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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

IT
II

III
III

Participantrs Notes:
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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

l-
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There are many, many molecules
in each plastic pellet.

GE Pbstlcs

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

H.C.H
H

Gas Methane
Onc Carbon

Octanc
(Gasollnel
Elght Carbons

HHHHHHHH
H -C-C-C-C-C-C-C-C-H

rrrlHHHHHHHH

Liquid

HHHH
c-c-c-c' . .
HHHH

Wax Paraffin
5O Carbons

Folyethylcne
fO,OOO Carbons HHHH

-c-c-c-c.
HHHH

Plastic

sTE{. ?{88

@ GE Plastles

H
I

c
I

H

H

a

H
Ethylene Monomer

HHHHH
lltaac-c-c-c-c
rlatl
HHHHH

Polyethylene Molecule

Polyethylene is a polymer.
All plastics are polymers.

I
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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

I
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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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Polymerization
The Process of Forming Polymers

Addition Polymerization
Coobining or Addlng SlmPle RcPeat
Units to Fortn Lotlg Cbain-llkc Molecules

OnO
o-o
Condensation Polymerization

Combiaing TWo or Morc Unlts with a Libcratlon
of By-products

"."sso 
> ffi+6

I

Participant's N

STEL iri?j

Properties of Polymers Depend Upon:

. Shape and Length of tJre
Polymer Chains

. Alignment of the Polymer Chains

o Q[smical Corrposition of the
Monomers

€E P,p,stlcs
@

I
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Two methods of making
polymers are addition
pollmerization and

condensation

polymerization.

ffofumer
Fnoperties

Polymer properties
depend on three primar,,
factors.

Po$rnrization,
The process of forming a polymer is called polymerization and two

tFpes are: addition and cond,ensation. In addition polymerization,

many of the sarne type of monomers are add.ed together to form a

very long chain of repeating monomer units. Condensation polym-

erization unites two or more different molecules to create a hew

monomer and a by-product. These monomers add together to form

a long chain of repeating structural units with the liberation of by-

products. STK lll

ffiwpwtia wf PaP,ywees W*p*d {,Jporc:

Remember, not ali poiymers are alike" Though they all share certain

unique characteristics, the individual properties of each are depend-

entupon the chemicd composition of the polyrrier, the shape of the

polymer chains, and the alignment of these molecular chains. We'll
discuss these differentiating characteristics in more depth as we

continue. STK 112
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Chemical Composition
Addition Reaction (Polymerization)

lllallc=c+c=c*c=c +
ttlarl

ttlall-C.C.C.C-C.C.
atllal

Ethylene Monomer PolYethYlene

Condensation Reaction (Potymerization)
oooo
llllllllHH

HO-C.{R}-C-OH + IIO-IR}'OH + IIGC-(R)-C-O-(R|-OH + \O/
Acid Alcohol FolYester Watcr

Participant's Notes:

STH" nE+
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Addition Polymerization

Manmade Natural

Polyethylene Rubber

Polystyrene Cellulose

Polyvinylchloride Sugar

Participant's Notes:
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Polymer
Properties

Chemical
Composition

This is an example of
addition polymerization
and a Condeneation

reaction

Addition polymerization
makes simple natural or
rnanmadg polymer
molecules.

Greniul Composition
Here are examples of addition and condensation poLymerization

using scientific notation. In the frrst example, several ethylene

monomers are added together to form the long chain molecule,

polyethytene. We've simply 'polied" our ethylenes. In the second

example, we've united nvo different molecules, alcohol and acid, to

form the polyester monomer, releasing a water molecule which is
removed in the process. This new monomer then becomes the re-

peating structural unit *rat makes up the long chain molecule,

polyester.

Polyethylene is the chemical name for the material used to make

plastic sandwich bags and plastic containers for liquid laundry deter-

gent. Polyester is a chemical name as well. Polyester is often used as

qmthetic hbric for clothing and avarietyof other applications.
sTK 113

Addf,tdsraPo$nri,wdratdwm

We actually reprod.lrce Elrocesses that are f,oured iae nature when wa

create "manmade" materials. Addition polymerization is a rather

simple process that occurs fairly often in nature and is responsible for
producing materials such as rubber, cellulose, and sugar. It is also a

fairty simple manmade process responsible for producing such

manmade polymers as polyettrylene, polystyrene, and polyvinylchlo-
ride (PVC). STK 114
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Condensation Polymerization

Manmade Natural

Nylon 6 DNA

Polycarbonate Protein

Polyphenylene Oxide Skin

I

Participantfs Notes:
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Shape of Polymer Chains
Htgh Density
Polyethylene

Polyester

Linear Polymers
Characterized by Linear Alignment
of Base Molecular Units

I
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Conderc ation P o$merization
Condensation polymerization is a more complex process. In nature,
it is responsible for the creation of such complex materials as DNA,
protein, and even living skin tissue. Likewise, it is a more complex
laboratory process responsible for producing highly specialized
materials such as Nylon 6, polycarbonate, and polyphenylene oxide
(PPO). These complex materials are more diffrcult to create and are
usually of greater value than those created by addition polymeriza-
tion. STK 115

Sffi.rlope *f Pabynw ffiwdsrs: E dnmr Po$nms
Both addition and condensation polyrnerization are chemical reac-
tions that occurwhen initiated by a caalyst. Polymers can be either
linear or branched depending on *re catalyst used. When a molecule
is said to be linear, it is not a long straight molecular chain, but a long,
bending, flecible chain of monomers similar to a strand of pearls.
High density polyethylene is an example of a linear polymer.

sTK 116

Condensation

polymerization makes

more compl* natural or
rnanrnadg molectrles.

PoSSamer

Froperties
Shape and L"ogth

Monomerrmirc of linear
polymers are aligned like
:m open sfiznd of pearls.
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Shape of Polymer Chains

Low Density
Polyethylene

Branched Polymer
Characterized by Branched Formation
of Base Molecular Units

I

STE, rlli8

@

Linear Polymer
HH
C=C + Catalvst r -Q-C-C-C-C- . . .

HH 1

GE F/p,st/as

High
Denslty

Polyethylene

Branched Polymer
HH Low
C=C + Catalyst + -Q-C-C-C-C-. . - Density
HH 2 C-C-C-C...PolYethYllne

Chemists can modify processing
characteristics through branching. 

1

Participantrs Notes:
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Branched polymers have

additional monomer
chnins growing off the

primary chain.

The same monomer can

produce eiths linear or
branched molecules.

Shape of Moleatlar Chairc: Brandted Polymqrr
Now imagine this same strand of pearls with several short strands

branching from it. This long chain molecule with intermittent

offshoos is referred to as a branched polymer. It is still long and

chainlike but with branching occurring occasionally. Low density

polyethytene is an example of a branched polymer. It is still polyeth-

ylene, but the shape of its molecular chains is different from high

densitypolyethylene. STK 1f7

Ldnwr &rd ffiBwraeir,ed Po$owm
tsoth iow density and high d.ensity polyerhyiene a.re the result of
addition polymerization, but by altering the catalyst, the polymer will
branchjust enough to affect the flow capability of the rnaterial. The

base monomer is the saille in bottr, and therefore the material is

essentially the sarne. But ttre chemist can change the way the material

flows to mal<e it more compatible with specifi c proc essin g con ditions.

sTK u8
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Shape of Polymer Chains
Affects t

High Density
Linear Polymer

---__-
Gc:

Low Density
Branched Polymer

Many "linear"
molecules fit in
a gliven volume

Fewer "branchedn
molecules fit in
the same volume.

I

Participant's Nots:
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Thermoset

ST?; rigfl

Participant's Notes:
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The ultimate branched polymer becomes a
crosslinked network called a Thermoset.

I
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The density of a pollmer
can be a direct resrilt of
the amormt of
branching.

A ther:moset is the result
sf a high degree of
crosslinking.

ffiape of Polymr Chaba 4fe6 Aliganmt
To better understand what we mean by density, try to imagine a

trashcan of sticks.Just as more sticks fit in a trashcan if they are lined

up and tightlypacked, so will more polymer chains fit into a certain

volume of material if they are tightly packed. Linear polymers are

able to bend, fold, and collapse on themselves more easily than

branched polymers and therefore produce a higher den sity material.

Branched polymers also tend to bend and fold tightly together, but

are restricted by the offshoots that result from branching. Sojust as

fewer sticks wilt fit in a trashcan if they are tossed in loosely, so will
fewer polymers fit in a volume of material if they are branched.

Branched polymers, therefore, produce a lower density material.

High density polyethylene, a resin built of a I i near polymer, fl ows very

easily and is suitable for most injection molding applications. Low

density polyethylene is built of branched polymers and. consequently

flows more stiIfly, maling it more suitable for blow molding and

extrusion. STK 119

TFtgr'sttosw

Up untit now, all ttre potryrn€rs we've talked abor.et have been tlaerl'no-

plastics. Rememberwhen we discussed the shape of polymer chains,

the ultimate branched polymer is a thermoset. A thermoset is so

heavily branched that a complo< network of irreversible crosslinks is

created. Though thermoplastics and thermosets are both polymers,

tlrey are still fundamentally different. STI( f20
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Families of Polymers
Materials

I

Plastics {Polymers)

Thermosets ThermoPlastics

I

Participantrs Notes:
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Thermoplastics
Plastlcs capable of softening and flowing
when heated, hardenlng when cooled, and
softening when reheated -

REVERSIBLE PROCESS

Therrnosets
Plastics which become permanently rigid
when heated and cooled'

NONREVERSIBLE PROCESS .

I

Participantrs Notes:
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Thermoplastics
and Thermosets

Thermoplastics are

differentiated from
thermosets through
crosslinking.

Thermoplastics can be
remelted and formed.

Familia of Polymas oT?ee'

Here is our first important differentiation. Thermoplastics and

thermosets belong to two different polymer families. They differ

strucrurally which renders them entirely different in terms of pro'
sTK l2tcessing.

Tgu$arrpfcsecs ws" ?ffnep'pnos€&

1{hen heated, thermoplastics are capabXe oflsoftening, flowing and

forming - hardening when cooled - and then softening, fl owing, and

forming again when reheated. Thermoplasdc processing is a reversr

ible process. Thermosets, on ttre other hand, become permanently

set when heated and cooled. Thermoset procesing is a nonrevers-

ible process. STK f22

t-
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Thermoplastics
Change PHYSICAL state when processed
similar to water:

Solid . Liquid

\ I

Ice Water
I

.1

Participant's Notes:
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Thermosets
Change CIIEMICAL state when processed
similar to baking a cake:

-|>

I
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Thermoplastics can

change phpical states

when melted.

.Thermosets 
cannot

rerngk.

Thrmoplastia : Pltysim.l Ato'nge

Thermoplastics go through a physical change when processed, the

same wrly water goes through a physical change when cooled and

heated. Water becomes solid upon cooling, liquid uPon heating and

solid. upon cooling. The material has merely changed state and the

process is continually reveisible. STK 123

Tftzes'nwseff,: ffiiend"ffie €ieange

Therrnosets go through a ctremical change when processed, the

snmewiry cake batter goes through a chemical change uPon baking.

Once the batter is baked into a cake, itwill neYer again be batter- If
heated ag1m, it will be burnt cake. If cooled, it will be frozen cake.

The material has gone through a chemical change and the Process

is irreversible. STK f 24

v
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Families of Polymers
Materials

I

Plastics (Polymers)

Thermosets Thermoplastlcs

I

.*ffi;' n 4)4'
r,i :i ri5 i &.1,

@ GE P/E,stles

Characteristics of
Engineering Thermoplastics
Engineering and Commodity
" Corroslon Resistance
o Ther:maUElectricd Resistance
. Practical Tbughness and Stiffness
. Light weight

Engineering
o High TEmperature Resistance
a Flame Resistance

I

Notes:Participant's
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Cornrnodity

I
Engineering



Cornrnodity and

engineering
thermoplastics are

generalty differentiated
based on a combination
of theirphpical
properties.

Engineering plastics are

differentiated based on
theirperfoimance
characteristics.

Familics of Po$mrs uTree'

Though engineering and commod.ity materials are both part of the

thermoplastic family, their differences constirute further distinction.

Engineering and commodity thermoplastics belong to two different

polymer families. They are generally differentiated in accordance

with their combination of physical properties. STK f 25

ffizoruefrrristdm af fugit E sirg Tfu erwapdasedes

Commodity and engineering therrnopiastics share several character-

istics: they are lighnreight for use in automobiles; ttrey provide

practical toughness and stifftress for use in toys; they offer thermal

and elecrical insulation for use in wire coating; and they provide

corrosion resistance for use in corrosive environments. But engineer-

ing thermoplastics tend to provide the kind ofhigh temperature re-

sistance necessary for use in motors, electronics, and demanding

aircraft applications.

In addition to high heat resistance, engineering materials tend to
offer higher performance in tenns of flame resistance. In general,

commod.ity thermoplastics are low perforrnance materials, while
engineering thermoplastics are considered high performance mate-

riats. STK f26
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Families of Polymers
Materials

I

Plastics (Polymers)

Thermosets Thermoplastlcs

#r-r l-rL-l
Aoorphoue Cqrstalline Amorphous Crystalllnc

I

Participan-tts Notes:
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t of Polymer Chains

Amorphous Resins

Crystalline Resins

Smi-ggBi

Participant's Notes:
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Arnorphous vs.
Crystalline

Differentiate amorphous
from crptalline
polyners bythe chain
alignment.

PmEycaraer

Froperties
Alignment

Some polymers produce
areirs of ordered
aligument called
crrstallirc stnrcture.

Familia of Potymas oTree'

Amorphous and Crystalline resins are two more potymer families
found in either the engineering or commodiry thermoplastic fami-
lies. Their structures are discussed in depth in Module 2.

STKL27

Ni,gnrnmt wf Po$ytner {fuir?s
Ttrermopiastics, whether engineering or commodiry, can he either
amorphous or crptalline in structure. The strucrure of the material
is determined by the alignment of the polymer chains.'Morphology'
means the snrdy of 'stnrchrre,' hence "morphous' means "struc-
tural." So *amorphous'literally means \,vithout structure." Amor-
phous polymerc are comprised ofrandom entanglernents of polyrner
chains.

Crystalline resins contain areas of order in an otherwise amorphous
mass. In these crystalline regions, the molecules bend and fold in an
orderly fashion,lying together in relarively straight lines.

sTK r28
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@ GE Plastics

Engineering Thermoplastics

I
C)
C)
EI
GIa,o
o
C)
fr
+r
slox*.

Anorphous Crystalline
I

PolyetJrerimide
(uLTEM.l

Polyphenylene Sulphide
(suPEco)

Polycarbonate
(LEXAN.I

PBT
(vALOXol

Modtfied PPO
(NORYLo)

Participant's Notes:

Tffii .l it),,:
u,) i 4*- {Otr

@ GE Pbstlcs

Engineering Thermoplastics Offer
High Tbmperature Performanee

t
o
C)
tr
c,
+ao
oo
fr
+,do
H*

Amorphous
I

Polyetherlmide

Polycarbonate

Modifled PPO

Polyphenylene Sulphide

PBT

Acrylic
Styrene

Folypropylene
Folyetlylene

Crystalline

Participant's Notes:
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Cr5stalline and
?molPhous

thermoplastics can be

differentiated based on

heat resistance.

tsiffferentirate a*' oqElholrs

from cr5rstalline

polymers based on heat

resistance.

hgine dng Thermoplastics
Crystelline and amorphous thermoplastics can be differentiated
based on heat resistance. For example ULTEM@, an amorPhous

resin, and SUPEC@, z crystalline resin, offer higher heat resistance

than the amorphous resin, LF.)grqNo or the crJntalline resin, VALOXo.

Still, LEXAN, VALOX, and NORYL@ offer higher heat resistance

than the commodity plastics.

GE Plastics sells only engineering materials. STK 129

Eilewe 6gdstglvsfi#

Whether arnorphous or crystaiiine, eng'kreering thermopiasticswich-

stand high heat. Amorphous engineering resins like polyetherim-

ide, polycarbonate, and modified PPO, and crystalline engineering
resins like polyphenylene sulfide and PBT all offer high heat resis-

tarlce.

sTK r30

G Gcncrel Elccrric C.oupany 1989 x-[-A.oll7-sTrFIoD r-1r,/ar40-3r



srK 131

Tlpicat Engineering Thermoplastics
hlycarbonat {LEXAN')
Uodtflcd PPO (NORYLoI

hlybutylcae llrcphtbalatc (VALOX' )

hlyettylcoc Tlrcphtbalatc (VALOXO)

hlyphcoylcoc Sulphlde (SUPEC')

hbrcthcriIaidc (tlt.if Ello)
AAS (CYCOLAC0)

Folyanidc (NYLON')

Acetal {DELRINoTELCONO )

hlysulphonc IUDELo)
PES IVICf,REX.)
PEEE TVICTRE:K.)

GE Pbstlcs@

I

Participant's Notes:

:SKd r:i39,

Families of Polymers

AE Elracrlaa9& rEtarw
@

Thermosets
1

Anorpboua
I

t

LEXAN.
NORYL.
ulrEu.

Ctlrstottlnc
I

hlypropyleae
hlyctbyleac

Materlals
I

Plastlcs (Folymers)

Thermoplasties
ll

I
Englneering
#r--t

Crystallinc
I

suPEc{
vALOX.

Amorphous
I

Acryftc
Styrcoc
PVC

Participant's Notes:
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There are a variety of
engineering
ther:moplastics.

Categories or famip tree
of thennoplastic brand
IIIIIIICS.

Tfui*l Enginedng Themu\lnstits
Here are some examples of engineering thermoplastics. Plastics can

be referred to byeither their generic or trade names. Polycarbonate

is the generic or chemical name of a resin consisting primarily of the

polycarbonate polymer. GE Plastics sells polycarbonate under the

trade or brand name LEXAiI@. STK f3f

ffamilim wf Pobgmers

Within the various polynrer farnilies we've outlined, there are ntuner-

ous individual polymers. And even these polymers can be broken

down into grades. LEXAI{o, for example, comes in over 300 grades.

And. there are serreral othermanufacturerswho sell their own brands

of polycarbonate, each wittr its own particular grades.

As we've seen, ttrere are many important differences benreen the

manyfamiliesofpolymers. Still, the one thing thatdl plasticshave in

common is their abiliry to be molded. STK f32

G Gcncrd Elcoric Conpany 1989
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"Plastikos"
'Able to Be Molded"

I

STK 133

(

Participant's Notes:

STK .nS+i

@ GE P/p,stlcs

The Manufacturing Proeess
Otl Company Isolates Molecular

Untts from Petroleum

Polymertzes the Unit
to Make Pol5rmers

Plasdc Company

Converter Processes the Polymer
lnto the Part

Manufacturer Assembles Parts to
Make Product

I

Participant's Notes:

i__-
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Material, Design
and Processing
Relationships

Plastic refers to anything

capable of being
molded.

EverTone plEa an
important role in making
a high quality plastic part.

'Plastikos'-Able Tb Be Mold,ed
In fact, the word "plastics" comes from the Greek work "plastikos"

meaning 'the ability to be molded.'l Aside from all the chemical

definitions and differentiations, a plastic resin is a materid that is

capable of being molded. STK f33

We fuflam$acc;rdsgmv,a#s
T-he converter is an irnportant part of the rnanuf,acturing process. An

oil company such as Shell isolates molecular units from petroleum oil
and sells them to a material zupplier such as GE Plastics. The material
zuaplier then polymerizes these units into a rvariety of polymers and

sells them to the converter in the for.m of pellets.

Ttre converter is then responsible for turning these thermoplastic
pellets into high performance parts. It is the responsibility of the

material supplier to furnish the converter wi th high q uali ty resin. But
it is ttre responsibility of the converter to maintain the material's
inherentproperties throughout the molding process and supply the

manufacnrrer with high quality, high performance parts that are

ready for assembly STK 134

)-
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@ GE Plastlcs

Processing
Thermosets Thermoplastics

Melt Elrst Heat
+

Apply Pressure
+

In Mold

Melt

Flow Flow

Solidify
(Hcat & Curcl

Solidify

+
Runners & Rework

(Cool & Frccec)

Scrap Reuse
I

Participant's Notes:

STE I.3b

@ GE Pbstlcs

Material Dictates Processing
Clry

Cotd uoldlog

Thcroogcts Tbqmoplrgtt=

lajecdon ltroldlug

Hcatcd llatcrtsl
lnJcctcd lB 'Cold'
Mold

Coolcd

Cool Matcrtal

hured tn Cold
lfold
Hcatcd ln OYco

Compresslon UoldItrS

lf,hrp f,atcdal
Ptrsscd ln Hot
llold Undcr Prcssure

Coolcd

I

Participaatfs Notes:

L
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girnilnrprocesses can

produce thermoset or
thermoplastic
applications.

The process is selected
based on the
characteristics of the
materials.

Ptocasing
Thermoplastics and thermosets are processed in similar wzrys. Heat

is applied to ttre material to make it soften and flow, pressure is

apptied to form it into a shape, then the material is allowed to cool

so it hardens into a part. But thermosets cure when processed, while

thermoplastics cool and freeze. Thennoset nrnners are not reusable,

while thermoplastic runners are reusable. STK 135

Motsd,oE Wdffia;tm Frocessnzg

Ttre rnaterlai to be molded will dictate the processing. Ciay, fon

example, is cold molded. It is mixed cold, poured into a cold mold,

and then baked in an oven until it sets. Thermosets are generdly
compression molded. The raw material is firstwarrned, then pressed

into ahotmold and zubjected to heatandpressure until itforms and
cures. Both the clay pot and the handle of the frying pan are con-

sidered tllermosets.

Thermoplastics are often injection molded. The rnaterial is heated so

it flows, then injected into a'cold'mold until it cools and freezes.

Referring to the mold as 'cold'is a relative term, since the mold may

be as hot as 250oF or more. But the plastic entering the mold may be

as hot as 700'F or higher, making the mold cold. by comparison. A
general rule of thumb is to make sure the mold temperature is no
higher than the material's drying temperature. A computer housing
is an example of a thermoplastic part thatmay be injection molded.

STK 136t-
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@ GE Plastlcs

A ffiical Conversion Process

Uadcrs'ondlng thc characterlstlca of 5rour
ratcrial will cnsurc pr,opcr processing.

o
o on

ffl-
\n n I I

--

Participant's Notes:

:-rTE rl38

Plastic Part Production
. Part Dictates Performance
c Performanee Dictates Material
o Material Dictates Tboling
o Tboling and Materials Dictate

GE Pk.stlcs
@

Participant's Notes:

Ff ttFal1?-STIFI*OD r-r2,/E{O-!t O Ccncr.l El,cctric Compfiy 1989

I

i---

I



Injection 6slrling is a

qpical process.

The final part will
determine the material
and the process used.

ATypi*l C-mtercionhows
Injection molding is a typical conversion Process, br-lt each material

has its own set of processing "rules." It is important to follow the

suggested nrles outlined on the processing data sheet for the specific

material and resin grade you are processing. It'sjust like following

a recipe. Only by following the recipe exactly can you be confident

ttrat ttre high perfoilnance properties in the resin pellet will be

maintained throughout processing and be present in the finished

part. Only by practicing proper processing can you consistently

deliver high quality, high performance Parts ready for assembly.

srK r37

Pflastie P@re ffroduciisre
Froper processing rules are deterrnined by these stePs. The part

dictates the performance required of the material. For example, a car

bumper will have to have very good impact resistance. The perform-

ance dictates the material. A material is therefore selected that has

good impact properties. Once the material is selected, it will dictate

cerain tooling requiremenu. Finally, the material and the tooling

parameters will then dictate the rules for processing. STK f38

I
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Material Dictates Processing

Engineering thermoplastics
provide high temperature
resistance and therefore,

GE Pbstlcs@

I

require more heat to process.

Participant's Notes:

stri 14(;

@ GE Plastlcs

Material Dictates Processing

Amorphous reslns have a broad softening
range and may requlre heattng well beyond
the softenlng temperature ln order to flow
sufflclently. (wide processing rarge)

Crystalline resins have a sharp melting
point and flow readily above that
temperature. (narrow processlng range)

I

Participant's Notes:
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p
High heat resistant

materials reqpire high
heat processing.

Matsial DiAata Procasing
The cycle is then completed by the converter. Once the material

dictates the rules for processing, it is the converter who must follow
these rules exactly to produce ahigh quality part. As a general rule,

because engineering thermoplastics provide high temperature resis-

tance, they also tend to have high processing temperatures.

sTK r39

MatqdsV, ffi d etstm eeeessirg Am orphous f {'rystaWiwe
More specifrcaltry, arnorphous nesins and crystaliine nesins have dii-
ferent processing requirements. An amorphous resin has a broad

softening range while a crystalline resin has a sharp melting point.
For example, an amorphous resin softens the way butter softens:

graduallyover a range of increasing temperalure. While a crystalline
resin melts the way ice melts: immediately upon reaching its meltin g

temperahrre. Because amorphous resins have a broad softening
range, they may require heating well beyond the softening tempera-

ture in order to flow su(Eciently. fuid because crystzllirre resins have

a sharp melting point, they tend to flow reldrly just above that
temperature. STK f40
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{

Material Dictates Processing

responds differently to
processing and has a unique
set of processing 'rules."

GE Pbstics@

I

Each engineering resin family

Participant's Notes:

€j]XB rl ei;.,r

@ GE Pbstlcs

But Sometimes Processing
Dictates Material

By branching a polymer we rncrease
melt strengtJr of the material 6aking
it able to support its own weight and
thereforq suitable for processes such
as Blow Molding and Extnrsion.

I
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Understand the

processing rules to
properlyprocess each

plastic resin.

Matnial Diaats hocusing Rrsin Farnil,ia
But most importantly, each engineering resin has its own set of
processing *rules" thatare outlined on itsindividual processing data

sheet. These processing 'lrules'must be followed exactly to properly
produce high quality, high performance pzrts. STK f41

e?cessrmg' Wictates fufsrar;fiE

Not only d.oes the rnaterial dictate the processing, but the processing

can sometimes dictate the material. For example, branching a
polyrnerwill increase iu melt strength and make it able to support its

own weight if suspended during processing. It is critical that a
material have this kind of melt strength for use in either blow

molding or ortrusion. Therefore, branched polymers are more
suitable in these processes. STK f42
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@ GE Plastlcs

Families of Polymers
Materials

I

Plastics (Polymers)

Thermoscts ThermoPlastlcs

-

Engineering Co'nmoditY

AmorPhous Crlr'qlline
I

LEXANO
I

SUPEC'
VALOX.I{ORYLC

ulirEu.
cYcoLAco I

Participaat's Notes:

@ GE Pbstlcs

Understanding
Polymer Families

I

?tlvEr- I ",, ..:i 1 rlu rl.":.*i

Participant's Notes:
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Summary and
Perform:ulce
Feedback

Categories or family tree

of pollmus.

Famil:ies of Polymr;
Now let's review the entire polymer "Family Tree." We started with
the huge category of materials but were able to dillerentiate poly-

mers from all other materials, thermopiastics from thermosets,

engineering thermoplastics from commodity thermoplastics, and

amorphous resins from crystalline resins. We also learned the impor-
tance of these material distinctions in terms of processing, and the

importance of the processing data sheet for processing each individ-
ual resin grade. STK 143
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@ GE Pbstlcs

Low Density or High Density...

Which is tJre result of
Polymer Branching and whlr?

I

STK I45

Participantrs Notes:

ST"IK. 1"*tli

@
GE Pbstlcs

Shape of Polymer Chains
Affects t

High Density
Linear Polymer

=--+

-E
Low Density

Branched Polymer

Many'linear"
molecules fit in
a given voluure.

_< Fewer'branched"
molecules fit in
the same volume"

t

M=PrlF{l u-rTf,FiloD l-r2l894ffi G C.ocrrl Ekctic Coopeny 1989
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@ GE Pbstlcs

Thermoplastics or Thermosets...

Which cannot be
reprocessed and wh1ff

5T€ 148

@ GE Pbsttcs

Thermosets Cannot Be Reprocessed

-)

Thermosets go through a chemical state change
when heated and cooled - a nonreversible process.

I

Participantrs Notes:
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@ GE Plastics

Module 2
Polymer Structure

. Amorphous vs. Crystalline Resins

. Glass Transition TEmperature

o Melting TEmperature

. Crystallization TEmperature

o Shrinkage

Participantrs Notes:
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GE Plastics

Module 1

Perfwmance Feedback

1. Identify the basic characteristics of polymers.

2. Describe the mqjor differences between commodity and engineering.

;;" Deseribe ime ma'ior diffi"ere eees between daerrmosets aued uaenmopiasulcs"

4. Describe tlne rna,jor diff'ererrees between amrorplaous arsd er'.sstatrtrine potrymers.

5. Classif the materials you are working with according to their polymer family.

6. Describe the relationship beuueen material, design and process in plastic part production.
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