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@  Graphite  fibres  and  process  for  their  manufacture. 

Production  of  high  quality  graphite  fibre  is  possible 
by  use  of  a  process  in  which  the  precursor fibre  passes 
through  two  heating  zones  both  containing  an  inert  atmo- 
sphere  in  which  the  temperature  profile  is  independantly 
controllable.  The  maximum  temperature  in  the  first  zone  is 
in  the  range  of  about  1500  to  2100° C,  and  in  the  se- 
cond  zone  from  about  2100  to  3500°  C. 

In  the  first  furnace  the  weight  of  the  fibre  is  reduced 
to  about  93  to  95  percent  of  its  initial  weight. 

The  separate  first  and  second  heating  zones  (furnaces) 
have  respectively  furnace  tubes  (2,  3)  to  which  heat  is 
applied  in  a  conventional  way.  The  furnace  tubes  (2,  3) 
are  surrounded  with  insulation  (4,  5).  An  inert  gas  such 
as  nitrogen  is  supplied  to  the  furnaces  (I,  II)  through  pipes 
(6),  and  the  gas  is  removed  from  the  furnaces  by  pipes 
(7).  At  each  end  of  each  furnace  there  are  furnace  seals 
(8),  supplied  with  inert  gas  through  supply  pipes  (9). 



G r a p h i t e   f i b r e s   a r e   g e n e r a l l y   d i f f e r e n t   f rom  c a r b o n  

f i b r e s   in  r e s p e c t   of  c a r b o n   c o n t e n t   ( p u r i t y ) ,   s t r u c t u r e  

and  p h y s i c a l   c h a r a c t e r i s t i c s .   G r a p h i t e   f i b r e s   a r e  

p r e f e r a b l e   to  c a r b o n   f i b r e s   fo r   use   in  s p o r t s   e q u i p m e n t  

s u c h   as  f i s h i n g   r o d s   and  g o l f   c l u b   s h a f t s   w h i c h   r e q u i r e  

h i g h   m o d u l u s ,   f o r   use   in  e l e c t r i c   c o m p o n e n t s   such   a s  

h e a t e r s   w h i c h   r e q u i r e   h i g h   p u r i t y   and  low  r e s i s t i v i t y ,  

and  fo r   use   in  t he   a e r o s p a c e   i n d u s t r y ,   w h e r e   p a r t s   f o r  

a i r c r a f t ,   r o c k e t s   e t c . ,   may  have   to  have   h i g h   o x i d a t i o n  

r e s i s t i v i t y   and  be  made  to  h i g h   p r e c i s i o n .   H o w e v e r ,  

g r a p h i t e   f i b r e s   c o s t   much  more  t h a n   c a r b o n   f i b r e s   a n d  

t h i s   h i g h   c o s t   is  l a r g e l y   a  r e s u l t   of  d i f f i c u l t i e s   i n  

m a n u f a c t u r i n g   p r o c e s s a b i l i t y   and  p r o d u c t i v i t y .   An  i n e r t  

a t m o s p h e r e   is   r e q u i r e d   fo r   p r o d u c t i o n   of  g r a p h i t e   f i b r e s ,  

and  a  h i g h e r   t e m p e r a t u r e   i s   u s e d   t h a n   f o r   c a r b o n   f i b r e s .  

E f f o r t s   have   b e e n   made  to  i n c r e a s e   p r o d u c t i v i t y   i n  

m a n u f a c t u r i n g   g r a p h i t e   f i b r e s .   For  e x a m p l e ,   i t   has   b e e n  

p r o p o s e d   to  i n c r e a s e   t he   t e m p e r a t u r e   g r a d i e n t   and  t o  

s h o r t e n   the   t i m e   in  g r a p h i t i z i n g   f u r n a c e .   H o w e v e r ,   t h i s  

p r o d u c e s   i n c r e a s e d   a m o u n t s   of  f u z z   on  t he   s u r f a c e   of  t h e  

g r a p h i t e   f i b r e s   and  o c c a s i o n a l   b r e a k a g e   of  t he   f i b r e  

s t r a n d s .  

A l s o ,   t h e s e   m o d i f i c a t i o n s   t e n d   to  r e d u c e   t h e  

t e n s i l e   s t r e n g t h   of  t he   f i b r e s .   F u r t h e r ,   s i n c e   t h e  

t e m p e r a t u r e   of  t h e   i n e r t   a t m o s p h e r e   mus t   be  h i g h e r   t h a n  

t h a t   u s e d   fo r   m a n u f a c t u r i n g   c a r b o n   f i b r e s   t he   wear   on  t h e  

g r a p h i t i z i n g   f u r n a c e ,   p a r t i c u l a r l y   on  i t s   h e a t i n g   p i p e s ,  

is   c o n s i d e r a b l y   g r e a t e r .   As  a  r e s u l t   of  such   wear   due  t o  

e x c e e d i n g l y   h i g h   t e m p e r a t u r e s ,   d e v i a t i o n s   f rom  t h e  

d e s i r e d   t e m p e r a t u r e   p r o f i l e   t e n d   to  i n c r e a s e   and  t h e  

f u r n a c e   t u b e   mus t   be  c h a n g e d   f r e q u e n t l y .   T h i s   s e r i o u s l y  



i n t e r f e r e s   w i t h   p r o d u c t i o n   and  p r o c e s s a b i l i t y ,   and  a l s o  

c o n s u m e s   l a r g e   a m o u n t s   of  e n e r g y ,   l a b o u r   and  m a t e r i a l s .  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s  

p r o v i d e d   a  p r o c e s s   f o r   t h e   m a n u f a c t u r e   of  g r a p h i t e   f i b r e  

by  g r a p h i t i z i n g   p r e c u r s o r   f i b r e   c h a r a c t e r i s e d   in  t h a t   t h e  

p r e c u r s o r   f i b r e   or  f i b r e s   p a s s   s u c c e s s i v e l y   t h r o u g h  

s e p a r a t e l y   c o n t r o l l a b l e   f i r s t   and  s e c o n d   h e a t i n g   z o n e s ,  

b o t h   c o n t a i n i n g   an  i n e r t   a t m o s p h e r e ,   t h e   t e m p e r a t u r e   a t  

t h e   h o t t e s t   p o i n t   in  t h e   s a i d   f i r s t   h e a t i n g   zone  b e i n g   i n  

t h e   r a n g e   of  a b o u t   1500°C  to  a b o u t   2 l 0 0 o C ,   and  t h e  

t e m p e r a t u r e   a t   t he   h o t t e s t   p a r t   in  t he   s a i d   s e c o n d  

h e a t i n g   zone   b e i n g   a t   l e a s t   a b o u t   2 1 0 0 ° C .  

By  use   of  t h e   p r e s e n t   i n v e n t i o n   i t   is   p o s s i b l e   t o  

o b t a i n   a  s t a b l e   m e t h o d   of  m a n u f a c t u r i n g   h i g h   g r a d e   a n d  

h i g h   q u a l i t y   g r a p h i t e   f i b r e s ,   p a r t i c u l a r l y   g r a p h i t e  

f i b r e s   w h i c h   h a v e   a  min imum  of  s u r f a c e   f u z z .   The  p r o c e s s  

may  use   a  s h o r t e r   h e a t i n g   zone   t h a n   i s   u s u a l   i n  

c o n v e n t i o n a l   p r o c e s s e s .   A d d i t i o n a l l y ,   i t   i s   p o s s i b l e   t o  

p r o v i d e   a  m a n u f a c t u r i n g   p r o c e s s   in  w h i c h   t he   l i f e   o f  

p a r t s   is   l e n g t h e n e d ,   and  t h e i r   r e p l a c e m e n t   i s   e a s i e r ,  

t h e r e b y   s a v i n g   e n e r g y ,   m a t e r i a l s   and  l a b o u r .  

The  t e r m   " g r a p h i t e   f i b r e "   as  u s e d   h e r e i n   i s  

i n t e n d e d   to  mean  a  f i b r e   w h i c h   i s   o b t a i n e d   by  h e a t i n g   a  

g r a p h i t i z a b l e   p r e c u r s o r   f i b r e   in  an  i n e r t   a t m o s p h e r e   a t   a  

t e m p e r a t u e   of  a b o u t   2 1 0 0 ° C ,   or  more  and  w h i c h   f i b r e  

c o n t a i n s   a b o u t   95%  or  more   by  w e i g h t   of  c a r b o n .   The  t e r m  

" g r a p h i t i z a b l e   p r e c u r s o r   f i b r e "   or  " p r e c u r s o r   f i b r e "   i s  

i n t e n d e d   to  mean  a  f i b r e   w h i c h   has   s u f f i c i e n t   s t r u c t u r a l  

i n t e g r i t y   to  m a i n t a i n   i t s   f i b r o u s   c h a r a c t e r   and  w h i c h   c a n  
be  c o n v e r t e d   to  a  g r a p h i t e   f i b r e   when  h e a t e d   in  an  i n e r t  

a t m o s p h e r e   a t   a  t e m p e r a t u r e   of  a b o u t   2100oC  or  m o r e .   A 

t y p i c a l   e x a m p l e   of  a  p r e c u r s o r   f i b r e   i s   an  o x i d i z e d   f i b r e  

o b t a i n e d   by  h e a t i n g   an  a c r y l i c   f i b r e ,   a  c e l l u l o s i c   f i b r e  



( r a y o n ) ,   a  p o l y v i n y l a l c o h o l   f i b r e   or  a  p i t c h   f i b r e   in  a n  

o x i d i z i n g   a t m o s p h e r e   a t   a  t e m p e r a t u r e   of  a b o u t   200°C  t o  

4 0 0 ° C .   A n o t h e r   t y p i c a l   e x a m p l e   is  a  c a r b o n   f i b r e  

o b t a i n e d   by  h e a t i n g   the   s a i d   o x i d i z e d   f i b r e   in  an  i n e r t  

a t m o s p h e r e   a t   a  t e m p e r a t u r e   above   a b o u t   400°C .   When 

u s i n g   the   p r o c e s s   of  t he   p r e s e n t   i n v e n t i o n   i t   i s  

p r e f e r a b l e   to  use  a  p r e c u r s o r   f i b r e   o b t a i n e d   f rom  a n  

a c r y l i c   f i b r e   c o m p r i s i n g   a b o u t  9 5   m o l  %   minimum  o f  

a c r y l o n i t r i l e   (AN)  and  up  to  a b o u t   5  mol  %  of  one  or  m o r e  

e t h y l e n e - t y p e   v i n y l   c o m p o u n d s   w h i c h   a r e   c o p o l y m e r i z a b l e  

w i t h   a c r y l o n i t r i l e .  

The  maximum  t e m p e r a t u r e   in  t he   f i r s t   h e a t i n g   z o n e  

is   p r e f e r a b l y   in  t he   r a n g e   of  1 7 0 0 ° C t o   1 9 0 0 ° C .   The  s e c o n d  

h e a t i n g   zone  p r e f e r a b l y   has   a  maximum  t e m p e r a t u r e   in  t h e  

r a n g e   of  2100°C  to  3 5 0 0 ° C ,   more  p r e f e r a b l y   in  t he   r a n g e  
of  2300°C  to  2 7 0 0 ° C .  

I t   has   been   d i s c o v e r e d   t h a t   i f   t h e   f r o n t   and  r e a r  

h e a t i n g   z o n e s   a r e   o p e r a t e d   at   h e a t i n g   t e m p e r a t u r e s  

o u t s i d e   t he   r a n g e s   f rom  1500°C  to  2100°C  and  2100°C  t o  
3 5 0 0 ° C ,   r e s p e c t i v e l y ,   i t   is   d i f f i c u l t   to  o b t a i n   h i g h  

q u a l i t y   g r a p h i t e   f i b r e .   The  q u a l i t y   of  t he   f i b r e  

p r o d u c e d   is  i n f l u e n c e d   by  such   t h i n g s   as  t he   t y p e   o f  

p r e c u r s o r   f i b r e ,   w h e t h e r   i t   was  p r e t r e a t e d   or  n o t ,   a n d  

t h e   t e m p e r a t u r e   p r o f i l e   of  t h e   h e a t i n g   z o n e ;   in  s o m e  
i n s t a n c e s   i t   is   e s p e c i a l l y   s e n s i t i v e   to  t he   m a x i m u m  

t e m p e r a t u r e   of  t he   f i r s t   h e a t i n g   zone  and  is   r e d u c e d   i f  

t h i s   e x c e e d s   a b o u t   2 1 0 0 ° C .   In  p a r t i c u l a r ,   t he   f i b r e s  

t e n d   to  d e v e l o p   e x c e s s i v e   s u r f a c e   f u z z   and  t e n d   to  b r e a k  

e a s i l y .  

The  r a t e   of  h e a t i n g   of  t he   p r e c u r s o r   f i b r e   as  i t  

p a s s e s   t h r o u g h   t h e   h e a t i n g   z o n e s   is   p r e f e r a b l y   w i t h i n   t h e  

r a n g e   of  3 0 0 ° C / m i n   to  2 0 0 0 ° C / m i n   in  t he   f i r s t   h e a t i n g  

z o n e ,   more  p r e f e r a b l y   w i t h i n   t he   r a n g e   of  5 0 0 ° C / m i n   t o  



1 5 0 0 ° C / m i n ,   and  p r e f e r a b l y   w i t h i n   t h e   r a n g e   of  2 0 0 0 ° C / m i n  

to  1 0 , 0 0 0 ° C / m i n   in  t h e   s e c o n d   h e a t i n g   z o n e .  

The  t r e a t m e n t   t i m e   of  t h e   p r e c u r s o r   f i b r e s   in  t h e  

f i r s t   h e a t i n g   z o n e ,   w h i c h   i s   d e f i n e d   as  t h e   t i m e   d u r i n g  

w h i c h   t h e   f i b r e s   a r e   in  t he   zone  a t   a  t e m p e r a t u r e   a b o v e  

1 0 0 0 ° C .   is   p r e f e r a b l y   w i t h i n   t h e   r a n g e   of  10  s e c o n d s   t o  

10  m i n u t e s ,   more  p r e f e r a b l y   30  s e c o n d s   to  3  m i n u t e s .  

An  e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   by  way  of  e x a m p l e   w i t h   r e f e r e n c e   to  t h e  

d r a w i n g s ,   in  w h i c h :  

F i g .   1  is   a  v i e w   in  l o n g i t u d i n a l   s e c t i o n   o f  

g r a p h i t i z i n g   a p p a r a t u s   f o r   c a r r y i n g   ou t   t he   p r o c e s s   o f  

t h i s   i n v e n t i o n ;  

F i g s .   2  and  3  r e s p e c t i v e l y   show  t y p i c a l   e x a m p l e s   o f  

t e m p e r a t u r e   p r o f i l e s   in  t h e   f u r n a c e   t u b e s   u s e d   in  t h e  

r e s p e c t i v e   h e a t i n g   z o n e s .  

R e f e r r i n g   to  F i g .   1,  t h e   s e p a r a t e   f i r s t   and  s e c o n d  

h e a t i n g   z o n e s   ( f u r n a c e s )   have   r e s p e c t i v e l y   f u r n a c e   t u b e s  

( 2 , 3 )   to  w h i c h   h e a t   is   a p p l i e d   in  a  c o n v e n t i o n a l   w a y .  
The  f u r n a c e   t u b e s   ( 2 , 3 )   a r e   s u r r o u n d e d   w i t h   i n s u l a t i o n  

( 4 , 5 ) .   An  i n e r t   gas   such   as  n i t r o g e n   i s   s u p p l i e d   to  t h e  

f u r n a c e s   ( I , I I )   t h r o u g h   p i p e s   ( 6 ) ,   and  t he   gas   i s   r e m o v e d  

f rom  t h e   f u r n a c e s   by  p i p e s   ( 7 ) .   At  e a c h   end  of  e a c h  

f u r n a c e   t h e r e   a r e   f u r n a c e   s e a l s   ( 8 ) ,   s u p p l i e d   w i t h   i n e r t  

gas   t h r o u g h   s u p p l y   p i p e s   ( 9 ) .  

As  shown  in  F i g .   1,  t h e   p r e c u r s o r   f i b r e   (1)  i s  

f i r s t   c o n d u c t e d   t h r o u g h   t h e   s e a l   (-8)  i n t o   t he   f u r n a c e  

t u b e   (2)  of  t he   f u r n a c e   (1)  w h i c h   p r o v i d e s   t h e   f i r s t  

h e a t i n g   z o n e .   The  t e m p e r a t u r e   p r o f i l e   i n s i d e   t h i s   f u r n a c e  

t u b e   (2)  i s   c o n t r o l l e d ,   to  p r o d u c e   a  p r o f i l e   as  shown  i n  

F i g .   2.  T h i s   i s   done   by  l o c a l l y   c o n t r o l l i n g   t h e   h e a t  

i n p u t   at   s e l e c t e d   s p o t s   a l o n g   t he   t u b e   ( 2 ) ,   in  a  

c o n v e n t i o n a l   way.   When  t he   p r e c u r s o r   f i b r e   is   a  c a r b o n  



f i b r e ,   i t   is  t r e a t e d   in  t h i s   f u r n a c e   u n t i l   i t s   w e i g h t   i s  

r e d u c e d   to  a b o u t   93%  to  95%  of  i t s   p r e v i o u s   w e i g h t ,   a n d  

t h e n   i t   is  c o n d u c t e d   i n t o   t he   f u r n a c e   t u b e   (3)  of  t h e  

f u r n a c e   ( I I )   w h i c h   p r o v i d e s   t he   s e c o n d   h e a t i n g   z o n e .  

T h e r e   t h e   f i b r e   is   h e a t e d   a g a i n ,   and  is   c o n v e r t e d   i n t o   a  

g r a p h i t e   f i b r e .   F i g .   3  shows  a  t y p i c a l   t e m p e r a t u r e  

p r o f i l e   of  t he   f u r n a c e   t u b e   (3)  of  t he   s e c o n d   h e a t i n g  

z o n e ,   t he   maximum  t e m p e r a t u r e   of  w h i c h   is   s e t   a t   a b o u t  

2500°C  in  t h i s   c a s e .  

By  use   of  t he   p r e s e n t   i n v e n t i o n ,   a  more  e f f i c i e n t  

and  t h e r e f o r e   more  p r o f i t a b l e   p r o c e s s   f o r   t he   m a n u f a c t u r e  

of  g r a p h i t e   f i b r e s   is   p o s s i b l e .   T h e s e   a d v a n t a g e s   can  b e  

r e a l i s e d   fo r   t h e   f o l l o w i n g   r e a s o n s :  

(a)  The  h e a t i n g   zone  is  d i v i d e d   i n t o   two  i n d e p e n d e n t l y  

c o n t r o l l e d   z o n e s ,   g i v i n g   i n c r e a s e d   f l e x i b i l i t y   w i t h   t h e  

r a t e   of  h e a t i n g   the   f i b r e .   T h e r e   i s   a l s o   b e t t e r   c o n t r o l  

of  t he   t e m p e r a t u r e   p r o f i l e   w i t h i n   t h e   f u r n a c e ;  

(b)  The  w e i g h t   l o s s   of  t he   p r e c u r s o r   f i b r e   d u r i n g   i n i t i a l  

h e a t i n g   up  to  1500°C  is  u s u a l l y   l a r g e .   I t   has   been   f o u n d  

t h a t   t he   use  of  a  h i g h   r a t e   of  h e a t i n g   in  t he   s t a g e   up  t o  
1500°C  t e n d s   to  damage   t he   p r e c u r s o r   f i b r e .   In  t h e  

c o n v e n t i o n a l ,   s i n g l e   h e a t i n g   zone  s y s t e m ,   t he   o v e r a l l  

r a t e   of  h e a t i n g   mus t   be  so  low  t h a t   i t   r e s t r i c t s   o v e r a l l  

p r o d u c t i v i t y .   By  use   of  t h e   p r e s e n t ,   d o u b l e   h e a t i n g   z o n e  

s y s t e m ,   i t   is   p o s s i b l e   to  s e l e c t   o p t i m u m   r a t e s   of  h e a t i n g  

f o r   t he   f i r s t   and  s e c o n d   h e a t i n g   z o n e s   i n d e p e n d e n t l y   o f  

e a c h   o t h e r .   T h i s   a l l o w s   m a n u f a c t u r e   of  h i g h   q u a l i t y  

g r a p h i t e   f i b r e s   w i t h   i n c r e a s e d   p r o d u c t i v i t y ;  

(c)  With   t he   p r o c e s s   of  t he   p r e s e n t   i n v e n t i o n ,   i t   i s  

p o s s i b l e   to  r e d u c e   t h e   o v e r a l l   l e n g t h   of  t he   h e a t i n g   z o n e  

by  d i v i d i n g   i t ,   and  the   m a i n t e n a n c e   and  c u s t o d y   of  t h e  

f u r n a c e   can  t h e r e b y   be  made  e a s i e r .   The  l i f e   of  a  f u r n a c e  

t u b e   in  t he   s e c o n d   f u r n a c e   is  much  s h o r t e r   t h a n   t h a t   o f  



one  in  t h e   f i r s t   f u r n a c e ,   b e c a u s e   of  t h e   h i g h e r  

t e m p e r a t u r e   a t   w h i c h   i t   o p e r a t e s .   H o w e v e r ,   c l e a r l y   t h e  

t u b e   in  t he   f i r s t   f u r n a c e   need   no t   be  r e p l a c e d   m e r e l y  

b e c a u s e   t he   t u b e   in  t h e   s e c o n d   f u r n a c e   has   to  be ,   a n d  

a l s o   the   t u b e   in  t he   s e c o n d   f u r n a c e ,   b e i n g   r e l a t i v e l y  

s h o r t   c o m p a r e d   w i t h   t he   t u b e   in  a  s i n g l e - h e a t i n g   z o n e  

f u r n a c e ,   is  e a s i e r   to   h a n d l e .   T h u s ,   c o s t s   of  t i m e ,  

l a b o u r ,   and  m a t e r i a l s   can  be  r e d u c e d .   S u r p r i s i n g l y   t h e  

e n e r g y   c o n s u m p t i o n   can   a l s o   be  r e d u c e d .   T h i s   is   b e c a u s e  

i t   has   been   f o u n d   p o s s i b l e   to  s t r i n g   up  t h e   f i b r e s  

w i t h o u t   l o w e r i n g   t h e   t e m p e r a t u e   of   t h e   f u r n a c e .  

EXAMPLES. 

C a r b o n   f i b r e s   were   p r o d u c e d   f rom  a c r y l i c   f i b r e s   a n d  

c a r b o n i z e d   in  an  i n e r t   a t m o s p h e r e ,   t h e   m a x i m u m  

t e m p e r a t u r e   of  w h i c h   was  1 1 0 0 ° C .   They  were   t a k e n   f r o m  

c r e e l s   and  h e a t e d   to  p r o d u c e   g r a p h i t e   f i b r e s   u s i n g  

s e p a r a t e   f u r n a c e s   as  shown  in  F i g .   1.  The  c o n d i t i o n s  

were   v a r i e d ,   t h e r e   b e i n g   3  c o n d i t i o n s   w i t h i n   t h e   s c o p e   o f  

t h e   i n v e n t i o n   ( E x a m p l e s   1 -3)   and  f o u r   c o n d i t i o n s   o u t s i d e  

t h e   s c o p e   of  t h e   i n v e n t i o n   ( C o m p a r a t i v e   E x a m p l e s   1 - 4 ) .  

The  c o n d i t i o n s   a r e   shown  in  T a b l e   1 .  



The  r e s u l t i n g   d a t a   a re   shown  in  T a b l e   2.  M o r e o v e r ,   t h e  

u s u a l   t e m p e r a t u r e s ,   t he   p e r i o d s   of  t i m e   b e t w e e n   c h a n g e s  

of  f u r n a c e   t u b e s   and  t he   number   of  days   r e q u i r e d   t o  

c h a n g e   t h e m ,   w i t h   r e s p e c t   to  b o t h   f i r s t   and  s e c o n d  

f u r n a c e s ,   a r e   shown  in  T a b l e   3.  Some  of  t he   p r o p e r t i e s  

of  t he   f i b r e s   made  in  t h e s e   e x a m p l e s   a r e   shown  in  T a b l e  

2 .  

T a b l e   3  g i v e s   an  i n d i c a t i o n   of  t h e   l i f e t i m e   of  t h e  

f u r n a c e   t u b e s ,   at   d i f f e r e n t   o p e r a t i n g   t e m p e r a t u r e s ,   a n d  

t he   t i m e   t a k e n   to  c h a n g e   t h e m .  







1.  A  p r o c e s s   f o r   t he   m a n u f a c t u r e   of   g r a p h i t e   f i b r e   b y  

g r a p h i t i z i n g   p r e c u r s o r   f i b r e   c h a r a c t e r i s e d   in  t h a t   t h e '  

p r e c u r s o r   f i b r e   or  f i b r e s   p a s s   s u c c e s s i v e l y   t h r o u g h  

s e p a r a t e l y   c o n t r o l l a b l e   f i r s t   and  s e c o n d   h e a t i n g   z o n e s ,  
b o t h   c o n t a i n i n g   an  i n e r t   a t m o s p h e r e ,   t he   t e m p e r a t u r e   a t  

t h e   h o t t e s t   p o i n t   in  t h e   s a i d   f i r s t   h e a t i n g   zone  b e i n g   i n  

t h e   r a n g e   of  a b o u t   1500°C  to  a b o u t   2 1 0 0 ° C ,   and  t h e  

t e m p e r a t u r e   a t   t he   h o t t e s t   p a r t   in  t h e   s a i d   s e c o n d  

h e a t i n g   zone  b e i n g   a t   l e a s t   a b o u t   2 1 0 0 ° C .  

2.  A   p r o c e s s   a c c o r d i n g   to  c l a i m   1  in  w h i c h   t h e   t w o  

h e a t i n g   z o n e s   a r e   c o n s t i t u t e d   by  s e p a r a t e   f u r n a c e   t u b e s  

s e p a r a t e l y   h e a t e d   and  f u r n i s h e d   w i t h   i n e r t   a t m o s p h e r e .  
3.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  or  c l a i m   2  in  w h i c h  

t he   s a i d   t e m p e r a t u r e   a t   t h e   h o t t e s t   p o i n t   in  t h e   f i r s t  

h e a t i n g   zone  i s   in  t h e   r a n g e   of  f rom  1700°C  to  1 9 0 0 ° C .  

4.  A  p r o c e s s   a c c o r d i n g   to  any  one  of  c l a i m s   1  to   3  i n  

w h i c h   t h e   s a i d   t e m p e r a t u r e   a t   t he   h o t t e s t   p o i n t   in  t h e  

s e c o n d   h e a t i n g   zone   i s   in  t h e   r a n g e   of  2100°C  to  3 5 0 0 ° C .  

5.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   4  in  w h i c h   t h e   s a i d  

t e m p e r a t u r e   a t   t he   h o t t e s t   p o i n t   in  t he   s e c o n d   h e a t i n g  

zone   is   in  t h e   r a n g e   of  f rom  2300°C  to  2 7 0 0 ° C .  

6.  A  p r o c e s s   a c c o r d i n g   to  any  one  of  t he   p r e c e d i n g  
c l a i m s   in  w h i c h   t he   a v e r a g e   r a t e   of  h e a t i n g   of  f i b r e   i n  

t h e   f i r s t   h e a t i n g   zone  i s   in  t h e   r a n g e   of  f rom  3 0 0 ° C / m i n  

to  2 0 0 0 ° C / m i n .  

7.  A  p r o c e s s   a c c o r d i n g   to  any  one  of  t h e   p r e c e d i n g  
c l a i m s   in  w h i c h   t he   a v e r a g e   r a t e   of  h e a t i n g   of  f i b r e   i n  

t h e   s e c o n d   h e a t i n g   zone  is   in  t he   r a n g e   of  f r o m  
2 0 0 0 ° C / m i n   to  1 0 , 0 0 0 ° C / m i n .  

8.  A  p r o c e s s   a c c o r d i n g   to  any  one  of  t he   p r e c e d i n g  
c l a i m s   in  w h i c h   the   p r e c u r s o r   f i b r e   i s   a  c o n v e r t e d  

p o l y a c r y l o n i t r i l e   f i b r e .  



9.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   8  in  w h i c h   t h e  

p r e c u r s o r   f i b r e   is  a  c a r b o n   f i b r e   o b t a i n e d   f rom  a n  

a c r y l i c   f i b r e   c o m p r i s i n g   at   l e a s t   95  m o l  %   of  a c r y l o -  

n i t r i l e   and  up  to  5  m o l  %   of  one  or  more  e t h y l e n e - t y p e  

v i n y l   c o m p o u n d s   c o p o l y m e r i z a b l e   w i t h   a c r y l o n i t r i l e   b y  

h e a t i n g   and  o x i d i z i n g   the   s a i d   a c r y l i c   f i b r e   in  a n  

o x i d i z i n g   a t m o s p h e r e   at  a  t e m p e r a t u r e   in  t he   r a n g e   o f  

a b o u t   200°C  to  a b o u t   4 0 0 ° C ,   and  t h e n   h e a t i n g   the   o x i d i z e d  

f i b r e   so  f o r m e d   in  an  i n e r t   a t m o s p h e r e   at  a  t e m p e r a t u r e  

of  f rom  400°C  to  1 5 0 0 ° C .  

10.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   8  in  w h i c h   t h e  

p r e c u r s o r   f i b r e   is  an  o x i d i z e d   f i b r e   o b t a i n e d   from  a n  

a c r y l i c   f i b r e   c o m p r i s i n g   at   l e a s t   95  m o l  %   o f  

a c r y l o n i t r i l e   and  up  to  5  mol  %  of  one  or  more  e t h y l e n e -  

t y p e   v i n y l   c o m p o u n d s   c o p o l y m e r i z a b l e   w i t h   a c r y l o n i t r i l e ,  

by  h e a t i n g   and  o x i d i z i n g   the   s a i d   a c r y l i c   f i b r e   in  a n  

o x i d i z i n g   a t m o s p h e r e   a t   a  t e m p e r a t u r e   of  f rom  a b o u t   2 0 0 ° C  

to  a b o u t   4 0 0 ° C .  
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