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SUMMARY 

D u r i n g  p o l y m e r i z a t i o n  o f  P P D ( p a r a - p h e n y l e n e  d i a m i n e )  and 
T P C ( t e r e p h t h a l o y l  c h l o r i d e )  in  NHP/CaCI2 s o l v e n t , t h e  p a h s e  
t r a n s i t i o n  f rom i s o t r o p i c  t o  a n i s o t r o p i c  p h a s e  was i n v e s t i g a t e d .  A 
r e a c t i o n - i n d u c e d  t r a n s i t i o n  p o i n t  can  be c o n f i r m e d  by a f l a t  
p l a t e a u  i n d i c a t i v e  o f  t h e  d e v e l o p m e n t  o f  a n i s o t r o p i c  p h a s e  in  t h e  
t o r q u e - t i m e  c u r v e  and a l s o  can  be i d e n t i f i e d  by t h e  s t r i a t e d  band 
s t r u c t u r e  u n d e r  s h e a r .  Wate r  and p y r i d i n e  were  used  as t h e  
c o a g u l a t i n g  a g e n t .  Due t o  t h e  p o s t  p o l y m e r i z a t i o n  e f f e c t , t h e  
s t r u c t u r e s  ( c r y s t a l l i n i t y ,  o r i e n t a t i o n ,  f i b r i l l a t i o n )  and 
p r o p e r t i e s  o f  f i l m s  were  a f f e c t e d  by t h e  s h e a r  g i v e n  d u r i n g  t h e  
c o a g u l a t i o n  in  p y r i d l n e .  

INTRODUCTION 
S i n c e  t h e  s u c c e s s f u l  c o m m e r c i a l i z a t i o n  o f  a r a m i d  f i b e r  known 

as  K e v l a r  Dupon t ,  t h e r e  h a v e  been  a c t i v e  s t u d i e s  on t h e  
s t r u c t u r e / p r o p e r t i e s  o f  a r a m i d . ( 1 )  

The p h a s e  t r a n s i t i o n  o f  p o l y ( p - b e n z a m i d e )  in  d i m e t h y l  
a c e t a m i d e / L i C 1  s o l u t i o n  was s t u d i e d  by K w o l e k . ( 2 )  As t h e  p o l y m e r  
and LIC1 c o n c e n t r a t i o n s  c h a n g e ,  t h e r e  a p p e a r  s e v e r a l  p h a s e s  such  
as s o l i d  p o l y m e r s  in  i s o t r o p i c  p h a s e ,  p u r e l y  i s o t r o p i c  p h a s e ,  
m i x t u r e  o f  i s o t r o p i c  and a n i s o t r o p i c  p h a s e ,  p u r e l y  a n i s o t r o p i c  
p h a s e  and s o l i d  p o l y m e r s  in  a n i s o t r o p i c  p h a s e .  S i m i l a r  r e s u l t s  
were  a l s o  r e p o r t e d  in  t h e  4 - 2 0  wt% P P T A ( p o l y ( p - p h e n y l e n e  
t e r e p h t h a l a m l d e ) )  s u l f u r i c  a c i d  s o l u t i o n s . ( 3 )  I t  i s  w e l l  known 
t h a t  t h e r e  e x i s t s  a c r i t i c a l  c o n c e n t r a t i o n  where  t h e  v i s c o s i t y  
becomes  m i n i m u m . ( 4 , 5 )  

In b o t h  t h e  t h e r m o t r o p i c  and t h e  l y o t r o p i c  l i q u i d  
c r y s t a l l i n e  p o l y m e r s ,  p e r i o d i c  bands  p r o d u c e d  p e r p e n d i c u l a r  t o  t h e  
s h e a r  d i r e c t i o n  a r e  c h a r a c t e r i s t i c  f e a t u r e s  o f  l i q u i d  
c r y s t a l l i n i t y .  Many r e s e a r c h e r s ( 6 - 8 )  have  s t u d i e d  t h i s  phenomena 
and c o n c l u d e d  t h a t  a band i s  a t t r i b u t e d  t o  t h e  e l a s t i c  p r o p e r t y  o f  
t h e  l i q u i d  c r y s t a l l i n e  p o l y m e r .  The w e a k n e s s  in  t h e  c o m p r e s s i v e  
s t r e n g t h  when c o m p a r e d  t o  t h e  t e n s i l e  s t r e n g t h  i s  due t o  t h i s  band 
s t r u c t u r e .  

*To whom all correspondence should be addressed 
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In recent years, a new method of obtaining short pulp-like 
a r a m i d  f i b e r s  f rom s h e a r i n g  t h e  p o l y m e r i z i n g  m i x t u r e  in  
t h e p r e s e n c e  o f  p y r i d i n e  was r e p o r t e d . ( 9 )  But t h e  r e a c t i o n  t i m e  
was so s h o r t  t h a t  i t  was v e r y  d i f f i c u l t  t o  c o n t r o l  t h e  p r o c e s s  and 
t o  s t u d y  t h e  r e a c t i o n  v a r i a b l e s  and p r o p e r t i e s  os t h e  p r o d u c t .  
Rhim e t  a l  s t u d i e d  t h e  s t r u c t u r e  o f  t h e  p u l p - l i k e  PPTA f i b e r  
p r o d u c e d  by d i r e c t l y  p o l y m e r i z i n g  and t h e n  s e p a r a t e l y  s h e a r i n g  in  
t h e  p r e s e n c e  o f  p y r i d i n e ,  and c o n c l u d e d  t h a t  s i n c e  t h e  s o l v e n t s  
e m p l o y e d  were  f r e e  f rom i o n  c l u s t e r i n g  e f f e c t s ,  no band s t r u c t u r e  
c o u l d  be o b s e r v e d . ( l O )  

In  t h i s  s t u d y ,  t h e  r e a c t i o n  t e m p e r a t u r e  was l o w e r e d  t o  
i n v e s t i g a t e  t h e  p h a s e  b e h a v i o r  d u r i n g  p o l y m e r i z a t i o n  w i t h o u t  t h e  
r e a c t i o n  a c c e l e r a t i n g  a g e n t ,  p y r i d i n e .  The p r o p e r t i e s  and t h e  
m o r p h o l o g y  o f  t h i n  f i l m  o b t a i n e d  f rom t h e  drum c o a t e r  w i t h  t h e  
a i d  o f  t h e  c o a g u l a n t  s u c h  as  w a t e r  and p y r i d i n e  were  a l s o  s t u d i e d .  

EXPERIMENTAL 

M a t e r i a l s  
T e r e p h t h a l o y l  c h l o r i d e  and p - p h e n y l e n e  d i a m i n e  were  p u r i f i e d  

by vacuum d i s t i l l a t i o n .  The s o l v e n t , N - m e t h y l  p y r r o l i d o n e ( N M P )  and 
p y r i d i n e ,  were  u s e d  a f t e r  d e h y d r a t i n g  w i t h  t h e  m o l e c u l a r  
s i e v e ( T y p e  5A).  O t h e r  c h e m i c a l s  u s e d  were  o f  r e a g e n t  g r a d e .  

Polymerization 
Polymerization was conducted as follows; After a i L 4-neck 

flask was sufficiently purged of air by dry nitrogen gas, 185 ml 
of dry N-methyl pyrrolidone containing 19 g of CaCl2 and 1.85 ml 
of pyridine was introduced into the flask. The temperature 
of the solvent was increased to 60~, and in this solvent 9.09 
g(0.084 mole) of p-phenylene diamine was dissolved. The solution 
was c o o l e d  t o  6 ~ ,  and t h e n  17 .05  g ( 0 . 0 8 4  mole )  
o f  t e r e p h t h a l o y l c h l o r i d e  was added  w h i l e  s t i r r i n g .  In t h i s  
r e a c t i o n  t h e  s o l i d  c o n t e n t  was 8 .8  wt~ and t h e  r e a c t i o n  was 
c a r r i e d  o u t  in  an a m b i e n t  t e m p e r a t u r e  o f  2 5 ~ .  

Drum coating apparatus 
In order to investigate the effect of coagulant on the 

orientation and crystallization, thin film was prepared 
by drum coating method. The arrangement of the drum coating 
apparatus is shown in Fig. 1. It consists of a constant speed drum 
revolved in coagulating bath containing pyridine or water. The 
reacted polymer was poured onto the surface of the drum and a 
knife was placed to adjust the film thickness. Thin film was made 
while coagulating in the bath. The role of the wiper is to remove 
the coagulating agent remained on the revolving drum surface. 

Film preparation 
In order to evaluate the effect of the post-polymerization 

occurring in the presence of pyridine and the effect of 
the shear rate during the structure development when the 
coagulation was initiated at different levels of conversion of the 
PPD and TPC reaction,films were made when the reacting mixture was 
in the isotropic state, in the onset of the anlsotropic phase, 



289 

c o m p l e t e l y  i n  t h e  a n i s o t r o p i c  p h a s e  a n d  t h e  f i n a l  s t a t e  o f  
r e a c t i o n .  The  t o t a l  r e a c t i o n  t i m e  f o r  t h e  8 . 8  w t ~  s o l i d s  r e a c t i o n  
s y s t e m  was  6 . 5  m i n u t e s  a n d  t h e  f i l m  was c a s t  a t  1 . 5 ,  2 . 5 ,  4 a n d  
5 . 5  m i n u t e s  a f t e r  t h e  r e a c t i o n  h a s  s t a r t e d ,  w h i c h  c o r r e s p o n d s  t o  
e a c h  s t a t e  d e s c r i b e d  p r e v i o u s l y .  

The  c l e a r a n c e  b e t w e e n  t h e  k n i f e  a n d  t h e  d rum was  s e t  
a t  0 . 1 m m .  A f t e r  t h e  r e m o v a l  o f  s o l v e n t ,  t h e  t h i c k n e s s  o f  t h e  f i l m  
i s  a r o u n d  2 0 - 3 0 ~ m .  The  s h e a r  r a t e  i n  t h e  d rum c o a t e r  was  
c o n t r o l l e d  by  a d j u s t i n g  t h e  r o t a t i n g  s p e e d  o f  a d r u m  a s  5,  10 ,  15 
a n d  20 rpm w h i c h  w e r e  c o r r e s p o n d i n g  t o  t h e  s h e a r  r a t e s  o f  7 8 5 ,  
1 5 7 0 ,  2 3 5 5  a n d  3 1 4 0  1 / s e c .  r e s p e c t i v e l y .  

2 3 4 1 
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i 

i i 
I I 

1. d rum 
2. k n i f e  
3 .  w i p e r  
4 .  c o a g u l a t i n g  

b a t h  

F i g u r e  1. S c h e m a t i c  d i a g r a m  o f  t h e  
d rum c o a t i n g  a p p r a t u s .  

M e a s u r e m e n t  
The  c r y s t a l l o g r a p h i c  d a t a  w e r e  m e a s u r e d  w i t h  X - r a y  

d i f f r a c t o m e t e r ( R i g a k u ,  D-MAX I I I B ) .  N i c k e l  f i l t e r e d  CuKa r a d i a t i o n  
was  u s e d  a s  t h e  s o u r c e .  O r i e n t a t i o n  a n g l e  a n d  c r y s t a l l i n i t y  w e r e  
m e a s u r e d  t o  e v a l u a t e  t h e  e f f e c t s  o f  t h e  s h e a r  r a t e .  

The  s a m p l e s  w e r e  a l s o  e x a m i n e d  w i t h  a p o l a r i z e d  m i c r o s c o p e  
( Z e i s s ,  P h o t o m i c r o s c o p e  I I I )  b e t w e e n  c r o s s e d  p o l a r s  t o  i d e n t i f y  
t h e  p h a s e  t r a n s i t i o n  f r o m  i s o t r o p i c  t o  a n i s o t r o p i c  s t a t e  a t  t h e  
room t e m p e r a t u r e .  S a m p l e s  w e r e  p r e p a r e d  by  q u e n c h i n g  t h e  p o l y m e r  
s o l u t i o n  b e t w e e n  t h e  g l a s s  s l i d e s  by  l i q u i d  n i t r o g e n ,  a n d  e x e r t i n g  
s h e a r  f o r c e  by  a g l a s s  r o d .  

The  f i b r i l  f o r m a t i o n  a n d  t h e  m o l e c u l a r  o r i e n t a t i o n  w e r e  
s t u d i e d  by  t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p e  ( J e o l ,  JEH 2 0 0 0  F X ) .  
F i l m s  w e r e  g r o u n d  i n  t h e  h o m o m i x e r  a t  3 , 0 0 0  rpm i n  w a t e r ,  a n d  NaC1 
c r y s t a l  was  a d d e d  t o  a c t  a s  a n  a b r a s i o n  a g e n t .  

The  m e c h a n i c a l  p r o p e r t i e s  o f  t h e  f i l m  w e r e  m e a s u r e d  w i t h  a 
t e n s i l e  t e s t e r  ( INSTRON Mode l  1123  ) w i t h  a c r o s s h e a d  s p e e d  o f  2 
c m / m i n ,  u n d e r  t h e  g r i p  l e n g t h  o f  2 cm. 

RESULTS AND DISCUSSION 

P h a s e  t r a n s i t i o n  
F i g . 2  s h o w s  t h e  t y p i c a l  t o r q u e - r e a c t i o n  t i m e  c u r v e  f o r  t h e  

p o l y m e r i z i n g  m i x t u r e  c o n t a i n i n g  8 . 8  ~ s o l i d  by  w e i g h t  a n d  t h e  
r e a c t i o n  s t a r t e d  a t  6 ~ .  As t h e  p o l y m e r i z a t i o n  r e a c t i o n  i s  
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p r o c e e d e d ,  t h e r e  i s  an i n i t i a l  r i s e  in  t o r q u e  as  t h e  monomers 
b e g i n  t o  p o l y m e r i z e  in  t h e  i s o t r o p i c  p h a s e .  When t h e  r e a c t i n g  
m i x t u r e  shows o p a l e s c e n c e ,  t h e r e  a p p e a r s  t o  be a p l a t e a u  o b s e r v e d  
i n d i c a t i v e  o f  t h e  l o w e r i n g  o f  v i s c o s i t y  as t h e  a n i s o t r o p l c  p h a s e  
s e t s  i n .  In t h i s  r e a c t i o n  t h e r e  a p p e a r s  a f l a t  p l a t e a u  r e g i o n  f rom 
2 and 4 m i n u t e s  a f t e r  r e a c t i o n  s t a r t e d .  D u r i n g  t h i s  t i m e ,  o f  
c o u r s e , t h e  m o l e c u l a r  w e i g h t  c o n t i n u o u s l y  i n c r e a s e s ( i n h e r e n t  
v i s c o s i t y ;  1 .4  a t  2 . 0  m i n u t e s ,  2 .5  a t  5 . 0  m i n u t e s ) .  
T h e r e f o r e , t h e r e  must  be some c h a n g e s  o f  p h a s e .  A " b a n d e d  
s t r u c t u r e "  a p p e a r s  t o  be one o f  t h e  s t r u c t u r a l  and m o r p h o l o g i c a l  
f e a t u r e s  c h a r a c t e r i s t i c  o f  t h e  s h e a r e d  o r  e l o n g a t e d  l i q u i d  
c r y s t a l l i n e  p o l y m e r s ,  and t h i s  has  become o f  g r e a t  i n t e r e s t  in  
r e c e n t  y e a r s . t h e  s t r u c t u r e  can  be o b s e r v e d  as  an image w i t h  
p e r i o d i c  a l t e r n a t i o n  o f  a d a r k  s t r i a t i o n  and a b r i g h t  l a y e r  a l o n g  
t h e  d i r e c t i o n  o f  e x t e n s i o n  when v i e w e d  a t  t h e  e x t i n c t i o n  p o s i t i o n  
u s i n g  p o l a r i z i n g  m i c r o s c o p e .  T h i s  k i n d  o f  s t r u c t u r e  has  been  
f o u n d  in  a wide  r a n g e  o f  l i q u i d  c r y s t a l l i n e  p o l y m e r s  i n c l u d i n g  
a r o m a t i c  p o l y a m i d e s ( l l ) , a r o m a t i c  p o l y e s t e r s ( 1 2 ) ,  and s y n t h e t i c  
p o l y p e p t i d e s ( 1 3 ) .  
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F i g u r e  2. A t y p i c a l  t o r q u e - t i m e  c u r v e  and band 
s t r u c t u r e s  d e v e l o p e d  d u r i n g  r e a c t i o n  in  
8 . 8  wt~ s o l i d s  c o n t e n t .  

In o r d e r  t o  i d e n t i f y  t h e  band s t r u c t u r e ,  s a m p l e s  s h e a r e d  
w i t h  a g l a s s  r o d  and i n s t a n t l y  q u e n c h e d  in  l i q u i d  n i t r o g e n  were  
p r e p a r e d  a t  t h e  i n t e r v a l  o f  1 m i n u t e  d u r i n g  t h e  who le  
r e a c t i o n p e r i o d .  As can  be s e e n  in  F i g . 2 ,  t h e  s a m p l e  a t  1 m i n u t e  
shows d a r k  p h a s e  when v i e w e d  b e t w e e n  c r o s s e d  p o l a r s  u n d e r  a 
p o l a r i z i n g  m i c r o s c o p e  w h i c h  r e p r e s e n t s  t h e  i s o t r o p i c  p h a s e .  The 
s a m p l e  a t  2 m i n u t e s  w h i c h  i s  c l o s e  t o  t h e  b e g i n n i n g  o f  t h e  f l a t  
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p l a t e a u  r e g i o n  s h o w s  b a n d  s t r u c t u r e ,  w h i c h  m e a n s  t h e  o n s e t  o f  
a n i s o t r o p i c  p h a s e .  As t h e  r e a c t i o n  t i m e  i s  p r o c e e d e d ,  t h e  
s t r i a t i o n  p a t t e r n s  b e c o m e s  c l e a r  a n d  d i s t i n c t .  T h i s  p h e n o m e n a  
r e v e a l  t h e  d e v e l o p m e n t  o f  a n  a n i s o t r o p i c  p h a s e .  

The  p o l y m e r i z a t i o n  r e a c t i o n  was  p r o c e e d e d  u n d e r  a g i t a t i o n  o f  
300  r p m .  S h e a r  f o r c e  was  e x e r t e d  t o  t h e  p o l y m e r i z i n g  m i x t u r e  a n d  
t h e  s h e a r - i n d u c e d  o p t i c a l  o p a l e s c e n t  s t r u c t u r e  was  o b s e r v e d  a t  t h e  
t i m e  s i m i l a r  t o  t h a t  o f  t h e  b e g i n n i n g  o f  t h e  f l a t  p l a t e a u  r e g i o n  
w i t h  n a k e d  e y e s .  The  b e g i n n i n g  o f  t h e  f l a t  p l a t e a u  was  n a m e d  a s  
t h e  o p a l e s c e n t  p o i n t .  I n  o r d e r  t o  c o m p a r e  t h e  t i m e  t o  r e a c h  t h e  
o p a l e s c e n t  p o i n t ,  p o l y m e r i z a t i o n  w i t h  6 . 6  wt% s o l i d s  c o n t e n t  was  
a l s o  r u n .  As t h e  i n i t i a l  r e a c t i o n  t e m p e r a t u r e  was  v a r i e d  f r o m  - 5 ,  
O, 6 ~ ,  t h e  t i m e  t o  r e a c h  t h e  o p a l e s c e n t  p o i n t  was  v a r i e d  f r o m  
6 . 2 ,  4 . 6 ,  3 . 2  m i n u t e s .  The  i n h e r e n t  v i s c o s i t y  a t  t h e s e  p o i n t s  was  
n e a r l y  c o n s t a n t  i n  t h e  r a n g e  o f  1 . 9 7  t o  2 . 2 1 .  I t  s e e m s  t h a t  t h e  
m o l e c u l a r  w e i g h t  c o r r e s p o n d i n g  t o  t h i s  i n h e r e n t  v i s c o s i t y  i s  
c r i t i c a l  a b o u t  t r a n s i t i o n  f r o m  i s o t r o p i c  t o  a n i s o t r o p i c  p h a s e .  The  
i n h e r e n t  v i s c o s i t y  was  m e a s u r e d  a t  2 5 ~  i n  97% s u l f u r i c  a c i d  
s o l u t i o n  o f  0 . 5  g / l O O m L  c o n c e n t r a t i o n .  

X - r a y  a n a l y s i s  a n d  m e c h a n i c a l  p r o p e r t i e s .  
F i l m s  w e r e  p r e p a r e d  a f t e r  c o a g u l a t i n g  i n  w a t e r  a n d  p y r i d i n e  

a n d  t h e  e f f e c t  o f  t h e  c o a g u l a t i n g  a g e n t ,  t h e  s h e a r  r a t e  a n d  t h e  
m o l e c u l a r  w e i g h t  o f  t h e  p o l y m e r i z i n g  m i x t u r e  a t  t h e  p o i n t  o f  
c o a g u l a t i o n  w e r e  i n v e s t i g a t e d .  W a t e r  o n l y  a c t e d  a s  t h e  
p r e c i p i t a t i o n ,  b u t  i n  t h e  p r e s e n c e  o f  p y r i d i n e ,  
p o s t - p o l y m e r i z a t i o n  was  p r o c e e d e d  a n d  t h e  c r y s t a l l i n i t y  a n d  
o r i e n t a t i o n  was  d e v e l o p e d  d u r i n g  t h e  f i l m  f o r m i n g  p r o c e s s .  
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F i g u r e  3 .  C h a n g e s  i n  c r y s t a l l i n i t y  a n d  o r i e n t a t i o n  a n g l e  o f  
c o a g u l a t e d  f i l m s  
( a )  e f f e c t  o f  c o a g u l a t i n g  a g e n t  

( s h e a r  r a t e  2 3 5 5 / s e c . )  
( b )  e f f e c t  o f  r e a c t i o n  t i m e  i n  p y r i d i n e .  
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Figure 3(a) shows the changes in crysallinity and 
orientation angle of films made with the shear rate of 2355/sec. 
in water and pyridine coagulating agent. In water system, there 
were no increase in crystallinity and orientation angle was not 
detected in X-ray diffraction. As soon as polymer mixture 
containing NHP/CaCI2 solvent was contacted with water coagulant, 
precipitation occurred and molecular weight was frozen. These 
facts suggested that there should be critical molecular weight for 
crystallization and orientation. But in pyridine system, where the 
pyridine played a role as the acid acceptor produced in the 
reaction and the I.V. of the polymer instantaneously increased to 
around 4.0, as reaction time proceeded, crystallinity increased 
linearly up to 60 Z and orientation angle was developed up to 20 
degrees. 

Figure 3(b) shows the changes in crystallinity and 
orientation angle of films made with shear rate of 785, 1570, 
2350,  3 1 4 0 / s e c .  r e s p e c t i v e l y .  In t h e  c a s e  o f  t h e  r e a c t i o n  t i m e  o f  
4 m i n u t e s  (when t h e  m i x t u r e  had d e v e l o p e d  a n i s o t r o p i c  p h a s e ) ,  
c r y s t a l l i n i t y  and o r i e n t a t i o n  a n g l e  i n c r e a s e d  l i n e a r l y  as t h e  
i n c r e a s i n g  s h e a r  r a t e ,  bu t  f o r  r e a c t i o n  t i m e  o f  1 .5  m i n u t e s  
(when t h e  r e a c t i o n  m i x t u r e  was i n  t h e  i s o t r o p i c  s t a t e ) ,  t h e  
s t r u c t u r e s  were  n o t  w e l l  d e v e l o p e d .  These  f a c t s  imp ly  t h e  
i m p o r t a n t  r o l e  o f  t h e  a n i s o t r o p i c  p h a s e  in  p r o c e s s i n g  t h e  l i q u i d  
c r y s t a l l i n e  p o l y m e r s  s i n c e  t h e  f i n a l  f i l m s  have  n e a r l y  same 
I . V . ( T w o  p o l y m e r s  have  f i n a l  I . V .  o f  3 . 7 - 3 . 9 ) .  From T a b l e  1, i t  
can  be s e e n  t h a t  t e n s i l e  s t r e n g t h  o f  t h e  f o r m e r  i s  7 -10  t i m e s  
h i g h e r  t h a n  t h a t  o f  t h e  l a t t e r .  

T a b l e  i. Properties o f  films prepared under varying shear 
rates in pyridine coagulating agent.(8.8 wtZ) 
(a) 4 minutes reaction time (anisotropic) 
(b) 1.5 minutes reaction time (isotropic) 

( a )  

shear_l init ial  final i tenacity modulus 
rate(se~ I.V. I.V. (kg/mm2) {kg/m 2 

785 2.10 4.01 95 1229 

1570 2,07 3.98 1 19 1695 

2355  1.91 3 .90 113 2079 

3140  1.98 3.54 1 31 2175 

(b) 

shear 1 initial final tenaci~I/modul~ 
rate(se~] i.v. i.v. ( ~ )  (k~/mn~ 

785 1.27 3.75 1 6 326  

1570  1 .20  3 .43  1 3  2 5 0  

2355  1 .25 3 ,78  1 5 3 6 6  

3140 1 .26  3 ,67  19 3 2 4  

I.V. ; inherent viscosity 

E l e c t r o n  d i f f r a c t i o n  p a t t e r n  
F i g u r e  4 shows an e l e c t r o n  m i c r o g r a p h  o f  f i b r i l s  wh ich  were  

torn from films by grinding in water. At several places 
microfibrils with submicron width can be seen. An electron 
diffraction pattern from the white spot of the fibril together 
with a schematic diagram is shown in Figure 4. The (110), (200) 
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r e f l e c t i o n s  i n  t he  p e r p e n d i c u l a r  and (006)  r e f l e c t i o n  i n  t he  
p a r a l l e l  t o  t h e  f i b r i l  a x i s  were o b s e r v e d .  I t  i s  s e e n  t h a t  t h e  
m o l e c u l a r  a x i s  o f  PPTA l i e s  a l o n g  t h e  f i b r i l .  

/ ( o o e )  
~ ( ~ o )  --~$12 oo) 

J F  

F i g u r e  4. M i c r o g r a p h  of  f i b r i l s  and e l e c t r o n  
d i f f r a c t i o n  w i t h  a s c h e m a t i c  d i a g r a m .  
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