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In&oduction

Categories or family tree
of polymers.
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Families of Polymers

Module 1 of Sharing The Knowledge lays the foundation for future
modules by defining the term polymer and by differentiating the
various families of polymers that exist today. At the end of this
module you should be able to identify the basic characteristics of
polymers as well as describe the major differences between thermo-
plastics and thermosets, between engineering and commodity plas-
tics, and between amorphous and crystalline resins. STK 101

' Objectives:
At the end of this module, participant should be able to:
¢ Identify the basic characteristics of polymers.

‘e Describe the major differences between the following
polymer families: commodity vs. engineering and
- thermosets vs. thermoplastics. |
¢ Describe the relationship between material, design,
and processing in plastic part production.
® (lassify the materials YOu are working with according
to their polymer family.

3

amilies of Polymers “Tree”
lastics - or polymers - are manmade materials used to make an

ry

assortment of different thingswe use everyday. The tires on your car,
your car dashboard, and the lid on your coffee cup are all made of
plastic, and yet each material is very different. Each of these materials
belongs to a different “family” of polymers.

In this module we’ll learn how an automobile tre, which is a
thermoset, differs from an automobile dashboard, which isa thermo-
plastic. And we’ll see why the dash is considered an engineering
thermoplasticwhile the coffeelid is considered a commodity thermo-
plastic. Finally, we’ll learn that even within the engineering and
commodity families, thermoplastics can either be amorphous or
crystalline. By understanding these variations, you’ll begin to appre-
ciate the wonderful diversity and unique properties these polymer
materials have to offer. STK 102
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STK 103

The Development of Materials

GE Plastics

Stone . Brick Metal Plastics

All materials are made of molecules.
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H H
\No”/

()

One water
Many, many water molecule
molecules (H,0)

Participant's Notes:

M-PLA-0117-STK-MOD 1-12/89-00-4 © General Electric Company 1989



Polymer Science
Plastics are the next step

in the development of
materials.

Molecules are made of
atoms.

Materials around us are
made of many molecules.
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' The Development of Materials

Through the years, man has used a variety of materials: from stone,
to brick, to metal, and finally to plastics. All these materialsare made
‘of molecules. In fact, éverything is made of molecules. And it is the
molecular structure of each of these materials that makes it unique.

STK 103

Al Molecules Are Made of Atoms

Every molecule is made up of atoms. You've probably heard water
referred to as H,O. That’s because water is made up of many H,0
molecules. H,O stands for the two Hydrogen atoms and one Oxygen
atom bonded together to make up one H,O molecule. This is an
example of chemical notation that will be helpful to you as our
discussion proceeds. STK 104
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STK 105

I ' GE Plastics

Plastics

There are many, many molecules
in each plastic pellet.
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Plastics

There are many Justaswater is made up of many water molecules, a plastic ismade up
molecules in a typical of many “plastic” molecules. To give you an idea of the size of a
pellet. molecule, there are overamillion moleculesin a typical plastic pellet.
| STK 105
Making Plastics

_ While some materials exist naturally such as stone, wood, and petro-

Plastics are derived from leum oil, plastics are made by man. Man isolates the molecules found
sources such as oil and in such natural materials as crude oil and mixes them up or adds
natural gas. many together to form an entirely new molecule - a long, chain-like

molecule - a polymer molecule. STK 106
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.. STK 107
GE Plastics
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Gas Methane m
One Carbon H- 9 i
H
e L HHHHHHHH
{(Gasoline) @ s oA A A 444
Eight Carbons H-C-C-C-C-C-C-C-C H
H H H H H H H H
Wax Paraffin
H H H H
50 Carbons -CCCC---
H H H H
Plastic Polyethylene
HHHH
L bo s 08 4 s
10,000 Carbons Q-CQQ o
HHHH
1
Participant's Notes:
GE Plastics

HH
(:3=(:3 Ethylene Monomer
H H
HHHHMH
(:: (:2 (;‘, ¢ (:2- Polyethylene Molecule
HHHHMH

Polyethylene is a polymer.
All plastics are polymers..
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Increasing the length of
a polymer molecule can

change its properties.

The length of the
polymer molecule
(chain) determines its
molecular weight.

Each polymer molecule
comes from a unique
monomer.
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- States of Matter

For example, we can take the molecules from a natural material such as oil
and then rearrange them through a chemical process to create a new
molecule, a polymer molecule. Though the resulting polymer molecule
will contain the same base unit as the methane and the octane found in the
oil, it will still be a very different material.

You see, there are three states of matter - gas, liquid, and solid and a
material’s state depends on the degree to which its molecules are packed
together. Increasing the number of atoms in a molecule tends to increase
the compactness of these molecules within a material.

Because methane is a very small molecule, containing only one Carbon

. atom surrounded by four Hydrogen atoms, its molecules are so loosely

packed that they exist as a gas. Octane is a slightly bigger molecule than
Methane, containing eight Carbon atoms surrounded by several Hydro-
gen atoms, so its molecules cling together more closely and therefore exist
as a liquid. '

Paraffin is an even bigger molecule, containing as many as 50 Carbons and

at least 100 Hydrogen atoms. Paraffin molecules are so compact that they

exist as a waxy solid. Methane, Octane, and Paraffin all exist naturally.
Plastics, however, are manmade.

Man uses advanced chemistry to form very long molecules like this polyeth-
ylene molecule which contains thousands of Carbons and thousands of
Hydrogen atoms. These molecules are very densely packed and exist as a
plastic solid called a polymer. Polyethylene is a polymer. All plastics are
polymers. STK 107

Monomer /Polymer

The base molecular unit that was isolated from the petroleum is called 2
monomer - mono meaning one, mer meaning unit. This is an example of
an ethylene monomer. Thousands of these monomers linked together
create a long chain-like molecule called a polymer - poly meaning many.
Thisis an example of a polymer molecule - a polyethylene molecule. Many
polyethylene molecules form the polymer material called polyethylene.

All plastics are polymers. STK 108
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STK 109

GE Plastics

Polymer

A chemical compound formed by many
monomers linking to form larger molecules
that contain repeating structural units.

O Monomer
Mono-one

Mer-unit

QOOOOCJOOOO Polymer Molecule
Poly-many

Participant's Notes:

GE Plastics

Polymers Have a
Spaghetti-like Structure
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Polymer

A polymer is a chemical compound containing many repeating

Polymers are made up of monomers linked together to form a very long chain-like molecule.
many single repeat units Just imagine a string of beads where one single bead represents a
called monomers. monomer unit, and the entire strand represents the polymer mole-

cule. , STK 109

Potymers Have Spaghetti-like Structure

Random alignment and This long molecular chain bends, twists, turns, tangles, and bends in
entanglement of polymer on itself and its neighbors to form a structural mass that resembles
chains. cooked spaghett. It is this intertwined structure that gives the poly-

mer some of its unique characteristics. STK 110
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