/6 __S___ PP 
6. Thoroughly explain branching and how it affects a material’s ductility. (10 pts) 

 

_Small branches cause more entanglement which can reduce ductility 
Large branches create more room between chains allowing them to flow past each other easier – more ductile  
7. Name and describe the two primary polymerization reactions. (10 pts) 

 

Addition – double or triple bonds break and monomers link up  
Condensation – monomers react and chains lengthen 

8.  One type of reaction is more likely to have a narrow molecular weight distribution and a much lower degree of branching. Which 
type is it and why does it possess these qualities? (10 pts) 

Condensation – only the functional groups at the end of the polymer chain can react, so you can control the 
chain length by controlling the addition of the reactants. Doesn’t branch because only the functional 
groups react at the ends of the chains  

9.  Enter either an ↑ , ↓ , or NC (no change) for the following material properties (2 pt each) 
a. An increase in temperature 

 

__↓ __Modulus  __↑ __Impact strength  __↓ __ Density 
 

___↓ _ Viscosity  __↓ __Yield Strength __↑ __ Creep   __↑ __ Toughness 
b. An increase in test speed (strain or shear rate) 

 

__↑ __Modulus  __↓ __Impact strength  NC__ Density 
 

__↓ __ Viscosity  __↑ __Yield Strength XXXX Creep   __↓ __ Toughness 
c. Increasing the molecular weight 

 

__ NC __Modulus  _↑ ___Impact strength  __ NC __ Density 
 

_↑ ___ Viscosity  __↑ _or NC_Yield Strength __↓ __ Creep   __↑ __ Toughness 
d. A decrease in crystallinity 

 

__↓ __Modulus  __↑ __Impact strength  _↓ ___ Density 
 

NC__ Viscosity  __↓ __Yield Strength _↑ __ Creep   __↑ __ Toughness 
10. Why does Polypropylene have a higher Tg than PE? (3 pts) 

 



The methyl groups on the chain reduce the flexibility so the chains need to heat up more – get further apart to 
behave more rubbery 

11. Draw and Label Polyethylene and Polystyrene (10 pts) 

   
12. Name the plastic materials that are made from the following monomers (10 pts) 

       
_____Nylon 6/6______    PC 
13. What was the time period when man started modifying natural polymers?____1800’s________(3 pts) 

14. Thoroughly explain the difference between a thermosetting and a thermoplastic resin (5 pts) 
  

In Thermosetting plastics, the polymer chains are linked with ‘bridges’ between them which adds rigidity and 
prevents them from remelting. Thermoplastic materials do not have the bridges between the chains and can 
remelt. 
15. Name an instance where you would want a wider molecular weight distribution and explain why. (5 pts) 

 

Thermoforming, Blow molding, extrusion; they all require melt strength and need to have the long polymer 
chains to hold the mass together and the shorter chains to allow the mass to flow 
16. Plastic molecules have a high aspect ratio, what does this mean? (3 pts) 

Very long compared to their diameter 

17. Graft Copolymer  When small groups of monomers are attached to the main chain of another polymer (3 pts) 

18. Terpolymer___When there are three types of ‘mers’ polymerized together (3 pts) 

19. Random  Copolymer___When one type of ‘mer’ alternates with another mer in a chain with no specific pattern (3 pts) 
 

20. In _Isotactic Polypropylene_____, the CH3 side groups are all arranged on the same side of the main chain (3 pts) 

21.  In __Atactic Polypropylene_, the side groups alternate with no apparent order.  (3 pts) 

22.  In one type of polymerization reaction only a part of the molecule reacts, what is the name of that part? (3 pts) 

   Functional Group 

23. Explain how Orientation increases the properties in the direction of orientation, but lessens them perpendicular to the 
orientation (3 pts) 

When the polymer chains are oriented in one direction, there is very little entanglement holding them together in the 
perpendicular direction. Any force in the direction of orientation is trying to pull apart the main carbon-hydrogen bonds, 
perpendicular to the orientation, you are trying to pull apart the weaker entanglement forces.  



You have the following 3 different polymers;  
Polymer A at a molecular weight of 450,000 g/mole. 
Polymer B at a molecular weight of 250,000 g/mole 
Polymer C at a molecular weight of 200,000 g/mole 
 

24. If you mixed 2,000 lb of polymer A with 1,000 lb of B, and 500 lb. of C, what would be:  
 

  The number of moles of Polymer A? ___2.02____________ moles (2 pts) (2 decimal places) 
 

  The number of moles of Polymer B? ____1.82___________ moles (2 pts) (2 decimal places) 
 

  The number of moles of Polymer C? ____1.14__________ moles (2 pts) (2 decimal places) 
 

  The weight fraction of Polymer A? ______57.1_____% (2 pts) (1 decimal place) 
 

  The weight fraction of Polymer B? _____28.6______% (2 pts) (1 decimal place) 
 

  The weight fraction of Polymer C? _____14.3______% (2 pts) (1 decimal place) 
   

  The Mw? __357,050______ g/mole (5 pts) (0 decimal places) 
 

  The Mn? __319,016_______ g/mole (5 pts) (0 decimal places) 
 

25. You have an unlimited supply of polymers A and B.  You are trying to achieve a Mw of 400,000 g/mole. What is your mix 
ratio? 
 
400,000 g/mole = WtFr A (450,000 g/mole) + WtFr B (250,000 g/mole) 
  = WtFr A (450,000 g/mole) + (1-WtFr A) (250,000 g/mole) 
400,000 g/mole – 250,000 g/mole = 450,000 g/mole WtFr A – 250,000 g/mole WtFr A 
150,000 g/mole = 200,000 g/mole WtFr A 
WtFr A = 150,000/200,000 = .75 
 
1/.75 = 1.3333 
1-1.3333 = 0.3333 
1 part A to 0.3333 parts B 
Or 3:1 
 
 
 
 
 

Ratio of A:B _____3:1______ (10 pts) 
 

Bonus: 1 pt each 

Name 6 advantages and 3 disadvantages of plastic materials 

Adv _______________________________________________ Dis _______________________________________ 

 _______________________________________________       ________________________________________ 

 _______________________________________________           _________________________________________ 

 _______________________________________________ 

 _______________________________________________ 

 _______________________________________________ 
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1. List the materials that would be considered to have very good to excellent optical properties, list whether they are amorphous 
or semi-crystalline, and list if they are a commodity or an engineering polymer (10 pts) You can abbreviate. 

 

PS – A – C; PC – A – E; PMMA – A – E; PET – S -  E  

2. Why do HDPE and PP have such good chemical resistance and PC and GPPS do not?  (5 pts) 
 

They are semi-crystalline so they are more chemically resistant and they only possess single C-C and C-H bonds  
3. List 3 materials that are commonly used in packaging, list whether they are amorphous or semi-crystalline, and list if they are a 

commodity or an engineering polymer. Also list what it is they would be used to package. (12 pts) 
 

PVC-A-C- any product shipped or sold in a blister pack; HDPE-S-C-milk; PP-S-C-Yogurt; PET-S-E-carbonated beverages/water 
 

PS-A-C-tic-tacs;  
4. List 2 materials that are commonly used to make gears or bushings, list whether they are amorphous or semi-crystalline, and list 

if they are a commodity or an engineering polymer.(8 pts) 
 

1  PA-S-E; POM-S-E Best choices 
 

2   Also accepted were PET-S-E and PS-A-C 

5. List 3 materials that are commonly copolymerized, list whether they are amorphous or semi-crystalline, and list if they are a 
commodity or an engineering polymer. Why would they be copolymerized? (12 pts) 

 

1 POM –S-E; PP-S-C; PMMA-A-E; PS-A-C (ABS-A-E); PET-S-E 
 

2__________________________________________________________________________________ 
 

3__________________________________________________________________________________ 
 

WHY? They would be co-polymerized in order to improve visual, impact, or barrier properties 
6. Which 2 materials will float regardless of the geometry of the component? (3 pts) 

 

PE + PP 
7. List 2 materials that do not burn easily or self -extinguish, list whether they are amorphous or semi-crystalline, and list if they 

are a commodity or an engineering polymer.(8 pts) 
 

1  PVC-A-C; PC-A-E; PA-A-E; 

8. List 3 materials that are hard to decorate using many decoration methods, list whether they are amorphous or semi-crystalline, 
and list if they are a commodity or an engineering polymer. Answer why they are hard to decorate (12 pts) 

 

1 POM-S-E; PE-S-C; PP-S-C 
 

2 Also accepted, but may be -1 were PVC-A-C and PA-S-E 
  

WHY? They have low surface energy which makes it harder for inks to stick to them 
 

9. List 2 materials that give off toxic fumes when they degrade, list whether they are amorphous or semi-crystalline, and list if they 
are a commodity or an engineering polymer.(8 pts) 

 

1. POM-S-E and PVC-A-C 

10. List 2 materials that can be difficult to process and why they can be difficult to process. (8 pts)    

1. PA- very low viscosity, thermally and moisture sensitive, hygroscopic; PET-narrow process window 
 

2. PMMA – Very high viscosity, hygroscopic, brittle; PVC-thermally and shear sensitive, toxic fumes 
 

May also have been accepted but at reduced points – PC- high viscosity, hygroscopic; POM-hygroscopic, toxic fumes  
11. Name one of the materials that has a very high specific gravity > 1.35, list whether it is are amorphous or semi-crystalline, and 

list if it is a commodity or an engineering polymer (10 pts)  
       

 PVC(1.4) or POM(1.41) 
12. List 2 materials that are not commonly recycled, list whether they are amorphous or semi-crystalline, and list if they are a 

commodity or an engineering polymer. Answer why they are not commonly recycled  (10 pts) 



 

1. PC-A-E; ABS-A-E; PMMA-A-E; POM-S-E; PA-S-E 
 

2. PVC-A-C 
 

WHY? Not commonly used in packaging or disposable items or for PVC-thermally sensitive and may give off toxic fumes if degraded  
 

13. What are the four basic points to the sustainability platform? (8 pts) 
 

1 Recycling 
 

2 Reducing the amount of material in components 
 

3 Biodegradable polymers or polymers from sustainable sources 
 

4 Design for recyclability 

14. What is sustainability?(5 pts) 
 

Leaving no debt for future generations 
 

Meeting the needs of the present without compromising the ability of future generations to meet their needs  
15. What are the two basic types of recycled plastic?(3 pts) 

Post-consumer and Post-industrial 
16. Why is the substitution of Plastic for glass packaging good for the environment? (3 pts) 

Packages weigh less so less fuel is consumed in shipment and fewer emissions are produced 
17. List 2 reasons why Plastic bags are better for the environment than paper bags (4 pts) 

1 Less energy to create; less fresh water to produce; less energy to recycle; less space in landfill, etc. 
18. What are the two sustainability initiatives of  the plastics that are directly opposed to each other and why are they? (5pts) 

 

Recycling and biodegradable polymers – you can’t have biodegradable polymers getting mixed in with materials that are going to be 
recycled or they may fail prematurely and you can’t mix recycled materials in with biodegradable ones or they may no longer be 
classified as biodegradable 
19. Name two ways a part or assembly could be designed in order to make recycling easier .(5 pts) 

1 No metal fasteners; no labels or easily removable ones, make all of the components out of the assembly out of the same or 
compatible materials; don’t use thermoset components, design to be easily taken apart. 
20. List two of the commodity plastics and list 5 advantages and 3 disadvantages of each (20 pts) 

Advantages Material PE     Disadvantages 

1. Ductile______________________________  1.Low dimensional stability_________________________ 

2. Chemical resistance___________________  2. Flammable_____________________________________ 

3. Inexpensive__________________________  3. Hard to decorate/assemble________________________ 

4. Highly recyclable______________________  

5. Easily processed______________________  

Advantages Material PP___________________  Disadvantages 

1. Easily processed______________________  1. Weatherability________________________________ 

2. Chemical resistance___________________  2. Low dimensional stability________________________ 

3. Inexpensive__________________________  3. Hard to decorate/assemble________________________ 

4. Highly recyclable______________________ 

5. Living Hinge__________________________  

21. List the other two commodity plastics and list 4 advantages and 2 disadvantages of each (16 pts) 

Advantages Material PVC________________  Disadvantages 

1. Good dimensional stability_____________  1. Plasticizers; difficult to recycle 

2. Good Weatherability__________________  2.  Not thermally stable________ 

3. Good Electrical Properties______________   



4. Good chemical resistance; variety of hardnesses  

Advantages Material PS________________  Disadvantages 

1. Good optical properties________________  1. Brittle; chemical resistance 

2. Good dimensional stability______________  2. flammable 

3. Easy to decorate/assemble; easily recyclable   

4. Good insulation properties; Easily processed  

22. List three of the Engineering plastics and list 5 advantages and 3 disadvantages of each (30 pts) 

Advantages Material PC_____________________  Disadvantages 

1. Clarity______________________________  1. Chemical resistance_____ 

2. Good dimensional stability______________  2.  Expensive____________________ 

3. Good weatherability___________________  3. Difficult to recycle________________ 

4. Excellent mechanical properties__________  

5. Electrical properties____________________  

Advantages Material PET_________________  Disadvantages 

1. Highly recyclable______________________  1. Poor weatherability__________________ 

2. Chemical resistance___________________  2. flammable__________________________ 

3. Relatively inexpensive_____________  3. hygroscopic__________________________________ 

4. Good barrier properties________________  

5. Electrical properties___________________  

Advantages Material ABS_________________  Disadvantages 

1. Properties easily modified______________  1. Flammable____________________________________ 

2. Creep resistant_______________________  2. Difficult to recycle ____________________________ 

3. Easily Processed______________________  3. Poor barrier properties_________________________ 

4. Easily decorated______________________  

5. Good mechanical properties_____________  

23. List the other three engineering  plastics and list 4 advantages and 2 disadvantages of each (24 pts) 

Advantages Material Nylon_____________  Disadvantages 

1. Very good mechanical properties________  1. Difficult to process_____________________________ 

2. Good Creep resistance______________  2. Thermally sensitive; moisture sensitive_____________ 

3. Good chemical resistance_____________   

4. Good O2 barrier; Self extinguishing_______  

Advantages Material PMMA___________   Disadvantages 

1. Optical properties____________________  1. Chemical resistance_________ 

2. Mechanical properties________________  2. Difficult to process; Flammable 

3. Weatherability______________________   

4. Thermally stable; ease of decoration and assembly  

Advantages Material POM_____________   Disadvantages 

1. Mechanical Properties________________  1. Poor weathering__________________ 

2. Electrical Properties__________________  2. Difficult to decorate and assemble; Toxic (formaldehyde) 



3. Chemical resistance___________   

4. Dimensional stability; lubricity___  

Bonus: Name and explain why one of the morphologies of thermoplastic materials is more difficult to assemble (5 pts) 

Semi-crystalline are more difficult because: 

The crystals take more energy to melt 

Once they are melted they are a much lower viscosity and they quickly flow away from the weld area 

Once away from the weld area they quickly freeze and form a poor weld 

Bonus: Name as many methods of sterilization of plastic components as you can (4 pts) 

Autoclave (high heat steam); gamma radiation; Ethylene oxide; E-beam 
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 T/F (2 pts each) Circle the ‘T’ or the ‘F’ to designate whether you think the correct answer is True or False 
1. T    F   Highly unsaturated (ready to share electrons) are much more sensitive to oxidation 
2. T    F   Plate Out causes aesthetic problems with the parts due to buildup on the mold surfaces. 
3. T    F   Plasticizers can increase the melt viscosity, glass transition temperature, and modulus of elasticity of the product 

without altering the fundamental chemical character of the plastic material. 
4. T    F   Surface treatments such as lubricants and coupling agents are commonly added to the glass during the compounding 

process. 
5. T    F   Light stabilizers can be partially soluble and provide good opacity, but are not good in high temperature applications 
6. T    F   Dyes are typically organic compounds and are commonly added to transparent polymers that yellow easily such as 

PMMA, PC, and PVC 
7. T    F  Back pressure and screw speed are important when adding fibers because if the shear stresses are too high, the fibers 

may be broken into smaller fragments which will decrease the properties of the final product 
8. T    F  The amount of heat stabilizers that is added to a material is important because it is consumed during the processing of 

the material and enough needs to be added to see the material through its entire life cycle. 
9. T    F   Additives will raise the HDT of a material because they interfere with molecular movement 
10. T    F   Peroxides are commonly used as nucleating agents 
11. T    F   Common considerations when specifying fillers are; cost, abrasiveness, flammability, and the properties of the final 

product. 
12. T    F   Organic pigments can be partially soluble and provide good opacity, but are not good in ↑  temperature applications 
13. T    F   Some ways in which a lubricant widens the processing window are; reduce shear heat, reduce viscosity, and aid in the 

dispersion of fillers.   
14. T    F   Applications where a specialty plasticizer would be required would be extreme temperatures or exposure to petroleum 

products 
Fill in the blanks  
1. Thoroughly explain the anti-plasticizer effect. (3)  
 
Small amounts of plasticizer increase the level of crystallinity by allowing for more molecular movement – makes polymer more 
brittle. Add more and the crystals are broken up. 
2. Why is color important? (2) The real reason, not PEOPLE ARE STUPID 
 
Perceived quality 
3. Why can’t pigments be considered light stabilizers? (3) 

 
Only materials that impart little to no color change in the base material can be considered light stabilizers  
4. Pigments and colorants can affect how fast a material will weather. Thoroughly explain how and the stipulation(4) 

Light colors reflect more damaging light (cooler); dark colors change the damaging light into heat which heats up the polymer 
possibly causing additives to migrate out faster; a certain thickness is needed 
5. Why can colorants affect both the process and properties? (3)  

 
They are mixed with a low molecular weight carrier resin and lubricants for dispersion 
6. Name the three reasons Aluminum Hydroxide makes such a good flame retardant (2 ea) 

1) Endothermic reaction – absorbs heat 

2) Produces aluminum oxide – char layer 
 

3) Produces water vapor which disrupts the flame chemistry 
 

7. A color appears differently under different light sources (1) Metamerism 
 

8. A color appears differently at different angles (1) Dichroism 



   

 
9. What causes plate-out? (3) Lack of compatibility of one of the additives 

 
10. Name the four common forms of colorants (2 ea) 

 
1) Pre-colored     3)   Liquid colorants 

 
2) Color Concentrates    4)  Dry colorants  

11. Why is Plate-out different from migration?(3) Plate out happens during processing; Migration happens after the part has been 
formed/over time 

12. Name two ways to impact modify a polymer without adding an impact modifier? (2 ea) 
1 Add plasticizers; add lubricants 
2 disrupt or reduce the crystallinity 

13. Name a means other than adding heat stabilizers (antioxidants) of retarding thermal oxidation (2) 
 

Structural modification (copolymerize); capping end groups; orientation 
14. Explain how you can reduce weight by using glass, carbon, or Aramid fibers. (2) 

 
They are stronger so you can design thinner walls 
15. What is the main difference between extender fillers and fibers in terms of why they are used? (3) 
Fibers are always added to increase part properties, never just to increase the bulk of the material  
16. Thoroughly explain how glass fibers can be used to decrease energy costs? (3) 
They allow the part to be ejected at a higher temperature, reduces cooling time 
17. Any type of fiber will increase most of a material’s mechanical properties. Why do some materials experience a greater 

increase in mechanical properties when compared to other materials? (3) 
Greater functionality; lower viscosity – better wettability – more intimate contact with the fiber 
18. Why does the addition of fibers generally have a much larger effect on a material’s mechanical properties when compared to 

the addition of fillers? (5) 
Higher aspect ratio – more contact with the fibers that were added 
19. Thoroughly explain how a nucleating agent can make the molded parts clearer while still affecting mechanical properties and 

shortening cycle times. (3) 
Smaller crystals do not refract the light; higher level of crystallinity increases mechanical properties and allows part to be ejected 
at a higher temperature because they are stiffer 
20. What additive is commonly used to increase the adhesive forces between a polymer and fibers or fillers? Give the base 

additive family name and a couple of types. (3) 
Coupling agents or compatibilizers; silanes and titanates 
21. Which type of colorant form will provide the most consistent color in the final parts? (2) 

Pre-colored What is the main disadvantage of this type? (2) expensive 
22. Why do fillers and fibers increase some of the mechanical properties of plastic materials? (2) 

They hinder molecular movement; make it harder for the chains to slide past one another 
23. Why do aramid fibers fail in strong acidic and basic environments? (2) 

Aramid fibers are polyamides with aromatic rings attached and the structure of polyamides makes them susceptible to acids 
and bases; like dissolves like 

24. Name and describe two of the types of migration (6) 
Blooming – bronze like haze on the surface; solvent bleeding – liquid exudes from the material; contact bleeding – solid/solid 
transfer 

25. Why don’t fillers increase the glass transition temperature of a material, but they increase the service temperature?(2) 
The Tg is a function of the polymer structure, it won’t change with a filler because the molecules are still mobile at that 
temperature. The composite can be used at a higher service temperature because the fillers or fibers hinder the molecular 
movement and make it stiffer at the higher temperature even though it has exceeded its Tg. 

26. What is the most common form of light stabilizer? (2) HALS 
27. What type of additive reduces sinks in molded parts and may allow for less holding pressure during the process? (2) 

Foaming agents 
28. Name a material for each of the following statements. (6 pts) 

_pe/pvc/gpps_Are generally not reinforced because improvements in mechanical properties do not justify the additional cost. 
When using _pa/pc/pet/pbt/pom___ the cost of using glass is usually justified. 
In _abs/pp/san__________________, the glass fiber reinforced form possesses properties that approach those of engineering 
plastics 
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Exam #3                                           76                                         Date____________________   
 

1. Why can you get better surface finish with Injection Molding compared to Extrusion or Extrusion Blow Molding? (2 pts) 
 

___Because you are filling and packing under high pressure.  This helps pick up more detail in the mold________________ 
 

2. How can you tell if the plastic part that you have is made with Injection Molding? (2 pts) 
 

__If the part has good surface finish and interior part detail, then it most likely is Injection Molding _________________ 
 

3. What causes the screw in an Injection Molding machine to be pushed towards the back of the injection unit during the 
plastification stage? (2 pts) 

 

___The pressure built up as the polymer is pumped in front to f the screw________________________________________ 
 

4. What completes/finishes the packing stage in Injection Molding? (2 pts) 
 

___Gate freeze________________________________________________________________________________________ 
 

5. Which Injection Molding process variation puts a second material inside the part between the first material? (2 pts) 
 

___Sandwich Molding___________________________________________________________________________________ 
 

6. Why would you pick Injection Molding as a process to make a part over any other plastics process? (2 pts) 
 

___If you need high tolerances, good surface detail, or interior features___________________________________________ 
 

7. Why can Injection Molded parts have higher tolerances compared to other plastics processes?  (2 pts) 
 

___Because the packing phase can compensate for polymer shrinkage.  This phase is not present in the other processes____ 
 

8. Name 2 advantages of Injection Molding: (2 pt each) 
 

1) _ High Production Rates, High Tolerances, Hot Runners – Low Scrap Rate,_______ 
 

2) _ Minimal Labor, Complex Shapes, and Excellent Surface Finish _______________ 
 
9. Name 2 disadvantages of Injection Molding: (2 pt each) 
 

1) _ High Tooling Cost, Part Details not Easy to Construct, Warpage after Molding,___ 
 

2) _ Long Mold Building Time, and Hard to Predict Shrinkage ___________________ 
 

10. How can you distinguish a Profile Extrusion part from and Injection Molded part? (2 pts) 
 

___Extrusion parts have a 2D cross-section and a constant third dimension.  They also can have drag marks running along the 
third dimension________________________________________________________________________________________ 
 
11. Why would you need to cool the barrel of an Extruder while it is making a part? (2 pts) 
 

___Because of frictional heating in the barrel________________________________________________________________ 
 
12. What does a sizing die do in Profile Extrusion? (2 pts) 
 

___It helps to keep the extrudate in shape__________________________________________________________________ 
 
13. What makes the polymer extrudate move through the cooling tank? (2 pts) 
 

___The puller__________________________________________________________________________________________ 
 
14. What type of die is used in Blown Film Extrusion? (2 pts) 
 

___Tubular____________________________________________________________________________________________ 
 
15. What polymer property is needed so the extrudate in Profile Extrusion does not break, before it cools, as it moves through 

the cooling tank? (2 pts) 
 

___Melt strength/High viscosity____________________________________________________________________________ 



   

16. What is die swell in Profile Extrusion? (2 pts) 
 

___The polymer chains are quickly oriented as they enter the die.  When they exit the die, they want to go back to their original 
orientation______________________________________________________________________________________________ 
 

17. Name 2 advantages of Profile Extrusion: (2 pt each) 
 

1) _High production rates, low tooling costs,_________________________________ 
 

2) _Lowest cost conversion process for plastics_______________________________ 
 
18. Name 2 disadvantages of Profile Extrusion: (2 pt each) 
 

1) _Secondary operations for 3rd dimension, tolerance issues,___________________ 
 

2) _Long die debug time, and surface defects_________________________________ 
 

19. Which Blow Molding process can make larger parts? (2 pts) 
 

___Extrusion Blow Molding______________________________________________________________________________ 
 

20. What two methods can be used to get air inside of the hollow extruded tube in Extrusion Blow Molding? (2 pts) 
 

___Blow Pins and blow needles___________________________________________________________________________ 
 

21. What is the hollow extruded tube called in Extrusion Blow Molding? (2 pts) 
 

___Parison____________________________________________________________________________________________ 
 

22. In Intermittent Extrusion Blow Molding, where is the polymer stored while the mold is closed? (2 pts) 
 

___In the accumulator___________________________________________________________________________________ 
 

23. What causes sag in Extrusion Blow Molding? (2 pts) 
 

___Gravity____________________________________________________________________________________________ 
 

24. Name 2 advantages of Extrusion Blow Molding: (2 pt each) 
 

1) _Inexpensive molds, complex geometry, combine features,____________  
 

2) _Foam filled_________________________________________ ________ 
 

25. Name 2 disadvantages of Extrusion Blow Molding: (2 pt each) 
 

1) _Filling problems, cooling on one side, warpage, flash, weld failure,___   
 

2) _Secondary operations, uneven wall thickness, and surface finish_____ 
 

26. What is the maximum sized bottle that can be made in Injection Blow Molding? (2 pts) 
 
___5 gallons___________________________________________________________________________________________ 
 

27. What is the Injection Molded tube called in Injection Blow Molding? (2 pts) 
 

___Preform____________________________________________________________________________________________ 
 

28. What are two ways to condition an Injection Molded tube in Injection Blow Molding? (2 pts) 
 

___Heating and cooling__________________________________________________________________________________ 
 
29. Name 2 advantages of Injection Blow Molding: (2 pt each) 
 

1) _Bi-axial orientation, no scrap, good surface finish, _________________ 
 

2) _and Tighter tolerance________________________________________ 
 
30. Name 2 disadvantages of Injection Blow Molding: (2 pt each) 
 

1) _Small size, higher tooling costs, ________________________________ 
 

2) _and offset neck bottles cannot be made__________________________ 
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