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(§$  Process  for  producing  a  carbon  fiber  from  pitch  material. 

  A  process  for  producing  a  carbon  fiber  from  pitch  mate- 
rial,  which  comprises  melt  spinning  pitch  material  in  a  gaseous 
atmosphere  to  form  precursory  pitch  fibers  and  bundling  the 
precursory  pitch  fibers,  followed  by  infusible  treatment  and 
carbonization  and  optionally  by  graphitization,  characterized  in 
that  an  aqueous  emulsion  of  a  silicone  oil  is  applied  as  an  oiling 
agent  to  the  precursory  pitch  fibers  prior  to  or  during  the  bun- 
dling  operation. 



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   a  ca rbon   f i b e r   from  p i t c h   m a t e r i a l   such  as  a  

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

polymer   p i t c h .   More  p a r t i c u l a r l y ,   i t   r e l a t e s   to  a  

p r o c e s s   for  p r o d u c i n g   such  a  p i t c h - t y p e   carbon   f i b e r   o f  

high  q u a l i t y   which  is  composed  of  ca rbon   f i b e r  

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

f u s i o n   to  one  a n o t h e r ,   and  which  is  easy  to  h a n d l e .  

P i t c h - t y p e   ca rbon   f i b e r s   are  p r o d u c e d   u s u a l l y   by 

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

f i b e r s   and  s u b j e c t i n g   the  p r e c u r s o r y   p i t c h   f i b e r s   t o  

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

p i t c h - t y p e   ca rbon   f i b e r s   have  an  a d v a n t a g e   t h a t   they   c a n  

be  p r o d u c e d   in  good  y i e l d   and  at  low  c o s t s   as  c o m p a r e d  

wi th   ca rbon   f i b e r s   made  of  e . g .   p o l y a c r y l o n i t r i l e s .   On 

the  o t h e r   hand,   they  have  a  d i s a d v a n t a g e   t h a t   t h e  

p r e c u r s o r y   p i t c h   f i b e r s   are  e x t r e m e l y   b r i t t l e   and  

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

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

l i k e l y   to  undergo  f l u f f i n g ,   twine   round  gu ide   r o l l e r s   o r  



break   d u r i n g   such  t r e a t m e n t s .   F u r t h e r ,   t h e r e   a r e  

a d d i t i o n a l   d i f f i c u l t i e s   such  t h a t   a d h e s i o n   or  f u s i o n   i s  

l i k e l y   to  t ake   p l a c e   among  the  p r e c u r s o r y   p i t c h   f i b e r s  

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

t r e a t m e n t ,   and  the  r e s u l t i n g   carbon   f i b e r   s u r f a c e   i s  

s u s c e p t i b l e   to  d a m a g e s .  

These  p rob lems   are  s u b s t a n t i a l l y   d i f f e r e n t   from  t h e  

p rob lems   i n v o l v e d   in  the  case  of  the  p o l y a c r y l o n i t r i l e -  

type  ca rbon   f i b e r   which  d i f f e r s   from  the  p i t c h - t y p e  

carbon   f i b e r   in  the  s t a r t i n g   m a t e r i a l s   as  wel l   as  in  t h e  

manner  of  the  p r o d u c t i o n .   Namely,  in  the  case  of  t h e  

p o l y a c r y l o n i t r i l e - t y p e   carbon   f i b e r ,   a  m o l t e n  

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

i t   is  e x t r u d e d   t h r o u g h   s p i n n i n g   n o z z l e s   i n to   a  s p i n n i n g  

ba th   composed  e s s e n t i a l l y   of  a  m i x t u r e   o f  

d i m e t h y l f o r m a m i d e   with  wate r   or  a  m i x t u r e   o f  

d i m e t h y l s u l f o x i d e   with  wate r   and  t h e r e b y   forms  s o l i d i f i e d  

f i b e r s .   In  such  a  wet  s p i n n i n g   method,   the  formed  f i b e r s  

are  w e t t e d   with  the  s o l u t i o n   of  the  s p i n n i n g   bath  and  

b u n d l e s   i n to   a  tow  in  the  s p i n n i n g   ba th .   The  t ow  

w i t h d r a w n   from  the  s p i n n i n g   bath   is  s u b j e c t e d   to  f l a m e  

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

t e m p e r a t u r e   of  from  200  to  300°C  and  then  t o  

c a r b o n i z a t i o n   t r e a t m e n t   in  an  i n e r t   a t m o s p h e r e   at  a  

t e m p e r a t u r e   of  from  300  to  1400°C.  For  such  t r e a t m e n t s ,  

i t   is  c o n s i d e r e d   e f f e c t i v e   to  apply   a  l u b r i c a n t   such  a s  

p o l y e t h y l e n e   g l y c o l   or  p o l y p r o p y l e n e   g l y c o l   to  t h e  

s u r f a c e   of  the  tow.  However,  when  such  a  l u b r i c a n t   i s  



used  as  an  o i l i n g   agen t   for  the  s t ep   of  b u n d l i n g  

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

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

d i s s o l v e d ,   or  the  f i b e r s   tend  to  a d h e r e   or  fuse   to  o n e  

a n o t h e r ,   whereby  the  tow  t ends   to  be  s t i f f   or  r i g i d .  

As  a  method  for  ove rcoming   the  d i f f i c u l t i e s   in  t h e  

b u n d l i n g   of  the  p r e c u r s o r y   p i t c h   f i b e r s ,   the  p r e s e n t  

i n v e n t o r s   have  p r e v i o u s l y   p r o p o s e d   to  use  a  s i l i c o n e   o i l  

as  the  o i l i n g   agen t   for  b u n d l i n g .  

A c c o r d i n g   to  t h i s   method ,   the  b u n d l i n g   can  s m o o t h l y  

be  c o n d u c t e d .   However,   d e p e n d i n g   upon  the  o p e r a t i o n ,   t h e  

s i l i c o n e   o i l   may  be  a p p l i e d   e x c e s s i v e l y .   While  n o t  

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

e x c e s s i v e   a p p l i c a t i o n   of  s i l i c o n e   o i l   is  l i k e l y   to  l e a d  

to  d i f f i c u l t i e s   such  t h a t   the  tow  of  p r e c u r s o r y   p i t c h  

f i b e r s   t ends   to  be  s t i f f   a f t e r   the  i n f u s i b l e   t r e a t m e n t   o r  

the  c a r b o n i z a t i o n   t r e a t m e n t ,   and  in  an  ex t reme   c a s e ,   t h e  

p i t c h   f i b e r s   tend  to  fuse   one  a n o t h e r   to  form  a  tow  w h i c h  

is  h a r d l y   unbound  or  s e p a r a t e d   i n to   i n d i v i d u a l   f i b e r s .  

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

c o n d u c t e d   f u r t h e r   r e s e a r c h e s   to  overcome  t h e s e  

d i f f i c u l t i e s .   As  a  r e s u l t ,   they   have  found  i t   e f f e c t i v e  

to  use  an  aqueous   e m u l s i o n   of  a  s i l i c o n e   o i l   as  t h e  

o i l i n g   a g e n t .   The  p r e s e n t   i n v e n t i o n   has  b e e n  

a c c o m p l i s h e d   based  on  t h i s   d i s c o v e r y .  

Namely,   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  p r o c e s s   f o r  

p r o d u c i n g   a  ca rbon   f i b e r   from  p i t c h   m a t e r i a l ,   w h i c h  

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



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

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

t r e a t m e n t   and  c a r b o n i z a t i o n   and  o p t i o n a l l y   by 

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

of  a  s i l i c o n e   o i l   is  a p p l i e d   as  an  o i l i n g   agen t   to  t h e  

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

o p e r a t i o n .  

Now,  the  p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   i n  

d e t a i l   with  r e f e r e n c e   to  the  p r e f e r r e d   e m b o d i m e n t s .  

As  the  p i t c h   m a t e r i a l   to  be  used  in  the  p r e s e n t  

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

such  as  coal   t a r   p i t c h   or  l i q u e f i e d   c o a l ;   a  p e t r o l e u m  

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

d i s t i l l a t i o n   of  c rude   o i l   under   a t m o s p h e r i c   or  r e d u c e d  

p r e s s u r e   or  a  h e a t - t r e a t e d   p r o d u c t   t h e r e o f ,   or  a  h e a t -  

t r e a t e d   p r o d u c t   of  b y - p r o d u c t   t a r   o b t a i n e d   by  t h e  

p y r o l y s i s   of  n a p h t h a ;   and  a  baked  polymer   p i t c h   o b t a i n e d  

by  the  c a r b o n i z a t i o n   of  a  s y n t h e t i c   or  n a t u r a l   r e s i n .  

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

by  e x t r u d i n g   i t   i n to   a  gaseous   a t m o s p h e r e   t h r o u g h  

s p i n n i n g   n o z z l e s   in  the  same  manner  as  in  the  case  of  t h e  

dry  mel t   s p i n n i n g   of  o r d i n a r y   s y n t h e t i c   f i b e r s .   I t   i s  

p r e f e r r e d   to  employ  a  method  where in   the  p i t c h   m a t e r i a l  

is  me l t ed   by  an  e x t r u d e r   or  the  l i k e   and  e x t r u d e d   in to   a  

gaseous   a t m o s p h e r e   from  s p i n n i n g   n o z z l e s   d i r e c t e d  

downward ly ,   whereupon  the  e x t r u d e d   f i b e r s   are  coo led   and  

s o l i d i f i e d .   It  is  u sua l   to  employ  s p i n n i n g   n o z z l e s   w i t h  

d i s c h a r g e   o u t l e t s   having   a  d i a m e t e r   of  from  0.1  t o  



0.5  mm.  The  t e m p e r a t u r e   of  the  s p i n n i n g   n o z z l e s   i s  

d e t e r m i n e d   d e p e n d i n g   upon  the  type  of  the  p i t c h   m a t e r i a l  

to  p r o v i d e   a  mel t   v i s c o s i t y   most  s u i t a b l e   for   s p i n n i n g ,  

and  i t   is  u s u a l l y   s e l e c t e d   w i t h i n   a  range  of  from  250  t o  

350°C.  I t   is  e f f e c t i v e   for  the  s t a b i l i z a t i o n   of  s p i n n i n g  

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

s p i n n i n g   n o z z l e s .  

In  the  p r e s e n t   i n v e n t i o n ,   an  aqueous   e m u l s i o n   of  a  

s i l i c o n e   o i l   is  a p p l i e d   as  an  o i l i n g   agen t   to  t h e  

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

to  or  d u r i n g   the  b u n d l i n g   o p e r a t i o n .   As  a  s p e c i f i c  

example  of  such  a  s i l i c o n e   o i l ,   d i m e t h y l p o l y s i l o x a n e   i s  

u s u a l l y   employed .   I t   is  a l s o   p o s s i b l e   to  employ  m o d i f i e d  

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

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

t h e r e   may  be  m e n t i o n e d ,   for  e x a m p l e ,  

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

F u r t h e r ,   t h e r e   may  be  employed  o t h e r   d e r i v a t i v e s   o b t a i n e d  

by  m o d i f y i n g   d i m e t h y l p o l y s i l o x a n e   wi th   one  or  more  g r o u p s  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  an  epoxy  g roup ,   an  

a l k y l   group  such  as  e t h y l   or  p r o p y l ,   an  amino  g roup ,   a 

c a r b o x y l   g roup ,   an  a l c o h o l ,   a  pheny l   group  or  a 

p o l y e t h e r .   These  s i l i c o n e   o i l s   may  be  used  a lone   or  i n  

c o m b i n a t i o n   as  a  m i x t u r e   of  at  l e a s t   two  d i f f e r e n t   k i n d s .  

The  aqueous   e m u l s i o n   of  a  s i l i c o n e   o i l   may  be 

p r e p a r e d   by  mix ing   the  s i l i c o n e   o i l   wi th   wate r   by  means  

of  a  common  mix ing   d e v i c e   such  as  a  high  speed  m ixe r ,   a  

c o l l o i d   m i l l   or  a  h o m o g e n i z e r   so  t h a t   the  s i l i c o n e   o i l  



c o n s t i t u t e s   from  0.1  to  35%  by  we igh t   in  the  m i x t u r e .  

For  the  p r e p a r a t i o n   of  the  e m u l s i o n ,   if  the  c o n c e n t r a t i o n  

of  the  s i l i c o n e   o i l   is  too  high  to  m a i n t a i n   t h e  

e m u l s i f i e d   c o n d i t i o n ,   from  0.25  to  2%  by  we igh t   of  an  

e m u l s i f i e r   may  be  added.   As  such  an  e m u l s i f i e r ,   t h e r e  

may  be  employed  c o n v e n t i o n a l   e m u l s i f i e r s .   For  i n s t a n c e ,  

t h e r e   may  be  m e n t i o n e d   a  n o n i o n i c   e m u l s i f i e r   such  as  a  

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

e s t e r ,   s o r b i t a n   s t e a r i c   ac id   e s t e r ,   p o l y o x y e t h y l e n e  

s o r b i t a n   f a t t y   ac id   e s t e r   or  p o l y o x y e t h y l e n e   s o r b i t a n  

c a p r o i c   ac id   e s t e r ,   p o l y o x y e t h y l e n e   l a u r i c   ac id   e s t e r ,  

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

m o n o s t e a r a t e   or  a  p o l y o x y e t h y l e n e   l a n o l i n   d e r i v a t i v e ;   an  

a n i o n i c   e m u l s i f i e r   such  as  an  a l k y l   s u l f a t e ,   s o d i u m  

l a u r y l s u l f a t e ,   sodium  c e t y l s u l f a t e ,   a  d i a l k y l  

s u l f o s u c c i n a t e   or  sodium  d i - 2 - e t h y l h e x y l   s u l f o s u c c i n a t e ;  

or  a  c a t i o n i c   e m u l s i f i e r   such  as  a l k y l   p y r i d i n i u m  

c h l o r i d e .   F u r t h e r ,   a  smal l   amount  of  f i n e   s o l i d  

p a r t i c l e s   may  be  added  to  the  aqueous   emu l s ion   of  a  

s i l i c o n e   o i l .  

As  the  f ine   s o l i d   p a r t i c l e s ,   t h e r e   may  be  e m p l o y e d ,  

for  i n s t a n c e ,   f i n e   c a r b o n a c e o u s   p a r t i c l e s ,   f i ne   i n o r g a n i c  

oxide   p a r t i c l e s ,   f i ne   i n o r g a n i c   s a l t   p a r t i c l e s   or  a  

m i x t u r e   t h e r e o f .   S p e c i f i c a l l y ,   t h e r e   may  be  m e n t i o n e d  

f ine   p a r t i c l e s   of  g r a p h i t e ,   ca rbon   b l a c k ,   s i l i c a ,   c a l c i u m  

c a r b o n a t e ,   t i t a n i u m   o x i d e ,   t a l c ,   c l a y ,   bar ium  s u l f a t e ,  

p o t a s s i u m   t i t a n a t e   or  molybdenum  d i s u l f i d e .  



The  o i l i n g   agen t   may  be  a p p l i e d   to  the  p r e c u r s o r y  

p i t c h   f i b e r s   by  v a r i o u s   methods  such  as  a  s p r a y i n g  

method ,   a  r o l l e r   c o a t i n g   method  or  a  d i p p i n g   m e t h o d .  

The  amount  of  the  d e p o s i t i o n   of  the  o i l i n g   agen t   o n t o  

the  f i b e r s   is  u s u a l l y   from  1  to  15%  by  w e i g h t ,   p r e f e r a b l y  

from  2  to  10%  by  w e i g h t .   If  the  amount  of  the  d e p o s i t i o n  

is  l e s s   than  1%  by  w e i g h t ,   i t   is  d i f f i c u l t   to  m a i n t a i n  

the  b u n d l e d   s t a t e   of  the  spun  f i b e r s   a d e q u a t e l y ,   w h e r e b y  

i t   becomes  d i f f i c u l t   to  hand le   the  bund led   f i b e r s ,   a n d  

the  f i b e r s   are  l i k e l y   to  be  damaged.   On  the  o t h e r   h a n d ,  

if  the  amount  exceeds   15%  by  w e i g h t ,   d e p e n d i n g   upon  t h e  

c o n c e n t r a t i o n   of  the  o i l i n g   a g e n t ,   the  e v a p o r a t i o n   at  t h e  

t ime  of  the  i n f u s i b l e   t r e a t m e n t   w i l l   be  i n a d e q u a t e ,   a n d  

the  agen t   w i l l   remain  on  the  f i l a m e n t s   and  thus  h i n d e r s  

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

g e n e r a t e d   from  the  f i b e r s   d u r i n g   the  i n f u s i b l e   t r e a t m e n t  

w i l l   not  s u f f i c i e n t l y   be  d i s s i p a t e d ,   whereby  the  s t r e n g t h  

of  the  carbon   f i b e r   w i l l   be  r e d u c e d .  

The  p r e c u r s o r y   p i t c h   f i b e r s   hav ing   the  a q u e o u s  

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

are  s u b j e c t e d   to  i n f u s i b l e   t r e a t m e n t   and  c a r b o n i z a t i o n  

t r e a t m e n t   in  a c c o r d a n c e   with  known  m e t h o d s .   For  i n s t a n c e ,  

the  i n f u s i b l e   t r e a t m e n t   may  be  c o n d u c t e d   by  h e a t i n g   t h e  

tow  of  f i b e r s   at  a  t e m p e r a t u r e   of  from  150  to  3600C  f o r  

from  5  m inu t e s   to  10  hours  in  an  o x i d i z i n g   a t m o s p h e r e  

such  as  oxygen ,   ozone ,   a i r ,   a  n i t r o g e n   o x i d e ,   ha logen   o r  

s u l f u r   d i o x i d e .   The  c a r b o n i z a t i o n   t r e a t m e n t   may  be 

c o n d u c t e d   by  h e a t i n g   the  tow  of  f i b e r s   at  a  t e m p e r a t u r e  



of  from  1000  to  25000C  for  from  0.5  minu te   to  10  hours   i n  

an  i n e r t   gas  a t m o s p h e r e   such  as  n i t r o g e n   or  a r g o n .  

F u r t h e r ,   the  g r a p h i t i z a t i o n   may  be  c o n d u c t e d   by  

h e a t i n g   the  tow  of  f i b e r s   at  a  t e m p e r a t u r e   of  from  2500 

to  35000C  for  from  1  second  to  1  h o u r .  

If  n e c e s s a r y ,   a  load  or  t e n s i o n   may  be  a p p l i e d   to  t h e  

tow  of  f i b e r s   to  some  e x t e n t   d u r i n g   the  i n f u s i b l e  

t r e a t m e n t ,   the  c a r b o n i z a t i o n   t r e a t m e n t   or  t h e  

g r a p h i t i z a t i o n   t r e a t m e n t   for   the  p u r p o s e   of  p r e v e n t i n g  

s h r i n k a g e   or  d e f o r m a t i o n .  

F u r t h e r ,   for   the  i n f u s i b l e   t r e a t m e n t ,   i t   is  d e s i r a b l e  

to  p r e l i m i n a r i l y   a d j u s t   the  d e p o s i t i o n   of  wa te r   on  t h e  

p r e c u r s o r y   p i t c h   f i b e r s   to  a  l e v e l   of  at  most  0.1%  by  

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

i n f u s i b l e   t r e a t m e n t   f u r n a c e ,   or  by  d r y i n g ,   at  the  i n i t i a l  

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

f i b e r s   at  from  50  to  100°C  for   5  m inu t e s   to  2  h o u r s .  

From  the  f o r e g o i n g   d e s c r i p t i o n ,   i t   s hou ld   be  

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

h a n d l i n g   of  b r i t t l e   f i b e r s   can  be  made  easy  and  i t   i s  

p o s s i b l e   to  p r e v e n t   the  a d h e s i o n   or  f u s i o n   of  the  f i b e r s  

to  one  a n o t h e r   or  to  p r e v e n t   the  damages  to  the  f i b e r  

s u r f a c e ,   by  a  s imple   o p e r a t i o n   of  a p p l y i n g   an  a q u e o u s  

emul s ion   of  a  s i l i c o n e   o i l   to  the  p r e c u r s o r y   p i t c h  

f i b e r s .   Thus,   a  p i t c h - t y p e   ca rbon   f i b e r   hav ing   g o o d  

q u a l i t y   is  o b t a i n a b l e   in  the  form  of  a  c o n t i n u o u s   f i b e r  

in  an  i n d u s t r i a l l y   a d v a n t a g e o u s   manner  and  c o n d i t i o n .  

F u r t h e r ,   the  h e a t - t r e a t m e n t s   can  t h e r e b y   be  c o n d u c t e d  



under   un i fo rm  and  s u f f i c i e n t   t e n s i o n ,   whereby  a  

p i t c h - t y p e   ca rbon   f i b e r   hav ing   s u p e r i o r   p r o p e r t i e s   i s  

o b t a i n a b l e   at  low  c o s t s .  

Now,  the  p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   i n  

f u r t h e r   d e t a i l   wi th   r e f e r e n c e   to  Examples .   However,   i t  

s hou ld   be  u n d e r s t o o d   t h a t   the  p r e s e n t   i n v e n t i o n   is  by  no 

means  r e s t r i c t e d   by  t h e s e   s p e c i f i c   E x a m p l e s .  

EXAMPLES  1  to  4 

Coal  t a r - o r i g i n a t e d   p i t c h   m a t e r i a l   ( m e s o - p h a s e   p i t c h  

hav ing   an  o p t i c a l   a n i s o t r o p y   of  100%)  was  m e l t - s p u n   i n t o  

a  ga seous   a t m o s p h e r e   at  a  s p i n n e r e t   t e m p e r a t u r e   of  3 3 0 ° C .  

Then,  an  o i l i n g   agen t   as  i d e n t i f i e d   in  Table   1  was 

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

a  d i a m e t e r   of  10  µm  t h e r e b y   o b t a i n e d ,   and  the  f i b e r s   w e r e  

bund led   t o g e t h e r .   The  bund led   f i b e r   ( i . e .   tow)  was  d r i e d  

in  a i r   at  800C  for   30  m i n u t e s .   Then,  i t   was  h e a t e d   f r o m  

150°C  to  350°C  over  a  p e r i o d   of  2  hours   40  m i n u t e s   and  

held  at  t h a t   t e m p e r a t u r e   for  30  m i n u t e s   to  c o n d u c t  

i n f u s i b l e   t r e a t m e n t .   Then,  the  f i b e r   was  s u b j e c t e d   t o  

c a r b o n i z a t i o n   t r e a t m e n t   by  h e a t i n g   i t   in  argon  from  room 

t e m p e r a t u r e   to  1 ,400°C  over  a  p e r i o d   of  2  hours  20 

m i n u t e s ,   and  then  m a i n t a i n i n g   i t   at  t h a t   t e m p e r a t u r e   f o r  

one  hour ,   whereby  a  ca rbon   f i b e r   was  o b t a i n e d .   The  s t a t e  

of  the  b u n d l i n g   of  f i b e r s ,   the  s t a t e   of  the  f i b e r s   a f t e r  

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

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

ca rbon   f i b e r ,   were  o b s e r v e d ,   and  the  t e n s i l e   s t r e n g t h   o f  

the  carbon   f i b e r   was  m e a s u r e d .   The  r e s u l t s   are  shown  i n  

Table  1 .  



COMPARATIVE  EXAMPLES  1  to  5 

The  o p e r a t i o n   was  c o n d u c t e d   in  the  same  manner  as  i n  

Example  1  excep t   t h a t   no  o i l i n g   agen t   was  used  or  t h e  

amount  or  the  type  of  the  o i l i n g   agen t   was  v a r i e d .   The 

r e s u l t s   are  shown  in  Table   1 .  





1.  A  p r o c e s s   for   p r o d u c i n g   a  ca rbon   f i b e r   from  p i t c h  

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

a  gaseous   a t m o s p h e r e   to  form  p r e c u r s o r y   p i t c h   f i b e r s   a n d  

b u n d l i n g   the  p r e c u r s o r y   p i t c h   f i b e r s ,   f o l l o w e d   by 

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

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

of  a  s i l i c o n e   o i l   is  a p p l i e d   as  an  o i l i n g   agen t   to  t h e  

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

o p e r a t i o n .  

2.  The  p r o c e s s   a c c o r d i n g   to  Claim  1,  whe re in   t h e  

c o n c e n t r a t i o n   of  the  s i l i c o n e   o i l   in  the  o i l i n g   agen t   i s  

from  0.1  to  35%  by  w e i g h t ,  

3.  The  p r o c e s s   a c c o r d i n g   to  Claim  1,  whe re in   the  o i l i n g  

agen t   is  a p p l i e d   in  an  amount  of  from  1  to  15%  by  w e i g h t  

r e l a t i v e   to  the  f i b e r s .  
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