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BLENDS OF A LIQUID CRYSTALLINE POLYESTER WITH 
POLYETHYLENE TEREPHTHALATE 

S.K. BHATTACHARYA, A. TENDOLKAR & A. MISRA* 
Centre f o r  Mater ia ls  Sc i .  & Tech. 
I nd ian  I n s t i t u t e  o f  Technology, New Delhi-110016,INDIA 

Abstract  Morphology o f  blends o f  L i q u i d  Crysta l  1 i n e  
7 m p o l y e s t e r s  and polyethy lene terephthal  a t e  ( P i 3 1  
w i t h  a vary ing percentage o f  t h e  l i q u i d  c r y s t a l l i n e  
component were studied p r i m a r i l y  by small angle l i g h t  
s c a t t e r i n g  (SALS), po l  a r i  s i  ng microscopy and wide 
angle X-ray d i f f r a c t i o n .  The c r y s t a l l i z a t i o n  
behaviour o f  these blends was s tud ied w i t h  t h e  he lp  
o f  densi ty  measurements and d i f f e r e n t i a l  scanning 
ca lo r ime t ry  (DSC). 
amount o f  LC component i n  PET changes t h e  morpho- 
l o g i c a l  and c r y s t a l l i z a t i o n  behaviour o f  PET. It 
a lso  a f f e c t s  t h e  mechanical p roper t i es  o f  PET 
s i g n i f i c a n t l y  . 

It was observed t h a t  a small 

INTRODUCTION 

Studies on t h e  blends o f  i q u i d  c r y s t a l l i n e  (LC) copoly- 

es te rs  w i t h  PET have been repor ted by Wilkes and 

Coworkers’-*. 

we l l  as var ious other  s i g n i f i c a n t  changes i n  morphology 

and rheology were observed by them. However, t h e  amount 

o f  LC polyester  blended w i t h  PET was r a t h e r  l a r g e  (30, 50&  

70 w t .  %). 
component i t  i s  no t  r e a l l y  a m o d i f i e r  f o r  PET bu t  gets  

d i l u t e d  by t h e  presence o f  PET. LC polymers have a l so  

been blended w i t h  other  amorphous as we1 1 as c r y s t a l  1 i n e  

polymers t o  g i ve  i n t e r e s t i n g  proper tie^^'^. 
o f  t h i s  study i s  t o  modify t h e  p roper t i es  o f  PET by t h e  

a d d i t i o n  o f  r e l a t i v e l y  small amounts o f  a LC polymer. 

The LC Polymer choosen was a copolyester o f  PET and 

Nucleat ion of PET by t h e  LC copolyester as 

A t  such h igh  concentrat ions of t h e  LC 

The main aim 

501 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
09

 1
9 

Fe
br

ua
ry

 2
01

3 



502 S.  K .  BHATTACHARYA, A. TENDOLKAR AND A. MISRA 

p-hydroxybenzoic ac id  (PHB) i n  a 60:40 mole r a t i o .  

t h e  copolyester has PET as one o f  i t s  components, i t  i s  

expected t o  form a compatible blend w i t h  PET. 

EXPERIMENTAL 

Since 

1 

The LC polyester  was obtained i n  t h e  form o f  f l a k e s  from 

Eastman Kodak Company, USA and henceforth i t  w i l l  be 

r e f e r r e d  as KLC. The PET used was obtained from century 

Enka P las t i cs ,  I nd ia .  Samples w i t h  a vary ing KLC l e v e l s  

prepared were as f o l  1 ows : PET/KLCO, PET/KLC3. PET/KLCS , 
PET/KLC8, PET/KLClO, PET/KLC16, PETIKLCPO, PET/KLC50, PET/ 

KLC100. The number denotes t h e  amount o f  KLC i n  t h e  blend 

i n  terms o f  weight percent. PET and KLC samples i d e n t i f i e d  

as PET/KLCO, PET/KLC100 were used as con t ro l s .  

The two components were blended i n  a me l t  screw ex t ru -  

der  (Brabender P las t i co rde r )  a t  28OoC. For thermal s tud ies 

duPont 1090 thermal analyser was used w i t h  a heat ing r a t e  

o f  10°C/min and a temperature scan range from 5OoC t o  35OoC. 

X-ray d i f f r a c t i o n  s tud ies were c a r r i e d  ou t  on a P h i l i p s  

X-ray d i f f r a c t i o n  unit. 

(SALSI s tud ies a 5mW Mel les G r i o t  He-Ne Laser source was 

used . For  temperature v a r i a t i o n  i n  SALS as w e l l  as po la-  

r i  z i  ng microscopy studies, a M e t t l  e r  h o t  stage w i t h  FP-80 

program c o n t r o l l e r  was used w i t h  temperature scan range 

from 500 t o  3OO0C a t  heat ing and c o o l i n g  r a t e s  o f  10°C/min. 

The densi ty  measurements were done w i t h  t h e  help o f  a 

densi ty  gradient  column prepared from carbon t e t r a c h l o r i d e  

and xylene. The samples f o r  t h e  dens i t y  measurements were 

i so the rma l l y  c r y s t a l l i z e d  from t h e  me l t  a t  100°C. 

RESULTS AND DISCUSSION 

Figure 1 shows some representat ive DSC thermograms o f  t h e  

mel t  blended granules. 

For  small angle l i g h t  s c a t t e r i n g  

5 

The me l t i ng  temperature o f  t h e  
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LCPPOLYETHYLENE TEREPHTHALATE BLENDS 503 
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Figure 1. DSC thermograms f o r  PET/KLC blend 
samples; heating r a t e  = 10°C/min 

Table I :  Tabulation o f  data from DSC thermograms o f  PET/KLC 
blend f i l m  samples 

PET/KLCO - 129.9 258.3 9.77 4.25 

PET/KLC8 75.5 116.3 257.4 16.80 8.63 

PET/KLC16 71.3 118.1 256.2 14.48 7.67 

PET/KLC50 80.4 118.1 257.0 11.71 4.80 

PET/KLC100 - - - - - 
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504 S .  K .  BHAmACHARYA, A .  TENDOLKAR AND A. MISRA 

blends was about t he  same as t h a t  of pure PET. 
fusion of the blends was s l i g h t l y  lower than tha t  of PET 
but there i s  no de f in i t e  cor re la t ion  w i t h  KLC l eve l .  The  
DSC thermograms of the compression moulded f i lms  and 
subsequently quenched films showed t h a t  i n  general t he  T 
cold c rys t a l l i za t ion  temperature ( T c )  and width of c rys t a l -  
l i za t ion  exotherm decrease w i t h  increase i n  the KLC content 
of the  blends. 
increase subs tan t ia l ly  from PET/KLCO t o  PET/KLC8 b u t  t h e n  
decrease s teadi ly  w i t h  further increase i n  the KLC content 
of the blends (Table I ) .  
PET/KLC8,PET/KLC16 f i lm samples (16.8 and 14.5 Cal/gm) 
correspond t o  56% and 48% c r y s t a l l i n i t y  respect ively w h i c h  
a re  ra ther  h i g h  values. I t  i s  t h u s  believed t h a t  a la rge  
amount of local ized or ien ta t ion  e x i s t s  i n  the system. 
Another interesting observation i s  t h a t  the DSC scans f o r  
both the granule and f i lm  samples o f  the blends were much 
smoother than the  DSC of pure KLC even a t  h i g h  l eve l s  of 
KLC. T h i s  suggested t h a t  KLC c r y s t a l l i z e s  i n  a much more 
orderly fashion i n  the presence of PET. 
co-crystal 1 i zing w i t h  PET. 

Heat of 

g’ 

The  heat of fusion and c rys t a l l i za t ion  

The heat of fusion values f o r  

In f a c t ,  i t  may be 

Figure 2 shows H v  SALS pat terns  f o r  PET/KLC16 f i lms as 
a function of temperature. 
pat terns  f o r  PET/KLCO, PET/KLC8 and PET/KLC50, one below 
Tm of PET and the other  above i t .  For the pure KLC f i lm 
sample a c i r cu la r  H sca t te r ing  pat tern was observed which 
could not be a t t r ibu ted  t o  a dis t inct  superstructure .  
T h i s  may be due t o  mult iple  sca t te r ing .  On the other  hand, 
f o r  c rys ta l l ized  blend samples, 4 lobe cloverleaf  type H v  
sca t te r ing  pat terns  w i t h  lobes a t  45O t o  the polar  direct ion 
were observed. 
in tens i ty  as  i s  typical  of PET spheru l i tes .  The very small 

Figure 3 shows the H, SALS 

V 

They a l so  showed a maximum i n  s ca t t e r ing  
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506 S. K. BHA'ITACHARYA, A. TENDOLKAR AND A. MISRA 

sca t te r i ng  p a t t e r n  f o r  t h e  blend samples i n d i c a t e  l a r g e  

spheru l i tes.  

PET, t h e  s p h e r u l i t i c  p a t t e r n  disappeared and s c a t t e r i n g  

i n t e n s i t y  was found t o  drop s i g n i f i c a n t l y .  

t u r e  a very b i g  r o d - l i k e  p a t t e r n  appeared w i t h  very low 

s c a t t e r i n g  i n t e n s i t y  . The rod-1 i ke p a t t e r n  p e r s i  s ted up t o  

3OO0C, t h e  maximum temperature o f  t h i s  study. 

agreement w i t h  t h e  t h e o r e t i c a l l y  p red ic ted  pa t te rns  f rom LC 

polymers on t h e  bas is  o f  o r i e n t a t i o n  f l u c t u a t i o n s 6  a r i s i n g  

f rom an iso t rop i c  domains o r  d i s c l i n a t i o n s .  

however, d i d  not  show any s c a t t e r i n g  beyond i t s  Tm (F igure 

3) .  Furthermore, coo l i ng  t h e  blend samples f rom 3OO0C, t h e  

r o d - l i k e  p a t t e r n  stayed up t o  220°C and s p h e r u l i t i c  p a t t e r n  

appeared j u s t  below 22OoC, t h e  temperature a t  which 

c r y s t a l  1 i za t ion  o f  PET begins. The spherul i t e s  subsequ- 

e n t l y  grew and t h e  p a t t e r n  s ta r ted  becoming smal ler  as seen 

i n  F igure 2 f o r  PET/KLC16. Blend samples PET/KLC3, PET/ 

KLC5, PET/KLC10, PETIKLCPO a1 so show s i m i l a r  behaviour. 

Rod- l ike Hv s c a t t e r i n g  pa t te rns  f rom some o f  t h e  samples 

are shown i n  F igure 4. 
pa t te rns  f o r  t h e  blends showed a very h igh i n t e n s i t y  compa- 

red  t o  t h a t  o f  t h e  Hv pa t te rns  suggesting t h a t  t h e  nematic 

phase i s  present on ly  i n  small quan t i t y .  The appearance of 
r o d - l i k e  p a t t e r n  a f t e r  t h e  me l t i ng  o f  PET i s  probably due 

t o  t h e  s c a t t e r i n g  from nematic domain o f  l i q u i d  c r y s t a l l i n e  

polymer i n  t h e  l i q u i d  s tate.  

When t h e  blend f i l m s  were heated t o  t h e  Tm o f  

A t  t h a t  tempera- 

This  i s  i n  

Pure PET, 

Corresponding V v  s c a t t e r i n g  

The presence o f  l i q u i d  c r y s t a l l i n e  domains when PET 

has completely melted supports t h e  i dea  of nuc lea t i on  o f  

PET by KLC. However, t h e  s i ze  o f  t h e  spheru l i t es  i n  blends 

was found t o  be greater  than t h a t  i n  PET which i s  i n  contra- 

d i c t i o n  s ince the  nuc leat ion phenomenon should have decrea- 
sed t h e  average spherul i t i c  rad ius.  This observat ion 
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LCPIPOLYETHYLENETEREPHTHALATEBLENDS 507 

a )  PET/KLCO b )  PET/KLC3 

c )  PET/KLC5 d )  PET/KLC10 

e )  PET/KLC16 f )  PET/KLC20 

F igure  4. H SALS pat terns f o r  PET/KLC blend 
sxmples quenched from the  melt. D
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508 S.  K .  BHA'ITACHARYA, A.  TENDOLKAR AND A .  MISRA 

coupled w i t h  DSC observations suggest t h a t  KLC n o t  on l y  acts  

as a nuc leat ing agent f o r  PET c r y s t a l l i z a t i o n  b u t  a l so  takes 

p a r t  i n  subsequent growth o f  s t ruc tu res .  

F igure 5 shows t h a t  t h e  p o l a r i z i n g  micrographs o f  PET/ 

KLCO, PET/KLC3, PET/KLC5, PET/KLC10, PET/KLC16 and PET/KLC20 

quenched from the melt. PET/KLCO does no t  show any depola- 
r i z e d  l i g h t  i n t e n s i t y  suggesting t h a t  t h e  PET me l t  i s  

completely i s o t r o p i c ,  b u t  as t h e  amount o f  KLC i n  t h e  blend 

goes on increas ing t h e  i n t e n s i t y  o f  t h e  depolar ized l i g h t  

a l so  increases. The photomicrographs c l e a r l y  show t h e  pre- 

sence o f  LC domains i n  t h e  PET m a t r i x  which prov ide aniso- 

t r o p i c  f l uc tua t i ons .  The photomicrographs o f  t h e  c r y s t a l  - 
l i z e d  blend samples a l so  show t h e  presence o f  LC s t ruc tu res  

b u t  are n o t  presented here. 

t ime obtained from dens i t y  measurements f o r  b lend samples 

i so the rma l l y  c r y s t a l l i z e d  from t h e  me l t  a t  a temperature o f  

l l O ° C .  The curves are sigmoidal i n  na tu re  f rom which t h e  

ha l f  t ime o f  c r y s t a l l i z a t i o n  values are obtained and p l o t -  

t e d  as a f u n c t i o n  o f  KLC l e v e l  i n  F igu re  7. 
c l e a r l y  seen t h a t  t h e  r a t e  o f  c r y s t a l l i z a t i o n  o f  PET i s  

s i g n i f i c a n t l y  enhanced by t h e  presence o f  KLC thus demon- 

s t r a t i n g  the  nuc leat ion e f f e c t  o f  t h e  LC component. 

F igure 8 presents wide angle X-ray d i f f r a c t i o n  pat terns 

f o r  some mel t  spun blend and pure component f i b r e  samples. 

F igure 9 g ives t h e  i n t e n s i t y  versus d i f f r a c t i o n  angle p lo t s .  

PET f i b r e s  show only  amorphous s c a t t e r i n g  w i t h  no o r ien ta -  

t i o n  wh i l e  t h e  blend f i b r e s  show s i g n i f i c a n t  amorphous 

sca t te r i ng  along w i t h  o r i e n t a t i o n .  

amount of c r y s t a l l i n i t y  i s  a l so  ind icated.  

analys is  showed t h e  d-spacing values i n  t h e  blend samples 

t o  be a b i t  lower than those o f  PET suggesting t h a t  

F igure 6 shows p l o t s  o f  reduced c r y s t a l l i n i t y  versus 

It can be 

The presence o f  some 
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LCPiPOLYETHYLENETEREPHTHALATE BLENDS 509 

PET / KLC 15 PET/ KL C 20 

Figure  5.  P o l  a r i  z ing photomicrographs f o r  PET/KLC 
blend samples quenched from t h e  mel t .  D
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KLC c o - c r y s t a l l i z e s  w i t h  PET t o  produce a s l i g h t l y  d i f f e r -  

en t  c r y s t a l  s t ruc tu re .  These observat ions suggest t h a t  KLC 

a f fec ts  t h e  o r i e n t a t i o n  o f  chains during me l t  sp inn ing thus 

r e s u l t i n g  i n  f i b r e s  which have s i g n i f i c a n t  o r i e n t a t i o n  & 

c r y s t a l l i n i t y  u n l i k e  t h e  case o f  pure PET which g ives amor- 

phous unor i  ented f i b r e s  . 
Table I 1  l i s t s  t h e  mechanical p roper t i es  o f  me l t  spun 

f i b r e s  o f  t h e  blends and pure components as we l l  as spun 

and drawn PET f i b r e s .  

i n  very b r i t t l e  f i b r e s  and thus were n o t  tested.  

r e s u l t s  show t h a t  t h e  i n i t i a l  modulus and t e n a c i t y  o f  t h e  

me l t  spun f i b r e s  increases w i t h  increase i n  KLC content i n  

t h e  blends wh i l e  e longat ion decreases. 

a l so  changes from b r i t t l e  t o  d u c t i l e  a t  h igher  KLC l e v e l s .  

These r e s u l t s  show t h a t  t h e  presence o f  a LC component has a 

s i g n i f i c a n t  e f f e c t  on t h e  mechanical p roper t i es  o f  PET 

which can be used t o  advantage. 
Tab1 e I I : Mechanical p roper t i es  o f  PETlKLC blend f i bres 

Sample Type o f  I n i t i a l  Tenaci ty Elonga- 

Spinning o f  PET/KLC50 blend r e s u l t e d  

The 

The mode o f  f a i l u r e  

f a i l u r e  modulus gm/tex t i o n  
( gms/tex 1 ( % I  

As-spun D u c t i l e  1.14 0.036 326.5 

DR=1.5 1.67 0.133 260.0 

2.78 0.160 174.0 

DR=3.0 5.10 0.180 96.0 

,I 

I t  PET/KLCo DR=2 25 

II 

PET/KLC8 As-spun D u c t i l e  3.65 0.032 34.7 
PET/KLC16 As-spun B r i t t l e  5.88 0.047 2.2 
PET/KLC100 As-spun B r i t t l e  12.96 0.292 2.0 
___-. 
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CONCLUSIONS 

a) Thermal and mechanical s tud ies i n d i c a t e  t h a t  t h e  

blends’ are homogeneous i n  nature. 

a f t e r  t h e  me l t i ng  of PET due t o  t h e  LC polymer. These 

ordered domains are probably responsib le  f o r  nuc l  ea- 

t i n g  t h e  c r y s t a l l i z a t i o n  o f  PET. 

c )  P o l a r i z i n g  microscopy c l e a r l y  shows t h e  presence o f  

LC domains both i n  quenched and c r y s t a l  1 i zed samples. 

d)  C r y s t a l l i z a t i o n  r a t e  o f  t h e  blends were s i g n i f i c a n t l y  

higher than t h a t  o f  PET suggesting t h a t  KLC ac ts  as a 

nuc lea t i ng  agent f o r  PET. 

r e s u l t s  i n  s i g n i f i c a n t  o r i e n t a t i o n  and c r y s t a l l i n i t y  

dur ing me l t  spinning probably due t o  t h e  o r i e n t a t i o n  

o f  LC domains and t h e i r  nuc lea t i ng  e f f e c t .  

f )  The mel t  spun f i b r e s  show h igh  modulus and t e n a c i t y  

due t o  h igher  c r y s t a l l i n i t y  & o r i e n t a t i o n .  

g) The b lending o f  KLC i n  PET r e s u l t s  i n  several  d e s i r -  

able p roper t i es  which can be advantageously used f o r  

several p r a c t i c a l  app l i ca t i ons .  

b)  SALS stud ies reveal  t h e  presence o f  ordered domains 

e)  X-ray d i f f r a c t i o n  shows t h a t  t h e  presence o f  KLC 
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