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©  Process  for  producing  an  optically  anisotropic  carbonaceous  pitch. 
©  A  process  for  producing  an  optically  anisotropic  carbo- 
naceous  pitch  comprises  (a)  heat  treating  a  starting  material 
which  preferably  comprises  a  carbonaceous  heavy  oil,  at 
conditions  which  will  favour  the  formation  of  an  anisotropic 
pitch  phase;  (b)  stopping  said  heat  treating  at  an  early  stage 
in  said  formation;  (c)  maintaining  the  thus  partially  treated 
material  at  a  temperature  in  the  range  200  to  400°C;  (d) 
subjecting  the  material  from  step  (c)  to  a  settling  treatment, 
while  maintaining  the  material  in  a  molten  state;  (e) 
removing  the  anisotropic  pitch  phase  which  separates  in 
step  (d);  and  (f)  subjecting  at  least  a  portiion  of  the 
remaining  material  to  an  after-treatment  including  a  heat 
treatment  for  forming  and/or  concentrating  an  anisotropic 

V-  pitch  phase  therein. 
A  preferred  step  (b)  comprises  stopping  the  heat  treat- 

ment  when  a  pitch  is  obtained  having  a  globular  optically 
Q  anisotropic  phase  content  of  5-50  wt.%,  a  quinoline-insoluble 
•4*  matter  content  of  2-20  wt.%,  a  quinoline-insoluble/benzene- 
00  soluble  matter  content  of  5-40  wt.%  and  a  softening  point  of 

the  formed  pitch  as  a  whole  of  up  to  200°C. 
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A   process  for  producing  an  optically  anisotropic  carbo- 
naceous  pitch  comprises  (a)  heat  treating  a  starting  material 
which  preferably  comprises  a  carbonaceous  heavy  oil,  at 
conditions  which  will  favour  the  formation  of  an  anisotropic 
pitch  phase;  (b)  stopping  said  heat  treating  at  an  early  stage 
in  said  formation;  (c)  maintaining  the  thus  partially  treated 
material  at  a  temperature  in  the  range  200  to  400°C;  (d) 
subjecting  the  material  from  step  (c)  to  a  settling  treatment, 
while  maintaining  the  material  in  a  molten  state;  (e) 
removing  the  anisotropic  pitch  phase  which  separates  in 
step  (d);  and  (f)  su;bjecting  at  least  a  portiion  of  the 
remaining  material  to  an  after-treatment  including  a  heat 
treatment  for  forming  and/or  concentrating  an  anisotropic 
pitch  phase  therein. 

A  preferred  step  (b)  comprises  stopping  the  heat  treat- 
ment  when  a  pitch  is  obtained  having  a  globular  optically 
anisotropic  phase  content  of  5-50  wt.%,  a  quinoline-insoluble 
matter  content  of  2-20  wt.%,  a  quinoline-insoluble/benzene- 
soluble  matter  content  of  5-40  wt.%  and  a  softening  point  of 
the  formed  pitch  as  a  whole  of  up  to  200°C. 



F i e l d   of  t he   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   r e l a t e s   to  a  p r o c e s s   f o r  

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

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

B a c k g r o u n d   of  t he   I n v e n t i o n  

In  t h e   r e c e n t   e n e r g y - s a v i n g   and   r e s o u r c e -  

s a v i n g   a g e ,   t h e r e   have   been   e a g e r l y   d e m a n d e d   l o w - c o s t ,  

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

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

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

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

a  h i g h   s t r e n g t h   and  h i g h   d e n s i t y   by  c o m p r e s s i o n - m o l d i n g  
i n t o   v a r i o u s   p r o d u c t s .  

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

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

h i g h - p e r f o r m a n c e   c a r b o n   f i b e r s   h a v e   n o t   f u l l y   b e e n  
e l u c i d a t e d .   The  r e l a t i o n s h i p   b e t w e e n   p h y s i c a l   p r o p e r -  
t i e s   of  c a r b o n a c e o u s  p i t c h   and  c o m p o s i t i o n   and  s t r u c t u r e  
t h e r e o f   has  been   u n c l e a r .   T h e r e   has   no t   been   d e v e l o p e d  

any  s a t i s f a c t o r y   t e c h n i q u e   fo r   o b t a i n i n g   p i t c h e s   h a v i n g  
s a t i s f a c t o r y   p r o p e r t i e s   s t a b l y   on  an  i n d u s t r i a l   b a s i s .  

Known  o p t i c a l l y   a n i s o t r o p i c   p i t c h e s   s u c h  

as  t h o s e   d i s c l o s e d   in  J a p a n e s e   P a t e n t   L a i d - O p e n   N o s .  

1 9 1 2 7 / 1 9 7 4 ,   8 9 6 3 5 / 1 9 7 5   and  1 1 8 0 2 8 / 1 9 7 5   a r e   p r o d u c e d   b y  

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

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

h e a v i e r .   An  o p t i c a l l y   a n i s o t r o p i c   p h a s e   ( h e r e i n a f t e r  
r e f e r r e d   to  as  AP)  c o r r e s p o n d   s u b s t a n t i a l l y   to  q u i n o l i n e -  



i n s o l u b l e   m a t t e r   (or  p y r i d i n e - i n s o l u b l e   m a t t e r ) .   If  AP 

is   i n c r e a s e d   to  n e a r l y   100%,  t h e   s o f t e n i n g   p o i n t   of  t h e  

p i t c h   is  r a i s e d   r e m a r k a b l y   and  the   s p i n n i n g   t e m p e r a t u r e  
is  e l e v a t e d   to  a b o u t   400°C  or  h i g h e r .   C o n s e q u e n t l y ,  

a  gas   is  f o rmed   due  to  d e c o m p o s i t i o n   of  the   p i t c h   a n d  

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

T h e r e f o r e ,   in  t h e s e   p r o c e s s e s ,   t h e   AP  c o n t e n t   is  c o n -  
t r o l l e d   b e l o w   90%,  p r a c t i c a l l y   50 -70%,   so  as  to  p r e v e n t  

e x c e s s i v e   s p i n n i n g   t e m p e r a t u r e   e l e v a t i o n   for   p r e v e n t i n g  

the   r e m a r k a b l e   t h e r m a l   d e c o m p o s i t i o n   and  t h e r m a l   p o l y -  

m e r i z a t i o n .  

H o w e v e r ,   p i t c h   c o m p o s i t i o n s   o b t a i n e d   by  t h e  

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

m i x t u r e s   of  AP  and  a  c o n s i d e r a b l e   amount   of  an  o p t i c a l l y  

i s o t r o p i c   p h a s e   ( h e r e i n a f t e r   r e f e r r e d   to  as  I P ) .   T h e r e -  

f o r e ,   t h e y   have   d e f e c t s   t h a t   t he   f i b e r s   a re   b r o k e n   i n  

the   c o u r s e   of  the   s p i n n i n g   and  the   f i b e r s   have   u n e v e n  

t h i c k n e s s   and  low  s t r e n g t h .  

Some  of  t h e   p i t c h e s   d i s c l o s e d   in  J a p a n e s e  
P a t e n t   P u b l i c a t i o n   No'.  8 6 3 4 / 1 9 7 4   has   an  AP  c o n t e n t   o f  

100%.  H o w e v e r ,   t h i s   is  a  s p e c i a l   p i t c h   h a v i n g   a  s p e c i -  
f i e d   c h e m i c a l   s t r u c t u r e   of  t h e   m o l e c u l e s .   Such  a  p i t c h  

is   p r o d u c e d   by  s i m p l e   t h e r m a l   p o l y m e r i z a t i o n   of   a n  

e x p e n s i v e   pu re   s u b s t a n c e   such   as  c h r y s e n e ,   p h e n a n t h r e n e  

or  t e t r a b e n z o p h e n a z i n e .   I t   h a s   a  r e l a t i v e l y   w e l l -  

c o n t r o l l e d   s t r u c t u r a l   m o l e c u l a r   w e i g h t .   On  the  o t h e r  

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

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

p r o d u c t i o n   of  c a r b o n   f i b e r s   d i s c l o s e d   in  J a p a n e s e   P a t e n t  

P u b l i c a t i o n   No.  7 5 3 3 / 1 9 7 8   have  a  low  s o f t e n i n g   p o i n t   a n d  

s p i n n i n g   t e m p e r a t u r e   and ,   t h e r e f o r e ,   t h e y   can  be  s p u n  
e a s i l y .   H o w e v e r ,   t h e i r   AP  c o n t e n t   is  u n c l e a r .   F u r t h e r ,  

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



h y d r o c a r b o n s   in  the   p r e s e n c e   of  a  Lewis   a c i d   c a t a l y s t  

such   as  a l u m i n u m   c h l o r i d e   have   a  s p e c i a l   c o m p o s i t i o n  
and  s t r u c t u r e .   C a r b o n   f i b e r s   p r o d u c e d   from  them  h a v e  

a  low  s t r e n g t h   and  m o d u l u s   of   e l a s t i c i t y .   A n o t h e r  

p r o b l e m   is  t h a t   i t   is  d i f f i c u l t   to  c o m p l e t e l y   remove  t h e  

c a t a l y s t .  

P i t c h e s   d i s c l o s e d   in  J a p a n e s e   P a t e n t   L a i d - O p e n  

No.  5 5 6 2 5 / 1 9 7 9   a re   h o m o g e n e o u s   ones   c o m p r i s i n g   s u b s t a n -  

t i a l l y   100%  AP.  They   a r e   p r o d u c e d   a l s o   by  o n l y   t h e  

t h e r m a l   r e a c t i o n   of  an  i s o t r o p i c   p i t c h   w h i l e   t he   t h e r m a l  

d e c o m p o s i t i o n / p o l y c o n d e n s a t i o n   r e a c t i o n   is  c a r e f u l l y  

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

a  s o f t e n i n g   p o i n t   of  a b o v e   a b o u t   3 3 0 ° C   and  s p i n n i n g  

t e m p e r a t u r e   of  370  to  4 0 0 ° C   or  h i g h e r .   U n d e r   t h e s e  

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

the   p i t c h e s   s t a b l y   on  an  i n d u s t r i a l   b a s i s .  

P i t c h e s   d i s c l o s e d   in  J a p a n e s e   P a t e n t   L a i d - O p e n  

Nos.   1 6 0 4 2 7 / 1 9 7 9 ,   5 8 2 8 7 / 1 9 8 0 ,   1 3 0 8 0 9 / 1 9 8 0 ,   1 4 4 0 8 7 / 1 9 8 0  

and  5 7 8 8 1 / 1 9 8 1   a re   p r o d u c e d   by  s u b j e c t i n g   an  i s o t r o p i c  

p i t c h   or  a  p i t c h   c o n t a i n i n g   o n l y   a  s m a l l   amount   of  AP 

to  e x t r a c t i o n   w i t h   a  s o l v e n t   to  e x t r a c t   a  f r a c t i o n  

c o m p r i s i n g   s u b s t a n t i a l l y   AP  and  m e l t i n g   t h e   s a m e .  

By  t h i s   p r o c e s s ,   o p t i c a l l y   a n i s o t r o p i c   p i t c h e s   h a v i n g  

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   and  a  low  q u i n o -  
l i n e - i n s o l u b l e   m a t t e r   c o n t e n t   a r e   o b t a i n e d .   H o w e v e r ,  
i t   i s   u n d e r s t o o d   from  the   p r o d u c t i o n   p r o c e s s   and  d a t a  

d i s c l o s e d   t h e r e i n   t h a t   the   o b t a i n e d   p i t c h e s   have  g e n -  

e r a l l y   a  h i g h   s o f t e n i n g   p o i n t   and  a  s p i n n i n g   t e m p e r a t u r e  
of   as  h i g h   as  a b o u t   4 0 0 ° C   i s   r e q u i r e d .  



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

a n i s o t r o p i c   p i t c h e s   h a v i n g   an  AP  c o n t e n t   of  a p p r o x i -  

m a t e l y   100%  p r o d u c e d   by  the   known  p r o c e s s e s   a re   e x p e n -  
s i v e   and  t h e y   have   g e n e r a l l y   h i g h   s o f t e n i n g   p o i n t s   a n d ,  

a c c o r d i n g l y ,   t he   s t a b l e   s p i n n i n g   of  them  is  d i f f i c u l t .  

On  the   o t h e r   h a n d ,   p i t c h e s   h a v i n g   a  low  s o f t e n i n g   p o i n t  

a r e   h e t e r o g e n e o u s   e x c l u d i n g   t h o s e   h a v i n g   s p e c i a l   c o m p o -  
s i t i o n s   and  s t r u c t u r e s   p r o d u c e d   from  s p e c i a l   s t a r t i n g  

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

As  a  r e s u l t ,   i t   is  d i f f i c u l t   to  o b t a i n   c a r b o n   f i b e r s  

h a v i n g   e x c e l l e n t   q u a l i t i e s .  

A f t e r   i n t e n s i v e   i n v e s t i g a t i o n s   of  o p t i c a l l y  

a n i s o t r o p i c   p i t c h   c o m p o s i t i o n s   s u i t a b l e   fo r   the  p r o d u c -  

t i o n   of  h i g h - p e r f o r m a n c e   c a r b o n   f i b e r s ,   the   i n v e n t o r s  

p r e v i o u s l y   found   t h a t   the   o p t i c a l l y   a n i s o t r o p i c   p i t c h e s  

have   a  w e l l - d e v e l o p e d   l a m i n a t e   s t r u c t u r e   of  c o n d e n s e d  

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

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

o p t i c a l l y   a n i s o t r o p i c   p i t c h e s .   Among  them,   t h o s e   h a v i n g  

a  low  s o f t e n i n g   p o i n t   and  s u i t a b l e   for   the   p r o d u c t i o n  

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

s t r u c t u r e   and  c o m p o s i t i o n .   N a m e l y ,   t he   i n v e n t o r s   f o u n d  

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

a  c o m p o n e n t   0  ( i . e . ,   n - h e p t a n e - s o l u b l e   c o m p o n e n t )   and  a 

c o m p o n e n t   A  ( i . e . ,   n - h e p t a n e - i n s o l u b l e / b e n z e n e - s o l u b l e  

c o m p o n e n t )   a re   q u i t e   i m p o r t a n t .   A  p r o c e s s   f o r   p r o d u c i n g  
s u c h   o p t i c a l l y   a n i s o t r o p i c   p i t c h e s   i s   d i s c l o s e d   in  t h e  

s p e c i f i c a t i o n   a c c o m p a n y i n g   E u r o p e a n   P a t e n t  

A p p l i c a t i o n   8 1 3 0 5 4 2 7 . 7 .  

Summary  of  the   I n v e n t i o n  

If   a  h e a v y   h y d r o c a r b o n   o i l ,   t a r   or  p i t c h  

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

used  as  a  s t a r t i n g   m a t e r i a l   of  p i t c h   is  s u b j e c t e d   t o  

t h e r m a l   r e a c t i o n   f o r   m a k i n g   t h e   same  h e a v i e r ,   t h e  

s o f t e n i n g   p o i n t   and  v i s c o s i t y   of  the   p i t c h   as  a  w h o l e  



at   a  g i v e n   t e m p e r a t u r e   a r e   e l e v a t e d -   g e n e r a l l y .  w i t h   a n  

i n c r e a s e   in  t h e   AP  c o n t e n t .   W i t h   an  AP  c o n t e n t   o f  

a p p r o x i m a t e l y   100%,  the   s o f t e n i n g   p o i n t   and  v i s c o s i t y   o f  

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

d i f f i c u l t   in  many  c a s e s .  

One  of   t he   r e a s o n s   t h e r e f o r   is  t h a t   AP  f o r m e d  

in  t he   i n i t i a l   s t a g e   of  t h e   t h e r m a l   r e a c t i o n  s t a y s   i n  

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

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

r e a s o n   i s   t h a t   AP  f o r m e d   in  the   i n i t i a l   s t a g e   of  t h e  

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

p o i n t s   h i g h e r   t h a n   t h o s e   c o n s t i t u t i n g   AP  fo rmed   t h e r e -  

a f t e r .  

I f   t h e   p i t c h   in  a  m o l t e n   s t a t e   i s   s e t t l e d  

a f t e r   t he   p a r t i a l   f o r m a t i o n  o f   AP  in  the  h e a t   t r e a t m e n t  

to  make  t he   p i t c h   h e a v i e r   and  o n l y   AP  f o r m i n g   a  l o w e r  

l a y e r   i s   t a k e n   o u t ,   an  o p t i c a l l y   a n i s o t r o p i c   p i t c h  

h a v i n g   a  s o f t e n i n g   p o i n t   f a r   l o w e r   t han   t h a t   o b t a i n e d  

w i t h o u t   t he   s e t t l i n g   s t e p   and  a  s u f f i c i e n t l y   h i g h   AP 

O u r  E u r o p e a n   P a t e n t   A p p l i c a t i o n   81303276 ' . 0   d i s c l o s e s  

t h i s   p r o c e s s .  

T h i s   p r o c e s s   is   c h a r a c t e r i z e d   in  t h a t   a  s t a r t i n g   m a t e -  

r i a l   fo r   t he   p r o d u c t i o n   of  p i t c h   i s   s u b j e c t e d   to  t h e r m a l  

d e c o m p o s i t i o n / p o l y c o n d e n s a t i o n ,   t he   r e a c t i o n   m i x t u r e  

is  s e t t l e d   when  the   p o l y c o n d e n s a t e   h a v i n g   a  g i v e n   AP 

c o n t e n t   has   been   o b t a i n e d   to  d e p o s i t   h i g h - d e n s i t y   AP  t o  

form  a  l o w e r   l a y e r   and  the   l o w e r   l a y e r   is  s e p a r a t e d   f r o m  

an  u p p e r   l a y e r   ( p i t c h   m a i n l y   c o m p r i s i n g   IP  of   a  l o w  

d e n s i t y ) .  

A f t e r   f u r t h e r   i n v e s t i g a t i o n s   of  the   o p t i c a l l y  

a n i s o t r o p i c   p i t c h   h a v i n g   such   a  low  s o f t e n i n g   p o i n t ,  

h i g h   AP  c o n t e n t   and  e x c e l l e n t   h o m o g e n e i t y ,   a  m a i n  

o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   is  to  p r o v i d e   a  p r o c e s s  
f o r   p r o d u c i n g   an  o p t i c a l l y   a n 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   h a v i n g   a  low  s o f t e n i n g   p o i n t   and  s u i t a b l e   for   t h e  

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

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

e l a s t i c i t y .  

A n o t h e r   o b j e c t   of  t he   i n v e n t i o n   is   to  p r o v i d e  

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

and  s u i t a b l e   for   the   p r o d u c t i o n   of  c a r b o n   m a t e r i a l s ,  

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

h i g h   m o d u l u s   of  e l a s t i c i t y .  

S t i l l   a n o t h e r   o b j e c t   of  t he   i n v e n t i o n   is  t o  

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

wh ich   can  be  spun  a t   a  t e m p e r a t u r e   s u f f i c i e n t l y   l o w e r  

t h a n   t h a t   at   wh ich   r e m a r k a b l e   t h e r m a l   d e c o m p o s i t i o n /  

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

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

e l a s t i c i t y .  

A  f u r t h e r   o b j e c t   o f   t h e   i n v e n t i o n   i s   t o  

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

a n 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   h a v i n g   a  s t a b l e ,   h i g h  

q u a l i t y   i r r e s p e c t i v e   of  v a r i a t i o n   of  p r o p e r t i e s   of  t h e  

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

h i g h - q u a l i t y   c a r b o n   m a t e r i a l   in  an  e c o n o m i c a l l y   a d v a n -  

t a g e o u s   m a n n e r .  

B r i e f   D e s c r i p t i o n   of  t he   D r a w i n g s  

The  F i g u r e   is   a  g r a p h   s h o w i n g   c h a n g e s   in  y i e l d  

of  a  h e a t - s e t t l e d   l ower   l a y e r   A P  6   and  a  s o f t e n i n g  

p o i n t  0   t h e r e o f   w i t h   t i m e   of  the   t h e r m a l   r e a c t i o n   f o r  

making   the  p i t c h   h e a v i e r .  



D e t a i l e d  D e s c r i p t i o n   of  the   I n v e n t i o n  

F i r s t ,   the   p i t c h   was  s u b j e c t   to  an  i s o t h e r m a l  

h e a t   t r e a t m e n t   for   v a r i o u s   t i m e s   fo r   making   the  s a m e  
h e a v i e r   and  t h e n   the   p i t c h   was  s e t t l e d   and  the  s o f t e n i n g  

p o i n t   of  a  l o w e r   l a y e r   ( p i t c h   of   a b o u t   100%  AP)  w a s  

e x a m i n e d .   The  r e s u l t s   a r e   shown  in  an  a t t a c h e d   f i g u r e .  
In  t he   F i g u r e ,   a  c u r v e   wi th   s y m b o l s   0   shows  a  r e l a t i o n -  

s h i p   b e t w e e n   the  h e a t   r e a c t i o n   t ime   and  s o f t e n i n g   p o i n t  

of  t he   l o w e r   l a y e r   (AP)  a f t e r   the   h e a t - s e t t l i n g .   I t  

w i l l   be  u n d e r s t o o d   t h a t   the   s o f t e n i n g   p o i n t   i s   l o w e r e d  

i n i t i a l l y   w i t h   the   t h e r m a l   r e a c t i o n   t ime  bu t   is  t h e n  

e l e v a t e d   a f t e r   2  h r .   A  c u r v e   w i t h   s y m b o l s  Ó   s h o w s  

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

y i e l d   of  the   h e a t - s e t t l e d   l o w e r   AP  l a y e r .   I t   w i l l   b e  

u n d e r s t o o d   t h a t   y i e l d   of  t he   l o w e r   AP  l a y e r   is  i n c r e a s e d  

w i t h   the   t h e r m a l   r e a c t i o n   t i m e .   F u r t h e r ,   i t   is  s h o w n  

t h a t   i f   t h e   t h e r m a l   r e a c t i o n   f o r   m a k i n g   t h e   p i t c h  
h e a v i e r   is  c a r r i e d   out   fo r   l o n g e r   t h a n   a b o u t   2 .5  h,  t h e  

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

From  the   r e s u l t s   o b t a i n e d   in  the  above   e x p e r i -  

m e n t s ,   t he   i n v e n t o r s   have   found   t h a t ,   i f   the   t h e r m a l  
r e a c t i o n   for   making  the   p i t c h   h e a v i e r   is  c a r r i e d   o u t  

for   a  s h o r t   t i m e ,   AP  o b t a i n e d   in  the   i n i t i a l   s t a g e   i s  

r e m o v e d   by  t h e   s e t t l i n g   and  an  u p p e r   l a y e r   is   a g a i n  

s u b j e c t e d   to  the  t h e r m a l   r e a c t i o n   or  is  a g a i n   s u b j e c t e d  
to  the   h e a t - s e t t l i n g ,   an  o p t i c a l l y   a n i s o t r o p i c   p i t c h  

h a v i n g   a  l o w e r   s o f t e n i n g   p o i n t   and  a  h i g h e r   AP  c o n t e n t  

t h a n   t h o s e   o b t a i n e d   w i t h o u t   r e m o v i n g   AP  in  the   i n i t i a l  

s t a g e   can  be  o b t a i n e d .  



AP  fo rmed   in  the   i n i t i a l   s t a g e   of  the   a b o v e -  

m e n t i o n e d   t h e r m a l   r e a c t i o n   may  be  r emoved   by  e x t r a c t i o n  

w i t h   a  s o l v e n t   or  f i l t r a t i o n   u n d e r   h e a t i n g   u n d e r   e l e -  

v a t e d   p r e s s u r e ,   in  a d d i t i o n   to  the   h e a t - s e t t l i n g   p r o c e s s .  

H o w e v e r ,   b o t h   of  t he   f o r m e r   p r o c e s s e s   a r e   e x p e n s i v e   a n d  

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

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

t h e   m o s t   e x c e l l e n t ,   i n e x p e n s i v e   and  e a s y   p r o c e s s .  

The  p r e c i p i t a t e   formed  in  the   i n i t i a l   s t a g e  

of  t he   t h e r m a l   r e a c t i o n   can  be  s e t t l e d   e a s i l y   a t   a  l o w  

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

s o f t e n i n g   p o i n t   of  the   whole   p i t c h   s y s t e m   and  v i s c o s i t y  

t h e r e o f   a t   a  s e t t l i n g   t e m p e r a t u r e   a re   e x t r e m e l y   low  i n  

the   i n i t i a l   s t a g e .  

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

i n v e n t i o n   w h e r e i n   the   p r e c i p i t a t e   fo rmed   in  the   i n i t i a l  

s t a g e   of  the   t h e r m a l   r e a c t i o n   is  r emoved   by  s e t t l i n g ,   i t  

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

fo rm  of   s o l i d   p a r t i c l e s   c o n t a i n e d   in  t h e   s t a r t i n g  

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

m a t e r i a l s   and  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   of  q u i t e   h i g h  

m o l e c u l a r   w e i g h t s   w h i c h   a r e   a p t   to  be  f o r m e d   in  t h e  

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

t h a t   even  i f   p r o p e r t i e s   of  the   s t a r t i n g   m a t e r i a l   a r e  

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

s t a b l e   q u a l i t y   can  be  o b t a i n e d .  

The  a b o v e - m e n t i o n e d   o b j e c t s   and  o t h e r   o b j e c t s  

of  the   p r e s e n t   i n v e n t i o n   can  be  a t t a i n e d   by  e m p l o y i n g   a 

p r o c e s s   which   c o m p r i s e s   s t o p p i n g   the   t h e r m a l   r e a c t i o n  

of  a  s t a r t i n g   m a t e r i a l   for   p i t c h   for   m a k i n g   the   p i t c h  

h e a v i e r   in  the  i n i t i a l   s t a g e   of  the   r e a c t i o n ,   s u b j e c t i n g  

the   p i t c h   to  a  h e a t   s e t t l i n g   t r e a t m e n t   to  d i v i d e   t h e  

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

c o n c e n t r a t e d   l o w e r   heavy   p i t c h   l a y e r   and  s u b j e c t i n g   t h e  



r e s i d u a l   u p p e r   l a y e r   to  an  a f t e r - t r e a t m e n t   i n c l u d i n g  

t h e   t h e r m a l   r e a c t i o n   f o r   m a k i n g   t h e   same  h e a v i e r .  

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

p h a s e   (AP)"  used   h e r e i n   is  not   n e c e s s a r i l y   s t a n d a r d i z e d  

in  t he   a r t   or  in  v a r i o u s   t e c h n i c a l   p u b l i c a t i o n s .   I n  

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

p h a s e   (AP)"  r e f e r s   to  one  form  of  p i t c h   c o n s t i t u e n t s  

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

a r o u n d   room  t e m p e r a t u r e   is  p o l i s h e d   and  o b s e r v e d   b y  

means   of  a  r e f l e c t i o n - t y p e   p o l a r i z i n g   m i c r o s c o p e   u n d e r  

c r o s s e d   n i c o l s ,   e x h i b i t s   b r i l l i a n c e   upon  r o t a t i o n   of  t h e  

s a m p l e   or  c r o s s   n i c o l s ,   name ly   an  o p t i c a l l y   a n i s o t r o p i c  

m o i e t y .   A  m o i e t y   e x h i b i t i n g   no  b r i l l i a n c e ,   i . e . ,   h a v i n g  

an  o p t i c a l   i s o t r o p y ,   is  c a l l e d   an  o p t i c a l l y   i s o t r o p i c  

p h a s e   ( I P ) .   A  c l e a r   b o u n d a r y   is   r e c o g n i z e d   b e t w e e n   AP 

and  IP.   F o r e i g n   m a t t e r s   d i f f e r e n t   f rom  AP  or  IP  such   a s  

d u s t s   and  b u b b l e s   a r e   c l e a r l y   d i s t i n g u i s h a b l e .  

AP  c o m p r i s e s   m a i n l y   m o l e c u l e s   h a v i n g   such   a  
c h e m i c a l   s t r u c t u r e   t h a t   the   p l a n a r i t y   of  the   p o l y c y c l i c  
a r o m a t i c   c o n d e n s e d   r i n g s   a re   more  h i g h l y   d e v e l o p e d   t h a n  

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

a s s o c i a t e d   t o g e t h e r   to  form  a  l a m i n a t e   s t r u c t u r e .   A t  

a  m e l t i n g   t e m p e r a t u r e ,   the   o p t i c a l l y   a n i s o t r o p i c   p h a s e  
is   c o n s i d e r e d   to  be  in  the  form  of  a  l i q u i d   c r y s t a l .  

T h e r e f o r e ,   i f   i t   is  e x t r u d e d   t h r o u g h   a  t h i n   n o z z l e   i n  

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

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

l a l e l   w i t h   the   f i b e r   a x i s .   C o n s e q u e n t l y ,   the   c a r b o n  

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

e x h i b i t   a  h i g h   m o d u l u s   of  e l a s t i c i t y .   The  amount   of  AP 

or  IP  is  d e t e r m i n e d   by  o b s e r v i n g   and  t a k i n g   a  p i c t u r e  

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

c r o s s e d   n i c o l s   and  m e a s u r i n g   an  a r e a l   r a t i o   of  AP  or  I P .  

I t   is  r e p r e s e n t e d   by  vo l .%  in  p r a c t i c e .  



A  d i f f e r e n c e   in  s p e c i f i c   g r a v i t y   b e t w e e n   AP 
and  IP  i s   as  s m a l l   as  a b o u t   0 . 0 5   at   room  t e m p e r a t u r e .  

T h e r e f o r e ,   t he   vo l .%  may  be  c o n s i d e r e d   to  be  s u b s t a n -  

t i a l l y   e q u a l   to  a  wt.%  in  the   d e t e r m i n a t i o n   of  t h e s e  

v a l u e s .  

" O p t i c a l l y   a n i s o t r o p i c   p i t c h "   d e f i n e d   in  t h i s  

s p e c i f i c a t i o n   is  a  p i t c h   h a v i n g   an  A P  c o n t e n t   of  100%  o r  

an  e x t r e m e l y   h i g h   AP  c o n t e n t   and  c o n t a i n i n g   IP  in  t h e  

form  of   g l o b u l a r   p a r t i c l e s   or  i s l a n d s   of  i n d e t e r m i n a t e  

f o r m s .  

As  fo r   h o m o g e n e i t y   of  t h e   p i t c h ,   the   one  w h i c h  

e x h i b i t s   a  h i g h   h o m o g e n e i t y   in  the   a c t u a l   m e l t   s p i n n i n g  

s t e p   has   a  s u f f i c i e n t l y   low  IP  c o n t e n t   d e t e r m i n e d   a s  
d e s c r i b e d   a b o v e .   In  t h i s   p i t c h ,   s o l i d   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   a t   l e a s t   1 / t f   a r e   n o t   s u b s t a n t i a l l y  
d e t e c t e d   t h e r e i n   in  t h e   o b s e r v a t i o n   of  t h e   s e c t i o n  

t h e r e o f   w i t h   a  r e f l e c t i o n - t y p e   m i c r o s c o p e .   The  p i t c h  
d o e s   n o t   s u b s t a n t i a l l y   form  b u b b l e s   due  to  a  v o l a t i l e  

m a t t e r   a t   t he   m e l t - s p i n n i n g   t e m p e r a t u r e .   Such  a  p i t c h  
is   r e f e r r e d   to  as  s u b s t a n t i a l l y   h o m o g e n e o u s ,   o p t i c a l l y  

a n i s o t r o p i c   p i t c h .  

When  a  p i t c h   h a v i n g   an  IP  c o n t e n t   of  h i g h e r  
t h a n   20%  or  a  p i t c h   c o n t a i n i n g   IP  p a r t i c l e s   of  a  l a r g e  
s i z e   ( e v e n   i f   c o n t e n t   t h e r e o f   i s   20%)  is   s p u n ,   a  b r e a k -  

i n g   f r e q u e n c y   of   t h e   f i b e r   i s   h i g h ,   a  h i g h - s p e e d  

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

t h i c k n e s s   c a n n o t   be  o b t a i n e d ,   t h e   f i b e r   t h i c k n e s s   i s  

u n e v e n   and ,   c o n s e q u e n t l y ,   h i g h - p e r f o r m a n c e   c a r b o n   f i b e r s  

c a n n o t   be  o b t a i n e d ,   s i n c e   the   p i t c h   s u b j e c t e d   to  t h e  

s p i n n i n g   is   a  m i x t u r e   of  t h o s e   h a v i n g   q u i t e   d i f f e r e n t  

v i s c o s i t i e s ,   i . e .   a  m i x t u r e   of  AP  h a v i n g   a  h i g h   v i s -  

c o s i t y   and  IP  h a v i n g   a  low  v i s c o s i t y .   If   i n f u s i b l e  

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

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



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

as  a  m a t t e r   of  c o u r s e .  

The  t e r m   " s o f t e n i n g   p o i n t   of  p i t c h "   h e r e i n  

r e f e r s   to  a  t e m p e r a t u r e   a t   w h i c h   the   p i t c h   t r a n s f e r s  

f rom  t h e   s o l i d   s t a t e   i n t o   a  l i q u i d   s t a t e .   The  s o f t e n i n g  

p o i n t   is  d e t e r m i n e d   from  a  peak   t e m p e r a t u r e   of  l a t e n t  

h e a t   a b s o r b e d   or  r e l e a s e d   when  the   p i t c h   is   m o l t e n   o r  

s o l i d i f i e d   by  means  of  a  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 e r .   T h i s   t e m p e r a t u r e   c o i n c i d e s   w i t h   t h a t   d e t e r m i n e d  

by  t h e   r i n g - a n d - b a l l   m e t h o d   or  m i c r o   m e l t i n g   p o i n t  

m e t h o d   w i t h   an  e r r o r   o f  +   10°C  in  each   p i t c h   s a m p l e .  

The  t e r m   " l o w   s o f t e n i n g   p o i n t "   h e r e i n   r e f e r s   to  a 

s o f t e n i n g   p o i n t   in  the  r a n g e   from  230  to  320°C.   The  

s o f t e n i n g   p o i n t   is  c l o s e l y   r e l a t e d   to  the   m e l t - s p i n n i n g  

t e m p e r a t u r e   of  the   p i t c h   ( n o t   n e c e s s a r i l y   the   t e m p e r -  

a t u r e   of  the   p i t c h   a t   the   n o z z l e   bu t   the   h i g h e s t   n e c e s -  

s a r y   t e m p e r a t u r e   of  the   p i t c h   in  the   s p i n n i n g   m a c h i n e ) .  

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

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

6 0 - 1 0 0 0 C   h i g h e r   t h a n   t h e   s o f t e n i n g   p o i n t ,   t h o u g h   i t  

v a r i e s   d e p e n d i n g   on  v a r i e t y   of  t he   p i t c h   u s e d .   If   t h e  

s o f t e n i n g   p o i n t   is   h i g h e r   t h a n   a b o u t   3200C,  the   s p i n n i n g  

is   e f f e c t e d   at   a  t e m p e r a t u r e   h i g h e r   t han   380°C  a t   w h i c h  

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

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

t h e r e b y   d e t e r i o r a t i n g   t h e   s p i n n i n g   p r o p e r t i e s .   I n  

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

and  s o l i d   f o r e i g n   m a t t e r s   d i s a d v a n t a g e o u s l y .   If  t h e  

s o f t e n i n g   p o i n t   is  l ower   t h a n   230°C ,   an  i n f u s i b i l i z a t i o n  

t r e a t m e n t   of  p i t c h   f i b e r   a t   a  low  t e m p e r a t u r e   f o r   a 

l o n g   p e r i o d   of  t ime   is  r e q u i r e d .   T h e r e f o r e ,   the   t r e a t -  

ment   b e c o m e s   c o m p l i c a t e d   and  e x p e n s i v e   in  such  a  c a s e  

u n f a v o r a b l y .  



A  p o w d e r y   p i t c h   is  c h a r g e d   in  a  c y l i n d r i c a l  
f i l t e r   h a v i n g   an  a v e r a g e   po re   d i a m e t e r   of  1 µ  .   H e a t  

e x t r a c t i o n   i s   e f f e c t e d   w i t h   n - h e p t a n e   in  a  S o x h l e t  

e x t r a c t o r   for   20  h.  An  n - h e p t a n e - s o l u b l e   m a t t e r   o b -  

t a i n e d   as  a b o v e   w i l l   be  r e f e r r e d   to  as  c o m p o n e n t   0 .  

T h e n ,   i t   i s   h e a t - e x t r a c t e d   w i t h   b e n z e n e   f o r   20  h  t o  

o b t a i n   an  n - h e p t a n e - i n s o l u b l e / b e n z e n e - s o l u b l e   m a t t e r  

w h i c h   w i l l   be  r e f e r r e d   to  as  c o m p o n e n t   A.  The  r e s i d u a l  

b e n z e n e - i n s o l u b l e   m a t t e r   is  t r e a t e d   by  c e n t r i f u g a t i o n  

a c c o r d i n g   to  J IS   K-2425  w i t h   q u i n o l i n e   as  s o l v e n t .   A 

b e n z e n e - i n s o l u b l e / q u i n o l i n e - s o l u b l e   m a t t e r   ( s o - c a l l e d  

β  - r e s i n )   w i l l   be  r e f e r r e d   to  as  c o m p o n e n t   B  and  a 

q u i n o l i n e - i n s o l u b l e   m a t t e r   w i l l   be  r e f e r r e d   to  a s  

c o m p o n e n t   C.  The  f r a c t i o n a t i o n   may  be  e f f e c t e d   by,   f o r  

e x a m p l e ,   a  m e t h o d   d i s c l o s e d   on  page  45  of  " J o u r n a l   o f  

J a p a n   P e t r o l e u m   S o c i e t y "   20,  (1)  ( 1 9 7 7 ) .  

C o m p o n e n t   C  may  be  e x t r a c t e d   and  a n a l y z e d   b y ,  

in  a d d i t i o n   to  the   a b o v e - d e s c r i b e d   p r o c e s s ,   a  p r o c e s s   o f  

ASTM  D - 2 3 1 8 - 7 6   ( w h e r e i n   the  e x t r a c t i o n   and  f i l t r a t i o n  

a r e   e f f e c t e d   a t   7 5 ° C ) ,   a  b o i l i n g   q u i n o l i n e   p r o c e s s  
( w h e r e i n   t h e   e x t r a c t i o n   and  f i l t r a t i o n   a r e   e f f e c t e d  

u s i n g   b o i l i n g   q u i n o l i n e )   and  a  b o i l i n g   p y r i d i n e   m e t h o d  

( i . e .   S o x h l e t   e x t r a c t i o n   u s i n g   p y r i d i n e ) .   A f t e r   e x p e r -  
i m e n t s   u s i n g   v a r i o u s   p i t c h   s a m p l e s ,   t he   i n v e n t o r s   h a v e  

found   t h a t   d a t a   o b t a i n e d   by  the   J IS   q u i n o l i n e   p r o c e s s ,  

ASTM  p r o c e s s   and  b o i l i n g   p y r i d i n e   p r o c e s s   a re   s u b s t a n -  

t i a l l y   e q u i v a l e n t   bu t   a c c o r d i n g   to  the   b o i l i n g   q u i n o l i n e  

p r o c e s s ,   i n s o l u b l e   m a t t e r   d a t a   of  as  low  as  1/2  to  3 / 4  

of  t he   d a t a   o b t a i n e d   by  the  o t h e r   p r o c e s s e s   a re   o b t a i n e d .  

The  t e r m   " h e a t   s e t t l i n g "   h e r e i n   means  p r e c i p -  

i t a t i o n   and  a g g r e g a t i o n   of  a  h i g h - s p e c i f i c   g r a v i t y  

p h a s e   i n t o   the   d i r e c t i o n   of  g r a v i t y   f o r c e   by  m a i n t a i n i n g  

the   p i t c h   in  a  m o l t e n   s t a t e   at   a  t e m p e r a t u r e   n e c e s s a r y  
and  s u f f i c i e n t   for   the  p r e c i p i t a t i o n   and  a g g r e g a t i o n   o f  

the   h i g h - s p e c i f i c   g r a v i t y   p h a s e   i n c l u d i n g   AP  and  o t h e r  



i n f u s i b l e   m a t t e r s   in  a  s l i g h t l y   or  no  t u r b u l e n t   f l o w .  

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

in  a  s l i g h t l y   t u r b u l e n t   s t r e a m ,   a  h e a t   c e n t r i f u g a l  

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

The  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   f o r  

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

d e s c r i b e d   in  more  d e t a i l .  

The  p r o c e s s   of  t he   p r e s e n t   i n v e n t i o n   w h e r e i n   a 

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

same  i n t o   a  h e a v y   p r o d u c t   and  to  form  or  to  i n c r e a s e  

and  c o n c e n t r a t e   AP  p h a s e - f o r m i n g   c o m p o n e n t s   is  c h a r a c -  

t e r i z e d   in  t h a t   the   p i t c h   s a t i s f y i n g   c e r t a i n   c o n d i t i o n s  

o b t a i n e d   in  the   i n i t i a l   s t a g e   of  t he   h e a t   t r e a t m e n t   i s  

s u b j e c t e d   to  the  e a s y   and  l o w - c o s t   h e a t   s e t t i n g   t r e a t -  

ment   to  p r e c i p i t a t e   and  c o n c e n t r a t e   c o m p o n e n t s   c o n t a i n e d  

in  t h e   p i t c h   in  t h e   i n i t i a l   s t a g e   as  h i g h - s p e c i f i c  

g r a v i t y   c o m p o n e n t s ,   s i n c e   the   i n c o r p o r a t i o n   of  them  i n  

t he   f i n a l   p i t c h   p r o d u c t   is  u n d e s i r a b l e .   Then  the  l o w e r  

l a y e r   is  r e m o v e d ,   an  u p p e r   l a y e r   p i t c h   c o n t a i n i n g  

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

is  used  as  a  s t a r t i n g   m a t e r i a l   in  the   n e x t   s t e p   and  t h e  

p i t c h   is  f u r t h e r   s u b j e c t e d   to  a  h e a t   t r e a t m e n t   i n c l u d i n g  
the   c o n v e r s i o n   t h e r e o f   i n t o   a  h e a v y   p r o d u c t .  

As  t he   s t a r t i n g   m a t e r i a l s   fo r   the   p i t c h ,   t h e r e  

may  be  used  v a r i o u s   c a r b o n a c e o u s   h e a v y   o i l s ,   t a r s   a n d  

p i t c h e s   o b t a i n e d   in  p e t r o l e u m   or  c o a l   i n d u s t r y .   P r e -  

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

S p e c i f i c a t i o n s   a c c o m p a n y i n g   our  E u r o p e a n   P a t e n t   A p p l i c a t i o n  
N o . 8 2 3 0 0 4 2 0 . 5   and  our   J a p a n e s e   P a t e n t   A p p l i c a t i o n   1 3 5 2 9 6 / 1 9 8 1 .  

More  p a r t i c u l a r l y ,   t h e   p r e f e r r e d   s t a r t i n g  
m a t e r i a l s   a r e   (1)  o i l y   p r o d u c t s   c o n t a i n i n g   as  m a i n  

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

p o i n t   of  2 5 0 - 5 4 0 ° C   w h i c h   p r o d u c t s   h a v e   an  a r o m a t i c  



c a r b o n   f r a c t i o n   in  the   a r o m a t i c   o i l   and  r e s i n   in  t h e  

n - h e p t a n e - s o l u b l e   m a t t e r   of  at  l e a s t   0 .6   and  a  n u m b e r -  

a v e r a g e   m o l e c u l a r   w e i g h t   of  up  to  1 , 0 0 0   or  (2)  t a r r y  

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

p o i n t   of  a t   l e a s t   540°C  which   t a r r y   s u b s t a n c e s   have   a n  

a r o m a t i c   c a r b o n   f r a c t i o n   in  the  a r o m a t i c   o i l   and  r e s i n  

of  a t   l e a s t   0 .7   and  a  n u m b e r - a v e r a g e   m o l e c u l a r   w e i g h t   o f  

up  to  1 , 0 0 0 .  

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

s u b j e c t e d   to  the   t h e r m a l   r e a c t i o n   at  a  t e m p e r a t u r e   o f  

3 7 0 - 5 0 0 ° C ,   p r e f e r a b l y   3 8 0 - 4 3 0 9 C ,   to  e f f e c t   m a i n l y  
t h e r m a l   c r a c k i n g   and  t h e r m a l   p o l y c o n d e n s a t i o n   and  t o  

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

v o l a t i l e   m a t t e r s   a r e   removed  from  the  c r a c k e d   p r o d u c t s ,  

AP  i s   f o r m e d   and  i n c r e a s e d   in  a m o u n t   and  f i n a l l y   a n  

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

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

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

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

i n i t i a l   s t a g e   and  the   r e a c t i o n   m i x t u r e   is  t r a n s f e r r e d   t o  

the  c h a r a c t e r i s t i c   h e a t   s e t t l i n g   s t e p .  

The  t i m e   a t   which   the  p i t c h   is  t r a n s f e r r e d   t o  

the   h e a t   s e t t l i n g   s t e p   is  such  t h a t   the   p i t c h   c o n t a i n s  

q u i n o l i n e - i n s o l u b l e   m a t t e r   and  b e n z e n e - i n s o l u b l e   m a t t e r  

as  minor   c o m p o n e n t s ,   has  not   so  h i g h   s o f t e n i n g   p o i n t  

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

g r a v i t i e s   in  a  m o l t e n   s t a t e .   More  c o n c r e t e l y ,   the   p i t c h  

to  be  s u b j e c t e d   to  t h e   h e a t   s e t t l i n g   s h o u l d   h a v e   a  

q u i n o l i n e - i n s o l u b l e   m a t t e r   c o n t e n t   of  a b o u t   2-20  w t . % ,  

a  q u i n o l i n e - s o l u b l e / b e n z e n e - i n s o l u b l e   m a t t e r   c o n t e n t   o f  

a b o u t   5-40  w t .%,   a  s o f t e n i n g   p o i n t   of  up  to  200°C  a n d  

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

5 - 5 0   wt.%  ( i n   a  m o l t e n   s t a t e   a t   a  t e m p e r a t u r e   a b o u t  

100°C  h i g h e r   t h a n   the   s o f t e n i n g   p o i n t ) .   The  p i t c h e s  

h a v i n g   the   a b o v e - d e s c r i b e d   p r o p e r t i e s   may  be  o b t a i n e d  



by  s l i g h t l y   h e a t - t r e a t i n g   the   a b o v e - m e n t i o n e d   s t a r t i n g  
m a t e r i a l s   u n d e r   b r o a d   c o n d i t i o n s   w i t h o u t   l i m i t i n g   t h e  

p r o p e r t i e s   so  s t r i c t l y   as  shown  a b o v e ,   or  t h e y   can  b e  

o b t a i n e d   d i r e c t l y   from  o t h e r   p r o c e s s e s   or  o t h e r   p i t c h  

m a k e r s .  

I f   t h e   p i t c h   to  be  s u b j e c t e d   to  t h e   h e a t  

s e t t l i n g   is  h e a t - t r e a t e d   e x c e s s i v e l y   and  i t s   q u i n o l i n e -  

i n s o l u b l e   m a t t e r   c o n t e n t   or  b e n z e n e - i n s o l u b l e   m a t t e r  

c o n t e n t   i s   f a r   h i g h e r   t h a n   t h e   r a n g e   shown  a b o v e ,  

the   a m o u n t   of  t he   l o w e r   l a y e r   p i t c h   to  be  d i s c a r d e d   i n  

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

of  the   i n t e n d e d   p r o d u c t   is  l o w e r e d   u n f a v o r a b l y .   If   t h e  

s o f t e n i n g   p o i n t   i s   h i g h e r   t h a n   a b o u t   2 0 0 0 C ,   a  h i g h  

t e m p e r a t u r e   and  long   r e s i d e n c e   t ime   a re   r e q u i r e d   in  t h e  

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

On  the   o t h e r   h a n d ,   i f   the   h e a t   t r e a t m e n t   i s  

i n s u f f i c i e n t   and  the   p i t c h   has   (1)  a  q u i n o l i n e - i n s o l u b l e  

m a t t e r   c o n t e n t   or  b e n z e n e - i n s o l u b l e   m a t t e r   c o n t e n t   l o w e r  

t h a n   the   a b o v e - m e n t i o n e d   r a n g e   and  (2)  too  low  c o n t e n t  

of  a  h i g h - s p e c i f i c   g r a v i t y   p h a s e ,   the   s e p a r a t i o n   of  t h e  

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

the   uppe r   l a y e r   is  d i s c a r d e d   t o g e t h e r   w i t h   the   l o w e r  

l a y e r   in  t h e   h e a t   s e t t l i n g   s t e p   and  t h e   o b j e c t   o f  

the   p r e s e n t   i n v e n t i o n   c a n n o t   be  a t t a i n e d   in  many  c a s e s .  

T h e n ,   the   a b o v e - d e s c r i b e d   c a r b o n a c e o u s   m a t e -  

r i a l   for   p i t c h   is  p r e p a r e d   or  go t   in  the  m a r k e t   and  i s  

s u b j e c t e d   to  the   h e a t   s e t t l i n g   t r e a t m e n t .   In  the   h e a t  

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

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

s u f f i c i e n t l y   mi ld   t e m p e r a t u r e   r a n g e   in  which   the   p i t c h  

can  be  k e p t   in  a  m o l t e n ,   s u f f i c i e n t l y   f l u i d   s t a t e .   M o r e  

c o n c r e t e l y ,   a  t e m p e r a t u r e   in  the  r a n g e   from  200  to  4 0 0 ° C  

is   e m p l o y e d ,   t h o u g h   i t   v a r i e s   d e p e n d i n g   on  the  s o f t e n i n g  

p o i n t   and  v i s c o s i t y   of  the   p i t c h   to  be  t r e a t e d .   T h i s  



s t e p   is  c h a r a c t e r i z e d   in  t h a t   t h e   p i t c h   p e r  s e   can  b e  

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

p r e c i p i t a t i o n   due  to  g r a v i t a t i o n ,   w h i l e   a  s o l v e n t   o r  

a d d i t i v e   may  be  i n c o r p o r a t e d   t h e r e i n .  

A  t e m p e r a t u r e   as  h i g h   as  above   400°C  is   n o t  

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

t r o u b l e s   a r e   c a u s e d   in  the   s y s t e m   by  b u b b l i n g   or  e v a p o -  

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

A n o t h e r   r e a s o n   t h e r e f o r   is   t h a t   c o k i n g   of  t h e   m e t a l  

s u r f a c e   of  t he   s e t t l i n g   v e s s e l   would   be  c a u s e d ,   s i n c e  

t h e   l i q u i d   p h a s e   i s   n o t   s t i r r e d   or  t h e   f l o w   i s   o n l y  

s l i g h t .   At  a  t e m p e r a t u r e   l o w e r   t h a n   2000C,  a  s u f f i -  

c i e n t l y   f l u i d i t y   c a n n o t   be  o b t a i n e d   even  i f   the   p i t c h  

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

p o i n t   f a r   l o w e r   t han   2000C.   At  such   a  low  t e m p e r a t u r e ,  

p r o b l e m s   a r e   posed   t h a t   a  long   r e s i d e n c e   t ime   is  r e q u i r -  

ed  fo r   the   s e t t l i n g   or  t h a t   t he   p h a s e   s e p a r a t i o n   d o e s  

n o t   o c c u r   a t   a l l ,   or  t h a t   t h e   l o w e r   l a y e r   c a n n o t   b e  

t a k e n   ou t   e a s i l y .  

In  t h e   s e t t l i n g   s t e p ,   t h e   o b j e c t   c a n   b e  

a t t a i n e d   by  m a i n t a i n i n g   the   p i t c h   in  a  m o l t e n   s t a t e   a t  

the   a b o v e - m e n t i o n e d   t e m p e r a t u r e   for   a  g i v e n   t ime   e v e n  

w i t h o u t   s t i r r i n g .   Howeve r ,   as  a  m a t t e r   of  c o u r s e ,   t h e  

p i t c h   may  be  s t i r r e d   s l o w l y   or  the   whole   p i t c h   may  b e  

a l l o w e d   to  f l ow  in  such  a  manne r   t h a t   the   phase   p r e c i p i -  

t a t i o n   is   no t   i n h i b i t e d   for   the   p u r p o s e   of  e f f e c t i n g   t h e  

s e p a r a t i o n   c o n t i n u o u s l y   or  for   t he   p u r p o s e   of  o b t a i n i n g  

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

s y s t e m .  

In  the  h e a t   s e t t l i n g   s t e p ,   the   s e p a r a t i o n   o f  

the   p h a s e   h a v i n g   a  h i g h e r   s p e c i f i c   g r a v i t y   is  e f f e c t e d  

for   the   p u r p o s e   of  c o n c e n t r a t i n g   and  r e m o v i n g   a  m a j o r  

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

the   p i t c h .   I t   is  u n n e c e s s a r y   to  c o m p l e t e l y   p r e c i p i t a t e  



100%  of  t he   p h a s e   as  the   l o w e r   l a y e r   or  to  c o m p l e t e l y  

remove   100%  of  t he   l o w e r   l a y e r .  

The  u p p e r   l a y e r   p i t c h   o b t a i n e d   a f t e r   the   h e a t  

s e t t l i n g   f o l l o w e d   by  t h e   r e m o v a l   of   t h e   l o w e r   l a y e r  

s t i l l   c o n t a i n s   o n l y   a  s m a l l   a m o u n t   of  t h e   p h a s e   h a v i n g   a  

h i g h e r   s p e c i f i c   g r a v i t y .   H o w e v e r ,   t h i s   p h a s e   does   n o t  

e x e r t   s i g n i f i c a n t   i n f l u e n c e s   on  the   f i n a l   p r o d u c t ,   s i n c e  

i t   is  one  of  t he   o r i g i n a l   c o n s t i t u e n t s   of  the   p i t c h .  

The  h i g h e r   t h e   d e g r e e   of  c o n c e n t r a t i o n   o f  t h e   l o w e r  

l a y e r   p h a s e   of  a  h i g h e r   s p e c i f i c   g r a v i t y ,   the   b e t t e r   i n  

the   h e a t   s e t t l i n g   s t e p .   H o w e v e r ,   a  d e g r e e   of  c o n c e n t r a -  

t i o n   of  a b o u t   70-90%  is   s a t i s f a c t o r y   in  g e n e r a l .   T h e  

amoun t   of  t he   p h a s e   h a v i n g   a  h i g h e r   s p e c i f i c   g r a v i t y  

s t i l l   r e m a i n i n g   in  the   uppe r   l a y e r   a f t e r   the   s e p a r a t i o n  

i s   p r e f e r a b l y   s m a l l .   The  o b j e c t   can   be  a t t a i n e d ,  

h o w e v e r ,   i f   the   amoun t   is  as  s m a l l   as  5-30%  b a s e d   on  t h e  

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

P r o c e s s   fo r   the   p r e p a r a t i o n   of  the   p i t c h   to  b e  

s u b j e c t e d   to  the   h e a t   s e t t l i n g   t r e a t m e n t   is  not   p a r t i c u -  

l a r l y   l i m i t e d   in  the   p r e s e n t   i n v e n t i o n .   However ,   t h e r e  

may  be  m e n t i o n e d   two  p r e f e r r e d   p r o c e s s e s   for   p r e p a r i n g  

the   p i t c h   by  s u b j e c t i n g   v a r i o u s   c a r b o n a c e o u s   h e a v y   o i l s ,  

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

the   h e a t . t r e a t m e n t   as  d e s c r i b e d   b e l o w .  

One  of  t h e   p r o c e s s e s   c o m p r i s e s   h e a t i n g   a 

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

t e m p e r a t u r e   in  t h e   r a n g e   f rom  a b o u t   370  to  4 6 0 ° C ,  

p r e f e r a b l y   400  to  430°C  w h i l e   an  i n e r t   gas  is  i n t r o d u c e d  

above   the   p i t c h   s u r f a c e   or  in  the   l i q u i d   p i t c h   p h a s e   t o  

c a u s e   b u b b l i n g   and  to  a c c e l e r a t e   t h e   r e m o v a l   of  l o w  

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

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

AP  c o n t e n t   of  5 - 5 0 % ,   a  q u i n o l i n e - i n s o l u b l e   m a t t e r  

c o n t e n t   of  2-20  wt.%  and  a  s o f t e n i n g   p o i n t   of  the   p i t c h  



as  a  whole   of  up  to  200°C  has   been   o b t a i n e d ,   and  t r a n s -  

f e r r i n g   the  r e a c t i o n   p r o d u c t   from  the   r e a c t i o n   v e s s e l  

to  t he   s u b s e q u e n t   h e a t   s e t t l i n g   s t e p .   The  h e a t   s e t t l i n g  
is   e f f e c t e d   p r e f e r a b l y   a t   a  t e m p e r a t u r e   in  the  r a n g e  
from  250  to  4 0 0 ° C .  

The  o t h e r   i m p r o v e d   p r o c e s s   for   p r e p a r i n g   t h e  

p i t c h   to  be  h e a t - s e t t l e d   c o m p r i s e s   h e a t i n g   a  s t a r t i n g  
m a t e r i a l   for  the   p r o d u c t i o n   of  p i t c h   to  a  t e m p e r a t u r e  
in  t he   r a n g e   from  370  to  460°C ,   p r e f e r a b l y   from  400  t o  

430°C  to  e f f e c t   a  t h e r m a l   r e a c t i o n   w i t h o u t   the   i n t r o d u c -  

t i o n   of  i n e r t   gas   or  r a t h e r   in  a  c l o s e d   s y s t e m .   T h i s  

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

f o r c i n g   to  remove  v o l a t i l e   m a t t e r s   bu t   u n d e r   a c c e l e r a t e d  

r e f l u x   of  the   s t a r t i n g   m a t e r i a l   or  o i l   fo rmed   by  t h e  

c r a c k i n g .   More  c o n c r e t e l y ,   t he   s t a r t i n g   m a t e r i a l   s e a l e d  

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

r e a c t i o n   v e s s e l   or  t u b e   is   h e a t e d   to  the   a b o v e - m e n t i o n e d  

t e m p e r a t u r e .   The  p r e s s u r e   is  e l e v a t e d   by  low  m o l e c u l a r  

p r o d u c t s   fo rmed  by  t he   t h e r m a l   c r a c k i n g .   The  r e a c t i o n  

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

2 -10   wt.%  a  b e n z e n e - s o l u b l e   m a t t e r   c o n t e n t   of  at  l e a s t  

60  wt.%  and  a  s o f t e n i n g   p o i n t   of  up  to  150°C  has   b e e n  

o b t a i n e d .   The  p i t c h   i s   t a k e n   ou t   of  t he   r e a c t i o n   t a n k  

and  t r a n s f e r r e d   to  the   s u b s e q u e n t   h e a t   s e t t l i n g   s t e p .  

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

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

t i o n   of  the   r e m o v a l   or  v o l a t i l e   m a t t e r s   bu t   r a t h e r   u n d e r  

the   r e f l u x   of  a  m a j o r   p a r t   of  the   s t a r t i n g   m a t e r i a l   a n d  

l o w - m o l e c u l a r   w e i g h t   s u b s t a n c e s   i n t o   the   r e a c t i o n   s y s t e m  
at   t he   b o t t o m   of  the   r e a c t o r   to  c o n t r o l   the  q u i n o l i n e -  
i n s o l u b l e   m a t t e r   c o n t e n t   of   t h e   r e s u l t i n g   p i t c h   t o  

2 - 1 0   w t . % ,   t h e   b e n z e n e - s o l u b l e   m a t t e r   c o n t e n t   to  a t  

l e a s t   60  wt.%  and  the   s o f t e n i n g   p o i n t   to  up  to  1 5 0 ° C .  



When  the   r e a c t i o n   is  c a r r i e d   out   in  the   c l o s e d  

s y s t e m ,   p r e s s u r e   e x h i b i t   no  d i r e c t   e f f e c t   on  the   a c c e l e r -  

a t i o n   of  the   r e a c t i o n   and  the   p r e s s u r e   may  be  e l e v a t e d  

fo r   the   p u r p o s e   of  i n h i b i t i n g   the  r e m o v a l   of  v o l a t i l e  

m a t t e r   in  the   c r a c k i n g   p r o d u c t s   or  u n r e a c t e d   r e a c t i o n  

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

p r e f e r r e d   to  c o n t r o l   t h e   p r e s s u r e   to  1  to  50  k g / c m  

by  means   of  a  l e a k   v a l v e   when  the  r e a c t i o n   t e m p e r a t u r e  

is  a r o u n d   430°C ,   s i n c e   p r e s s u r e   is  p r e f e r a b l y   as  l o w  

as  p o s s i b l e .  

As  a  m a t t e r   of  c o u r s e ,   the   l i q u i d   p h a s e   s h o u l d  

be  s t i r r e d   s u f f i c i e n t l y   or  a l l o w e d   to  f l o w   in  t h e  

p r e p a r a t i o n   of  t he   p i t c h   to  be  s u b j e c t e d   to  the  h e a t  

s e t t l i n g   so  t h a t   t he   two  p h a s e s   fo rmed   in  t h i s   s t e p   a r e  

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

t e m p e r a t u r e   d i s t r i b u t i o n   can  be  o b t a i n e d .  

When  the   r e a c t i o n   is  c a r r i e d   out   in  the   c l o s e d  

s y s t e m ,   p r e s s u r e   e x h i b i t   no  d i r e c t   e f f e c t   on  the   a c c e l e r -  

a t i o n   of  the   r e a c t i o n   and  the   p r e s s u r e   may  be  e l e v a t e d  

fo r   the   p u r p o s e   of  i n h i b i t i n g   the   r e m o v a l   of  v o l a t i l e  

m a t t e r   in  the  c r a c k i n g   p r o d u c t s   or  u n r e a c t e d   r e a c t i o n  

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

p r e f e r r e d   to  c o n t r o l   t h e   p r e s s u r e   to  1  to  50  k g / c m 2  

by  means   of  a  l e a k   v a l v e   when  the  r e a c t i o n   t e m p e r a t u r e  

is  a r o u n d   4300C,   s i n c e   p r e s s u r e   is  p r e f e r a b l y   as  l o w  

as  p o s s i b l e .  

As  a  m a t t e r   of  c o u r s e ,   the   l i q u i d   p h a s e   s h o u l d  

be  s t i r r e d   s u f f i c i e n t l y   or   a l l o w e d   to  f l o w   in  t h e  

p r e p a r a t i o n   of  t he   p i t c h   to  be  s u b j e c t e d   to  the  h e a t  

s e t t l i n g   so  t h a t   the   two  p h a s e s   fo rmed   in  t h i s   s t e p   a r e  

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

t e m p e r a t u r e   d i s t r i b u t i o n   can  be  o b t a i n e d .  



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

s u b j e c t e d   to  the   h e a t   s e t t l i n g   by  the   h e a t   t r e a t m e n t   i n  

the   a b o v e - m e n t i o n e d   c l o s e d   s y s t e m   or  in  an  a t m o s p h e r i c  

p r e s s u r e   s y s t e m   w h e r e i n   the  r e m o v a l   of  v o l a t i l e   m a t t e r s  
is  no t   a c c e l e r a t e d   is   c h a r a c t e r i z e d   in  t h a t   the   p i t c h  

c o n t a i n s   a  l a r g e   amoun t   of  l o w - m o l e c u l a r   w e i g h t   s u b -  

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

be  e f f e c t e d   a t   a  l o w e r   t e m p e r a t u r e .   More  p a r t i c u l a r l y ,  

t he   o b j e c t   can  be  a t t a i n e d   at   a  t e m p e r a t u r e   of  1 5 0 - 4 0 0 ° C ,  

p r e f e r a b l y   2 0 0 - 3 5 0 ° C ,   unde r   e a s y   o p e r a t i n g   c o n d i t i o n s  

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

Now,  t h e   d e s c r i p t i o n   w i l l   be  made  on  t h e  

a f t e r - t r e a t m e n t   of  " p i t c h   c o n t a i n i n g   a  l a r g e   amoun t   o f  

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

the   h e a t   s e t t l i n g .  

P r o c e s s   fo r   the   a f t e r - t r e a m e n t   is   no t   p a r t i c u -  

l a r l y   l i m i t e d .   Any  p r o c e s s   c a p a b l e   of  i n c r e a s i n g   an  AP 

c o n t e n t   in  t h e   p i t c h   w h i l e   a  s o f t e n i n g   p o i n t   i s   n o t  

e l e v a t e d   s i g n i f i c a n t l y   may  be  e m p l o y e d .   A f t e r   i n v e s t i -  

g a t i o n s ,   the   i n v e n t o r s   have  found  t h a t   two  p r o c e s s e s  
wh ich   w i l l   be  d e s c r i b e d   be low  a r e   p a r t i c u l a r l y   p r e f e r r e d .  

One  of  t he   p r o c e s s e s   c o m p r i s e s   s u b j e c t i n g   t h e  

" p i t c h   c o n t a i n i n g   a  l a r g e   amoun t   of  t he   p h a s e   h a v i n g   a 
l o w e r   s p e c i f i c   g r a v i t y "   to  the   h e a t   t r e a t m e n t   to  c o n v e r t  

t h e   same  i n t o   h e a v y   p r o d u c t   a t   3 0 0 - 4 2 0 ° C   a f t e r   t h e  

h e a t   s e t t l i n g   t r e a t m e n t .   Th i s   t r e a t m e n t   is  c o n t i n u e d  

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

r e d u c e d   to  l e s s   t h a n   20%.  N a m e l y ,   t h i s   t r e a t m e n t  

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

p i t c h   c o n t a i n e d   in  the   " p i t c h   c o n t a i n i n g   a  l a r g e   a m o u n t  

o.f  t he   p h a s e   h a v i n g   a  l o w e r   s p e c i f i c   g r a v i t y "   o b t a i n e d  

by  the   h e a t   s e t t l i n g   and  a l s o   for   f o r m i n g   f r e s h   AP  b y  

the   t h e r m a l   c h e m i c a l   r e a c t i o n .   In  an  e m b o d i m e n t   of  t h i s  

p r o c e s s ,   the  l i g h t e r   p i t c h   o b t a i n e d   by  t he   h e a t   s e t t l i n g  



is  s u b j e c t e d   to  the   t h e r m a l   r e a c t i o n s   m a i n l y   c o m p r i s i n g  

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

a t   a  t e m p e r a t u r e   of   3 5 0 - 4 2 0 ° C ,   p r e f e r a b l y   3 7 0 - 4 2 0 ° C  

w h i l e   an  i n e r t   g a s   i s   i n t r o d u c e d   i n t o   t he   r e a c t i o n  

s y s t e m   or  u n d e r   r e d u c e d   p r e s s u r e   to  c o n v e r t   the   l i g h t  

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

d i s t i l l   a n o t h e r   p a r t   of  t he   l i g h t   p i t c h   from  t he   r e a c -  

t i o n   s y s t e m ,   w h e r e b y   the   p i t c h   is   made  g r a d u a l l y   h e a v i e r .  

T h u s ,   t h e   A P - f o r m i n g   c o m p o n e n t s   a r e   c o n c e n t r a t e d .  

T h i s   t h e r m a l   t r e a t m e n t   i s   f i n i s h e d   when  an  i n t e n d e d  

p i t c h   h a v i n g   an  AP  c o n t e n t   of  a t   l e a s t   80%,  a  s o f t e n i n g  

p o i n t   in  t h e   r a n g e   f r o m   2 3 0 - 3 2 0 ° C   and  a  q u i n o l i n e -  

i n s o l u b l e   m a t t e r   c o n t e n t   of  no  h i g h e r   t han   70%,  p r e f e r -  

a b l y   no  h i g h e r   t h a n   50  wt.%  and  p a r t i c u l a r l y   no  h i g h e r  

t h a n   40  wt.%  is   o b t a i n e d .  

The  o t h e r   p r o c e s s   fo r   the  h e a t   t r e a t m e n t   f o r  

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

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

in  wh ich   the   t h e r m a l   r e a c t i o n   p r o c e e d s   o n l y   s l i g h t l y .  

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

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

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

at   3 7 0 - 4 2 0 ° C ,   p r e f e r a b l y   3 9 0 - 4 0 0 ° C   in  a  c l o s e d   s y s t e m  

or  u n d e r   s u c h   r e f l u x   c o n d i t i o n s   t h a t   t h e   r e m o v a l   o f  

v o l a t i l e   m a t t e r   is  not   p a r t i c u l a r l y   a c c e l e r a t e d .   T h e n ,  
the   r e s u l t i n g   p i t c h   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 /  

p o l y c o n d e n s a t i o n   r e a c t i o n   unde r   mi ld   c o n d i t i o n s   a t   a 

t e m p e r a t u r e   in  t h e   r a n g e   f r o m   3 0 0 - 3 7 0 ° C ,   p r e f e r a b l y  

3 2 0 - 3 5 0 ° C   and  l o w - m o l e c u l a r   s u b s t a n c e s   a re   removed  u n d e r  

r e d u c e d   p r e s s u r e   or  w i t h   i n t r o d u c t i o n   of  an  i n e r t   g a s  
to  o b t a i n   a  p i t c h   h a v i n g   an  AP  c o n t e n t   of  at  l e a s t   80%,  

a  s o f t e n i n g   p o i n t   in  t h e   r a n g e   f rom  2 3 0 - 3 2 0 ° C   and  a 

q u i n o l i n e - i n s o l u b l e   m a t t e r   c o n t e n t   of  no  h i g h e r   t h a n  

70  wt .%,   p r e f e r a b l y   no  h i g h e r   t han   50  wt.%  and  p a r t i c u -  

l a r l y   no  h i g h e r   t h a n   40  w t . % .  



A c c o r d i n g   to  t h i s   p r o c e s s ,   p i t c h e s   of  v a r i o u s  

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

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

t i m e   or  c o n d i t i o n s   of  t h e   v o l a t i l e   m a t t e r - r e m o v i n g  

o p e r a t i o n   w i t h   the   r e s i d e n c e   t i m e .   As  c o m p a r e d   w i t h  

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

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

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

b r o a d   c o n d i t i o n s ,   a  c o n t i n u o u s   or  s e m i - c o n t i n u o u s  

t r e a t m e n t   is  p o s s i b l e   and  an  i n t e n d e d   p r o d u c t   can  b e  

o b t a i n e d   in  a  h i g h   y i e l d .  

In  an  i m p r o v e d   e m b o d i m e n t   of  t h i s   p r o c e s s ,   t h e  

t h e r m a l   r e a c t i o n   a t   3 7 0 - 4 2 0 ° C   i s   o m i t t e d   and  t h e   AP 

c o n t e n t   of  t he   p i t c h   can  be  i n c r e a s e d   o n l y   by  a  l o w -  

t e m p e r a t u r e   h e a t   t r e a t m e n t   c a r r i e d   ou t   a t   a  low  t e m p e r -  

a t u r e   unde r   r e d u c e d   p r e s s u r e   or  w i t h   i n t r o d u c t i o n   of  a n  
i n e r t   g a s .   More  p a r t i c u l a r l y ,   t he   l i g h t   p i t c h   o b t a i n e d  

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

3 0 0 - 3 7 0 ° C ,   p r e f e r a b l y   3 0 0 - 3 5 0 ° C   u n d e r   r e d u c e d   p r e s s u r e  

or  w i t h   i n t r o d u c t i o n   of  an  i n e r t   gas   for   a  long  r e s i -  

d e n c e   t i m e .   By  t h i s   t r e a t m e n t ,   h e a v y   A P - f o r m i n g   c o m p o -  

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

p o l y c o n d e n s e d   s l o w l y   and  a  m a j o r   p a r t   of  e x c e s s i v e  

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

o b t a i n   a  p i t c h   h a v i n g   an  AP  c o n t e n t   of   a t   l e a s t   80% 

u s u a l l y   a t   l e a s t   90%,  a  s o f t e n i n g   p o i n t   in  the  r a n g e  
from  2 3 0 - 3 2 0 0 C   and  a  q u i n o l i n e - i n s o l u b l e   m a t t e r   c o n t e n t  

of  no  more  t h a n   40  w t . % .  

T h i s   p r o c e s s   has  an  a d v a n t a g e   t h a t   the   o p e r -  
a t i o n   in  each   s t e p   is  e a s y ,   t h o u g h   i t   t a k e s   a  long  t i m e  

for   the   t r e a t m e n t .  

As  a  m a t t e r   of  c o u r s e ,   i t   is  p r e f e r r e d   t h a t  

the   p i t c h   is  s t i r r e d   s u f f i c i e n t l y   or  t he   l i q u i d   p h a s e  

is  a l l o w e d   to  f low  so  as  to  m a i n t a i n   a  u n i f o r m   p i t c h  



t e m p e r a t u r e   and  to  a v o i d   the   p h a s e   s e p a r a t i o n   in  t h e  

h e a t   t r e a t m e n t   fo r   mak ing   the   p i t c h   h e a v i e r .  

The  i n e r t   gas   used  in  the   a b o v e - m e n t i o n e d   s t e p  

is   one  wh ich   d o e s   no t   r e m a r k a b l y   c h e m i c a l l y   r e a c t   w i t h  

t h e   p i t c h   a t   a  t e m p e r a t u r e   a r o u n d   4000C.   As  p r a c t i c a l  

i n e r t   g a s e s ,   N2,  Ar ,   s t e a m   and  l o w - m o l e c u l a r   w e i g h t  

h y d r o c a r b o n s   can  be  u s e d .  

A n o t h e r   p r o c e s s   for   the   a f t e r - t r e a t m e n t   of  t h e  

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

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

the   h e a t   t r e a t m e n t   for   making   the   same  h e a v i e r ,   s t o p p i n g  
t h i s   t r e a t m e n t   h a l f w a y ,   s u b j e c t i n g   the   p i t c h   a g a i n   t o  

the   h e a t   s e t t l i n g   and  t a k i n g   " p i t c h   c o n t a i n i n g   a  l a r g e  

amoun t   of  a  h i g h - s p e c i f i c   g r a v i t y   p h a s e "   in  the   l o w e r  

l a y e r   as  the   i n t e n d e d   p r o d u c t .  

In  t h i s   p r o c e s s ,   the   h e a t   t r e a t m e n t   for   m a k i n g  
the   p i t c h   h e a v i e r   is  c a r r i e d   out   in  the   same  manner   a s  

above   at  the   same  t e m p e r a t u r e   as  a b o v e .   However ,   t h e  

p i t c h   h a v i n g   an  AP  c o n t e n t   of  a t   l e a s t   80%,  a  s o f t e n i n g  

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

c o n t e n t   of  no  more  t h a n   70%  is  no t   a p p r o a c h e d   d i r e c t l y  

by  t h i s   t r e a t m e n t   o n l y .   T h i s   t r e a t m e n t   is  s t o p p e d  
h a l f w a y   when  a  p i t c h   h a v i n g   an  AP  c o n t e n t   of  2 0 - 7 0 % ,  

p r e f e r a b l y   30-50%,   a  q u i n o l i n e - i n s o l u b l e   m a t t e r   c o n t e n t  
of  up  to  25  wt .%,   p r e f e r a b l y   up  to  20  wt .%,   a  q u i n o l i n e -  

s o l u b l e / b e n z e n e - i n s o l u b l e   m a t t e r   c o n t e n t   of  at  l e a s t  

25  wt .%,   p r e f e r a b l y   a t   l e a s t   30  wt.%  and  a  s o f t e n i n g  

p o i n t   of  the   p i t c h   as  a  whole   of  up  to  250°C  has  b e e n  
o b t a i n e d .   Then ,   the   p i t c h   is  a g a i n   s u b j e c t e d   to  t h e  

h e a t   s e t t l i n g   at  a  t e m p e r a t u r e   in  the   r a n g e   from  330  t o  

4 0 0 ° C   to  p r e c i p i t a t e   and  a g g r e g a t e   AP  s p h e r e s   of  a 

h i g h e r   s p e c i f i c  g r a v i t y   and  to  fo rm  a  l o w e r   l a y e r .  
The  lower   l a y e r   p i t c h   c o m p r i s i n g   s u b s t a n t i a l l y   AP  i s  

s e p a r a t e d   from  the   uppe r   l a y e r   p i t c h   c o m p r i s i n g   m a i n l y  



IP.   The  p i t c h   t h u s   o b t a i n e d   may  be  s u b j e c t e d   f u r t h e r  

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

a n i s o t r o p i c   p i t c h   o b t a i n e d   as  above   has   an  AP  c o n t e n t   o f  

a t   l e a s t   80%  u s u a l l y   a t   l e a s t   90%,  a  s o f t e n i n g   p o i n t   i n  

t he   r a n g e   from  230  to  3200C  and  a  q u i n o l i n e - i n s o l u b l e  

m a t t e r   c o n t e n t   of  no  more  t han   70  w t . % .  

A c c o r d i n g   to  t h i s   p r o c e s s ,   i t   is  p o s s i b l e   t o  

o b t a i n   an  o p t i c a l l y   a n 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   m o r e  

e x c e l l e n t   t h a n   t h a t   o b t a i n e d   by  t h e   a b o v e - m e n t i o n e d  

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

by  t h e   h e a t   t r e a t m e n t   f o r   m a k i n g   t h e   p i t c h   h e a v i e r .  

N a m e l y ,   the   p i t c h   o b t a i n e d   by  t h i s   p r o c e s s   has   a  h i g h e r  

AP  c o n t e n t   and  l o w e r   s o f t e n i n g   p o i n t   and  i t   has  h i g h e r  

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

h a v i n g   more  e x c e l l e n t   p r o p e r t i e s .  

In  t h e   h e a t   t r e a t m e n t   f o r   m a k i n g   t h e   p i t c h  

h e a v i e r   in  t h i s   p r o c e s s ,   t h e   t e m p e r a t u r e ,   r e a c t o r ,  

f l o w i n g   me thod   and  s t i r r i n g   method   may  be  the  same  a s  

t h o s e   d e s c r i b e d   a b o v e   and  the   r e s i d e n c e   t ime   is  s h o r t e r  

t h a n   the   a b o v e .  

The  s e c o n d   h e a t   s e t t l i n g   in  t h i s   p r o c e s s   may  
be  e f f e c t e d   in  t h e   same  m a n n e r   as  in  t h e   f i r s t   h e a t  

s e t t l i n g   e x c e p t   t h a t   t h e   t e m p e r a t u r e   r a n g e   is   d i f f e r e n t .  

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

a t u r e   of  3 3 0 - 4 0 0 ° C   fo r   m a i n t a i n i n g   the   v i s c o s i t y   of  t h e  

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

s p h e r i c a l   p a r t i c l e s   or  m a s s e s   of  AP  t o . f o r m   the   l o w e r  

l a y e r   w h i l e   t he   a g g r e g a t i o n   and  a g i n g   of  AP  a r e   a c c e l -  

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

s e t t l i n g   t r e a t m e n t   has   been  made  c o n s i d e r a b l y   h e a v i e r .  

If  a  t e m p e r a t u r e   b e l o w   3200C  is  e m p l o y e d   in  t h i s   s t e p ,  
the   a g g r e g a t i o n ,   p r e c i p i t a t i o n   and  s e p a r a t i o n   of  l o w e r  

l a y e r   AP  b e c o m e   d i f f i c u l t .   At  a  t e m p e r a t u r e   a b o v e  

4 1 0 ° C ,   a  r e s i d e n c e   t i m e   of  s e v e r a l   m i n u t e s   is  r e q u i r e d  



g e n e r a l l y ,   t h o u g h   AP  is   s e p a r a t e d   in  such   a  s h o r t   t i m e  

in  some  c a s e s .   I f   t h e   r e s i d e n c e   t i m e   i s   as  l o n g   a s  

a b o v e ,   a  v i o l e n t   t h e r m a l   r e a c t i o n   o c c u r s   to  e l e v a t e   t h e  

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

The  f o l l o w i n g   e x a m p l e s   and  c o m p a r a t i v e   e x a m -  

p l e s   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 

A  p i t c h   h a v i n g   a b o u t   20%  AP  c o n t e n t   a n d  

s o f t e n i n g   p o i n t   of  168°C  was  used  as  s t a r t i n g   m a t e r i a l ,  

s a i d   AP  c o m p r i s i n g   g l o b u l a r   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   up  to  a b o u t   1 0 0  µ  .   The  p i t c h   had  a  q u i n o l i n e -  

i n s o l u b l e   m a t t e r  c o n t e n t   of  14 .9   wt.%  and  a  q u i n o l i n e -  

s o l u b l e / b e n z e n e - i n s o l u b l e   m a t t e r   c o n t e n t   of  30 .1   w t . % .  

300  g  of  t he   s t a r t i n g   p i t c h   was  c h a r g e d   in  a  

500  ml  c y l i n d r i c a l   g l a s s   v e s s e l   and  l e f t   to  s t a n d   in  a 

n i t r o g e n   a t m o s p h e r e   in  a  m u f f l e   f u r n a c e   at   360°C  fo r   1 

h.  A f t e r   c o o l i n g ,   t he   g l a s s   v e s s e l   was  b r o k e n   to  o b t a i n  

a b o u t   36  g  of  a  l o w e r   l a y e r ,   i . e . ,   r e l a t i v e l y   b r i t t l e ,  
dim  p i t c h   and  a b o u t   260  g  of  an  u p p e r   p i t c h   l a y e r .  

The  l o w e r   l a y e r   p i t c h   was  o p t i c a l l y   a n i s o -  

t r o p i c   and  c o m p r i s e d   n e a r l y   100%  AP.  Th i s   p i t c h   had  a 

q u i n o l i n e - i n s o l u b l e   m a t t e r   c o n t e n t   of  65 .6   wt.%  and  a 

s o f t e n i n g   p o i n t   of  2950C.   Th i s   p i t c h   w i l l   be  r e f e r r e d  

to  as  p i t c h   a .  

The  u p p e r   l a y e r   p i t c h   c o m p r i s e d   m a i n l y   I P  

c o n t a i n i n g   a b o u t   10%  of  AP  in  t h e   fo rm  of  g l o b u l a r  

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  up  to  a b o u t   1 0 ) 1 .   T h i s  

p i t c h   had  a  s o f t e n i n g   p o i n t   of  1 5 6 ° C ,   a  q u i n o l i n e -  

i n s o l u b l e   m a t t e r   c o n t e n t   of  4  w t .  %   and  a  q u i n o l i n e -  

s o l u b l e / b e n z e n e - i n s o l u b l e   m a t t e r   c o n t e n t   of  48.6   w t . % .  



200  g  of  t he   u p p e r   l a y e r   p i t c h   was  a l l o w e d   t o  

r e a c t   a t   400°C  fo r   4  h  w h i l e   2 l / m i n   of  n i t r o g e n   gas   w a s  
i n t r o d u c e d   a b o v e   the   p i t c h   s u r f a c e   in  a  5 0 0 - m l   s t a i n l e s s  

s t e e l   r e a c t i o n   v e s s e l .   156  g  of  an  o p t i c a l l y   a n i s o -  

t r o p i c   p i t c h   h a v i n g   an  AP  c o n t e n t   of  a b o u t   95%,  a 
s o f t e n i n g   p o i n t   of  2730C,   a  q u i n o l i n e - i n s o l u b l e   m a t t e r  

c o n t e n t   of  35 .7   wt.%  and  a  q u i n o l i n e - s o l u b l e / b e n z e n e -  
i n s o l u b l e   m a t t e r   c o n t e n t   of  24 .0   wt.%  r e m a i n e d .   T h i s  

p i t c h   w i l l   be  r e f e r r e d   to  as  p i t c h   b .  

P i t c h e s  a   and  b  o b t a i n e d   as  above   were  t e s t e d  

by  c h a r g i n g   e a c h   of  them  in  a  s p i n n i n g   a p p a r a t u s   h a v i n g  

a  n o z z l e   of  0 .5   mm  d i a m e t e r   and  s u b j e c t e d   to  the  t e s t s .  
P i t c h  a   c o u l d   no t   be  spun   a t   a l l   a t   a  s p i n n i n g   t e m p e r -  

a t u r e   of  up  to  370°C .   At  380°C,   p i t c h  a   c o u l d   be  s p u n  
at   a  t a k e - u p   s p e e d   of  300  m/min  by  e x t r u d i n g   the   s a m e  

u n d e r   a  n i t r o g e n   gas   p r e s s u r e   of  200  mmHg.  The  b r e a k i n g  

f r e q u e n c y   was  l e s s   t h a n   once   per  10  min .   P i t c h  b   c o u l d  

be  spun   at   t a k e - u p   s p e e d   of  500  m/min  at  355°C  u n d e r  

n i t r o g e n   gas   p r e s s u r e   of  a b o u t   100  mmHg.  The  b r e a k i n g  

f r e q u e n c y   was  l e s s   t h a n   once   per  30  m i n .  

The  two  p i t c h   f i b e r s   o b t a i n e d   f rom  t h e   t w o  

p i t c h e s   r e s p e c t i v e l y   were   m a i n t a i n e d   in  an  o x y g e n   s t r e a m  

at   200°C  fo r   2  h  and  t h e n   in  an  oxygen   s t r e a m   at   2 4 0 ° C  

f o r   30  m i n ,   and  h e a t e d   to  1 5 0 0 ° C   a t   a  t e m p e r a t u r e -  
e l e v a t i o n   r a t e   of  5 0 ° C / m i n   in  a r g o n   gas   and  i m m e d i a t e l y  

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

f i b e r s .   D i a m e t e r s   of   16  s a m p l e s   of  e a c h   of   t h e   t w o  

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

and   m o d u l u s   in  t e n s i o n   of   t h e m   w e r e   d e t e r m i n e d .  

A v e r a g e s   of  t h e   v a l u e s   w e r e   c a l c u l a t e d .   The  c a r b o n  

f i b e r s   o b t a i n e d   from  p i t c h  a   had  an  a v e r a g e   d i a m e t e r   o f  

14  µ  ,   a v e r a g e   s t r e n g t h   of  16  GPa  and  a v e r a g e   m o d u l u s   o f  

e l a s t i c i t y   of  1 .4   x  102  GPa.  The  c a r b o n   f i b e r s   o b t a i n e d  

from  p i t c h   b  had  an  a v e r a g e   d i a m e t e r   of  8 . 7  µ  ,   a v e r a g e  



s t r e n g t h   of   26  GPa  and  a v e r a g e   m o d u l u s   of  e l a s t i c i t y   o f  

2.3  x  102  GPa.  C o m p a r a t i v e   Example   1 

200  g  of  t h e   same  s t a r t i n g   m a t e r i a l   as  i n  

Example   1  was  a l l o w e d   to  r e a c t   in  a  5 0 0 - m l   s t a i n l e s s  

s t e e l   r e a c t i o n   v e s s e l   a t   400°C  fo r   4  h  w h i l e   a  l / m i n   o f  

n i t r o g e n   g a s   was  i n t r o d u c e d   above   the   p i t c h   s u r f a c e   i n  

the   v e s s e l .   An  o p t i c a l l y   a n i s o t r o p i c   p i t c h   h a v i n g   an  AP 

c o n t e n t   of   a b o u t   95%  was  o b t a i n e d .   The  p i t c h   had  a 

q u i n o l i n e - i n s o l u b l e   m a t t e r   c o n t e n t   of  6 1 . 1   w t . % ,   a 

b e n z e n e - i n s o l u b l e / q u i n o l i n e - s o l u b l e   m a t t e r   c o n t e n t   o f  

23 .0   w t .  %   and  a  s o f t e n i n g   p o i n t   of  as  h i g h   as  3 3 0 0 C .  

The  p i t c h   c o u l d   n o t   be  s p u n   w i t h   t h e   same  s p i n n i n g  

a p p a r a t u s   as  in  Example   1 .  

Example   2 

300  g  of  t h e   same  s t a r t i n g   m a t e r i a l   as  i n  

Example   1  was  s e t t l e d   in  the   same  manner   as  in  E x a m p l e  
1.  200  g  of  an  u p p e r   l a y e r   p i t c h   was  h e a t - t r e a t e d  

f o r   m a k i n g   t h e   same  h e a v i e r   a t   400°C  f o r   2  h  in  a  
500  mX  s t a i n l e s s   s t e e l   r e a c t i o n   v e s s e l   w h i l e   2  l / m i n   o f  

n i t r o g e n   gas   was  i n t r o d u c e d   t h e r e i n   to  o b t a i n   1 6 8 . 4   g  o f  

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

of   2 1 2 ° C ,   a  q u i n o l i n e - i n s o l u b l e   m a t t e r   c o n t e n t   o f  

9 .5   wt .%,   a  b e n z e n e - i n s o l u b l e   m a t t e r   c o n t e n t   of  5 5 . 2  

wt.%  and  an  AP  g l o b u l a r   p a r t i c l e   c o n t e n t   of  a b o u t   45%. 

Then,   100  g  of  the   p i t c h   was  c h a r g e d   in  a  2 0 0 - m l   g l a s s  

c y l i n d r i c a l   v e s s e l   and  s e t t l e d   a g a i n   at  380°C  fo r   2  h  
to  d i v i d e   the   p i t c h   i n t o   uppe r   and  lower   l a y e r s .   T h e  

amount   of  t he   l o w e r   l a y e r   p i t c h   was  a b o u t   22  g.  I t   h a d  

an  AP  c o n t e n t   of   99%,  a  q u i n o l i n e - i n s o l u b l e   m a t t e r  

c o n t e n t   of  33 .3   wt.%  and  a  s o f t e n i n g   p o i n t   of  2 4 4 0 C .  
The  p i t c h   c o u l d   be  spun  w i t h   t he   same  s p i n n i n g   a p p a r a t u s  

as  in  Example   1  a t   320°C  w i t h o u t   b r e a k i n g   of  the   f i b e r .  

for   a  long   t i m e .  



C o m p a r a t i v e   E x a m p l e   2 

200  g  of  t h e   same  s t a r t i n g   m a t e r i a l   as  i n  

Example   1  was  h e a t - t r e a t e d   fo r   mak ing   the   same  h e a v i e r  

at  400°C  fo r   2  h  in  a  5 0 0 - m l   s t a i n l e s s   s t e e l   r e a c t i o n  

v e s s e l   w h i l e   2  R / m i n   of   n i t r o g e n   g a s   was  i n t r o d u c e d  

t h e r e i n   to  o b t a i n   1 8 1 . 3   g  of  an  i n t e r m e d i a t e   p i t c h .   T h e  
i n t e r m e d i a t e   p i t c h   had  a  s o f t e n i n g   p o i n t   of  2240C,   a n  
AP  g l o b u l a r   p a r t i c l e   c o n t e n t   of  a b o u t   45%,  a  q u i n o l i n e -  
i n s o l u b l e   m a t t e r   c o n t e n t   of  23 .0   wt.%  and  a  q u i n o l i n e -  

s o l u b l e / b e n z e n e - i n s o l u b l e   m a t t e r   c o n t e n t   of  30 .1   w t . % .  

100  g  of  t he   i n t e r m e d i a t e   p i t c h   was  c h a r g e d   i n  

a  2 0 0 - m l   g l a s s   c y l i n d r i c a l   v e s s e l   and  s e t t l e d   at   3 8 0 0 C  

for   2  h  to  d i v i d e   the   p i t c h   i n t o   u p p e r   and  l ower   l a y e r s .  
The  amoun t   of  t he   l o w e r   l a y e r   p i t c h   was  a b o u t   28  g.  I t  

had  an  AP  c o n t e n t   of  a p p r o x i m a t e l y   100%,  a  s o f t e n i n g  

p o i n t   of  286°C ,   a  q u i n o l i n e - i n s o l u b l e   m a t t e r   c o n t e n t  

of  7 4 . 2   wt.%  and  a  q u i n o l i n e - s o l u b l e / b e n z e n e - i n s o l u b l e  
m a t t e r   c o n t e n t   of  1 .4   w t .%.   The  p i t c h   was  spun  in  t h e  

same  m a n n e r   as  in  E x a m p l e   1.  The  o p t i m u m   s p i n n i n g  

t e m p e r a t u r e   was  370°C  and  the   b r e a k i n g   o c c u r r e d   c o n -  

s i d e r a b l y   f r e q u e n t l y .  

R e f e r e n t i a l   E x a m p l e  

A  p i t c h   h a v i n g   a  b o i l i n g   p o i n t   of  a b o v e  

450°C  ( u n d e r   a t m o s p h e r i c   p r e s s u r e )   o b t a i n e d   by  r e d u c e d  

p r e s s u r e   d i s t i l l a t i o n   of  a  t a r   o b t a i n e d   by  c a t a l y t i c  

c r a c k i n g   of  p e t r o l e u m   was  used  as  s t a r t i n g   m a t e r i a l .  
2 0 l  o f   the   p i t c h   was  h e a t - t r e a t e d   a t   430°C  for   2  h  u n d e r  

a  3 0 l / m i n   n i t r o g e n   gas   s t r e a m  i n   a  50-  s t a i n l e s s   s t e e l  

r e a c t i o n   t ank   to  o b t a i n   the  s t a r t i n g   m a t e r i a l   used  i n  

Example   1 .  



Example   3 

600  g  of  t h e   same  s t a r t i n g   t a r   as  in  R e f e r e n -  

t i a l   E x a m p l e   was  c h a r g e d   in  a  1- Q.  s t a i n l e s s   s t e e l  

a u t o c l a v e .   A f t e r   p u r g i n g   w i t h   n i t r o g e n   g a s ,   the   t e m p e r -  

a t u r e  w a s   e l e v a t e d   and  t h e   t a r   was  h e a t - t r e a t e d   a t  

430°C  for   3  h.  The  p r e s s u r e   was  c o n t r o l l e d   to  a b o u t  

5  k g / c m 2   by  d i s c h a r g i n g   a  g a s e o u s   c r a c k e d   p r o d u c t  

t h r o u g h   a  l e a k   v a l v e .   A f t e r   c o m p l e t i o n   of  t he   r e a c t i o n ,  

t he   c o n t e n t s   of  the   a u t o c l a v e   were  c o o l e d   to  250°C,   t h e  

p r e s s u r e   was  r e d u c e d   and  the   s t i r r i n g   was  s t o p p e d   a t  

250°C .   A f t e r   c o o l i n g ,   t he   a u t o c l a v e   was  opened   and  t h e  

c o n t e n t s   t h e r e o f   were  d e c a n t e d   a t   150°C .   A  p i t c h   i n  

t he   form  of  a  s l u r r y   r e m a i n e d   on  the   w a l l s   and  at  t h e  

b o t t o m .   About   522  g  of  t he   p i t c h   was  o b t a i n e d .   T h e  

p i t c h   had  a  s o f t e n i n g   p o i n t   of  up  to  100°C ,   a  q u i n o l i n e -  
i n s o l u b l e   m a t t e r   c o n t e n t   of  a b o u t   2 .4  wt.%  and  a  b e n z e n e -  

s o l u b l e   m a t t e r   c o n t e n t   of  86  wt .%.   400  g  of  the   p i t c h  

was  t r a n s f e r r e d   to  a  500  mf  s t a i n l e s s   s t e e l   r e a c t o r   a n d  

t r e a t e d   at   360°C  fo r   a b o u t   5  h  w h i l e   6 l / m i n   of  n i t r o g e n  

gas   was  i n t r o d u c e d   t h e r e i n   to  o b t a i n   152  g  of  r e s i d u a l  

p i t c h .   T h i s   p i t c h   had  a  s o f t e n i n g   p o i n t   of  221°C,   an  AP 

c o n t e n t   of  a b o u t   40%,  a  q u i n o l i n e - i n s o l u b l e   m a t t e r  

c o n t e n t   of  8 .7   wt.%  and  a  q u i n o l i n e - s o l u b l e / b e n z e n e -  

i n s o l u b l e   m a t t e r   c o n t e n t   of   4 2 . 4   w t . % .   T h e n ,   100  g 
of  t h i s   p i t c h   was  c h a r g e d   in  a  2 0 0 - m l   g l a s s   c y l i n d r i c a l  
v e s s e l   and  s e t t l e d   at   380°C  f o r   2  h.  Upper  and  l o w e r  

l a y e r s   were  formed  c l e a r l y .   24  g  of  l o w e r   l a y e r   p i t c h  

was  o b t a i n e d .   T h i s   p i t c h   had  a  s o f t e n i n g   p o i n t   o f  

261°C ,   an  AP  c o n t e n t   of  a p p r o x i m a t e l y   100%,  a  q u i n o l i n e -  
i n s o l u b l e   m a t t e r   c o n t e n t   of  32 .6%  and  a  q u i n o l i n e -  

i n s o l u b l e / b e n z e n e - s o l u b l e   m a t t e r   c o n t e n t   of  3 0 . 8 % .  

The  p i t c h   c o u l d   be  spun  at  a  s p i n n i n g   t e m p e r a t u r e   o f  

350°C  e a s i l y   fo r   l o n g e r   t h a n   30  min  w i t h o u t   b r e a k a g e   i n  

t h e   same  manner   as  in  Example   1 .  



E x a m p l e   4 

400  g  of  the   same  s t a r t i n g   t a r   as  in  R e f e r e n -  

t i a l   Example   was  s u b j e c t e d   to  the  t h e r m a l   r e a c t i o n   a t  
450°C  f o r   3  h  w i t h o u t   i n t r o d u c t i o n   of  n i t r o g e n   gas   i n  

a  5 0 0 - m l  s t a i n l e s s   s t e e l   r e a c t o r   to  o b t a i n   233  g  o f  

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

c o n t a i n e d   a  s m a l l   amount   of  s o l i d   s l u r r y   even  a t   2 5 0 ° C .  

I t   had  a  s o f t e n i n g   p o i n t   of  920C,   a  q u i n o l i n e - i n s o l u b l e  

m a t t e r   c o n t e n t   of  4 . 2   wt .%  and  a  q u i n o l i n e - s o l u b l e /  
b e n z e n e - i n s o l u b l e   m a t t e r   c o n t e n t   of  30 .2   wt .%.   T h e n ,  
the   p i t c h   was  s e t t l e d   at  250°C  fo r   30  min .   196  g  of  a 

s u p e r n a t a n t   l a y e r   was  t a k e n   by  d e c a n t a t i o n   and  h e a t -  

t r e a t e d   a t   330°C  for   10  h  w h i l e   6  l / m i n   of  n i t r o g e n   g a s  
was  i n t r o d u c e d   in  a  5 0 0 - m l   s t a i n l e s s   s t e e l   r e a c t o r  

w i t h o u t   r e f l u x   t u b e .   A  r e s i d u a l   p i t c h   had  an  AP  c o n t e n t  

of  a b o u t   97%,  a  q u i n o l i n e - i n s o l u b l e   m a t t e r   c o n t e n t   o f  

25 .9   w t . % ,   a  q u i n o l i n e - s o l u b l e / b e n z e n e - i n s o l u b l e   m a t t e r  

c o n t e n t   of  4 0 . 7   wt.%  and  a  s o f t e n i n g   p o i n t   of  2 7 1 ° C .  



1.  A  process   for  producing  an  o p t i c a l l y   a n i s o t r o p i c  

carbonaceous  p i t ch   c h a r a c t e r i s e d   by  the  steps  o f :  

(a)  heat  t r e a t i n g   a  s t a r t i n g   ma te r i a l   which  p r e f e r a b l y  

comprises  a  carbonaceous  heavy  o i l ,   at  cond i t i ons   which  w i l l  

favour  the  format ion  of  an  a n i s o t r o p i c   p i t ch   p h a s e ;  

(b)  s topping  said  heat  t r e a t i n g   at  an  ear ly   stage  in  s a i d  

f o r m a t i o n ;  

(c)  ma in t a in ing   the  thus  p a r t i a l l y   t r e a t e d   m a t e r i a l   at  a 

tempera ture   in  the  range  200  to  4000C; 

(d)  s u b j e c t i n g   the  mate r ia l   from  step  (c)  to  a  s e t t l i n g  

t r ea tmen t ,   while  ma in t a in ing   the  mate r ia l   in  a  molten  s t a t e ;  

(e)  removing  the  a n i s t r o p i c   p i tch  phase  which  s e p a r a t e s  

in  step  (d);  and 

(f)  s u b j e c t i n g   at  l e a s t   a  por t ion   of  the  remaining  m a t e r i a l  

to  an  a f t e r - t r e a t m e n t   inc lud ing   a  heat  t r ea tmen t   for  forming  a n d / o r  

c o n c e n t r a t i n g   an  a n i s o t r o p i c   p i tch   phase  t h e r e i n .  

2.  A  process   as  claimed  in  claim  1,  wherein  said  h e a t  

t r e a t i n g   step  (a)  comprises  the  step  of  s u b j e c t i n g   the  s t a r t i n g  

ma te r i a l   to  a  t h e r m a l  r e a c t i o n   at  a  t empera ture   in  the  range  from 

about  370  to  460°C  in  an   i ne r t   gas  stream;  and  wherein  step  (b) 

comprises  the  step  of  s topping  the  thermal  r e a c t i o n   when  a  p i t c h  

is  obta ined  having  a  g lobu la r   o p t i c a l l y   a n i s o t r o p i c   phase  c o n t e n t  

of  5-50  wt.%,  q u i n o l i n e - i n s o l u b l e   matter  conten t   of  2-20  wt.%,  a 

q u i n o l i n e - i n s o l u b l e / b e n z e n e - s o l u b l e   matter  con ten t   of  5-40  wt.% 

and  a  so f t en ing   po in t   of  the  formed  p i tch   as  a  whole  of  up  t o  
200°C. 

3.  A  process   as  claimed  in  claim  1,  wherein  step  (a) 

comprises  the  step  of  sub jec t ing   the  s t a r t i n g   m a t e r i a l   to  a 

thermal  r e a c t i o n   at  a  temperature   in  the  range  370  to  460 C,  and 

step  (b)  comprises  the  step  of  stopping  the  thermal  r e a c t i o n  

when  a  p i t ch   is  ob ta ined   having  a  q u i n o l i n e - i n s o l u b l e   m a t t e r  

content   of  2-10  wt.%,  a  benzene-soluble   mat ter   con ten t   of  a t  

l e a s t   60  wt.%  and  a  so f t en ing   point  of  the  formed  p i tch   as  a 

whole  of  up  to  150 C.  



4.  A  process   as  claimed  in  claim  2  wherein  the  s t a r t i n g  

ma te r i a l   is  a  heavy  hydrocarbon  o i l ,   tar  or  p i t ch   by-product   o f  

petroleum  or  c o a l .  

5.  A  process   as  claimed  in  claim  2  or  claim  4,  wherein  t h e  

s e t t l i n g   s tep  (d)  is  e f f ec t ed   at  a  t empera tu re   in  the  range  250  t o  
4000C. 

6.  A  process   as  claimed  in  claim  3,  wherein  the  s e t t l i n g  

step  (d)  is  e f f e c t e d   at  a  temperature   in  the  range  200  to  350 C.  

7.  A  process   as  claimed  in  any  one  of  claims  2  to  6,  where in  

said  thermal  r e a c t i o n   is  ca r r i ed   out  at  a  t empera ture   in  the  r a n g e  
of  from  400  to  430°C. 

8.  A  process   as  claimed  in  any  preceding   claim  whe re in  

the  a f t e r - t r e a t m e n t   of  step  (f)  inc ludes   a  heat  t r ea tment   step  f o r  

making  the  m a t e r i a l   heav ie r ,   said  heat  t r ea tmen t   being  c o n t i n u e d  

un t i l   an  o p t i c a l l y   i s o t r o p i c   phase  conten t   of  0-20  wt.%  has  been  

a t t a i n e d .  

9.  A  process   as  claimed  in  any  one  of  claims  1  to  7,  where in  

the  a f t e r - t r e a t m e n t   step  (f)  comprises  a  heat  t r ea tment   step  f o r  

making  the  m a t e r i a l   heav ie r ,   which  step  (f)  is  c a r r i ed   out  at  a  

tempera ture   in  the  range  300  to  420°C,  p r e f e r a b l y   350  to  4 2 0 ° C , i n  

an  i n e r t   gas  s tream,  and  continued  un t i l   said  ma te r i a l   has  a 

g lobular   o p t i c a l l y   a n i s o t r o p i c   phase  conten t   of  20-70  wt.%,  a 

q u i n o l i n e - i n s o l u b l e   matter   content   of  no  higher  than  25  wt.%,  a 

q u i n o l i n e - s o l u b l e / b e n z e n e - i n s o l u b l e   mat ter   content   of  at  l e a s t  

25  wt.%  and  a  so f t en ing   point   of  up  to  250°C;  and  f u r t h e r  

comprises  a  second  s e t t l i n g   step  c a r r i e d   out  at  a  t e m p e r a t u r e  

in  the  range  of  from  330-400°C,  and  a  d i s c h a r g i n g   step  where in  

a  lower  layer   of  the  s e t t l e d   ma te r i a l   mainly  comprises  g l o b u l a r  

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



10.  A  process   as  claimed  in  claim  9,  wherein  the  heat  t r e a t -  

ment  step  (f)  for  making  the  m a t e r i a l   heavier   is  cont inued  u n t i l  

a  p i t ch   having  a  g lobu la r   o p t i c a l l y   a n i s o t r o p i c   phase  conten t   o f  

30-50  wt.%,  a  q u i n o l i n e - i n s o l u b l e   mat ter   content   of  up  to  20  wt.% 

and  a  q u i n o l i n e - s o l u b l e / b e n z e n e - i n s o l u b l e   mat ter   content   of  a t  

l e a s t   30  wt.%  has  been  formed.  

11.  A  process   as  claimed  in  claim  8,  wherein  the  heat  t r e a t -  

ment  for  making  the  ma te r i a l   heavier   in  the  a f t e r - t r e a t m e n t   s t e p  

(f)  f u r t h e r   comprises  a  step  of  a c c e l e r a t i n g   the  thermal  c h e m i c a l  

r e a c t i o n   at  a  t empera ture   in  the  range  370  to  420 C  and  a  s u b s e -  

quent  step  of  performing  a  thermal  chemical  r e a c t i o n   at  a  lower  

tempera ture   in  the  range  300  to  3700C  in  an  i n e r t   gas  s t r e a m .  

12.  A  p r o c e s s  a s   claimed  in  any  preceding   claim,  w h e r e  t h e  

o p t i c a l l y   a n i s o t r o p i c   carbonaceous  p i t ch   product   has  a  s o f t e n i n g  

point   in  the  range  230  to  320oC,  a  g lobu la r   o p t i c a l l y   a n i s o t r o p i c  

phase  conten t   of  at  l e a s t   80  wt.%,  an  i s o t r o p i c   phase  content   o f  

up  to  20  wt.%  and  q u i n o l i n e - i n s o l u b l e   mat ter   content   of  not  more 
than  70  wt.%,  p r e f e r a b l y   not  more  than  40  wt.%. 
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