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Module I
Cooling and Freezing Polymers

o Removing Heat

o plgdigting Polymer Cooling

. Establishing Cooling Parameters
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Thermoplastics Processing
Heating

Forming

Cooling
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Thermoplastic parts are produced by heating the resin, flowhg
and @[g the melt' and then ggglgg thc fiaished part.

(



Introduction

Thermoplastics are

processed by heating the
resb flowing and

forming the melg and

ftga sseling the frnished
part.

Cool:ing U Freuing Polymrs
The process of cooling and freezing polymers is critical to the

molding process, affecting everything from manufacturing produc-

tivity to material pqrformance. Cost effective, high quality part

production depends on the ability of the converter to understand

polymer cooling performance so he can process each material ac-

cording to its own specific cooling requirements. STK 901

T\eermoplasti,a&ocessdreg
The abiiity ofl thermoplastics to soften upon heating, florm into a

shape upon molding, and solidiS into a part upon cooling is what

makes them so unique. We talked about the heating, softening, and

melting of polymers in Module 7 and we discussed llowing and

forming in Module 8. This module examines the cooling and freez-

ing of the polymer, discussing the phenomenon from both scientific

STK 902and practical points of view.

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

o Describe how a thermoplastic part is cooled.
r Describe how amorphous polymers and crystaliine

polymers respond differently during cooling.
o Describe the variables within each of the following

factors when establishing cooling parameters for
crystalline and amorphous resins: mold temperature,
thermal conductivity a,nd shrinkage.

o Describe the cooling pammeters for a resin you are

currently working with.
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STK 903

Heating & Cooling
Heat i:s applied to the plastic to softeri and melt iL

Heat is removed from tlrc plastic to cool a.od frccze iL
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Cooling & Freezing Polymers
o Removing Heat

. Predicting Cooling Performance
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o Establishing Cooling Parameters
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Heat is removed from
the plastic to cool and

freeze it..

$&exsamv:!g3g E#ea"E

There are three elements

covered in this module.

Heatittg U Coolittg
Heat energ'y is added to a polymer to cause it to soften or melt' So

long as this heat energy is present in the melt, the polymer is able to

flow. In order to cool and freeze the melt, the heat energy that was

put into the polymer must be removed. STK 903

Caolireg # ffirewing Podywers

This rnoduie examines polymer cooling perform'ance and makes

suggestions for e stablishing cooling Parameters. But first let's discuss

the cooling process, or the removal of heat from the polymer melt'
sTK 904
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Heat flows frotn an area of higher teEPcrature
to one of lower temPeraturc
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Heat Tfansfer
Heat Flow
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Low Heat
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Heating
Ileater
Bands

Barrel

Resia

Polymer heating results from tlre traasfer of heat from the bigher
teoperature bands, to tlre barrel. to the lower teoperature resin.
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f{eat florrn from high6r

temperature areas to
lower temperature areas.

E{eattransfas from the
heaterbands to the
resin

Heat Trarcfer
Heat flows from the body of a higher temPeranrre to the body of a

lower temperature. It is the temPerature difference between the truo

bodies that determines the flow of heau the Sreater the difference

in temperaarre between the'two bodies, the greater the rate of heat

flowbetneen them. STK905

Weatirog

nn the conversion process,when the temperatureof theheaterbands

is raised, the resulting heat flows from the bands into the lower

temperature bamel, and eventually in to the lower temPerature resin.

srK 906
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Adding Heat Energy

TEmperature of tbe polymer increases as it
ruoves throug! ttre bareJ.
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Heat Capacity

500c 510C

lGram lGran
f Caf / Gram / oC = 1 EifU /Lb. /'F

Heat Capacity (Cp) is the energy required to heat (in catorics)
one gran of material ooc degree catigrade

X Calories

Participantrs Notes:
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F./
Temperature of the
polyuer increases as it
moyes 1fu.srrgh the
barel.

?he heat capacitytrace
deFrnes the energ5l

required to raise the
temperature of the
pollmer.

Adding Heat &rerg
Electricity provides a constant source of energy so that heat contin-

ues to flow into the barrel to raise the temperature of the resin. The

temperature of the resin increases from the back of the screw to the

front of the screw due to the addition of electrical and mechanical

heatenergy STK907

E{eat Cupacaty

Fleat capacity refers to the energy required to heat the material. nt

measures the number of calories it takes to raise one gram ofmaterial
one degree centigrade. Units ofheat capacity are measured in cals/

gnm/oC,or BTUs,/lbloF. A material's heat capacity is derived from
information found in *rat materialls heat capacity trace. STK 90E

iv
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The Heat Capaeity Tface (On Heating)

Amorphous Crystalline
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Tbe heat capacJty trace on heatiag lndicatcs how
a polymer responds (takes in heat)'as it is beatcd. I
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Cooling
Mdt

Mold

CooliDg results from tbe flow of heat froor tbc higher
tenperature melt to tbc lowcr temperature urold.
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The heat capacitytrace
(on heating) indicates

how a polyrner reqponds

when heat is added.

In cooling, heat florus

from the higher
temperature melt to the
lower temperature mold.

The Heat Capacity Trace (On Hating)
The hea-t capacity tracs pn heating describes hQw a rnaterial responds

as heatenergy is applied, indicating the rnaterial's important physical

transitions. .As heat is applied the amorphous polyrn er goes through

a glass transition and becomes soft and wentually flows. When a cry*

talline polymer is heated beyond its melt temPerature - rffiil;

{aafli.ng
Whiie the poiprer is in its melt state, pressure is applied to form it
into a p?rL In order to get the polymer to remain in this new form,

the rnaterialmustbe cooled. Cooling resuluwhen the "hot" polymer

melt, enters the 'cold" mold. Hot and cold are relative terms. The

material is considered hot because it is hotter than the mold. And the

mold is considered cold because it is cooler than the material. But

actudly the mold temperature can be as high as 350"F. Still, it is lower

in temperahrre than the melt. So the heatfrom the higher tempera-

ture material flows into the lower temperature mold. STI{ 910
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Removing Heat
Coolant
Flowing
Through TEmperature

Controller

Coolant
Line

Ileat flows froo ttre mdt into the mold
and is carried aray by the coolaaL
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Mold TEmperature Control

The temperature eontrol lines maintain
ttre temperature of the mold as it absorbs
heat energy from the melt.
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Heat must be r.emoved

ffom the tool

The temperature control
lines rnaintain the
temperafire of themold.

ruind,*ng Heat
The heat energy ttrat leaves the melt and enters the mold is then

carried away by the coolan t fl owing through the temperanrre con trol
lines. If it weren't for the constant flow of coolant, the mold would

retain the absorbed'heat, its temperature would rise, and the rate of
heat transfer would slow down. The coolant serves to carry the heat

out of the tool, thus maintaining its lower temPerature, and encour-

agrng faster cooling. STK 911

Msid Temperu.tuxe ffontrs&
The rnold temperatllre con trol lines maintain the tennperature of the

mold as it absorbs heat energy from the melt. Water or qrnthetic oil
moved by a pump throug-h the circulating passages in the mold carry

awzry or introduce heat for maintaining the desiied mold tempera-
'nre. STK gf 2
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lleat Capacity Tface (On Cooling)
Amorphous Crystatliqe
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The heat capacity trace ou cootiag indicatcs how a polyaer
respoads (gives offheat) as it is cooled.
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Cooling & Freezing Polymers
. Removing Heat
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. Predicting Polymer Cooling
I

. Establishing eeeting parameters
(
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The heat capacity ce

(on cooling) indicates

how a potymer reqponds

as heat is removed.

Predietiaag
Cooling
Performance

Heat Capacity Tracc (On Coolitrg)

Just as the heat capacity trace on heating describes how a polymer

responds as heat energyis applied, the heat capacity trace on cooling

describes how a polymer responds as heat energy is removed. The

heat capacity trace on cooling provides a blue Print for polymer

cooling and freezing. STK 913

{neftdng # rue,ai?W Fa$ymerc

The heat capacity trace on cooling provides important information

on polymer cooling. It points out the importantphysical transitions

*re materid goes through upon cooling, and it quantifies the

amount of energy that must be removed before the material will go

ttrough these transitions and solidify into a part. STK 914
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sTK 9r5

The way a polyoer responds upoa cooling depeads
upon its stnrcturc and coaposition

GE Pbstlcs

Polymer Cooting

@

Flows

Freezes
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Polymer Structure
Amorphous and crystalline polymers

respond differenily upon sesling:

o Amo{phous polymers go through a
glass transitioa.

. Crystalline polymers go through a
crystallization process first, an6
then a glass transition.

9
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Each pol)4ner req)onds

differently on cooling.

Amorphous and

aystallin'e pollmers
respond differently on
sssling.

Polymer Cooling

Just as polymers respond differently to heating depending on their

composition and structure, they also respond d'ifferently to cooling

depending on their chemical composition and molecular structure.
sTK 915

Po&yraw Swwstuere

Folymersare comprised ofmany iong chain-iike moiecules ofrepeat-

ing structural units. .Thewaythese rnolecular chains align themselves

determines the.structure of the polymer and ultimately has a great

impact on the way the material responds to cooling. Because

amorphous and crystalline polymers have very different structures,

they also respond very differently to cooling: amorphous polymers

go through a glass transition, while crystalline polymers go through

a crystallization process first, then a glass transition. STK916
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Amorphous Model

Arnorphous polymers are comprised of a random
eatanglement ol PolyDrer rheins"
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Cooling of Amorphous Resins
Uardenlng Raage e.oollug Raagc Proct*stag

As heat is removed from an emorphous tJre molecular
chaius

at
o

Participant's Notes:

M-PIA41r7-STET|OD $r2,/t)+18 O Cencr:I Elccuic C-ompzny 1989

Rarrge

,@w @



Amorphous polymers

consist of a random
entanglement of polymer

ehains.

In an amorphous resin

the glass transition
temperatue is the key

transition qn qssling.

,4morphotts Model
To be "amorphous' means literally, to be without structure'

Amorphous polymers are characterized by the randortness of their

entangled polymer chains. This drawing is asimple model depicting

amorphous structure. S'TK 9U

fiaohi.ng @f Arn@fuCIics ffes&es

Above its giass transition temperature, the rnolecular chains that

make up the amorphous polymer are loosely tangled and sliding

back and forth making the polymer flow. As heat energy is removed

&om the poly*er, these chains b.S, to slowly stop sliding back and

forttr, and instead start tr,visting, tangling, and collapsing in on

themselves and their neighbors to form a tight stnrctural "knot.' It
is beiow the glass transition temperature (T") that the rnaterial stoPs

flowing and solidifies. STK918
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Glass Tfansition TEmperature (Tc)

/ //

?
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T6 is the tenperatute at which tJre polytner turas
nrbbery upon heatiag and glassy upon cooling.

GE Pbstlcs

Soft / 'Rubbery'Hard / 'Glassy'
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Heat Capacity Tface (On Cooling):
Amorphous Resin
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:lEEpcrature
The heat capacity trace quaatifies tlre aoount of heat tlat must

be reooved oa cooliag.
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AtT"the potperturss
nrbbeqyupon heating

and glassy upon qssling.

The heat capacitytrace
(on cooling) quantifies

the a'normt of heat

rettnoved on goqling.

Glnss Tlsttsition Tanperahtre €)
Every pollmer has a glass transition temperanrre (T.). It is the

temperature at which a material turns rubbery uPon heating and

glassy upon cooling. Abo-ve T", an amorphous material is soft,

rubbery, and pliable. Below T., an amorphous polymer becomes

hard,like glass, and structurally sound. The terms 'rubbery" and

"glassy" are actually referring to rubber and glass. Rubber has a very

low glass transition temperature - below OoF - so it is most often above

its T. and therefore rubbery and soft. Glass, on the other hand, has

very trigtr glass uansition temperature - over 1000oF - so it is most

often below is T" and therefore glassy and rigid. STK 919

&Xea* #apai;ry Wsee {*ue Coohing}f.A"t@iroads ime$t?a

The shape of the heat capaciry trace on cooling is the salne for ali

amorphous polymers; however the actual coordinates change with

each individual resin and resin grade. The trace quantifi es how much

heat energy must be removed to decrease the temperature of the

polymer below its T". Notice that the curve is constant, then drops

dramaticalty, then levels offagain. This dramatic drop indicates the

additional heat energy given offby the polymer to allow it to freeze-'

The material's T" falls on that slope, where sulEcient heat energy has

been grven offfor ttre material to begin to solidi$. STK 920

G Ccncnl Etcctric Company l9E9 Itt-PI.A-.{rl I?-STE-MOD 9r2,/89{G2r



@ GE Pbstlcs

Crystalline Model

Cryst.ttiue Polymers are comprised of a random cnta[geneot
of polymer cbaias witlr arcas of order.

I

sTK921
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Cooling of Crystalline Resins
CrFtallldEg

RaDgc
Pmc..sI!8

A.e heat ls rcoroved from a cryst-lliae pol5rmerr the
qolegular atrains move closer together, aliga

tltcaselves, and bcein to form cr1r!l+^lq.
9
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Crl",+-" pobm€ss
consist of rzndom
entanglement of polymer
cheinswith areas of
order c.lled ".l.t"l
regions.

As heat is removed from
a crystalline polymer, the
molecrrlar ehains move

closertogether, align
the,rnselves, and begin to
form crrstals.

Crystallittc Model
Crystalline polymers respond rtifferqntly thart amorphous polymers

to cooling due to their sructural difference. Whereas amorphous

polymers are comprised of a random mass of molecular chains,

crystalline polymers contain areas of order in which their chains lie

side,by-side in a regular fashion. Ttrese regions of order where the

chairrs line up and lie closely together are referred to as crystallinity.

This drawing is a s'mple rnodel depicting grystalline structure.
sTr( 921

{.ooli.ng wf ffrysta,tfii.ne ffesri?as

In the melt state, a crystalline polymer is above its melting temPera-

nrre and actually amorphous. Its molecular chains are flowing in a
random fashion. fu heat is removed, the irolymer chains begin to

slow down and move closer together until there is no lbnger sufE-

cient heat energy to keep them in motion. As ttre chains move closer

together, ttrey begin realigning themselves into tight, orderly cryr
tals. STK922
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srK 923

Crys tallization Temperature

Ts

$:-TEmperature
Tbe Crysraltization lbmperature (Tc) iadicates tJre tenPeratur€

at wbich the polyacr starts building crystalioity.
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Crystallization Process
Crysfallizatioa

RaDge
Processlsg

IG

A polymer will build cryslatlinity bdow
Ty:rad above T6 and is aost rapid at &.
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Crystalline polymers

build qrstallinirry at the

cqstallizatiou
temperature"

Cfystalline polyorers will
build crysta[inity
betweenT, and T".

C,rystallimtionTbmperatwe
The crystallization temPeranlre is the temPerature at which rapid

crystallization occurs on cooling. Crystallization temPerahrre (T") is

higher than glass transition temPerature yet lower than melting tem-

perature.. At T", there is not enough heat energy to keep the

crystzlline material flowing, bit there is enough heat energy "q-
able to allow the resin's molecular chains to begin lining up in an

orderly fashion. Below T' however, there is insuflicient heat in the

polymer to allow the molecular chains to move. Below T. the polymer

is frozen. STK 923

trrg stailizafdare F%"CIcess

A crystatline material will build crystaliinity rapidly at Tc and con-

tinue to crystallize until it cools below Tr. Crystallinity is rate

dependent the more slowly the polymer cools, the greater *re

degree ofcrystallinity; the more quickly the polyrner cools, the lesser

the degree of crystallinity. This is why cycle time is so crucial when

molding crystailine resins. From T* b T" fu the polymer's crystelli-

zation range. Each crystalline.polymer has its own crlstallization

rangei some materials crystallize more quickly than others'
srK 924
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Heat Capacity Tface (On Cooling):
Crystalline Resin
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The Heat Capacity for a
resin also indicates the 9

Participantrs Notes:

?Tr:L- n i6)c,i
-) .il.{L .)*{.,

@ GE Plastlcs

Heat of Crystallization (AHs)
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AHp

'ItsDperature- €IEmPcrature
Tlre Heat of Crystallization (AHg) is the ornount of eoergy tlat is

given off as the pol;rmer buifds crystqllinity on cooliug"
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The heat capacity trace
(on cooling) for a
crystalline resin indicates

the heat of
cr5stallization"

The heat of crystallinity
is the amormt of energy
that is given off as the
potlmer builds
crystaltinity.

Heat Capacity Trace (On Cooling)/Crystallin'e Resin
Ttre heat capacity trace (on cooling) for a crystalline resin indicates

how much cooling is needed to lower the temperature of the

polymer. The heat of crystallization (AH") indicates the amount of
heat that is given off as crystals form. STK925

$i{eat *f trrysteWirutioxa {&Efa}
The polymer's heat capacity trace on cooiing quantifres the amount

of energy that must be given off for crystallization- You may recall it
takes additional energy, the heat of fusion (AHJ, before the cr-ystals

in the crystalline polymer will melt. During cooling, all that adcli-

tional energymustbe releasedfor the polymer to build crystallinity.

This additional eneqgyis the polymer's heat of crystdlization (AH.).

It is ttre amount of energy that is given off as the polymer builds

crystallinity STK 926
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srK 927

Polymer Cooling Requirements

Specilic cooliup requirements are established fros values derived
froo eac.h polymer's own heat capacity tracc (oa cooliagl.
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Cooling Requirements
Typical Arnorphous

Polymer
qapicat Crystalline

Polymer
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The tot.I eaerglr tJrat must be removed before cjection rn be
calculatcd from thc polJroer's hcat capacity tracc (on cooling).
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Surumary

Consult the heat capacity

trace to deter:mine a

material's sssling
requiiements.

Ihe actualheat and

sssling requirements are

calculated from the heat

capacitytrace.

Pollmer Cooling Requiremm8
General cooling characteristics are determined by the structure of
the material: amorphous or c.rystalline. But eactr resin has its own

specific cooling. behavior due to its own particular structure and

composition. Specific cooling requirements are determined by

nalues derived from each polymer's heat caPacity trace on cooling.

Certain amorphous polymers cool more quickly than others- This

information can be determined by comparing each polymer's heat

capacity trace. And certain crystalline resins tal<e longer g6 qqmtallizs

than others. Again, this information can be determined by compar-

ing each polymer's heat of crystallization found on its n*:..111y
trace. STK 927

C,ooling Rcquirernmb
A material's heat capacity trace on cooling allows you to calculate the

total energy that must be removed before ejecting the part. To

catrculate che cooling requirement for an amorPhous polylnen, yoia

need co tdereai$ che proeessing and ejection Eerr?peratures, rlaem

eatrcretrate riae anea unden ehe race befiseera chose two t€mperaftrres"

F"or exarmpXe, this typical anrorphous pcllpner has a processing

, temperature of 560oF and an ejection temperature of 225"F. This

change in temperature can be multiplied by the polymer's heat

capacity to determine the total amount of heat energy that must be

removed from the polymer before ejection. Thc amount of energy

thatmust be removed from the polymer for it to drop from 560oF to

225"F is 150 BTUs/lb.

To calculate the cooling requirement for a c.rystalline polymer you

must take into account the heat of cqntallization. As with the

amorphous polym er, you must first identify *re material' s processing

arrd ejection temperatures and calculate the area under the trace

between these two temperatures. Then you must add the polymer's

heat of crystallization to get the total cooling requiremenl For ex-

ample, this typical crystalline polymer has a processing temperature

of 480"F and an ejection temperature of 300oF. The amount of
energy *rat must be removed from the polymer for it to drop from
480oF to 300oF is 92 BTUs/lb. But the material must also give offan
addidonal 13 BTUs,/lb for maximum crystallinity. So the total cool-

ing requirement is 105 BTUs/lb. STK928
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@ GE Plastlcs

Cooling & Freezing Polymers

. Removing Heat

a

e
d
t

I

I

. Predicting Cooling Performence

It-ratlr

. Establishing Cooling Parameters

I

(

Participantrs Notes:

@ GE Plastics

Cooling Parameters

o Mold TEmperature

o Thermal Conductivity

I

-sffii'.iS+,',

Participantts Notes:
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Qsslirrg
Parameters

Establishing cs6ling
parameters.

1'*s 6ssling parameters.

Cooling U Freahg Potymus
Having understood how to predict cooling'performance from the

heat capacity trace (on coolinB) we can now use this information to

establish cooling parameters. STI( 929

Ceao{;arag Farsweertrs,

The two important parameters in cooling are the temperature of the

mold and the thermal conductivity of the melt and the mold.
srK930
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@ GE Plastlcs

Cooling Range: Amorphous R.esin
Mold
TEEP

EJectloE
fEEp

Processiog REl8gc

Hardening Ralge

. Tbe mold tenpef,ature mustbe bdow Tc to solidify tbc parL

9

=ffi: ,B6r{,.
.i -iE\ E3+

@
GE Plastlcs

Cold Molds Heated Molds
. Dtfficult FiIl
. lligher lnjcctioa Pressure

. HlEher Di,elt Iemperature

. Difficult Ejectiou.
(Ejectioo Stressl

. Higher Molded-ia Stress

o lbodency forVoids I.u
Thicker Sections

. Easier FilI

. Lower Injecdon Pnessurc

r Lower Melt lEnperature
. Easier Ejection (Lowcr

Eiection Strcss)

r Lower Molded-in Stress

r TEadency for Slnks la
Tlric,ker Scctious

. &nproved Surfacc Ftnisb

9

Participant's Notes:

M-PLAJll I7-STIGMOD 9-1?,/t9{G!2 G &ncral Elccuic Corapany 1989
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Particioant's Notes:



The mold lerrnperature

must be belowT. to
soliditythe part.

Heated moldsprovide
for easierprocessing
than s6[d molds.

Cooting Range: ,Mwphotrs Rasin

Amorphous polymers go through a glass transi.tion uPon cociling,

becoming solid below lTo. Above T", the polyrner is still flowing.

Therefore the temperature of the mold must be below T. to allow the

part to solidif. From the heat capacity trace on cooling, the

converter can determine how much heat must be removed to drop

the temperature belowT.. The polymer's ejection temPerahrre is set

justbelorv T" to allow for sr.lfiicient cooling and minimum cycle time.

srK93r

*sfd Maflds fE{eatcd, Molds
Cold moids mean faster cooiing and ttrerefore faster cycle time, but
cold molds present certain disadrantages to the converter. CoId

molds are more dilEcult to fill and therefore require higher injection

pressure and melt ternperatlrre. It is more difficutt to eject from cold

molds, because the pa.rt tends to shrink tightly to a cold mold upon

cooling" This causes ejection stress. Cold molds can dso cause higher
molded-in stress and a tendency forvoids in thick sections of the part.

Heated molds, on the other h4nd, are easier to frll. They require

lower injection pressure and melt'temperature. Ejection is easier

thus minimizingejection stress. Parts tend to have lower molded-in

stress. Still, heated molds can tend to cause sinks in thicker sections.

But the part itself, has an improved surface finish" Ultimately, a

heated mold is preferable to a cold mold. But cycle time is the

overri.Iing consideration when determining mold temperature.

sTK 932
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@ GE Plastlcs

Thermal Conductivity

. Thermal Conductivity indicates tJee

rate at which hea! will be transferred
ttrrough tJre resin

. Plastics urith higher Thermal
Conductivity lose heat faster.

Participantfs Notes:

,5?E[ B5+,

@ GE Plastlcs

Part Cooling: Amorphous Resin
I

C)

>r
(,
dlq
CI
C)

q,
l)

EJcction
Itsrperature Processlng

lEoperature
IT6

TEnlrcrature

. The gooUng time depends on the anoust of heat tlat must
be rcmoved and the rate at wbic! it caa be removed-

r Tbe tcmperature of the polymer must be reduccd lron its
processing tcraperature to its ejectioa rpmPerafslp'

9

Participantrs Notes:

udltr1,ffiv  6_!c6.-fulr G a4--El Elradrfnmanv IQAQ

9



Plastics withhigher
thernral conductivity lose

heat faster.

Amorphoru resinsmust

be belowT..'

Thermal Csnductiai$
It is the thermal con ductivity of the material *rat de termines the rate

at which the heat ca"n be removed. I t is a measure of the abiliry of the

resin to transfer heat. Plastics with higher thermaL conductivigv lose

heat faster and therefore cool more quickly. Plasticswi*r lower ther-

mal conductivity lose heat more slortily, and therefore cool more

Slowly. STK933

Pe{e f;oo|,ring: Asnorpkotrc ff"*6xe

After entering the mold, the materid must be reduced from its

processing temperature to its ejection temPefirture. The amount of

time it takes to reach its ejection temPeranrre depends on ttre

amount of heat that must be removed and the rate atwhich it can be

removed' Just as the amount of energ',' *rat rnust be rembved

dependson the resin, so does the rate ofremoval depend on the resin

being molded. STK 934
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srK 935

1

Crystallization Cooling Range

GE Plastlcs

Crystallization Range

@

Proc€slag

Tc

a

a

in crystallinity

therefore
. Thc mold tlme and

too qutckly wlll

Uold EJcetlon
IEmp lEllp

Participantfs Notes:

sTH{ $3S

Degree of Crystallinity

o The colder the mold - the faster fls gqeling -
tbe lesser tJre degree of crystallinity.

. The hotter the mold - the slower,5. gssting -

the greater tJre degree of crystatlinity.

GE Plastlcs
@

9

Participant's Notes:
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Degree of cr5ttallinity is
determined byrate of
geoling.

The degree of
crystalthity is related to
the mold temper:rture.

CrystaWizntion Cooling Rn4ge

Crystalline cooling is more diffrcult to predict than amorphous

cooling due to the process of crystallization- fuwith the amorphous

resin, the rap atwhich the polymerwill cool dependson its thermal

conductivity. But with crystalline polymers, the need to allow the

polymcr to crystallize presents its own problems. If cooled too

qrri.tty, the crystalline polymer may cool through its crystallization

range without building crystallinity. This is called quenching the

polymer. Cold rnolds can cause quenching and insulEcient polymer

crystallinity, while heated molds tend to allow more crystallinity and

areduced chance ofquenching. STK935

ffi egr*e af {ry stmhhiaaiity

As stated earlier, crystallinity is rate dependerrt so the coider the

moid, the more quickly the crystalline polymer cools, and the lesser

the degree of crystallinity. The hotter the mold, the more slowly the

crystallinepolymer cools, and the greater the degree of crystallinity.

sTK 936

G Czacal F-lcaic Conenv 1989 M-PIA-.o1 I?-STILMOD rrv89+r7



STK 937

!

Cold Mold + Lower Crystallinity

A cold mold freeees tJre polymer quickfy Dot givirg
it a chaacc to fully cr5rsrallizs' (Qucont'lng;

Quick Freeztng

GE Plastlcs@

I

l-ong
Crysiallinity

Crystallization
.Range

Participantrs Notes:

fffir,#&n
a, -\ a" :?;).

@
GE Plastlcs

Hot Mold + Higher Crystatlinity
HIgh

Crysi'rIl'lty Crlzsir- Ilizatio! Ra.Bge Pmc.srhg

I

A botter uold cools tbe polymer more slowly,
resultisg ia more cr]rsr-lliniqf.

9

Slow Cooltng

Participarrtts Notes:
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A cold mold doesn't
allowthe cr;nstalline

polymer to firIIy
crystalliz.e (quenching).

A hotter mold cools the
pollmermore slowly
allowing it to build more
crystalinity.

Cold MoId / Lou,er C;rlsta,lli"i$
Heatflows from the body of a higher temPeranre to the body of a

lourer temperature. The rate of heatflow depends on the difference

in the temperanrres of the two bodies: the greater the difference, the

faster the flow of heat. So it follows that a cold mold will cause the

polymer to cool rnore quickly. But if the mold is too cold, it could

cause the crystalline polymer to cool too quickly, freezingitbefore it
has a chance to fully crystallize. STK 937

ff{a * fufl.o&C i{{d gle er ery staWiraary

trf the mold is heated, the polymer coois more slowly and the

crystalline polymer has time to build more crystallinity.

STK 938
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sTK 939

Optimum Crystatlinity
Optimum Crystatlinity provides greater

predictabifity iu terms of:

o Qfusrnisa] Resistance

o Dimensional Stabifity
o Heat Deflection Tlmperature (HDT)

o In-mold Shrinkage

GE Plastlcs
@

I

Participant's Notes:

5Tg -q4{}

@
GE Plastlcs

Shrinkage
&
I

Shrinkage ls ti,e r'ol'me rcduction caused by tbc decr,ease
in the amount of space between polymer ctrpins upon cooling.

I

Participant's Notes:

i'--
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Opttmtm Crysullinity
Crystalline polymers are often chosen for perforrnance characteris

tics, such as chemical resistance, that are directly related to their

crystallinity. Optimizing crystallinitywill optimize part performance'

In addition, optimum crystallinity provides Sreater dimensional

stability due to the reduced chance of post-mold shrinkage. Higher

crystallinityresults in higher in-mold shrinkage. There is less chance

for shrinkage in application, providing for greater dimensional sta-

bi[ty and a higher heat deflection temPerature (HDT)" STK 939

ffiwf,ntugs
Cooling a polymer melt causes a volume reduction referred to as

shrinkage. During processing, heat is added to a polymer creating

enough space betrueen the molecular chains to allow them to slide

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

of the material in its melt state. Upon cooling, the molecular chains

slow d,own and move back together ag?in, causing a reduction in the

space betr,veen,the molecules and therefore a reduction in the

volume of the'material. This kind of shrinkage occurs in both

amorphous and crystalline polymers, STK940

Opti-,* crJrtaltinity
provides optimum part
performance.

Shrinkage is the volume

reduction caused by the
decrease in the amount
of space between

polyrner rhnins qpon
sssling.
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STK 941

Shrinkagdunfilled Amorphous Resin

Unfilled aoorphous polyoers tead to cxhibit isotropic sbriskage-

)

GE Plastlcs@

I

Participant's Notes:

riTT( 945i

@ GE Plastlcs

Resin Shrinkage Values
Each polymer has its ourn shriakage values that

must be accomodated for when designing the tool.

These values can be affected by:

r Resin 1}pe . Cavity Pressure
. Direction of Flow o Fillers
o Part Wall Thickness o Melt TEmperature
o Flow LengtJr 

e

Participarrtrs Notes:

1'-''
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Amolphous pollmets
tend to shrirrk evenly in
all directions.

Each polymer has its orpn

shrinkagevalue that
mustbe accomodated

for rryheo designing the
tool.

Shrinhage /Wfrd Amorphous Resin

Shrinkage in an amorphous polyrner is normally consistent and

therefore easier to predict and accommodate for in tooling. Unfrlled

amorphous materials tend to shrink the same in all directions. This

tpe, of wen shrinkage is called isotropic shrinkage
sTK 941

fBesdee Sh,rdrehnge Valetes

Each poXymer has its own shrinkage mlues that are rePorted on the

materiai data sheet. These nalues can be affected by such factors as

the particrrlar grade of resin being processed, whether it contains

fillers, or the direction of flow. Filled materials, for exalnple, shrink

more in the cross flow and less in the flow direction. This kind of
uneven shrinkage is called anisotropic shrinkage. Consequently, the

tool mustbe designed to accommodate for shrinkagewhen molding

areinforced polymer. Resin shrinkagevalues can also tre affected by

f;rctors that aflect the rate of cooling such as the partwall thickness,

the flowlength, the cavitypressure, or the temPeratur. "tffill;

G C-ncnl Elcctric Corarnv 1989 L|-PL,4U7-STr-MOD g-l2lB-OG,Ut



srK 943

Shrinkage Comparison

Crystgltine polymers shrlnk more thaa orr'orphous pol5rmers due
to ttre additioaal voluoe reduction caused by crystalriaatioa.

GE Plastlcs
@

Amorphous Crysfalline

9

Participantrs Notes:

STEL $**

@
GE Plastlcs

Wall Thickness
Thicker vrall sections ta&e looger to cool. and tierefore shrilk aorc.

WaIl ttickness affects tbe nntount of shrin&age in
aoorpbous and cqrstattine resias.

9

Participant's Notes:

I
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Crystalline potymers
shrink more than
,mo{Phous pollmers.

Shrinkage is affected by
rsall thidrness.

fiffilnhage Con$orison
Cryntalline materials tend to shrinkmore than amorphous materials

d,ue to the presenc.e of crystallinity. In the crystalline regions, the

molecules lie very close togetherin an orderly fashion. The polymer

chains are packed more tightly together in these regions than the

chains in an amorphous stnrcture. Consequently there is less sPace

bbtween the molecules causing an additional reduction in volume

when the material cools from a fluid state to a solid. If molding the

same part, the tool cavity for a crystalline material will be slightly

larger than the cavityfor fi amorphous material. Also, shrinkage in

a crystalline polymer often has a greater range making it more

diflicult to accurately predict STK 943

WaW T&aicfunws

The thickness of the part wali aiso affects the rate of cooling and.

therefore the amountof shrinkage: the thicker thewall section, the

longer it takes to cool, and the higher the amount of shrinkagc. This

is tirre in both amorphous and crystalline resins- When processing

cqrctalline polymers, thicker urall sections take longer to cool, creat-

ing more cqrutallinity and therefore more shrinkage. When Process-
ing amorphous polymers, thickerwall sections resultin more shrink-

age as the moiecrrles have more time to move closer together.

Maximizing in-mold shrinkage minimizes the chance of post-mold

distortion STK 944
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STK 945

@ GE Plastics

Non-uniform \Matrls

. Non-urriform wall sectiorrs cause uneven
cooling resulting in uneven shrinkage.

o Uneven shrinkage can result in high molded-irr
stress, \rarpage, voids, a1ld Sink marks.

9

Paticipant's Notes:

@
GE Plastics

Understanding
Cooling and Freezing

Polymers

I

sTK 946

Participantrs Notes:
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Y'
Uniform \uall thiclmess is

important to avoid
problems.

Swnamary amd
Perfonnar.rce
Feedback

Nommiform Wails
When a part containsrnryingwall thickness, thinner sectionswill cool
more quickly than thicker sections. Once the thinner section has

cooledlit freezes solid ttrus hindering the adjacent thicker section,
which is still cooling, from strrinking freely. The result is a high
.degree of molded-in stresswhere the thin and thick sections meet. It
is the stress at thejuncrure of high and low shrinkage areas that may

cause a Part to warP.

Uneven shrinkage does not always result in high stress. It may instead
result in a void. When the already cooled section will not yield to the
still cooling thicker section, the shrinking action rnay create a void.

Orthe shrinkingactionin the still cooling thicksection maycomPen-
sate by creating a sink mark on the zurface of the Part. A sink mark
is-nothing rnore than a void on the surface.

Uniform wall thickness promotes even cooling and even shrinkage
thus reducing such potential defects as molded-in stress, 

I,ffii;voids, or sink marks.

{Jmdwstandi,w.g fuaedng # Weabag
The cooling and freezing of ttre polymer is as complicated as the
heating, softening, melting, flowing, and forming of the materiai.
And it is just as important that it be understood completely and
carried out colTectly. Byusing the heat capacitytrace on cooling as

ablue print, the toolmaker and the converter can be certain *rat they
are manufacnrring t}le best po,ssible parts in terms of such things as

crystallinity, stress, and srrrface aPPearance. And they can be certain
they are processing parts elEciently in terms of expended energy,

part defects, and cycle time. STK 946
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@ GE Plastics

How is a thermoplastic
part cooled?

I

srK 947

Participant's Notes:

@ GE Plastics

How do amorphous and
crystalline polymers respond
differently upon coolingi?

STK S.*til

Participant's Notes:
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STK949

@ GE Plastics

Cooling
Mdt

Mold

Cooliog results from the flow of beat froo the higher
teEperaturc melt to the lower tcoperature aold-

I

Participant's Notes:

,sT;( s5fi

@ GE Plastics

Polymer Cooling Requirements

&o
>.
c)
clq
cl
I
CIo

Arnorphous
rG
I

I

ilo

o
cl
R
.Uo
q,
o

Crystalline
T6 Tg

€TEDrIreEture €TEEpcrature

Amorphous polymers go through a glass traasition while
cqrstallins polymers go through a crystallization process,

thco a glass traasitioo.
9

Participantls Notes:
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@ GE Plastics

How does mold temperature
and rate of cooling affect
a crystalline polymet'?

I

srK951

Participantrs Notes:

sTK 954

@
GE Plastics

Degree of Crystaltinity

. The colder tJre mold - the faster tJre cooling -
the lesser the degree of crystrltinit5r.

. The hotter tb.e mold - the slower fJrs qeeling -
the greater tJre degree of crystalliaity.

Participarrt's Notes:
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Design & Performance

GE Pbstlcs

Module 10

o Processing

. Desigln

. Materials

@

Participant's Notes:
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@
GE Plastics

Module I

Prformance Feedback

1. Describe how a thermoplastic part is cooled.

2. Describe how amorphous polymers and crystalline polymers resPond differently during

cooling.

5" Descrabe the varlables withim aaclii ofl cha foXlowing flactors when establisirirag cooLing

rparana:erers i'or" ff-oistailine aalcl acmorFmous rcsrns: .naoi'E tefileI"aLure. ccolams ne:l'oc aur '
slarimkage.

+- Daserrbe &e eoeilirag paralmeters ror a resrgl vol: arr currenttY wonkrng wiu;"
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