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@  Method  of  preparing  carbonaceous  pitch. 

@  A  method  of  preparing  a  carbonaceous  pitch,  including 
the  steps  of: 

subjecting  a  raw  material  oil  to  thermal  cracking  condi- 
tions  while  removing  cracked,  light  hydrocarbon  components 
to  obtain  a  pitch  product  containing  at  least  5  weight  of  meso- 
phase  and  not  more  than  10  weight  of  light  hydrocarbon  com- 
ponents  with  a  boiling  point  at  60  mmHg  (absolute)  of  300°C  or 
less  and  having  a  softening  point  of  between  140  and  220°C, 
the  raw  material  oil  being  composed  mainly  of  a  residual  oil 
which  has  a  boiling  point  of  350°C  or  more  and  which  is  derived 
from  a  naphthene  base  and/or  intermediate  base  petroleum 
crude;  and 

removing  the  mesophase  from  the  pitch  product  to  obtain 
a  substantially  mesophase-free  carbonaceous  pitch.  The 
mesophase-free  pitch  may  be  converted  into  carbon  fibers  in 
the  conventional  manner. 
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This  i n v e n t i o n   r e l a t e s   to  a  method  of  p r e p a r i n g   a  
c a r b o n a c e o u s   p i t c h   u s e f u l   for   use  as  a  p r e c u r s o r   m a t e r i a l  
for  ca rbon   f i b e r s .  

As  ca rbon   f i b e r s   are  i n c r e a s i n g l y   a p p l i e d   in  many  f i e l d s ,  

an  a t t e m p t   is  now  made  to  use  them  for   i n c o r p o r a t i o n   i n t o  
b o d i e s   of  p l a s t i c s ,   c e r a m i c s ,   c o n c r e t e s   and  m e t a l s .   As 

p r e c u r s o r   m a t e r i a l s   for  ca rbon   f i b e r s ,   p o l y a c r y l o n i t r i l e  
f i b e r s   have  been  h i t h e r t o   employed .   S ince   the  ca rbon   f i b e r s  
o b t a i n e d   from  p o l y a c r y l o n i t r i l e   f i b e r s   are  e x p e n s i v e ,   h o w e v e r ,  
a  number  of  s t u d i e s   have  been  made  in  r e c e n t   y e a r s   to  u t i l i z e  
c a r b o n a c e o u s   p i t c h   as  raw  m a t e r i a l s   for   ca rbon   f i b e r s .  

The  g e n e r a l   method  for   the  p r o d u c t i o n   of  c a rbon   f i b e r s  
from  c a r b o n a c e o u s   p i t c h   i n c l u d e s   mel t   s p i n n i n g   p i t c h   i n t o  

f i b e r s ,   r e n d e r i n g   the  spun  f i b e r s   i n f u s i b l e ,   and  c a r b o n i z i n g  
the  i n f u s i b l e   f i b e r s .   To  smoo th ly   p e r f o r m   such  a  m e t h o d ,  
the  p r o p e r t i e s   of  the  raw  m a t e r i a l   p i t c h   are  very   i m p o r t a n t .  
The  most  i m p o r t a n t   r e q u i r e m e n t   is  t h a t   the  p i t c h   must  h a v e  

a  good  s p i n n a b i l i t y .   I t   is  a l s o   i m p o r t a n t   t h a t   the  p i t c h  
must  have  p r o p e r t i e s   so  t h a t   the  spun  f i b e r s   o b t a i n e d   t h e r e f r o m  

may  be  r e n d e r e d   i n f u s i b l e   and  c a r b o n i z e d   w i t h o u t   d i f f i c u l t y .  
P i t c h   which  can  meet  wi th   the  above  c r i t e r i a   has  been  h i t h e r t o  
c o n s i d e r e d   to  be  of  a  type  which  is  o b t a i n e d   by  c a r e f u l l y  
t h e r m a l l y   t r e a t i n g   a  raw  m a t e r i a l   o i l ,   such  as  a  n a p h t h a  
c r a c k i n g   r e s i d u e ,   a  r e c y c l e   o i l   in  f l u i d i z e d   bed  c a t a l y t i c  

c r a c k i n g   p r o c e s s e s   or  a  coa l   t a r ,   which  has  a  h igh   c o n t e n t  
of  a r o m a t i c   components   and  a  low  c o n t e n t   of  i m p u r i t i e s   s u c h  

as  m e t a l s ,   i n o r g a n i c   m a t t e r s   and  s u l f u r   c o m p o n e n t s .   T h u s ,  
p i t c h   d e r i v e d   from  a  low  g rade   o i l   such  as  a  vacuum  r e s i d u e  

or  an  a t m o s p h e r i c   d i s t i l l a t i o n   r e s i d u e   has  been  c o n s i d e r e d  

to  be  u n s u i t a b l e   for   use  as  a  raw  m a t e r i a l   p i t c h   for   t h e  

p r o d u c t i o n   of  ca rbon   f i b e r s ,   s i n c e   such  a  p i t c h   has  a  p o o r  
s p i n n a b i l i t y .  



Since   the  h igh  g rade   raw  m a t e r i a l   o i l s   d e s c r i b e d   a b o v e  
are  r e l a t i v e l y   e x p e n s i v e   and  f a i l   to  g ive   p i t c h   wi th   a  h i g h  
y i e l d ,   the  carbon   f i b e r s   o b t a i n e d   t h e r e f r o m   are  a l s o  

e x p e n s i v e .   T h e r e f o r e ,   t h e r e   is  a  g r e a t   demand  for   c a r b o n -  
aceous   p i t c h   which  is  i n e x p e n s i v e   and  which  has  p r o p e r t i e s  
s u i t a b l e   for   the  p r o d u c t i o n   of  ca rbon   f i b e r s .  

In  J a p a n e s e   P u b l i s h e d   Unexamined  P a t e n t   A p p l i c a t i o n  
No.  57 -100186 ,   t h e r e   is  d i s c l o s e d   a  method  in  which  a  m e s o p h a s e  
p i t c h   is  h y d r o g e n a t e d   to  r e n d e r   the  mesophase   s u b s t a n t i a l l y  
s o l u b l e   in  q u i n o l i n e .   The  p i t c h   o b t a i n e d   by  t h i s   method  i s  
termed  "dormant   mesophase   p i t c h " .   The  dormant   m e s o p h a s e  
p ich   is  o p t i c a l l y   i s o t r o p i c   in  n a t u r e   and,  when  h e a t e d   a b o v e  
i t s   m e l t i n g   p o i n t ,   is  a  homogeneous  l i q u i d   in  a  s i n g l e   p h a s e .  
When  s u b j e c t e d   to  shea r   f o r c e s   in  one  d i r e c t i o n ,   the  d o r m a n t  

mesophase   p i t c h   is  c o n v e r t e d   i n t o   the  o p t i c a l l y   a n i s o t r o p i c  
s t a t e   by  o r i e n t a t i o n ,   in  the  d i r e c t i o n   p a r a l l e l   to  t h a t  

d i r e c t i o n ,   of  i t s   l a t e n t l y   o p t i c a l l y   a n i s o t r o p i c   c o m p o n e n t s  
formed  d u r i n g   the  h y d r o g e n a t i o n   t r e a t m e n t   of  the  m e s o p h a s e  
p i t c h .   While  the  dormant   mesophase   p i t c h   has  a  good  s p i n n a -  
b i l i t y ,   the  p r o c e s s   for   the  p r o d u c t i o n   t h e r e o f   has  a  d r a w b a c k  
b e c a u s e   i t   r e q u i r e s   a  h y d r o g e n a t i o n   s t ep   which  makes  t h e  

r e s u l t i n g   p i t c h   e x p e n s i v e .  
In  a c c o r d a n c e   wi th   the  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  method  of  p r e p a r i n g   an  c a r b o n a c e o u s   p i t c h ,  
c o m p r i s i n g   the  s t e p s   o f :  

s u b j e c t i n g   a  raw  m a t e r i a l   o i l   to  t h e r m a l   c r a c k i n g  
c o n d i t i o n s   wh i l e   r emoving   c r a c k e d ,   l i g h t   h y d r o c a r b o n   c o m p o n e n t s  
to  o b t a i n   a  p i t c h   p r o d u c t   c o n t a i n i n g   at  l e a s t   5  w e i g h t   %  o f  

mesophase   and  not  more  than  10  w e i g h t   %  of  l i g h t   h y d r o c a r b o n  

components   wi th   a  b o i l i n g   p o i n t   at   60  mmHg  ( a b s o l u t e )   o f  
300°C  or  l e s s   and  h a v i n g   a  s o f t e n i n g   p o i n t   of  be tween   140 
and  220°C,  the  raw  m a t e r i a l   o i l   b e ing   composed  ma in ly   of  a  
r e s i d u a l   o i l   which  has  a  b o i l i n g   p o i n t   of  350°C  or  m o r e  
and  which  is  d e r i v e d   from  a  n a p h t h e n e   base  a n d / o r   i n t e r m e d i a t e  
base  p e t r o l e u m   c rude ;   a n d  



removing  the  mesophase   from  the  p i t c h   p r o d u c t   to  o b t a i n  

a  s u b s t a n t i a l l y   m e s o p h a s e - f r e e   c a r b o n a c e o u s   p i t c h .  
In  a n o t h e r   a s p e c t   of  the  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   for   the  p r o d u c t i o n   of  ca rbon   f i b e r s   u s i n g  
the  above  c a r b o n a c e o u s   p i t c h ,   which  c o m p r i s e s   the  s t e p s   o f :  

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

p i t c h   i n t o   f i b e r s ;  
r e n d e r i n g   the  spun  f i b e r s   i n f u s i b l e ;   a n d  

c a r b o n i z i n g   the  i n f u s i b l e   f i b e r s .  

One  of  the  f e a t u r e s   of  the  p r e s e n t   i n v e n t i o n   r e s i d e s  

in  the  use  of  a  raw  m a t e r i a l   o i l   composed  ma in ly   of  a  r e s i d u a l  

o i l   h av ing   a  b o i l i n g   p o i n t   of  350°C  or  more  and  be ing   d e r i v e d  

from  a  n a p h t h e n e   base  a n d / o r   i n t e r m e d i a t e   base  p e t r o l e u m  
crude   ( h e r e i n a f t e r   r e f e r r e d   to  s imply   as  " n a p h t h e n i c   o r  
i n t e r m e d i a t e   raw  m a t e r i a l   o i l " ) .   The  advantages  accruing  from  t h e  
use  of  naphthenic  or  intermediate  raw  m a t e r i a l   o i l   are  as  f o l l o w s :  

(1)  The  use  of  the  n a p h t h e n i c   or  i n t e r m e d i a t e   r a w  
m a t e r i a l   o i l   makes  i t   p o s s i b l e   to  p r o d u c e   a  dormant   m e s o p h a s e -  
l i k e   p i t c h   w i t h o u t   r e s o r t i n g   to  a  h y d r o g e n a t i o n   t r e a t m e n t .  

As  d e s c r i b e d   p r e v i o u s l y ,   the   known  p r o c e s s   for   the  p r o d u c t i o n  
of  a  dormant   mesophase   p i t c h   r e q u i r e s   the  s t ep   of  h y d r o g e n a t i n g  

the  mesophase   of  a  mesophase   p i t c h   to  r e n d e r   same  s u b s t a n t i a l l y  
s o l u b l e   in  q u i n o l i n e .   In  c o n t r a s t ,   the  p i t c h   o b t a i n e d  

a c c o r d i n g   to  the  method  of  the  p r e s e n t   i n v e n t i o n   c o n t a i n s  

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

have  n a p h t h e n i c   r i n g s   and  s i de   c h a i n s   and  which  can  s e r v e  

as  l a t e n t l y   o p t i c a l l y   a n i s o t r o p i c   c o m p o n e n t s ,   though   t h e  

method  does  not   i n c l u d e   any  h y d r o g e n a t i o n   s t e p .  
(2)  D e h y d r o g e n a t i o n ,   t h e r m a l   d e c o m p o s i t i o n   and  o t h e r  

r e a c t i o n s   r e s u l t i n g   in  the  f o r m a t i o n   of  p i t c h   in  the  c a s e  
of  u s ing   the  n a p h t h e n i c   or  i n t e r m e d i a t e   raw  m a t e r i a l   o i l  

p r o c e e d   f a s t e r   as  compared  wi th   the  case   of  u s i n g   a  r e s i d u a l  

o i l   d e r i v e d   from  p a r a f f i n   base   p e t r o l e u m   c r u d e .   T h e r e f o r e ,  
the  r e a c t i o n   t ime  of  the  t h e r m a l   c r a c k i n g   can  be  a d v a n t a g e -  

o u s l y   r e d u c e d .   This  is  a l so   a d v a n t a g e o u s   b e c a u s e   at   l e a s t  



some  of  the  n a p h t h e n i c   r i n g s   of  the  p o l y c y c l i c ,   p o l y c o n d e n s e d  
r i n g   a r o m a t i c   h y d r o c a r b o n s   may  remain   u n d e s t r o y e d   o r  
u n a r o m a t i z e d   t h r o u g h o u t   the  t h e r m a l   c r a c k i n g .   That  i s ,  
a l t h o u g h   the  raw  m a t e r i a l   o i l   is  t h e r m a l l y   c r a c k e d   u n t i l  

a  mesophase   is  formed  in  t h e  m a t r i x   of  the   i s o t r o p i c   p i t c h ,  
the  i s o t r o p i c   m a t r i x   can  s t i l l   c o n t a i n   n a p h t h e n i c   r i n g -  
c o n t a i n i n g   p o l y c y c l i c ,   p o l y c o n d e n s e d   r i n g   a r o m a t i c   h y d r o -  
c a r b o n s   which  may  ac t   as  dormant   a n i s o t r o p i c   c o m p o n e n t s .  

(3)  The  p i t c h   p r o d u c t   o b t a i n e d   from  t h e  n a p h t h e n i c   o r  
i n t e r m e d i a t e   raw  m a t e r i a l   o i l   has  a  good  t h e r m a l   s t a b i l i t y .  
T h e r e f o r e ,   d u r i n g   the  p i t c h   fo rming   r e a c t i o n   and  d u r i n g   t h e  

s u b s e q u e n t   s p i n n i n g   o p e r a t i o n ,   the  o c c u r r e n c e   of  cok ing   i s  
m i n i m i z e d .  

(4)  The  removal   of  the  mesophase   from  the  m e s o p h a s e  
p i t c h   o b t a i n e d   by  t h e r m a l l y   c r a c k i n g   the  n a p h t h e n i c   or  i n t e r -  
m e d i a t e   raw  m a t e r i a l   o i l   can  be  e f f e c t e d   e a s i l y   by  f i l t r a t i o n .  
I t   has  been  found  t h a t   when  the  naphthenic  or  intermediate  r aw mate r ia l  
oil  is  subjected  to  t h e r m a l   c r a c k i n g   c o n d i t i o n s   a c c o r d i n g   to  t h e  
method  of  the  p r e s e n t   i n v e n t i o n ,   a  m u l t i p l i c i t y   of  a n i s o t r o p i c  
smal l   s p h e r e s   (mesophase)   h a v i n g   a  p a r t i c l e   s i z e   of  10  µm 
or  l e s s ,   g e n e r a l l y   be tween   1  and  5  µm,  are  formed  at  a  
r e l a t i v e l y   e a r l y   s t a g e   of  the  r e a c t i o n .   Even  wi th   an  i n c r e a s e  
in  r e a c t i o n   t ime,   the  mesophase   smal l   s p h e r e s   grow  v e r y  
s p a r i n g l y   in  s i z e   and  tend  to  a g g r e g a t e ,   w i t h o u t   c o a l e s c i n g  
wi th   each  o t h e r ,   to  form  b o t r y o i d a l l y   a g g r e g a t e d   p i t c h  
p a r t i c l e s   hav ing   a  p a r t i c l e   s i z e   of  20  -   150  µm  wi th   e a c h  
of  the  p i t c h   s p h e r e s   r e t a i n i n g   i t s   o r i g i n a l   s p h e r i c a l   f o r m .  
The  b o t r y o i d a l   p i t c h   p a r t i c l e s ,   which  are  h o m o g e n e o u s l y  
d i s p e r s e d   w i t h i n   the  m a t r i x   of  the  i s o t r o p i c   p i t c h ,   a r e  
e a s i l y   s e p a r a t e d   by  f i l t r a t i o n   from  the  m a t r i x   at   an  e l e v a t e d  

t e m p e r a t u r e .   The  m e s o p h a s e ,   which  has  a  h i g h e r   s o f t e n i n g  
p o i n t   than  the  i s o t r o p i c   m a t r i x ,   e x h i b i t s   s o l i d - l i k e   b e h a v i o r s  

at  such  a  f i l t r a t i o n   t e m p e r a t u r e .  
The  s u b s t a n t i a l l y   m e s o p h a s e - f r e e   c a r b o n a c e o u s   p i t c h  

o b t a i n e d   as  a  f i l t r a t e   is  very   t h e r m a l l y   s t a b l e .   When  h e a t e d  



above  i t s   m e l t i n g   p o i n t ,   for   example   at  a  t e m p e r a t u r e   o f  

abou t   300°C,  no  mesophase   is  newly  formed.   Fine  m e s o p h a s e  
p a r t i c l e s   which  f a i l e d   to  be  removed  d u r i n g   the  f i l t r a t i o n  

s t ep   and  which  may  t r a c e   be  p r e s e n t   in  the  c a r b o n a c e o u s   p i t c h  

never   grow  in  s i z e   to  the  e x t e n t   t h a t   they  a d v e r s e l y   a f f e c t  

the  s p i n n a b i l i t y   of  the  p i t c h .   F u r t h e r ,   the  amount  of  t h e  

low  m o l e c u l a r   w e i g h t   componen t s   in  the  c a r b o n a c e o u s   p i t c h  
is  smal l   and  the  m o l e c u l a r   w e i g h t   of  the  p i t c h   is  d i s t r i b u t e d  

in  r e l a t i v e l y   high  and  nar row  r a n g e .   All   of  the  a b o v e  

p r o p e r t i e s   of  the  c a r b o n a c e o u s   p i t c h   a l l ow   the  use  t h e r e o f  

as  p r e c u r s o r   m a t e r i a l s   for   the  p r o d u c t i o n   of  ca rbon   f i b e r s .  

When  a  p a r a f f i n   base  p e t r o l e u m   c rude   is  used  as  a  r a w  
m a t e r i a l   o i l   for   the  p r e p a r a t i o n   of  the  p i t c h ,   the  r a t e   a t  

which  the  p i t c h   is  formed  becomes  low.  The  r e s u l t i n g   p i t c h  
is  not   t h e r m a l l y   s t a b l e   and  cok ing   is  l i a b l e   to  occu r   d u r i n g  

the  t h e r m a l   c r a c k i n g   s t e p .   F u r t h e r ,   the  mesophase   s p h e r e s  
tend  to  c o a l e s c e   wi th   each  o t h e r   to  form  l a r g e   m e s o p h a s e  

p a r t i c l e s   hav ing   a  d i a m e t e r   of  be tween   200  and  1000  µm. 
The  mesophase   p a r t i c l e s   which  are   h e t e r o g e n e o u s l y   d i s t r i b u t e d  

in  the  m a t r i x   of  i s o t r o p i c   p i t c h   are  very   d i f f i c u l t   t o  

s e p a r a t e   from  the  m a t r i x   by  f i l t r a t i o n   in  the  mo l t en   s t a t e .  

In  a d d i t i o n ,   the  f i n e   p a r t i c l e s   of  mesophase   c o n t a i n e d   i n  

the  f i l t r a t e   can  c o a l e s c e   wi th   each  o t h e r   to  form  l a r g e  

mesophase   p a r t i c l e s   which  a d v e r s e l y   a f f e c t   the  s p i n n a b i l i t y  
of  the  p i t c h .  

The  raw  m a t e r i a l   o i l   used  in  the  p r o c e s s   of  the  p r e s e n t  
i n v e n t i o n   is  an  o i l   composed  ma in ly   of  a  r e s i d u a l   o i l   w h i c h  

has  a  b o i l i n g   p o i n t   of  350°C  or  more  and  which  is  d e r i v e d  

from  a  n a p h t h e n e   base   a n d / o r   i n t e r m e d i a t e   base  p e t r o l e u m  
c r u d e .   The  terms  " n a p h t h e n e   base   p e t r o l e u m   crude"   a n d  

" i n t e r m e d i a t e   base  p e t r o l e u m   c rude"   used  h e r e i n   are  d e f i n e d  

by  UOP  c h a r a c t e r i z a t i o n   f a c t o r   c l a s s i f i c a t i o n   method  a s  
c rude   o i l   hav ing   c h a r a c t e r i z a t i o n   f a c t o r   K  of  be tween   1 1 . 0  

and  11.5  and  be tween  11.5  and  12 .0 ,   r e s p e c t i v e l y .   The 

c h a r a c t e r i z a t i o n   f a c t o r   K  is  e x p r e s s e d   b y :  



where  T B  s t a n d s   for   a  molar   a v e r a g e   b o i l i n g   p o i n t   in  t e r m s  
of  Rankine  t e m p e r a t u r e   (°F  +  460)  and  S  s t a n d s   for   a  s p e c i f i c  
g r a v i t y   at  60°F  of  the  d i s t i l l a t e .   I l l u s t r a t i v e   of  s u i t a b l e  

n a p h t h e n e   base  crude  o i l s   are  C a l i f o r n i a   c r u d e ,   C o a l i n g a  
c r u d e ,   Texas  c r u d e ,   Bachaque ro   c r u d e ,   Merey  c r u d e ,   B o s c a n  

c r u d e ,   Maya  c r u d e ,   Klamono  c r u d e ,   S e r i a   c rude   and  N i g e r i a  
c r u d e .   I l l u s t r a t i v e   of  s u i t a b l e   i n t e r m e d i a t e   base  c r u d e  
o i l s   are  I r a n i a n   Heavy  c r u d e ,   Murban  c r u d e ,   Sas san   c r u d e ,  
Dovai  c r u d e ,   M i d c o n t i n e n t   c rude   and  Nor th   s lope   c r u d e .  

The  term  " r e s i d u a l   o i l   from  n a p h t h e n e   base  or  i n t e r -  
m e d i a t e   base  p e t r o l e u m   crude"   is  i n t e n d e d   to  mean  a  h e a v y  
f r a c t i o n ,   such  as  an  a t m o s p h e r i c   r e s i d u e ,   a  vacuum  r e s i d u e ,  

a  vacuum  d i s t i l l a t e   or  a s p h a l t   from  a  s o l v e n t   d e a s p h a l t i n g  

p r o c e s s ,   hav ing   a  b o i l i n g   p o i n t   of  350°C  or  more  p r e f e r a b l y  
500°C  or  more.  The  a s p h a l t   from  a  s o l v e n t   d e a s p h a l t i n g  

p r o c e s s   is  t h a t   o b t a i n e d   by  s u b j e c t i n g   a  r e s i d u a l   o i l   s u c h  

as  an  a t m o s p h e r i c   r e s i d u e   to  e x t r a c t i o n   t r e a t m e n t   u s i n g   a s  
an  e x t r a c t i o n   s o l v e n t   p r o p a n e ,   b u t a n e ,   p e n t a n e ,   e t c .  

P r e f e r a b l y ,   a  r e s i d u a l   o i l   c o n t a i n i n g   at  l e a s t   200  ppm, 
more  p r e f e r a b l y   at  l e a s t   500  ppm  of  me t a l   components   such  a s  
n i c k e l   and  vanadium  is  used  fo r   the  p u r p o s e   of  the  p r e s e n t  
i n v e n t i o n .   R e s i d u a l   o i l s   h a v i n g   a  l a r g e   r e s i d u a l   c a r b o n  

c o n t e n t   (Conradson  ca rbon   r e s i d u e )   a n d / o r   a  l a r g e   amount  o f  

s u l f u r   components   may  be  used  fo r   the  p u r p o s e   of  the  p r e s e n t  
i n v e n t i o n .   The  use  of  a  r e s i d u a l   o i l   h av ing   a  l a r g e   a m o u n t  
of  r e s i d u a l   ca rbon   is  r a t h e r   p r e f e r r e d   s i n c e   the  y i e l d   o f  

p i t c h   becomes  h i g h e r   wi th   the  i n c r e a s e   of  the  r e s i d u a l   c a r b o n  

c o n t e n t .   The  a b o v e - d e s c r i b e d   r e s i d u a l   o i l s   g e n e r a l l y   b e l o n g  
to  poor  grade   heavy  h y d r o c a r b o n   o i l s   and  have  been  r e g a r d e d  
as  be ing   u n s u i t e d   for   the  p r o d u c t i o n   of  ca rbon   f i b e r s .  

If   d e s i r e d ,   the  raw  m a t e r i a l   o i l   can  c o n t a i n   o t h e r  
r e s i d u a l   o i l s ,   such  as  t h o s e   d e r i v e d   from  A r a b i a n   c r u d e ,  
A r a b i a n   Heavy  c r u d e ,   Kuwait   c rude   and  Oman  c r u d e ,   than  t h o s e  



d e r i v e d   from  n a p h t h e n e   base   or  i n t e r m e d i a t e   base  p e t r o l e u m  
c r u d e .   The  c o n t e n t   of  the  r e s i d u a l   o i l   d e r i v e d   from  n a p h t h e n e  
base  a n d / o r   i n t e r m e d i a t e   base   p e t r o l e u m   c rude   in  the  r a w  
m a t e r i a l   o i l   is  p r e f e r a b l y   30  w e i g h t   %  or  more,   more  

p r e f e r a b l y   50  w e i g h t   %  or  more.  I t   is  e s p e c i a l l y   p r e f e r r e d  
t h a t   the  raw  m a t e r i a l   o i l   a lways   c o n t a i n s   a  r e s i d u a l   o i l  

d e r i v e d   from  n a p h t h e n e   base   p e t r o l e u m   c rude   in  an  amount  o f  

45  w e i g h t   %  or  more,  most  p r e f e r a b l y   60  w e i g h t   % or  m o r e .  
I t   is  a l s o   p r e f e r r e d   t h a t   the  r e s i d u a l   o i l   d e r i v e d   f r o m  

n a p h t h e n e   base  p e t r o l e u m   c rude   be  c o n t a i n e d   in  the  raw  m a t e r i a l  

o i l   in  an  amount  so  t h a t   at  l e a s t   h a l f   of  the  p i t c h   o b t a i n e d  

by  the  t h e r m a l   c r a c k i n g   s t ep   is  composed  of  componen t s   d e r i v e d  

from  the  n a p h t h e n e   base   p e t r o l e u m   c r u d e .  

The  raw  m a t e r i a l   o i l   is  t h e r m a l l y   c r a c k e d ,   w h i l e   r e m o v i n g ,  

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

t e m p e r a t u r e   of  be tween   about   350  and  500°C,  p r e f e r a b l y  
be tween   400  and  440°C  so  t h a t   a  p i t c h   is  formed  by  p o l y -  
c o n d e n s a t i o n   and  o t h e r   r e a c t i o n s   i n h e r e n t   to  the  t h e r m a l  

c r a c k i n g .   I t   is  p r e f e r r e d   t h a t   the  r emova l   of  the  c r a c k e d  

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

r e a c t i o n   zone  under   a  r e d u c e d   p r e s s u r e   for   the  e v a p o r a t i o n  
of  the  l i g h t   h y d r o c a r b o n s   formed  by  the  t h e r m a l   c r a c k i n g  

or  by  c o n t i n u o u s l y   f e e d i n g   a  g a s e o u s   h e a t   t r a n s f e r   medium 

to  the  r e a c t i o n   zone  for   c o n t a c t   w i th   the  raw  m a t e r i a l   o i l .  

T h e  h e a t   t r a n s f e r   medium  s e r v e s   both   to  supp ly   h e a t   n e c e s s a r y  
for   e f f e c t i n g   the  t h e r m a l   c r a c k i n g   and  to  s t r i p   v o l a t i l e  

c r a c k e d   p r o d u c t s   and  is  p r e f e r a b l y   a  s u b s t a n t i a l l y   o x y g e n -  
f r e e ,   n o n - o x i d a t i v e   gas  such  as  s t eam,   a  h y d r o c a r b o n   gas  o r  

vapo r ,   a  p e r f e c t   c o m b u s t i o n   was t e   gas ,   n i t r o g e n   or  h y d r o g e n .  
The  t h e r m a l   c r a c k i n g   is  p e r f o r m e d   in  a  l i q u i d   p h a s e  

under   a  r e d u c e d   p r e s s u r e ,   g e n e r a l l y   at   a  p r e s s u r e   of  b e t w e e n  

5  and  500  mmHg  ( a b s o l u t e )   or  under   a  p a r t i a l   p r e s s u r e   o f  

h y d r o c a r b o n   vapor   of  be tween   5  and  500  mmHg.  When  the  r a w  
m a t e r i a l   o i l   c o n t a i n s   r e l a t i v e l y   low  b o i l i n g   p o i n t   f r a c t i o n s  

( b o i l i n g   at  350  -   500°C)  such  as  a t m o s p h e r i c   r e s i d u e   o r  



vacuum  d i s t i l l a t e   (VGO),  the  e a r l y   s t a g e   of  the  t h e r m a l  
c r a c k i n g   may  be  s u i t a b l y   e f f e c t e d   under   a  p r e s s u r e   of  g e n e r a l l y  
be tween   1  and  10  Kg/cm2  so  as  to  i n c r e a s e   the  y i e l d   of  t h e  
p i t c h .   The  r e a c t i o n   t ime  is  g e n e r a l l y   in  the  range   o f  
be tween   0.3  and  10  h o u r s ,   though  the  r e a c t i o n   t ime  v a r i e s  
a c c o r d i n g   to  the  kind  of  the  raw  m a t e r i a l   o i l   to  be  t h e r m a l l y  
c r a c k e d .   The  t h e r m a l   c r a c k i n g   may  be  c a r r i e d   out  wi th   t h e  
use  o f  a n y   known  l i q u i d   phase  c r a c k i n g   r e a c t o r s   in  a  c o n t i n u o u s ,  
b a t c h   or  s e m i - b a t c h   ( g e n e r a l l y   a d o p t e d   in  Eureka   p r o c e s s )   mode .  

The  t h e r m a l   c r a c k i n g   is  c o n d u c t e d   so  t h a t   the  p i t c h  
p r o d u c t   c o n t a i n s   at   l e a s t   5  w e i g h t   %,  g e n e r a l l y   be tween   5 
and  40  w e i g h t   %,  p r e f e r a b l y   be tween   10  and  25  w e i g h t   %  o f  

mesophase   and  not   more  than  10  w e i g h t  % ,   p r e f e r a b l y   not  m o r e  
than  5  w e i g h t   %  of  l i g h t   h y d r o c a r b o n   components   wi th   a  b o i l i n g  
p o i n t   at  60  mmHg  ( a b s o l u t e )   of  300°C  or  l e s s   and  has  a  
s o f t e n i n g   p o i n t   of  be tween  140  and  220°C,  p r e f e r a b l y   b e t w e e n  
170  and  2 1 0 ° C .  

I t   is  i m p o r t a n t   t h a t   the  t h e r m a l   c r a c k i n g   shou ld   b e  
c o n d u c t e d   at  a  t e m p e r a t u r e   and  for   a  p e r i o d   of  t ime  so  t h a t  
at   l e a s t   5  w e i g h t   % of  mesophase   is  formed.   If  the  t h e r m a l  

c r a c k i n g   is  s t o p p e d   b e f o r e   the  f o r m a t i o n   of  m e s o p h a s e ,   t h e  
m o l e c u l a r   w e i g h t   of  the  r e s u l t i n g   p i t c h   is  too  smal l   to  g i v e  

spun  f i b e r s   of  a  s a t i s f a c t o r y   s t r e n g t h .   The  f o r m a t i o n   o f  
at   l e a s t   5  w e i g h t   % of  mesophase   is  n e c e s s a r y   to  o b t a i n   a  
p i t c h   s u i t a b l e   for   s p i n n i n g   i n t o   f i b e r s .  

The  c o n t e n t   of  the  l i g h t   f r a c t i o n   is  a l s o   i m p o r t a n t   f o r  
the  p i t c h   to  have  a  s u i t a b l e   s p i n n a b i l i t y .   The  c o n t e n t   o f  

l i g h t   h y d r o c a r b o n   components   above  10  w e i g h t   %  is  d i s a d v a n t a g e o u s  
b e c a u s e   the  p i t c h   f i b e r s   t end   to  be  b roken   d u r i n g   s p i n n i n g  
and  b e c a u s e   i t   becomes  d i f f i c u l t   to  r e n d e r   the  spun  f i b e r s  
i n f u s i b l e .   The  c o n t e n t   of  the  l i g h t   h y d r o c a r b o n   c o m p o n e n t s  
in  the  p i t c h   can  be  c o n t r o l l e d   by  a d j u s t i n g   the  feed  r a t e   o f  
the  ga seous   h e a t   t r a n s f e r   medium  or  the  deg ree   of  vacuum 

p r e s s u r e .  
When  the  s o f t e n i n g   p o i n t   of  the  p i t c h   p r o d u c t   is  b e l o w  



140°C,  the  s t a b i l i t y   of  the  c a r b o n a c e o u s   p i t c h   o b t a i n e d   b y  
remova l   of  mesophase   t h e r e f r o m   becomes  poor  and  i t   b e c o m e s  
a l s o   d i f f i c u l t   to  r e n d e r   the  spun  f i b e r s   i n f u s i b l e .   A 

s o f t e n i n g   p o i n t   of  the  p i t c h   p r o d u c t   above  220°C  is  a l s o  
u n d e s i r a b l e   b e c a u s e   the  p i t c h   p r o d u c t   w i l l   have  a  g r e a t e r  
amount  of  mesophase ,   r e s u l t i n g   in  the  d e c r e a s e   in  y i e l d   o f  
the  c a r b o n a c e o u s   p i t c h .   Too  h igh   a  s o f t e n i n g   p o i n t   a l s o  
m a k e s  t h e   s p i n n i n g   o p e r a t i o n   d i f f i c u l t   to  p e r f o r m .   The 
term  " s o f t e n i n g   p o i n t "   used  in  the  p r e s e n t   s p e c i f i c a t i o n   i s  

m e a s u r e d   by  means  of  a  K o k a - t y p e   flow  t e s t e r   m a n u f a c t u r e d  

by  Shimadzu  S e i s a k u s h o   Co.,   Ltd.  and  is  a  t e m p e r a t u r e   a t  
which  the  sample  commenced  to  flow  t h r o u g h   a  n o z z l e   h a v i n g  
a  d i a m e t e r   of  1  mm  when  h e a t e d   at  a  r a t e   of  6°C/min  under   a  

p r e s s u r e   of  10  K g / c m  .  

The  thus   o b t a i n e d   p i t c h   p r o d u c t   c o n t a i n i n g   m e s o p h a s e  
d i s p e r s e d   in  the  m a t r i x   of  i s o t r o p i c   p i t c h   is  then   s u b j e c t e d  
to  a  s o l i d - l i q u i d   s e p a r a t i o n   t r e a t m e n t   for   the  r emova l   o f  

the  mesophase   and  to  o b t a i n   s u b s t a n t i a l l y   m e s o p h a s e - f r e e  
c a r b o n a c e o u s   p i t c h .   The  term  " s u b s t a n t i a l l y   m e s o p h a s e - f r e e "  
h e r e i n   is  i n t e n d e d   to  mean  t h a t   the  p i t c h   c o n t a i n s   no  m e s o p h a s e  
h a v i n g   a  p a r t i c l e   s i ze   of  10  µm  or  more.  Mesophase   p a r t i c l e s  
h a v i n g   a  p a r t i c l e   s i z e   of  l e s s   than   10  pm  do  not  a d v e r s e l y  
a f f e c t   the  s p i n n a b i l i t y   of  the  c a r b o n a c e o u s   p i t c h   a n d ,  
t h e r e f o r e ,   the  p r e s e n c e   of  such  f i n e   mesophase   p a r t i c l e s   i n  
the  c a r b o n a c e o u s   p i t c h   can  be  i g n o r e d   for   the  p u r p o s e   of  t h e  

p r e s e n t   i n v e n t i o n .   A  p o l a r i z e d   l i g h t   m i c r o s c o p y   r e v e a l s  
t h a t   the  mesophase   c o n t a i n e d   in  the  p i t c h   p r o d u c t   has  a  
mosa ic   s t r u c t u r e   composed  of  very   f i n e   p a r t i c l e   u n i t s   h a v i n g  
a  d i a m e t e r   of  be tween  1  and  5  µm.  The  f i n e   p a r t i c l e   u n i t s  

a g g r e g a t e   d u r i n g   the  t h e r m a l   c r a c k i n g   to  form  b o t r y o i d a l ,  
a g g r e g a t e d   p a r t i c l e s   wi th   a  s i z e   of  be tween   25  and  150  µm 
h o m o g e n e o u s l y   d i s p e r s e d   in  the  m a t r i x   of  i s o t r o p i c   p i t c h .  
Under  the  r e a c t i o n   c o n d i t i o n s ,   the  mesophase   p a r t i c l e s   o r  
t h e i r   a g g r e g a t e d   p a r t i c l e s   do  not  c o a l e s c e   wi th   each  o t h e r .  

T h e r e f o r e ,   at  a  t e m p e r a t u r e   above  the  m e l t i n g   p o i n t   of  t h e  



i s o t r o p i c   m a t r i x   but   below  the  s o f t e n i n g   p o i n t   of  the  m e s o p h a s e ,  
g e n e r a l l y   at  a  t e m p e r a t u r e   of  be tween   250  and  400°C,  t h e  

mesophase   can  be  e a s i l y   s e p a r a t e d   by  f i l t r a t i o n   in  the  f o r m  
of  a  c a k e .  

As  d e s c r i b e d   p r e v i o u s l y ,   the  f o r m a t i o n   of  such  e a s i l y  
s e p a r a b l e   mesophase   is  c o n s i d e r e d   to  be  a s c r i b e d   to  the  u s e  
of  the  s p e c i f i c   raw  m a t e r i a l   o i l .   In  c o m p a r i s o n   wi th   t h e  

p i t c h   o b t a i n e d ,   in  the  same  manner  as  in  the  method  of  t h e  

p r e s e n t   i n v e n t i o n ,   by  t h e r m a l   c r a c k i n g   of  a  r e s i d u a l   o i l  
d e r i v e d   from  p a r a f f i n   base   p e t r o l e u m   c r u d e ,   the  m e s o p h a s e  
p i t c h   p a r t i c l e s   or  t h e i r   a g g r e g a t e d   p a r t i c l e s   o b t a i n e d   i n  

a c c o r d a n c e   wi th   the  p r e s e n t   i n v e n t i o n   have  a  r e l a t i v e l y   s m a l l  

p a r t i c l e   s i z e   and  are  h o m o g e n e o u s l y   d i s p e r s e d   in  the  m a t r i x  
of  i s o t r o p i c   p i t c h   which ,   in  mol ten   s t a t e ,   has  a  r e l a t i v e l y  
h igh   v i s c o s i t y .   On  the  o t h e r   hand,   the  mesophase   o b t a i n e d  
from  the  p a r a f f i n   base  p e t r o l e u m   c rude   has  a  l a r g e   p a r t i c l e  
s i z e ,   g e n e r a l l y   of  be tween   200  and  1000  µm  and  does  not   f o r m  

a  cake  when  f i l t e r e d .   If   the  mesophase   is  f o r c e d   to  b e  

s e p a r a t e d   by  f i l t r a t i o n ,   then  the  f i l t r a t e   w i l l   c o n t a i n  

mesophase   p a r t i c l e s   hav ing   a  p a r t i c l e   s i z e   of  30  µm  or  m o r e  
as  we l l   as  f i ne   mesophase   p a r t i c l e s .   Thus,   i t   is  not  p o s s i b l e  
to  o b t a i n   a  s u b s t a n t i a l l y   m e s o p h a s e - f r e e   c a r b o n a c e o u s   p i t c h  
by  f i l t r a t i o n   of  the  p i t c h   p r o d u c t   o b t a i n e d   from  the  p a r a f f i n  
base   p e t r o l e u m   c r u d e .  

The  mesophase   s e p a r a t e d   by  f i l t r a t i o n   from  the  p i t c h  
p r o d u c t   c o n t a i n s   a  l a r g e   amount  of  q u i n o l i n e   i n s o l u b l e s   a n d ,  
f u r t h e r ,   a  l a r g e r   amount  of  n i c k e l ,   vanadium  and  o t h e r   m e t a l  

componen t s   than  the  f i l t r a t e   does .   The  me ta l   c o m p o n e n t s  
c o n t a i n e d   in  the  raw  m a t e r i a l   o i l   are  c a u g h t   by  or  bound  t o  

m e s o p h a s e ,   such  as  in  the  form  of  o r g a n o - m e t a l l i c   s a l t s   o r  
p o r p h y r i n   c o m p l e x e s ,   to  form  f i n e ,   q u i n o l i n e   i n s o l u b l e - r i c h ,  

h i g h e r   s o f t e n i n g   p o i n t   ( than   the  i s o t r o p i c   m a t r i x ) ,   s o l i d -  
l i k e   mesophase   p a r t i c l e s .   Thus,  i t   is  b e l i e v e d   t h a t   m e t a l  

components   c o n t a i n e d   in  the  raw  m a t e r i a l   o i l   c o n t r i b u t e   t o  
the  good  s e p a r a b i l i t y   of  the  mesophase   formed  in  a c c o r d a n c e  



with   the  method  of  the  p r e s e n t   i n v e n t i o n .  

The  r emova l   of  mesophase   from  the  p i t c h   p r o d u c t   may  b e  

s u i t a b l y   p e r f o r m e d   by  f i l t r a t i o n ,   by  a p p l i c a t i o n   of  a  p r e s s u r e  
or  under   r e d u c e d   p r e s s u r e ,   at  an  e l e v a t e d   t e m p e r a t u r e .  
Other   s o l i d - l i q u i d   s e p a r a t i o n   methods   such  as  c e n t r i f u g e  
and  s e d i m e n t a t i o n   may  a l so   be  used .   S ince   the  m e s o p h a s e  
c o n t a i n s   m e t a l   c o m p o n e n t s ,   a  high  g r a d i e n t   m a g n e t i c   s e p a r a t i o n  
m e t h o d  o r   an  e l e c t r i c a l   method  may  be  a d o p t e d   for   t h e  

s e p a r a t i o n   of  the  mesophase .   As  d e s c r i b e d   p r e v i o u s l y ,   t h e  

p r e s e n c e   of  mesophase   p a r t i c l e s   h a v i n g   a  d i a m e t e r   of  l e s s  
than  10  µm  does  not  a d v e r s e l y   a f f e c t   the   s u b s e q u e n t   s p i n n i n g  

o p e r a t i o n ,   o x i d a t i o n   t r e a t m e n t   for   r e n d e r i n g   the  spun  f i b e r s  
i n f u s i b l e   and  c a r b o n i z i n g   t r e a t m e n t .   T h e r e f o r e ,   i t   is  n o t  

n e c e s s a r y   to  remove  such  f i n e   mesophase   p a r t i c l e s .   H o w e v e r ,  
i t   is  of  c o u r s e   d e s i r a b l e   to  remove  as  much  m e s o p h a s e   a s  

p o s s i b l e .   I t   is  p r e f e r r e d   t h a t   the  c a r b o n a c e o u s   p i t c h   do  

not  c o n t a i n   mesophase   p a r t i c l e s   h a v i n g   a  d i a m e t e r   of  5  µm 
or  more.  G e n e r a l l y ,   the  f i l t r a t e   o b t a i n e d   by  the  r emova l   o f  

mesophase   c o n t a i n s   about   2  w e i g h t   % or  l e s s   of  f i n e   m e s o p h a s e  
p a r t i c l e s .  

The  s u b s t a n t i a l l y   m e s o p h a s e - f r e e   c a r b o n a c e o u s   p i t c h  
o b t a i n e d   by  the  method  of  the  p r e s e n t   i n v e n t i o n   has  a  H/C 
(a  h y d r o g e n   to  ca rbon   a tomic   r a t i o )   of  be tween   0.55  and  1 . 2 ,  

a  h igh   m o l e c u l a r   w e i g h t ,   a  na r row  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  

and  a  good  t h e r m a l   s t a b i l i t y .   In  the  m o l t e n   s t a t e ,   the  p i t c h  
is  in  a  s i n g l e   phase .   The  p i t c h   is  s o l u b l e   in  q u i n o l i n e   a n d  
is  i s o t r o p i c   in  n a t u r e .   The  p i t c h   has  thus   a  very  e x c e l l e n t  

s p i n n a b i l i t y   and  can  be  spun  i n t o   f i b e r s   at   a  h igh  s p i n n i n g  
r a t e .   F u r t h e r ,   b e c a u s e   of  the  p r e s e n c e   of  a  s i g n i f i c a n t   a m o u n t  
of  p o l y c y c l i c ,   p o l y c o n d e n s e d   r i n g   a r o m a t i c   h y d r o c a r b o n s   w i t h  

n a p h t h e n i c   r i n g s ,   the  c a r b o n a c e o u s   p i t c h   o b t a i n e d   by  t h e  
method  of  the  p r e s e n t   i n v e n t i o n   is  l a t e n t l y   o p t i c a l l y   a n i s o -  

t r o p i c   and  can  g ive   ca rbon   f i b e r s   h a v i n g   a  h igh   m e c h a n i c a l  

s t r e n g t h .   If   d e s i r e d ,   the  c a r b o n a c e o u s   p i t c h   thus   o b t a i n e d  

can  be  s u b j e c t e d   once  or  more  t imes   to  t h e r m a l   c r a c k i n g   a n d  



s u b s e q u e n t   mesophase   r emova l   t r e a t m e n t s   to  c o n t r o l   t h e  
m o l e c u l a r   w e i g h t   of  the  c a r b o n a c e o u s   p i t c h   and  to  r e d u c e  
the  amount  of  me ta l   componen t s   in  the  c a r b o n a c e o u s   p i t c h .  
The  c a rbon   f i b e r s   can  be  u p - g r a d e d   by  such  r e p e a t e d   t r e a t m e n t s .  

The  r e s u l t s   of  the  m e a s u r e m e n t   of  v a r i o u s   p h y s i c a l  
p r o p e r t i e s   of  the  c a r b o n a c e o u s   p i t c h   o b t a i n e d   by  the  m e t h o d  
of  t h i s   i n v e n t i o n   by  means  of  a  p r o t o n   NMR,  13C-NMR,  e l e m e n t a r y  
a n a l y s i s   and  the  l i k e   have  r e v e a l e d   the  f o l l o w i n g :  

1)  P r o t o n   NMR  s p e c t r u m   shows  a  sha rp   a b s o r p t i o n   a t  
1 . 5  -   2.0  ppm  i n d i c a t i n g   the  p r e s e n c e   of  n a p h t h e n i c   r i n g s .  
In  c o m p a r i s o n   wi th   the  p i t c h   o b t a i n e d   from  p a r a f f i n   b a s e  

p e t r o l e u m   c r u d e ,   the  p i t c h   of  the  p r e s e n t   i n v e n t i o n   has  much 

more  n a p h t h e n i c   hydrogen   at  β  or  more  r emote   p o s i t i o n s   f r o m  
a r o m a t i c   r i n g .   The  Z  v a l u e   (a  r a t i o   of  the   number  of  a l i p h a t i c  
h y d r o g e n   atoms  to  the  number  of  a l i p h a t i c   ca rbon   atoms)  i s  
in  the  range   of  be tween   1  and  2,  i n d i c a t i n g   t h a t   the  n a p h t h e n i c  
r i n g   is  a  c o n d e n s e d   r i n g .  

2)  R  a  va lue ,   which  r e p r e s e n t s   the  number  of  a r o m a t i c  

r i n g s   d e t e r m i n e d   wi th   the  p r o v i s o   t h a t   the  a r o m a t i c   r i n g s  
of  the  p i t c h   m o l e c u l e   are  in  a  p e r i - t y p e   s t r u c t u r e ,   is  l a r g e .  
This   i n d i c a t e s   t h a t   the  m o l e c u l e   has  a  p o l y c y c l i c ,   p o l y c o n d e n s e d  
r i n g   s t r u c t u r e .  

3)  The  c o n t e n t   of  hyd rogen   atoms  bonded  to  ca rbon   a t o m s  
l o c a t e d   at  β  or  more  remote   p o s i t i o n s   from  a r o m a t i c   c a r b o n  

atoms  is  h i g h e r   than  t h a t   at   a - p o s i t i o n s .   This  c h a r a c t e r i s t i c  
is  common  to  p i t c h   d e r i v e d   from  p e t r o l e u m   r e s i d u a l   o i l s   a n d  

s u g g e s t s   the  p r e s e n c e   of  n a p h t h e n i c   r i n g s   and  a l i p h a t i c   s i d e  
c h a i n s   in  the  p i t c h   m o l e c u l e .  

4)  The  m e a s u r e m e n t   of  m o l e c u l a r   w e i g h t   by  vapor   p r e s s u r e  
o smos i s   method  (V.P.O.  method)  for   p i t c h   d e r i v e d   from  a  
n a p h t h e n i c   raw  m a t e r i a l   o i l   and  from  a  p a r a f f i n   base   r a w  
m a t e r i a l   o i l   r e v e a l s   t h a t   the  fo rmer   p i t c h   has  a  h i g h e r  
m o l e c u l a r   w e i g h t   than  the  l a t t e r   p i t c h .   (The  two  p i t c h   s a m p l e s  
had  a p p r o x i m a t e l y   the  same  s o f t e n i n g   p o i n t . )  

5)  Hydrogen  d o n a t i n g   p r o p e r t i e s   of  n a p h t h e n e   base  a n d  



p a r a f f i n   base   raw  m a t e r i a l   o i l s   and  the  p i t c h   o b t a i n e d   t h e r e -  
from  are  examined   by  h e a t - t r e a t i n g   the  sample  in  the  p r e s e n c e  
of  a n t h r a c e n e   to  measure   the  y i e l d   of  9 , 1 0 - d i h y d r o a n t h r a c e n e  

by  means  of  p r o t o n   NMR  s p e c t r o m e t e r .   The  r e s u l t s   shows  t h a t  
the  n a p h t h e n i c   raw  m a t e r i a l   o i l   and  the  p i t c h   d e r i v e d  
t h e r e f r o m   can  p r o v i d e   a  l a r g e r   amount  of  h y d r o g e n   t r a n s f e r a b l e  
to  a n t h r a c e n e   as  compared  wi th   the  p a r a f f i n   base   raw  m a t e r i a l  
o i l   and  i t s   p i t c h ,   r e s p e c t i v e l y .   Thus,  when  the  n a p h t h e n i c  

raw  m a t e r i a l   o i l   is  s u b j e c t e d   to  t h e r m a l   c r a c k i n g   c o n d i t i o n s ,  
v a r i o u s   r a d i c a l s   p roduced   by  the  t h e r m a l   c r a c k i n g   can  b e  
s t a b i l i z e d   by  r e a c t i o n   wi th   the  t r a n s f e r a b l e   h y d r o g e n   s u p p l i e d  

by  the  raw  m a t e r i a l   o i l .   T h e r e f o r e ,   the  p i t c h   d e r i v e d   f r o m  
the  n a p h t h e n i c   raw  m a t e r i a l   o i l   is  more  t h e r m a l l y   s t a b l e   t h a n  
t h a t   from  the  p a r a f f i n   base  raw  m a t e r i a l   o i l .  

For  the  p r o d u c t i o n   of  ca rbon   f i b e r s ,   the  s u b s t a n t i a l l y  

m e s o p h a s e - f r e e   p i t c h   o b t a i n e d   by  the  method  of  t h i s   i n v e n t i o n  

is  spun  i n t o   f i b e r s   at  a  t e m p e r a t u r e   of  be tween   250  and  310°C 

at   a  h igh   s p i n n i n g   r a t e   in  any  know  manner .   The  spun  f i b e r s  

are  then  h e a t - t r e a t e d ,   g e n e r a l l y   at  a  t e m p e r a t u r e   of  up  t o  
300°C  in  the  c o n v e n t i o n a l   manner  in  the  o x i d i z i n g   a t m o s p h e r e  
such  as  in  the  a t m o s p h e r e   of  a i r   or  N 0 2 - c o n t a i n i n g   a i r   f o r  

r e n d e r i n g   the  spun  f i b e r s   i n f u s i b l e .   The  i n f u s i b l e   f i b e r s  

are  then   c a r b o n i z e d   in  the  c o n v e n t i o n a l   manner ,   g e n e r a l l y   a t  

a  t e m p e r a t u r e   of  1000°C  or  more  to  o b t a i n   c a rbon   f i b e r s .  

Though  the  s u b s t a n t i a l l y   m e s o p h a s e - f r e e   p i t c h   as  o b t a i n e d   i s  

o p t i c a l l y   i s o t r o p i c   in  n a t u r e ,   i t   becomes  o p t i c a l l y   a n i s o t r o p i c  
d u r i n g   the  s p i n n i n g   s t ep   b e c a u s e   of  the  o r i e n t a t i o n   o f  

l a t e n t l y   o p t i c a l l y   a n i s o t r o p i c   componen t s   in  the  p i t c h   i n  

the  d i r e c t i o n   p a r a l l e l   to  the  f i b e r   a x i s .   T h e r e f o r e ,   t h e  
r e s u l t a n t   c a rbon   f i b e r s   e x h i b i t   bo th   a  h igh  t e n s i l e   s t r e n g t h  
and  a  h igh   modulus  as  compared  wi th   the  c o n v e n t i o n a l   i s o t r o p i c  
p i t c h .  

W h i l s t   the  p i t c h   of  the  p r e s e n t   i n v e n t i o n   is  e s p e c i a l l y  
s u i t e d   as  p r e c u r s o r   m a t e r i a l s   for   c a rbon   f i b e r s ,   i t   is  a l s o  
u t i l i z a b l e   in  the  same  way  as  the  c o n v e n t i o n a l   p i t c h ,   f o r  



example ,   as  a  raw  m a t e r i a l   for   g r a p h i t e .  
The  f o l l o w i n g   examples   w i l l   f u r t h e r   i l l u s t r a t e   t h e  

p r e s e n t   i n v e n t i o n .  

Example  1 
V e n e z u e l a n   Bachaque ro   c rude ,   be ing   a  n a p h t h e n e   b a s e  

p e t r o l e u m   c r u d e ,   was  d i s t i l l e d   at  a t m o s p h e r i c   p r e s s u r e   a n d  
the  bo t tom  was  s u b j e c t e d   to  vacuum  d i s t i l l a t i o n   to  o b t a i n ,  
wi th   a  y i e l d   of  45.3  vol  %,  a  r e s i d u a l   o i l   whose  p h y s i c a l  
p r o p e r t i e s   are  shown  in  Table   1 .  

One  Kg  of  the  r e s i d u a l   o i l   was  c h a r g e d   in  a  2  l i t e r  

a u t o c l a v e   e q u i p p e d   wi th   an  a g i t a t o r   and  was  t h e r m a l l y   c r a c k e d  
t h e r e i n   at  a  t e m p e r a t u r e   of  425°C  and  a  p r e s s u r e   of  1.1  Kg/cm2 

( a b s o l u t e )   for   45  min.  The  t h e r m a l   c r a c k i n g   was  p e r f o r m e d  
in  a  l i q u i d   phase   wh i l e   c o n t i n u o u s l y   f e e d i n g   s u p e r h e a t e d  
s team  at  a  r a t e   of  1  g /min .   The  c r a c k e d   gas  and  c r a c k e d  

l i g h t   h y d r o c a r b o n   o i l   were  c o n t i n u o u s l y   w i t h d r a w n   o v e r h e a d  
from  the  a u t o c l a v e   t o g e t h e r   wi th   the  s u p e r h e a t e d   s team  f o r  

r e c o v e r y .   The  p a r t i a l   p r e s s u r e   of  h y d r o c a r b o n   g a s e s   w i t h i n  
the  a u t o c l a v e   was  m a i n t a i n e d   at  300  mmHg  t h r o u g h o u t   t h e  
t h e r m a l   c r a c k i n g   by  c o n t r o l l i n g   the  feed  r a t e   of  the  s u p e r -  
h e a t e d   s team.   As  a  r e s u l t ,   about   4  w e i g h t   % of  c r a c k e d   g a s ,  
about   64  w e i g h t   % of  c r a c k e d   o i l   and  abou t   33  w e i g h t   %  o f  

p i t c h   were  o b t a i n e d .   The  p r o p e r t i e s   of  the  p i t c h   were  a s  
shown  in  Table   2 .  



The  p i t c h   was  found,   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 ,   t o  
c o n t a i n   mesophase   in  an  amount  of  20  % in  terms  of  the  a r e a  
of  p o l a r i z e d   domain.   The  mesophase   had  a  mosa ic   s t r u c t u r e  

composed  of  very  f i ne   mesophase   p a r t i c l e   u n i t s   hav ing   a  
d i a m e t e r   of  1  -   6  µm.  The  mesophase   u n i t s   formed  a g g r e g a t e d  
p a r t i c l e s   of  a  b o t r y o i d a l   shape  hav ing   a  s i z e   of  50  -   100  µm. 

100  g  of  the  mesophase   p i t c h   was  h e a t e d   to  300°C  in  t h e  

a t m o s p h e r e   of  n i t r o g e n   and  f i l t e r e d   u s i n g   500  mesh  m e t a l  
s i e v e   h a v i n g   an  e f f e c t i v e   a r e a   of  25  cm2  under   a  r e d u c e d  

p r e s s u r e   of  10  mmHg  ( a b s o l u t e ) ,   whereby  55  g  of  a  f i l t r a t e  

was  o b t a i n e d .   The  f i l t r a t i o n   was  ab le   to  be  c o n d u c t e d   e a s i l y  
and  w i t h i n   a  s h o r t   p e r i o d   of  t ime .   The  f i l t r a t e   was  f o u n d  

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   to  c o n t a i n   a l m o s t   no  m e s o p h a s e  
and  to  be  o p t i c a l l y   i s o t r o p i c .   The  p i t c h   had  a  s o f t e n i n g  
p o i n t   of  179°C  and  c o n t a i n e d   46.5  w e i g h t   %  of  v o l a t i l e  

m a t t e r s ,   0.1  w e i g h t   %  of  q u i n o l i n e   i n s o l u b l e   m a t t e r s   a n d  
2030  wt-ppm  of  meta l   componen t s   (Ni  and  V).  When  the  s u r f a c e  
of  the  p i t c h   was  rubbed  in  one  d i r e c t i o n   by  a  f i l t e r   p a p e r ,  
t h e r e   was  d e v e l o p e d   a  d e f i n i t e   m o l e c u l a r   o r i e n t a t i o n   in  t h e  
d i r e c t i o n   of  the  rub,   i n d i c a t i n g   t h a t   the  p i t c h   was  a  d o r m a n t  

mesophase   p i t c h .  
In  o r d e r   to  i n v e s t i g a t e   the  s t r u c t u r e   of  the  p i t c h ,  

v a r i o u s   p h y s i c a l   p r o p e r t i e s   of  the  p i t c h   were  measu red   by  
p r o t o n   NMR,  13C-NMR,  e l e m e n t a r y   a n a l y s i s   and  vapor   p r e s s u r e  



o s m o s i s .   NMR  a n a l y s i s   was  made  wi th   the  use  of  a  h i g h  
r e s o l u t i o n   n u c l e a r   m a g n e t i c   r e s o n a n c e   s p e c t r o m e t e r   ( V a r i a n  
Inc . )   u s ing   CDC13  as  s o l v e n t .   B rown-Ladne r   method  and  i t s  

improved  method  were  a d o p t e d   to  a n a l y z e   the  d a t a   and  t o  
c a l c u l a t e   r e s p e c t i v e   p a r a m e t e r s .   The  p r o t o n   NMR  s p e c t r u m  
showed  a  sharp   a b s o r p t i o n   at  a  6 - v a l u e   of  1 . 5  -   2.0  ppm 
a t t r i b u t e d   to  the  p r o t o n s   of  n a p h t h e n e   r i n g .   The  r e s u l t s  

were  as  shown  in  Tab les   3  and  4  t o g e t h e r   w i th   t h o s e   o f  

C o m p a r a t i v e   Example  d e s c r i b e d   h e r e i n a f t e r .   In  Tab le s   3  a n d  

4,  the  l e t t e r s   or  symbols  mean  as  f o l l o w s :  

B/Q  p i t c h :   P i t c h   o b t a i n e d   from  a  r e s i d u a l   o i l   d e r i v e d  
from  Bachaque ro   c rude   ( p i t c h   o b t a i n e d  
a c c o r d i n g   to  the  method  of  the  p r e s e n t  
i n v e n t i o n )  

A/L  p i t c h :   P i t c h   o b t a i n e d   from  a  r e s i d u a l   o i l   d e r i v e d  
from  Arab i an   L i g h t   c rude   ( C o m p a r a t i v e  
Example )  

Ha  :  C o n t e n t   of  hydrogen   on  a r o m a t i c   r i n g s  

H@  :  C o n t e n t   of  hyd rogen   at  a - p o s i t i o n s  

HN  :  C o n t e n t   of  hydrogen   on  n a p h t h e n e   r i n g s   a t  
β  or  more  remote   p o s i t i o n s  

Hβ  :  C o n t e n t   of  hydrogen   on  s i d e   c h a i n s   at  β  o r  
more  remote   p o s i t i o n s   e x c e p t   t e r m i n a l   m e t h y l  
groups   at  y  or  more  remote   p o s i t i o n s  

H  :  C o n t e n t   of  hydrogen   of  t e r m i n a l   m e t h y l  
groups   on  s ide   c h a i n s   at   y  or  more  r e m o t e  
p o s i t i o n s  

f  :  R a t i o   of  the  number  of  a r o m a t i c   ca rbon   a t o m s  a  to  the  t o t a l   number  of  c a rbon   a toms,   m e a s u r e d  
va lue   by  13C-NMR 

Mw  :  M o l e c u l a r   w e i g h t   by  V . P . O .  
#C  :  Number  of  a r o m a t i c   c a rbon   atoms  per  o n e  

m o l e c u l e  

#Cs  :  Number  of  a l i p h a t i c   c a rbon   atoms  per  m o l e c u l e  

Z  :  R a t i o   of  the  number  of  hyd rogen   atoms  b o n d e d  
to  a l i p h a t i c   ca rbon   to  the  number  of  a l i p h a t i c  
ca rbon   a t o m s  

R  :  Number  of  a r o m a t i c   r i n g s   in  one  m o l e c u l e  
p r o v i d e d   t h a t   the  r i n g s   are  c o n d e n s e d   r i n g  
of  a  p e r i - t y p e  



#HN  :  Number   of  hyd rogen   atoms  on  n a p h t h e n e   r i n g s  
at  ß  o r   more  remote   p o s i t i o n s  

For  the  p u r p o s e   of  the  p r e s e n t   s p e c i f i c a t i o n ,   the  t e r m s  
" a r o m a t i c   h y d r o g e n " ,   " a l i p h a t i c   hydrogen"   and  " n a p h t h e n i c  
hydrogen"   are  i n t e n d e d   to  r e f e r   to  hydrogen   atoms  bonded  t o  

an  a r o m a t i c   ca rbon   atom,  an  a l i p h a t i c   c a rbon   atom  and  a  
n a p h t h e n i c   ca rbon   atom,  r e s p e c t i v e l y ,   and  the  g reek   l e t t e r s  

are  a s s i g n e d   to  n o n - a r o m a t i c   ca rbon   a toms ,   i . e .   a l i p h a t i c   a n d  

n a p h t h e n i c   ca rbon   a toms,   in  which  the  e n u m e r a t i o n   s t a r t s   w i t h  
each  of  the  a l i p h a t i c   and  n a p h t h e n i c   c a rbon   atoms  l o c a t e d  

a d j a c e n t   to  a r o m a t i c   ca rbon   a toms.   (See  K.  D.  B a r t l e   and  J.  A. 
Smith,   Fue l ,   vo l .   46,  p.  29  ( 1 9 6 7 ) )  

As  w i l l   be  seen  from  T a b l e s   3  and  4,  the  v a l u e s   of  #HN 
and  Z  are  high  in  B/Q  p i t c h .   This  f a c t ,   when  t a k e n   i n  

c o n j u n c t i o n   wi th   the  sha rp   a b s o r p t i o n   at  1 . 5  -   2.0  ppm  i n  

p r o t o n   NMR  spectrum  i n d i c a t e s   the  p r e s e n c e   of  a  l a r g e r   a m o u n t  
of  n a p h t h e n e   r i n g s   as  compared  w i th   A/L  p i t c h .   F u r t h e r ,   i n  
view  of  the  f a c t   t h a t   the  v a l u e s   M  and  Ra  are  h i g h ,   t h e  



B/Q  p i t c h   c o n t a i n s   p o l y c y c l i c ,   p o l y c o n d e n s e d   r i ng   a r o m a t i c s .  
The  f a c t   t h a t   the  amount  of  hyd rogen   at  ß  o r   f u r t h e r   p o s i t i o n s  
is  h i g h e r   than  Ha  ( t o t a l   of  HN,  Hβ  and  Hγ  amounts  to  o v e r  
50  %),  a l so   shows  the  p r e s e n c e   of  n a p h t h e n e   r i n g s .  

Next ,   the  f i l t r a t e   was  spun  i n t o   f i b e r s   t h r o u g h   a  
n o z z l e   hav ing   a  d i a m e t e r   of  0.3  mm  and  a  L/D  of  3.  The 

s p i n n i n g   was  p e r f o r m e d   at  a  t e m p e r a t u r e   of  280°C  and  a  s p i n n i n g  

p r e s s u r e   of  1.8  Kg/cm G.  F i b e r s   hav ing   a  d i a m e t e r   of  a b o u t  

15  µm  were  o b t a i n e d   at  a  r a t e   of  500  m/min  in  an  e x t r e m e l y  
s t a b l e   m a n n e r .  

The  spun  f i b e r s   were  then  h e a t e d   from  100  to  150°C  a t  

a  h e a t i n g   r a t e   of  1°C/min  in  the  a t m o s p h e r e   of  a i r   c o n t a i n i n g  
1  %  of  N02.  A f t e r   be ing   m a i n t a i n e d   at  150°C  for   30  min,  t h e  

f i b e r s   were  h e a t e d   up  to  250°C  a t   a  h e a t i n g   r a t e   of  1 ° C / m i n  

in  the  a i r   and  f i n a l l y   m a i n t a i n e d   at   250°C  for   30  min  so  t h a t  

the  f i b e r s   were  r e n d e r e d   i n f u s i b l e .  

The  i n f u s i b l e   f i b e r s   were  then  h e a t e d   at  a  r a t e   of  5 ° C / m i n  

to  1000°C  and  m a i n t a i n e d   at  t h a t   t e m p e r a t u r e   for   30  min  f o r  

c a r b o n i z a t i o n .   The  r e s u l t a n t   ca rbon   f i b e r s   had  a  d i a m e t e r  

of  14  µm,  a  t e n s i l e   s t r e n g t h   of  13  t on / cm2 ,   a  modulus  o f  

340  ton/cm2  and  an  e l o n g a t i o n   of  3.0  %.  The  y i e l d   of  t h e  

ca rbon   f i b e r s   on  the  b a s i s   of  the  p i t c h   was  about   72  w e i g h t   %. 

C o m p a r a t i v e   E x a m p l e  
A r a b i a n   L igh t   crude  b e i n g   a  p a r a f f i n   base  p e t r o l e u m  

crude   was  d i s t i l l e d   under   a t m o s p h e r i c   p r e s s u r e   and  the  b o t t o m  

was  s u b j e c t e d   to  vacuum  d i s t i l l a t i o n   to  o b t a i n   a  r e s i d u a l  

o i l   hav ing   the  p r o p e r t i e s   shown  in  Table   5.  The  y i e l d   o f  

the  r e s i d u a l   o i l   was  18.4  vol  %. 



One  Kg  of  the  r e s i d u a l   o i l   was  s u b j e c t e d   to  t h e r m a l  

c r a c k i n g   in  the  same  manner  as  d e s c r i b e d   in  Example  1.  As 

a  r e s u l t   4  w e i g h t   % of  c r a c k e d   g a s e s ,   73  w e i g h t   % of  c r a c k e d  
o i l s   and  23  w e i g h t   %  of  p i t c h   were  o b t a i n e d .   The  t h e r m a l  

c r a c k i n g   was  p e r f o r m e d   for  80  min.  The  p h y s i c a l   p r o p e r t i e s  
of  the  p i t c h   was  as  shown  in  Table   6.  

The  p i t c h   was  found,   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 ,   t o  
c o n t a i n   mesophase   of  a  mosaic   s t r u c t u r e .   The  p a r t i c l e   u n i t s  

c o n s t i t u t i n g   the  mesophase   were  found  to  c o n t a i n   t h o s e  

hav ing   a  d i a m e t e r   of  over   10  µm.  The  mesophase   p a r t i c l e s  
were  a g g r e g a t e d   wi th   each  o t h e r   to  form  b o t r y o i d a l   p a r t i c l e s  
hav ing   a  s i z e   of  200  -   1000  µm  and  be ing   d i s p e r s e d   in  t h e  
p i t c h .   The  p i t c h   was  found  to  c o n t a i n   abou t   30  %  of  m e s o p h a s e  
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 .  



100  g  of  the  p i t c h   was  then  s u b j e c t e d   to  f i l t r a t i o n   i n  
the  same  manner  as  d e s c r i b e d   in  Example  1.  However,  i t   w a s  
not  p o s s i b l e   to  c o m p l e t e l y   f i l t e r   the  p i t c h .   Only  10  g  o f  
f i l t r a t e   was  o b t a i n e d   wi th   the  r e s i d u a l   l i q u i d   be ing   r e m a i n e d  

u n s e p a r a t e d .   The  f i l t r a t e   was  r e v e a l e d   to  c o n t a i n   m e s o p h a s e  
or  i t s   a g g r e g a t e d   p a r t i c l e s .   The  f i l t r a t e   had  a  s o f t e n i n g  
p o i n t   of  181°C,  v o l a t i l e   m a t t e r   c o n t e n t   of  40  w e i g h t   %,  q u i n o l i n e  
i n s o l u b l e   c o n t e n t   of  3  w e i g h t   %  and  me ta l   c o n t e n t   (V  and  N i )  
of  220  ppm.  The  r e s u l t s   of  a n a l y s i s   of  the  p r o p e r t i e s   o f  
the  f i l t r a t e   are  shown  in  Tab le s   3  and  4.  The  p r o t o n   NMR 

s p e c t r u m   of  the  f i l t r a t e   did  not  show  c l e a r   peak  t y p i c a l   t o  

n a p h t h e n i c   hyd rogen .   The  r e s u l t s   shown  in  Tab les   3  and  4 
i n d i c a t e   t h a t   the  p i t c h   d e r i v e d   from  p a r a f f i n   base  p e t r o l e u m  
crude   has  a  low  m o l e c u l a r   w e i g h t ,   a  low  c o n t e n t   of  a r o m a t i c  

r i n g s   in  one  m o l e c u l e   and  a  low  amount  of  hyd rogen   b o n d e d  

to  n a p h t h e n e   r i n g s .  
The  p i t c h   was  spun  u s i n g   the  same  n o z z l e   as  used  i n  

Example  1  at  a  s p i n n i n g   t e m p e r a t u r e   of  285°C,  a  s p i n n i n g  

p r e s s u r e   of  1.5  Kg/cm2G  and  a  s p i n n i n g   r a t e   of  400  m / m i n .  
The  s p i n n i n g   o p e r a t i o n   was  very   d i f f i c u l t   to  p e r f o r m   b e c a u s e  
of  f r e q u e n t   b r e a k a g e   of  the  spun  f i b e r s .   The  spun  f i b e r s  

were  then   r e n d e r e d   i n f u s i b l e   and  c a r b o n i z e d   in  the  same  m a n n e r  

as  t h a t   in  Example  1  to  o b t a i n   ca rbon   f i b e r s   hav ing   a  d i a m e t e r  

of  24  µm,  a  t e n s i l e   s t r e n g t h   of  6  t on / cm2 ,   a  modulus  o f  
371  t o n / c m   and  an  e l o n g a t i o n   of  1.9  %. 

Example  2 

A  mixed  o i l   hav ing   the  f o r m u l a t i o n   shown  in  Table   7  was  
d i s t i l l e d   at  a t m o s p h e r i c   p r e s s u r e   and  the  bo t tom  was  s u b j e c t e d  
to  vacuum  d i s t i l l a t i o n   to  o b t a i n   a  r e s i d u a l   o i l   hav ing   a  

b o i l i n g   p o i n t   of  above  538°C  wi th   a  y i e l d   of  34  vol  %. 



When  each  of  the  c rude   o i l s   was  s u b j e c t e d   to  the  s i m i l a r   two 
s t a g e   d i s t i l l a t i o n ,   the  y i e l d   and  the  p r o p e r t i e s   of  i t s  
r e s i d u a l   o i l   hav ing   a  b o i l i n g   p o i n t   of  above  538°C  were  a s  
shown  in  Table   8.  From  the  r e s u l t s   shown  in  Tab le s   7  and  8 ,  
the  r e s i d u a l   o i l   o b t a i n e d   from  the  mixed  o i l   is  c o n s i d e r e d  
to  have  the  c o m p o s i t i o n   shown  in  Table   9 .  



One  Kg  of  the  r e s i d u a l   o i l   o b t a i n e d   from  the  mixed  o i l  

was  t h e r m a l l y   c r a c k e d   in  the  same  manner  as  t h a t   in  Example  1 

to  o b t a i n   5  w e i g h t   % of  c r a c k e d   g a s e s ,   60  we igh t   %  of  c r a c k e d  
o i l s   and  33  we igh t   %  of  p i t c h .   The  c r a c k i n g   was  p e r f o r m e d  
for   75  min.  The  p i t c h   had  the  p r o p e r t i e s   shown  in  Table   10 .  

P o l a r i z e d   l i g h t   m i c r o s c o p y   of  the  p i t c h   r e v e a l e d   t h e  

p r e s e n c e   of  f i ne   mesophase   p a r t i c l e s   in  the  mosaic  s t r u c t u r e .  
The  f i n e   p a r t i c l e s   hav ing   a  d i a m e t e r   of  1 -   6  µm  f o r m e d  

b o t r y o i d a l ,   a g g r e g a t e d   p a r t i c l e s   hav ing   a  d i a m e t e r   of  5 0  -  
100  µm  homogeneous ly   d i s p e r s e d   in  the  p i t c h .   The  m e s o p h a s e  



c o n t e n t   was  about   25  % when  d e t e r m i n e d   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 .  

100  g  of  the  p i t c h   was  then   f i l t e r e d   in  the  same  m a n n e r  
as  in  Example  1  to  o b t a i n   50  g  of  a  f i l t r a t e .   The  s o l i d s  

phase   (mesophase)   s e p a r a t e d   formed  a  cake  wi th   a  t h i c k n e s s  
of  abou t   10  mm  on  the  me ta l   s i e v e .   The  s e p a r a t i o n   by  
f i l t r a t i o n   was  ab le   to  be  c a r r i e d   out  smoo th ly   and  e a s i l y .  
The  f i l t r a t e   was  found  to  c o n t a i n   a l m o s t   no  mesophase   a s  
a  r e s u l t   of  p o l a r i z e d   l i g h t   m i c r o s c o p i c   o b s e r v a t i o n .   The 
f i l t r a t e   was  s u b s t a n t i a l l y   i s o t r o p i c   in  n a t u r e   and  had  a  
s o f t e n i n g   p o i n t   of  179°C,  a  v o l a t i l e   m a t t e r   c o n t e n t   of  4 3 . 8  

w e i g h t   %,  a  q u i n o l i n e   i n s o l u b l e   c o n t e n t   of  0.8  we igh t   % and  

a  me ta l   c o n t e n t   (Ni  and  V)  of  1200  ppm. 
The  f i l t r a t e   was  then  spun  i n t o   f i b e r s   wi th   the  use  o f  

the  same  s p i n n i n g   d e v i c e   as  used  in  Example  1.  The  s p i n n i n g  
was  p e r f o r m e d   at  a  s p i n n i n g   t e m p e r a t u r e   of  280°C,  a  s p i n n i n g  

p r e s s u r e   of  1.8  Kg/cm2  and  a  s p i n n i n g   r a t e   of  500  m / m i n .  
The  spun  f i b e r s   had  a  d i a m e t e r   of  abou t   15  µm  and  w e r e  

t h e r m a l l y   s t a b l e .   The  spun  f i b e r s   were  then   r e n d e r e d   i n f u s i b l e  

and  c a r b o n i z e d   in  the  same  manner  as  in  Example  1  to  o b t a i n  

ca rbon   f i b e r s   hav ing   a  d i a m e t e r   of  14  µm,  a  t e n s i l e   s t r e n g t h  
of  9.2  t on / cm2 ,   a  modulus  of  360  ton/cm2  and  an  e l o n g a t i o n  
of  2.8  %.  The  y i e l d   of  the  ca rbon   f i b e r s   was  about   75 

w e i g h t   % based  on  the  p i t c h .  



1.  A  method  of  p r e p a r i n g   a  c a r b o n a c e o u s   p i t c h ,   c o m p r i s i n g  
the  s t e p s   o f :  

s u b j e c t i n g   a  raw  m a t e r i a l   o i l   to  t h e r m a l   c r a c k i n g  
c o n d i t i o n s   whi le   removing  c r a c k e d ,   l i g h t   h y d r o c a r b o n   c o m p o n e n t s  
to  o b t a i n   a  p i t c h   p r o d u c t   c o n t a i n i n g   at  l e a s t   5  we igh t   % o f  

mesophase   and  not  more  than  10  w e i g h t   % of  l i g h t   h y d r o c a r b o n  

componen t s   with  a  b o i l i n g   p o i n t   at  60  mmHg  ( a b s o l u t e )   of  3000c  

or  l e s s   and  hav ing   a  s o f t e n i n g   p o i n t   of  be tween   140  and  2 2 0 ° C ,  

the  raw  m a t e r i a l   o i l   be ing   composed  ma in ly   of  a  r e s i d u a l   o i l  

which  has  a  b o i l i n g   p o i n t   of  350°C  or  more  and  which  is  d e r i v e d  

from  a  n a p h t h e n e   base  a n d / o r   i n t e r m e d i a t e   base   p e t r o l e u m   c r u d e ;  

a n d  

removing   the  mesophase   from  the  p i t c h   p r o d u c t   to  o b t a i n  

a  s u b s t a n t i a l l y   m e s o p h a s e - f r e e   c a r b o n a c e o u s   p i t c h .  
2.  A  method  as  c l a i m e d   in  c l a im   1,  w h e r e i n   s a id   t h e r m a l  

c r a c k i n g   is  p e r f o r m e d  i n   a  r e a c t i o n   zone  wh i l e   m a i n t a i n i n g   t h e  

r e a c t i o n   zone  under   a  r e d u c e d   p r e s s u r e   so  t h a t   the  c r a c k e d   l i g h t  

h y d r o c a r b o n   components   are  c o n t i n u o u s l y   removed  from  s a i d  

r e a c t i o n   z o n e .  
3.  A  method  as  c l a i m e d  i n   c l a i m   1,  w h e r e i n   s a i d   t h e r m a l  

c r a c k i n g   is  p e r f o r m e d   in  a  r e a c t i o n   zone  whi le   c o n t i n u o u s l y  

f e e d i n g   a  ga seous   heat   t r a n s f e r   medium  so  t h a t   the  c r a c k e d   l i g h t  

h y d r o c a r b o n   componen t s   are  c o n t i n u o u s l y   removed  by  s t r i p p i n g  

from  s a i d   r e a c t i o n   z o n e .  
4.  A m e t h o d   as  c l a i m e d   in  c l a im  1,  w h e r e i n   s a i d   r e m o v i n g  

s t ep   is  e f f e c t e d   by  f i l t r a t i o n   at  an  e l e v a t e d   t e m p e r a t u r e .  
5.  A  method  as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  t h r o u g h   4 ,  

w h e r e i n   s a i d   t h e r m a l   c r a c k i n g   is  c o n d u c t e d   so  t h a t   s a i d  

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

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

c h a i n s   and  has  a  g r e a t e r   number  of  h y d r o g e n   atoms  bonded  to  n o n -  

a r o m a t i c   ca rbon   atoms  l o c a t e d   a t  β  o r   more  remote   p o s i t i o n s   t h a n  

the  number  of  hydrogen   atoms  bonded  to  n o n - a r o m a t i c   ca rbon   a t o m s  

l o c a t e d   at  a  p o s i t i o n s .  



6.  A  method  as  c l a i m e d   in  c l a im  5,  w h e r e i n   s a id   m e s o p h a s e -  
f ree   p i t c h   is  o p t i c a l l y   i s o t r o p i c   in  n a t u r e   and  i s  c a p a b l e   o f  

be ing   c o n v e r t e d   i n to   o p t i c a l l y   a n i s o t r o p i c   when  s u b j e c t e d   t o  
shear   f o r c e s .  

7.  A  p r o c e s s   for  the  p r o d u c t i o n   of  c a rbon   f i b e r s ,  

c o m p r i s i n g   the  s t e p s   o f :  

.  s u b j e c t i n g   a  raw  m a t e r i a l   o i l   to  t h e r m a l   c r a c k i n g  
c o n d i t i o n s   whi le   removing  c r a c k e d ,   l i g h t   h y d r o c a r b o n   c o m p o n e n t s  
to  o b t a i n   a  p i t c h   p r o d u c t   c o n t a i n i n g   at  l e a s t   5  we igh t   % of  

mesophase   and  not  more  than  10  we igh t   % of  l i g h t   h y d r o c a r b o n  
components   with  a  b o i l i n g   p o i n t   at  60  mmHg  ( a b s o l u t e )   of  300°C 

or  l e s s   and  hav ing   a  s o f t e n i n g   p o i n t   of  be tween   140  and  220°C ,  

the  raw  m a t e r i a l   o i l   be ing  composed  ma in ly   of  a  r e s i d u a l   o i l  
which  has  a  b o i l i n g   p o i n t   of  350°C  or  more  and  which  is  d e r i v e d  
from  a  n a p h t h e n e   base  a n d / o r   i n t e r m e d i a t e   base   p e t r o l e u m   c r u d e ;  

removing   the  mesophase   from  the  p i t c h   p r o d u c t   t o  
o b t a i n   a  s u b s t a n t i a l l y   m e s o p h a s e - f r e e   c a r b o n a c e o u s   p i t c h ;  

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

p i t c h   i n t o   f i b e r s ;  

r e n d e r i n g   the  spun  f i b e r s   i n f u s i b l e ;   a n d  

c a r b o n i z i n g   the  i n f u s i b l e   f i b e r s .  
8.  A  p r o c e s s   as  c l a i m e d   in  c l a im  7,  w h e r e i n   the  c o n t e n t  

of  s a id   r e s i d u a l   o i l   in  s a i d   raw  m a t e r i a l   o i l   is  at  l e a s t   30 

we igh t   %. 
9.  A  p r o c e s s   as  c l a i m e d   in  c l a im  7  or  8,  w h e r e i n   s a i d  

r e s i d u a l   o i l   c o n t a i n s   at  l e a s t   200  ppm  of  me ta l   c o m p o n e n t s .  
10.  A  p r o c e s s   as  c l a i m e d   in  c l a im  9,  w h e r e i n   s a i d   r aw 

m a t e r i a l   o i l   has  a  b o i l i n g   p o i n t   of  at  l e a s t   5 0 0 ° C .  
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