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INTRODUCTION

Thedevel opment of polymer blends, composites
and laminatesisof great economicimportancefor the
plasticsindustry and for other industrieswheretheuse
of such productsisbecoming increasingly common.
Advanced polymer modification techniqueshavegrown
inimportance during thelast two decadesasthe“point
of diminishing returns” has been approached in improv-
ing the performance/price balance by ateringjust the
chemical structuresof polymers. Most pairsof poly-
mersareimmisciblewith each other. Evenworseisthe
fact that they also havelesscompatibility than would
berequiredinorder to obtain thedesiredlevel of prop-
erties and performance from their blends.
Compatibilizersareoften used asadditivestoimprove
the compeatibility of immiscible polymersand thusim-
provethe morphology and resulting propertiesof the
blend.

Poly (trimethyleneterephthaate) (PTT) isanewly
commercialized crystalline polymer with growing ap-
plicationsinfibers, films, and engineering plastics. This
polymer wasreported to have outstanding tensiledagtic
recovery, good chemica resstance, ardativelow met-
ing temperature, and arapid crystalization rate. Asan

engineering thermoplastic, it wasfound to have me-
chanical propertiessimilar to those of poly (ethylene
terephthaate) (PET), whileitsprocessing characteris-
ticsaresimilar to those of poly (butyleneterephtha-
late) (PBT). Thus, it combinessomeof the advantages
of PET and PBT™. In addition, PTT possessesall of
theadvantagesof thermoplagtic polyesters, such asther
dimensiona stability, solvent resistance, and abrasion
resi stance and can be employed under moist condi-
tionswherenylon cannot be used. The performance of
glassfiber reinforced PTT wasa so found to be better
than that of reinforced PET or PBT and some of its
mechanicd propertiesare comparableto thoseof glass
fiber reinforced nylon. Sinceitscommercidizationin
1998, PTT has been widely studied, especially with
regardtoitsfiber properties, structureformation, crystal
structure, and thermal and crystallization behaviorg?.
However, thelow heat distortion temperature, low melt
viscosity, poor optical properties, and pronounced
brittlenessof unreinforced PTT at low temperaurehave
restricted itsuseasadesrableenginesring plastic. Some
of thesedeficienciescould beimproved by developing
PTT compositesor blendswith suitable polymersin
whichit retainsitsexcdlent properties. Polymer blend-
ingisastraightforward, versatile, and relatively inex-
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pensive method of creating anew polymer material
which hasthedesirable propertiesof al the constitu-
ent components. PTT blends are expected to possess
awiderangeof featuresthat will broaden the applica-
tions of the homo-polymer. Recently, aconsiderable
amount of research work pertinent to PTT blendswas
reported®. Much attention has been focused on the
development and investigation of binary polymer
blends, which dlow the combination of desirableprop-
erties of different polymerswith exceptional advan-
tagesover the devel opment of novel polymer materi-
as. Most of them focused onthemixturesof two amor-
phous components, or mixtures of amorphous and
crystaline components. However, polymer blendscon-
taining two crystallinecomponentsarelessfrequently
discussed. Both poly (ethyleneterephthal ate) (PET)
and poly (trimethyleneterephthaate) (PTT) aresemi-
crystalline aromatic polyesters. PET isthemost im-
portant polyester with satisfactory therma stability and
mechanical properties, which have beenwidely used
asfibers, bottles, packages, etcfor many years¥ While
PTT isarelative new polymeric material that devel-
oped by Shell Chemica Co. Sinceitscommercial in-
troductionin 1998, there has been anincreased inter-
estinPTT for fiber and engineering thermopl astic ap-
plicationg®. PTT has shown better tensileelastic re-
covery but lower modulusthan PET. Polymer blend-
ing iswidely recognized asthemost common method
for devel oping new polymeric materias. Itisal so ex-
pected that blending of PET and PTT will offer anin-
teresting route to combine the complementary proper-
ties of both polymers. Opperman et al.!”! have pre-
pared PET/PTT blend fibersby melt spinning. They
foundthat PTT significantly improvesrecovery during
cyclic deformation of PET fibersat aconcentration of
10 wt%. The experimental resultsalso revealed that
PET/PTT blendfibersare dyed more easily than pure
PET and PTT fibers.

Inthispaper Poly (styrene-co-ethylene-co-buty-
|ene-co-styrene)-g-maleic anhydride (SEBS-g-MA)
(containing 0.5 wt% MA level) is utilized as a
compatibilizer for the PTT/HIPS blend so asto im-
proveits performance properties. The SEBS-g-MA
compatibilized PTT/PP blendswere characterized for
mechanical, thermal, morphologica and rheol ogical

properties.
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MATERIALSAND METHODS

Materials

Poly (trimethyleneterephthae) (0.931V) wasami-
ably supplied by FuturaPolyestersPvt. Ltd., Chennal,
India. High Impact Poly (styrene) (HIPS) (SH731) was
procured from Supreme Petrochemicals Pvt. Ltd.,
Mumbai, India. SEBS-g-MA was obtained from
Aldrich Chemicds, USA. All themateria swere used
asobta ned without modification or treatment.

Methods

Prior toblending, PTT and HIPS pdlletsweredried
at 100+ 5°C for 4 —5 hours in an air-circulating oven.
Thedryingisessentid to removethemoistureabsorbed
or adsorbed by the materials. This protocol wasfol-
lowed for all the batches. Also for the compatibiliser,
wasdried at 80°C.

All the compositions studied in the present work
adongwithther coding systemarepresentedin TABLE
1. Thepre-dried componentsweredry blended in de-
sired ratio before feeding to co-rotating twin-screw
extruder (Model MP 19 PC, APV Baker Ltd, U.K),
having L/D of 25:1. Mixing speed of 40 rpmwasmain-
tained for al thecompositions. Theextrudatefromthe
die was quenched in atank containing water at 20-
30°C and then pelletized. Processing conditions such
astemperature profilein different zones and the ex-
truder die as well as speed of blending etc. for melt
blendingaregiveninTABLE 2.

Theextrudate were pelletized using Boolani’s pel-
letizer machine. Therpm of the pelletizer was main-
tained between theranges of 60-80. Sincethe systems
studied wereincompatible with each other, thusthey
showed high dieswell. Thus, the extrudate had to be
grinded inagrinder whereit wastoothick for pelletiza-
tion.

Thepredried (90°C for 4-5 hours in an air circulat-
ing oven) pdletsof blendswereinjection molded using
family mould cavity inamicroprocessor-based injection
molding machine (Boolani IndustriesLtd., Mumba, In-
dig). Thefamily mould havetensle, flexura andimpact
test specimen cavities. Theprocessing conditionsfor in-
jectionmolding aregivenin TABLE 2. Thetest speci-
mens pertained toASTM standards (Tensile-ASTM
D638, Flexurd —ASTM D790, Impact—ASTM D256).
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TABLE 1: Prepared uncompatibilized and compatibilized blendsof PTT/HIPS
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Poly(trimethylene terephthalate) HIPS

Code Gm % am % SEBS-g-MA
CPTT 800 100 0 0 0
PTT/HIPS=90/10 720 90 80 10 0
PTT/HIPS =80/20 640 80 160 20 0
PTT/HIPS =70/30 560 70 240 30 0
PTT/HIPS =60/40 480 60 320 40 0
PTT/HIPS =50/50 400 50 400 50 0
PTT/HIPS =20/80 300 20 500 80 0
CHIPS 0 0 800 100 0
PTT/HIPS/SEBS-g-MA=90/10/5 800 100 0 0 40
PTT/HIPS/SEBS-g-MA =80/20/5 720 90 80 10 40
PTT/HIPS/SEBS-g-MA =70/30/5 640 80 160 20 40
PTT/HIPS/SEBS-g-MA =60/40/5 560 70 240 30 40
PTT/HIPS/SEBS-g-MA =50/50/5 480 60 320 40 40
PTT/HIPS/SEBS-g-MA =20/80/5 400 50 400 50 40
TABLE 2: Processing conditionsused for preparing PTT/HIPSblends
Process Temperatur e Profile (°C) Screw Speed
_ . Zonel Zone2 Zone3 Zone4 Die WaterBath
Blending Extrusion 40 rpm
120 190 230 245 240 25-30
. o ) Zonel Zone2 Nozzle Mold Cooling Time Injection Pressure
Sample Preparation Injection Molding R
180 240 250 30-40 30 sec 98 Kg/cm
Characterization mining thespecific propertiesof thepolymer blend. How

Thefollowing methodswere employed for deter-

chart of thestudy isshowninFigure 1.
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Figurel: Flow chart of the study from preparing toanalyzing PTT/HIPSblends
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M echanical properties

Tenslle(tenslestrength, tensile modul us and per-
centage € ongation a maximum|oad) and flexurd (flex-
ural strength and flexural modulus) propertieswere
measured at ambient condition usingaUniversal Test-
ing Machine (LR-50K, LloydsInstrument, UK), ac-
cordingto ASTM procedures D638 and D790; at a
crosshead speed of 50 mm/minand 2.8 mm/min re-
spectively. Thenotch for impact test was madeusing
amotori zed notch-cutting machine (Polytest mode 1,
Ray Ran, UK). Notched 1zod impact strength was
determined at ambient condition accordingtoASTM
D256, using impact tester (Avery Denison, UK) em-
ployingaZ2.7Jstriker, having striking velocity of 3.46
nvs

Thermal properties

Differential Scanning Calorimetric (Q 100 DSC,
TA instrumentsLtd., India) characterization wasdone
toinvestigatethe crystdlization and melting behaviour
of the prepared nanocomposites. Two consecutive hest-
ing scanswere determined to minimizetheinfluence of
possibleresdua stressesinthematerid dueto any spe-
cificthermal history. Scanning rate of 10°C/min was
maintai ned for both hegting and cooling cycle; whereas
nitrogen gas purge rate was maintained at 50 ml/min.
Méltingtemperature (T, ) wasdetermined from the sec-
ond heating scan, whilethe crystalization temperature
(T,) fromtheonly cooling scan.

50 =
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Rheological properties

Rheologicd propertiesof different compostionswere
measured us ng Haakerheometer RT10 pardld plate
viscometer. Mt viscodity () as a function of shear rate
(v) was measured at 250°C. The shear rate was varied
over 0.001s? to 1000s?. The samples were predried
beforerheologicd andyss. Thetest wasaso carried out
inoscillatory mode with frequency rangevarying from
0.01to 40 Hz at 250°C. Phase angle tan 6 = G3 / G2
wasdetermined asafunction of frequency o (rad/s).

M orphological properties

Themorphology of PTT/HIPSblendswereinves-
tigated using SEM with aJSM-840, JEOL instrument
a anaccd erating voltageof 10 KV. Theédectronsemit-
ted from the el ectron gun were focused on the object
surface. The secondary electrons emitted from the
samplewere monitored by suitable detectors. Thead-
justment of themagnification dependsonthesizeof the
scanned surface. The samplesweretaken frominjec-
tion mol ded tensile pecimen. Thedumbbe Iswereran-
domly chosen and etched in hot tolueneto removeone
of the phases. Gold sputtering devices were used to
coat polymer samples, which haveamost pronounced
surfacetopography with aconducting metal layer.

RESULTSAND DISCUSSION

Mechanical properties
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Figure2: Tensilestrengthsobtained for uncompatibilized and compatibilized PTT/HIPSblends
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The CPTT hashigher tensile strength than the all
compositions of the blend, but the lowest impact
strength. The addition of HIPSto PTT has certainly
improved the toughness of the blend. The impact
strength of the blend has significantly improved after
addition of the30% HIPSto PTT. TheFigure2 shows
thetenslestrength of al the blendswith and without
compatibiliser SEBS-g-MA. The addition of 5%
compdtihiliser hascertainly improved thetenslestrength
of theblend. Theimprovement intenslestrengthislarge
than that without one; the addition of competibiliser has
an effect ontheblend giving thepossibleinterfacid ad-
hes on of thetwo blend components. Thetenglestrength
decreaseswiththeaddition of HIPS & itisfoundthat it
isnearly samefor PTT/HIPS (20/80) blend with and
without competibiliser. The possible causefor thesame
may bethelack of formation of SEBS-g-PTT in HIPS
rich blend due to less PTT sites available for the
compatibilizationreaction. Theflexurd strength (Figure
3) hasalso shownthesmilar trend astensilestrength.
The compatibiliser hasincreased theflexurd strength
but the effect isas pronounced ascompared to theten-
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sledrength. ItisobviousformtheFigure, that theflex-
ural strength increased by the addition of the
compatibiliser SEBS-g-MA to 90/10, 70/30 blends
composition. Theimpact propertiesfor al blendswith
and without compatibiliser are showninthe Figure5.
Addition of HIPSto the blend hasimproved thetough-
nessof theblend. Thiscan be stated that theaddition of
the other component, HIPS, in smal amount hastough-
ened the PTT. The impact strength of the blend has
improved by the addition of the HIPS upto 40%, fol -
lowed by the decrement intheva uebut still higher than
virgin PTT. The 5 wt% compatibiliser improved the
impact propertiessgnificantly for 60/40 blend. Themain
reesonwasthat SEBS-g-MA iseffectiveinimproving
the interface adhesion between the PTT and HIPS
phases, whichwasthe key factor affecting themechani-
ca properties, especidly theimpact energy of theblend.
Theaddition of HIPS hassignificantly improved the
impact strength of PTT, although the other mechanical
properties of the blend have declined.

Thermal properties

¥ ¥ ¥ ¥ v "
<20 <4l =t

Temperature (:C)

Figure6: DSC melting cur vesobtained for uncompatibilized and compatibilized PTT/HIPSblends

Theblend hastwo Glasstransition temperatures
(Tgs), indicating that the blends are phase separated in
the amorphous phase. Thelower temperaturetransi-
tions observed between 40.7 and 47.2 °C were attrib-
uted tothe Tg of the PTT amorphousphase. Thehigher
temperature transitions observed from 98.2 °C to
94.1°C were the Tg of the HIPS phase. The variations
of thetwo Tgs’ values as a function of the compatibilized

blend compositions are shown in Figure 8. It can be
noticed that the variations of thetwo Tgsarecomposi-
tion dependent. When the HIPS content wasincreased
from 0 to 80 wt%, the Tg (PT T-phase) shifted from
40.7°Cto46.1 °C and then remained at 46.1 °C when
the HIPS content wasfurther increased above 80 wt%.
In contrast, the Tg (HIPS-phase) decreased after the
addition of PTT. Theseresultsaretypica behaviorsof
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apartially miscible system. Theresultsindicate that:
() PTT ispartidly misciblewith HIPS; (ii) themisci-
bility of the PTT/HIPS blendsisimproved dightly as
the HIPS content isincreased. Thevariationsof the
melting temperature Tm) PTT asafunction of theblend
compositionsareshownin Figure 6. The Tmvalue
shiftstolower temperatureswith increasing HIPS con-
tent. Ingenerd, for ablend exhibiting some phase mix-

ing, thepresence of asecond partialy solubilized poly-
mer will causethe melting temperatureto decrease,
dueto thereduction in the chemical potential. This
behavior isusually observed inthe case of miscibleor
partialy miscibleblends. Accordingly, thevariation of
Tmindicatesthat the solubility of HIPSinthe PTT-
phaseisdightly increased with increasing HIPS con-
tent.
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TABLE 3: Mdtingcharacteristicsobtained for PTT/HIPSblends

Blends Start (°C) Onset (°C) Maximum (°C) Stop (°C) Area (J/g)
CPTT 178.05 230.42 238.77 256.97 74.79
PTT/ HIPS=90/10 192.57 215.24 22451 243.12 40.05
PTT/ HIPS =80/20 196.34 207.12 2259 242.15 36.45
PTT/ HIPS =70/30 184.8 214.12 223.79 244.27 30.79
PTT/ HIPS =60/40 192.32 215.14 22511 242.83 26.03
PTT/ HIPS =50/50 181.21 214.37 223.38 238.89 22.66
PTT/ HIPS =20/80 188.38 212.08 224.2 234.24 10.33
PTT/HIPS'SEBS-g-MA =90/10/5 176.56 210.73 22591 248.57 34.87
PTT/HIPS'SEBS-g-MA =80/20/5 190.89 2147 224.77 241.04 30.64
PTT/HIPS'SEBS-g-MA =70/30/5 168.67 209.36 224.58 248.21 37.98
PTT/HIPS'SEBS-g-MA =60/40/5 194.83 215.75 225.56 242.21 27.15
PTT/HIPS'SEBS-g-MA =50/50/5 172.97 210.53 223.38 242.83 10.93
PTT/HIPS'SEBS-g-MA =20/80/5 191.24 212.16 22454 238.18 7.57

Ontheother hand, itdsoimpliesthat PTT and HIPS
are partially miscible. In contrast, the Tc val ue shifts
dightly to higher temperatures asthe HIPS content is
increased (see Figure 7), indicating that much higher

activation energy isneeded for the organization of the
neighboring PTT segments, dueto theinterference of
the HIPS segments. Thisbehavior, inturn, ischaracter-
igtic of partidly miscibleblends.

TABLE 4 Cooling characteristicsobtained for PTT/HIPSblends

Blends Start (°C) Onset (°C) Maximum (°C) Stop (°C) Area (J/g)
CPTT 199.03 180.45 167.05 138.6 27.25
PTT/ HIPS =90/10 204.14 192.31 184.54 46.31 42.48
PTT/ HIPS =80/20 202.53 190.89 182.47 34.14 31.32
PTT/ HIPS =70/30 207.37 189.34 180.2 22.58 20.72
PTT/ HIPS =60/40 208.08 191.26 182.73 29.13 26.72
PTT/ HIPS =50/50 202.35 190.23 181.49 23.02 21.12
PTT/ HIPS =20/80 193.39 211.23 183.71 12.48 11.45
PTT/HIPS'SEBS-g-MA =90/10/5 207.73 191.7 183.78 37.18 34.11
PTT/HIPS'SEBS-g-MA =80/20/5 205.22 191.67 183.45 34.92 32.04
PTT/HIPS'SEBS-g-MA =70/30/5 203.43 190.45 181.93 31.82 29.19
PTT/HIPS'SEBS-g-MA =60/40/5 200.2 190.82 182.02 31.29 28.71
PTT/HIPS'SEBS-g-MA =50/50/5 203.78 191.33 182.32 14.18 13.01
PTT/HIPS'SEBS-g-MA =20/80/5 203.1 191.15 183.36 16.61 14.12

Figure 6 showstheeffectsof 5wt% SEBS-g-MA
on themelting behavior of the PTT/HIPSblends. Itis
clear that both the Tg and Tc values of the PTT-phase
are shifted to higher temperaturesin the presence of
SEBS-g-MA. This indicates that excess energy is
needed toinitiate the movements or regular arrange-
ment of the PTT segments, because of the SEBS-g-
MA’s compatibilization effect. However, the melting tem-
perature showed no discernable changes in the
compatibilized and uncompatibilised blends.

Rheological properties

The shear viscosity of apolymer melt isthe most
important functionin characterizing therheol ogica be-
havior of thepolymer mdt; it will reflect thevariationin
interface interaction. The rheological properties of
multiphase polymer blendsare strongly influenced by
therinterfacia characterigtics. Investigation of therheo-
logica propertiesof blendscan show information about
the compatibilization effect, and can a so refl ect the cor-
relation of rheol ogy-morphol ogy-mechanical proper-
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tiesof theblends.

Figure 9 showsthe comparisons of the shear vis-
cosity vs. shear rate plotsfor the PTT/HIPS blends at
250 °C with and without SEBS-g-MA compatibilization.

100000

Whenthe SEBS-g-MA content was 5 wt%, the shear
viscosity wasincreased compared with that of the cor-
responding uncompatibilized blend, implyinganim-
provement in the adhes on between the phases.
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Figure9: Graph of viscosity vsshear rateobtained for uncompatibilized and compatibilized PTT/HIPSblends

Theoreticdly, therearethereaction between SEBS-
g-MA and PTT dueto—OH groups of the PTT in the
matrix. Theblend viscosity increased inthe presence of
SEBS-g-MA, indicating the formation of PTT-co-
SEBS-g-MA copolymer which resulted inanincrease

intheflow resistance, dueto theimproved phaseadhe-
sion. Thisimpliesthat the shear stressescan overcome
the adhesion between the phasesand result in arapid
decreaseintheviscosity at high shear rates.

Morphological properties

1 ,-m ; vy ’." 4 \pi!z:_..
) ®

igurelO : imagesbtai ned fort PTT/HIPS80/20 () d PT/H I PS’SEBg-M A (b)

Figure 10 (&) shows SEM micrographsof thePTT/

HIPS (80/20) blend. PTT/HIPSwasabiphasic blend.
For the uncompatibilized blends, it can be seen that

thereisno evidenceof interfacia interactionsor adhe-
sion, suggesting that the PTT and HIPS phaseswere

Macromolecules

incompatible. It was interesting that for the
compeatibilized blendstherewerebrokenfibersor small
bumpsonthefractured interfaceswith evidence of their
being drawn out; some unbroken fibers connecting the
PTT and HIPS phases al so appeared. It was concluded
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that these phenomenaweretheresultsof thereactive
compatibilization, i.e., thereaction betweenthemaleic
acid functional groups of SEBS and the hydroxyl end
groupsof PTT formed polymer connectionsat thein-
terfacesas seen from Figure 10 (b). These SEM mor-
phologica resultsprovided evidencethat SEBS-g-MA
could improvetheinterfacial adhesion of PTT/HIPS
during melt blending and consequently would theoreti-
caly enhanceitsmechanical properties.

CONCLUSION

The SEBS-g-MA ispotentially reactivetowards
thecarboxylicand/or hydroxyl groupsat thechainends
of PTT. Themechanica propertiesliketensilestrength,
flexural strength of PTT/HIPS blendislower than of
virgin PTT, but wasmuch higher than HIPS. The addi-
tion of the compatibiliser SEBS-g-MA hasincreased
these properties, though theimprovement in theimpact
propertiesof theblend wasnot significant. Rheologica
characterization has confirmed a mol ecul ar-weight
buildup dueto theinterfacid reaction betweenthe MA-

—= Pyl] Peper

grafted SEBSand PTT. Thermd anaysisof theblend
showed that themdting temperatureof PTT hasshowed
adlight decrease, while melting temperature of HIPS
has showed adlight increase about 5°C. This was also
confirmed through SEM analyss.

REFERENCES

[1] S.S.Dagli, K.M.Kamdar; Polym.Eng.Sci., 34, 1709
(1994).

[2] B.Boutevin, M.Khamlichi, Y.Pietrasanta; J.Robin;
Polym.Bull., 34, 117 (1995).

[3] C.H.Tsai, F.C.Chang; J.Appl.Polym.Sci., 61, 321
(1996).

[4] H.Chieh-Chih, C.Feng-Chih; Polym., 38, 2135
(1997).

[5] W.R.Ashcroft, B.Ellis; Chemistry and Technol ogy
of Epoxy Resins Blackie; Glasgow UK, (1993).

[6] K.C.Man, C.David; Polym.Intl., 43, 281 (1997).

[7] S.Yeong-Tarng, L.Mao-Song, C.Show-An;
J.Polym.Sci.Part B-Phys., 40, 638 (2002).

—r—,  \lBCromolecules

Au Tudian Journal



