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BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  a  s p i n   s i z e   and  t h e r m o s e t t i n g   a i d  

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

In  o r d e r   to  c o n v e r t   p i t c h   f i b e r s   i n t o   c a r b o n   f i b e r s   i t   i s  

n e c e s s a r y   to  f i r s t   t h e r m o s e t   them  b e f o r e   t h e y   can  be  c a r b o n -  

i z e d   to  p r o d u c e   t he   d e s i r e d   f i n a l   p r o d u c t .   G e n e r a l l y ,   s u c h  

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

f o r m   of  m u l t i f i l a m e n t   y a r n   or  tow.   B e c a u s e   of  t he   e x o t h e r -  

mic  n a t u r e   of  p i t c h   o x i d a t i o n ,   h o w e v e r ,   h o t   s p o t s   o f t e n   d e -  

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

c a u s e   the   f i b e r s   to  m e l t   or  s o f t e n   b e f o r e   t h e y   become  i n f u s -  

i b i l i z e d .   As  a  r e s u l t   of  t h i s ,   d e f o r m a t i o n   of  t he   i n d i v i d -  

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

t h r o u g h   t he   f i l a m e n t   s u r f a c e s   w h i c h   c a u s e s   them  to  s t i c k  

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

t h e   y a r n   or  tow.   T h i s   d e f o r m a t i o n   and  s t i c k i n g   of  t he   f i b e r s  

i n   t u r n   c a u s e s   t he   y a r n   or   tow  to  become   s t i f f   and  b r i t t l e  

and  to  s u f f e r   a  l o s s   of  f l e x i b i l i t y   and  t e n s i l e   s t r e n g t h .  

As  a  r e s u l t ,   s u c h   y a r n   or  tow  c a n n o t   be  f u r t h e r   p r o c e s s e d  

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

S p i n   s i z e s   a r e   c o n v e n i e n t l y   a p p l i e d   to  p i t c h   f i b e r   y a r n   o r  

tow  i m m e d i a t e l y   f o l l o w i n g   s p i n n i n g   in   o r d e r   to  m a i n t a i n   t h e  

i n t e g r i t y   of  t h e   y a r n   or  tow,   to   p r o v i d e   l u b r i c i t y   a t   t h e  

f i l a m e n t - t o - f i l a m e n t   i n t e r f a c e s ,   and  to  i m p a r t   a b r a s i o n   r e -  

s i s t a n c e   to   t he   f i l a m e n t   b u n d l e .   H o w e v e r ,   w h i l e   s u c h   s i z e s  

i m p r o v e   t he   h a n d l e a b i l i t y   of  t h e   y a r n   or  tow  p r i o r   to  t h e r -  



m o s c t t i n g ,   t h e y   o f t e n   a r e   of  no  v a l u e ,   or  o n l y   of  l i m i t e d  

v a l u e ,   d u r i n g   t h e r m o s e t t i n g .   T h u s ,   f o r   e x a m p l e ,   w h i l e   m i x -  

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

e r t i e s   to  a s - s p u n   p i t c h   f i b e r   y a r n   or  tow,   s u c h   y a r n   or  t o w  

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

t h e r m o s e t t i n g   of  u n s i z e d   y a r n   or  tow,   i . e . ,   m e l t i n g   a n d  

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

of  t h e   f l e x i b i l i t y   and  t e n s i l e   s t r e n g t h   of  t h e   f i b e r   b u n d l e .  

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

d u r i n g   t h e r m o s e t t i n g   i s   d i s c l o s e d   in   U . S . S . R .   P a t .   No.  1 6 8 ,  

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

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

s e t t i n g .   H o w e v e r ,   n o t   o n l y  i s   t h i s   d i r t y   and  i n c o n -  

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

l a y e r   of  p a r t i c l e s   to  t h e   f i l a m e n t s   by  t h i s   t e c h n i q u e .  

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

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

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

t h e   s t r e n g t h   of  t he   f i b e r s   a f t e r   c a r b o n i z a t i o n .  

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

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

c l o s e d   i n   U . S .   P a t .   No.  3 , 9 9 7 , 6 4 5   w h e r e i n   i t   i s   s u g g e s t e d  

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

b e e n   i m p r e g n a t e d   w i t h   an  o x i d i z i n g   a g e n t .   H o w e v e r ,   t h i s  

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

t h e   p r o c e s s   of  U . S . S . R .   P a t .   No.  1 6 8 , 8 4 8 .   F u r t h e r m o r e ,  

b e c a u s e   of  t h e   h a r d n e s s   and  l a r g e   s i z e   of  t h e   p a r t i c l e s   e m -  

p l o y e d   (60  m i c r o n s ) ,   t h i s   p r o c e d u r e   d o e s   n o t   p r o v i d e   s u f -  

f i c i e n t   s e p a r a t i o n   of  t h e   f i l a m e n t   b u n d l e   to  a l l o w   m a x i m u m  

c o n t a c t   of  t h e   o x i d i z i n g   gas   w i t h   t h e   f i b e r   s u r f a c e s   o r  

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

p h y s i c a l   damage   to  t h e   f i b e r   s u r f a c e s .  



SUMMARY  OF  THE  INVENTION 

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   of  t r e a t i n g   a  m u l t i -  

f i l a m e n t   b u n d l e   of  p i t c h   f i b e r s ,   s u c h   as  y a r n   or  tow,   t o  

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

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

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

c a r b o n   b l a c k   in   w a t e r   in   w h i c h   i s   d i s s o l v e d   a  w a t e r - s o l u b l e  

o x i d i z i n g   a g e n t   and  a  w a t e r - s o l u b l e   s u r f a c t a n t .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  a q u e o u s   d i s p e r s i o n   e m p l o y e d   to  t r e a t   a  m u l t i f i l a m e n t  

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

s e r v e s   as  b o t h   a  s i z e   f o r   t h e   b u n d l e   and  as  an  e f f e c t i v e  

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

must   be  c o n d u c t e d   b e f o r e   t h e   f i b e r s   can  be  c a r b o n i z e d   t o  

p r o d u c e   t h e   d e s i r e d   p r o d u c t .   B e c a u s e   t h e   g r a p h i t e   or  c a r b o n  

b l a c k   p a r t i c l e s   a re   a p p l i e d   as  a  f i n e l y - d i v i d e d   d i s p e r s i o n ,  

more  e f f e c t i v e   p e n e t r a t i o n   of  t h e s e   p a r t i c l e s   b e t w e e n   t h e  

f i l a m e n t s   of  t he   b u n d l e   i s   a c h i e v e d .   As  a  r e s u l t   of  t h i s  

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

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

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

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

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

a m e n t s   a l l o w s   i m p r o v e d   p e n e t r a t i o n   of  t h e   o x i d i z i n g   gas   i n t o  

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

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

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

f u s i o n   r e d u c e s   t he   f l e x i b i l i t y   and  t e n s i l e   s t r e n g t h   of  t h e  

y a r n   or   t o w .  

E i t h e r   f i n e l y - d i v i d e d   g r a p h i t e   or  c a r b o n   b l a c k   can   be  e m -  

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



M a t e r i a l s   s u c h   as  a c t i v a t e d   c a r b o n   and  c o a l   a r e   u n d e s i r a b l e  

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

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

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

a  c o n c o m i t a n t   l o s s   of  f i b e r   s t r e n g t h .   For   t h i s   r e a s o n ,   i t  

i s   p r e f e r a b l e   to  u se   g r a p h i t e   or  c a r b o n   b l a c k   as  t h e y   a r e  

s o f t e r ,   more  s l i p p e r y   m a t e r i a l s   and  a r e   a v a i l a b l e   in   a  r e l -  

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

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

t a i n   l e s s   t h a n   0 .5   p e r c e n t   by  w e i g h t   of  i n o r g a n i c   i m p u r i t i e s .  

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

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

Any  f o r m   of  c a r b o n   b l a c k ,   e . g .   gas  b l a c k s ,   f u r n a c e   c o m -  

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

e m p l o y e d   in   t he   d i s p e r s i o n s   of  t h e   p r e s e n t   i n v e n t i o n .   L i k e -  

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

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

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

s h o u l d   be  no  g r e a t e r   t h a n   15  m i c r o n s   i n   s i z e .   P r e f e r a b l y ,  

t h e y   h a v e   a  s i z e   of  f r o m   0 .3   m i c r o n   to  5  m i c r o n s .   B e c a u s e  

of  t h e   s m a l l   s i z e   of  t h e s e   p a r t i c l e s   t h e y   r e a d i l y   i n f i l t r a t e  

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

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

p a r t i c l e s   r e a d i l y   s l i d e   o v e r   e a c h   o t h e r   and  o v e r   t he   f i l -  

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

d a m a g e .   F u r t h e r m o r e ,   t he   s e p a r a t i o n   of  t h e   f i b e r   b u n d l e  

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

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

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

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

t i m e   and  a l l o w s   t he   f i b e r s   to   be  p r o c e s s e d   a t   g r e a t l y   i n -  

c r e a s e d   s p e e d s .   O r d i n a r i l y ,   u n l e s s   f i l a m e n t   p a c k i n g   in   t h e  

f i b e r   b u n d l e   i s   k e p t   low  and  t h e   o x i d a t i o n   p r o c e s s   i s   v e r y  

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

c a u s e s   f u s i o n   of   t h e   f i l a m e n t s   to  o c c u r .   B e c a u s e   of  t h e  



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

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

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

t h e   o x i d i z i n g   gas   to  a  g r e a t e r   c o n t e n t   d u r i n g   o x i d a t i o n   a n d  

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

can  be  more  r a p i d l y   o x i d i z e d   w i t h o u t   t he   f u s i o n   and  f i l a m e n t  

s t i c k i n g   w h i c h   f o r m e r l y   o c c u r r e d .   Thus ,   t h r o u g h o u t   s p e e d s   o f  

a t   l e a s t   1 .5   t i m e s   t h a t   f o r m e r l y   a t t a i n e d   w i t h o u t   the   u s e   o f  

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

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

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

By  a d j u s t i n g   t he   c o n c e n t r a t i o n   and  w e t t i n g   c h a r a c t e r i s t i c s   o f  

t h e   d i s p e r s i o n   e m p l o y e d   i n   t he   p r e s e n t   i n v e n t i o n ,   i t   i s   p o s -  

s i b l e   to  c o n t r o l   t he   a m o u n t   of  g r a p h i t e   or  c a r b o n   b l a c k   w h i c h  

i s   d e p o s i t e d   on  t h e   p i t c h   f i b e r   b u n d l e .   G e n e r a l l y ,   t he   d i s -  

p e r s i o n   c o n t a i n s   f r o m   a b o u t   0.1  p a r t   by  w e i g h t   to  a b o u t   10  

p a r t s   by  w e i g h t   of  g r a p h i t e   or  c a r b o n   b l a c k   p e r   100  p a r t s   b y  

w e i g h t   of  m i x t u r e ,   p r e f e r a b l y   f r o m   1  p a r t   by  w e i g h t   to  6 

p a r t s   by  w e i g h t   of  g r a p h i t e   or  c a r b o n   b l a c k   p e r   100  p a r t s   b y  

w e i g h t   of  m i x t u r e . .  

Any  w a t e r - s o l u b l e   compound   w h i c h   is   c a p a b l e   of  f u n c t i o n i n g  

as  an  o x i d i z i n g   a g e n t   a t   t he   t e m p e r a t u r e   at   w h i c h   t h e r m o s e t -  

t i n g   i s   e f f e c t e d   can  be  e m p l o y e d   as  a  t h e r m o s e t t i n g   a i d   in   t h e  

a q u e o u s   d i s p e r s i o n s   e m p l o y e d   in   t he   p r e s e n t   i n v e n t i o n ,   p r o -  

v i d e d   s u c h   compound   does   n o t   c a u s e   t he   s u s p e n s i o n   to  f l o c -  

c u l a t e .   B e c a u s e   t he   c o m p o u n d s   e m p l o y e d   a r e   w a t e r   s o l u b l e ,  

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

s e t t i n g   i s   a s s u r e d .   O x i d a t i o n   and  i n f u s i b i l i z a t i o n   of  t h e  

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

f i b e r s   to  be  p r o c e s s e d   at   g r e a t l y   i n c r e a s e d   s p e e d s .   S u i t a b l e  

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

p e r o x i d e s ,   p e r s u l f a t e s ,   p y r o s u l f a t e s ,   and  p e r c h l o r a t e s .  

Among  the   c o m p o u n d s   w h i c h   can  be  e m p l o y e d   a r e   s o d i u m   p e r o x i d e ,  

p o t a s s i u m   p e r o x i d e ,   s o d i u m   p e r s u l f a t e ,   p o t a s s i u m   p e r s u l f a t e ,  



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

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

s u l f i t e s ,   b i s u l f i t e s   s u l f a m a t e r .   and  n i t r a t e s   a re   a l s e  

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

s u l f a t e ,   s o d i u m   s u l f i t e ,   p o t a s s i u m   s u l f i t e ,   s o d i u m   b i s u l f i t e ,  

p o t a s s i u m   b i s u l f i t e ,   s o d i u m   s u l f a m a t e ,   p o t a s s i u m   s u l f a m a t e ,  

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

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

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

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

gen  p e r o x i d e   and  s u l f a m i c   a c i d .  

Any  w a t e r   s o l u b l e   s u r f a c t a n t   can   be  e m p l o y e d   in   t h e   a q u e o u s  

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

s u r f a c t a n t   d o e s   n o t   c a u s e   the   s u s p e n s i o n   to  f l o c c u l a t e .   A n i -  

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

Such  s u r f a c t a n t s   s e r v e   to  i n c r e a s e   w e t t i n g   of  t he   f i b e r s   b y  

t h e   d i s p e r s i o n   by  r e d u c i n g   t h e   s u r f a c e   t e n s i o n   of  t h e   w a t e r ,  

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

b l a c k   t h r o u g h o u t   t he   f i b e r   b u n d l e .   As  a  r e s u l t ,   o x i d a t i o n  

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

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

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

o l e a t e ,   t e t r a m e t h y l   s o d i u m   l a u r a t e ,   s o d i u m   l a u r a t e ,   and  t h e  

l i k e .   H o w e v e r ,   b e c a u s e   s u c h   s a l t s   l e a v e   r e s i d u e s   on  t h e  

f i b e r s   and  may  c a u s e   p i t t i n g   of  t he   f i b e r   s u r f a c e s   d u r i n g   o x i d -  

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

G e n e r a l l y ,   an  amoun t   of  s u r f a c t a n t   i s   e m p l o y e d   w h i c h   w i l l  

i m p a r t   a  s i r f a c e   t e n s i o n   of  l e s s   t h a n   a b o u t   50  d y n e s / c m .   t o  

t h e   d i s p e r s i o n ,   p r e f e r a b l y   l e s s   t h a n   a b o u t   40  d y n e s / c m .   T h e  

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

amoun t   of  w h i c h   w i l l   d e s t r o y   t he   s t a b i l i t y   of  s u c h   d i s p e r s i o n .  

G e n e r a l l y ,   f r o m   a b o u t   0.1  p a r t   by  w e i g h t   to  a b o u t   2 . 0   p a r t s  

by  w e i g h t ,   p r e f e r a b l y   f r o m   a b o u t   0 .2   p a r t   by  w e i g h t   to  a b o u t  



0 . 8   p a r t   by  w e i g h t ,   p e r   100  p a r t s   by  w e i g h t   of  m i x t u r e   a r e  

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

be  e m p l o y e d   to  f a c i l i t a t e   d i s p e r s i o n   of  t he   g r a p h i t e   or  c a r -  

bon  b l a c k   in   t he   w a t e r   and  m a i n t e n a n c e   of  t he   d i s p e r s i o n .  

S u i t a b l e   s t a b i l i z e r s ,   f i l m   f o r m e r s ,   e t c .   may  a l s o   be  e m p l o y e d  

i f   d e s i r e d .  

A  w a t e r - s o l u b l e   s u r f a c t a n t   w h i c h   i s   a l s o   c a p a b l e   of  f u n c t i o n -  

i n g   as  an  o x i d i z i n g   a g e n t   a t   t h e   t e m p e r a t u r e   a t   w h i c h   t h e r m o -  

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

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

a g e n t - s u r f a c t a n t   does   n o t   c a u s e   the   s u s p e n s i o n   to  f l o c c u l a t e .  

A n i o n i c   s u r f a c t a n t s   a r e   p r e f e r r e d   f o r   t h i s   r e a s o n .   Such  o x -  

i d i z i n g   a g e n t - s u r f a c t a n t s   s e r v e   b o t h   to  i n c r e a s e   w e t t i n g   o f  

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

the   s u b s e q u e n t   i n f u s i b i l i z a t i o n   s t e p .   By  r e d u c i n g   t h e   s u r -  

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

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

t h e i r   own  p r e s e n c e   on  the   f i b e r   s u r f a c e s ,   t h e r e b y   f u r t h e r   e n -  

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

d u r i n g   t h e r m o s e t t i n g   and  a l l o w i n g   them  to  be  p r o c e s s e d   a t  

g r e a t l y   i n c r e a s e d   s p e e d s .   S u i t a b l e   o x i d i z i n g   a g e n t - s u r f a c -  

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

a l k a l i   m e t a l   a r y l   s u l f a t e s   and  a l k a l i   m e t a l   a l k y l   s u l f a t e s .  

Among  t h e   c o m p o u n d s   w h i c h   can   be  e m p l o y e d   a r e   s o d i u m   2 - e t h y l -  

h e x y l   s u l f a t e ,   s o d i u m   h e p t a d e c y l   s u l f a t e ,   and   s o d i u m   t e t r a -  

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

t he   t r a d e m a r k   " T e r g i t o l "   *.  H o w e v e r ,   b e c a u s e   s u c h   s a l t s  

l e a v e   r e s i d u e s   on  t h e   f i b e r s   and  may  c a u s e   p i t t i n g   of  t h e  

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

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

G e n e r a l l y ,   f r o m   a b o u t   0 .2   p a r t   by  w e i g h t   to  a b o u t   20  p a r t s  
*  " T e r g i t o l "   i s   a  r e g i s t e r e d   t r a d e m a r k   of  U n i o n   C a r b i d e   C o r -  

p o r a t i o n .  



by  w e i g h t ,   p r e f e r a b l y   f r o m   a b o u t   0 .6   p a r t   by  w e i g h t   to  a b o u t  

4  p a r t s   by  w e i g h t ,   of  t he   o x i d i n g   a g e n t / s u r f a c t a n t   p e r   1 0 0  

p a r t s   by  w e i g h t   of  m i x t u r e   can  be  e m p l o y e d   in   t h e   d i s p e r s i o n .  

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

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

w a t e r   and  m a i n t e n a n c e   of  t h e   d i s p e r s i o n .   L i k e w i s e ,   o x i d i z i n g  

a g e n t s   and  w e t t i n g   a g e n t s   o v e r   and  above   t h e   o x i d i z i n g   a g e n t /  

s u r f a c t a n t   e m p l o y e d   may  be  a d d e d   to  t he   d i s p e r s i o n   to  f a c i l i -  

t a t e   o x i d a t i o n   or  w e t t i n g   of  t h e   f i b e r s ,   a l t h o u g h   t h e y   a r e  

u n n e c e s s a r y .   S u i t a b l e   s t a b i l i z e r s ,   f i l m   f o r m e r s ,   e t c .   may  

a l s o   be  e m p l o y e d   i f   d e s i r e d .  

A f t e r   t h e   d i s p e r s i o n   has   b e e n   f o r m e d ,   i t   i s   a p p l i e d   to  t h e  

f i p e r s  b y   any  c o n v e n i e n t   m e a n s ,   s u c h   as  by  s p r a y i n g ,   b r u s h i n g ,  

r o l l i n g ,   or  s i m p l y   by  i m m e r s i n g   t he   f i b e r s   in   t h e   d i s p e r s i o n - .  

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

i s   to  p a s s   t h e   f i b e r s   o v e r   a  s i z i n g   w h e e l   w h i c h   r o t a t e s   i n   a  

b a t h   of  t h e   d i s p e r s i o n   and  i s   c o a t e d   w i t h   t h e   d i s p e r s i o n .  

T h i s ,   p r e f e r a b l y ,   is   done  as  t h e   f i b e r s   e m e r g e   f r o m   t h e   s p i n -  

n e r e t t e .   By  c o n t r o l l i n g   the   s i z e   and  s p e e d   of  t h e   w h e e l   i t  

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

a p p l i e d   to  t h e   f i b e r s .   In   any  e v e n t ,   t h e   f i b e r s   s h o u l d   b e  

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

p r o v i d e   f r o m   a b o u t   0.1  g ram  of  t h e   d i s p e r s i o n   to  a b o u t   1 . 5  

g rams   of  t h e   d i s p e r s i o n   p e r   g ram  of  f i b e r .  

The  f i b e r s   t r e a t e d   in   t h i s   m a n n e r   a r e   t h e n   t h e r m o s e t   i n   a  

c o n v e n t i o n a l   m a n n e r   by  h e a t i n g   i n   an  o x y g e n - c o n t a i n i n g   a t m o s -  

p h e r e ,   s u c h   as  p u r e   o x y g e n   or   a i r .   D r y i n g   of  t he   f i b e r s   i s  

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

i f   d e s i r e d .   Such  t h e r m o s e t t i n g ,   of  c o u r s e ,   mus t   be  c a r r i e d  

ou t   a t   a  t e m p e r a t u r e   b e l o w   t h e   t e m p e r a t u r e   a t   w h i c h   t he   f i b e r s  

s o f t e n   or  d i s t o r t .   B e c a u s e   t h e   t h e r m o s e t t i n g   a c t i o n   of  t h e  

o x i d i z i n g   a g e n t   e m p l o y e d   u s u a l l y   commences   a t   a  t e m p e r a t u r e  

b e l o w   2 0 0 ° C .   w h e r e   t h e   r a t e   of  o x i d a t i o n   i s   o r d i n a r i l y   q u i t e  



s l o w ,   i n f u s i b i l i z a t i o n   can  u s u a l l y   be  e f f e c t e d   at  l o w e r  

t e m p e r a t u r e s   t h a n   a r e   n o r m a l l y   r e q u i r e d ,   or   in   s h o r t e r   p e r -  

i o d s   of  t i m e   t h a n   a re   n o r m a l l y   r e q u i r e d .   W h i l e   t he   t i m e   r e ÷  

q u i r e d   to  o x i d i z e   t he   f i b e r s   to  t h e   d e s i r e d   d e g r e e   w i l l   v a r y  

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

t e m p e r a t u r e   e m p l o y e d ,   t h e   d i a m e t e r   of  t he   f i b e r s ,   and  t h e  

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

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

of  t he   t i m e   r e q u i r e d   when  t he   f i b e r s   a r e   n o t   t r e a t e d   w i t h   t h e  

d i s p e r s i o n s   of  t he   p r e s e n t   i n v e n t i o n .  

The  t h e r m o s e t   f i b e r s   may  t h e n   be  c a r b o n i z e d   in   a  c o n v e n t i o n a l  

m a n n e r   by  h e a t i n g   them  in   an  i n e r t   a t m o s p h e r e   to  a  t e m p e r -  

a t u r e   s u f f i c i e n t l y   e l e v a t e d   to  r emove   h y d r o g e n   and  o t h e r   c a r -  

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

f i b e r .   F i b e r s   h a v i n g   a  c a r b o n   c o n t e n t   g r e a t e r   t h a n   a b o u t   9 8  

p e r c e n t   by  w e i g h t   can   g e n e r a l l y   be  p r o d u c e d   by  h e a t i n g   to  a  

t e m p e r a t u r e   i n   e x c e s s   of  a b o u t   1 0 0 0 ° C . ,   and  a t   t e m p e r a t u r e s  

in   e x c e s s   of  a b o u t   1 5 0 0 ° C .   t h e   f i b e r s   a re   c o m p l e t e l y   c a r b o n -  

i z e d .   G e n e r a l l y ,   c a r b o n i z a t i o n   t i m e s   of  f r o m   a b o u t   2  s e c o n d s  

to  a b o u t   1  m i n u t e   a r e   s u f f i c i e n t .  

I f   d e s i r e d ,   t he   c a r b o n i z e d   f i b e r s   may  be  f u r t h e r   h e a t e d   in  a n  

i n e r t   a t m o s p h e r e   to  a  g r a p h i t i z a t i o n   t e m p e r a t u r e ,   e . g .   f r o m  

a b o u t   2 5 0 0 ° C .   to  a b o u t   3 3 0 0 ° C .  

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

be  p r e p a r e d   in   a c c o r d a n c e   w i t h   w e l l - k n o w n   t e c h n i q u e s .   P r e f e r -  

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

as  d e s c r i b e d   in   U .S .   P a t .   No.  4 , 0 0 5 , 1 8 3 .  

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

p i t c h   f i b e r   y a r n   or  tow,   i t   s h o u l d   be  a p p a r e n t   t h a t   f i b e r s  

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

h o m o p o l y m e r s   and  i n t e r p o l y m e r s   or  a c r y l o n i t r i l e ,   can   b e  

t r e a t e d   in   a  s i m i l a r   m a n n e r .  



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

t r a t i o n   so  t h a t   t h o s e   s k i l l e d   in   t he   a r t   may  b e t t e r   u n d e r -  

s t a n d   t h i s   i n v e n t i o n .   I t   s h o u l d   be  u n d e r s t o o d ,   h o w e v e r ,   t h a t  

t h e y   a r e   e x e m p l a r y   o n l y ,   and  s h o u l d   n o t   be  c o n s t r u e d   a s  

l i m i t i n g   t h i s   i n v e n t i o n   in   any  m a n n e r .   T e n s i l e   s t r e n g t h   a n d  

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

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

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

TENSILE  STRENGTH 

T e n s i l e   s t r e n g t h   was  d e t e r m i n e d   on  an  I n s t r o n   t e s t i n g   m a c h i n e  

a t   a  c r o s s - h e a d   s p e e d   of  0 . 0 2   c m / m i n .   A l l   m e a s u r e m e n t s   w e r e  

made  on  1 0 - i n c h   l e n g t h   u n i d i r e c t i o n a l   f i b e r - e p o x y   c o m p o s i t e s .  

PULL  STRENGTH 

P u l l   s t r e n g t h   was  d e t e r m i n e d   on  M e c h a n i c a l   F o r c e   Gage  M o d e l  

D - 2 0 - T ,   m a n u f a c t u r e d   by  H u n t e r   S p r i n g   Co . ,   H a t f i e l d ,   P a . ,   a  

d i v i s i o n   of  Ametak   I n c .   The  f i l a m e n t   or  f i l a m e n t   b u n d l e   t o  

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

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

e x e r t e d   on  t he   p u l l e y .   B o t h   ends   of  t h e   f i l a m e n t   or   f i l a m e n t  

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

f r o m   t he   p u l l e y   by  means   of  t h e   f i l a m e n t   or  f i l a m e n t   b u n d l e .  

T y p i c a l l y ,   a  d i s t a n c e   of  f r o m   a b o u t   3  to   12  i n c h e s   i s   p r o -  
v i d e d   b e t w e e n   t h e   p u l l e y   and  t h e   m a n d r e l .   T e n s i o n  i s   t h e n  

e x e r t e d   on  t h e   f i l a m e n t   or  f i l a m e n t   b u n d l e   by  p u l l i n g   d o w n  

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

p o u n d s   r e q u i r e d   to  b r e a k   t he   f i l a m e n t   or   f i l a m e n t   b u n d l e   i s  

r e c o r d e d   on  t he   g a u g e .   T h i s   f o r c e   i s   d e s i g n a t e d   as  t h e   p u l l  

s t r e n g t h   of  t h e   f i l a m e n t   or  f i l a m e n t   b u n d l e .  

EXAMPLE  1 

C o n t i n u o u s   p i t c h   f i l a m e n t s   were   s p u n   t h r o u g h   two  1000  h o l e  



h o t   m e l t   s p i n n e r e t t c s   f r o m   a  3 2 2 ° C .   s o f t e n i n g   p o i n t   m e s o -  

p h a s e   p i t c h   h a v i n g   a  m e s o p h a s e   c o n t e n t   of  77  p e r c e n t .   T h e  

c a p i l l a r y   h o l e s   of  t he   s p i n n e r e t t e   were   4  m i l s   in   d i a m e t e r  

and  8  m i l s   in   l e n g t h .   As  t he   f i l a m e n t s   e m e r g e d   f r o m   t h e  

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

was  d r a w n   down  o v e r   a  s i z i n g   w h e e l   w h i c h   r o t a t e d   in   a  b a t h  

c o n t a i n i n g   a  s u s p e n s i o n   of  c a r b o n   b l a c k   f l o u r   in   an  a q u e o u s  

s o l u t i o n   of  ammonium  p e r s u l f a t e   and  ammonium  l a u r a t e .   T h e  

f i b e r s   were   s p r e a d   o v e r   t he   s l o w l y   r o t a t i n g   w h e e l   as  t h e y  

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

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

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

of  a  g a t h e r i n g   w h e e l   h a v i n g   a  "V"  s l o t ,   and  s u b s e q u e n t l y  

d r a w n   down  to  a  d i a m e t e r   of  a b o u t   14  m i c r o n s   by  means  of  t w o  

g o d e t   w h e e l s .  

The  s u s p e n s i o n   e m p l o y e d   to  c o a t   t h e   f i b e r s   c o n t a i n e d   3 . 6  

p a r t s   by  w e i g h t   of  c a r b o n   b l a c k ,   0 . 8   p a r t   by  w e i g h t   of  ammo-  

n ium  p e r s u l f a t e ,   and  0 . 4   p a r t   by  w e i g h t   of  ammonium  l a u r a t e  

pe r   100  p a r t s   by  w e i g h t   of  m i x t u r e .   The  c a r b o n   b l a c k   p a r -  

t i c l e s   p r e s e n t   in   t h e   s u s p e n s i o n   had   an  a v e r a g e   s i z e   of  0 . 5  

m i c r o n .   The  c o m p o s i t i o n   was  p r e p a r e d   by  a d m i x i n g   (a)   3 . 2  

p a r t s   by  w e i g h t   of  an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   25  p a r t s  

by  w e i g h t   of  ammonium  p e r s u l f a t e   i n   75  p a r t s   by  w e i g h t   o f  

w a t e r   w i t h   (b)  20  p a r t s   by  w e i g h t   of  an  a q u e o u s   s o l u t i o n   c o n -  

t a i n i n g   2  p a r t s   by  w e i g h t   of  ammonium  l a u r a t e   in   98  p a r t s   b y  

w e i g h t   of  w a t e r ,   and  (c)  6 . 4   p a r t s   by  w e i g h t   of  " D y l o n "  *   DS 

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

s i o n   of  56  p a r t s   by  w e i g h t   of  a m o r p h o u s   c a r b o n   in   44  p a r t s  

by  w e i g h t   of  w a t e r ) ,   and  t h e n   a d j u s t i n g   t h e   pH  of  t h e   m i x t u r e  

to  10  by  means   of  ammonium  h y d r o x i d e   to  g i v e   100  p a r t s   o f  

m i x t u r e .  

The  f i b e r s   t r e a t e d   in   t h i s   m a n n e r   were   t h e n   t h e r m o s e t   b y  

t r a n s p o r t i n g   them  t h r o u g h   a  4 0 - f o o t   l o n g   f o r c e d   a i r   c o n v e c -  

*  " D y l o n "   i s   a  r e g i s t e r e d   t r a d e m a r k   of  D y l o n   I n d u s t r i e s .  



t i o n   f u r n a c e   a t   a  s p e e d   of  6  i n c h e s   p e r   m i n u t e .   The  f u r n a c e  

c o n t a i n e d   e i g h t   z o n e s ,   e a c h   5  f e e t   in   l e n g t h ,   and  the   f i b e r s  

were   g r a d u a l l y   h e a t e d   f rom  175°C .   in   t he   f i r s t   or  e n t r a n c e  

zone   to  3 8 0 ° C .   in   t h e   e i g h t h   or  e x i t   zone  w h i l e   a i r   w a s  

p a s s e d   t h r o u g h   t h e   f u r n a c e   at   a  v e l o c i t y   of  4  f e e t / m i n u t e .  

T o t a l   r c s i d e n c e   t i m e   in   the   f u r n a c e   was  80  m i n u t e s .   The  

f i b e r s   p r o d u c e d   in   t h i s   m a n n e r   were   t o t a l l y   i n f u s i b l e .   A  3 -  

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

5.1  l b s .   and  a  1 2 - i n c h   l e n g t h   had  a  p u l l   s t r e n g t h   of  3.1  l b s .  

(By  3 - i n c h   and  1 2 - i n c h   l e n g t h s   i s   m e a n t   t h e   d i s t a n c e   b e t w e e n  

t he   p u l l e y   and  t h e   m a n d r e l   of  t h e   M e c h a n i c a l   F o r c e   Gage  e m -  

p l o y e d   in   t h e   d e t e r m i n a t i o n . )  

The  t h e r m o s e t  f i b e r s   c   t h e n   wound  o n  a   r o l l e r   and  c a r b o n -  

i z e d   by  h e a t i n g   them  in   a  n i t r o g e n   a t m o s p h e r e   a t   a  t e m p e r a -  

t u r e   of  a b o u t   2 2 0 0 ° C .   f o r   3  s e c o n d s .   A f t e r   c a r b o n i z a t i o n ,  

t he   f i b e r s   had   a  s t r a n d   t e n s i l e   s t r e n g t h   of  3 0 2 , 0 0 0   p s i .  

EXAMPLE  2 

The  p r o c e d u r e   of  E x a m p l e   1  was  r e p e a t e d   e m p l o y i n g   a  c o l l o i d a l  

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

monium  p e r s u l f a t e   and  ammonium  l a u r a t e .   The  s u s p e n s i o n   c o n -  

t a i n e d   3 .6   p a r t s   by  w e i g h t   of  g r a p h i t e ,   0 . 8   p a r t   by  w e i g h t  

of   ammonium  p e r s u l f a t e ,   and  0 . 4   p a r t   by  w e i g h t   of  a m m o n i u m  

l a u r a t e   p e r   100  p a r t s   by  w e i g h t   of  m i x t u r e .   The  g r a p h i t e  

p a r t i c l e s   p r e s e n t   had  an  a v e r a g e   s i z e   of  1  m i c r o n .   T h i s  

c o m p o s i t i o n   was  p r e p a r e d   by  a d m i x i n g   (a)  3 . 2   p a r t s   by  w e i g h t  

of  an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   25  p a r t s   by  w e i g h t   of  a m -  

monium  p e r s u l f a t e   i n   75  p a r t s   by  w e i g h t   of  w a t e r   w i t h   (b)  2 0  

p a r t s   by  w e i g h t   of  an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   2  p a r t s   b y  

w e i g h t   of  ammonium  l a u r a t e   i n   98  p a r t s   by  w e i g h t   of  w a t e r ,  

and  (c)  1 6 . 4   p a r t s   by  w e i g h t   of  " A q u a d a g " *   m i c r o - g r a p h i t e  

c o l l o i d   in   a q u e o u s   s u s p e n s i o n   (a  c o m m e r c i a l l y   a v a i l a b l e   c o l -  

*  " A q u a d a g "   i s   a  r e g i s t e r e d   t r a d e m a r k   of  A c h e s o n   C o l l o i d s  

C o m p a n y  



l o i d a l   s u s p e n s i o n   of  22  p a r t s   by  w e i g h t   of  g r a p h i t e   in   7 8  

p a r t s   by  w e i g h t   of  w a t e r ) ,   and  t h e n   a d j u s t i n g   the   pH  of  t h e  

m i x t u r e   to  9 .7   by  means   of  ammonium  h y d r o x i d e   to  g i v e   1 0 0  

p a r t s   of  m i x t u r e .  

A f t e r   t h e r m o s e t t i n g ,   a  3 - i n c h   l e n g t h   of  t he   f i b e r s   had  a  p u l l  

s t r e n g t h   of  4 . 7   l b s .   and  a  1 2 - i n c h   l e n g t h   had  a  p u l l   s t r e n g t h  

of  3 . 8   l b s .  

When  t he   p r o c e d u r e   was  r e p e a t e d   e l i m i n a t i n g   t he   ammonium  p e r -  

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

f i b e r s ,   a  3 - i n c h   l e n g t h   of  t h e   t h e r m o s e t   f i b e r s   had  a  p u l l  

s t r e n g t h   of  2 . 4   l b s .   and  a  1 2 - i n c h   l e n g t h   had  a  p u l l   s t r e n g t h  

of  1 .8   l b s .  

EXAMPLE  3 

C o n t i n u o u s   p i t c h   f i l a m e n t s   were   s p u n   t h r o u g h   two  1000  h o l e  

h o t   m e l t   s p i n n e r e t t e s   f r o m   a  322°C  s c f t e n i n g   p o i n t   m e s o p h a s e  

p i t c h   h a v i n g   a  m e s o p h a s e   c o n t e n t   of  77  p e r c e n t .   The  c a p i l l a r y  

h o l e s   of  t h e   s p i n n e r e t t e   were   4  m i l s   in   d i a m e t e r   and  8  m i l s  

in   l e n g t h .   As  t h e   f i l a m e n t s   e m e r g e d   f r o m   t he   s p i n n e r e t t e ,  

t h e y   were   c o m b i n e d   i n t o   a  s i n g l e   b u n d l e   w h i c h   was  d r awn   d o w n  

o v e r   a  s i z i n g   w h e e l   w h i c h   r o t a t e d   in   a  b a t h   c o n t a i n i n g   a  c o l -  

l o i d a l   s u s p e n s i o n   of  g r a p h i t e   f l o u r   in   an  a q u e o u s   s o l u t i o n   o f  

ammonium  2 - e t h y l h e x y l   s u l f a t e .   The  f i b e r s   were   s p r e a d   o v e r  

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

w i t h   i t   and  were   t h o r o u g h l y   w e t t e d   by  and  u n i f o r m l y   c o a t e d  

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

were   t h e n   c o l l i m a t e d   i n t o   a  y a r n   by  means   of  a  g a t h e r i n g   w h e e l  

h a v i n g   a  "V"  s l o t ,   and  s u b s e q u e n t l y   d r a w n   down  to  a  d i a m e t e r  

of  a b o u t   14  m i c r o n s   by  means   of  two  g o d e t   w h e e l s .  

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

3 .6   p a r t s   by  w e i g h t   of  g r a p h i t e   and  2 . 7   p a r t s   by  w e i g h t   o f  

ammonium  2 - e t h y l h e x y l   s u l f a t e   p e r   100  p a r t s   by  w e i g h t   o f  



m i x t u r e .   The  g r a p h i t e   p a r t i c l e s   p r e s e n t   had  an  a v e r a g e   s i z e  

of  1  m i c r o n .   T h i s   c o m p o s i t i o n   was  p r e p a r e d   by  a d m i x i n g   8 . 7  

p a r t s   by  w e i g h t   of  an  a q u e o u s  s o l u t i o n   c o n t a i n i n g   31  p a r t s  

by  w e i g h t   of  ammonium  2 - c t h y l h c x y l   s u l f a t e   in   69  p a r t s   b y  

w e i g h t   of  w a t e r   w i t h   1 6 . 4   p a r t s   by  w e i g h t   of  " A q u a d a g " *  

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

a v a i l a b l e   c o l l o i d a l   s u s p e n s i o n   of  22  p a r t s   by  w e i g h t   of  g r a p h -  

i t e   in   78  p a r t s   by  w e i g h t   of  w a t e r ) ,   and  t h e n   a d j u s t i n g   t h e  

pH  of  t h e   m i x t u r e   to  10  by  means   of  ammonium  h y d r o x i d e   t o  

g i v e   100  p a r t s   of  m i x t u r e .  

The  f i b e r s   t r e a t e d   i n   t h i s   m a n n e r   were   t h e n   t h e r m o s e t   b y  

t r a n s p o r t i n g   them  t h r o u g h   a  4 0 - f o o t   l o n g   f o r c e d   a i r   c o n v e c -  

t i o n   f u r n a c e   a t   a  s p e e d   of  6  i n c h e s   p e r   m i n u t e .   The  o v e n  

c o n t a i n e d   e i g h t   z o n e s ,   e a c h   5  f e e t   in   l e n g t h ,   and  t h e   f i b e r s  

were   g r a d u a l l y   h e a t e d   f r o m   175°C .   in   t h e   f i r s t   or   e n t r a n c e  

zone   to  3800C.   in   t h e   e i g h t h   or  e x i t   zone   w h i l e   a i r   was  p a s -  

s ed   t h r o u g h   the   f u r n a c e   a t   a  v e l o c i t y   of  4  f e e t / m i n u t e .  

T o t a l   r e s i d e n c e   t i m e   in   t h e   f u r n a c e   was  80  m i n u t e s .   T h e  

f i b e r s   p r o d u c e d   i n   t h i s   m a n n e r   were   t o t a l l y   i n f u s i b l e .   A  3 -  

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

4 .9   l b s .   and  a  1 2 - i n c h   l e n g t h   had  a  p u l l   s t r e n g t h   of  4 .6   l b s .  

(By  3 - i n c h   and  1 2 - i n c h   l e n g t h s   i s   m e a n t   t h e   d i s t a n c e   b e t w e e n  

t h e   p u l l e y   and  t h e   m a n d r e l   of  t h e   M e c h a n i c a l   F o r c e   Gage  e m -  

p l o y e d   in   t h e   d e t e r m i n a t i o n . )  

The  t h e r m o s e t   f i b e r s   were   t h e n   wound  on  a  r o l l e r   and  c a r b o n -  

i z e d   by  h e a t i n g   t hem  i n   a  n i t r o g e n   a t m o s p h e r e   a t   a  t e m p e r -  

a t u r e   of  a b o u t   2 2 0 0 ° C .   f o r   3  s e c o n d s .   A f t e r   c a r b o n i z a t i o n ,  

t h e   f i b e r s   had  a  s t r a n d   t e n s i l e   s t r e n g t h   of  2 4 7 , 0 0 0   p s i .  

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

of  s o d i u m   2 - e t h y l h e x y l   s u l f a t e   f o r   ammonium  2 - e t h y l h e x y l   s u l -  

*  " A q u a d a g "   is   a  r e g i s t e r e d   t r a d e m a r k   of  A c h e s o n - C o l l o i d s  

C o m p a n y .  



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

a  1 2 - i n c h   l e n g t h   of  t he   t h e r m o s e t   f i b e r s   had  a  p u l l   s t r e n g t h  

of  4.1  l b s .   The  c a r b o n i z e d   f i b e r s   had  a  s t r a n d   t e n s i l e  

s t r e n g t h   of  1 9 3 , 0 0 0   p s i .  

When  t h e   p r o c e d u r e   was  a g a i n   r e p e a t e d   s u b s t i t u t i n g   0 . 4   p a r t  

by  w e i g h t   of  ammonium  l a u r a t e   f o r   ammonium  2 - e t h y l h e x y l   s u l -  

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

a  3 - i n c h   l e n g t h   of  the   t h e r m o s e t   f i b e r s   had  a  p u l l   s t r e n g t h  

of  2 . 4   l b s .   and  a  1 2 - i n c h   l e n g t h   had  a  p u l l   s t r e n g t h   of  1 . 8  

l b s .   T h e s e   f i b e r s   were   s t i f f ,   b r i t t l e ,   and  t oo   f u s e d  a n d  

weak  to  be  wound  on  a  r o l l e r   and  c a r b o n i z e d .  

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

c o n t a i n i n g   f r o m   1  p a r t   by  w e i g h t   to  3  p a r t s   by  w e i g h t   o f  

c o l l o i d a l   g r a p h i t e   and  f r o m   0 . 0 8   p a r t   by  w e i g h t   to  0 . 3 9   p a r t  

by  w e i g h t   of  t e t r a m e t h y l   ammonium  o l e a t e   p e r   100  p a r t s   b y  

w e i g h t   of  m i x t u r e ,   1 2 - i n c h   l e n g t h s   of  t h e   t h e r m o s e t   f i b e r s  

had  p u l l   s t r e n g t h s   of  f r o m   0 .3   l b s .   to  2 .6   l b s .   These   f i b e r s  

were   s t i f f ,   b r i t t l e ,   and  too   f u s e d   and  weak  to  be  wound  on  a  

r o l l e r   and  c a r b o n i z e d .  

EXAMPLE  4 

The  p r o c e d u r e   of   E x a m p l e   3  was  r e p e a t e d   e m p l o y i n g   a  s u s p e n -  

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

2 - e t h y l h e x y l   s u l f a t e .   The  s u s p e n s i o n   c o n t a i n e d   3 .6   p a r t s   b y  

w e i g h t   of  c a r b o n   b l a c k   and  2 . 7   p a r t s   by  w e i g h t   of  s o d i u m   2 -  

e t h y l h e x y l   s u l f a t e   pe r   100  p a r t s   by  w e i g h t   of  m i x t u r e .   The  

c a r b o n   b l a c k   p a r t i c l e s   p r e s e n t   in   t h e   s u s p e n s i o n   had  a n  

a v e r a g e   s i z e   of  0 .5   m i c r o n .   The  c o m p o s i t i o n   was  p r e p a r e d   b y  

a d m i x i n g   6 . 8   p a r t s   by  w e i g h t   of  an  a q u e o u s   s o l u t i o n   c o n -  

t a i n i n g   40  p a r t s   by  w e i g h t   of  s o d i u m   2 - e t h y l h e x y l   s u l f a t e   i n  

60  p a r t s   by  w e i g h t   of  w a t e r   w i t h   6 .4   p a r t s   by  w e i g h t   o f  

" D y l o n " *   DS  i n s u l a t i n g   c a r b o n   c o a t i n g   (a  c o m m e r c i a l l y   a v a i l -  

*  " D y l o n "   i s   a  r e g i s t e r e d   t r a d e m a r k   of  D y l o n   I n d u s t r i e s .  



a b l e   s u s p e n s i o n   of  56  p a r t s   by  w e i g h t   of  a m o r p h o u s   c a r b o n   i n  

44  p a r t s   by  w e i g h t   of  w a t e r ) ,   and  t h e n   a d j u s t i n g   t he   pH  o f  

t h e   m i x t u r e   to  10  by  means  of  ammonium  h y d r o x i d e   to  g i v e   1 0 0  

p a r t s   of  m i x t u r e .  

A f t e r   t h e r m o s e t t i n g ,   a  1 2 - i n c h   l e n g t h   o f  f i b e r s   had  a  p u l l  

s t r e n g t h   of  7 . 5   l b s .   The  c a r b o n i z e d   f i b e r s   had  a  s t r a n d  

t e n s i l e   s t r e n g t h   of  3 0 7 , 0 0 0   p s i .  

When  t h e   p r o c e d u r e   was  r e p e a t e d   e l i m i n a t i n g   t h e   s o d i u m   2 -  

e t h y l h e x y l   s u l f a t e   f r o m   t he   s u s p e n s i o n   e m p l o y e d   to  t r e a t   t h e  

f i b e r s ,   1 2 - i n c h   l e n g t h s   of  t h e   t h e r m o s e t   f i b e r s   had  a  p u l l  

s t r e n g t h   of  0 . 8   l b s .   T h e s e   f i b e r s   were   s t i f f ,   b r i t t l e ,   a n d  

too   f u s e d   and  weak  t o  b e   wound  on  a  r c l l e r   and  c a r b o n i s e d .  

When  the   p r o c e d u r e   was  a g a i n   r e p e a t e d   s u b s t i t u t i n g   a  l i k e  

amoun t   of  ammonium  2 - e t h y l h e x y l   s u l f a t e   f o r   s o d i u m   2 - e t h y l -  

h e x y l   s u l f a t e   i n   t h e   s u s p e n s i o n   e m p l o y e d   to  t r e a t   t h e   f i b e r s ,  

a  3 - i n c h   l e n g t h   of  t he   t h e r m o s e t   f i b e r s   had  a  p u l l   s t r e n g t h  

of  5 .4   l b s   and  a  1 2 - i n c h   l e n g t h   had  a  p u l l   s t r e n g t h   of  3 . 1  

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

2 9 7 , 0 0 0   p s i .  

When  0 . 4   p a r t   by  w e i g h t   of  ammonium  l a u r a t e   was  s u b s t i t u t e d  

f o r   s o d i u m   2 - e t h y l h e x y l   s u l f a t e   i n   t h e   s u s p e n s i o n ,   a  3 - i n c h  

l e n g t h   of  t he   t h e r m o s e t   f i b e r s   had  a  p u l l   s t r e n g t h   of  1 . 7  

l b s   and  a  1 2 - i n c h   l e n g t h   had   a  p u l l   s t r e n g t h   of  1 .6   l b s .  

These   f i b e r s   were   s t i f f ,   b r i t t l e ,   and  t oo   f u s e d   and  weak  t o  

be  wound  on  a  r o l l e r   and  c a r b o n i z e d .  

When  0 . 0 2   p a r t   by  w e i g h t   and  0 . 0 7   p a r t   by  w e i g h t   of  t e t r a -  

m e t h y l   ammonium  o l e a t e   was  s u b s t i t u t e d   f o r   s o d i u m   2 - e t h y l -  

h e x y l   s u l f a t e   in   t h e   s u s p e n s i o n ,   1 2 - i n c h   l e n g t h s   of  t h e  

t h e r m o s e t   f i b e r s   had  p u l l   s t r e n g t h s   of  0 . 6   l b s .   and  1.1  l b s . ,  

r e s p e c t i v e l y .   Once  a g a i n ,   t h e   f i b e r s   were   s t i f f ,   b r i t t l e ,  

and  too   f u s e d   and  weak  to  be  wound  on  a  r o l l e r   and  c a r b o n i z e d .  



1.  A  m e t h o d   of  t r e a t i n g   a  m u l t i f i l a m e n t   b u n d l e   o f  

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

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

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

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

i s   d i s s o l v e d   a  w a t e r - s o l u b l e   o x i d i z i n g   a g e n t   and  a  w a t e r - s o -  

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

b l a c k   p a r t i c l e s   a r e   no  g r e a t e r   t h a n   15  m i c r o n s   i n   s i z e   a n d  

more  p r e f e r a b l y   a r e   f r o m   0 . 3   m i c r o n   to  5  m i c r o n s   in   s i z e ,   o p -  

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

t h a n   0 . 5   p e r c e n t   by  w e i g h t   of  i n o r g a n i c   i m p u r i t i e s .  

2.  A  m e t h o d   aa  in   c l a i m   1  w h e r e i n   t h e   w a t e r - s o l u b l e  

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

a  p e r s u l f a t e   and  n o t a b l y   ammonium  p e r s u l f a t e .  

3.  A  m e t h o d   as  in   c l a i m   1  w h e r e i n   t h e   w a t e r - s o l u b l e  

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

d ium  p e r o x i d e ,   p o t a s s i u m   p e r o x i d e ,   ammonium  p e r o x i d e ,   s o d i u m  

p e r s u l f a t e ,   p o t a s s i u m   p e r s u l f a t e ,   ammonium  p e r s u l f a t e ,   s o -  

d ium  p y r o s u l f a t e ,   p o t a s s i u m   p y r o s u l f a t e ,   ammonium  p y r o s u l f a -  

t e ,   s o d i u m   p e r c h l o r a t e ,   p o t a s s i u m   p e r c h l o r a t e ,   ammonium  p e r -  

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

s u l f a t e ,   ammonium  s u l f a t e ,   s o d i u m   s u l f i t e ,   p o t a s s i u m   s u l f i t e ,  

ammonium  s u l f i t e ,   s o d i u m   b i s u l f i t e ,   p o t a s s i u m   b i s u l f i t e ,   a m -  

monium  b i s u l f i t e ,   s o d i u m   s u l f a m a t e ,   p o t a s s i u m   s u l f a m a t e ,   a m -  

monium  s u l f a m a t e ,   s o d i u m   n i t r a t e ,   p o t a s s i u m   n i t r a t e ,   ammo-  



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

4.  A  m e t h o d   as  in   c l a i m   1,  2  or  3  w h e r e i n   t h e   w a t e r -  

s o l u b l e  s u r f a c t a n t   i s   an  a n i o n i c   or  n o n i o n i c   s u r f a c t a n t ,  

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

t e t r a m e t h y l   s o d i u m   o l e a t e ,   t e t r a m e t h y l   ammonium  o l e a t e ,   t e -  

t r a m e t h y l   s o d i u m   l a u r a t e ,   t e t r a m e t h y l   ammonium  l a u r a t e ,   s o -  

d ium  l a u r a t e   and  ammonium  l a u r a t e .  

5.  A  m e t h o d   as  in   c l a i m   1  w h e r e i n   t h e   w a t e r - s o l u b l e  

o x i d i z i n g   a g e n t   i s   ammonium  p e r s u l f a t e   and  t h e   w a t e r - s o l u b l e  

s u r f a c t a n t   i s   ammonium  l a u r a t e .  

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

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

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

s o l v e d   a  w a t e r - s o l u b l e   o x i d i z i n g   a g e n t   and  a  w a t e r - s o l u b l e  

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

p a r t i c l e s   a r e   no  g r e a t e r   t h a n   15  m i c r o n s   in   s i z e .  

7.  A  m e t h o d   of  t r e a t i n g   a  m u l t i f i l a m e n t   b u n d l e   o f  

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

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

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

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

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

b l e   of  f u n c t i o n i n g   as  an  o x i d i z i n g   a g e n t ,   p r e f e r a b l y   w h e r e i n  

t h e   g r a p h i t e   or  c a r b o n   b l a c k   p a r t i c l e s   a r e   no  g r e a t e r   t h a n  

15  m i c r o n s   in   s i z e   and  more  p r e f e r a b l y   a r e   f r o m   0 . 3   m i c r o n  

to  5  m i c r o n s   in   s i z e   and  o p t i o n a l l y   t h e   s a i d   g r a p h i t e   o r  

c a r b o n   b l a c k   c o n t a i n i n g   l e s s   t h a n   0 . 5   p e r c e n t   by  w e i g h t   o f  

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

8.  A  m e t h o d   as  in   c l a i m   7  w h e r e i n   t h e   w a t e r - s o l u b l e  

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



h y d r o c a r b y l   s u l f a t e   or  an  ammonium  h y d r o c a r b y l   s u l f a t e   w h i c h  

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

d ium  2 - e t h y l h e x y l   s u l f a t e ,   s o d i u m   h e p t a d e c y l   s u l f a t e ,   s o d i u m  

t e t r a d e c y l   s u l f a t e ,   ammonium  2 - e t h y l h e x y l   s u l f a t e ,   a m m o n i u m  

h e p t a d e c y l   s u l f a t e ,   and  ammonium  t e t r a d e c y l   s u l f a t e ,   and  p r e -  

f e r a b l y   s o d i u m   2 - e t h y l h e x y l   s u l f a t e   or  ammonium  2 - e t h y l h e x y l  

s u l f a t e .  

9.  A  m e t h o d   as  in   c l a i m   7  or   8  w h e r e i n   t h e   p i t c h   f i b e r s  

a r e   p r e p a r e d   f r o m   m e s o p h a s e   p i t c h .  

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

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

g r a p h i t e   or  c a r b o n   b l a c k   p a r t i c l e s   in   w a t e r   i n   w h i c h   i s   d i s -  

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

f u n c t i o n i n g   as  an  o x i d i z i n g   a g e n t ,   p r e f e r a b l y   w h e r e i n   t h e  

g r a p h i t e   or  c a r b o n   b l a c k   p a r t i c l e s   a r e   no  g r e a t e r   t h a n   15 

m i c r o n s   in   s i z e .  
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