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!§)  A  pitch  from  catalytic  cracker  bottoms  and  other  feedstocks. 

  A  pitch  suitable  for  spinning  directly  into  carbon  fibers, 
characterised  by  containing  (i)  from  80  to  100  percent  by  weight 
toluene  insolubles,  (ii)  at  least  15  percent  by  weight  quinoline 
insolubles  and/or  from  1  to  60  percent  by  weight  pyridine 
insolubles  and  (iii)  is  preferably  substantially  free  of  impurities 
and  ash;  said  pitch  having  been  derived  from  a  substantially 
deasphaltenated  fraction  of  a  feedstock,  preferably  catalytic 
cracker  bottoms. 



FIELD  OF  THE  I N V E N T I O N :  

T h i s   i n v e n t i o n   p e r t a i n s   to  an  a r o m a t i c   p i t c h  

c o n t a i n i n g   a  h i g h   l i q u i d   c r y s t a l   ( o p t i c a l l y   a c t i v e )  

f r a c t i o n ,   and  more   p a r t i c u l a r l y   to  a  p i t c h   w h i c h   can   b e  

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

BACKGROUND  OF  THE  I N V E N T I O N :  

As  is   w e l l - k n o w n ,   t h e   c a t a l y t i c   c o n v e r s i o n   o f  

v i r g i n   g a s   o i l s   c o n t a i n i n g   a r o m a t i c ,   n a p h t h e n i c   a n d  

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

v a r i e t y   of   d i s t i l l a t e s   t h a t   h a v e   e v e r - i n c r e a s i n g   u t i l i t y  

and  i m p o r t a n c e   in  t h e   p e t r o c h e m i c a l   i n d u s t r y .   T h e  

e c o n o m i c   and  u t i l i t a r i a n   v a l u e ,   h o w e v e r ,   of  t h e   r e s i d u a l  

f r a c t i o n s   of  t h e   c a t   c r a c k i n g   p r o c e s s e s   ( a l s o   known  a s  

c a t   c r a c k e r   b o t t o m s )   h a s   n o t   i n c r e a s e d   to   t h e   s a m e  

e x t e n t   as  h a v e   t h e   l i g h t   o v e r h e a d   f r a c t i o n s .   O n e  

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

m a n u f a c t u r e   o f   c a r b o n   a r t i f a c t s .   As  i s   w e l l - k n o w n ,  

c a r b o n   a r t i f a c t s   h a v e   b e e n   made  by  p y r o l y z i n g   a  w i d e  

v a r i e t y   o f   o r g a n i c   m a t e r i a l s .   I n d e e d ,   o n e   c a r b o n  

a r t i f a c t   of   p a r t i c u l a r l y   i m p o r t a n t   c o m m e r c i a l   i n t e r e s t  

is   c a r b o n   f i b e r .   H e n c e ,   p a r t i c u l a r   r e f e r e n c e   i s   m a d e  

h e r e i n   to   c a r b o n   f i b e r   t e c h n o l o g y .   N e v e r t h e l e s s ,   i t  

s h o u l d   be  a p p r e c i a t e d   t h a t   t h i s   i n v e n t i o n   has   a p p l i c a -  

b i l i t y   to   c a r b o n   a r t i f a c t s   in   a  g e n e r a l   s e n s e ,   w i t h  

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

in   t h e   f o r m   o f   f i l a m e n t s ,   y a r n s ,   f i l m s ,   r i b b o n s ,  

s h e e t s ,   e t c .  

The  u s e   o f   c a r b o n   f i b e r s   f o r   r e i n f o r c i n g  

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

c o m m e r c i a l   a c c e p t a n c e .   The  e x c e p t i o n a l   p r o p e r t i e s   o f  

t h e s e   r e i n f o r c i n g   c o m p o s i t e   m a t e r i a l s ,   s u c h   as  t h e i r  

h i g h   s t r e n g t h   to  w e i g h t   r a t i o ,   c l e a r l y   o f f s e t   t h e i r   h i g h  

p r e p a r a t i o n   c o s t s .   I t   is   g e n e r a l l y   a c c e p t e d   t h a t   l a r g e  



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

g a i n   e v e n   g r e a t e r   a c c e p t a n c e   in  t h e   m a r k e t p l a c e ,   i f   t h e  

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

T h u s , . t h e   f o r m a t i o n   of  c a r b o n   f i b e r s   f rom  r e l a t i v e l y  

i n e x p e n s i v e   c a r b o n a c e o u s   p i t c h e s   h a s   r e c e i v e d   c o n s i d e r -  

a b l e   a t t e n t i o n   in  r e c e n t   y e a r s .  

M a n y   m a t e r i a l s   c o n t a i n i n g   p o l y c o n d e n s e d  

a r o m a t i c s   can   be  c o n v e r t e d   a t   e a r l y   s t a g e s   of   c a r b o n i -  

z a t i o n   to   a  s t r u c t u r a l l y   o r d e r e d   o p t i c a l l y   a n i s o t r o p i c  

s p h e r i c a l   l i q u i d   c r y s t a l   c a l l e d   m e s o p h a s e .   The  p r e s e n c e  
o f   t h i s  o r d e r e d   s t r u c t u r e   p r i o r   to   c a r b o n i z a t i o n   i s  

c o n s i d e r e d   t o   be  f u n d a m e n t a l   in   o b t a i n i n g   a  h i g h   q u a l i t y  

c a r b o n   f i b e r .   T h u s ,   one   o f  t h e   f i r s t   r e q u i r e m e n t s   of  a  

f e e d s t o c k   m a t e r i a l   s u i t a b l e   f o r  c a r b o n   f i b e r   p r o d u c t i o n ,  
i s   i t s   a b i l i t y   to   be  c o n v e r t e d   to   a  h i g h l y   o p t i c a l l y  

a n i s o t r o p i c   m a t e r i a l .  

In  a d d i t i o n ,   s u i t a b l e   f e e d s t o c k s   f o r   c a r b o n  

a r t i f a c t   m a n u f a c t u r e ,   and  in  p a r t i c u l a r   c a r b o n   f i b e r  

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

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

s p i n n i n g   i n t o   d e s i r a b l e   a r t i c l e s  a n d   f i b e r s .  

U n f o r t u n a t e l y ,   many  c a r b o n a c e o u s   p i t c h e s   h a v e  

r e l a t i v e l y   h i g h   s o f t e n i n g   p o i n t s .   I n d e e d ,   i n c i p i e n t  

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

The  p r e s e n c e   o f . c o k e ,   i n f u s i b l e   m a t e r i a l s ,   a n d / o r   h i g h  

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

f i b e r - m a k i n g   p r o c e s s .   T h u s ,   f o r   e x a m p l e ,   U .S .   P a t e n t  

3 , 9 1 9 , 3 7 6   d i s c l o s e s   t h e   d i f f i c u l t y   in   d e f o r m i n g   p i t c h e s  

w h i c h   u n d e r g o   c o k i n g   a n d / o r   p o l y m e r i z a t i o n   a t   t h e  

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

A n o t h e r   i m p o r t a n t   c h a r a c t e r i s t i c   o f   t h e  

f e e d s t o c k   f o r   c a r b o n   a r t i f a c t   m a n u f a c t u r e   i s   i t s   r a t e   o f  



c o n v e r s i o n   to  a  s u i t a b l e   o p t i c a l l y   a n i s o t r o p i c   m a t e r i a l .  

For  e x a m p l e ,   in  t h e   a b o v e - m e n t i o n e d   U .S .   p a t e n t ,   i t   i s  

d i s c l o s e d   t h a t   350°C   i s   t h e   min imum  t e m p e r a t u r e   g e n -  

e r a l l y   r e q u i r e d   to  p r o d u c e   m e s o p h a s e   f rom  a  c a r b o n a c e o u s  

p i t c h .  M o r e   i m p o r t a n t l y ,   h o w e v e r ,   i s   t h e   f a c t   t h a t   a t  

l e a s t   one   w e e k   o f   h e a t i n g   i s   n e c e s s a r y   to   p r o d u c e   a  

m e s o p h a s e   c o n t e n t   of  a b o u t   40%,  a t   t h a t   min imum  t e m p e r -  

a t u r e .   M e s o p h a s e ,   o f   c o u r s e ,   c a n   be  g e n e r a t e d   i n  

s h o r t e r   t i m e s   by  h e a t i n g   a t   h i g h e r   t e m p e r a t u r e s .  

H o w e v e r ,   as  i n d i c a t e d   a b o v e ,   i n c i p i e n t   c o k i n g   and  o t h e r  

u n d e s i r a b l e   s i d e   r e a c t i o n s   t a k e   p l a c e   a t   t e m p e r a t u r e s   i n  

e x c e s s   of  a b o u t   4 4 0 o C .  

In  U . S .   P a t e n t   4 , 2 0 8 , 2 6 7 ,   i t   ha s   b e e n   d i s c l o s -  

ed  t h a t   t y p i c a l   g r a p h i t i z e d   c a r b o n a c e o u s   p i t c h e s   c o n t a i n  

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

c h e m i c a l   p r o p e r t i e s .   I n d e e d ,   t h i s   s e p a r a b l e   f r a c t i o n  

e x h i b i t s   a  s o f t e n i n g   r a n g e   and  v i s c o s i t y   s u i t a b l e   f o r  

s p i n n i n g .   I t   a l s o   h a s   t h e   a b i l i t y   to   be  c o n v e r t e d  

r a p i d l y   ( a t   t e m p e r a t u r e s   i n  . t h e   r a n g e   g e n e r a l l y   of   a b o u t  

2 3 0 ° C   to   a b o u t   4 0 0 0 C )   to   an  o p t i c a l l y   a n i s o t r o p i c ,  

d e f o r m a b l e ,   l i q u i d   c r y s t a l l i n e   m a t e r i a l   s t r u c t u r e .  

U n f o r t u n a t e l y ,   t h e   a m o u n t   of  s e p a r a b l e   f r a c t i o n   p r e s e n t  
in  w e l l - k n o w n   c o m m e r c i a l l y   a v a i l a b l e   p e t r o l e u m   p i t c h e s ,  
s u c h   as  A s h l a n d   240  and  A s h l a n d   2 6 0 ,   to  m e n t i o n   a  f e w ,  

is   e x c e e d i n g l y   l o w .   For  e x a m p l e ,   w i t h   A s h l a n d   240 ,   n o  

more  t h a n   a b o u t   10%  of  t h e   p i t c h   c o n s t i t u t e s   a  s e p a r a b l e  
f r a c t i o n   c a p a b l e   of   b e i n g   t h e r m a l l y   c o n v e r t e d   to   a 
d e f o r m a b l e   a n i s o t r o p i c   p h a s e .  

In  U . S .   P a t e n t   4 , 1 8 4 , 9 4 2 ,   i t   h a s   b e e n   d i s -  

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

y i e l d i n g   an  o p t i c a l   a n i s o t r o p i c   p i t c h   can  be  i n c r e a s e d  

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

r a n g e   of   350oC  t o  4 5 0 ° C ,   u n t i l   s p h e r u l e s   v i s i b l e   u n d e r  

p o l a r i z e d   l i g h t   b e g i n   to  a p p e a r .  



In   U . S .   P a t e n t   4 , 2 1 9 , 4 0 4 ,   i t   h a s   b e e n   d i s -  

c l o s e d   t h a t   t h e   p o l y c o n d e n s e d   a r o m a t i c   o i l s   p r e s e n t  i n  

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

t a l   t o   t h e   r a t e   of   f o r m a t i o n   o f   h i g h l y   a n i s o t r o p i c  

m a t e r i a l   in   s u c h   f e e d s t o c k s   w h e n   t h e y   a r e   h e a t e d   a t  

e l e v a t e d   t e m p e r a t u r e s   and  t h a t ,   in   p r e p a r i n g   a  f e e d s t o c k  

f o r   c a r b o n   a r t i f a c t   m a n u f a c t u r e ,   i t   i s   p a r t i c u l a r l y  

a d v a n t a g e o u s   to  r e m o v e   a t   l e a s t   a  p o r t i o n   of  t h e   p o l y -  

c o n d e n s e d   a r o m a t i c   o i l s   n o r m a l l y   p r e s e n t   in  t h e   p i t c h  

s i m u l t a n e o u s l y   w i t h ,   or   p r i o r   t o ,   h e a t   s o a k i n g   of  t h e  

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

c a r b o n   a r t i f a c t   m a n u f a c t u r e .  

More  r e c e n t l y ,   in  U . S .   P a t e n t   4 , 2 7 1 , 0 0 6   ( J u n e  

2,  1 9 8 1 ) ,   a  p r o c e s s   h a s   b e e n   d i s c l o s e d   f o r   c o n v e r t i n g  

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

a r t i f a c t   m a n u f a c t u r e .   B a s i c a l l y ,   t h e   p r o c e s s   r e q u i r e s  

s t r i p p i n g   c a t   c r a c k e r   b o t t o m s   o f   f r a c t i o n s   b o i l i n g   b e l o w  

4000C  and   t h e r e a f t e r   h e a t   s o a k i n g   t h e   r e s i d u e   f o l l o w e d  

by  v a c u u m   s t r i p p i n g   to  p r o v i d e   a  c a r b o n a c e o u s   a r o m a t i c  

p i t c h .  

C a t   c r a c k e r   b o t t o m s  l i k e   a l l   o t h e r   h e a v y  

a r o m a t i c   r e s i d u e s   o b t a i n e d   f rom  s t e a m   c r a c k i n g ,   f l u i d  

c r a c k i n g   or   c o a l   p r o c e s s i n g   a r e   c o m p o s e d   of  two  c o m p o -  

n e n t s :   (1)  a  low  m o l e c u l a r   w e i g h t   o i l   f r a c t i o n   w h i c h  

can   be  d i s t i l l e d ?  - a n d   (2)  an  u n d i s t i l l a b l e   f r a c t i o n   o f  

h i g h   m o l e c u l a r   w e i g h t .   T h i s   h i g h   m o l e c u l a r   w e i g h t  

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

n - h e p t a n e ,   i s o - o c t a n e ,   p e t   e t h e r ,   e t c .   T h i s   f r a c t i o n   i s  

g e n e r a l l y   c a l l e d   " a s p h a l t e n e " .  

I t   i s   p r e f e r r e d   to   u se   an  a s p h a l t e n e - f r e e   f e e d  

f o r   t h e   p r o d u c t i o n   of  p i t c h e s .   T h e s e   a s p h a l t e n e s   h a v e   a 

v e r y   h i g h   m o l e c u l a r   w e i g h t   (up  to  1 0 , 0 0 0 ) ,   a  v e r y   h i g h  

c o k i n g   c h a r a c t e r i s t i c   ( c o k i n g   v a l u e   as  h i g h   as  6 7 . 5   wt% 



c o k e   y i e l d   a t   5 5 0 0 C ) ,   and   a  v e r y   h i g h   m e l t i n g   p o i n t  

( 2 0 0 - 2 5 0 ° C )  .  

I t   is   d e s i r e d   to  use   an  a s p h a l t e n e - f r e e   c a t  

c r a c k e r   b o t t o m .   The  a s p h a l t e n e - f r e e   c a t   c r a c k e r   b o t t o m  

is   f r e e   of  a s h ,   c o k e   p a r t i c l e s   and  o t h e r   i m p u r i t i e s .  

The  a b s e n c e   of   a s p h a l t e n e ,   a s h ,   c o k e   p a r t i c l e s   and  o t h e r  

o r g a n i c   and  i n o r g a n i c   i m p u r i t i e s   make  t h e   c a t   c r a c k e r  

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

an  a r o m a t i c   p i t c h   w i t h   a  v e r y   h i g h  c o n t e n t   of   l i q u i d  

c r y s t a l s .   T h i s   a s p h a l t e n e - f r e e   c a t   c r a c k e r   b o t t o m   c a n  
be  p r e p a r e d   by  two  m e t h o d s :   (a)  by  a  d i s t i l l a t i o n  

p r o c e s s ;   e . g . ,   v a c u u m   or  s t e a m   d i s t i l l a t i o n ;   and  ( b )  

by  d e a s p h a l t e n a t i o n   o f   t h e   c a t   c r a c k e r   b o t t o m .   T h e  

d e a s p h a l t e n a t i o n   can   be  made  r e a d i l y   by  s o l v e n t   e x t r a c -  

t i o n   w i t h   a  p a r a f f i n i c   s o l v e n t .  

In  U . S .   P a t e n t   No.   4 , 3 6 3 , 7 1 5 '   a  p r o c e s s   i s  

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

c r y s t a l   f r a c t i o n   b y  h e a t   s o a k i n g   a  d i s t i l l a t e   d e r i v e d  

f rom  a  c a t   c r a c k e r   b o t t o m .   The  p i t c h   p r o d u c e d   in  t h e  

a b o v e   p a t e n t   No.  4 , 3 6 3 , 7 1 5   c a n n o t   be  u s e d   d i r e c t l y   f o r  

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

h a s   to  be  e x t r a c t e d   f rom  t h e   p i t c h   and  u s e d   f o r   f i b e r  

p r o d u c t i o n .  

W h e r e a s ,   U . S .   P a t e n t   No.   4 , 3 6 3 , 7 1 5   t e a c h e s  

t h a t   a l l   o f   t h e   c a t   c r a c k e r   b o t t o m s   c a n   be  u s e d   t o  

o b t a i n   a  p i t c h   h a v i n g   low  t o l u e n e   i n s o l u b l e s   ( T i ) ,   t h e  

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

a  p i t c h   f r o m   f r a c t i o n s   o f   t h e   c a t   c r a c k e r   b o t t o m s  

w h i c h   has   a  h i g h   Ti  c o n t e n t   (a  h i g h   c o n t e n t   of   l i q u i d  

c r y s t a l s ) .  

The  p r e s e n t   i n v e n t i o n   u s e s   d e a s p h a l t e n a t e d  

f e e d s t o c k   f r a c t i o n s   to  p r o v i d e   a  p i t c h   h a v i n g   a  h i g h   T i  



c o n t e n t ,   and   o n e   w h i c h   d o e s   n o t   r e q u i r e   Ti  s o l v e n t  

e x t r a c t i o n   p r i o r   to  s p i n n i n g   i n t o   f i b e r s .  

The  d e a s p h a l t e n a t e d   f r a c t i o n s   of   a  f e e d s t o c k  

in  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n   i s   g e n e r a l l y   f r e e   o f  

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

p r o p e r t i e s   to  a l l o w   d i r e c t   s p i n n i n g   i n t o   c a r b o n   f i b e r s .  

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

w h i c h   h a v e   h i g h   s t r e n g t h   and  p e r f o r m a n c e .   For   e x a m p l e ,  

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

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

no  c o k i n g   v a l u e   a t   5 5 0 ° C   c o m p a r e d   w i t h   a  56%  s t a n d a r d  

c o k i n g   v a l u e   f o r   A s h l a n d   2 4 0 .   The  d e a s p h a l t e n a t e d   c a t  

c r a c k e r   b o t t o m   f r a c t i o n   i s   c o m p o s e d   o f   4,   5,  and   6 

p o l y c o n d e n s e d   a r o m a t i c   r i n g s .   T h i s   p r o v i d e s   a  u n i f o r m  

f e e d   m a t e r i a l   w h i c h   c a n   be  c a r e f u l l y   c o n t r o l l e d   t o  

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

d i s t r i b u t i o n .  

SUMMARY  OF  THE  I N V E N T I O N :  

The  p r e s e n t   i n v e n t i o n   p e r t a i n s   to   a  h i g h   T i  

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

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

( 8 0 - 1 0 0 % )   c a n   be  p r e p a r e d   by  t h e r m a l l y   r e a c t i n g   a  

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

s t e a m   c r a c k e r   t a r   or   a  c o a l   d i s t i l l a t e ,   t h a t   a r e   r e s p e c -  

t i v e l y   r i c h   in   ( 4 ,   5  and  6 ) ;   (2,   3,  4  and  5 ) ;   and  (3 ,   4 ,  

5  and  6)  a r o m a t i c   r i n g s .   The  v a r i o u s   f e e d s t o c k s   f r a c -  

t i o n   a r e   h e a t   s o a k e d   in  a  t e m p e r a t u r e   r a n g e   f r o m   4 2 0 ° C  

to   4 5 0 ° C   a t   a t m o s p h e r i c   p r e s s u r e ,   a n d   t h e n   v a c u u m  

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

o i l s   a t   a  t e m p e r a t u r e   in  t h e   a p p r o x i m a t e   r a n g e   of   f r o m  

3200C  to  4 4 0 0 C   a t   0 . 1   to   100  mmHg,  and  p r e f e r a b l y   a t  

g r e a t e r  t h a n  4 0 0 ° C   a t   1 . 0  -   5 . 0   mmHg  o f   p r e s s u r e .  



More  s p e c i f i c a l l y ,   in  t h e   c a s e   of  c a t   c r a c k e r  

b o t t o m s   t h e   f r a c t i o n   i s   h e a t   s o a k e d   a t   a p p r o x i m a t e l y  

440°C  f o r   2 -4   h o u r s   a t   a t m o s p h e r i c   p r e s s u r e .   In  t h e  

c a s e   o f   s t e a m   c r a c k e r   t a r s ,   t h e   f r a c t i o n   is   h e a t   s o a k e d  

a t   4 3 0 ° C   f o r   a p p r o x i m a t e l y   4 .0   h o u r s ;   and  in  t h e   c a s e  

of   c o a l   d i s t i l l a t e ,   t h e   f r a c t i o n   i s   h e a t   s o a k e d   a t  

a p p r o x i m a t e l y   4 4 0 ° C   f o r   1 /4   to  1 / 2   h o u r .   A l l   t h e   h e a t  

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

d i r e c t l y   i n t o   c a r b o n   f i b e r s .   The  p i t c h   of   t h i s   i n v e n -  

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

f r a c t i o n s   o f   a  f e e d s t o c k   and   c o n t a i n i n g   4 ,   5  and   6 

a r o m a t i c   r i n g s .  

F o r   t h e   p u r p o s e s   o f   d e f i n i t i o n   t h e   t e r m s  

" d e a s p h a l t e n a t e d   f e e d s t o c k "   a n d / o r   " d e a s p h a l t e n a t e d  

m i d d l e   f r a c t i o n   of  a  f e e d s t o c k "   s h a l l   m e a n :   a  d e a s -  

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

f e e d s t o c k ,   a n d / o r   one  c a u s e d   to  be  r e l a t i v e l y   f r e e   o f  

a s p h a l t e n e s   by  m e a n s   of   o b t a i n i n g   a  d i s t i l l a t e   p o r t i o n  

of  s a i d   f e e d s t o c k   w h i c h   when  f u r t h e r   t r e a t e d   w i l l   fo rm  a 

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

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

(1)  a  r e l a t i v e l y   low  c o k i n g   v a l u e ;  

(2)  a  r e l a t i v e l y   l o w   c o n t e n t   o f   a s h   a n d  

i m p u r i t i e s ;   a n d  

(3)  a  r e l a t i v e l y   n a r r o w   a v e r a g e   m o l e c u l a r  

w e i g h t   r a n g e .  

(4)  c o n s i s t i n g   of   3,  4,  5  and  6  a l k y l - s u b s t i -  

t u t e d   p o l y c o n d e n s e d   a r o m a t i c s .  

A  t y p i c a l   w e i g h t   p e r c e n t a g e   of   a s p h a l t e n e s  

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

in  t h e   r a n g e   of   a p p r o x i m a t e l y   0 .0   to  1 . 0 % .  



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

h a s   t h e   p r o p e r   r h e o l o g i c a l   p r o p e r t i e s   c h a r a c t e r i z e d   as  a 

g l a s s   t r a n s i t i o n   t e m p e r a t u r e   (Tg)  in  t h e   a p p r o x i m a t e  

r a n g e   of   1 8 0 ° C   to   2 5 0 ° C   a t   a t m o s p h e r i c   p r e s s u r e ,   a n d /  

o r   a  v i s c o s i t y   o f   l e s s   t h a n   a p p r o x i m a t e l y   2 , 5 0 0   c p s  
in  a  t e m p e r a t u r e   of   a p p r o x i m a t e l y   3600C  a t   a t m o s p h e r i c  

p r e s s u r e .  

I t   i s   an  o b j e c t   o f   t h i s   i n v e n t i o n   to  p r o v i d e  

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

f i b e r s .  

I t   i s   a n o t h e r   o b j e c t   o f   t h e   i n v e n t i o n   t o  

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

m o r e   u n i f o r m ,   and   w h i c h   i s   r e l a t i v e l y   f r e e   of   a s h   a n d  

i m p u r i t i e s .  

I t   i s   a  f u r t h e r   o b j e c t   of   t h i s   i n v e n t i o n   t o  

p r o v i d e   a  p i t c h   h a v i n g   h i g h   t o l u e n e   i n s o l u b l e s ,   a n d  

w h i c h   d o e s   n o t   r e q u i r e   Ti  s o l v e n t   e x t r a c t i o n   p r i o r   t o  

s p i n n i n g   i n t o   f i b e r s .  

T h e s e  a n d   o t h e r   o b j e c t s   of   t h i s   i n v e n t i o n   w i l l  

be  b e t t e r   u n d e r s t o o d   and  w i l l   b e c o m e   more   a p p a r e n t   w i t h  

r e f e r e n c e   to   t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   c o n -  

s i d e r e d   in   c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS: 

F i g u r e   1  i s   a  g r a p h i c a l   r e p r e s e n t a t i o n   o f  

d e a s p h a l t e n a t e d   f r a c t i o n s   o f   v a r i o u s   f e e d s t o c k s   u s e d   t o  

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

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

b o t t o m   of   t h i s   i n v e n t i o n .  



F i g u r e   2  s h o w s   a  g r a p h   o f   v i s c o s i t y   v s .  

t e m p e r a t u r e   f o r   a  n u m b e r   of   p i t c h e s   made  f rom  d e a s p h a l -  
t e n a t e d   c a t   c r a c k e r   b o t t o m   d i s t i l l a t e s ;   a n d  

F i g u r e   3  d e p i c t s   a  g r a p h   of   a  g l a s s   t r a n s i t i o n  

t e m p e r a t u r e   s c a n   f o r   one  of  t h e   p i t c h e s   shown  in  F i g u r e  

2 .  

DETAILED  DESCRIPTION  OF  THE  I N V E N T I O N :  

The  t e r m   c a t a l y t i c   c r a c k i n g   r e f e r s   to  a  t h e r -  

mal   and  c a t a l y t i c   c o n v e r s i o n   of   g a s   o i l s ,   p a r t i c u l a r l y  

v i r g i n   g a s   o i l s ,   b o i l i n g   g e n e r a l l y   b e t w e e n   316°C  a n d  

5 6 6 ° C ,   i n t o   l i g h t e r ,   more   v a l u a b l e   p r o d u c t s .  

Ca t   c r a c k e r   b o t t o m s   r e f e r   to  t h a t   f r a c t i o n   o f  

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

t h e   r a n g e   of  f rom  a b o u t   2 0 0 ° C   to  a b o u t   5 5 0 ° C .  

Ca t   c r a c k e r   b o t t o m s   t y p i c a l l y   h a v e   r e l a t i v e l y  
low  a r o m a t i c i t y   as  c o m p a r e d   w i t h   g r a p h i t i z a b l e   i s o t r o p i c  

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

f a c t u r e .  

S p e c i f i c a t i o n s   f o r   a  t y p i c a l   c a t   c r a c k e r  

b o t t o m   t h a t   is   s u i t a b l e   in  t h e   p r e s e n t   i n v e n t i o n   a r e  

g i v e n   in  T a b l e   1 : .  



T a b l e s   2  and  3  b e l o w ,   i l l u s t r a t e   t he   v a r i o u s  

f r a c t i o n s   and  c h a r a c t e r i s t i c s   o f   f r a c t i o n s   3  t h r o u g h   6  f o r  

a  t y p i c a l   c a t   c r a c k e r   b o t t o m :  



The  b o i l i n g   p o i n t   c o r r e c t e d   to   a t m o s p h e r i c  

p r e s s u r e   and  w e i g h t   p e r c e n t   b r e a k d o w n   of  f r a c t i o n s   3-6  i s  

g i v e n   in  T a b l e   3  b e l o w :  





In  t h e   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n ,   t h e  

c a t   c r a c k e r   b o t t o m s   a r e   f r a c t i o n a l l y   d i s t i l l e d   b y  

h e a t i n g   t h e   c a t   c r a c k e r   b o t t o m   to  e l e v a t e d   t e m p e r a t u r e s  

and   r e d u c e d   p r e s s u r e s ,   f o r   e x a m p l e ,   by  h e a t i n g   t o  

t e m p e r a t u r e s   in  t h e   r a n g e   of  200°C   to  3 0 0 ° C   a t   p r e s -  

s u r e s   r a n g i n g   f r o m   a b o u t   250  to   500  m i l l i m e t e r s   o f  

m e r c u r y .   B a s i c a l l y ,   t h e   c a t   c r a c k e r   b o t t o m   i s   s e p a r a t e d  

. i n t o   a t   l e a s t   a  s i n g l e   d i s t i l l a t e   h a v i n g   a  b o i l i n g   p o i n t  

a t   760  mm  m e r c u r y   in  t h e   r a n g e   of  f r o m   a b o u t   250oC  t o  

a b o u t   5 3 0 ° C ,   and   t h e   r e s i d u e   b e i n g   t h e   f r a c t i o n   n o t  

d i s t i l l a b l e   a t   t e m p e r a t u r e s   up  to   5 3 0 o C ,   a t   a  p r e s s u r e  

of   a b o u t   350  to  450  m i l l i m e t e r s   of   m e r c u r y .   In  a  p a r -  

t i c u l a r l y   p r e f e r r e d   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 ,  

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

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

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

t h e   a p p r o x i m a t e   r a n g e   o f   a b o u t   4 5 0 ° C   t o   a b o u t   5 1 0 ° C  

a t   760  mm  of   m e r c u r y .   The  d e s i r e d   c a t   c r a c k e r   b o t t o m  

f r a c t i o n   c a n   a l s o   be  o b t a i n e d   by  o t h e r   c o m m e r c i a l l y  

known  s e p a r a t i o n   m e t h o d s   s u c h   as  s t e a m   d i s t i l l a t i o n ,  

f l a s h   s t r i p p i n g   o r   by  u s i n g   a  t h i n   f i l m   e v a p o r a t o r .  

To  p r o d u c e   a  p i t c h   w i t h   a  h i g h   f r a c t i o n   o f  

a n i s o t r o p i c   l i q u i d   c r y s t a l ,   t h e   c a t   c r a c k e r   b o t t o m  

f r a c t i o n   i s   h e a t   s o a k e d   a t   t e m p e r a t u r e s   in  t h e   a p p r o x i -  

m a t e   r a n g e   of   4 2 0 ° C   to  4 5 0 ° C   a t   a t m o s p h e r i c   p r e s s u r e .  
In  g e n e r a l ,   h e a t   s o a k i n g   i s   c o n d u c t e d   f o r   t i m e s   r a n g i n g  

f rom  2  h o u r s   to   a b o u t   4  h o u r s .   In  t h e   p r a c t i c e   of  t h e  

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

h e a t   s o a k i n g   be  d o n e   in  an  a t m o s p h e r e   s u c h   as  n i t r o g e n ,  

or  a l t e r n a t i v e l y   in  a  h y d r o g e n   a t m o s p h e r e .  

W h e n   t h e   h e a t   s o a k i n g   i s   c o m p l e t e d ,   t h e  

r e a c t i o n   m i x t u r e   i s   t h e n   s u b j e c t e d   to  a  r e d u c e d   p r e s s u r e  

a t   a  l i q u i d   t e m p e r a t u r e   b e t w e e n   3 2 0 - 4 4 0 ° C ,   and   m o s t  

p r e f e r a b l y   a t   4 0 0 - 4 3 0 o C ,   to   r e m o v e   f rom  t h e   m i x t u r e   a t  

l e a s t   p a r t   of  t h e   d i s t i l l a b l e   u n r e a c t e d   o i l s .   P r e f e r -  



a b l y ,   a l l   of   t h e   u n r e a c t e d   o i l s   a r e   r e m o v e d   in  o r d e r   t o  

c o n c e n t r a t e   and  i n c r e a s e   t h e   a n i s o t r o p i c   l i q u i d   c r y s t a l  

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

l i q u i d   t e m p e r a t u r e ,   e . g . ,   4 0 0 - 4 3 0 ° C ,   i s   v e r y   d e s i r a b l e .  

The  h i g h   l i q u i d   t e m p e r a t u r e   h e l p s   to   r e m o v e   t h e   d i s -  

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

p i t c h   p r o d u c t   t e n d   to   d i l u t e   and   r e d u c e   t h e   l i q u i d  

c r y s t a l   c o n t e n t   o f   t h e   p i t c h .   O p t i o n a l l y ,   t h e   h e a t  

s o a k e d   m i x t u r e   c an   be  p u r g e d   w i t h   a  g a s   s u c h   as  n i t r o g e n  

in  o r d e r   to  a c c e l e r a t e   t h e   r e m o v a l   of  t h e   u n r e a c t e d   o i l s .  

The   r e s u l t a n t   p i t c h   p r o d u c e d   by  t h e   a b o v e -  

d e s c r i b e d   m e t h o d   h a s   a  low  m e l t i n g   p o i n t   ( a s   d e f i n e d   b y  

o u r   DSC  m e t h o d )   ( 1 9 0 - 2 3 0 ° C ) ,   h a s   v e r y   h i g h   a r o m a t i c i t y  

( 8 5 - 9 0 %   o f   a r o m a t i c   c a r b o n   a t o m s   by  c a r b o n   NMR  m e t h o d )  

and  c o n t a i n s   a  h i g h   a n i s o t r o p i c   l i q u i d   c r y s t a l   f r a c t i o n  

( 8 0 - 1 0 0 %   by  p o l a r i z e d   l i g h t   m i c r o s c o p y ) .   The  p i t c h  

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

w h e r e i n   t h e   c o n t e n t   i n s o l u b l e s   in   t o l u e n e   a t   r o o m  

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

a t   7 5 ° C   a r e   d e t e r m i n e d .   The   t o l u e n e   i n s o l u b l e   ( T i )  

f r a c t i o n   in  t h e   p i t c h   can   be  u s e d   to   g i v e   a  m e a s u r e   o f  

the-  l i q u i d   c r y s t a l   c o n t e n t   i n  t h e   p i t c h .   One  of   t h e  

o b j e c t i v e s   of   t h i s   i n v e n t i o n   i s   to  t r a n s f o r m   t h e   c a t  

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

v e r y   h i g h   c o n t e n t   o f   t o l e u n e   i n s o l u b l e s   ( 8 0 - 1 0 0 % ) ,   a n d  

w h i c h   c a n   be   spun-  d i r e c t l y   i n t o   c a r b o n   f i b e r s ,   as  s h o w n  

i n   F i g u r e   1 . .  

T h e   p i t c h   o f   t h i s   i n v e n t i o n .   i s  

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

a  f e e d s t o c k   ( F i g u r e  1 ) .  



T a b l e   4  b e l o w ,   s u m m a r i z e s   t h e   h e a t   s o a k i n g  

c o n d i t i o n s   f o r   a  v a r i e t y   of  d e a s p h a l t e n a t e d   f e e d s t o c k s ,  

and  t h e   r e s u l t a n t   c h a r a c t e r i s t i c s   of   e a c h   p i t c h :  







T h e   r e h o l o g y   o f   p i t c h e s   u s e d   f o r   d i r e c t  

s p i n n i n g   i s   of  g r e a t   i m p o r t a n c e   to   o b t a i n   good   s p i n n -  

a b i l i t y .   I t   i s   d e s i r e d   to   h a v e   p i t c h e s   w i t h   low  v i s -  

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

b e l o w   a r o u n d   4 0 0 o C ,   in  o r d e r   to  a v o i d   p i t c h   c r a c k i n g  

and   v o l a t i l i z a t i o n   w h i c h   c o u l d   l e a d   to   s e r i o u s   f o a m i n g  

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

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

to  be  l e s s   s e n s i t i v e   to  h e a t ,   i . e .   d o e s   n o t   c h a n g e   i t s  

v i s c o s i t y   t o o   m u c h   w h e n   c h a n g i n g   t e m p e r a t u r e .   T h e  

s e n s i t i v i t y   o f   t h e   p i t c h   to   t e m p e r a t u r e   v a r i a t i o n   can   b e  

d e t e r m i n e d   f rom  v i s c o s i t y  -   t e m p e r a t u r e   c u r v e s .   T h i s  

r e l a t i o n s h i p   f o r   s e v e r a l  p i t c h e s   d e s i g n a t e d   A,  B,  C,  a n d  

D  i s   s h o w n   in  F i g u r e   2 .  

D i f f e r e n t i a l   S c a n n i n g   C a l o r i m e t r y   (DSC)  i s  

u s e d   t o   o b t a i n   i n f o r m a t i o n   on  g l a s s   t r a n s i t i o n   a n d  

s o f t e n i n g   c h a r a c t e r i s t i c s   o f   p i t c h e s .   An  OMINITHERM 

C o r p . -   DSC  M o d e l   (QC25)   i s   u s e d   t o   o b t a i n   t h e   g l a s s  

t r a n s i t i o n   (Tg)  d a t a .   The  m e t h o d   c o m p r i s e s   h e a t i n g   a  

s m a l l   s a m p l e   o f   t h e   p i t c h   in   t h e   DSC  p a n ,   a l l o w e d   t o  

c o o l   and  t h e   DSC  t r a c e   was  t h e n   o b t a i n e d   by  h e a t i n g   a t  

t h e   r a t e   o f   1 0 ° C / m i n   u n d e r   n i t r o g e n   ( 3 0 c c / m i n ) .   F r o m  

t h e   DSC  t r a c e   t h r e e   DSC  d a t a   p o i n t s   a r e   d e t e r m i n e d ;   t h e  

o n s e t   o f   Tg  ( T i ) ,   t h e   t e r m i n a t i o n   o f   Tg  (Tf)   and  t h e   Tg 

p o i n t   w h i c h   i s   a t   t h e   m i d w a y   b e t w e e n   t h e   Ti  and   T f  

p o i n t .   I t   h a s   b e e n   r e p o r t e d   t h a t   t h e r e   i s   a  r e l a t i o n -  

s h i p   b e t w e e n   t h e   Tg  of   t h e   p i t c h   and  i t s   s o f t e n i n g   p o i n t  

as   d e t e r m i n e d   by  t h e   t r a d i t i o n a l   m e t h o d   s u c h   as   t h e   r i n g  

a n d   b a l l   m e t h o d .   The   s o f t e n i n g   p o i n t   i s   h i g h e r   b y  

a r o u n d   6 0 0 C   t h a n   t h e   T g .  

The  DSC  d a t a   o f   C C B - d i s t i l l a t e   p i t c h e s   i s  

p r e s e n t e d   in  t a b l e   5  b e l o w :  



The  DSC  s c a n   of  C C B - d i s t i l l a t e   p i t c h   D  is   s h o w n  

in  F i g u r e   3 .  



1.  A  p i t c h   s u i t a b l e   fo r   s p i n n i n g   d i r e c t l y   i n to   c a r b o n  

f i b e r s ,   c h a r a c t e r i s e d   by  c o n t a i n i n g   (i)  from  80  to  100  p e r c e n t  

by  we igh t   t o l u e n e   i n s o l u b l e s ,   ( i i )   a t   l e a s t   15  p e r c e n t   b y  

we igh t   q u i n o l i n e   i n s o l u b l e s   a n d / o r   from  1  to  60  p e r c e n t   by  

we igh t   p y r i d i n e   i n s o l u b l e s   and  ( i i i )   is  p r e f e r a b l y   s u b s t a n t i a l l y  

f r e e   of  i m p u r i t i e s   and  ash;  s a i d   p i t c h   having   been  d e r i v e d   f r o m  

a  s u b s t a n t i a l l y   d e a s p h a l t e n a t e d   f r a c t i o n   of  a  f e e d s t o c k .  

2.  A  p i t c h   as  c l a i m e d   in  c la im  1,  where in   the  f e e d s t o c k  

fo r   s a id   f r a c t i o n   c o m p r i s e s   a  c a t   c r a c k e r   b o t t o m .  

3.  A  p r o c e s s   fo r   p r e p a r i n g   a  p i t c h   s u i t a b l e   for   c a r b o n  

a r t i f a c t   m a n u f a c t u r e ,   c h a r a c t e r i s e d   b y :  

(a)  d i s t i l l i n g   a  f e e d s t o c k ,   p r e f e r a b l y   a  c a t   c r a c k e r  

bo t tom,   to  o b t a i n   a  s u b s t a n t i a l l y   d e a s p h a l t e n a t e d  

-  f r a c t i o n   r i c h   in  4,  5  and  6  p o l y c o n d e n s e d   a r o m a t i c  

r i n g s ;  

(b )   h e a t   s o a k i n g   s a i d   middle   f r a c t i o n ;   a n d  

(c)  vacuum  s t r i p p i n g   sa id   h e a t   soaked  middle   f r a c t i o n  

to  remove  o i l s   t h e r e f r o m ,   r e s u l t i n g   in  a  p i t c h  

c o m p r i s i n g   80  to  100  p e r c e n t   by  weight   of  t o l u e n e  

i n s o l u b l e s .  

4.  A  p i t c h   fo r   s p i n n i n g   d i r e c t l y   i n to   ca rbon   f i b e r s  

t h a t   has  been  d e r i v e d   from  a  s u b s t a n t i a l l y   d e a s p h a l t e n a t e d  

f r a c t i o n   of  a  f e e d s t o c k   and  having   the  p r o p e r   r h e o l o g i c a l  

p r o p e r t i e s   fo r   d i r e c t   s p i n n i n g   i n to   carbon  f i b e r s   c h a r a c t e r i s e d  

by  a  g l a s s   t r a n s i t i o n   t e m p e r a t u r e   in  the  a p p r o x i m a t e   range  o f  
180°C  to  2500C  at   a t m o s p h e r i c   p r e s s u r e .  

5.  A  p i t c h   as  c l a imed   in  c l a im  4,  where in   sa id   p i t c h  

i s   d e r i v e d   from  a  midd led   f r a c t i o n   of  a  ca t   c r a c k e r   bottom  r i c h  

in  4,  5,  and  6   p o l y c o n d e n s e d   a r o m a t i c   r i n g s .  



6.  A  p i t c h   for   s p i n n i n g   d i r e c t l y   i n to   carbon  f i b e r s   t h a t  

has  been  d e r i v e d   from  a  s u b s t a n t i a l l y   d e a s p h a l t e n a t e d   f r a c t i o n  

of  a  f e e d s t o c k   and  having  the  p r o p e r   r h e o l o g i c a l   p r o p e r t i e s   f o r  

d i r e c t   s p i n n i n g   i n to   carbon   f i b e r s   c h a r a c t e r i s e d   by  a  g l a s s  

t r a n s i t i o n   t e m p e r a t u r e   in  the  a p p r o x i m a t e   range  of  180°C  t o  

250°C,  and  a  v i s c o s i t y   of  l e s s   than  a p p r o x i m a t e l y   2,500  cps  i n  

a  t e m p e r a t u r e   range  of  a p p r o x i m a t e l y   360°C  at  a t m o s p h e r i c  

p r e s s u r e .  
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