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Families of Polymers

. Polymer Science

. Factors \ilhich Effect Polymer
Properties

. Polymer Families

. Material, Design, and Processin$
Relationships
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Introduction

C.ategories or family tree
of pollmers.

Familics of Polynrs
Module I of Sharing The Knowledge lays the foundation for future
modules by defining the term polymer and by differentiating the

""arious 
families of polymers that exist today, At the end of this

module you should be able to identify the basic characteristics of
polymers aswell as describe the major differences between thermo.
plastics and thermosets, betrveen engineering and commodity plas.

tics, and between amorphous and crystalline resins" STK 101

Objeaiaes:
At the end of this module, participant should be able to:

. Identify the basic characteristics of polymers.

. Describe the m4ior differences betu,een the foltowing
polymer families: commodity vs. engin eerin g and

thermosets vs. thermoplastics.

o Describe the relationship benpeen material, design,

and processing in plastic part production-

. Classi& the materials you are working witlr according
to their polymer fl'amriny"

Namd.gie$ wf Poiynws ffre**
FEastics - or poiyn'ners - a.re reanrnad.e materials ursed to ma-ke am

assortmentof differentthings'we use everyday. The tires onyour car,

your car dashboard, md the lid on your colfee 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 tire, which is a
therm oset, differs fr om an au tomobile dashboard, which is a thermo-
plastic. And we'll see why the dash is considered an engineering
therm oplastic while the coffee lid is considered a commodiry therm o-

plastic. Finally, we'll learn that even within the engineering and
commodity families, thermoplastics can either be amorphous or
cqntalline. By understanding these nariarions, you'll beg,n to appre-
ci;ate *re wonderful diversity and unique properties these polymer
materials have to offer. STK f 02
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The Development of Materials

Stone Brick Metal Plastics

All materials are made of molecules.
I
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All Molecules Are Made of Atoms

H H
\ o/

Many, many water
molecules

One water
molecule

(HrO)
I
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Polymer Science

Plastics are the next step

in the development of
materials.

trtfloBecu1es are naade off

atorns.

Matsials arormd us are
made sf rtraqf molecules.

The Darclopment of Matcriak
Ttrrough the years, man has used arariety of materials: from stone,

to brick, to metal, and finally to plastics. All these rnaterials are made

of molecules. In fact, everything is made of molecules. And it is the

molecular structure of each of these materials that makes it unique.

STK TO3

AN tuEsPc*'as&m Are fufiadc wf ewrcs
Every moiecule is made up ofl atoms. You've probably heard water

referred to as HrO. That's because water is made up of many HrO

molecules. HrO stands for the truo Hydrogen atoms and one Oxygen

atom bonded together to make up one HrO molecule. This is an

exqnple of chernical notation that will be helpful to you as our
discussion proceeds. STK f04
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There are many, many molecules
in each plastic pellet.
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Plastics
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Making Plastics

Chcl[istry

Petroleum

Plastics

Manmadc

I
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There are many
molecrrles in a typical
pellet.

Plastics are derived from
sources suc.h as oil and

naturzl gas.

Plastics

Just as water is made up of many water molecules, a plastic is made up

of many "plastic" molecules. To give you zln idea of the size of a
molecule, there are over a million molecules in a typical plastic pellet-

STI( TO5

tufi&kisg Pflsstdffi

Whiie sorne rnaterials eNist natr.erally sr.ecla as stone, wood, and petro-

leum oil, plastics are made by man. Man isolates the molecules found

in nrch nahrral materials as cnrde oil and mixes them up or adds

many together to form an entirely new molecule - a long, chain-like

molecule - a polymer mdlecrrle. STK 106
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of Matter
H
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Onc Carbon
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Elght Carbons
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Liquid
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Folyethylcne
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Plastic
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Ethylene Monomer
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Polyethylene Molecule

Polyethylene is a polymer.
All plastics are polymers.
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Ircreasing the length of
apotymer molecrrle can

change its properties.

The length of the
polymer molecrrle
(chain) determines its
molecrrlar weight.

Each polymer molecrrle
comes from aunique
monomer

Sutrs 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 C,arbon 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 lealt 100 Hydrogen atoms. Paraffin molecules are so comPact that they
exist as a waxy solid. Methane, Octane, and Paraffin all exist narurally.
Plastics, however, are manmade.

Man uses advanced chemistry to form very long molecu les like this po lyeth-
ylene molecule which contains thousands of C,arbons and thousands of
Hydrogen atoms. These molecrrles are very densely packed and exist as a

plastic solid called a polymer. Polyethylene is a polymer. All plastics are

iotymers. STK 107

frvfu.osr&s{a#ffairytr
The base molecular unit ehar was isoBated frorn the petnoleunt is called a

monomer - rnono meaning one, fller rneaning unit- This is an example of
an ethylene monom€r. Thousands of these monomers linked together
create a long chain-like molecule called a polymer- Poly meaning many.
This is an orample of a polymer rnolecule - a polyethylene molecule. Many
polyethylene molecules form the polymer material called polyethylene.

AII plastics are polymers. STK 108
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Polymer
A chemical compound formed bY manY
rnonomers linking to form larger molecules
that contain repeating stnrctural units.

Monomer
Moao-onc
Mcr-unlt

Polymer Molecule
hly-many

I
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Polymers Have a
Spaghetti-like Structure
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Polyners are made up of
many single repeat units
called monomes.

Random alignment and
entanglement of polymer
chains.

Po\rnw
A polymer is a chemical compound containing many repeating

monomers linked together to form a very long chain-like molecule.

Just imagine a string of beads where one single bead represents a

monomer unit, and the entire strand represents the polymer mole-

cule. STK 109

Po$rmem Waae Spaghwdfii,ke Swaffis*re
ffiris long rnolecular chain bends, twists, turrrs, tangles, and bends in
on itself and its neighbors to form a struchrral mass that resembles

cooked qpaghetti. It is ttris internrvined stnrcture that gives the poly-

mer some of its unique characteristics. STK f f0
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