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Intrcrduction

Ch€rnical composition
affects properties.

Polyrner Stuaure
As a group, thermoplastic materials have very distinct structural
characteristics that make them different from other materials. But
there are stnrctural d.ifferences between certain thermoplastic mate-

rials as well. Module 2 explores the difference between amorphous
and crystalline resins, and describes how this structural difference
will affect processing and tooling. In discussing polymer structure,
we'll also define glass transition temperature and melting temPera-

ture - two very important concePts. STK 201

Xtr H ffi"W#tr rpolymer molecule de termin es th e

properties of the resin. Polyethylene, for example, has different
properties than pollpropylene. Polyethylene is made up of ethylene
monomers, while potypropylene is made up of propylene mone
mers. The chemical composition of the monomers makes each
unique. STK 202

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

. Describe differences between amorphous and
crystalline polymers.

o Compare the properties of amorphous and crystalline
polymers.

o Define T"and T*r.

o Describe the behavior of amorphous polymers vs

temPeranrre.
o Describe the behavior of crystalline polymers vs

temPerature.
,a Describe the ilslpiications ofl sh-tratxlre clm prccessing

and roolirrg"
,, i<ientiFr qviaieh c'esims -1i, ou are ',*ori<uag"+nriu: ,;:ra- ::'-.

^-"."-ti,-*.".*^-J 7J@!u-L srb .ry-!*.-- + *-.-'Jlif*:;

: identiFrr To of dae an:onpihous resins"

- Identi& T" and T*, of the crystaliine resins.

G Gcncrd Elccuic Company l9t9 r-[Hru-sTrFxoD 2-1218+r
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A Chemical Compound Formed by Many
Monomers Linking to Form Larger Molecules

That Contain Repeating Structural Units

GE Pl,,stlca

Polymer

@
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Properties of Polymers Depend Upon:

o Chemieal Composition of the
Monomers

o Alignment of the Polymer Chains

o Shape and Length of the
Polymer Chains
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A polymer is fomed by
many monomers linldng
to form lrrg*
molecules.

Shape of potymer chains

affect polymer
properties.

Po$mr
Apolymer is a chemical compound formed by many small molecular

units linkirg together to form a large, chain-like molecule. You can

imagine the polymer molecule as a long strand of pearls and each

pearl as a tiny structural unit referred to as a monomer. Each polymer

molecule contains thousands of monomers. STK 203

ffiwpwtiw wf Pohymx ffiepeuud atpora:

In additiora to chernicd composicion, poipner properties also de-

pend upon the strape of the polymer chains. Polymers can be either

linear or branched depending on the catalyst used. Branching affects

the flow characterstics of the material. For example, high density

polyethylene, a resin built of a linear polymer, flows very easily and is

nritabte for most injection molding applications. Low density poly-

ethylene is built of branched polymers and consequently fl ows more

stifly, making it more suitable for blow moldipg arid extrusion.
srK 204
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Spaghetti-like Structure

2

srK 205
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Properties of Polymers Depend Upon:

o Chemical Composition of the
Monomers

. Shape and tength of ttre
Polymer Chains

o Alielnment of the Polymer Chains
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Random alignment and

entanglement of polmer
^hains.

Alignment affects certain
polymer properties.

Sagfieni-like Struc'ture
Verylong molecules create a structural mass of bending and tr,r,isting

molecules that resembles cooked spaghetti- a random entanglement

of polymer chains collapsing in on themselves and their neighbors.

srK 205

@erti.w -wf P*&grnew Weperud wfum:
We have briefly reviewed how po\mner properties are affected by rlae

chemical composition and shape of the polymer chains. During this

module, we will focus on learning how the alignment of the polymer

chains determines certain polymer properties STK 206

G Ccncnl Elcctric Coapany 1989 ra-*rA-ouLsrf, FxoD 2-r2 / W7
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Polymer Morphotogy

Refers to the Structure
of tJre Polymer Material

r Amorphous
. Crystalline

e

@ GE Pb,stlcs

Amorphous Model

A Random Entanglement
of Polymer Chains

2
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Types of
Strrcture

Polprer morphology
defmes physical

stnrcture.

Amolphous s(ructure has

no order.

Polynu Sffiufire
Polymermorphologyrefers to the structure of the material. The way

the molecular chains align themselves determines the structure of
the polymer. Polymers can be either amorphous or crystalline.

srK 207

funwpfuar,ns P{Eod@&

*Arnorphous' Xiteraliy rneans u'ithoue structl.rre. Amnorphous poly-

mers are characterized by the randomness of their entangled poly-

mer chains. This simple model depics an amorpho"t t*l[.r',

O Gcocrel Ehctric Coapeny l$l lFPt-AJl r7-STT.XOD t-r2,/B{4
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Crystalline Model

Areas of Order in which
Molecular Chains Lie Side by Side

in a Regular Fashion
2

Participantrs Notes:
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Crystalline Polymers
Are Actually Semi-Crystalline

Regions of Crystallinity in an
OtJrerwise Amorphous Mass
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Some pollmers develop

areas of order called
crrstats.

Semi-crptaltine p olymers

actualty contain
amolphous and
crystalline regions.

C,rystalline Model
Crystalline poiymers, on the other hand, contain areas of order in

which the molecular chains lie side-by-side in a regular fashion.

These regions of order where the molecular chains line up and lie

tightly together are sornetimes referred to as "crystals. " The Presence
of these crystals is referred to as crystallinity. This simple model

depicts the structure of a crystal. STK 209

{,ryst&Wdme Fo$mm Are A€eu&ry S@<rysts&irae
Crystalirne polp'ners ar€ not crystaliine ttiroughout, but contaixr

regions of crystallinityin an otherwise amorphous mass. Still, due to

the presence of crystallinity, th.y are considered to be crystalline in
structure ,rs opposed to amorphous. This simple model depicts

crystallinity in an amorphous mass.

srK 210

O Gcacrel Elccuic Compeny 1989 M-f!-AJt Iz'STFI{OD 2-rt /e)+l I

'--



@ GE P/r,stlcs

Actual Polymer Structure

2

srK2ll

Participantfs Notes:
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Property Comparison
Amorphous Crystalline

GE Pbstlcg@

9

Broad
Softening Range

Sharp
Melting"Point
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Each of the rotmd
struchrres is comprised

of crlstals and contains

both crlstalline and

amorphous material

Fr*perey
f,omparisom

Cr5zstalline and

amorphous polpers
melt differently.

Achnl Pobymu Stru&re
Here is a cross section of an actud crystalline polymer, polyethylene.

The material has been photographed using polarized light to reveal

its cqrstalline structure. The crystalline regions resemble ribbons

growing from,a central core. A pattern arises from the presence of
spherulites which are those regions where the chains have aggre-

gated into spheres. The spheres r"ary in size and flatten out as they

meet other spheres in the materid" It is important to remember that

we are using a twodimensional photograph to depict threedimen-

sional polymer structure. The polymer is actually *rreedimensional,

ils are its molecular chains and its crystal spheres. STK 211

@w*y @arisoea
As we have seem arid wiffi csntizaue co see, a poiyner's structure ca$

be defined either in terms ofits molecular composition, or by the way

its stmcture manifests itself in terms of material properties. For

example, an irmorphous material has a broad softening range while

a crSrealline material has a strarp melting point. An amorphous

polymer will soften gradually over a wide temperature range the

sarne way butter softens gradually. Crystalline polyrners, however,

melt quickly the same way ice remains solid below its freezing point

then turns immediately to liquid when raisedjust above that tem-

peratu:re. STK 212

i-
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Amorphous Polymers
o Are Structural Below the Glass

Tfansition TEmperature (Tr;)

and Rubbery Above It
r Rely on Physical Entanglements

of the Molecular Chains for
Structural Properties Below T6

2
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Glass Tfansition Tbmperature (Tc)

That Tbmperature at Which
a Polymer Stnrcture TUrns
Rubbery upon Heating and
Glassy upon Cooling

2
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Property
Comparison
Amorphous

Each amoqphous polmer
exhibits a unique

temp€rature where

properties change

dramaticalty.

T&e pot-ymry ajhangre

firom a giassyto anrbbery

state at the glass

transition tenp€rature.

Ammphotrs Po$merc
Amorphous polymers can be defined in terms of their physical struc-

nrre and by the way that structure is manifested in terms of proper-

ties. An amorphous polymer is structural or rigid below its glass

transition temperature and soft or rubbery above it. STK 213

Gfc$s Tbwnsiti,on Tanperuture {Wo} - Wffitiura
Every poilmrer has a glass transition temperature. It is the tempera-

ture at which the material turns rubbery uPon heating and glassy

upon cooling. STK214

O Ccncret UcctticC.onpurY l9&) r+8llF{117-STfr{raOD t-tt.1X}.OO-15
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STK 215

Glass Tfansition TEmperature (Tc)

? t/

?
/

,

Both amorphous atrd crystallinc pol5rmcrs
exhiblt a glass transition temPcrature-

GE Ptr,stlcg@

2

T6
Glassy Rubbery

S-TE:iX'il

@ GE Pbstlc-E

Amorphous Polymers
o Are Structural Below the Glass

Tfansition Tbmperature (Tc)
and Rubbery Above It

o Rely on Physical Entanglements
of the Molecular Chains for
Stnrctural Properties Below T6

2
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Amorphous and

cqystaltne polymers
orhibit a glass transition
temperature.

Amorphous p<lftpers get

their properties from the

en{anglement of
amolphous chains.

Glass Transitiqn Tmtprahtre (7") 'Ilhxtratiort
Below To, an amorphous polymer is hard, like glass, and surrcturally

sound. Abo* T", an amolphous material begins to soften, becoming

rubbery and increasitgly pliable. The terms "gl*ty" and 'rubbery"

axe actually referring to glass and rubber. Glass is an amorphous

polymer, though not a plastic. It has an extremely high glass transi-

tion temperature - over 1000oF. So it is most often below its T. and

therefore 'glassy" and rigid: Rubber is a polymer aswell as a thermo

set. It has a very low glass transition temPerature' below 0"F. So it is

most often above its T. and therefore 'rubbery" and soft.

Perhaps you've noticed the way a garden hose will *freeze" and

become rigid when left outside in the winter mon ths. That sam e hose

will then soften in the spring, becoming increasingly nrbbery as the

summer dals approach and ttre temperature begrns to rise. During

the winter, the hose was well below its glass transition temPerature

and therefore "glassy" and rigrd. In the surlmer time, it was well

above its glass ransition temperature and therefore "rubbery" and

soft. An amorphous material exhibits the same kind of behavior.

srK 215

Arnwphoerc Paf.yrnm
The way an amorphous polymer hehavas above and below T" k
determined by the random entanglement of its molecular chains.

Properties will be lost if the chatn length is shortened (degraded).

srK 216
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STK 2U
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Model of Amorphous PolYmers
Stiff Flow Easier Flow

Adding Heat Increases SPace
Between Molecular Chains

2

Participantrs Notes:

5TT( glfl
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Model of Crystalline Polymers

T"
I
I

\\

Adding heat increases spacc bctwccn oolecular cbains
but crystallinc structure prerrents flow

2

Participant's Notes:
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Amorphous potymer
chains are phpically
locked belowT" but are

free to move above T".

Pr*pea'cy
Cornparisom

Crystalline

Crrnstdline polymers
qlaod and become

nrbbery above T. but are

not free to flowbecause

of the crystalline
stnrcture.

Model of Anmphotts Polymm
Allmatterisin astate ofmotion. Butthe moleculesin asolid material

are moving more slowly than the molecules in a liquid" Apptntg
energ'y to amaterial males its molecules move faster. Heat is a form

of energy. Heat energ'y is applied to a polymer to allow it to flow.

This simple model illustrates what happens strucftlrally to an amor-

phous polymer upon heating. As the temperature approaches T., the

locked entanglemen ts vibrate more rapidly but the material rem ain s

"glassy" and rigid. As the temperahrre rises above T, the chains

loosen and move far enough aPart to actually slide past one another.

The material starts to becorne soft and begin s to fl ow. As the tem Pera-

ture rises well above T", the chains move farther and farther aPart,

slidiog past one another more freely making the material flow more

easily. STK 217

Mode& af #rystaffiine Po$tnere
Tiris sirnple rnodei illustrates the differentvYay a crystalline poiymer

responds to heating above its glass transition temPerature. When

heat energy is applied to a crystalline polymer, irc molecular chains

bigin to vibrate. As the temperature approaches T, the molecules

vibrate more rapidtybut the material remains ?"sty" and rigid. As

the temperanrre rises above T", the chains continue to vibrate but

don't loosen and move apart because they are tightly interconnected

to the regions of cqretallinity. The chains in the crystalline regions are

densely packed and tend to remain thatway. Ttrerefore, it requires

more energy to break them apart than the amount anailable at Tc.

The cqntalline polymer becomes rubbery above T", but it is still

stnrctural and will not flow because of the crystals" STK 218

O Ccflcr.l Elccuic Coaprury 1989 IVI4LIJII?-SIXFXOD t-lzlgleu'



srK 219

@ GE Pbstlct

Crystalline Polymers
. Contain Low Energy "Crystaln

o These "Crystalsn Are Present
Below tlre Melting Point (Iiu)
but Are Dissociated (Broken
Apart) by Heating Above It

2

Participant's Notes:
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Low Energy Crystalline Regions
Hcat EDcrgy Nccdcd to Flow t

h
ha
0q
T
0aao
o
A

j
rl

!tt

Normal Encrgy Statc of Amorphour Molcculcs

Normal Encrgy Statc of Folymcr Crystals

Low energy crystalline regions require more
energy in order to flow than amorphous regions.

2

Participantts Notes:
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Crrilstaline pollmers
contain cqystat regions.

Crystalline regions will
reqpire more heating to
b.gio flowing.

Crystalliru Pobymerc

Crystalline polymers can be defined in terms of their physical struc-

ture and by theway *rat structure is manifested in terms of proper-

ties. A 6aystallins polymer is still stnrcnrral above its To because it
contains low energy gry5tallins regions. STK 219

Eazx Wwrg €rystatrine Regi/wes

The normal energy state of an amorphous structure i.s higher thail

that of the low energy crystalline regions. Ttrerefore more energy

mustbe applied to the cqretalline regions in order to reach the level

of energy required to make the material flow. STK 220
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Below ttre Melting Point (ft)
but Are Dissociated (Break
Apart) by Heating Above It

2
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Melting Point (T*)

Tbmperature at Which Crystalline
Regions Dissociate (Break Apart)
and Begin to Flow

9

Participant's Notes:
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Crystalline Polymers
o Contain Low Energy 'Crystal"

Regions
o These 'Crystals' Are Present



Crystalline regions melt
or are destroyed at a

temperature called

meltingpoint (fM).

eflekingpoimt is the
temperature rryfoere

crlstalline order is lost

onheating.

OyaWbu Po$rnerc
Below a crystalline polymer's melting point, there is not enough

energy available to force these low energy cqntalline regions to break

apart and flow. Above is melting point, however, the crptal struc-

tures are broken apart and the rnaterial begins to flow. STK 22f

lWe&tfueg Pwdra* iiT*t
Every crystatrline potyrner slas a meeieing poi.nu. It is the tempera[urr

atwhich the crystalline regions break aPart and begin to flow.
srK 222
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srK 223

GE P/,,stlcs

Model of Crystalline Polymers
Rigid Solid Soft Solid Tn

I
I

Flows Easily

I
I
I

Oncc hcated bcyond Ty, tbe crystalline regions
dissociate and the polymer will flow.

2
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Amorphous Polymer
ooo
trrla

l.a

+,a
o

rl,
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Tc
I

2
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T*fualuralashighsx'
temperature than T".

Above T, the material is

all amorphous and

flor,vable.

Properties .hange

dramatically at T" for an

amorphous polymer.

Ftmt Mdel of Crystallitu PotYmas

As heat energ'y is apptied to the clystalline material, its molecular

chains begin vibrating. Above T", they continue to vibrate but d'o not

break apart or flow. Above T*, enough energy is present to break

apart the closelypacked molecular chains in the crrstalline regions.

When these crystals finally disassociate, the molecular chains begin

slidingpast each other easilydue to the high level of energy already

stored in the structure. A crystalline material will- flow *":.# 
fo

Am,orpfleotrs PoYymer

This grapli illustrates how the modulus or stiffness of an amorphous

material decreases as it passes To. The vertical axis indicates the

material's degree of stiftress. Glass, for example would have a high

degree of stiffness, while rubberwould have a low degree of stiffness.

The horizontal a:cis indicates the degree ofheat energy being added

to the materid. fu you can see, the stiftress of this amorphous

polymer remains relatively constant below To and then begins to

drop dramaticalty upon approachingT". It goes from a stiff, *glassy"

solid to a soft, "rubbery" material when heated above its T".
sTK 224

O G.ncral Elcctric Company 19tO
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Amorphous Polymer

I

q
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a

STK 225
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Crystalline Polymer
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Actual curee"

There wiII be less of a
change at T, with a
crys'talline pollmer.

This is an actual curve of LEXAN@ polycarbonate-
srK 225

{,rysralgdez,e Faffier
Using the same parameters, this graph illustr-ates how the rnodtllus or

stiftress of a crystalline material decreases only slightly uPon passing

T., then drops significantly atTM. Until Tr* the material is structur-

dly souqd because the crystals are holding it togettrer. But as you can

see, upon reaching T*, this cqrstalline material trecomes fluid.
sTK 226
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Crystalline PBT (rf,ALOX@)

d
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+a'llEElrru

2

STK 227
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Amorphous & Crystalline Comparison
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Achnl currve.

Frmeessimg

Crystaline and
amorphous lggins a1s

pro cessed differently.

Ttris is an actual curve of PBT VALOX@. STK227

Amerphcoras €g #ryst&{Edrl,e ilarw\w*,sw
Crystalline resins are processed above their T* and amorrphous

materials are processed above their T". While a crystalline material is

fluid at Tr, an amorphous materi'l still has some stiffrress at Tc.

Ttrerefore the amorphous resin may not flow easily enough at T. and

may require additional heat,energy for processing- STK228

O Gcrrcrd Elcanic Coropaay 1989
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STK 229

@ GE Pbstlcs

Amorphous Materials Have a
Broad Softening Range

fc

Soltd

I

I

I

I

I

I

I

SUff Flow Flows
(rrbbery) EastlY[glassy]

2

Participantrs Notes:

SmA gS{i

@ GE Plastles

Cryrstalline Materials Have
a Sharp Melting Point

rP fu

Solid Solid Flows
Easily(glassy) (rubbery)

2
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T" defmes the lowest

temperature atYihidr
processing can take p}ace

in an amorphous
polymer.

T* deffines ithe Eoweet

Eemperanrre at wtuce

processing can take place

in a crlstalline polymer.

Anorphotts Matcriali Haae a Broad SfiEning Rmge

Because an ,lmorPhous material softens gradually over a relatively

wide temperature range, it will continue to flow more easily as the

temperahrre is increased. TK 229

trrgstatline fuIatsia,ts &{we @ Wz&rP tugehtdryP&dwf-

Because a crystaltine rnateriatr rnelts uPon reaching T"*, it wiin fiow

easily above that temperanrre and may not require additional heat-

ing for processing STK 230

G Gtncrrt Elccuic C.aaFn, l$!) x-P'lJU?-STr.ilOD 2-r2,/89+!r



sTK 231

@ GE P/r.stlcs

Polymer Structure Dictates Processing
Ts

Amorphous Processlng
Ttsmperature Raage

Crystalline
Processing
TEEp. Range

Ty 2

Participantrs Notes:

s?T[ gs]:

@ GE Plasttcs

Flow Characteristics
r Adding Heat to a Polymer Melt

Will Increase Flow

. Adding Tbo Much Heat or Heating for
Tbo Long May Cause Degradation

r It Is Importaut to Know the
Processing TEmperature Range for
Each Plastic to Make Good Parts

9
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Amoqphous materials

have broader processin g

ranges tban cr5stalline

materials.

Each polymer material

has a limited processing

range.

' Polynqr SAttAure DiAatrc hocusing
The temperahrre at which a material fl ows easily indicates its Proce ss.

ing range. In general, amorphous materials tend to have a broader

processing range than crystalline materials. Amorphous materials

begin softening atT.and eventually flow easily enough for process

ing. Theywill continue flowingwith increasing ease as the tempera-

ture increases.

Crrxstaline materials will not flow until reaching T"' Consequently,

the crystaltine material has a narrower processing range'than the

amorphous material. STK 231

Wwzae €:itglswasristire
While adding heat. to a poiyrnen wlltr make it. frow, adding too ffiruch

heat or atlowing it to be heated too long may cause degradation' It
isvery important to know the recommended processing temPerature

range for each resin to make high quality Parts. STK 232

O Ccnerel Eleanic Coapny 1989
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sTK 233

Amorphous Processing Range

GE Plastlcs@
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Participant's Notes:
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Crystalline Processing Range

GE Pbsttcs@
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Participart's Notes:
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Amolphous - wider
processing range.

T*, fo the lowest

lernperature at which a

cr;Etamrcmaterial can

be processed.

,4morphotts Prv,c*sing furyt
An amorphous resin will flow stifllyjust above T, then eventually

flow easilyenough for processing. Again, because amorphous mate-

rials soften gradually, they tend to have awider processing range than

crystalline materials. But if heated too high or too long, the long

chain molecules that give the polymer its unique properties will

begt. to break aparL This is called degradation and it causes a loss

in materid properties and may result in substandard Pa+s.
sTK 233

{"rystuWiseeessess&agNanage

A crystalline resin wili nst flow until it reaches To, wherellPon it flows

immediately. (T* is the lowest temPerature at which a crystalline

material can be processed') Above T*' the cr,'stalline resin is procesr

able and strould notrequire additional heat to allow it to flow- Also,

Iike the amorphous resin, heating a crystalline resin too high or too

Iong may cause degradation. STK234
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STK 235

Tb increase flow length of a crystalline
polymer and lessen chance of degradation,
lncrease mold temperature

Increaslng mold temperature slows
cooling & therefore increases the
amount of crystallization in the
finished part.

GE P/l,atlcs

InProcessing,..

@

2

Participantrs Notes:

-qirE( g5e

@ GE Pbstlcs

Cr5rstartl-adon fbmlrcrature (Tc) on Coollng!

,Tc
I
I
I
I

Ttc ctyatalllzadon tropcraturc ls tie
trurlrcraturs at shlc.b 8 Eatcrlal bcglso to bulld

Crlrcrtotttns Structurc upou coollog. 9

Participantrs Notes:
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Mold temperatrrre can

affect crJstalizadon and

flow length.

T" is the temperature
nfrere aystalsmayform
sn s6sling a cqrtalline
polymer.

In Blorrssing
If you want to increase the flow lengttr of a crystalline polymer, it's

better to increase the mold, temPerature. Increasing the melt tem-

perature does not improve the flow very much and may cause

degradation. Increasing the mold temPerature will help the material

to flowlhrtherby slowing the cooling of the Part" The more slowly a

crystalline resin cools, the greater the degree of crptallinity.
srK 235

fl4ustr,ffiflToltr,ore Tenapawtusse {To} ww taol,inag

TTee crystallization temPerahlre is the ternPerature atwhich a crystan-

line resin begins to crystallize on cooling. A crystalline material's T"

is higher than its Tryet lorrer than its T*. At T", a cqntalline polymer' s

molecular chainsbegin liningup in an orderlyfashion and forming

into crystals. Notice that the arrow has been reversed to indicate

cooling. STK236
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srK 237

@ GE Plastla

Degree of CrystallinitY
. The more slowly a melt of a crystalline

polymer cools to its T6 'ttre
greater the degree of crystalllnity

. The more a melt of a crystalllne
polymer cools to its T6 - the
Iesser the degree of crystallinitY

2

Participantrs Notes:

@ GE Plastlcs

Shrinkage on Cooling
F

I
I

Coolh5 cturco r toluoc rcdusdon or etrlnlagc ln dl
pol5rocra. !5otc ttc dccrcaac ln tbc anoust of spacc bctreco

ioty-* rhqlnc shco an anorpbous matcrlal ls coolcd"
2

?'nrEl" {Bqtrl;, -lL -E!- *"r,C

Participant's Notes:
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The arnount of
gqtt ffity is controlled
bythe rate of 6ssling.

Polymer chains come

closer together during

"oslingr 
resulting in

shrinlage.

Dqree of CrystaWinity
A crystalline material will begin building crystallinity at T" and

continue to crystallize until it cools below T". The more slowly the

polymer iools, the greater the degree of crystallinity' The more

quickly *re polymer cools, the lesser the degree of crystallinity'
srK 237

#ttritthfige *xa Cooflireg

eooHng a polyrner rnelt causes a volunte reduction refea"red to as

*rrinlrage. During processing, heat is added to a polymer creating

enough space betrueen the molecular chains to dlow them to slide

past each other and fl ow. This space causes an increase in the volume

of the materialin itsmeltstate. Upon cooling, the molecular chains

slow dovrn and move back together again, causing a reduction in the

qpace betrreen the molecules and therefore, a reduction in the

volume of the material. Shrinkage occurs in both amorphous and

crystalline polymers. STI( 238
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STK 239

ture
Crystallization ciauscs additional volumc rcductlon which

rcsults in higher shrinkage in crystallinc polymers.

GE P&,stta@

reased
talliza
T"

I

Shrinkage Is Inc
tionby Crys

Participmtfs Notes:

sffig4{t

Degree of Crys+allization (Shrinkage)

The more slowly a crystalline
polymer eools - the greater tae 

,

the degree of crystallization - the
greater ttre in-mold shrinkage.

This technique may lead to longer

GE Plastlcs@

cycle times.

e

Participantrs Notes:
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Crrstaltfuadon results in
greater shrinl,age.

Potymer cqystalinity can

be increased in the mold.

Shrinhage k htreased by Crysailiration
Crystalline materials tend to shrink m ore than amorphous materials'

In the cqrstalline regions, ttre molecules lie very close together in an

orderly fashion. The polymer chains are packed more tighdy to-

gether in these regions than the chains in an amorphous structure'

Consequently, there is less sPace benreen the molecules causing an

additional reduction in volume when the material cools from a fluid

state to a solid.. sTK 239

WWee wf #rystaffiir.ati,oaa {Skrdnkage }
The rrore crptallinity, the greater the degree of shrini<age' That

means that the more slowly a crystalline polymer cools, the greater

the degree of crystaltization, and the greater the degree of in-mold

shlinf<age. Slowin-mold coolingis preferable and often necessary in

srnaller parts with many critical dimensions, such as connector Plugs'

But" slow in-mold cooling leads to longer cycle times- STK 240
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srK 241

@ GE P/s,silcs

Post Mold Cryst allization
Completing Crystallization by Heating Above Tc

WiU Stabilize Part Dimensions:

r Free
Sirintage - Parts urith no critical

dimensions are fr€e to move
during crystallization.

. Fixtured
Shrinkage - Critical dimensions are held

during crystallization to
maintain part tolerances.

2

Participant's Notes:

ST'K B4:1

@ GE Pbstlcs

Increased CrystallinitY
Increased Shrinkage

o Increased Chemical Resistance
o Increased Dimensional Stability
r Increased Heat Deflection

Tbmperature (HDT)

o Less Chance of Additional Shrinkage

2
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Crlestallization can be

completed throughPost
mold treatmeot.

Increased crrrta[fudty
maximizes material
properties.

Post Mold Crysullization
Post mold. .oolirrg *ay be a cost effective alternative to in-mold cool-

ing that allows for marrimum crystallinity and minimum cycle tirne"

Parts can be cooled quickly in the mold then reheated in an oven to

allow for crystallization. When reheated above T", the material will

begrn building crystallinityagain andwill continue to build crystallin-

ity until it reaches the maximum amount posslble' A part with

ma:rimum crystalliniry is more dimensionaly sta]le than a part with

unrealized, cr;ntallinity. Parts wittr unrealized crptallinity will con-

tinue to crystallize when raised above T., causing additional shrink-

age and possibly warPage.

Parts with no critical dimensions such as cuPs, dishes, machine

housings, and covers can be allowed to shrink freely (free shrink"gt)'

Partswittr certain critical dimensions can be fixnred at critical points

to maintain part tolerance during shrinkage (fixtured shrinkage)'
srK 24r

Wen*ffik *f Enweased trystaWanh$ f&nctwsed ffiatinhng*

Increased crystaiiinity is important not only for dirnensional stabiiity,

but also for maximum ProPerty performance. Crystalline materials

are often selected for inherqlt properties that are enhanced by *reir

crystallinity. For orample, increased qystaltinity increases a mate-

rial's chemical resistance and heat deflection temPerature (HDT)'

Allowing a part to finish crSntallizing/shrinking also reduces the

chance of additional uncontrolled strrinkage during manufacturing

and application. STK 242
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STK 243

@ GE Pbstlcs

Plastic Part Production
o Part Dictates Performance
o Performance Dictates Material
r Material Dictates Tboling
. Tboling & Materials Dictate Processing

o Processing Dictates Performance

2

Participant's Notes:

Sffit E4+

@
GE Pbstlcs

Consistent Material Processing
o During start-up, temperatures vary

effecting proces sin$ consistency
causing processing inconsistency.

. Once proper processing Parameters are
stabilized, it is important to maintain
processlng consistency throughout the
nrn to assure consistent part production.

2

Participantts Notes:
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Processing affects
performance.

Processing consistency

alsures consistent part
production"

Plastic Part fuducriort
The converter has an important role in high quality Paft Production'
The part dictates the performance requirements and the perform-

ance requirements dictate the material. For example, a container

ttratwill be exposed to certain chemicalswill call for a material that

has erccellent chemical resistance. The material will then dictate the

tooling requiremenm, imd the material and the tooling will dictate

the processing requirements. The converter must tl:en follow the

processing and tooling requirernents exactly in order to mal<e good

parts. Processing dictates perfolmance. Lower chemical resistarrce

can result from excessive heating or a lack of cqntallinity. Such a loss

in chemicat resistance could render the finished part useless. Proper

piocessing is paramount to producing high performance,tlSf
quatity parts. STK 243

{snsisteiet Mstwiee &oeesstaeg

nn addition to l<nowing the processing 'ntrLdes" flor each resin, it ts
important that the converter maintains processing consistency

ttrroughout the run. During start-up, processing and mold temPera-

nrres will a.ffect each other causing processing inconsistency. Once

proper processing parameters are stabilized, it is important to main-

tain ttrese parameters for consistent Part production. STK 244

t-''
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sTK 245

@ GE P/p,stlcs

Polymer Structure Dictates Tboling

Crystallization and shrinka$e
dictate processing and
tooling design.

2

Participant's Notes:

@ GE Pbstlcs

Crystalline Materials
Have Hi$her Shrinkage

Cavity for ClyitY_f_o1
Amorphou3 Material Crystalline Material+-+

2

SffiL 94ff

Participantrs Notes:
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Tooling

Cqstaltizadon and

shrinkage dictate

processing al1fl lssling
dob.

The tool cavity for
crystalline materials

should accomodate for
greater shlinkage.

Potyner Strudure Diaats Tboling

The materialwiU also dictate certain tooling Parameters' Crystalliza-

tion and shrinkage dictate processing, and they dictate tooling de-

sign. STK 245

*ysirnffiilne fuflatwds&s Eilope eligho Shrdnkage

Shrinkage in a.n amorphous poiymer is rather consistentand there-

fore fakly easy to predict and accommodate for in tooling- Shrinkage

in a crystalline polymer is higher due to crptallization and often

more diffi cult to predict. Consequently, if molding the same part, the

tool cavity for a crystalline material $,ill be tlightly larger than the

cavit,, for an amorphous materid. The strucnrre of the polymer

affects the design of the tool. STK 246
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@ GE Pbstlcs

Understanding
Polymer Structure

9

Participant's Notes:

STT{. *{$8

@ GE Pbstlcs

To Of n![...

Which temperature is crucial
to the processing of amorphous
materials and whl4

2

Participantrs Notes:
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Summary and
Performance
Feedback

Underctanding PobYmq Stntcnre
It is important to und.erstand the structure of the polymer and how

that structure affects everything from material properties, to material

tooling and processing, to material and part performance' It is also

important to understand' how processing can affect part perform-

ance.

Amorphous and crystalline polymers are very different in terms of

structure and therefore have very different processin g requirements'

But ifwe can anticiplte how each will respond during processing, we

can then guard ag:'inst those variables that may negatively affect the

performance of the finished part. STK 247
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STK 249

@ GE Pbstics

T6 is Crucial When
Prscessing amorPhous Materials
Amorphous Crystalline

Broad Softening Range Sharp Melting Point

T*n is ONLY a function of crystalline
materials because without erystals

there can be no melting" q

Participantfs Notes:

5ffi' 2.5{i

@ GE Plastias

Slow Cooling or Fast Cooling...

Which increases the
amount of crystallinity
and whlP

2

Participantrs Notes:
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STK 257

@
GE Pbstics

Slow Cooling lncreases
the Amount of Crystallinity

Coollog llorly Slrres thc meterlal morc Ume to form thc
crJBt.llhe rcglons that arc so lEportatrt to lt! propcrty
characterl3tlG. Thc grcatcr the degrEc of crlErrlllnlty,

the lcllcr the chenec of addltlonel shrlnkegc, 2

Participantrs Notes:

@
GE Plastlcs

Amorphous or
Crystalline Materials...

Which shrink more and why"

g

'37$N iBj

Participant's Notes:
)-
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STK 253

@ GEPlastics

Crystalline Materials Shrink More
Cavity for Cavity for

Amorphous Material Crystalline Material+$

Crystatline materials shrink morc duc to
crystallization which causes additional volumc rcduction.

2

Participantts Notes:

sTSi *5,;

Module 3
Polymer Modification

o Methods of Modification

. Resin Modifieation

. Tboling

o Processing

GE Plastics
@

c

Participant's Notes:
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@
\/ GE Plastics

Module 2

Performartce Feedback

1. Describe the diflerence betr,veen cqntalline and amorphous resins.

2. Define the glass transition temperature (T").

3'" Deserfr.be rhe is"r?paec cflli^ osl:

ervsca3name :>olvEraerc

Aneoa"phous ooXyrners

4. Define the melting temperature (T*) and describe its impact on crystalline polymers.

5. Describe the implications of polymer structure on Processing.

6. Describe the implications of polymer structure on tooling.

7. List the resins you are currently working with and indicate whether it is crystalline or

amorphous. Identi& T. for all *re resins you are working with and indicate Tu for the

crystalline resins.
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