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The Development of Materials

Stone Brick Metal Plastics

Materials are selected to meet the specific
performance requirements of an application.
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M-PI.A4U?-.STkMOD lFltl8*)G"2 t8 Ccncral Elcctric Companv 1989



Introduction

Plastics are the nut step
in the developmeut of
materials.

Potymer Modiftmtion.
Different applications call for different material performance. A car

bumper, for example must be able to withstand high impact. A car

fuel tank, on the other ha-nd, requires good chemical resistance.

Both the product design and the designer's choice of material must

satisfr these performance requirements. STK301

Objeaiua:
At ttre end of this module, participant should be able to:

o Describe the methods used to modifi basic polymers.
. Describe the difference benrreen blends and co

polymers.
o Define impact mod.ification and describe the

characteristics of impa€t modifiers.
o Compare glass and mineral reinforcements.
o Contrast impact modification and glass reinforcem€nt.
o Describc the purpose and effecs of additives such as

stabilizer qntems and flame retardants
. Identi&whetheryou areworkingwith a material that

has giass or minerai reinforcements, a.nd,/or irnpact
rnodifiers. Sescihe the efFece om processing

Tfze Weueilapnent af fufatwdals
Ttrrough the ages, man has sought materiais to rneet specific appii-
cation requirements, such as strength and flexibility, that are cost

effective to manufacture. Since the hrrn of the century, man has

chosen plastics because they are formable, tighter in weight, corro.
sion resistant, and easilymass produced. Then engineering thermo-
plastics emerged in the 1960's, offering unique, high perforrnance

material properties that were previously unavailable. STK 302
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Plastics

Plastics modification expands the use of plastics
in application by offering an increased variety

of property combinations.
3

Participant's Notes:
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Polymer Modification
Basic Polymers

Blends Homopolymers Copolymers

Useful Polymer Material

Impact Rigid
Additives

Participant's Notes:
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Basicpollmers maybe
modified to charrge their
properties.

Basic homopolymes can

be blended ormodified.

A homopolymer is a

polymcr formed bythe
pofymerization of a
single mouomer.

Plostics
Today, individual resins can be chosen for a greater variety of specific

performance attributes than ever before. Plastics modificatior ex:

pands the use of plastics even more by increasing the variety of
performance combinations anailable to the manufacturer.

STK3O3

Pafiyrnw fulodiffimtiura
This module explains the methods r.lsed to modi$ basic homopolym-
ersin an elfort to make them more useful in specific alrplicarions. A
homopolymer, a polymer that is formed by the polymerization of a
single monom er, may or may n ot provide part desi gners wi thj ust the
right combination of properties they need. Modification of basic

homopolymers by blending or copolymerization, or by adding impact
modifiers, rigid reinforcement, or additives increases options in ma-

terial selection. Polymer modification lets the designer choose a

material that best meets the particular properties the part requires.

sTK 304
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STK 305

Basic Homopolymers
Polystyrene 

flf 
Picnic Utensils

Basic homopolymers are available to meet certain performance
requirements in a variety of applications.

GE P,a,stlcp

Computer Housings

@

ContainersFolypropylene

Polycarbonate

3

PBT Electrical Connectors

Participantrs Notes:

iffi( S#k5

@
GE P/p,stlcs

Unique Properties
Polycarbonate

(LEXANo)
PBT

(vALOX@)

Excellent
Impact Resistance

Excellent
Chemical Resistance

t

Participantts Notes:
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Homopolymers ha;ve

specific properties.

Each pollmer hes a

specific property profile.

Basic Homapo$merc
There are many basic homopolymers available to meet specific

performance requirements. Commodity thermoplastics such as

polysrynene and polypropylene are lower performance homopolym-
ers used to manufacture products such as plastic picnic utensils and

watering pails. Engineering thermoplastics such ,! polycarbonate
and PBT are higher performance homopolymers. Polycarbonate, for
exalnple, provides excellent stiffiress and impactresistance for use in
nrch demanding applications as computer housings. PBT provides

excellent electrical, heat resistance, and chemical resistance and is
used in such applications as electrical connectors. STK305

{Jwique tu*pertdw
Polycarbonate and PBT are both high performance engineering
thermoplastics, yet each provides its orvn unique properties. Polycar-

bonate provides excellen t impact resistance. PBT provides orcellen t
chemical resistance. STK306
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srK 307

Creating a Blend to Combine Properties

Excellent
Impact

Resistance
Good

GE Pbstlca

LEXAN@ XENOY@

@

VALOX@
3

te Blend
LOOo/" lOOo/"

PBT

Participant's Notes:

sTH.Sffi&
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Polymer Modification
Basic

Homopolymers

Useful Polymer Material

3

Copolymers

Modiflcation
Impact Rigid

Additives

Participantts Notes:
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Blending is the
ss6[ining of
homopolymers to take

advantage of the
properties of each.

A homopotymer may be
p\nicalty combined as

bleods or chemically
combined as c(>

polymers.

Crwting a Blend to Combinc @ertia
By combining homopolymers, we can end up with the best proper-

ties ofeach. Gl, Plastics blended I -FXA}.{opolycarbonate and VALOX@

PBT to create a new material, XENOIP. XENOY has neither the

excellent impact resistance of LEXAIII, nor the excellent chemical

resistance of VALOX. But it contains a good portion of each.

)GNOYhas very good impact resistan ce, much better than VALO X,

and very good chemical resistartce, much better than LEXAN. By

blending, the material supplier has orpanded thevarietyofmaterials
arailable to be tter m eet the manufacturer' s specifi c performance re-

quirements. STK307

Pa&ynw tufrodifrwtiare
One of the first methods ofl ponyrner modification is blending.
Blending takes two homopolymers and blends them together to
make a new resin product. )GNOYis an example of a poiymer blend.
LEXAN andVALOXwere physicallymixed together to make XENOY,

a ne$r resin product.

Another method of polymer modification is copolymerization. In
copolymerization, trro homopolymers are-copolyrnerized to make an

en tirely new polymer - a copolymer. This copolymer then becom es its

ovm resin product.

Blending and copolymerization are nro different methods of com-

bining polymers to create new resin products. Blending is the result
of a phpical combination, while copolymerization is the rezult of a
chemical combinadon. STK308

1.-.
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STK 309

Combining Polymers

GE Plastlcs@

3

Chemical
Combination

Physical
Combination

Blend
Homopolymers Are
Physically Mixed

Copolymer
Homopolymers Are
Chemically Linked

Participant's Notes:

STTI 3XO

LEXANO UI.:TEM'O PEEKO
VALOXO SUPEC" VICTREXO

GE Plastlcs

Polymers

Multiple-phase Blend

@

Homopolymer

3

PPO/PSSingle-phase Blend

Copolymer LOMOD@
SANTOPRENE@

xENOYo GTXo NORYLo
BAYBLEND@ PREVEXO

Participantfs Notes:
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The difference between

a physical combination

and a chemical

combination

tsasia
Modification

Examples

Differentiation of q,pical
commscial polymens.

Corfiining Potymerc
When two homopolymers are blended, they are physically mixed

together. LEXAI.Io and VALOXO polymer chains are merely "stirred."

together to make XENOP, a material composed of LEXAN and

VALOX polymer chains. When n^,o homopolymers are copolymer-

ized, their polymer chains are chemically combined. Two sets of
polymer chains are actually tinked together, resulting in an entirely
differentpolymer composed of an entirely differentpolymer chain.

srK 309

PaUmesx
A material supplier, like GE Plastics, offers an assbrtment of resin

products that includes: homopolymers, like LEXA}.Io, VALOX@, and

ULTEMo; multiple-phase blends like XENOIP, NORYLo, and PRE-

VEX0; single-phase blends lile PPO/PS; and copolymers like LO-
MODO. STK 310

1--
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STK 3lT

@ GE Phstlcs

Combining Polymers
Physical

Combination
T

Chemical
Combination

J
Copolymerization

Multiple-phase
Material

Single-phase
Material

The phase of the blend
depend on the

of the

Participant's Notes:

STTL 5i[:;
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Miscibitity (Solubility)

,tr%
).1-i.i';lt

tililii;
'-:i'f n',7"'"

l,ow Mtscibility High MiscibilitY

The TEndency or Capacity of the Parent
Homopolymers to Dissolve in Each Other wlth Ease

3

Participant's Notes:
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Blendi-g

Blending can result in
one or more phases.

Miscib ility determines
the degree of mixing in a
blend.

Cornbining Potymerc
First, let's examine polymer blends. A polymer blend can takc one of
two forms: multiple-phase, or single-phase. The phasc dcvclopmcnt
in the blend depends on the miscibility or solubility of thc parent

PolYmers' 
srK 3,

tuflisciwdty { sohtbiftiry }
Somematerialshave agreatercapacity todissolve in each other. Salt,

for example, will dissolve in water. The salt and the water will actually
break apart into smaller and smaller particles, and eventually par-

ticles of salt will dissolve with particles ofwater creatin g a si n gl e-ph ase

blend. Salt is highly miscible, or soluble, in water. STK 312
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@ GE Pbstlce

Multiple-phase Blend

Each of the blended homopolymers maintains
a discrete phase in melt and solid states.

3

STK313

Participant's Notes:

;

,5.!. SL S irE:

@ GE Plastlcs

Multiple-phase System
Multiple-phase systems maintain
discrete phases similar to jello salad...

Fruit

Soq.
oE".

Jello Molded Jello

TWo Phases T\rro Phases

3

t

Participantrs Notes:
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Fruit injello is an

example of a two phrss
qFstem.

Mnwr*hase Blcnd
In this actual photo of a multiple-phase blend, the rubber material is

easy to distinguish from the polymer material. This is because the

parent homopolymers are not miscible or soluble in each other and

each maintains a discrete phase in melt and solid states. Low misci-

bility results in a multiple-phase system. STK 3f3

&tfluWtplephaseSysfsrrB

In a multifle-phase qntern, the materials are mixed together yet

maintain discrete phases, or distinct areas, in the mixture. The result
is ablend thatresemblesamoldedjello salad. Thejello and the fruit
are insoluble. When mixed, they remain separate in the mixture,
creating a nrephase qxstem. STK 3f4

€ Gcncr:l Elccuic Corapany l!)t9 l,l-ItJt{ll?-STlGIlCrD }r2,/B:()c.ls
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Low miscibility results in
discrete phases.



sTK 315

Single-phase Blend

The blended homopolymers
dissolve in each other resulting

GEPbstlcs
@

t

aaln a srn ase material.

sTT{. Sri6,

@
GE Plastics

Single-phase System
The blended materials dissolve in
each other similar to salt water.,.
Salt Water Salt Water

E>

TWo Phases
3

One Phase

Participant's Notes:
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The blended
homopolymers dissolve

in each other res:ulting in
a singlephase material.

High solubility results in
a singlephase blend.

Sittglcfhase BIEnd
In a single-phase blend, the two Parent homopolymers are soluble in

each other and therefore dissolve, resulting in a single-phase system-

sTK 3r5

Singppfwse,Systere
In a single-phase system, the materials are mixed together and

dis56lvs, creating a single, continuous phase. Salt and water are

soluble. When mixed, they dissolve, c-reating a single-phase system.

Single,phase polymer rystems appear homogeneous when examined

under magnification. STK316

I
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STK 317

@ GEPlastlcs

Combining Polymers
Physical

Combination
.1,

Blending

Chemical
Combination

Multiple-phase
Material

Single-phase
Material

Copolymerization

Participant's Notes:

sffi( st8

@ GE Plastics

Copolymers

T\vo homopolymers are chemically
reacted to form an entirely new
polymer material.

t
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Copotymerization

C opollmerization differs
from blending.

The copolymer is a

chemical combination to
form anervpolymer
nhain-

Combining Polynrs
Blends are the result of physically mixing the homopolymers, while

copolymerization is the result of chemically reacting the Parent
polymers. STK 3f 7

Capotyrnm
In copolymerization, tr,vo poiymers are actually copolymerized to

form an entirely new polymer material STK 318

t
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@ GE Plastlcs

Chemically Combined Copolymers
The homopolymcrs are copolymerized. a

chemicd reaction similar to producing a mule-..

Horse {> D,onkey 
--.+ 

Mule

e

Participantrs Notes:

Sffi Sg{l

@ GE Plastlce

Polymer Modification

Blends Homopolymers Copolymers

Impact Rigid

Useful Polymer Material

3

Additives

Participant's Notes:
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Basic Polymers
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Unique products ca'' be

produced from
dissimitar polymers.

Impact modification and

rigid reinforcernent are

two additional means of
modifying polymers.

Chemical$ Combined Cop ohynets

Copolymerization can be likened to the mating of a donkey and a

horse to produce a mule. The resulting offspring is neither a donkey

nor a horse, but another animal entirely. Likewise, the resulting

copolymer is something new and different from its parent polymers

and it can never be changed back into the Parent polymer. Though

a blend may be physically separated back into its distinct comPc
nents, the process of copolymerization can not be reversed- Co'

polymerization produces a new polymer product. STK 3fg

Po$mer tufaddfiwtiore
Homopolymers, blends, and copolymers comprise the basic market

basket of polymer materials. These materials make up the founda-

tion of the material supplier'sproductlines.Within these lines, how-

ever, there ire still material performance distinctions created by

polymer modification. For example, a resin may offer varying de-

grees of impactresistance created by impact modification, or a resin

may offer rrarying degrees of rigidity created by rigid reinforcement.

Impact modi{ication and rigid reinforcement are nro means of
modiSing polymers to improve their usefulness in a variety of
applications. STK320
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srK 321

@ GE Plastlcs

Impact Modification

Tb increase toughness or
impact resis
material, &n
is added.

ofa

3

impact modifier

Participant's Notes:

rffir s€Bm
ib a& s44

Glass T[ansition TEmperature (To)

own properties to the PolYmer and
the polymer improved imPact
resistance.

GE Plastics

Impact Modifier
has a

@

The modifier

room

3

Participant's Notes:
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.Impact
Modification

Impactmodification is
,sed to enhanCs irnpact

resistance.

Aqrpical irnpact

modilier will have a low

glass transition
t*rnperature fi.).

hnpaa Modifiution
Impact modification increases the impact resistance or toughness of

a polymer STK 321

tu*paet tuildifier
An impact modifier is a material such as rubbir that has'exceilent

impact resistance. When blended with the polyme r, an impact modi-

fier lends its own impact properties to the polymer, grving it im-

proved impact resistance. The impact modifier is usually a material

with a glass transition temperature (T") that is below room temPera-

hrre. STK322
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STK323

@ GE Plastlce

Low T6
Necessary for an Impact Modifier

Room TEmp.

A material with a vcty low Tcis in its rubbery phase at
rDom temPcrature and therefore mdintains

its i

,/

/

l,

Participantrs Notes:

STE{ 58;+

@ GE Plastlcs

Impact Resistance

Polystyrenc High lmpact
Folystyrcne

The ability of the material to absorb
energy before breaking-

Participant's Notes:

O Ccncrd Elecuic€omPanY 1989
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A good irnpac{ modifier
works vfien it is above its

Tc.

rmpact resistance

implies enersr
absorption

Lout T" Necessaryfor an Impaa Modifier
The glass transition temperature is the temperature at which a

materid will turn "rubbery" upon heating and ?*sy" upon cooling.
Therefore, amaterial with a low T, such as rubber, will remain in its
'rubbery" state even at a low temperature. A material in its rubbery

state tends to have even greater impact resistance. STK 323

Knpac$ Rrsdsto;nce

Impact resistance is a material' s ability to absorb en ergy befo re break-

ing. Rubber has excellent impact resistance, while glass does not. [f
you throw a ball at a piece of rubber, it will bounce back. If that same

ballwas thrown atapiece ofglass, theglasswouldbreak. High impact
polysqrene (HIPS) contains impact modificadon which renders it
better able to withstand impact and recover than unmodified polysty-

rene. Still, the polysqrene may be preferable in certain applications
requiring stiffness or rigidity. STK324
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STK325

Rigid Reinforcement

Tb increase stiffness and

modulus reinforcement

GE Pbstlcs

is added.

@

3

of a material, a

Participantrs Notes:

qTTr s,9*

@
GE Phstlcs

High Modulus Reinforcement

The high modulus reinforcement
lends its own properties to the
polymer giving it irnproved
stiffness and strength.

3

Participantrs Notes:
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Rig.d
Reinforcement
Pollmer stiffness can be

increased by adding a
rigid reinforcemenl

An effective reinforcing
ageot will have a hi#
moduhrs.

Rigid Reinforcetnmt
Rigid reinforcement increases the stiffness and strength of a material
by blending it with a high modulus reinforcement. STK 325

g{i.gte Modakw Neinforcerruerc&

Modulus refers to the stiffness of a material. Rubber, for example, is
a low modulus material. Glass, on the other hand, is a high modulus
material. A high modulus reinforcement is a rigid material such as

glass, carbon fibers, or minerals that is added ro the polymer. Upon
blending, a high modulus reinforcernent lends its own stiffness to the
polymer, grving it improved stiffness and strength. STK 326

i
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srK 327

@
GEPtrsstics

Actual Reinforcements

I

Glass Fibers carbon Fibers 
#::ffj"

High modulus reinforcements lncrease polymer
stiffness & strength.

3

Participant's Notes:

@
GE Plastlcs

Stiffness (Modulus)

High Modulus Material Low Modulus Material
3

flmlz €!&6#&&,i36$
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A&tal Reinforcements
Here are some actual photos ofrigid reinforcement used in polymer
materials. Glass and carbon fibers typically have high aspect ratios
(theirlength is much greater than their diameter). Minerals are used

for their low aspect ratios. They have similar dimensions in all

directions. Each type of reinforcement adds slightly different prop
erties to the final polymer product. STK 327

SfrjEuss {Maduhts}
The reinforcer increases the stiffness of the material" A higher
modulus material is capable of bearing a greater load without
deflecting than a low modulus material. By increasing the stilfness of
the material, the reinforcer may also increase the material' s strength.

sTK328

Some tpical high

modulus reinforcements.

Rein:forcement will
increase modulus.

I
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GE Plastlcs

Strength

The ability of tJre material to carry a
very heavy load before breakin$.

3

srK329

Participantrs Notes:

8ffi7 @&A\s trag s;2q,

@ GE Pbstlcs

Thermal Tfansition
PBT rlth 30% Glass T" Jr'r

TEmperature
Relnforcement raises the modulus of the material.

howerer. the thermal transition curve remains consistent.
3

Participant's Notes:
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Rigid reinforcenent may

increase strength.

Glass reinforcernerrt
does not change the
basic temperature
transitions T. and T*.

TfuennaY, Trffisi;tisle
Rigrd reinforcement enhances certain polyrner properties, but the

original polymer remains intact The basic thermal transitions that

the polymer goes through will remain consisten t though the m aterial

will be slightly stiffer throughout its useable temPerature range.

Consider the modulus versus temPerature curves fior a cqrstalline

polyrner containing var,4ng arnounts of glass reinforcement. The

shape of the curve remains the same. The important material

transitions - T" and T* - also remain the same, regardless of the

amount of glass reinforcement. The modulus naries, however, de-

pending on the percent?ge of gliss reinforcement that has been

added to the material. Thegreater the percentage of rigid reinforce-

ment, the higher the material's modulus throughout, as re{lected on

ttre graph. STI( 330

M-Ptl-'oI l7-sTrLMoD !l ?/89{Gtl

Strengtlt
Strength is the ability of a material to carry a very heavy load before

breaking. The rigid reinforcer may also increase the strength of the

material. STK329
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STK 331

@ GE Plastlcs

Modifi c ation/Reinfo rc ement
Comparison

Impact Modification Glass,,f#**Xtt".,

r{ Increased Impact
Resistance

lncreased
Strength

lncreased
Elongation 5 Decreased

Elongation

Decreased
Stiffness

Decreased Thermal
Expansion

?r Decreased
Strength

Fotential
Warpage I

Participantts Notes:

;3 d..&, "?;}4

@ GE Plastlcs

Thermal Expansion (CTE)

o Thermal Expansion is the reversible
tendency of a plastic to exPand in
the heat and contract in the cold.

. High modulus reinforcements have low
thermal expansion.

. Polymers containing these reinforcements
therefore have lower therrnal expansion
t}ran unreinforced polymers.

3

Participant's Notes:
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Modification can

enhzngg selective

properties.

The e<prnsion of a
pollmer is affected by
the tnre of
reinforcernerrt

Modifiution /Rsh{orcement Comparison
Im pact m odification an d ri gid rei nforcemen t enhance very differen t
maierial properties: impact resistance and stiffness/strength. Upon

comparison, you can see that by increasing impact, you also increase

elongation but must sacrifice som e stiffn ess and strength. By in c reas

ing strength, you decrease elongation as well as thermal expansion,

and you increase the likelihood of warpage. STK 33f

W*nne&, F-rpansiorc {ffiB}
Thermal expansion is the reversible tendency of a plastic to expand

in the heat and to contract in the cold. A high modulus reinforce-

ment usually has a very low coefHcient of thermal ocpansion. Since

the reinforcer lends its own properties to the material, polymers

containing these reinforcements have lower thermal expansion than

unreinforced polymers. Consequently, reinforced polymers tend to
expand and contract less in the heat and cold than their unrein-
iorced counterparts. STK332
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STK 333

Shrinkage on Cooling
fibers orient themselves in the direction of flow-

Due to the lower thermal expansion of the glass fibers. less

shrinkage occunr in the flow direction and larger shrinkage
oocunt in the cross flow.

GE Plastlcs

Flos Dlrectlon

@

3

GIass

1J-----_r.Z- Cross Flow

Participant's Notes:

frffi 604?d
& a&- irjp€

@ GE Plastlcs

Polymer Modification

Blends Homopolymers Copolymers

Additives

Useful Polymer Material
3

IEpact Rigid

Particippt's Notes:

M-PLt4l u-STl(..rrroD r-ul$-4(Lr O Ccncrel Elcctric Cornpcny 1989

Basic Polymers
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The lower coefficient of
thermal exprnsion
(CTE) of the glass fibers
limits shrinlage.

Additives

Additives c-- be used to
tailorpolymer
properties.

Sihrinhage on Cooling
The thermal contraction of a reinforced plastic is a{Iected by the

presence of a rigid reinforcement. Because the glass fibers expand

and conuact less than the polymer material, and because these glass

fibers tend to orient themselves in the direction of flow, the glass

reinforcementwill restrict the material's contraction in the direction
of flow and cause less shrinkage to occur. Because less shrinkage

occurs in one d,irection than another, it is said to be anisotropic and

may cause warpage. STK 333

Potymer Modiffwti.ow
Blending and copolymerization create new resin products. Impact
modifi.ers arrd rigid reinforcements expand the performance gapa-

bilities of these products. Additives fine tune a resin. STK 334
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STK 335

@ GE Plastlcs

Additives
Additives Fine TIrne a PolYmer's
Property Performanee Profile:

. Stabilizer Systems

. Flame Retardants
o Colorants
. Flow Aids
. Release Agents

3

Participantrs Notes:

fiffiP *4F
& !.trL S&@

@ GE Pbstlcs

Stabilizer Systems
Stabilizers are added to the polymer

to inhibit degradation caused bY:

Oxygen =;+ Oxidative Stability

Light Energy -+ Ultraviolet Stability

Heat Energy -+ Thermal StabititY

Water 
-> 

Hydrolitic StabilitY

Certain stabillzerc protect the polymer durlng processing
and others guard agalnst the affects of weathering-

3

Participantrs Notes:
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Additives c^n improve
performance in
processing and use.

St"bilizers are added to
the pollmer to inhibit
degradation

,Additiax
A rrariety of add,itives are available to fine tune a polymer's ProPerty
performance profile. They can help to improve a polymer's perform-

ance during processing, or railor a polymer's performance capabili-

ties for a specilic end use. STK 335

Stahilirs Sysfer?as

A thermal stabilizer can help protect a polyrner during processing by

preventing degradation caused by overheating. A {JV stabilizer pro-

tects a polymer from degradation caused by light energy and there-

fore ocpands its usefulness by m"kitg it suitable for outdoor applica-

tions. Stabilizer systems are also anailable to inhibit degradation

caused by oxygen or water to further expand a polymer's usefulness.

sTK 336
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STK 337

@ GE Pbstlcs

Flame Retardants

Flame retardants are added
to minimize the chance of
a material igniting

t

Participant's Notes:

ffi @so&.[.& "?3s

@ GE Pbsttca

Effects of Additives

. Add Performance (Flame Retardants,
Flow Aids, & Release Agents)

o Enhance Appearance (Pigments)

. Extend Life (Oxidative, Thermal &
UV Stabilization)

Additives Affect Processing Conditions

3

Participantrs Notes:
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Hame retardants reduce
the potential for
bul:ning.

Additives nay$rarrant
specirl considsation

Flame Retardants
A flame retardant is another kind of additive that minimizes the

chance of a material igniting from exposure to high temperatures, a

spark, or an open flame. Flame retardants are often added to a

material as a safety precaution to reduce its burning potential.
srK 337

Effec# af Additiuw
Additivcs such as fiiame retardants, flow aids, and reiease agens add

to the performance of a materid. Other additives such as pigments

enhance the appearance of a material. Some additives such as

oxidative, thermal, and IJV stabilizers extend the life of a material.
Additives maywarrant special consideration during processing. Lower

processing temperatures an d reduced residence tim es may be appro-
priate for materials containing additives. STK 338

O Gcncrrl Elecuic Corupuy 1989 M-P[A-OI17-STr(-trloD !r2,/B{O-',



srr(339

@
GE P/€,stlcg

Plastic Part Production

o Part Design Dictates Performance

o Performance Dictates Material

r Material Dictates Tboling

SYB( S4(tj

@
GE Phstlcs

Material Dictates Tboling
Gate Flow Direction Gate

+
Unfilled
Folymer
Cavtty*

Filled
Polymer; Cavlty

Cross Flow
Tbol design must accomodate for anisotropic

shrinkage when using filled polymers"
3

Participantrs Notes:

M-Pt.A-Or 1 7-STIGMOD Lr2,/F{x){O G C*ncrel Elccuic Company 1989
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Tooling

The material dictates

tooling geometry.

Iilled and unfilled
polyners require
different lesling
geometry.

Plastic Part hoduction
The application and design of the partwill dictate the perfbrmance
requirements; the performance requirements and the part design

will dictate the material selection; and the material selected will
dictate the design of the tool.

sTK 339

fufeit*rdeg Wiaaw Tooling
Anisotropic shrinkage is one example of the ffiy amaterial dictates

the design of the tool. Due to anisotropic shrinkage, the tool for a
filled material must allow for more shrinkage in the cross flow and

less in the flow direction. In order to get the same part dimensions,

the tool for the same part using an un{illed material would allow for
erren strqinkage throughout. Filled and unfilled polymers may re-

quire different tool geometry. STK340
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@ GE Pbstlcs

Anisotropic Shrinkage
Galc

tJnfilled Materlal
t

Isotropic Shrinkage:

The Same in
All Directions

Anlsotropic Shrlnkage:

NOT the Same in
All Directions

Fltle(l Material

Shrinkage in llass reinforced polymers ls anisotropic due

to the restrlction of shrinkage along the flber length
which tends to be in the direction of [low'

3

I

s Notes:Participantt

sTtr( s42

@ GE Pbstlcs

Shrinkage & Fiber Orientation
Cause WarPage

Multidirectlonal Unenen
Shrinkage - WarPageFlow

Tboling must be modified to control resin flow'
N

3

Participant's Notes:
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Anisotropic shrinkage is

different shrinkage in
the flowand cross flow.

Shrinkage and fiber
orientation caulie

wlarlragc.

Ani"so@ic Shrhhage
Even shrinkage is called isotropic shrinkage - meaning the sam e in all

directions. Glass reinforced materials shrink more in the cross flow

and less in the flow direction. This kind of uneven shrinkage is called

anisotropic shrinkage - meaning not the same in all directions.

Consequently, the tool must be modified to accommodate for ani-

sotropic strrinkage when motding a reinforced polymer. 
STK 34f

ffiwinhage wd Fibw *rientotisn fuetse Warpage
Filled polymers may require different flow designs. Because filled

polymers shrink more in the cross flow than in the flow direction,

multidirectional flors could cause warpage. The flow entering this

five sidedbox spreads radially to fill the part. Upon cooling the part

shrinks unevenly and warps. Therefore the tool for a filled resin

strould control the flow direction to minimize warPage.

srK 342
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@ GE Plastlcs

Tboling Modification
Open Box

+ J1-
Cutaway

A unldlrectional flow witl minimlze uneven shrinkage
and therefore warPagc

3

Paticipant's Notes:

6ffi7 fi A.
S & if* ;P1flli

Plastic Part Production
. Part Design Dictates Performance

. Performance Dictates Material

. Material Dictates Tboling

. lboling & Materials Dictate Processing

. Processing Dictates Perfortnance

GE P,astlcs@

3

Participant's Notes:
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The fillpatter:n can

affect and control vrarp.

Ps"oeessimg

A direct relationship
exists between desigq
material performance,
processing 2ad lssling.

foofing Modifim.tion
A simple tooling modilication can be used to encourage a unidjrec-

tional flow and minimize uneven shrinkage. In this example, the

material enters *re cavity and begins to flow radially then hits the flow

restrictor and is forced to flow in one direction to fill the sides of the

box. The flow restrictor allows the sides to fill more evenly and

therefore shrink more evenly, thus minimizing warpage.

Gate location is another important tooling consideration that is

greatly influenced by material selection. For example, when using

filled materials, end gating is often preferred to encourage unidirec-

tional florv and minimize uneven shrinkage /warpage. STK343

Plastic Por* Prodstctima

The material and the design dictate tooiing. The tooling and the

materials dictate processing and the processing dictates perform-

ance. Adherence to recomrnended tooling and processing parame-

ters for the material selected and the design chosen should result in
a higher quality, high perfonnance part. Everyone has a'stake in
making a qualiry part. STK 344
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srK 345

@ GE Plastlcs

Processing Filled Polymers
Machine Requirements

. Reciprocating Screw
Machine

. 2}z1 LID

. 1.5-2.O Compression Ratio

. Low Shear Screw Design

t

Participant's Notes:

sTK 346

@ GE Plastics

Processing Filled Polymers
Processing Requirements

. Higher Rear Zone
Barrel Heats

. Low Back Pressure

. Low Screw Speeds

. Slow Injection Speeds

3

IEEE]Itrool
loool

Participant's Notes:

M-PlA-{rl 1?-STIhMOD !-12,/89'404 G Ccncrel Elecric Compeny 1989

N



Filled oohrmers have
differdnt irrocessing
requircments.

Ptr cessing Fillcd Polymerc
Filled materials have differen t processing requirern en ts than un fi ll e d

or reinforced. When processing a filled polymer, it is important to

protect the rigid fibers that have been added for material reinforce-

ment. If these fibers are damaged or broken, they will no longer lend

the necessary reinforcement to the material, resulling in inferior ma-

terial performance and substandard pars. Certain equipment, tool-

ing, and processing parameters must be followed to protect these

reinforcement Iibers during processing.

A reciprocating screw machine equipped wi th low shear screw design

is preferred for molding filled resins. The screw should have an L,/D

of 20:1 and a compression ratio of no more than 2:1.

STK 345

When processing a fitrled resira, eflf,orts should be rsrade to reduce bacl<

pressure and slow injection speed. Barrel temperature can also be

raised slightly to help improve the IIow of the material wittrout apply-

ing additional shear. Gentle processing methodswill not only pro-
tect the reinforcement fibers in the resin, they will also protect the
processing equipment and tooling cavities from excessive w;1-t:":
these abrasive fibers. STK 346

Processi.g must be

caried outwith czrre.
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@ GE Plasttcs

Processing Filled Polymers
Larger Flow Channels

. Sprues

. Runners with Radiused
Corners

. Gates

t

Participant's Notes:

@ GE Plastlcs

Understanding
Polymer Modification

3

sEE( 348

Participantrs Notes:
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fgsling
recornmendations for
filled resins.

Surruraary arad
Performence
Feedback

The tool for a filled resin should have large flow channels, open

sprues, runners and gates. STK 347

{Jnderstand,ing Fe\ymer tuladffititiora
Asyou've seen, polymer modification increases the variery of resins

available to the manufacturer and expands their usefulness in appli-

cation. Blending and copolymerization increalie the amount of resins

arrailable. Impact modification and rigid reinforcement allow for
greater selection within the arailable resin lines by varyin g the degree

of impact resistance and strength in each resin grade. And additives

make possible the fine tuning of a resin to meet specific processing

and performance requirem ents. Toge*rer, all these m e th o ds greatll,

expand the use of plastics by expanding their usefulness in applica-

tion. STK348



STK 349

@ GE Plastics

Finding a Material
to Fit an Application

GE Plastics offers 7 basic
homopolymers...
12 different product lines...
and over 7OO grades.

How is it possible to get so
many property combinations
out of seven basic homopolymers?

3

Participant's Notes:

frffiv &E&&9.6 "35qj

@ GE Phstlcs

Polymer Modification
. Blend TWo or More Homopolymers

. Copolymerize Tlvo or More Homopolymers

o Add an Impact Modifier

o Add a Rigid Reinforcement

o Use Additives

3
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STK 357

Impact AND Stiffness?

Given a polymer with average
impact resistance and stiffness,
can I alter it to dramaticallY
improve both?

GE Phstlcs@

t

sT'E(359

@
GE Plastlcs

Impact, Is Sacrificed for Increased
Stiffness and Vice Versa

Impact Modification Glass Reinforciment

Increased
lmpact
Reslstance

lncreased
Stiffness

Decreased
Strength

Decreased
Impact
Resistance

5

Participant's Notes:

Particioant's Notes:



STK 353

@ GE Plastlcs

Isotropic or Anisotropic

Which type of shrinkage is
associated with reinforced
materials and why"

3

Participant's Notes:

FffiP &P )1

& 5.BL "t5{b

@ GE Plastlcs

Anisotropic Shrinkage
G!te Unfllled Malerlal

Isotroplc Shrinkage:

The Same in
All Directioos

Anisotropic Shrinkage:

NOT the Same ln
AII Directions

Flllcd Material
Shrinkage in glass reinforced polymers is anisotropic due

to the restriction of shrinkage along the fiber length
which tends to be in the direction of flow" t

Participantrs Notes:
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STK 355

@
GE Plastlcs

Module 4
Properties of Polymers

. Mechanical Properties

. Physical Properties

o Electrical Properties

. Thermal Properties

r Strtrcture/Property Relationships

3

Participant's Notes:
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@
GE Plastics

Module 3

Performctnce Feedback

l. Describe the benefits of polymer modification

2. Describe the methods used to modi$ basic polymers.

1'" Tffha"a ls'tr3ae d:-f,fi'eresaee'bemeen a blemc an'd a copotrpner,i

4" Defrne impact rnodiEcation and describe the characteristrcs of irnpacc rnodifiers-

5. Compare glass and mineral reinforcements.

6. Compare impact modifications and glass reinforcements.

7. Describe the purpose of additives such as stabilizer systems and flame retardans

8. Identifrwhether you are working with a material that has glass or mineral reinforcements
a4d/ or impact modifiers.

Describe the elfect on processing.
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