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Full Paper: The tetrafunctionalepoxy resin, tetraglyci-
dyl-4',4-diaminodiphenylmethane(TGDDM), has been
investigatedasan efficient reactivecompatibilizerfor the
blendsof polyarylate (PAr) with aliquid crystallinepoly-
mer (LCP). TGDDM canreactwith PAr and LCP at the
interfacesimultaneousliyto producethe PAr-co-TGDDM-
co-LCP mixed copolymersduring melt blending. These
copolymergendto anchoralongthe interfaceastheresult
of the interfacialreactionandthusserveaseffective com-
patibilizers to reduce the interfacial tension and to
enhancethe interfacial adhesionin the solid state. The
morphologiesof the PAr/LCP blendswere inspectedby
means of scanning electron microscopy (SEM). It is
observedthat the dispersedLCP phasedomainsreduce
obviously after compatibilization. Furthermore,t is also
found that the reducedinterfacial tensioncausedby the
addition of TGDDM plays a vital role in affecting the
deformationof the LCP phasedomainsin the compatibi-
lized PAr/LCP blends.The LCP phasetendsto deform
into greaternumbersand finer fibrils with high aspect
ratio after the addition of TGDDM in thoseblendscon-
taining adequatd_.CP content(>10%). In the blend con-
taining low amountof LCP (Par/ LCP = 95/5) with high
TGDDM content(0.3 phr or higher), however the LCP
phasecanonly existasfine but shortfibrils or evenellip-
soids. The overall mechanicalpropertiesof the PAr/LCP
blendsare substantiallyimproved after compatiblization
by this coupling-typereactivecompatibilizer The genera-
tion of LCP fibrils with high aspectratio and improved
interfacialadhesiorarethe two hingesto enhancehe per
formanceof the compatibilizedPAr/LCP blends.

SEM micrographof the cryogenially fractured surfaceof the
PAr/LCP = 80/20 blend contahing the indicatedamountof
TGDDM, paralld to the flow direction of the injection-
moldedspeémenandthe skin region.
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Intr oduction

Thermotopic liquid crystaline polymers (LCPs)posses
specialrheology propertiesso polymer blends of thermo-
plastics (TPs) with a minor LCP contenthave attracted
consideable attertions sincethe early 1980s. The LCP
canfunctionasa processingaid by reducingthe viscosity
of thematrixmaterial. In addtion, the LCP phasedomairs
in aTP/LCPblend canbe deformedinto elongatedibrils

undershearflow to actasin situ composiesto reinforce
the TP matrix>®1 Howewer, it has beenfound that the

deformaton of the dispersedLCP phaseinto elorgated
fibrils in meltprocesss very complicaed. Themedanical
propertiesof the eventially produwced TP/LCP blendsare
highly dependenhon the morphologyof the LCP phase
whichis controlledby seveal factorssuchastherheologi-
cal and interfacial propeties of the blerd comporents,
procesgig methodsandconditions,andthe blendcompo-
sition. In some cases, the LCP domairs cannot be
deformedinto fibrils undershearandappearin spherical
dropletsor ellipsoidsinstead"* andthereinforcingeffect
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on enhancingthe mechanical propertesof theseblendsis
limited. Based on theseunderstandigs, it is evidentthat
thegeneraibn of thein situ LCPfibrils by usingapproyi-
ate procesig condifons is the key to achie the desir
ablereinforcemenfor TPLCP blernds.

Exceptfor afew pairs,most TP/LCPblerdsareimmis-
cible andincompatible dueto the conspicuais difference
in chemicalstructures.Therefore,the adheion between
the phase®f two constituems is poa andthe mechanical
propertiesareoftenlower thanthosepredictedby therule
of mixture.In orderto improvetheinterfacialadhesiorof
a TP/LCP blend,the soluion seemgo be obviously sim-
ple by employing an appropiate compatbilizer during
themelt blending, acomman approachor the compatibi-
lization of TP/TPblends. Thetechnquesof compatibiliz-
ing TP/TPblends by eitherreactiveor non-reactie com
patibilizers,arewell devdopedtodayandhavebeenpub-
lishedin sevenl reviews®*% A well-comptibilized TP/
TP blend canbe chaiacterizedby a betterprocessabity,
finer and stabke morphobgy, increasednterfacial adhe
sionin the solid state,andimprovedmechanical proper
ties. For compatibilized TP/LCP blends,however most
of them resultin lower quantiies of the in situ-formed
LCP fibrils with a lower aspectratio ascomparel to the
corresponthg uncompatibilized counteparts, or even
convert the LCP fibrils into droplet domaing!**? The
overall mechanical properties,in general,are improved
after conmpatibilization; however the extentof improve
mentis notvery substatial.

In our previousinvestigatiors, it wasfoundthatusinga
low-molecularweight multifunctional coupling agentcan
beabetterapproactthanaconventonally reactivecompa-
tibilizer to compatibiize a TP/LCP blend™*4 This multi-
functionalcouplingagenthasthe opporturity to reactwith
bothbasepolymes simultaneowsly to give in situ-formed
copolymes. Theseinterfacially formed copolymerstend
to resideat the interface preferenially and function as
effective compatibilizersbecausethey possessegments
with identicalstructuresespetive to thetwo blend const-
tuents.In addition, thesecompatbilized TP/LCP blends
have greaternumbersof the in situ-formed LCP fibrils
with high aspectratios relative to the unconpatibilized
ones* Subsegently, these compatbilized TP/LCP
blendsexhibit drasticimprovementson mectanical prop-
erties,both the stiffnessandtoughress.Although it looks
very promising to combine the two blend components
througha suitable coupling agent severalcriteria haveto
besatisfiedwhen using acouplingagentasareactivecom
patibilizer. Firstly, both basepolymers must possesghe
necessaryunctional groups that are capalte of chemical
reactiors with the couplingagent Furthermore the rela
tive readivity of thecouplingagern towardblendconsttu-
entsmustbecompagble.Secondl, therelativemiscibility
betweenthe coupling agen andthe basepolymershasto
be consideed. The mostdesirabé couplingagen is actu-

ally the onethatis incompatible with both blend compo-
nerts. Theincompatiklity causeshecouplingagentto be
forcedto resideat the interface,and consegentially this
cowling agenthasthe bestopportunity to reactwith both
constituentssimultaneousliyto producethe desirabé copo-
lymers. Thirdly, themelting sequenceof the blend cormpo-
ners is also an importantfactor affecting the resutant
chenical reactionduring the processof melt blending. A
cowling agentusuallypossesseslower melting tempera
ture relativeto the blend componentsandtherebre tends
to mix with the first meltedcomporent regardles of the
relative compatibiity. The detailed compatbilization
medanismby a couplingagenthasbeendiscussedin our
previousreports 319

Polyarylte (PAr), made from bisphendA and iso-
phthalic/telephthalc acids, is an amaphous aromaic
polyesterwith high heat distortion tempeature (HDT),
excelent electricand mectanical propertes, flame resis-
tane, and ultraviolet resistancé® However PAr also
possssessomeshortcaningsduring the melting process
suchashigh melt viscosity high procesisg tempeature,
and narow temperaturerangefor procesig. Therefore,
the addition of small amountsof LCP shoud be able to
reducethe melt viscosity of the PAr matrix andresultsin
the improvenent of procesability. Similar to any poly-
eder pairs, an esterinterchangereadion is expectedto
occu betweenPAr and the copolyesterLCP. Neverthe-
less it was proved that the esterinterchangereacton
between PAr and LCP is insignificant and can be
nedectedduring melt blending*”! Kiss*®! hasstudiedthe
medhanicalpropertiesof PAr/LCP blendsandfound that
the greatesimprovenentis achieszed whenthe LCP con
tentis 30%.Kim etal.*¥ emdoyeda commercidly avail
ableblock copolyestereier Hytrel 7246, a prodwct of Du
Pmt, as a non-reactve compatibilizer for the PAr/LCP
blends andresultedin decreaeddynamct viscosit, bette
interfacialadhesion,andimprovedmechanichproperties.
A tetrafunctionad epoxyresin,tetraglycid/l-4',4-diamino-
diphenyl methane(TGDDM), hasbeendemongtated as
an efficient coupling agen in compatibilizing the blends
of poly(ethyleneterephhalate)(PET) and LCP result-
ing in generatng greaternumbersof LCP fibrils with a
higher aspectratio, stable morphology and substatial
improvemens on mechanich propeties. Corsequently
the aim of this studyis to improve the compatbility and
medanical propertiesof the PAr/LCP blendsby using
TGDDM asareactve compatibilizer.

Experimental part

PAr, Ardel D-100,waspurchasedrom Union CarbideCorp.
of USA. It is a copolyesteiof bisphenol-Awith a mixture of
isophthalic/terephthaliacids(50/50). TheLCPis anaromatic
randomcopolyesteconsistingof 73%4-hydroxybenzoiacid
and 27% 2-hydroxy-6-naphthoiacid supplied by Hoechst
Celanes@asVectraA900. Thetetrafunctionakpoxyresin,tet-
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Tetraglycidyl-4>,4’-diaminodiphenyl methane (TGDDM)

Schemel. Thechemicalstructuresof materids.

raglycidyl-4,4-diaminodiphenyl methane (TGDDM), was
obtained from Ciba-Geigy of Switzerland. The chemical
structureof materialsarepresentedh Schemel.

In orderto preventthe polyestersirom hydrolysisduring
the processof melt blending,both PAr and LCP weredried
at120°C for over 24 h while the TGDDM wasdriedat 60°C
for over8 hin separat®vensprior to extrudercompounding.
All blendswerepreparedn a 30 mm co-rotatingtwin-screw
extruderby maintainingthe barreltemperaturen the range
of 320-340°C andthe screwspeedat 260rpm. Theextruded
pelletswere dried at 120°C for over 10 h andthen molded
into standardASTM specimendy an Arburg 3 oz injection-
moldingmachine.

Torqueversustime behaviorwasobtainedby a Brabender
Plasti-Corderat 300°C and 30 rpm without nitrogen purge.
Melt flow rates(MFRs) of basepolymersand blendswere
measurecat 340°C with a 2.16 kg loading by an automatic
flow ratetimer from Ray-RanCo. of Britain. The capillary
rheologicalmeasurementwere carriedout at 300°C usinga
capillary rheometer(L/D = 40, orifice radius=0.02 inch)
from Kayenes<Co. of USA.

Morphologiesof the cryogenically fractured surfacesof
the injection-molded specimenswere examinedfrom the
core to skin regions,perpendicularand parallel to the flow
direction, by scanningelectronmicroscopy(SEM). Standard
tensiletestswere conductedby following the ASTM-D638
method at ambient conditions with crossheadspeedof 5
mm/min. Unnotchedzod impactstrengthsveremeasuredt
ambientconditionsaccordingto the ASTM-D256 method.

Resultsand discussion

Chemistry

The reactive conpatibilization has beenregardel as a
betterappoachthanthe nonreactivesystemto improve
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Scheme2. Sumnarized reactiom mechanismsof the epoxy
groupwith carboxylandhydroxyl grouys.

the compatbility of polymerblends.A reactvely in situ-

formedcompatbilizer canbe consideed asa nonspecific
type compatibilizer becawse the structureand quantty of

the eventially formed copolymes are nonspedic and
dependenhon mary factorssuchasthe concentation of

the reactivegroup the temperature the mixing time, the
reactivity, the catalyst, andthe melting sequene. Several
multifunctional couplingagentspossessigrelativdy low

molecula weight have been employed successflly as
reactive compatbilizers for many blending systens*3-
15.20-241 The low-molecularweight TGDDM is able to

migrate rapdly betweenphasesin the PAr/LCP blerd

during melt blending andhasthereforethe opportunity to

reactwith PAr andLCP simultareouslyat theinterfaceto

form the PAr-coTGDDM-co-LCP mixed copolymes.
Thereactionmechanismsof the epoxygroup of TGDDM

with the carboxyl and hydroxyl groupsof polyestes are
well estabished andsunmarizedin Scheme2. Indeed
not all the addel TGDDM is ableto reactwith PAr and
LCP simultareously A portion of the addel TGDDM

may actaschainextenderto reactwith only oneconsttu-

ent, prodwing highly brancked copolymes or even a
crosslinled network. Evidently, such products cannot
serveas compatbilizers in the PAr/LCP blends. Certain
fraction of the addel TGDDM can read with PAr and
LCP simultareouslyat the interface to producethe PAr-

co-TGDDM-co-LCP mixed copolymers during melt
blending. Theseinterfacially formed copolymes, which
are the most desiredin this PAr/LCP blending system,
tend to anchoralong the interface to serveas effective
compatibilzers.

Torqueversugime

Fig. 1 presentghe torquecurvesasa function of mixing
time at 300°C for the pure PAr, LCP, and the PAr/
LCP=90/10 mixtures containhg various amaunts of
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TGDDM. PurePAr exhibits high torque values (Fig. 1b),
aboutfive timeshigherthanthe pureLCP (Fig. 1a) under
the sametest conditions. The torquevaluesof both PAr
and LCP decline gradudly with mixing time, probalby
due to the slight hydrdytic degradtion causedby the
contad with air moistureduring testing. Torquevaluesof
the PAr/LCP = 90/10 mixture (Fig. 1¢) lie betweenthose
of PAr and LCP as would be expected.When 0.1 phr
TGDDM is addedin the PAr/LCP=90/10 mixture, the
torquevalueexhbits a noticeabé increaserelative to that
of theuncompatibilized one(Fig. 1d versuslc). As men
tioned previously, the TGDDM moalecule can act as a
chainexterder or a cowpling agentin PAr/LCP blendsto
producevariouscopolymerswith high molecula weight,
andthesecopolymes enabé to contribue to the observed
viscosityincreasen the conpatibilizedblends.Both, the
increasedmolecular weight and interfacial friction, are
responsite for the viscosity increasein the compatbi-
lized blends, but the individual contribuions are not
easily distinguishable.For the uncomgtibilized blends
under shear stress,a “slide” between phass of two
incompdible polymers takes place easierbecase of a
higherinterfacial tensionand a lower interfacial friction
andreslts in thelower viscosity. Sincethein situ-formed
PAr-cooTGDDM-co-LCP copolymers, which are pro-
ducedby the coupling reactionof TGDDM at the inter
face,tendto anchoralongtheinterfacedueto the posses-
sion of identical structurego the blendconsttuents,they
can function as interfacial adhesion promotersand raise
the interfacial friction under shear Hence the compatibi-
lized PAr/LCP = 90/10 mixture exhibits a higherviscosty
relative to the unconpatibilized one Furthermaoe, the
torquevalue of the compatbilized PAr/LCP = 90/10mix-
turesincreasewith the increaseof the TGDDM content
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Fig.1. Plotsof torqueversustime for basepolymersand mix-
turesof selecteccompogtions at 300°C and30 rpm.

as presentedn Fig.1d and 1e. The higher viscosty of
the beter-commtibilized blendillustratesthat both mole-
cular weight and interfacial friction increaseprogres
sively asthe quantity of TGDDM is increased

Processabilityand capillary rheometry

Adding a LCP into a TP matrix canreduce the melt vis-
cosity that has beenwell recaynized, and thus the TP/
LCP blendscanbe procesed with lower enegy expend
ture. Neverthelessproblemsusually accompaw the pro-
cess of melt blendirg suchasthe incompadibility induced
die swelling andthe mel fracture.Theseprocesmg pro-
blemsbecomemaore apparentespecidly whenthe blerd
contains a high LCP content. In general the extruder
blending of PAr/LCP blends in this study hasbeenpro-
cesedfairly smoothand eay evenwithout the addtion
of TGDDM. Only the uncompatibilized blend cortaining
higher LCP content (20%) did experiene minor proces-
sing problems put theseproblemsessentidy disappeasd
after the compatbilization. The extruder power outputs
required for the entire blend compositons are listed in
Tab.1. The extruder curentof the uncompatibilized PAr/
LCP blend decreaseswith theincreaseof the LCP content
aswould be expeced. On the othe hand,the addition of
TGDDM in the PAr/LCP blends results in a slight
increasein the extrucer current,indicating the viscosity
increase of the compatibilized blends. This viscasity
incrementcanbe attributedto the occurenceof chemical
readions betweenTGDDM and the two basepolymes
during mel blendirg. The effect of TGDDM content on
the reductbn of die swelling ratio of the PAr/LCP blends
is shownin Fig. 2. It is clearthat the die sweliing ratio
has beenreduced substatially with the increaseof the

Tab.1l. Extrude currentsand melt flow rates of PAr/LCP/
TGDDM blends.

Compodgtion Extrudercurent MFR?
Amp g/10min
PAr - 2.2
LCP - 67.2
PAr/LCP =95/5 27 4.2
PAr/LCP/TGDDM = 95/5/0.1 29 2.8
PAr/LCP/TGDDM = 95/5/0.3 29 25
PAr/LCP/TGDDM = 95/5/0.5 30 2.3
PAr/LCP=90/10 25 6.9
PAr/LCP/TGDDM = 90/10/0.1 27 4.2
PAr/LCP/TGDDM = 90/10/0.3 27 3.1
PAr/LCP/TGDDM =90/10/0.5 29 2.8
PAr/LCP =80/20 20 8.4
PAr/LCP/TGDDM = 80/20/0.1 22 6.0
PAr/LCP/TGDDM = 80/20/0.3 23 4.7
PAr/LCP/TGDDM = 80/20/0.5 24 3.3

¥ Testal at 340°C with a2.16Kg loading.
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Fig.2. Die swelling ratio of the PAr/LCP/TGDDM blendsas
functionof TGDDM content.
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TGDDM content. The extrudate swelling is resultedfrom
the shaperecovery of the dispersedphase.Thus, the
blend with a higher elasttity corespond to the higher
extrudde swelling2®

Tab.1 also lists the resultan MFRs of the PAr/LCP/
TGDDM blendswith all the compositiors studed. The
pure PAr exhibits a MFR of 2.2 at 340°C thatis signifi-
cantly lower thanthat of the pure LCP (67.2),illustrating
the large viscasity differencebetweenthis two polymers.
Adding TGDDM into the PAr/LCP blendsleadsto the
MFR reduction as conparedwith the uncompatibilized
ones,andthe MFR of the compatibiized blenddecreaes
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Fig.3. Variationsof shea viscosity with shearratesfor pure
PAr andLCP at300°C.
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Fig.4. Plots of shear viscosity versus shear rate for PAr/
LCP=80/20 blendscontaning variousamountsof TGDDM at
300°C.

gradually with
expected.

Fig. 3 shows the variations of shear viscosity with
sheamratesfor purePAr andLCP at 300°C. It is clearthat
the PAr possasesa signficantly higher viscosty than
that of the LCP under the sametestcondiions. For facil-
itating the formation of LCP fibrils in blends,it is gener
ally consderedthat the comporent LCP shoud have a
lower viscosty relativeto the hostmatix. The shearvis-
cosity versus the shear rate behavio for the PAr/
LCP=80/20 blends, unconpatibilized and conpatibi-
lized, are given in Fig. 4. For the compatibiized PAr/
LCP=80/20 blends, the presenceof 0.1 phr TGDDM
resultsin a subsantial viscosity increaseas shown in
Fig. 4b, and the viscosity increasesprogresively with
increasingthe amaunt of TGDDM (Fig. 4c and4d). The
increaseof viscosity can be attributed to the molecula
weight increaseand the enhancemat of interfacial fric-
tion asdiscussegbreviously

increashg the TGDDM conknt as

SEMmorphologies

Theinterfacial propertesof blendsplay animportart role
in deternining the degreeof dispersim of the minor
phaseand the resultantmechaical pefformance??27-33
For blerds contaning LCP, interfacial propertes also
affect the deformation of in situ-formed fibrils 2730
Therefore,observing the morphology evolution, which is
greatly affected by interfacial propertes, is importan to
understandhe mechaical propeties of blends.A blend
composedof two immisdble polymers can usually be
characteized by the large dispersedohasedomainsand
coarsemorphobgy dueto high interfacial tension.In gen-
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eral,the coasemorphologycanbeimprovedby the addi
tion of a suiteble compatibilizer The employal compati
bilizer, reactve or nonreactive,tendsto conentrateat
the interfaceandfunctions asan interfacial emusifier to
lower the interfacial tension and leadsto smaller dis-
persedhhasedomairs. In addiion, the presencef acom
patibilizer also stabilizesthe fine phasedomainsaganst
coalescece? The effect of compatbilization on the
morphology of the PAr/LCP blerds is shownin Fig.5.
The uncompatibilized PAr/LCP blends, as presated in
Fig.5a and 5c, exhibit relatively larger dispersedand
sphericalLCP phasedomansat the coreregion,a typical
morphologyof blendscomprisng two incompatide poly-
mers.With the presenceof TGDDM, the doman size of

the dispersedLCP phasereducessubsantially andeveny
aspresentedin Fig.5b and5d, illustrating the improve-
mert of the conpatibility of the PAr/LCP blends.Thefor-
maton of the in situ compatbilizers at the interface dur-
ing melt blendingleadsto the reductbn in the interfacial
tensbn and stabilizatbn aganst droplets coalescace. In
addtion, thesecopolymes are resmnsible also for the
enhancemenof interfacial friction in the melt andinter-
facial adhesbnin the solid state.

Taylo® studed the deformatbn of a single Newton-
ian drople suspadedin a Newtorian matrix, and nowa-
days his theay hasbeenusedextersively to describethe
deformation of a LCP phasein TP/LCP blends®®33
According to Taylor, the deformaton of a sphericaldro-

(C) PAKLCP=80/20

(D) PA/LCP/TGDDM=80/20/0.3

Fig.5. SEM micrograph=of the cryogenially fracturedsurfacesf the uncompdibilized andcompdibilized PAr/LCP blends,per
pendicularto theflow directionof theinjection-moldedspecimerandatthe coreregion.
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plet with an initial radiusD in simple shearor elonga-
tional flow dependson the viscosity ratio of the droplet
phase(yq) to the matrix (m), #r=#nq4/nm, Shearrate (7),
andinterfacialtension(s). Hence, the deformation canbe
expresedasthefollowing equation

L-B 9 D/1 16
Vi (9'7r+ ) 1)

L+B o \ 16, + 16

whereL andB arethelengh andbrealth of the deformed
droplet, respetively. Eq. (1) indicatesthat the viscosty
ratio andthe suppied shearatearethetwo factorsaffect-
ing the droplet deformationin a blend. A fibrillar mor-
phology is favoredin a TP/LCPblendwheny; is smaller
or closeto unity,*® and a moderatelyhigh shearrate is
ableto facilitate the generaion of a filament structure®”
Conseagentially, the LCP phasein a TP/LCP blerd
usually exhibits an unique “skin-core” morphologyper
pendicuér to the flow direction of the injection-molded
specimenj. e. the through-thickressdirection, dueto the
flow kinematics.Highly oriented LCP fibrils are formed
closeto the skin regon resulting from the elongational
flow at the advancingflow front, whereas at the core
region, a less oriented LCP phaseis usually observed
arisingfrom the relatively lower shearflow in the center
of the mold® The variations of the deformaton of the
LCP phasewith locétions of the through-thcknessdirec-
tion of the injection-molded specimen for the PAr/
LCP=80/20blend were exanined by SEM and are dis-
played in Fig. 6. The sampes were cryogencally frac-
tured along the principle direction of flow. At the core
region, as presentedn Fig. 6a, the LCP phasedomairs
are mainly in sphericaland a few ellipsoidal droplets
becausdhe shearstressesre not strongenoughto over
cometheinterfacialtensbn. Whenthe observing location
is shiftedto the quarte region,the mid-poirt betweerthe
centralline and skin of the specimenhighly elongated
LCP lamellaecanbe observedn Fig. 6b. Evenually, in
Fig. 6¢, fibrils with high aspectratiosare observedat the
skinregion,wherethe greatestsheargradien takesplace.

Fig. 7 displaysthe SEM micrographsof the cryogeni-
cally fractured surfacesof the PAr/LCP = 80/20 blends
contaning various amouns of TGDDM, parallel to the
flow direction of the injection-molded specimenand at
the skin regon. For the uncompatibilized blend, it is
observedhat the dimensias of the LCP fibrils arerela-
tively larger and irregular as shown in Fig.7a). The
coarseLCP fibrils are improved after adding 0.1 phr
TGDDM into the PAr/LCP=80/20 blend as shown in
Fig. 7b. The diametr of the in situ fibrils is reduced
indicating that the aspectratio and the number of the
fibrils areincreasedA further increaseof the TGDDM
content resultsin agreatemumberandasmallerdiameter g 6. SEM microgrmphsof the cryogenially fractured sur
of the LCP fibrils, as presentedin Fig.7c and 7d. The facesof the PAr/LCP= 80/20blends,parllel to the flow direc-
formation of the in situ LCP fibrils in a TP/LCP blend tion of theinjection-noldedspecimerandat differentlocations.

jhat17 2eEv
(C) Skin region
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canbedividedinto two steps:The LCP phaseis first dis-
persedinto fine droplets,and subsegently the dispersed
dropletsare elongatedinto fibrils under high shearrate.
Basedon Eq. (1), there are three factors that affect the
deformaton of the LCP phasein the conpatibilized PAr/
LCP blends:viscaosity ratio, shearateandinterfacial ten-
sion. The variation of the viscosityratio arisingfrom the
addition of TGDDM itself probally can be ignored
becausehe quantity of TGDDM is smal, not higherthan
0.5 phrin this study. Moreover, areducednterfacial ten-
sion hasthe similar effect as a higher shearrate that is
advantageus to the formation of the LCP fibrils in
blends.This TGDDM hasbeendenopnstratedas an effi-
cientcouplingagentin PAr/LCP blendsto produe mixed

1. 08K H.dum

100117 EAKY

(A) PAK/LCP=80/20

(C) PAYLCP/TGDDM=80,/20/0,3

copolymers at the interfaceto lower the interfacial ten-
sion In thesecompatibilized PAr/LCP blerds, the LCP
phase hasbeendispersednto finer droples than that of
the unconpatibilized ones(Fig. 5). Thus,under the same
processingconditions, a bettercompatibilized blend is
expectedto possessigher aspectratio and greaternum-
bers of the LCP fibrils asshownin Fig. 7. Cettainly, the
reducedinitial radiusof the LCP phase doman resultirg
from the reduction of interfacial tensbn is an importart
factor to affect the formation of fibrils in compatbilized
blends. This effectwill be consderednext

The SEM micrograghs of the cryogenically fractured
surfacesof the PAr/LCP = 95/5blends cortaining various
amauntsof TGDDM, parallel to the flow direction andat

by

lee1e

SREY

(D) PAYLCP/TGDDM=80/20/0_5

Fig. 7. SEM micrographsof the cryogenially fracturedsurfacesof the PAr/LCP = 80/20 blendscontaning various amountsof
TGDDM, parallelto theflow directionof theinjection-molded specimerandatthe skin region.
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theskinregion aregivenin Fig. 8. The LCP phasein the
uncompatibilized blendis elongatedinto fibrillar structure
aspresentedh Fig. 8a.In addtion, it canbefoundthatthe
length of the fibrils is sonmewhatshorte thanthatin the
PAr/LCP = 80/20 blendascomparingFig. 8awith Fig. 7a.
Thepresenceof 0.1 phr TGDDM resultsin entancingthe
formation of agreatemumberof longerLCPfibrils dueto
the reduction of the interfacial tensbn as shown in
Fig. 8b. Howe\er, afurtherincreaseof the TGDDM con-
tent (0.3 phr) in the PAr/LCP = 95/5blendresduts in finer
but shorterLCP fibrils aspresentedn Fig. 8c. Whenthe
blend contains0.5 phr TGDDM, only ellipsoidal LCP
phasedomainsandafew shortandfine fibrils arepresent
asshown in Fig. 8d. The mechanisnfor the formation of
LCPfibrilsin PAr/LCP = 80/20blendscanalsobeappied

in these PAr/LCP=95/5 blends, but here the reduced
initial radus of the LCP phasedomainhasto be consid-
eredandemphasizedit hasbeenwell known thatthein

situ LCP fibrils cannotbe creaed in a blend unlessthe
LCP contentexceedhg acritical quantity.™ 341 A smaller
LCP contentin a TP/LCP blendtendsto createa smaller
LCP domainsize.Thisimpliesthata critical LCP domain
sizeis necessarto devebp LCP fibrils underhigh shear
during melt procesig. If the LCP contentis not high
enough the LCP phasewill be dispersednto smal dro-
pletslessthanthe critical doman size,andthenexistasa
sphericalor elongated structure after sheaf” In these
PAr/LCP = 95/5 blends confaining various amaunts of

TGDDM, the interfacial tensiondecreasg progresively
with increasiy the TGDDM content as would be

(C) PAr/LCPTGDDM=95/5/0.3

(D) PAY/LCPTGDDM=95/5/0.5

Fig.8. SEM micrographsof the cryogenially fracturedsurface of the PAr/LCP = 95/5 blends containing various amountsof
TGDDM, paralld to theflow directionof theinjection-nmoldedspeémenandatthe skinregion.




Morphologies andmechanichpropertiesof polyarylateliquid crystallinepolymerblends...

Tab.2. Tensileandimpactpropetiesof PAr/LCP blends.

Composition Tensile Unnotched
impad
Strengh Modulus Elongation
_ _ J/m
MPa GPa %

PAr/LCP=95/5 60.4 2.06 15.6 458
PAr/LCP/TGDDM = 95/5/0.1 70.4 2.19 15.9 653
PAr/LCP/TGDDM= 95/5/0.3 71.0 2.13 16.4 620
PAr/LCP/TGDDM= 95/5/0.5 70.5 21 16.2 570
PAr/LCP=90/10 74.1 2.24 12.4 424
PAr/LCP/TGDDM = 90/10/0.1 80.7 2.43 13.2 550
PAr/LCP/TGDDM = 90/10/0.3 81.6 254 13.9 582
PAr/LCP/TGDDM = 90/10/0.5 82.8 2.63 14.4 596
PAr/LCP=80/20 79.8 2.49 9.4 404
PAr/LCP/TGDDM = 80/20/0.1 814 2.64 10.6 518
PAr/LCP/TGDDM = 80/20/0.3 83.6 2.65 1.1 548
PAr/LCP/TGDDM = 80/20/0.5 85.5 2.70 12.2 603

expeced. Hence the LCP phaseis dispeasedinto smalle
dropletsin thesecompatibilized blendsastheresut of the
reducednterfacial tension.The LCP phaseexistsasfibril-
lar structure in  PAr/LCP=95/5 and PAr/LCP/
TGDDM = 95/5/Q1 blendsaspresentedn Fig. 8aand8hb
respectivey. Whentheconcentationof TGDDM is higher
than0.1phr, thedispersed. CP phasedomainsizeis lower
thanthe critical sizeto generate CP fibrils, and conse
guentlythe LCP phasedomairs canonly bedeformednto
shortfibrils or evenellipsoidsasshownin Fig. 8c and8d.
A similar compatbilization effect on altering themorphol-
ogy of the LCP fibrils wasalsoobserve in our previous
studied!*1?

Tensileandimpactproperties

Thetensilepropertesand unnotcled impact strengtls of
the PAr/LCP blendsfor all the composiitonsin this study
aresunmarizedin Tab.2. For the uncompatibilized PAr/
LCP blends,both tensle strengthand modulus increase
whereas the tensle elongation and impact strength
decresewith increasinghe LCP content. Thisis thegen-
eral trend of mecdanical propertiesfor TPLCP blends
whenthe LCP is the minor component.In the conpatibi-
lized PAr/LCP = 80/20blends,both the tensle properties
andimpactstrengthincreasesubstatially with increasiny
the TGDDM content. The improvenent of mectanical
propertiescanbe consideedin two aspecs, strengh (ten-
sile strengh andmodulus) andtoughnes(tensile elonga-
tion andimpactstrength). Generaly, therod-ike molecu-
lar conformdion andchainstiffnessgive LCP’s excellent
“self-reinforcing’ properties,which enhancehe strength
of a TP matrix substatially accompargd by the remark-
able decrasein toughress.Therefore,the enhaacement
on both strengthand toughressfor the compatibilized
PAr/LCP = 80/20blends is quite unusual,andonly a few

similar case hawe beenreportedbefore*>*4 The reduc-
tion of the interfacial tensionarising from the improved

compatibility by the addition of TGDDM results in

greaternumters of LCP fibrils with higher aspectratios
and consegently a higher strengthof the PAr/LCP = 80/
20 blerds after compatibilization. The improved compat-
ibility alsoleadsto the enhancerant of interfacial adhe

sion betweenphasesso the fracture enegy canbetrans-
ferred more efficiently under loading to increasethe
toughness.By contast, the enhancerant of tensike and
impactpropertesfor the compatbilized PAr/LCP = 955

blendswith theincreaseof TGDDM congentis not so evi-

dert asin the other two seriesaslistedin Tab.2. Theten-
sile modulus and impact enegy of the compatibilized
PAr/LCP = 95/5 blendstend to deceasewith increasimy

the TGDDM conentwhenthe concentation of TGDDM

is higherthan0.1phr. This phenongnoncanbe correlated
well with the corresponthg morphologes. The LCP

phase can not be elongatedinto desiredlonger fibrillar

structurein the PAr/LCP = 95/5 blendscontaining higher
TGDDM contentasshown in Fig. 8, andthusthe antici-

pated self-reinforcing propertes cannot be achiewed.
Nonethelessthe overall mectanical propertiesare still

improvedafter compatbilization, eventhoughthe effect
of sdf-reinforcemen on enhancingthe mecdanicalprop-
erties of the PAr/LCP = 9555 blendswith high TGDDM

contentis not achieved. Theresultsin mechanicalproper

ties and morphobgies illustrate that the generatbn of

LCP fibrils with high aspectratio and improvemnent of

interfacial adhesbn are the two hingesto entancethe
performanceof the compatibiized PAr/LCP blends.

Conclusion

Thetetrafunctionad epoxyresin,tetraglycid/l-4',4-diami
nodphenyl methae (TGDDM), hasbeendenonstratel
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to be anefficient reactivecompatibilizer for the PAr/LCP
blendsin this study TGDDM hasthe chane to reactwith
PAr and LCP at the interface simultareouslyto produce
the PAr-co-TGDDM-co-LCP mixed copolymers during
melt blendirg, andtheseinterfacialy formedcopolymes
tendto anchoralongthe interfacepreferenially to serve
aseffective compatbilizersfor PAr/LCP blends.Potenial
reactiors betweenPAr, LCP, and TGDDM during melt
mixing are confirmed qualitatively by mears of torque
measurerant. Thein situ-formedcompatibilzer distribu-
tedattheinterfaceis ableto reducetheinterfacialtensbn
and enhancethe interfacial friction in the melt and the
interfacial adhesiorin the solid state. SEM morphologies
show that the dimensons of the dispersed LCP phase
domairs have beenreducedobviously in the compatibi-
lized PAr/LCP blends. The reduced interfacial tension
makes the LCP phasedisperseinto fine dropletsfirst in
the compatbilized blends, and then facilitates the dis-
persed LCP droplets into elongated fibrils with high
aspectratios during the injection-molding process The
TGDDM cortent affects the deformaion of the LCP
fibrils in the compatibilzed PAr/LCP blends. For the
blendscortaining adequatemouns of LCP (>10 %), the
LCP phasegendsto deforminto greatemumbersandfiner
fibrils after compatbilization. For low LCP contentblend
(PAr/LCP = 95/5) with high TGDDM content (0.3 phr or
higher), the LCP phasecan only be deformedinto fine
and short fibrils or even ellipsoids becausethe LCP
domainsize hasbeenreducedto be lessthanthe critical
sizerequiredfor fibril formation. The overall mechanical
properties of the PAr/LCP blends are substantidl
improved after compatibilization by this coupling type
reactivecompatibilizer. Theformation of greaternumbers
of finer LCP fibrils andimprovedinterfacial adhesiorof
the compatbilized PAr/LCP blends relaive to those
uncompatibilized onesarethe two mostimportantfactors
to enhancethe mechaical properties of PAr/LCP blends.
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