
CHAPTER V
NON ISOTHERMAL CRYSTALLIZATION KINETICS AND MELTING 

BEHAVIORS OF THERMOPLASTIC/LIQUID CRYSTALLINE POLYMER 
BLENDS OF POLY (TRIMETHYLENE TEREPHTHALATE)/VECTRA A950

5.1 Abstract

T h e  n o n - is o th e rm a l c ry s ta l l iz a t io n  a n d  s u b s e q u e n t  m e lt in g  b e h a v io r s  o f  
p o ly ( tr im e th y le n e  te r e p h th a la te ) ,  (P T T ) /V e c t ra  A 9 5 0 , (V A ) b le n d s  w ith  d i f f e re n t  V A  
c o n te n ts  w e re  s tu d ie d  b y  d if fe re n tia l  s c a n n in g  c a lo r im e try . T h e  e f fe c ts  o f  V A  o n  th e  
n o n - is o th e rm a l c r y s ta l l iz a t io n  k in e t ic s  o f  P T T  w e re  d is c u s s e d  b a se d  o n  th e  O z a w a  
m o d e l. It w a s  fo u n d  th a t  V A  h a s  a n u c lé a t io n  e f fe c t  o n  P T T  c ry s ta l l iz a t io n . T h e  tr ip le  
m e lt in g  e n d o th e rm s  w e re  fo u n d  in th e  s u b s e q u e n t  m e lt in g  th e rm o g ra m s . T h e  b le n d s  a re  
c le a r ly  im m is c ib le  a s  v e r if ie d  by  th e  u n c h a n g e d  Tg a n d  m o rp h o lo g ic a l  r e su lts .

Key words: B le n d s ;  N o n - is o th e r m a l  C ry s ta l l iz a t io n  K in e t ic s ;  L iq u id  C ry s ta l l in e  
P o ly m e r ; P o ly ( tr im e th y le n e  te r e p h th a la te )

5.2 Introduction

T o  o b ta in  th e  e n g in e e r in g  p e r fo rm a n c e  o f  p o ly m e rs , f ib e r - r e in fo rc e d  
c o m p o s i te s  h a v e  b e e n  m a d e  fo r  in d u s tr ia l  p ro d u c ts  fo r  m a n y  y e a rs . H o w e v e r ,  th o s e  
f ib ro u s  f i l le rs  c a n  h a v e  m a n y  d ra w b a c k s  lik e  c a u s in g  a b ra s io n  o n  p ro c e s s in g  m a c h in e s , 
a n d  a  r is e  in m e l t  v is c o s ity . B le n d in g  a  th e rm o p la s t ic  (T P )  w ith  a  th e rm o tro p ic  liq u id  
c ry s ta l l in e  p o ly m e r  (L C P )  h a s  b e c o m e  a n  in te r e s t in g  c h o ic e  b e c a u s e  o f  th e  p o s s ib le  
e n h a n c e d  p ro c e s s ib i l i ty  a n d  im p ro v e d  m e c h a n ic a l  p ro p e r t ie s ;  i.e . u n d e r  p r o p e r  f lo w  
c o n d i t io n s ,  th e  L C P  d o m a in s  c a n  a lig n  th e m s e lv e s  a n d  e lo n g a te  to  th e  d ire c t io n  o f  f lo w  
c a u s in g  a  re d u c t io n  in m e lt  v is c o s i ty  a s  w e ll a s  r e in fo rc in g  e f fe c ts . T h e re fo re ,  th e se



75

b le n d s  h a v e  b e e n  te rm e d  ‘in -s i tu  c o m p o s i te s ’. A n o th e r  f a c to r  th a t  in f lu e n c e s  th e  p h y s ic a l 
p ro p e r t ie s  is th e  e x te n t  o f  c ry s ta l l iz a t io n  o c c u r r in g  d u r in g  p ro c e s s in g . H o w e v e r , th e re  
h a v e  b e e n  c o n tr a d ic to r y  re su lts  r e g a rd in g  th e  e f fe c ts  o f  V e c tra  A 9 5 0  (V A ) , a liq u id  
c ry s ta l l in e  p o ly m e r , o n  th e  c ry s ta l l iz a t io n  k in e t ic s  o f  p o ly (e th y le n e  te r e p h th a la te )  (P E T ). 
F o r  e x a m p le , V A  w a s  fo u n d  to  a c t  a s  a  n u c le a t in g  a g e n t  u p o n  P E T  c r y s ta l l iz a t io n  [ 1 ,2 ]  
w h i le  M a g a g n in i  a n d  c o w o r k e r s  [3] o b s e rv e d  th e  r e ta rd a t io n  o f  th e  d y n a m ic  
c r y s ta l l iz a t io n  o f  P E T  b y  V A . T h e  c o n tr a d ic to ry  r e s u lt s  o b ta in e d  so  fa r  in d ic a te d  th e  
n e c e s s i ty  fo r  fu r th e r  in v e s t ig a t io n  o n  th e  c r y s ta l l iz a t io n  k in e t ic s  o f  b in a ry  b le n d s  o f  V A  
w ith  o th e r  te r e p h th a la te - b a s e d  p o ly e s te rs , lik e  p o ly ( tr im e th y le n e  te rp th a la te )  (P T T ) .

In th is  c o n tib u t io n , s tu d ie s  o n  V A /P T T  b le n d s  u n d e r  n o n - is o th e rm a l c o n d i t io n s  
w e re  c o n d u c te d  b y  d if fe re n tia l  s c a n n in g  c a lo r im e try  (D S C )!  T h e  e f fe c ts  o f  V A  o n  th e  
c r y s ta l l iz a t io n  k in e t ic s  o f  P T T  w e re  a n a ly z e d  b a s e d  o n  th e  O z a w a  e q u a tio n . T h e  
s u b s e q u e n t  m e l t in g  e n d o th e rm s  w e re  a lso  in v e s t ig a te d . T h e ' m o rp h o lo g y  o f  th e  b le n d s  
w ith  10 w t%  V A  w a s  s tu d ie d  b y  s c a n n in g  e le c tro n  m ic ro s c o p y  (S E M ).

5.3 Experimental

5.3 .1  M a te r ia ls
P o !y ( tr im e th y le n e  te r e p h th a la te )  (P T T )  w a s  k in d ly  s u p p l ie d  b y  P T T  

P o ly C a n a d a  L P  ( C o r te r ra  9 2 0 0 ) . I ts  in tr in s ic  v is c o s i ty  ( IV )  is  0 .9 2  d l /g . T h e  L C P  u se d  
w a s  V e c tra  A 9 5 0  ( la b e le d  V A  h e re a f te r )  w a s  s u p p l ie d  b y  H o e c h s t -C e la n e s e . V A  is  a  
c o p o ly e s te r  o f  73  m o l %  p h y d ro x y b e n z o ic  a c id  (H B A )  a n d  2 7  m o l %  2 -h y d ro x y -6 -  
n a p h th o ic  a c id  (H N A ). T h e  v is c o s i ty  o f  th e  n e a t  P T T  a n d  th e  n e a t  V A  a s  d e te rm in e d  in 
o u r  la b o ra to ry  u s in g  a  C E A S T  R h e o lo g ic  5 0 0 0  tw in -b o re  c a p i l la ry  rh e o m e te r  a t 2 8 0 ° c ,  
s h e a r  ra te  o f  2 0 0 0  ร '1 a n d  a  c a p i l la ry  d ie  w i th  a  le n g th - to -d ia m e te r  r a t io  o f  2 0 , a re  5 .1 5  
a n d  4 7 .5 9  P a .s  r e sp e c tiv e ly . T h e  m a te r ia ls  w e re  d r ie d  in  a  v a c u u m  o v e n  a t  1 3 0 ° c  fo r  a t  
le a s t  12 h p r io r  to  u se .
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5 .3 .2  P re p a ra t io n  o f  B le n d s
P T T  a n d  V A  re s in s  w e re  p re m ix e d  in  a  d ry  m ix e r  to  p re p a re  P T T /V A  

b le n d s  w ith  V A  c o n te n ts  o f  0 , 10, 3 0 , a n d  7 0  w t%  re s p e c tiv e ly . T h e  s a m p le s  w e re  
d e s ig n a te d  a s  fo llo w s : V A  w t % . F o r  e x a m p le , a b le n d  c o n ta in in g  10 w t%  V A  a n d  9 0  
w t%  P T T  w o u ld  b e  n a m e d  V A  10. T h e  d ry -m ix e d  b le n d s  w e re  m e lt-m ix e d  in a  s e lf 
w ip in g , c o - r o ta t in g  tw in -s c r e w  e x t ru d e r  (C o l l in ,  Z X -2 5 ) .  T h e  te m p e ra tu re  o f  th e  b a rre l 
s e c tio n  f ro m  th e  fe e d in g  z o n e  to  th e  d ie  w a s  se t a t 8 0 , 2 3 0 , 2 5 0 , 2 7 5 , 2 8 5 , a n d  2 6 5 ° c .  
T h e  ro to r  w a s  o p e ra te d  a t a  s p e e d  o f  3 0  rp m . T h e  e x t ru d a te s  w e re  c o o le d  b y  w a te r  a n d  
th e n  p e l le t iz e d .

5 .3 .3  D if fe re n tia l  S c a n n in g  C a lo r im e try  ( D S C )  P ro c e d u re s
T h e  T h e  n o n - is o th e rm a l c r y s ta l l iz a t io n  b e h a v io r  o f  th e  n e a t  P T T , V e c tra  

a n d  th e ir  b le n d s  w a s  a n a ly z e d  u s in g  a  M e tt le r -T o le d o  D S C 8 2 2 e d if f e re n tia l  s c a n n in g  
c a lo r im e te r  (D S C ) . T h e  te m p e ra tu re  s c a le  o f  th e  D S C  w a s  c a l ib ra te d  f ro m  th e  m e lt in g  
p o in t  (1 5 6 .6 0 ° C )  o f  h ig h  p u r i ty  (9 9 .9 9 9 % )  in d iu m  m e ta l .  T h e  p o w e r  re s p o n s e  o f  th e  
c a lo r im e te r  w a s  c a l ib ra te d  f ro m  th e  e n th a lp y  o f  fu s io n  o f  in d iu m , ta k e n  to  b e  2 8 .4 5  J /g . 
T o  a v o id  a n  u n e v e n  th e rm a l c o n d u c tio n  o f  th e  s a m p le s ,  e a c h  s a m p le  h o ld e r  w a s  lo a d e d  
w ith  s a m p le  o f  c o m p a ra b le  q u a n t ity  (6 ± 0 .5  m g ). A ll D S C  a n a ly s e s  w e re  p e r fo rm e d  
u n d e r  d ry  n i tro g e n  a tm o s p h e re . E a c h  s a m p le  w a s  h e a te d  f ro m  2 5 ° c  a t  a  h e a t in g  r a te  o f  

8 0 ° c /m in  to  a  f ix e d  m e lt- a n n e a lin g  te m p e ra tu re  o f  3 1 0 ° c  fo r  5 m in  in o r d e r  to  e n s u re  
c o m p le te  m e ltin g . T h e n , e a c h  s a m p le  w a s  c o o le d  a t  a  c o o l in g  ra te  r a n g in g  f ro m  10 to  
2 5 ° c /m in ,  to  1 2 0 ° c .  T h e  n o n - is o th e rm a l m e lt  c ry s ta l l iz a t io n  e x o th e rm s , th e  p e a k  
c r y s ta l l iz a t io n  te m p e ra tu re  Tcp, th e  h a l f - t im e  o f  c r y s ta l l iz a t io n  (to.s), a n d  th e  h e a t  o f  
c r y s ta l l iz a t io n  A H C w e re  r e c o rd e d . A H C v a lu e s  w e re  th e n  n o rm a l iz e d  b y  th e  w e ig h t  
p e rc e n t  o f  a  c e r ta in  c o m p o n e n t  to  y ie ld  A H *C. A f te r  th e  c o o l in g  p ro c e s s ,  e a c h  s a m p le  w a s  
th e n  h e a te d  to  3 0 0 ° c  a t  a  ra te  o f  1 0 ° c /m in  to  o b ta in  th e  s u b s e q u e n t  m e l t in g  e n d o th e rm s . 
T o  o b ta in  th e  g la s s  t r a n s i t io n  te m p e ra tu re ,  a  s e p e ra te  e x p e r im e n t  w a s  d o n e ;  a f te r  e r a s in g  
th e  th e rm a l h is to ry  o f  th e  s a m p le , th e  s a m p le  w a s  th e n  q u e n c h e d  in  l iq u id  n i tro g e n  to
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a c h ie v e  th e  c o m p le te ly  a m o rp h o u s  s ta te  o f  th e  s a m p le s . T h e  q u e n c h e d  s a m p le  w a s  
im m e d ia te ly  s u b je c te d  to  a  h e a t in g  sc a n  a t a  ra te  o f  5 ° c / m in  f ro m  2 5 ° c  to  3 0 0 ° c .

5 .3 .4  M o rp h o lo g ic a l  O b s e rv a tio n
V A  10 s a m p le s  o b ta in e d  f ro m  a  tw in -s c r e w  e x t ru d e r  a n d  a  c a p i lla ry  

r h e o m e te r  w e re  im m e rs e d  in 1 ,2 -d ic h lo ro p h e n o l a t  8 0 ° c  fo r  2 h to  d is s o lv e  th e  P T T  
m a tr ix  a s  th e  f irs t s te p , fo llo w e d  b y  re p e a te d  w a s h in g  o f  th e  r e s id u e  fo r  a  c le a r  V A  
p h a s e . T h e  L C P  re s id u e  w a s  th e n  s p u tte re d  w ith  a  th in  la y e r  o f  g o ld  p r io r  to  o b s e rv a tio n . 
T h e  m o rp h o lo g ic a l  o b s e rv a tio n  w a s  p e r fo rm e d  u s in g  a  J E O L  J S M 5 2 0 0  s c a n n in g  
e le c tro n  m ic ro s c o p e  (S E M )  o p e ra te d  a t  15 k v .

5.4 Results and Discussion

F ig . 5.1 d is p la y s  th e  n o n - is o th e rm a l m e lt  c ry s ta l l iz a t io n  e x o th e rm s  fo r  
V A  10 a t  a c o o l in g  r a te  r a n g in g  f ro m  10 to  2 5 ° c /m in .  T h e  d is p la y e d  e x o th e rm ic  p e a k s  
a re  a s c r ib e d  to  th e  m e lt  c ry s ta l l iz a t io n  p e a k s  o f  P T T  [4 ]. T h e  V A  p e a k s  w e re  to o  w e a k  to  
b e  d is p la y e d  p ro p e r ly , so  th e y  w e re  e x c lu d e d , a n d  o n ly  th e  d a ta  b e lo n g in g  to  th e  P T T  
p h a s e  w e re  ta b u la te d  h e r e  ( se e  T a b le  5 .1 ) . T h e  T Cp v a lu e s  s h if t  to  lo w e r  te m p e ra tu re  w ith  
in c re a s in g  c o o l in g  ra te , a s  e x p e c te d . T h e  g re a te r  T Cp in fe rs  a  f a s te r  in i t ia t io n  o f  th e  m e lt  
c ry s ta l l iz a t io n  p ro c e s s . A t a f ix e d  c o o lin g  ra te , th e  in it ia tio n  r a te  o f  c r y s ta l l iz a t io n  
f o l lo w s  th e  o rd e r : V A 3 0  >  V A  10 >  V A 7 0  > P T T . T h e  h a lf - t im e  o f  c r y s ta l l iz a t io n  (to 5(1)), 
d e f in e d  a s  th e  t im e  r e q u ire d  to  a tta in  h a l f  o f  th e  f in a l c ry s ta l l in i ty ,  is m o s tly  r a n k e d  as 
fo llo w s : P T T  >  V A 7 0  >  V A 3 0  >  V A  10. T h e re fo re ,  th e  p re s e n c e  o f  V A  c a n  e n h a n c e  th e  
m e lt  c ry s ta l l iz a t io n  p ro c e s s  o f  P T T . H o w e v e r , a t  a  v e ry  h ig h  V A  c o n te n t  l ik e  V A 7 0 , th e  
ra te  o f  th e  m e lt  c ry s ta l l iz a t io n  p ro c e s s  o f  P T T  is lo w e r  th a n  V A  10 a n d  V A 3 0  d u e  to  th e  
d i lu t io n  o f  P T T  c o n c e n t ra t io n  u p o n  b le n d in g  w ith  V A . T h e  n o rm a l iz e d  c r y s ta l l iz a t io n  
e n th a lp y  c a n  b e  u se d  to  d e te rm in e  th e  c r y s ta l l iz a t io n  e x te n t  d u r in g  m e lt  c ry s ta l l iz a t io n ;  
th a t  is , th e  la rg e r  th e  AH*C, th e  g re a te r  th e  c ry s ta l l iz a t io n  e x te n t .  A t  e v e ry  c o o l in g  ra te , 
AH*C is  in th e  f o l lo w in g  o rd e r : V A  10 >  V A 3 0  >  P T T  >  V A 7 0 . T h is  a r is e s  f ro m  th e  fa c t



78

th a t  th e  a d d it io n  o f  V A  c a n  in c re a s e  th e  c r y s ta l l iz a t io n  te m p e ra tu re ,  w h ic h  r e s u lts  in  a  
lo n g e r  c r y s ta l l iz a t io n  t im e  an d  a n  in c re a s e  in  th e  ra te  o f  c r y s ta l l iz a t io n , a s  re f le c te d  in th e  
v a lu e s  o f  to 5(1). T h u s  V A  10 a n d  V A 3 0  e x h ib i t  h ig h e r  AH*C v a lu e s  th a n  P T T  a n d  V A 7 0 . 
H o w e v e r ,  S h a rm a  et  al. [1] h a s  c la im e d  th a t  th e  e x c e s s iv e  n u c lé a t io n  a t  th e  in te r fa c e  
w ith  th e  m a tr ix  m a y  lead  to  a n  im p e rfe c t c ry s ta l  fo rm a t io n , th u s  lo w e r in g  th e  e x te n t  o f  
c ry s ta l l iz a t io n . T h is  s h o u ld  b e  th e  c a se  o f  th e  lo w e s t c r y s ta l l iz a t io n  e x te n t  o f  V A 7 0 .

F o r  a  lo n g  t im e , th e  n o n - is o th e rm a l c r y s ta l l iz a t io n  o f  p o ly m e rs  h a s  b e e n  
in v e s t ig a te d  b y  m a n y  r e s e a rc h e rs ,  a s  s e m ic ry s ta l l in e  p o ly m e rs  a re  c o m m o n ly  p ro c e s s e d  
u n d e r  n o n - is o th e rm a l c o n d i t io n s .  A l th o u g h  th e  p ro c e s s  o f  n o n - is o th e rm a l  c ry s ta l l iz a t io n  
o f  s lo w ly  c r y s ta l l iz in g  m a te r ia ls , lik e  p o ly m e rs , is re la t iv e ly  c o m p le x , it is v e ry  a tt ra c t iv e  
to  d e s c r ib e  it u s in g  r a th e r  s im p le  m o d e ls . O n e  o f  th e  m e th o d s  c o m m o n ly  a p p lie d  fo r  th e  
a n a ly s is  o f  n o n - is o th e rm a l  c r y s ta l l iz a t io n  k in e t ic  d a ta  w a s  p ro p o s e d  b y  O z a w a  [5 , 6] 
w h o  e x te n d e d  th e  A v ra m i e q u a tio n  [7 , 8 ] , w h ic h  is a p p l ic a b le  to  th e  is o th e rm a l s y s te m , 
to  f it th e  n o n - is o th e rm a l  c a se  b y  a s s u m in g  th a t  th e  s a m p le  w a s  c o o le d  w i th  a  c o n s ta n t  
ra te  fro m  th e  m o lte n  s ta te .

T h e  O z a w a  e q u a tio n  is e x p re s s e d  a s  fo llo w s :

1 - C ( r )  =  e x p K { T )
K

(5 .1 )

w h e re  C (T )  is th e  re la t iv e  d e g re e  o f  c ry s ta l l in i ty  a t  te m p e ra tu re  T , K (T )  is 
th e  c r y s ta l l iz a t io n  ra te  c o n s ta n t ,  (p is  th e  c o o l in g  ra te , a n d  m  is  th e  O z a w a  e x p o n e n t  
r e la t in g  to  th e  m e c h a n is m  o f  n u c lé a t io n  a n d  d im e n s io n  o f  c ry s ta l  g ro w th . T h e  d o u b le -  
lo g a r i th m ic  fo rm  o f  E q . (5 .1 )  is:

l n [ - l n ( l / C ( 7 ’)] =  In K ( T )  - m \ ท (j) (5 .2 )

I f  a l in e a r  r e la t io n s h ip  is a c h ie v e d  w h e n  ๒ [ - ๒ ( 1 /C ( 7 ’)] is  p lo t te d  a g a in s t  

\ท (f), th e  O z a w a  e q u a tio n  is  th e n  s a t i s fa c to ry  in d e s c r ib in g  th e  n o n - is o th e rm a l 

c r y s ta l l iz a t io n  p r o c e s s  o f  th a t  p a r t ic u la r  s y s te m . T h e  O z a w a  r a te  c o n s ta n t ,  K { T ) ,  c o u ld  

b e  c a lc u la te d  f ro m  th e  a n t i-n a tu ra l  lo g a r i th m ic  v a lu e  o f  th e  y - in te r c e p t ,  a n d  th e  O z a w a  
e x p o n e n t  m  is th e  s lo p e . T h e  v a lu e s  o f  m  a n d  K ( T ) fo r  e a c h  s a m p le  a re  l is te d  in  T a b le
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5 .2 . It w a s  fo u n d  th a t  th e  O z a w a  ra te  c o n s ta n ts  o f  a ll th e  s a m p le  ty p e s  s tu d ie d  a re  in  th e  
fo l lo w in g  o rd e r :  V A  10 >  V A 3 0  >  V A 7 0  >  P T T .

F ig . 5 .3  s h o w s  th e  s u b s e q u e n t  m e lt in g  e n d o th e r m s  o f  th e  n e a t  P T T  a n d  
P T T /V A  b le n d s  a t 10, 3 0 , a n d  7 0  w t%  V A  a f te r  n o n - is o th e rm a l  m e lt- c r y s ta l l iz a t io n  a t a 
c o o lin g  ra te  o f  1 5 ° c /m in .  C le a rly , t r ip le  m e lt in g  e n d o th e r m s  w e re  o b s e rv e d . T h e s e  
e n d o th e rm s  w e re  la b e le d  a s  p e a k s  I, II, a n d  III fo r  lo w - , m id d le - ,  a n d  h ig h - te m p e ra tu re  
m e lt in g  e n d o th e rm s , r e sp e c tiv e ly . P e a k  I w a s  fo u n d  to  c o r r e s p o n d  to  th e  m e l t in g  o f  th e  
p r im a ry  c ry s ta l l i te s  f o rm e d  a t  th e  c ry s ta l l iz a t io n  te m p e ra tu re  a n d  p e a k s  II a n d  III 
c o r re sp o n d  to  th e  m e lt in g  o f  re c ry s ta l l iz e d  c ry s ta l l i te s  o f  d i f f e re n t  s ta b i l i t ie s  fo rm e d  
d u r in g  a h e a t in g  sc a n  [9 ], A s  d e p ic te d  in  F ig . 5 .3 , w i th  in c re a s in g  V A  c o n te n t ,  p e a k  I 
s h if te d  to  h ig h e r  te m p e ra tu re ,  in d ic a t in g  th a t  V A  c o u ld  in c re a s e  th e  th e rm a l s ta b i l i ty  o f  
th e  P T T  c ry s ta l l in e  p h a se . B e c a u s e  o f  th e  s m a ll f ra c tio n  o f  P T T  in V A 7 0 , w e  c o u ld  n o t 
o b ta in  its  g la s s  t r a n s i t io n  te m p e ra tu re  (Tg) a n d  o n ly  th e  Tg v a lu e s  o f  P T T , V A  10 , a n d  
V A 3 0  a re  p lo t te d  in  F ig . 5 .4  (a ll a re  a p p ro x im a te ly  4 2 ° C ) . In o u r  e x p e r im e n ts ,  V A 1 0  
a n d  V A 3 0  a re  im m is c ib le ,  a s  in d ic a te d  b y  a  s in g le  c o m p o s i t io n - in d e p e n d e n t  Tg 
b e lo n g in g  to  th e  P T T  p h a s e . T h is  is  n o t s u rp r is in g  s in c e  V A  m o le c u le s  a re  r ig id  w h ile  
P T T  m o le c u le s  a re  f le x ib le  a n d  c o i l - l ik e  [1 0 ] . T h e  s m o o th  s u r fa c e s  o f  V A  d o m a in s  
e x tra c te d  f ro m  th e  V A  10 s a m p le s  c le a r ly  d e p ic t  its  im m is c ib i l i ty  ( s e e  F ig . 5 .5 a -b ) . A s  
sh o w n  in F ig . 5 .5 (b ) , th e  e lo n g a te d  V A  d o m a in s  o b s e rv e d  in V A  10 a f te r  e x t ru s io n  
th ro u g h  a  c a p i l la ry  d ie  in d ic a te  th e  in f lu e n c e  o f  p r o c e s s in g  c o n d i t io n s  o n  th e  f in a l p h a s e  
m o rp h o lo g y  o f  th e  b le n d s  a n d  a lso  in d ic a te  th e  p o te n tia l  o f  V A  a s  a  r e in f o r c in g  a g e n t  in 
th e  P T T  m a tr ix .

5.5 Conclusions

T h e  n o n - is o th e rm a l c ry s ta l l iz a t io n  b e h a v io r s ,  s u b s e q u e n t  m e l t in g  b e h a v io r s ,  
a n d  th e  p h a s e  m o rp h o lo g y  o f  p o ly ( tr im e th y le n e  te r e p h th a la te )  ( P T T ) /V e c t r a  A 9 5 0  (V A ) 
b le n d s  w e re  s tu d ie d . T h e  p re s e n c e  o f  V A  c o u ld  e n h a n c e  th e  c ry s ta l l iz a t io n  ra te  o f  th e  
P T T  f ra c t io n  in  th e  b le n d s  a c c o rd in g  to  th e  O z a w a  a p p ro a c h . T h is  in c re a s e  in th e
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c ry s ta l l iz a t io n  ra te  is a s c r ib e d  to  th e  n u c lé a t io n  e f f e c t  o f  V A . A ls o , V A  g iv e s  r is e  to  a 
h ig h e r  n o rm a liz e d  c ry s ta l l iz a t io n  e x te n t  in b le n d s  w ith  10 a n d  3 0  w t%  V A . T r ip le  
m e lt in g  e n d o th e rm s  w e re  o b ta in e d . T h e  in c o rp o ra t io n  o f  V A  a ls o  e n h a n c e s  th e  th e rm a l 
s ta b il i ty  o f  th e  P T T  p r im a ry  c ry s ta l l i te s . T h e  g la s s  t r a n s i t io n  te m p e ra tu re s  w e re  fo u n d  to  
b e  c o n s ta n t  r e g a rd le s s  o f  th e  V A  c o n te n t . T h e  m o rp h o lo g y  a n d  th e  u n c h a n g e d  g la s s  
t r a n s i t io n  te m p e ra tu re  s ig n if ie d  th e  im m is c ib i l i ty  o f  th e  P T T /V A  b le n d s . .
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Figure 5.1 N o n - is o th e r m a l  m e lt  c ry s ta l l iz a t io n  e x o th e rm s  fo r  V A  10 a t  v a r io u s  c o o lin g
ra te s .
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Figure 5 .2  P lo ts  o f  ๒ ^  v e r s u s  เท t  f o r  th e  n e a t  P T T  a t v a r io u s  r e la t iv e  c ry s ta l l in i t ie s .
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F i g u r e  5 .3  S u b s e q u e n t  m e lt in g  e n d o th e rm s  o f  th e  n e a t P T T  a n d  P T T /V A  b le n d s  a t  10, 
3 0 , a n d  7 0  w t%  V A  a f te r  n o n - is o th e rm a l m e lt- c r y s ta l l iz a t io n  a t a  c o o l in g  ra te  o f  
1 5 ° c /m in .
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Figure 5 .4  G la s s  t r a n s i t io n  te m p e ra tu re  (Tg) fo r  th e  n e a t  P T T  a n d  its  b le n d  w ith  10 an d
3 0  w t%  V A .
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Figure 5 .5  S c a n n in g  e le c tro n  m ic ro g ra p h s  o f  V A  re s id u e s  o f  V A  10 e x t ru d a te s  fro m  a 
tw in - s c r e w  e x t ru d e r  ( le f t )  a n d  a  c a p i l la ry  r h e o m e te r  ( r ig h t) .



87

T a b l e  5 .1  C h a ra c te r i s t ic  d a ta  o f  n o n - is o th e rm a l m e lt- c r y s ta l l iz a t io n  e x o th e rm s  fo r  th e  
n e a t P T T  an d  P T T /V A  b le n d s  a t  v a r io u s  c o o l in g  ra te s

C o o lin g  ra te  [ ° c /m in ] S a m p l Tcp(.)[°C] A H C(I) [ J /g ]  A H  C(|)

[ J /g ]a

to 5(1) [ร]

10 P T T 1 7 7 .2 6 0 .2 0 6 0 .2 0 7 0 .8

V A 1 0 1 8 4 .9 5 9 .9 6 6 6 .6 2 3 9 .6

V A 3 0 1 8 6 .0 4 5 .7 6 6 5 .3 7 3 6 .6

V A 7 0 1 8 0 .8 13.61 4 5 .3 7 5 8 .8

15 P T T 1 7 0 .6 6 1 .0 0 6 1 .0 0 5 8 .2

V A 1 0 1 8 0 .0 5 8 .6 0 6 5 .1 0 3 0 .6

V A 3 0 181 .3 4 4 .6 0 6 3 .7 0 3 0 .6

V A 7 0 1 7 6 .9 1 3 .9 0 4 6 .3 0 4 2 .0

2 0 P T T 16 8 .4 5 7 .2 7 5 7 .2 7 4 6 .8

V A 1 0 1 7 8 .0 5 8 .5 6 6 5 .0 7 2 2 .8

V A 3 0 1 7 9 .6 4 3 .6 8 6 2 .4 0 2 8 .8

V A 7 0 17 3 .2 10.41 3 4 .7 0 3 3 .0

25 P T T 165.1 6 0 .4 0 6 0 .4 0 3 9 .0

V A 1 0 17 4 .8 5 4 .8 7 6 0 .9 7 2 0 .4

V A 3 0 17 6 .5 4 2 .4 2 6 0 .6 0 2 3 .4

V A 7 0 17 4 .5 12 .1 9 4 0 .6 3 3 1 .8



Table 5.2 N o n - is o th e r m a l  c ry s ta l l iz a t io n  k in e t ic  p a r a m e te r s  b a s e d  o n  th e  O z a w a  
m e th o d  a t a  te m p e ra tu re  o f  1 8 2 ° c  a n d  c o o lin g  ra te s  r a n g in g  fro m  10 to  2 5 ° c /m in

S a m p le m K  ( ° c /m in )

P T T 2 .7 2 9 .2 4 x 1 0 '

V A 1 0 4 .0 6 2 .2 4 x 1  o 4

V A 3 0 3 .4 0 5 .0 2 x 1  o 3

V A 7 0 2 .0 4 1 .39x1  o 2
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