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INTRODUCTION

Thedevel opment of polymer blends, composites
and laminatesisof great economicimportancefor the
plasticsindustry and for other industrieswheretheuse
of such productsisbecomingincreasngly common.Ad-
vanced polymer modification techniqueshavegrownin
importance during thelast two decades asthe““point of
diminishingreturns” has been approached in improving
the performance/priceba ance by dteringjust thechemi-
cal structuresof polymers. Mot pairsof polymersare
immisciblewith each other. Evenworseisthefact that
they al so havelesscompatibility thanwould berequired
in order to obtain the desired level of propertiesand
performancefrom their blends. Compatibilizersare of-
ten used as additivesto improve the compatibility of
immiscible polymersand thusimprovethe morphology
and resulting propertiesof theblend.

Polyolefinsand poly (a kyl terephtha ate) are con-
Sdered immiscibleand incompatible. Only avery lim-
ited number of studieson these blends have beenre-
ported; however, they havereceived considerablein-
terest lately.[*3 Polypropylene (PP) isneither miscible
nor competiblewith poly (butyleneterephthaate) (PBT)
dueto agreat differencein polarity. In addition, PP
does not contain the necessary functiona grouptore-
actwithPBT. Adding afunctiondized polymer miscible

with PP to react with PBT may improve the
compatibilization of the PP/PBT blends.

In oneof theresearch paper,“ ethylene-co-glycidyl
methacrylate (EGMA) was demonstrated to beagood
compatibilizer for the PP/PBT blends. EGMA isare-
active copolymer wheretheethylene component iscom-
patiblewith PP, whiletheglycidyl groupsare ableto
react with hydroxyl or carboxylic terminal groups of
the PBT. Inthisarticle, acombination of the commer-
cia avallablemae c anhydride-grafted polypropylene
(denoted asPP-M A hereinafter) and a multifunctional
epoxy resin (i.e., tetraglycidyl ether of diphenyl
diaminomethane) was used as dual reactive
compatibilizersfor the PP/PBT blends. The PP-MA
withalow MA content istotally misciblewith PPto
make the PP phase quasi-functionalized, so that the
multifunctional epoxy hasthe chanceto contact and
react with PBT and PP-MA simultaneously to form PP—
MA-co-epoxy-co-PBT copolymers at the interface.
Thesedesired copolymersare ableto anchor dongthe
interface and are expected to serve as efficient
compatibilizers. Theepoxy resin, tetraglycidyl ether of
diphenyl diaminomethane (TGDDM), with thetrade-
mark of NPEH-434, was used asacompatibiliser for
PBT/PP blends. Tetraglycidyl ether of diphenyl
diaminomethane (TGDDM). Thereactions between
epoxy and anhydride groups of PP-MA can be initi-
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ated by ahydroxyl-containing compound to proceed
ring-opening reaction.’® The mixture of PP-MA and
an epoxy res nwas demonstrated to bean efficient dua
reactivecompdtibilizer forimmiscibleandincompatible
PP/ PBT blends. The PP-MA with alow MA content
ismisciblewith PPtomakeit quas-functiondized, while
themultifunctional epoxy hasthe chanceto react with
PBT and PP-MA at the interface simultaneously.® Thus,
thein stu-formed PP-MA -co- epoxy-co-PBT copoly-
mersare ableto anchor along theinterfaceand serve
asefficient compatibilizers. Themechanical properties
of thePBT rich blendsareimproved by increasingthe
epoxy content to 0.3 phr. An epoxy content of 0.5 phr
canleadtoalight crosdinkinginthe PBT phaseof the
PBT-richblendsandresultinalack of acompatibilization
effect. Joung Sook Hong,et a found that when PE was
blended with PBT dightly below themelting tempera-
tureof PBT, rigid PBT formsafilm structure by drag.
In this condition, the PBT phase does not evolve to
droplet structure unlessasignificant amount of addi-
tional heat or shear isapplied, and it can maintain its
structure during extrusion. On the contrary, when the
processing temperatureishigher than themeltingtem-
peratureof PBT, athermodynamically unstablefilmor
fibril structure observed at an early stage of morphol-
ogy development easily evolvesto dropl et structure
during extrusion.[”

Inthispaper PP-g-AA (containing 0.2wt%AA leve)
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isutilized asacompatibilizer for the PBT/PPblend soas
toimproveitsperformance properties. The PP-g-AA
compatibilized PBT/PP blendswere characterized for
mechanicd, therma and rheologica properties.

MATERIALSAND METHODS

Materials

Poly(butyl enesterephthae) (Arnite TO 6200) was
amiably supplied by DSM Engineering PlasticsLtd.,
Pune, India. Poly(propylene) (H110M A) was procured
from Reliance Industries Pvt. Ltd., Mumbal, India. PP-
g-AA (Polybond 1002) was obtained from Uniroyal
Chemicals, USA. All the materialswere used as ob-
tained without modification or trestment.

Methods

Prior to blending, PPand PBT pelletsweredried
at 100+ 5°C for 4 — 5 hours in an air-circulating oven.
Thedryingisessentid to removethe moistureabsorbed
or adsorbed by the materials. This protocol wasfol-
lowed for al the batches. Also for the compatibiliser,
wasdried at 80°C.

All the compositions studied in the present work
adongwithther coding sysem arepresentedin TABLE
1. Thepre-dried componentsweredry blendedin de-
sired ratio before feeding to co-rotating twin-screw
extruder (Model MP 19 PC, APV Baker Ltd, U.K),

TABLE 1: Prepared uncompatibilized and compatibilized blendsof PBT/PP

Code Poly(butylene ter ephthalate) Poly(propylene) PP-g-AA
gm % gm %
CPBT 800 100 0 0 0
PBT/ PP=90/10 720 90 80 10 0
PBT/ PP=80/20 640 80 160 20 0
PBT/ PP=70/30 560 70 240 30 0
PBT/ PP=60/40 480 60 320 40 0
PBT/ PP=50/50 400 50 400 50 0
PBT/ PP=20/80 300 20 500 80 0
CPP 0 0 800 100 0
PBT/PP/ PP-g-AA=90/10/5 800 100 0 0 40
PBT/PP/ PP-g-AA=80/20/5 720 90 80 10 40
PBT/PP/ PP-g-AA=70/30/5 640 80 160 20 40
PBT/PP/ PP-g-AA=60/40/5 560 70 240 30 40
PBT/PP/ PP-g-AA=50/50/5 480 60 320 40 40
PBT/PP/ PP-g-AA=20/80/5 400 50 400 50 40

— P plericly Science
;4%7%4(44?0%5



144

Morphological behavior of poly(butylene terephthalate)/poly(propylene)

MSAIJ, 11(4) 2014

Full Poper

TABLE 2: Processing conditionsused for preparing PBT/PPblends

Process Temperature Profile (°C) Screw Speed
: . Zonel Zone2 Zone3 Zone4 Die Water Bath
Blending Extrusion 40 rpm
120 180 240 245 250 25-30
. _— . Z 1 Zone2 Nozzle Mold Cooling Ti Injection Pr
Sample Preparation  Injection Molding one one ozzle Mo ooling Time njection es?lre
150 235 250 30-40 60 sec 100 Kg/cm
having L/D of 25:1. Mixing speed of 40 rpmwasmain- POLYESTER [ COMPATIBILISER J | POLYPROPYLENE
tained for al the compositions. Theextrudatefromthe il

die was quenched in atank containing water at 20-
30°C and then pelletized. Processing conditions such
astemperatureprofilein different zonesand the ex-
truder dieas well as speed of blending etc. for melt
blendingaregiveninTABLE 2.

Theextrudate were pell etized using Boolani’s pel-
letizer machine. Therpm of the pell etizer was main-
tained between the ranges of 60-80. Sincethe systems
studied wereincompatiblewith each other, thusthey
showed high dieswell. Thus, the extrudate had to be
grindedinagrinder whereit wastoothick for pelletiza-
tion.

Thepredried (90°C for 4-5 hours in an air circu-
lating oven) pdletsof blendswereinjectionmolded using
family mould cavity inamicroprocessor-based injec-
tionmolding machine(Boolani IndustriesLtd., Mumbai,
India). Thefamily mould havetensile, flexurd andim-
pact test specimen cavities. The processing conditions
forinjection moldingaregivenin TABLES 2. Thetest
specimens pertained to ASTM standards (Tensile -
ASTM D638, Flexura — ASTM D790, Impact —
ASTM D256).

Characterization

Thefollowing methodswere employed for deter-
mining thespecific propertiesof thepolymer blend. How
chart of thestudy isshownin Figure 1.

M echanical properties

Tenslle(tenslestrength, tensile modul us and per-
centage e ongation a maximum|oad) and flexura (flex-
ura strength and flexura modulus) propertiesweremea:
sured at ambient condition using aUniversal Testing
Machine (LR-50K, LloydsInstrument, UK), accord-
ingtoASTM procedures D638 and D790; at across-
head speed of 50 mm/min and 2.8 mm/min respec-
tively. Thenotch for impact test was madeusingamo-
torized notch-cutting machine (Polytest model 1, Ray
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extruder with L/D 25:1 and diameter 16mm
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Figurel: Flow chart of thestudy from preparingtoanalyzing
PBT/PP blends

Ran, UK). Notched Izod impact strength was deter-
mined at ambient condition accordingtoASTM D256,
using impact tester (Avery Denison, UK) employinga
2.7Jgtriker, having striking velocity of 3.46 m/s.

Thermal properties

Differential Scanning Calorimetric (Q 100 DSC,
TA instrumentsLtd., India) characterization wasdone
toinvestigatethe crystallization and melting behaviour
of the prepared nanocomposites. Two consecutive
heating scanswere determined to minimizetheinflu-
enceof possibleresdud stressesinthemateria dueto
any specificthermal history. Scanning rateof 10°C/min
was maintained for both heating and cooling cycle;
whereas nitrogen gas purgerate was maintained at 50
mi/min. Meltingtemperature (T ) wasdetermined from
the second heating scan, whilethecrystallization tem-
perature (T ) fromtheonly cooling scan.
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Rheological properties

Rheological propertiesof different compositions
were measured using Haske rheometer RT10 parallel
plateviscometer. Mt viscosity () asafunction of shear
rate (y) was measured at 250°C. The shear rate was
varied over 0.001s? to 1000s?. The samples were
predried beforerheologica anayss. Thetest wasalso
carried out in oscillatory mode with frequency range
varying from 0.01to 40 Hz at 250°C. Phase angle tan
8 =G3/ G2 wasdetermined asafunction of frequency
o (rad/s).

Morphological properties

Themorphology of PBT/PP blendswereinvesti-
gated using SEM with aJSM-840, JEOL instrument
at an accel erating voltage of 10 KV. The electrons
emitted from the el ectron gun were focused on the
object surface. Thesecondary electrons emitted from
the samplewere monitored by suitable detectors. The
adjustment of the magnification dependson thesize of
the scanned surface. The samples were taken from
injection molded tensilespecimen. Thedumbbel Iswere
randomly chosen and etched in hot tolueneto remove
one of the phases. Gold sputtering deviceswere used
to coat polymer samples, which have a most pro-
nounced surface topography with aconducting metal

layer.
M echanical properties

TheCPBT hasgreater tensilestrengththan the dl
compositions of the blend with and without
compatibiliser PP-g-AA. Figures 2 showsthat theten-
sile strength of the PBT/PP blendswere much lower
than that of PBT but wasmuch higher than that of PP.
Though, on addition of compatibiliser like PP-g-AA
improved thetensilestrength, the difference between
theva uesof uncompatibilised and compatibilized blends
was about 8-10%. The improvement in mechanical
properties of the blend by the addition of the
compatibiliser may haveresulted duetotheimprove-
ment intheinterfacial adhes on of theblend caused due
to decreasein surface tension. 10 wt. % PP addition
could maketheblendstensile strength decrease signifi-
cantly. Inaddition, both thetensilestrengthand theflex-
ural strength exhibited anear-linear decreasewithin-
creasing PP content. Since both PBT and PP arebrittle
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Figure2: Tenslle Srengthsobtained for uncompatibilized
and compatibilized PBT/PP blends
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Figure3: Flexural Srengthsobtained for uncompatibilized
and compatibilized PBT/PP blends
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Figure 5 : Impact Strength values obtained for

uncompatibilized and compatibilized PBT/PP blends

under standard notched 1zod impact testing, al PBT/
PP blends, uncompatibilised or compatibilized, areaso
brittlewith nearly identica impact strength aswould be
expected. Thenotched impact strengthsfor PBT/ PP/
blendswith compatibiliser wereincreased than those
of uncompatibilised blends. Thus PP-g-AA issuccess-
fully abletoimprovethe competibilization between PBT
and PP,

90/10

Thermal properties

It can be observed that from the tablethat the ad-
dition of PPinto PBT hassomeinfluenceinthemeting
aswell asthe crystallization temperature of the PBT.

Theaddition of PPto PBT resultsinto binodal melting
peaksof theblend & therewasdlight variationinthe
temperature of the melting peaks of the blends. The
crystalinity of the PBT has decreased with addition of
PP and the entha py va ues have a so reduced with fur-
ther addition of PPto PBT. The melting behavior of
PTT/PPblendsareshowninFigure®6.

Thecrystallization pesksfor the blendshavea so
shownthesimilar trend for these compositions of the
blend & reductionin the entha py va ueshasconfirmed
that the addition of PP have definitely interfered with
thecrystallization processof PBT. Thecrystallization
peaks has shifted to the lower side by addition of the
compatibiliser PP-g-AA. Thecrystalization tempera
ture hasreduced by 6°C for PBT/PP (80/20) blend by
theaddition of thePP-g-AA. Thereductioninthecrys-
tallization temperature may be dueto the partid misci-
bility of theblendsdueto addition of thecompatibilisers.
Itisclearly seen that the onset temperatureof theblends
doesnot show largevariation for al composition of the
blends, but the crystallization temperature of theblends
were certainly affected due to the addition of the
compatibiliser. Thefollowing TABLES' viz. 3 & 4 il-
lustratesthe melting temperaturevariation & crystalli-
zation temperature variation for PBT/PP blendswith
addition of component PP and the compatibiliser PP-
g-AA.

Rheological properties

The shear viscosity of apolymer melt isthe most
important function in characterizing therheol ogica be-

Heat Flow (mW)
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FET FF 70 30
FET FE 70 30 5 A8
PET PF 80 50
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Figure6: DSC melting curvesobtained for uncompatibilized and compatibilized PBT/PP blends
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TABLE 3: Médlting characteristicsobtained for PBT/PPblends

Blends Start (°C) Onset (°C) Maximum (°C) Stop (°C) Area (J/g)
CPBT 194.64 204 222.4 242.12 51.32
PBT/ PP=90/10 201.63 215.05 226.21 242.12 38.15
PBT/ PP=80/20 196.34 207.12 2259 242.15 36.45
PBT/ PP=70/30 198.41 214.45 223.93 249.28 22.85
PBT/ PP=60/40 201.63 215.38 225.22 242.12 25.94
PBT/ PP=50/50 201.28 21321 223.38 242.83 16.25
PBT/ PP=20/80 198.14 210.8 225.17 242.15 22.47
CPP 121.42 149.83 167.55 187.48 84.82
PBT/PP/ PP-g-AA=90/10/5 195.19 209.98 225.34 24391 30.43
PBT/PP/ PP-g-AA=80/20/5 197.34 208.51 224.9 243.55 35.25
PBT/PP/ PP-g-AA=70/30/5 197.69 210.96 226.13 247.49 29.8
PBT/PP/ PP-g-AA=60/40/5 196.26 209.04 225.07 243.55 32.98
PBT/PP/ PP-g-AA=50/50/5 198.77 209.93 226.15 249.64 26.19
PBT/PP/ PP-g-AA=20/80/5 197.34 209.08 225.07 243.55 22.07
TABLE 4: Cooling characteristicsobtained for PBT/PPblends
Blends Start (°C) Onset (°C) Maximum (°C) Stop (°C) Area (J/g)
CPBT 212.53 204.41 191.77 154.95 44.78
PBT/ PP=90/10 215.97 202.69 196 175.84 40.46
PBT/ PP=80/20 212.02 202.1 195.14 176.11 38.85
PBT/ PP=70/30 214.53 202.14 195.34 177.63 343
PBT/ PP=60/40 212.74 201.86 194.91 174.41 31.27
PBT/ PP=50/50 209.87 201.41 194.29 176.91 289
PBT/ PP=20/80 2131 202.15 189.36 163.66 26.61
CPP 132.98 118.39 110.71 88.84 101.9
PBT/PP/ PP-g-AA=90/10/5 214.89 204.4 191.47 167.96 33.73
PBT/PP/ PP-g-AA=80/20/5 211.31 203 190.05 167.24 33.07
PBT/PP/ PP-g-AA=70/30/5 2174 205.02 192.19 168.32 3211
PBT/PP/ PP-g-AA=60/40/5 209.16 201.32 188.33 167.6 31.22
PBT/PP/ PP-g-AA=50/50/5 210.95 202.9 189.99 166.17 31.97
PBT/PP/ PP-g-AA=20/80/5 2131 202.15 189.36 163.66 26.61

havior of thepolymer melt; itwill reflect thevariationin
interface interaction. The rheological properties of
multiphase polymer blendsare strongly influenced by
thar interfacid characterigtics. Investigation of therheo-
logica propertiesof blendscan show information about
the compatibili zation effect, and can d so refl ect the cor-
relation of rheol ogy-morphol ogy-mechanical proper-
tiesof the blends.®®

Figure 7 gives plots of the shear viscosity versus
the shear rate for PP and PBT measured at 250°C.
Duetothemorerigid chain structureof PBT than that
of PP, thePBT showshigher shear viscosity than PP&

less shear thinning behaviour. Theincreasein viscosity
dueto the presence of the compatibiliser indicatesthat
thecompatibiliserintheblendisabletoreact with PBT
and leadstoahigher PBT molecular weight. Theexist-
enceof reactions between PBT and the compatibiliser
in 80/20 blend can be found, where the viscosities of
PBT/PP/PP-g-AA blendswereincreased with incor-
poration of the compatibiliser. Asthe percentage of the
PBT in PPrich phasei.e. PBT/PP (20/80) blend the
viscosity does show any remarkableimprovement due
to shortage of PBT for reactions with an amount of
compatibiliser.
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Figure7: DSC cooling curvesobtained for uncompatibilized and compatibilized PBT/PP blends
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Figure7b: Graph of Viscosity vs Shear Rate, obtained for
uncompatibilized and compatibilized PBT/PP 80/20 blend

TheFigure 8 showstan & values of the blend com-
ponentsat the processing temperature, 250°C. It is clear
from the graph that the blend componentsaswell as
the blendshave shown viscoe astic nature, astheir ab-

WMotorioly Science Commm—

—a— VPET

—a— PBT/PP/PP-g-AAwS0/S0/S

Figure9: SEM imagesobtained fort PBT/PP 80/20 (a)

—e—PETIPP=80/20
Figure8: Graph of Tan(d) vsAngular Frequency, obtained
for uncompatibilized and compatibilized PBT/PP 80/20 blend
solutevaueiscloseto 1. Fromthetan & curvesshown
inFigure 8it isobserved that, at 20% PP concentra-
tion, when PP-g-A A was used asthe compatibiliser,

F RSN

and PBT/PP/PP-g-AA (b)
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the tan & curves became increasing than the
uncompatibilised one. Thetan & valuesfor the PP-g-
AA compatibilized blendswerefound to behigher than
theother corresponding blends.

Morphological properties

Figure9 (a) shows SEM micrographsof the PBT/
PP (80/20) blend. PTT/PP was abiphasic blend. For
the uncompati bilized blends, it can be seen that thereis
no evidenceof interfacid interactionsor adheson, sug-
gesting that the PBT and PP phases were incompat-
ible. It wasinteresting that for the competibilized blends
therewere broken fibersor small bumpson thefrac-
tured interfaceswith evidence of their being drawn out;
some unbroken fibers connecting the PBT and PP
phases also gppeared. It was concluded that these phe-
nomenaweretheresultsof thereactive compatibilization,
i.e., thereaction between the acrylic acid functional
groups of PP and the hydroxyl end groups of PBT
formed polymer connections at theinterfacesas seen
from Figure9 (b). These SEM morphological results
provided evidencethat PP-g-AA could improvethe
interfacid adhesionof PBT/PP duringmdtblendingand
consequently would theoretical ly enhanceitsmechani-
cal properties.

CONCLUSION

The PP-g-AA ispotentialy reactivetowardsthe
carboxylic and/or hydroxyl groupsat the chain ends of
PBT. Themechanical propertiesliketensilestrength,
flexura strength of PBT/PP blendislower than of vir-
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gin PBT, but was much higher than PP. The addition of
the compatibiliser PP-g-AA hasincreased these prop-
erties, though theimprovement intheimpact properties
of theblend wasnot significant. Rheological character-
ization has confirmed amolecul ar-weight buildup due
totheinterfacia reaction betweentheAA-grafted PP
and PBT. Thermal analysis of the blend showed that
the melting temperature of PBT has showed aslight
decrease, whilemelting temperature of PP has showed
adightincrease about 5°C. This was also confirmed
through SEM andysis.
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