
J  J E u r o p a i s c h . e s   

Patentamt 

European  Patent  Office  ®  Publication  number:  0 1 7 2   9 5 5  

Office  europeen  des  brevets  A  1 

EUROPEAN  PATENT  APPLICATION 

Application  number:  84305857.9  ©  In*  CI.4:  D  01  F  9 / 1 4  

Date  of  filing:  28.08.84 

Date  of  publication  of  application:  05.03.86 
Bulletin  86/10 

Designated  Contracting  States:  DE  FR  GB 

@  Applicant:  KAWASAKI  STEEL  CORPORATION,  1-28, 
Kitahonmachi-Dori  1-Chome,  Chuo-ku  Kobe-Shi 
Hyogo  650  (JP) 

Inventor:  Yudate,  Kozo  c/o  Research  Laboratories, 
Kawasaki  Steel  Corporation  1,  Kawasaki-Cho,  Chiba  City 
(JP) 
Inventor:  Nakasawa,  Ken  c/o  Research  Laboratories, 
Kawasaki  Steel  Corporation  1,  Kawasaki-Cho,  Chiba  City 
(JP) 

§)  Representative  :  Overbury,  Richard  Douglas  et  al, 
HASELTINE  LAKE  &  CO  Hazlitt  House  28  Southampton 
Buildings  Chancery  Lane,  London  WC2A  1  AT  (GB) 

10 
10 

CM 

@  A  method  for  producing  a  precursor  pitch  for  carbon  fiber. 

  Precursor  pitch  to  be  used  for  formation  of  carbon  fiber 
is  produced  by  heating  a  coal  tar  soft  or  middle  pitch  at  a 
temperature  of  350-500°C  at  a  first  stage  to  form  meso- 
phase,  extracting  the  thus  treated  pitch  with  a  solvent, 
separating  and  removing  the  solvent  insoluble  portion  in- 
cluding  mesophase  to  obtain  a  pitch  containing  no  free 
carbon  and  further  at  the  second  stage  heat-treating  the 
pitch  containing  no  free  carbon  in  an  inert  gas  atmosphere 
under  atmospheric  pressure  or  a  reduced  pressure  under 
the  following  condition 

wherein  T(°C)  is  the  temperature  of  the  heat  treatment  and 
0  (min)  is  the  time  for  which  said  temperature  is  held,  to  form 
bulk  mesophase  pitch  containing  20-60%  by  weight  of  quin- 
oline  insoluble  portion. 



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  m e t h o d   f o r  

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

c o a l   t a r   s o f t   or   m i d d l e   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  

of   5 0 - 7 0 ° C   i s   s u b j e c t e d   to  two  s t a g e s   of   h e a t - t r e a t m e n t s  

to  form  m e s o p h a s e   p i t c h .  

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

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

p o l y a c r y l   n i t r i l e ,   e t c .   as  t h e   raw  m a t e r i a l   and  a  m e t h o d  

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

m a t e r i a l   in   v i e w   of  t h e   raw  m a t e r i a l .   The  f o r m e r  

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

e x p e n s i v e   and  t h e   c a r b o n i z a t i o n   y i e l d   of   t h e   r a w  

m a t e r i a l   f i b e r   i s   low.   In  t h e   l a t t e r   m e t h o d ,   t h e r e   i s  

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

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

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

P r e s e n t l y   c o m m e r c i a l l y   a v a i l a b l e   c a r b o n   f i b e r s   a r e  

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

m a t e r i a l .   B u t ,   when  t h e   p e t r o l e u m   p i t c h   i s   u s e d   as  t h e  

raw  m a t e r i a l ,   i t   i s   e s s e n t i a l   to  e f f e c t   t h e   r e m o v a l   o f  

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

p i t c h   and  a  v a r i e t y   of   s p e c i f i c   p h y s i c a l   c h e m i c a l  

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

t h e   l i k e   and  t h i s   p i t c h   a d j u s t m e n t   and  t h e   s p e c i f i c  

t r e a t m e n t s   n e e d   much  l a b o r   and  t i m e .  



When  t he   c o a l   t a r   p i t c h   i s   u s e d   as  t he   r a w  

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

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

t h a n   1  µm  c o n t a i n e d   in  t h e   p i t c h   as  t he   i n s o l u b l e   s o l i d  

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

i n f u s i b i l i t y ,   t he   s p e c i f i c   a d j u s t m e n t   of   p i t c h ,   s u c h   a s  

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

t r e a t m e n t   and  t h e   l i k e   s h o u l d   be  p e r f o r m e d .   In  g e n e r a l ,  

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

f o r   c a r b o n   f i b e r .  

(1)  C o n t a i n i n g   no  i n s o l u b l e   s o l i d   c o m p o n e n t s ,   s u c h   a s  

a s h ,   f r e e   c a r b o n ,   e t c .  

(2)  E x c e l l e n t   h e a t   s t a b i l i t y .  

(3)  H igh   m e l t   s p i n n a b i l i t y .  

(4)  I n f u s i b l e   t r e a t m e n t   i s   e a s y .  

(5)  C a r b o n i z a t i o n   y i e l d   i s   h i g h .  

(6)  C a r b o n   f i b e r s   o b t a i n e d   by  m e l t - s p i n n i n g   of  t h e  

p r e c u r s o r   p i t c h ,   s u b j e c t i n g   t he   s p u n   f i b e r   t o  

i n f u s i n g   and  c a r b o n i z i n g   t r e a t m e n t s   a r e   e x c e l l e n t  

in   t h e   g r a p h i t i z a t i o n   and  o r i e n t a t i o n   and  h a v e   t h e  

e n o u g h   s t r e n g t h   and  Y o u n g ' s   m o d u l u s   to  be  r e q u i r e d  

in  c a r b o n   f i b e r .  

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

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

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

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

c o n c u r r e n t l y   t h e   a b o v e   d e s c r i b e d   r e q u i r e m e n t s   ( 1 ) - ( 6 )  

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



w h i c h   f r e e   c a r b o n   in   c o a l   t a r   p i t c h   can   be  e a s i l y  

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

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

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e t h o d   f o r  

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

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

t r e a t i n g   a  c o a l   t a r   s o f t   or   m i d d l e   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   of   5 0 - 7 5 ' C   a t   a  t e m p e r a t u r e   o f  

3 5 0 - 5 0 0 ° C   in  an  i n e r t   gas   a t m o s p h e r e   a t   a  f i r s t   s t a g e  

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

p i t c h   w i t h   a  s o l v e n t   to  s e p a r a t e   and  r e m o v e   t he   s o l v e n t  

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

a  t h e r m a l l y   s t a b l e   p i t c h   c o n t a i n i n g   no  f r e e   c a r b o n   i s  

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

of  3 5 0 - 5 0 0 ° 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   or   a  r e d u c e d  

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

to  form  b u l k   m e s o p h a s e   c o n t a i n i n g   2 0 - 6 0 %   by  w e i g h t   o f  

q u i n o l i n e   i n s o l u b l e   p o r t i o n .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in   d e t a i l  

w i t h   r e f e r e n c e   to  t h e   a c c o m p a n y i n g   d r a w i n g ,   w h e r e i n :  

F i g .   1  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n s  

b e t w e e n   t h e   h e a t   t r e a t m e n t   t e m p e r a t u r e   (T°C)   in   t h e  

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

and  t h e   t i m e   (6  min)   h o l d i n g   s a i d   t e m p e r a t u r e .  

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

t a r   p i t c h   i s   h e a t - t r e a t e d   a t   t h e   f i r s t   s t a g e   to  f o r m  

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

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



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

p i t c h   can  be  e a s i l y   r e m o v e d   and  t he   p i t c h   c o n t a i n i n g   n o  

f r e e   c a r b o n   can  be  o b t a i n e d .   A c c o r d i n g   to  t h i s   m e t h o d ,  

i t   i s   p o s s i b l e   to  e a s i l y   p r o d u c e   t he   p r e c u r s o r   p i t c h  

f o r   c a r b o n   f i b e r   w h i c h   has   v e r y   h i g h   t h e r m a l   s t a b i l i t y ,  

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

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

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

h y d r o g e n a t i o n   and  t he   l i k e .  

The  f o r m a t i o n   of   t h e   m e s o p h a s e ,   t h e   g r o w t h  

t h e r e o f   or  t he   a s s e m b l i n g   t h e r e o f   when  t h e   p i t c h   i s  

h e a t - t r e a t e d ,   a r e   s o m e w h a t   d i f f e r e n t   d e p e n d i n g   upon   t h e  

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

a  t e m p e r a t u r e   of   a b o u t   350°C  and  when  t h e   t e m p e r a t u r e  

i s   f u r t h e r   r a i s e d ,   t he   f o r m e d   a m o u n t   i n c r e a s e s   and  t h e  

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

a b o u t   4 7 0 ° C ,   t h e   m e s o p h a s e   a s s e m b l e s   and  a t   a b o u t  

5 0 0 ° C ,   t h e   m e s o p h a s e   i s   w h o l l y   f o r m e d   i n t o   an  a n i s o t r o p i c  

b o d y .   In  t h e   c o u r s e   of  t h e   r e a c t i o n ,   t h e   f r e e   c a r b o n  

of   f i n e   p a r t i c l e s   h a v i n g   a  d i a m e t e r   of   l e s s   t h a n   1  µm 

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

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

m e s o p h a s e   g l o b u l a r   b o d y ,   so  t h a t   t h e y   a r e   e a s i l y   r e m o v e d .  

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

h a v i n g   a  h i g h   t h e r m a l   r e a c t i v i t y   w h i c h   a r e   p r e s e n t   i n  

t h e   p i t c h   and  t he   c o m p o n e n t s   h a v i n g   a  s l i g h t   a m o u n t   o f  

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

fo rm  t h e   m e s o p h a s e ,   so  t h a t   t h e   p i t c h   in   w h i c h   t h e s e  



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

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

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

h e a t - t r e a t e d   a t   a  t e m p e r a t u r e   f rom  a b o u t   350°C  a t   w h i c h  

t h e   m e s o p h a s e   i s   f o r m e d   to  a b o u t   500°C  a t   w h i c h   t h e  

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

When  t he   t e m p e r a t u r e   of   t h e   h e a t   t r e a t m e n t   i s   too  h i g h ,  

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

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

c o n v e r s e l y ,   when  t h e   t e m p e r a t u r e   of   t h e   h e a t   t r e a t m e n t  

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

r e a c t i v i t y   i s   a p t   to  be  r e m a i n e d   in  t h e   h a r d   p i t c h .  

When  t h e s e   two  c o n v e r s e   c o n d i t i o n s   a r e   t a k e n   i n t o  

a c c o u n t ,   t h e   t e m p e r a t u r e   of  t h e   h e a t   t r e a t m e n t   i s  

o p t i m u m   a t   a b o u t   3 5 0 ° C - 5 0 0 ° C   as  m e n t i o n e d   a b o v e   and  i t  

i s   p r e f e r a b l e   to  form  1 0 - 3 0 %   by  w e i g h t   of   t h e   m e s o p h a s e  

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

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

w h i c h   t h e   m e s o p h a s e   i s   f o r m e d   by  t h e   h e a t   t r e a t m e n t  

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

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

s p o n t a n e o u s   p r e c i p i t a t i o n   or   f i l t r a t i o n .   The  s e p a r a t i o n  

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

c l o g g i n g   of   t h e   mesh  of   t h e   f i l t e r   d i f f e r e n t   f rom  t h e  

f i l t r a t i o n   of   f r e e   c a r b o n   and  is   v e r y   e a s y .   T h e r e a f t e r ,  

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

t he   p i t c h   h a v i n g   no  f r e e   c a r b o n .   T h i s   p i t c h   i s   h e a t -  

t r e a t e d   a t   t h e   s e c o n d   s t a g e   to  fo rm  t h e   m e s o p h a s e ,  



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

T h i s   p r e c u r s o r   has   a  s o f t e n i n g   p o i n t   of   h i g h e r   t h a n  

3 0 0 ° C ,   80 -95%  by  w e i g h t   of   b e n z e n e   i n s o l u b l e   p o r t i o n ,  

20-60%  by  w e i g h t   of   q u i n o l i n e   i n s o l u b l e   p o r t i o n   a n d  

l e s s   t h a n   800  ppm  of  a s h .  

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

a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   i s   s o - c a l l e d   " b u l k  

m e s o p h a s e   p i t c h "   c o n t a i n i n g   20 -60%  by  w e i g h t   o f  

a  q u i n o l i n e   i n s o l u b l e   p o r t i o n .   When  t h i s   p i t c h   i s  

o b s e r v e d   w i t h   a  p o l a r i z i n g   m i c r o s c o p e ,   i t   can   be  s e e n  

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

w h o l e   o p t i c a l   a n i s o t r o p i c   t e x t u r e .   The  r a t i o   of  t h e  

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

m i c r o s c o p e   i s   8 0 - 9 5 % .   I t  h a s   b e e n  f o u n d   t h a t   s u c h  

a  p i t c h   is   e x c e l l e n t   in  t h e   s p i n n a b i l i t y   and  i n f u s i b i l i t y  

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

Y o u n g ' s   m o d u l u s .   The  c a r b o n   f i b e r   f o r m e d   of   t h e  

m e s o p h a s e   p i t c h   has   v a r i o u s   p r o p e r t i e s   w h i c h   h a v e   n e v e r  

b e e n   s e e n   in   t h e   c a r b o n   f i b e r s   made  of   i s o t r o p i c  

p r e c u r s o r   p i t c h   c o n t a i n i n g   no  m e s o p h a s e .   T h a t   i s ,   t h e  

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

t h e   p r e s e n t   i n v e n t i o n   show  h i g h   Y o u n g ' s   m o d u l u s   e v e n   a t  

t he   t r e a t i n g   t e m p e r a t u r e   of  1 , 0 0 0 ° C   and  t h e   t e n s i l e  

s t r e n g t h   and  b o t h   t h e   Y o u n g ' s   m o d u l u s   a r e   n o t i c e a b l y  

more  i m p r o v e d   by  t h e   g r a p h i t i z i n g   t r e a t m e n t .  

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

f i b e r   is   t he   m e s o p h a s e   p i t c h   h a v i n g   80 -95%  by  w e i g h t   o f  

b e n z e n e   i n s o l u b l e   p o r t i o n   and  20 -60%  by  w e i g h t   o f  



q u i n o l i n e   i n s o l u b l e   p o r t i o n .   When  t h e   b e n z e n e   i n s o l u b l e  

p o r t i o n   i s   l e s s   t h a n   80%  by  w e i g h t   and  t h e   q u i n o l i n e  

i n s o l u b l e   p o r t i o n   i s   l e s s   t h a n   20%  by  w e i g h t ,   t h e  

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

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

c a n n o t   be  s p u n .   When  t h e   b e n z e n e   i n s o l u b l e   p o r t i o n   i s  

more  t h a n   95%  by  w e i g h t   and  t h e   q u i n o l i n e   i n s o l u b l e  

p o r t i o n   i s   more   t h a n   60%  by  w e i g h t ,   t h e   m e l t   v i s c o s i t y  

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

s p i n n i n g   i s   i n f e a s i b l e .   In  t he   m e s o p h a s e   p i t c h   h a v i n g  

8 0 - 9 5 %   by  w e i g h t   of   b e n z e n e   i n s o l u b l e   p o r t i o n   a n d  

2 0 - 6 0 %   by  w e i g h t   of  q u i n o l i n e   i n s o l u b l e   p o r t i o n ,   t h e  

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

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

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

is   e x c e l l e n t .  

T h u s ,   t h e   m e s o p h a s e   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   of   h i g h e r   t h a n   3 0 0 ° C ,   8 0 - 9 5 %   by  w e i g h t   of  b e n z e n e  

i n s o l u b l e   p o r t i o n   and  2 0 - 6 0 %   by  w e i g h t   of   q u i n o l i n e  

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

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

t h e   s y s t e m ,   t h e r m a l   s t a b i l i t y ,   s p i n n a b i l i t y   a n d  

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

i s   few  in  t h e   i m p u r i t i e s ,   s u c h   as  f r e e   c a r b o n ,   h e t e r o a t o m ,  

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

t h i s   p i t c h   has   h i g h   s t r e n g t h   and  Y o u n g ' s   m o d u l u s .  

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

c a r b o n   f i b e r   by  h e a t - t r e a t i n g   in  t he   s e c o n d   s t a g e   t h e  



p i t c h   c o n t a i n i n g   no  f r e e   c a r b o n   w h i c h   has   b e e n   o b t a i n e d  

by  the   h e a t   t r e a t m e n t   in  t he   f i r s t   s t a g e ,   i s   a  s i m p l e  

one  w h i c h   c o m p r i s e s   h e a t i n g   the   p i t c h   u n d e r   a t m o s p h e r i c  

p r e s s u r e   or   a  r e d u c e d   p r e s s u r e   in   an  i n e r t   gas   a t m o s p h e r e  

to  form  t h e   m e s o p h a s e   p i t c h   as  m e n t i o n e d   a b o v e .  

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

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

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

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

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

s t a g e .   F u r t h e m o r e ,   s i n c e   t he   raw  m a t e r i a l   of   p i t c h   i s  

c o a l   t a r   p i t c h   r i c h   in  t h e   a r o m a t i c   p r o p e r t y   and  t h e  

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

r e s u l t i n g   p i t c h   c o n t a i n i n g   no  f r e e   c a r b o n   is   c o m p o s e d  

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

t he   m e s o p h a s e   p i t c h   o b t a i n e d   in  t he   s e c o n d   s t a g e ,   t h e  

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

p r e s e n t   in  a  u n i f o r m   s y s t e m .  

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

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

b u l k   m e s o p h a s e   p i t c h   h a v i n g   20 -60%  by  w e i g h t   of   q u i n o l i n e  

i n s o l u b l e   p o r t i o n   and  80 -95%  by  w e i g h t   of   b e n z e n e  

i n s o l u b l e   p o r t i o n   and  i t   has   b e e n   f o u n d   f rom  a  l a r g e  

n u m b e r   of   e x p e r i m e n t s   t h a t   t h e   h e a t   t r e a t m e n t   t e m p e r a t u r e  

(T°C)  and  t h e   t i m e   (8  min)   h o l d i n g   t h i s   t e m p e r a t u r e  

h a v e   t h e   f o l l o w i n g   r e l a t i o n .  



T h a t   i s ,   i f   t h e   h e a t   t r e a t m e n t   t e m p e r a t u r e  

(T°C)   and  t h e   t i m e   (6  min )   h o l d i n g   t h i s   t e m p e r a t u r e  

s a t i s f y   t he   r e q u i r e m e n t   of   t he   a b o v e   e q u a t i o n   ( 1 ) ,   t h e  

b u l k   m e s o p h a s e   p i t c h   h a v i n g   20 -60%  by  w e i g h t   of   q u i n o l i n e  

i n s o l u b l e   p o r t i o n   and  8 0 - 9 5 %   by  w e i g h t   of   b e n z e n e  

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

p i t c h   b e c o m e s   t h e   p r e c u r s o r   p i t c h   f o r   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   ( a b b r e v i a t e d   as  "HP  c a r b o n   f i b e r s "  

h e r e i n a f t e r )   h a v i n g   h i g h   s t r e n g t h   and  h i g h   e l a s t i c i t y .  

When  t h e   p i t c h   c o n t a i n i n g   no  f r e e   c a r b o n   i s  

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

c a r b o n   f i b e r   ( a b b r e v i a t e d   as  "GP  c a r b o n   f i b e r "   h e r e i n -  

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

is   an  i s o t r o p i c   p i t c h   and  i s   d i f f e r e n t   f rom  t h e   m e s o p h a s e  

p i t c h   in  t h e   c o m p o s i t i o n .   In  t h i s   c a s e ,   i t   ha s   b e e n  

f o u n d   t h a t   t h e   h e a t   t r e a t m e n t   t e m p e r a t u r e   (T°C)   and  t h e  

t i m e   (6  m in )   h o l d i n g   t h i s   t e m p e r a t u r e   h a v e   t h e   f o l l o w i n g  

r e l a t i o n .  

The  r e l a t i o n s `  o f   t h e   a b o v e   e q u a t i o n s   (1)   a n d  

(2)   a r e   shown  i n  F i g .   1 .  

As  s e e n   f rom  F i g .   1,  when  t h e   b u l k   m e s o p h a s e  



p i t c h   w h i c h   i s   t he   p r e c u r s o r   p i t c h   of   HP  c a r b o n   f i b e r  

is   c o m p a r e d   w i t h   t he   i s o t r o p i c   p i t c h   w h i c h   i s   t h e  

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

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

t he   l a t t e r   p i t c h .  

Ash  w h i c h   i s   t h e   i m p u r i t y   in   t h e   p r e c u r s o r  

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

f i b e r s   or   d e t e r i o r a t e s   t h e   s t r e n g t h ,   so  t h a t   t h e   a m o u n t  

of   t he   r e m a i n i n g   f r e e   c a r b o n   i s   p r e f e r r e d   to  be  a s  

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

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

l e s s   t h a n   300  ppm  and  i s   v e r y   e x c e l l e n t   as  t h e   c a r b o n  

f i b e r   p r e c u r s o r .  

T h i s   p r e c u r s o r   p i t c h   i s   m e l t - s p u n   a t   a  t e m p e r a -  

t u r e   h i g h e r   by  2 0 - 4 0 ° C   t h a n   t h e   s o f t e n i n g   p o i n t   t h r o u g h  

a  u s u a l   m e l t - s p i n n i n g .  

The  spun   f i b e r s   may  be  s u b j e c t e d   to  an  i n f u s i n g  

t r e a t m e n t   a c c o r d i n g   to  a i r   o x i d a t i o n   w i t h o u t   e f f e c t i n g  

p r e t r e a t m e n t   by  u s i n g   an  o x i d i z i n g   a g e n t ,   s u c h   as  o z o n e  

o x i d a t i o n   or   s u l f u r i c   a c i d .   A f t e r   t h i s   i n f u s i n g  

t r e a t m e n t ,   t he   spun   f i b e r s   a r e   f i r e d   and  c a r b o n i z e d   b y  

r a i s i n g   t e m p e r a t u r e   up  to  a b o u t   1 , 0 0 0 ° C   in  an  i n e r t   g a s  

s u c h   as  Ar,   N2  to  o b t a i n   c a r b o n   f i b e r s .   By  f u r t h e r  

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

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

h i g h   s t r e n g t h   and  Y o u n g ' s   m o d u l u s   can   be  o b t a i n e d  

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

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



p u r p o s e   of   i l l u s t r a t i o n   of  t h i s   i n v e n t i o n   and  a r e   n o t  

i n t e n d e d   as  l i m i t a t i o n s   t h e r e o f .  

E x a m p l e   1 

C o a l   t a r   s o f t   p i t c h   c o n t a i n i n g   f r e e   c a r b o n  

was  h e a t e d   a t   450°C  in  an  i n e r t   gas   a t m o s p h e r e   f o r  

60  m i n u t e s   to  fo rm  25%  by  w e i g h t   of  m e s o p h a s e   and  t h e n  

t he   t h u s   t r e a t e d   p i t c h   was  e x t r a c t e d   w i t h   t a r   o i l   a n d  

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

m e s o p h a s e ,   w e r e   f i l t e r e d   o f f .   The  f i l t r a t e   was  v a c u u m -  

d i s t i l l e d   to  r e c o v e r   t h e   s o l v e n t   and  to  o b t a i n   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   of   9 0 ° C ,   12%  by  w e i g h t   o f  

b e n z e n e   i n s o l u b l e   p o r t i o n ,   a  t r a c e   of  q u i n o l i n e   i n s o l u b l e  

p o r t i o n   and  c o n t a i n i n g   no  f r e e   c a r b o n .   The  o b t a i n e d  

p i t c h   was  h e a t - t r e a t e d   a t   465°C  u n d e r   v a c u u m   d e g r e e   o f  

20  mmHg  in  N2  i n e r t   gas   a t m o s p h e r e   to  o b t a i n   m e s o p h a s e  

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   of   3 5 5 ° C ,   91 .9%  b y  

w e i g h t   of   b e n z e n e   i n s o l u b l e   p o r t i o n   and  55 .2%  by  w e i g h t  

of   q u i n o l i n e   i n s o l u b l e   p o r t i o n .   When  t h i s   p i t c h   w a s  

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

an  i s o t r o p i c   p i t c h   c o m p o n e n t   was  d i s p e r s e d   in   t h e   w h o l e  

o p t i c a l   a n i s o t r o p i c   t e x t u r e .   The  r a t i o   of  t h e   o p t i c a l  

a n i s o t r o p i c   t e x t u r e   was  86%.  T h i s   m e s o p h a s e   p i t c h   w a s  

m e l t - s p u n   a t   385°C  a t   a  t a k e - u p   r a t e   of  3 0 0 - 5 0 0   m / m i n  

and  t h e   s p u n   f i b e r   was  o x i d i z e d   in  a i r   a t   320°C  a n d  

s u b s e q u e n t l y   c a r b o n i z e d   a t   1 , 0 0 0 ° C   in  a r g o n   a t m o s p h e r e  

to  o b t a i n   c a r b o n   f i b e r .   T h i s   f i b e r   had  a  f i n e n e s s   o f  

1 2 - 1 4   µm,  a  t e n s i l e   s t r e n g t h   of   140  kg/mm2  and  Y o u n g ' s  

m o d u l u s   o f   8 . 4   t / m m 2 .   F u r t h e r m o r e ,   t h i s   f i b e r   w a s  



g r a p h i t i z e d   a t   2 , 6 0 0 ° C   in  a r g o n   a t m o s p h e r e   to  o b t a i n  

g r a p h i t e   f i b e r .   T h i s   f i b e r   had  a  f i n e n e s s   of  1 1 - 1 3   µm,  

a  t e n s i l e   s t r e n g t h   of   240  kg/mm2  and  Y o u n g ' s   m o d u l u s   o f  

48  t / m m 2 .  

E x a m p l e   2 

The  p i t c h   c o n t a i n i n g   no  f r e e   c a r b o n   o b t a i n e d  

in  t h e   f i r s t   h e a t   t r e a t m e n t   s t a g e   in   E x a m p l e   1  w a s  

h e a t e d   a t   465°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   f o r   30,   60  

and  180  m i n u t e s .   At  t h i s   t i m e ,   N2  i n e r t   gas   was  f l o w e d  

a t   a  f l o w   r a t e   of   5  l / m i n   b a s e d   on  300  g  of   t h e   p i t c h .  

T h e  p i t c h e s   in  t h e   h e a t   t r e a t m e n t   f o r   30,   60  a n d  

180  m i n u t e s   a r e   r e f e r r e d   to  as  ( I ) ,   ( I I )   and  ( I I I )   a n d  

t h e   o b t a i n e d   r e s u l t s   a r e   shown  in  t h e   f o l l o w i n g   T a b l e   1 .  

In  t h e   p i t c h   ( I ) ,   t h e   m e s o p h a s e   p o r t i o n   and  t h e   i s o t r o p i c  

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

s p i n n i n g   was  i n f e a s i b l e .   T h e  p i t c h   ( I I I )   was  c o n -  

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

in  t he   s p i n n i n g .   Only   t h e   m e s o p h a s e   p i t c h   of   t h e   p i t c h  

( I I )   was  a b l e   to  be  m e l t - s p u n   a t   370°C  a t   a  t a k e - u p  

r a t e   of  3 0 0 - 5 0 0   m / m i n .   The  spun   f i b e r   was  o x i d i z e d   i n  

a i r   a t   320°C  and  t h e n   c a r b o n i z e d   a t   1 , 0 0 0 ° C   in  a r g o n  

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

a  f i n e n e s s   of   1 2 - 1 4   µm,  a  t e n s i l e   s t r e n g t h   of   130  k g / m m 2  

and  Y o u n g ' s   m o d u l u s   of   8 . 6   t /mm2.   F u r t h e r m o r e ,   t h e  

g r a p h i t i z a t i o n   was  e f f e c t e d   a t   2 , 6 0 0 ° C   in  a r g o n  

a t m o s p h e r e   to  o b t a i n   g r a p h i t e   f i b e r .   T h i s   f i b e r   h a d  

a  f i n e n e s s   of   1 1 - 1 3   pm,  a  t e n s i l e   s t r e n g t h   of   280  kg /mm2 

and  Y o u n g ' s   m o d u l u s   of   43  t / m m 2 .  



C o m p a r a t i v e   E x a m p l e   1 

C o a l   t a r   s o f t   p i t c h   c o n t a i n i n g   f r e e   c a r b o n  

was  d i r e c t l y   e x t r a c t e d   w i t h   t a r   o i l   w i t h o u t   e f f e c t i n g  

t h e   h e a t   t r e a t m e n t   and  a  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  

of   90°C  and  c o n t a i n i n g   a  t r a c e   of   q u i n o l i n e   i n s o l u b l e  

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

t h r o u g h   f i l t r a t i o n .   T h i s   p i t c h   was  h e a t - t r e a t e d   a t  

450°C   u n d e r   v a c u u m   d e g r e e   of   20  mmHg  in  N2  gas   a t m o s p h e r e  

f o r   60  m i n u t e s   to  o b t a i n   m e s o p h a s e   p i t c h   h a v i n g   8 2 . 8 %  

by  w e i g h t   of   b e n z e n e   i n s o l u b l e   p o r t i o n   and  43 .2%  b y  

w e i g h t   of   q u i n o l i n e   i n s o l u b l e   p o r t i o n .   T h i s   m e s o p h a s e  

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

p o r t i o n   and  t h e   i s o t r o p i c   p i t c h   p o r t i o n   u n d e r   t h e  

m o l t e n   s t a t e   and  was  i m p o s s i b l e   in   t h e   s p i n n i n g .  



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

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

p i t c h   a t   a  t e m p e r a t u r e   of   3 5 0 - 5 0 0 ° C   a t   a  f i r s t   s t a g e   t o  

form  m e s o p h a s e ,   e x t r a c t i n g   t he   t h u s   t r e a t e d   p i t c h   w i t h  

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

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

no  f r e e   c a r b o n   and  f u r t h e r   h e a t - t r e a t i n g   t h e   p i t c h  

c o n t a i n i n g   no  f r e e   c a r b o n   in   an  i n e r t   gas   a t m o s p h e 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   or   a  r e d u c e d   p r e s s u r e   a t  

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

20-60%  by  w e i g h t   of   q u i n o l i n e   i n s o l u b l e   p o r t i o n .  

2.  A  m e t h o d   as  c l a i m e d   in   c l a i m   1,  w h e r e i n   t h e  

h e a t   t r e a t m e n t   of   t h e   p i t c h   c o n t a i n i n g   no  f r e e   c a r b o n  

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

c o n d i t i o n  

w h e r e i n   T ( ° C )   i s   t h e   t e m p e r a t u r e   of   t h e   h e a t   t r e a t m e n t  

and  6  (m in )   i s   t h e   t i m e   f o r   w h i c h   s a i d   t e m p e r a t u r e   i s  

h e l d .  






	bibliography
	description
	claims
	drawings
	search report

