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with or arising out of the use of this material.
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ASPECTS OF STRESS INDUCED CRYSTALLINITY I N  DURHAH POLYACETYLENE 

D. C. BOTT,  N. S. WALKER, D. WHITE 
B.P.Research Cen t re ,  Sunbury-on-Thames, Eng land  

R.H.FRIEND, P.D.TOWNSEND 
Cavend ish  L a b o r a t o r y ,  H a d i n g l e y  Road, Cambridge, Eng land  

A b s t r a c t :  P r o d u c t i o n  o f  p o l y a c e t y l e n e  f i b r e s  i s  d e s c r i b e d  
t o g e t h e r  w i t h  d e t a i l s  o f  d o p i n g  and r e s u l t a n t  c o n d u c t i v i t y  
behav iou r .  

I N T R O D U C T I O N  

Conduc t ing  po lymers  have been t h e  s u b j e c t  o f  i n t e n s e  s t u d y  s i n c e  
Sh i rakawa e t  a l .  111 r e p o r t e d  t h e  p r o d u c t i o n  o f  ‘ f i l m s ’  o f  
p o l y a c e t y l e n e .  T h i s  r e p r e s e n t e d  a m a j o r  b r e a k t h r o u g h  i n  p r o c e s s i n g ,  
as  p o l y a c e t y l e n e  produced p r i o r  t o  t h a t  t i m e  was i n  powder f o r m  
o n l y .  Subsequen t l y  many a t t e m p t s  were made t o  f i n d  ways o f  f u r t h e r  
m a n i p u l a t i n g  t h e  po lymer  p roduced,  n o t a b l y  v i a  t h e  c i s  g e l  phase 
C21, d i s s o l u t i o n  o f  t h e  a r s e n i c  p e n t a f l u o r i d e  doped m a t e r i a l  i n  
a r s e n i c  t r i f l u o r i d e  1 3 1 ,  g r a f t  c o p o l y m e r i s a t i o n  141 , b u t  a l s o  by  
v a r i o u s  o t h e r  t e c h n i q u e s  1 5 , b l  , 

The p o s s i b i l i t y  o f  t r u e  po lymer  p r o c e s s i b i l i t y ,  however ,  
became apparen t  f r o m  t h e  work o f  Edwards and Feas t  171 on a two 
s t a g e  r o u t e  t o  p o l y a c e t y l e n e .  T h e i r  work i n v o l v e d  t h e  use  o f  a 
s o l u b l e  i n t e r m e d i a t e  or p r e c u r s o r  po l ymer  wh ich  c o u l d  s u b s e q u e n t l y  
b e  t h e r m a l l y  t r a n s f o r m e d  i n t o  p o l y a c e t y l e n e .  P o l y a c e t y l e n e  p roduced  
v i a  t h i s  so  c a l l e d  ’Durham’ r o u t e  has somewhat d i f f e r e n t  p r o p e r t i e s  
181 f r o m  p o l y a c e t y l e n e  p r e p a r e d  by  d i r e c t  p o l y m e r i s a t i o n  o f  
a c e t y l e n e  o n t o  a c a t a l y s t ,  i e  Sh i rakawa,  L u t t i n g e r  193.  F i l m s  o f  
Durham p o l y a c e t y l e n e  are f u l l y  dense showing none o f  t h e  f i b r i l l a r  
n a t u r e  o f  t h e  p o l y a c e t y l e n e s  produced b y  d i r e c t  p o l y m e r i s a t i o n  such 
as  Sh i rakawa and L u t t i n g e r  po l ymers .  The morpho logy  o f  
p o l y a c e t y l e n e  p r e p a r e d  by t h e  Durham r o u t e  i s  n o t  l i m i t e d  t o  s i m p l e  
dense f i l m s .  By t h e  use o f  c o n v e n t i o n a l  po lymer  p r o c e s s i n g  
t e c h n i q u e s  t h e  p r e c u r s o r  po lymer  can b e  m a n i p u l a t e d  t o  a l l o w  
p r o d u c t i o n  o f  p o l y a c e t y l e n e  i n  a v a r i e t y  o f  fo rms.  Work b y  W h i t e  e t  
a l .  1101 , L e i s e r  e t  a l .  1 1 1 1  and L e i s i n g  1121 has a l r e a d y  
demons t ra ted  t h e  p r o d u c t i o n  o f  i n d u c e d  c r y s t a l l i n i t y  i n  t h e  Durham 
m a t e r i a l ,  t h i s  l a t e s t  work aims t o  show t h e  l o g i c a l  e x t e n s i o n  o f  
t h e s e  t e c h n i q u e s  t o  enhance t h e  v a r i e t y  o f  a v a i l a b l e  m o r p h o l o g i e s  
‘and t o  demons t ra te  some o f  t h e  s t r u c t u r e / p r o p e r t y  r e l a t i o n s h i p s  i n  
t h e  Durham m a t e r i a l .  
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96 D. C. BOlT et al. 

T R A N S M I S S I O N  ELECTRON MICROSCOPY 

P r e c u r s o r  po lymer  s o l u t i o n  was p i p e t t e d  o n t o  TEM specimen g r i d s  
(3mm d i d ,  400  mesh c o p p e r ) .  The s o l v e n t  was pumped o f f  i n  a 
c o n t r o l l e d  a tmosphere  prechamber and t h e  specimen was i n s e r t e d  i n t o  
t h e  vacuum o f  t h e  m ic roscope  (*lxlO’*Torr). S e l e c t e d  Area E l e c t r o n  
D i f f r a c t i o n  ( S A E D )  p a t t e r n s ,  r e c o r d e d  a t  room tempera tu re ,  showed 
t h a t  t h e  dr ied-down p r e c u r s o r  po l ymer  was amorphous. The spec inen  
wa5 then  hea ted ,  t a k i n g  10 m inu tes  t o  r e a c h  100 deg C and t h i s  
t e m p e r a t u r e  was m a i n t a i n e d  f o r  a f u r t h e r  5.5 hou rs .  SAED p a t t e r n s  
r e c o r d e d  a f t e r  i n c r e a s i n g  t i m e  i n t e r v a l s ,  showed t h a t  t h e  p r e c u r s o r  
po lymer  had been t r a n s f o r m e d  t o  a c r y s t a l l i n e  m a t e r i a l  ( f i g  1 . ) .  

Diffraction schema. Arrow indicates stress / 

t i3<2TO>: o<lTO>: .<OTl >I 
SAfD: oftcr 5.5 hr ot 100 ’C oliqnrnrnt direrlion. 

f i g .  1 f i g . 2  

The d i f f r a c t i o n  p a t t e r n  i n d i c a t e d  p a r t i a l  a l i g n m e n t  d i r e c t e d  f r o m  
edge t o  c e n t r e  o f  t h e  g r i d  squares .  T h i s  a l i g n m e n t  was a t t r i b u t e d  
t o  t h e  proposed c r y s t a l l i s a t i o n  under  s t r e s s  due t o  f i l m  sagg ing .  
P o s t - e x p e r i m e n t a l  e x a m i n a t i o n  i n  t h e  s c a n n i n g  e l e c t r o n  m ic roscope  
suppor ted  t h i s  h y p o t h e s i s  . I n t e r p l a n e r  d -spac ings  and a n g l e s  
measured f r o m  t h e  e x p e r i m e n t a l l y  o b t a i n e d  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 s  showed good agreement w i t h  t h e  p u b l i s h e d  d a t a  f o r  
t r a n s - p o l y a c e t y l e n e ,  i n  m o n o c l i n i c  c r y s t a l  s y s t e a ,  w i t h  u n i t  c e l l  
pa ramete rs  : 

a = 4.24 A b = 7.32 A c = 2 .46  A B = 91.5 deg 1133 
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STRESS INDUCED CRYSTALLINITY IN DURHAM POLYACETYLENE 91 

A schemat i c  d i f f r a c t i o n  p a t t e r n  ( f i g  2 . )  has been c a l c u l a t e d  
f o r  p a r t i a l  c - a x i s  a l i g n m e n t  o f  t r a n s - p o l y a c e t y l e n e .  Po lymer  
m o l e c u l a r  c h a i n s  were o n l y  weak ly  a l i g n e d  f r o m  t h e  g r i d  b a r  t o  g r i d  
c e n t r e .  S e v e r a l  t o r s i o n a l  c r y s t a l  o r i e n t a t i o n s  have a r i s e n  w i t h i n  
t h i s  a l i g n m e n t  c o n s t r a i n t  and c o n s e q u e n t l y  s e v e r a l  d i f f e r e n t  zone 
axes have been s i m u l t a n e o u s l y  observed (<2f0>, <1TO> and < O T l >  
zones have been i n c l u d e d ) .  R e f l e c t i o n s  have been a r c e d  t o  accoun t  
f o r  t h e  weak c - a x i s  a l i g n m e n t  (fZ0 deg)  and broadened t o  accoun t  
f o r  t h e  p o o r  c r y s t a l l i n i t y  of  t h e  po lymer  and f u r t h e r  d e g r a d a t i o n  
under  e l e c t r o n  i r r a d i a t i o n .  

deve loped  d u r i n g  h e a t i n g  and f i b r o u s  morpho logy  was obse rved  i n  
t h e s e  h i g h l y  s t r e s s e d  r e g i o n s .  

F i l m  morpho logy  was m o s t l y  c o n t i n u o u s  b u t  some h o l e s  and t e a r s  

PRODUCTION OF FIBRES B Y  GEL DRAWING 

T o  ex tend  t h e  scope o f  i nduced  c r y s t a l l i n i t y  f r o m  t h e  m i c r o s c o p i c  
l e v e l ,  work has been done on t h e  p r o d u c t i o n  o f  o r i e n t a t i o n  i n  
macroscop ic  samples,  U t i l i c i n g  t h e  g e l  phase i n  Durham 
p o l y a c e t y l e n e  p r e c u r s o r  po lymer  s t a n d a r d  r o u t e s  t o  f i b r e  f o r m a t i o n  
can b e  adopted ,  such as t h o s e  r e p o r t e d  by Lems t ra  and S m i t h  C141 ,  
and by Penn ings  C151. 

i n t o  s t o p p e r e d  c a p i l l i a r y  v e s s e l s  i n s i d e  an a rgon  a tmoshere  g l o v e  
box. The s o l u t i o n s  were k e p t  a t  room t e m p e r a t u r e  f o r  24 h o u r s  t o  
a l l o w  t h e  g e l  phase t o  f o rm.  The g e l s  p roduced  were  removed f r o m  
t h e  c a p i l l i a r i e s ,  c lamped a t  b o t h  ends and ex tended under  c o n s t a n t  
l o a d .  A f t e r  a l l o w i n g  a few m i n u t e s  f o r  t h e  g e l s  t o  c o l l a p s e  by  
s o l v e n t  e v a p o r a t i o n ,  f i b r e s  o f  t h e  p r e c u r s o r  po l ymer  were  fo rmed.  
These f i b r e s  w e r e  t h e n  t r a n s f o r m e d  f o r  5 h o u r s  a t  80 deg C under  
dynamic vacuum t o  p roduce  Durham p o l y a c e t y l e n e  f i b r e s .  By t h i s  v e r y  
s i m p l e  t e c h n i q u e  f i b r e s  w i t h  draw r a t i o s  o f  10 a r e  e a s i l y  made. 
X-ray d i f f r a c t i o n  was used t o  assess t h e  degree  o f  a l i g n m e n t  
ach ieved  . 
u s i n g  a f o u r  i n - l i n e  c o n t a c t  geomet ry ,  and f o r  undoped f i l m s  was 
about  10 r e c i p r o c a l  ohm cm. a t  room tempera tu re .  The t e m p e r a t u r e  
dependence above 200 K i s  f i t t e d  by  a s i m p l e  a c t i v a t e d  l a w ,  w i t h  
a c t i v a t i o n  energy  0.45 eV.  

h r s e n i c  p e n t a f l u o r i d e  dop ing  was c a r r i e d  o u t  u s i n g  s t a n d a r d  
t e c h n i q u e s ,  and a v a l u e  f o r  t h e  c o n d u c t i v i t y  o f  one r e c i p r o c a l  oha 
cm. was o b t a i n e d  a f t e r  exposure  t o  30  mbar f o r  s e v e r a l  days; 
w e i g h t - u p t a k e  measurements i n d i c a t e d  a dopant  c o n c e n t r a t i o n  o f  one 
mo la r  p e r c e n t .  The v a l u e s  o f  c o n d u c t i v i t y  and t h e  d o p i n g  b e h a v i o u r  
a r e  s i m i l a r  t o  t h e  r e s u l t s  o b t a i n e d  by u s  on u n o r i e n t e d  f i l m s .  

Concen t ra ted  s o l u t i o n s  o f  Durham p r e c u r s o r  po lymer  were p l a c e d  

D.C.  c o n d u c t i v i t y  was measured a l o n g  t h e  o r i e n t a t i o n  d i r e c t i o n  
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