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@  Boronated  mesophase  pitch  derived  carbon  fibres. 

  A  mesophase  pitch  derived  carbon  fibre  having  a  diame- 
ter  of  less  than  30  microns  and  having  at  least  about  0.1%  by 
weight  boron  diffused  in  the  lattice  of  the  fibre  and  a  method 
for  producing  a  mesophase  pitch  derived  carbon  fibre  com- 
prising  contacting  a  mesophase  pitch  derived  fibre  having  a  di- 
ameter  of  less  than  30  microns  with  a  boron  compound,  and 
subjecting  the  fibre  to  heat  treatment  in  an  inert  atmosphere  at 
a  maximum  temperature  of  about  2000°C  to  about  2400°C  t o  
form  the  carbon  fibre. 



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

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

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

I t   i s   w e l l   known   to  s p i n   a  m e s o p h a s e   p i t c h   i n t o   a  

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

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

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

e l e v a t e d   t e m p e r a t u r e .  

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

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

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

e x c e l l e n t   m e c h a n i c a l   p r o p e r t i e s .  

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

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

a b o u t   30  m i c r o n s .  

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

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

Y o u n g ' s   m o d u l u s   o f  g r e a t e r   t h a n   a b o u t   517  G  Pa  r e q u i r e s   a  

c a r b o n i z i n g   t e m p e r a t u r e   i n   t h e   o r d e r   of  3 0 0 0 ° C .   I t   i s   a l s o  

w e l l   known   t h a t   s u c h   e l e v a t e d   t e m p e r a t u r e s   a r e   c o s t l y   t o  

p r o d u c e   and   t h e   e q u i p m e n t   to   p r o d u c e   s u c h   t e m p e r a t u r e s   d e -  

t e r i o r a t e   r a p i d l y   due  to   t h e   i n t e n s e   h e a t .  

I n   a d d i t i o n ,   i t   h a s   b e e n   f o u n d   t h a t   e v e n   t h o u g h  

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

t e m p e r a t u r e s   of  3 0 0 0 ° C   o r  h i g h e r ,   t h e r e   t e n d s   to   be  a  

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

p i t c h   d e r i v e d   c a r b o n   f i b r e s   f o r   h i g h e r   v a l u e s   of   Y o u n g ' s  

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

The  p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   o v e r c o m e s   t h e  

p r o b l e m s   of   t he   p r i o r   a r t   and  e n a b l e s   t he   c a r b o n i z i n g   t e m -  

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

p i t c h   d e r i v e d   c a r b o n  f i b r e   h a v i n g   a  r e l a t i v e l y   h i g h   Y o u n g ' s  



m o d u l u s .   F u r t h e r m o r e ,  t h e   c a r b o n   f i b r e   p r o d u c e d   by  t h e  

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

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

f i b r e s   h a v i n g   c o m p a r a b l e   Y o u n g ' s   m o d u l i .  

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   a  m e s o p h a s e  

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

o f   l e s s   t h a n   30  m i c r o n s   and  h a v i n g   a t   l e a s t   a b o u t   0 . 1 %  

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

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

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

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

t e m p e r a t u r e   of   a b o u t   2 0 0 0 ° C   to   a b o u t   2 4 0 0 ° C   to  f o r m   t h e  

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

The  s t e p s   of  c o n t a c t i n g   and   h e a t   t r e a t i n g   c an   b e  

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

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

p r e f e r a b l y   h a s   0 . 6 %   by  w e i g h t   b o r o n   d i f f u s e d   i n   t h e   l a t t i c e  

of   t h e   f i b r e .  

P r e f e r a b l y ,   a  s o l u t i o n   s u c h   as  a  b o r i c   a c i d  

s o l u t i o n   w i t h   a  c o n c e n t r a t i o n   of  a b o u t   2%  by  w e i g h t   s h o u l d  

be  u s e d .  

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

f i b r e   w h i c h   h a s   b e e n   c a r b o n i z e d   to   1 3 0 0 ° C   i s   wound  on  a  

m a n d r e l   a n d   i m m e r s e d   i n   a  2%  by  w e i g h t   b o r i c   a c i d   a q u e o u s  
s o l u t i o n   f o r   a t   l e a s t   24  h o u r s ,   d r i e d   a t   a  t e m p e r a t u r e   o f  

a b o u t   3 0 0 ° C   f o r   17  h o u r s ,   and   t h e r e a f t e r   s u b j e c t e d   to   a  

h e a t   t r e a t m e n t   a t   a  t e m p e r a t u r e   of  a b o u t   2 0 0 0 ° C   i n   an  i n e r t  

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

I n   c a r r y i n g   o u t   t h e   i n v e n t i o n ,   a  " y a r n "   or   b u n d l e  

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

a  c o m m e r c i a l   y a r n   h a s   a b o u t   2000   f i l a m e n t s .  

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

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



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

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

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

i n t r o d u c e d   d u r i n g   t h e   t h e r m o s e t t i n g .  

A  t h e r m o s e t   m e s o p h a s e   p i t c h   d e r i v e d   y a r n   c a n   b e  

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

t h e   c a r b o n i z e d   y a r n   due  to   t h e   r e l a t i v e l y   weak   m e c h a n i c a l  

p r o p e r t i e s .  

F o r   c o m p l e t e n e s s ,   i t   i s   p o i n t e d   o u t   t h a t   U . S .  

P a t e n t   No.  3 , 7 2 3 , 6 0 5   to   Ram  i s   d i r e c t e d   to   a  p r o c e s s   o f  

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

g r a p h i t i z i n g   an  a m o r p h o u s   c a r b o n .   The  p a t e n t   i s   d i r e c t a d  

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

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

l o s i c   p o l y m e r ,   a  p o l y a m i d e ,   a  p o l y b e n z i m i d a z o l e   o r  p o l y -  

v i n y l   a l c o h o l .   T h a t   i s ,   t h e  p a t e n t   t e a c h e s   away   f r o m  

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

I n   any   e v e n t ,   t h e   d i s c l o s u r e   of   t he   p a t e n t   i s  

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

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

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

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

s p e c i f i c a l l y   r e f e r r e d   t o ,   t h e   same  b e i n g   r e a l i z e d   a n d  

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

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

d e r i v e d   y a r n   h a v i n g   2 , 0 0 0   f i l a m e n t s   was  u s e d .   The  y a r n  

was  t h e r m o s e t   and   c a r b o n i z e d   to  1 3 0 0 ° C .   E a c h   f i l a m e n t  

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

made  of  g r a p h i t e   and   h a v i n g   a  d i a m e t e r   of  a b o u t   7cm  a n d  

a  h e i g h t   of   a b o u t   1 2 . 7   cm  was  w r a p p e d   w i t h  a   l a y e r   o f  

c a r b o n   f e l t  h a v i n g   a  t h i c k n e s s   of  0 . 6 4   cm  and  a p p r o x i m a t e l y  

4 2 . 7   cm  of  t h e   m e s o p h a s e   p i t c h   d e r i v e d   y a r n   was  w r a p p e d  

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

l a y e r   of  c a r b o n   f e l t   was  w r a p p e d   a r o u n d   t h e   l a y e r s   of  t h e  



y a r n   to   d e f i n e   a  m a n d r e l   a s s e m b l y .  

The  m a n d r e l   a s s e m b l y   was  t h e n   i m m e r s e d   i n   a  2% 

by  w e i g h t   a q u e o u s   s o l u t i o n   of  b o r i c   a c i d   f o r   a t   l e a s t   2 4  

h o u r s   and   t h e n   d r i e d   a t   a  t e m p e r a t u r e   of  a b o u t   300°C  f o r  

a b o u t   17  h o u r s .   I m m e d i a t e l y   a f t e r   d r y i n g ,   t h e   m a n d r e l  

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

an  i n d u c t i o n   v a c u u m   f u r n a c e .   The  f u r n a c e   was  e v a c u a t e d  

to   1 0 - 5   T o r r   p r i o r   to   p u r g i n g   t h e   s y s t e m   w i t h   a r g o n   a n d  

an  a r g o n   a t m o s p h e r e   was  m a i n t a i n e d   t h r o u g h o u t   t h e   h e a t i n g  

c y c l e .  

I n   s e p a r a t e   t e s t s ,   y a r n s   w e r e   h e a t   t r e a t e d   a t  

2 0 5 0 ° C ,   2 3 0 0 ° C ,   and   2 5 0 0 ° C  f o r   0,   15  and  30  m i n u t e s   i n  

e a c h   c a s e .   The  0  m i n u t e   h o l d   p r o c e d u r e   c o n s i s t e d   o f  

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

t h e   f u r n a c e   p o w e r   o f f .   The  h e a t i n g   r a t e   was  s u c h   t h a t   t h e  

t i m e   r e q u i r e d   to   r e a c h   2 0 5 0 ° C   was  a b o u t   t e n   m i n u t e s   w h i l e  

t h e   t i m e   to   r e a c h   2 5 0 0 ° C   was  a b o u t   f i f t e e n   m i n u t e s .  

T a b l e   1  s h o w s   t h e   Y o u n g ' s   m o d u l u s   f o r   e a c h   b o r o n a t e d  

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

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

t r e a t m e n t   b u t   w e r e   n o t   b o r o n a t e d .   I n   e a c h   c a s e ,   t h e  

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

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

e v i d e n t   f o r   t h e   h e a t  t r e a t m e n t   of   2 0 5 0 ° C .  

The  Y o u n g ' s   m o d u l u s   was  m e a s u r e d   u s i n g   y a r n  

s p e c i m e n s .   The  y a r n   was  e m b e d d e d   i n   an  e p o x y   r e s i n   a n d  

l o a d e d   a t   t h e   r a t e   of   1 . 2 7   cm  p e r   m i n u t e   and   t h e   m o d u l u s  

was  o b t a i n e d   u s i n g   an  e x t e n s o m e t e r .  



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

of  t h e   b o r o n a t e d   c a r b o n   f i b r e s   was  g r e a t e r   t h a n   t h e   p r i o r  
- a r t   c a r b o n   f i b r e s .  

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

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

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

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

c a r r i e d   o u t   i n   a c c o r d a n c e   w i t h   t h e   i n v e n t i o n .   P r e f e r a b l y ,  

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

1 3 0 0 ° C   and   t h e n   c o n t a c t e d   w i t h   a  b o r o n   s o l u t i o n   and   c a r b o n -  

i z e d   a c c o r d i n g   to   t h e   i n v e n t i o n .  

T e s t s   h a v e   s h o w n   t h a t   i f   a  t h e r m o s e t   f i b r e   y a r n  

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

h e a t   t r e a t m e n t   w h i l e   t h e   t h e r m o s e t   f i b r e   r e m a i n s   on  t h e  

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

I t   i s   b e l i e v e d   t h a t   t h i s   d e t e r i o r a t i o n   a r i s e s   f r o m   t h e  

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

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

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

G e n e r a l l y ,   t he   b o r o n   w h i c h   e n t e r s   t he   l a t t i c e   o f  

t h e   c a r b o n   f i b r e s   a m o u n t s   to  up  to  a b o u t   1 .2%  by  w e i g h t .  

At  l e a s t  a b o u t   0 .1%  by  w e i g h t   b o r o n   i s  n e e d e d   i n  t h e   l a t t -  

i c e   i n  o r d e r   to  p r o d u c e   an  a p p r e c i a b l e   i m p r o v e m e n t .  



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

h a v i n g   a  d i a m e t e r   of  l e s s   t h a n   30  m i c r o n s   and  h a v i n g   a t  

l e a s t   a b o u t   0 . 1%  by  w e i g h t   b o r o n   d i f f u s e d   i n   t h e   l a t t i c e  

o f   t h e   f i b r e .  

2 .   A  m e s o p h a s e   p i t c h   a c c o r d i n g   to   c l a i m   1 ,  

w h e r e i n   t h e   maximum  a m o u n t   of   b o r o n   i s   a b o u t   1 . 2 % .  

3 .  A   m e s o p h a s e   p i t c h   d e r i v e d   c a r b o n   f i b r e  

a c c o r d i n g   to   c l a i m   1  o r   2,  w h e r e i n   s a i d   f i b r e   h a s   a  

Y o u n g ' s   m o d u l u s   of  a t   l e a s t   a b o u t   517  G  P a .  

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

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

p i t c h   d e r i v e d   f i b r e   h a v i n g   a  d i a m e t e r   of   l e s s   t h a n   3 0  

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

t o   h e a t   t r e a t m e n t   i n   an  i n e r t   a t m o s p h e r e   a t   a  m a x i m u m  

t e m p e r a t u r e   of   a b o u t   2 0 0 0 ° C   to  a b o u t   2 4 0 0 ° C   to   f o r m   t h e  

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

5.  A  m e t h o d   a c c o r d i n g   to   c l a i m   4,  w h e r e i n   t h e  

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

6.   A   m e t h o d   a c c o r d i n g   t o   c l a i m   4  or   5,  w h e r e i n  

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

'7.  A  m e t h o d   a c c o r d i n g   to   c l a i m   6,  w h e r e i n   t h e  

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

a b o u t   1 3 0 0 ° C  

8.   A  m e t h o d   a c c o r d i n g   to   a n y   of  c l a i m s   4  t o   7 ,  

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

an   a q u e o u s   s o l u t i o n .  

9.   A  m e t h o d   a c c o r d i n g   to   c l a i m   8,  w h e r e i n   t h e  

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

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

10 .   A  m e t h o d   a c c o r d i n g   to   c l a i m   8  or   9,  w h e r e i n  

t h e   c o n c e n t r a t i o n   of   t h e   s o l u t i o n   i s   a b o u t   2%  by  w e i g h t  

b o r i c   a c i d .  

1 1 .   A  m e t h o d   a c c o r d i n g   to   any   of  c l a i m s   4  to   1 C ,  

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

s u b s e q u e n t   t o ,   t h e   c o n t a c t i n g   s t e p .  
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