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The  i n v e n t i o n   r e l a t e s   to   c a r b o n   f i b e r s   a n d  

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

p r o p e r t i e s   of   a  c a r b o n   f i b e r .  

The  i n v e n t i o n   r e l a t e s   to   p o l y a c r y l o n i t r i l e  

( P A N ) - b a s e d   c a r b o n   f i b e r s   and   m e s o p h a s e   p i t c h - b a s e d  

c a r b o n   f i b e r s .   T h e s e   c a r b o n   f i b e r s   h a v e   f o u n d   c o n -  

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

p r o p e r t i e s   t h e y   p o s s e s s .   In  p a r t i c u l a r ,   c a r b o n  

f i b e r s   h a v i n g   h i g h   v a l u e s   of   Y o u n g ' s   M o d u l i   a r e  

i n ' g r e a t e r   d e m a n d   f o r   s p e c i a l i z e d   p r o d u c t s .  

G e n e r a l l y ,   a  P A N - b a s e d   c a r b o n   f i b e r   i s  

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

i n f u s i b i l i z i n g   t h e   f i b e r   by  r a i s i n g   i t   to   a n  

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

i z i n g   t h e   i n f u s i b i l i z e d   f i b e r   a t   an  e l e v a t e d  

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

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

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

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

i n t o   a  f i b e r ,   i n f u s i b i l i z i n g   t h e   f i b e r   by  r a i s i n g  

i t   to   an  e l e v a t e d   t e m p e r a t u r e   i n   a i r ,   and  t h e r e -  

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



e l e v a t e d   t e m p e r a t u r e   in   an  i n e r t   a t m o s p h e r e .  

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

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

a t   l e a s t   g r e a t e r   t h a n   a b o u t   1 0 0 0 ° C   a n d   u s u a l l y  

more   t h a n   1 0 0 0 ° C   a n d   u s u a l l y   m o r e   t h a n   1 5 0 0 ° C .  

P A N - b a s e d   f i b e r s   a r e   u s u a l l y   c a r b o n i z e d   a t   a b o u t  

1 3 0 0 ° C .   A  c a r b o n   f i b e r   h a v i n g   a  v e r y   h i g h   v a l u e   o f  

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

g r e a t e r   t h a n   a b o u t   2 3 0 0 ° C   and  p r e f e r a b l y   g r e a t e r  

t h a n   a b o u t   2 7 0 0 ° C .  

A c c o r d i n g   t o   t h e   p r i o r   a r t ,   t h e   c a r b o n i z i n g  

s t e p   f o r   P A N - b a s e d   f i b e r s   a n d   m e s o p h a s e   p i t c h - b a s e d  

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

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

by  p a s s i n g   an  i n f u s i b i l i z e d   f i b e r   a l o n g   a  l i n e a r  

p a t h   t h r o u g h   a  h e a t e d   c h a m b e r .   The  h e a t e d   c h a m b e r ,  

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

a t   a  p o s i t i v e   p r e s s u r e   in   o r d e r   t o   e x c l u d e   a i r .  

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

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

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

M o r e o v e r ,   i t   h a s   b e e n   f o u n d   t h a t   t h e  

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

a t   e l e v a t e d   t e m p e r a t u r e s   g r e a t e r   t h a n   a b o u t   2 7 0 0 ° C .  



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

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

I t   h a s   now  b e e n   d i s c o v e r e d   t h a t   a  c a r b o n  

f i b e r   can   be  s u b s t a n t i a l l y   i m p r o v e d   as  to   i t s  

Y o u n g ' s   M o d u l u s   by  c a r r y i n g   o u t   an  a d d i t i o n a l   c a r b o n -  

i z i n g   s t e p   i n   a c c o r d a n c e   w i t h   t h e   i n s t a n t   i n v e n t i o n .  

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

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

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

s t a b l e   a t   t e m p e r a t u r e s   g r e a t e r   t h a n   2 0 0 0 ° C   and   w h i c h  

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

and   t h e r e a f t e r ,   s u b j e c t i n g   t h e   c a r b o n   f i b e r   t o   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   g r e a t e r   t h a n   2 0 0 0  C .  

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

o u t   t h e   h e a t   t r e a t m e n t   can   be  as  h i g h   as   f r o m   a b o u t  

2 0 0 ° C   to   500°C  p e r   h o u r   w i t h   t h e   f i n a l   t e m p e r a t u r e  

b e i n g   m a i n t a i n e d   f o r   a  p e r i o d   o f   f r o m   one   t o   t w o  

h o u r s .   A  t e m p e r a t u r e   r a t e   of   f r o m   a b o u t   50°C  t o  

a b o u t   100°C  p e r   h o u r   w o u l d   e n a b l e   t h e   h o l d i n g   t i m e  

a t   t h e   f i n a l   t e m p e r a t u r e   to   be  r e d u c e d   to   one   h a l f  

h o u r   and  p o s s i b l y   l e s s .  



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

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

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

2 0 0 ° C   t o   m i n i m i z e   t h e   o x i d a t i o n   of   t h e   c a r b o n   f i b e r  

u p o n   e x p o s u r e   to   a i r .  

P r e f e r a b l y ,   t h e   f i n a l   t e m p e r a t u r e   f o r   t h e  

h e a t   t r e a t m e n t   s h o u l d   be  g r e a t e r   t h a n   a b o u t   2 7 0 0 ° C .  

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

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

a s - s t a i n l e s s   s t e e l ,   or   r e f r a c t o r y   o x i d e s   or   b o r o n  

n i t r i d e ,   o r   g r a p h i t e .   O p t i o n a l l y ,   a  l a y e r   o f   a  

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

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

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

t h e r e b y   m i n i m i z e   t h e   s t r e s s e s   on  t h e   c a r b o n   f i b e r  

d u r i n g   t h e   h e a t   t r e a t m e n t .  

The  b o b b i n   c a n   be  w i t h   or  w i t h o u t   end   f l a n g e s .  

P r e f e r a b l y ,   t h e   b o b b i n   s h o u l d   h a v e   end   f l a n g e s   a n d  

m o r e   p r e f e r a b l y ,   t h e   end   f l a n g e s   s h o u l d   be   m o v a b l e   s o  

t h a t   a f t e r   t h e   h e a t   t r e a t m e n t   t h e   end   f l a n g e s   can  b e  

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

t h a t   t h e   h e a t   t r e a t m e n t   r e s u l t s   i n   t h e   s h r i n k a g e   o f  



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

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

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

b o b b i n .  

T y p i c a l l y ,   t h e   c y l i n d r i c a l   b o d y   of   t h e . b o b b i n  

can   h a v e   an  i n s i d e   d i a m e t e r   of   t h r e e   i n c h e s   a n d  

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

w i t h   an  o v e r a l l   l e n g t h   of  a b o u t   e l e v e n   i n c h e s .  

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

t h i c k n e s s   o f   a b o u t   1 / 4   i n c h   to   a b o u t   1 /2   i n c h  

t h i c k .  

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

of   t he   c a r b o n   f i b e r   a d j a c e n t   to   t h e   b o b b i n   a r e  

d a m a g e d , b u t   i t   may  be  a d v a n t a g e o u s   to   s u s t a i n   t h e  

damage   of   a  p o r t i o n   of  t h e   c a r b o n   f i b e r s   and  t h e r e -  

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

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

b o b b i n   can   be  g e n e r a l l y   f r o m   a b o u t   0 , 1 °   to   a b o u t  

2 . 5 0   and  p r e f e r a b l y   l e s s   t h a n   a b o u t   0 . 4 °   f o r   a  b o b b i n  

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

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



l e s s   t h a n   a b o u t   200  g .  

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

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

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

b r o u g h t   t o g e t h e r   and   h a n d l e d   t o g e t h e r   d u r i n g  

a d d i t i o n a l   o p e r a t i o n s .   The  bundle  o f   f i l a m e n t s   i s  

r e f e r r e d   to   as  " y a r n " .   As  u s e d   h e r e i n ,   t h e  

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

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

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

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

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

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

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

i n t e n d e d   to   i l l u s t r a t e   t h e   i n v e n t i o n   and  n o t  

i n   any  s e n s e   to   l i m i t   t h e   m a n n e r   i n   w h i c h   t h e  

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



EXAMPLE  1  

F o r t y   p o u n d s   of   c a r b o n   y a r n   was  p r o d u c e d  

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

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

m e n t s ,   e a c h   f i l a m e n t   h a v i n g   a  d i a m e t e r   of  1 0  m i c r o n s .  

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

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

t e m p e r a t u r e   o f   2 4 0 0 ° C   and   t h e r e a f t e r ,   wound   on  t o  

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

a n g l e   o f   0 . 4   d e g r e e s .   E a c h   b o b b i n   c o m p r i s e d   t h r e a d -  

ed  f l a n g e s   on  a  t h r e a d e d   p o r t i o n   of   t h e   b o b b i n .  

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

b e t w e e n   t h e   f l a n g e s   o f   e a c h   b o b b i n .  

T e s t s   on  t h e   f i b e r s   of   t h e   c a r b o n   y a r n  

i n d i c a t e d   t h a t   t h e   a v e r a g e   t e n s i l e   s t r e n g t h   w a s  

a p p r o x i m a t e l y   300  K p s i   and  t h e   a v e r a g e   Y o u n g ' s  

M o d u l u s   was  55  M p s i .   T h e r e   was  a b o u t   t e n   p o u n d s  

o f   c a r b o n   y a r n   on  e a c h   b o b b i n .  

The  f o u r   b o b b i n s   w e r e   t h e n   l o a d e d   o n t o   a  

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

in   a  h o r i z o n t a l   p o s i t i o n .   The  r a c k   was  p l a c e d   i n  

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



u n d e r   an  a r g o n   a t m o s p h e r e   a t   t h e   r a t e   of   100°C  p e r  

h o u r   to   2 9 5 0 ° C .   The  f i n a l   t e m p e r a t u r e   was  m a i n t a i n e d  

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

c o o l   to   r o o m   t e m p e r a t u r e .  

A f t e r   t h e   b o b b i n s   w e r e   r e m o v e d   f r o m   t h e  

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

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

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

a rm.   The  y a r n   was   u n w o u n d   a t   t h e   r a t e   of   20  f e e t  

p e r   m i n u t e   w i t h   a  t e n s i o n   of   1 5 0  g .  

S t r a n d   t e n s i l e   t e s t s   on  t h e   c a r b o n   f i b e r s   a f t e r  

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

t i e s   s e t   f o r t h   i n   t h e   t a b l e .  



S u r p r i s i n g l y ,   t h e   a v e r a g e   Y o u n g ' s   M o d u l u s  

f o r   t h e   f i b e r s   t a k e n   f rom  e a c h   o f   t h e   s p o o l s   A,  B,  C ,  

a n d  D   was  g r e a t e r   t h a n   100  M p s i .   F u r t h e r m o r e ,   t e s t s  

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

p r o p e r t i e s   of   s a m p l e s   of   t h e   f i b e r s   t a k e n   f r o m  

d i f f e r e n t   l o c a t i o n s   in   e a c h   b o b b i n .   In   a d d i t i o n ,  

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

99%  of   t h e   t h e o r e t i c a l   v a l u e .  

In  s u m m a r y ,   t h e   Y o u n g ' s   M o d u l u s   and  d e n s i t y  

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

b e e n   o b t a i n e d   f o r   t h e   h e a t   t r e a t m e n t   i f   i t   had   b e e n  

c a r r i e d   o u t   by  c o n v e n t i o n a l   t h r e a d l i n e   c a r b o n i z a t i o n .  

In   a d d i t i o n ,   i t   i s   s i g n i f i c a n t   t h a t   t h e   f i b e r s  

r e m o v e d   f r o m   t h e   s p o o l s   A,  B,  C,  and   D  w e r e   s t r a i g h t  

and  w e r e   c o l l i m a t e d .   I t   c o u l d   be  e x p e c t e d   t h a t   w r i n k l e s  

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

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

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

_  T h e   e x c e l l e n t   p h y s i c a l   c o n d i t i o n   of   t h e   f i b e r s   i s  

due  to  t h e   u s e   of   t h e   low  w i n d i n g   a n g l e   of   0 . 4 ° .   T h i s  

a n g l e   and   s m a l l e r   a n g l e s   a r e   i m p o r t a n t   f o r   f i b e r s   b e i n g  

s u b j e c t e d   to   t e m p e r a t u r e s   g r e a t e r   t h a n   2 7 0 0 ° C .  



EXAMPLE  2 

A  P A N - b a s e d   y a r n   h a v i n g   6 , 0 0 0   f i l a m e n t s   w a s  

u s e d   in   t h i s   e x a m p l e .   The  P A N - b a s e d   y a r n   was  p r e p a r e d  

so  t h a t   i t s   n i t r o g e n   c o n t e n t   was  l e s s   t h a n   a b o u t   1% 

by  w e i g h t .   I t   i s   i m p o r t a n t   to   h a v e   a  low  n i t r o g e n  

c o n t e n t   f o r   t h e   P A N - b a s e d   y a r n   u s e d   in   t h e   i n s t a n t  

p r o c e s s   so  t h a t   t h e   e l e v a t e d   t e m p e r a t u r e s   do  n o t   c a u s e  

damage   t o   t h e   y a r n   as  t h e   n i t r o g e n   b e i n g   p y r o l y i z e d .  

o u t   of   t h e   y a r n .  

The  P A N - b a s e d   y a r n   was  p r e p a r e d   a s  

f o l l o w s :  

A  P A N - b a s e d   i n f u s i b i l i z e d   y a r n   was  u s e d .  

T h e   f i b e r s   i n   t h e   y a r n   h a d   a  c o m p o s i t i o n   of   6 4 . 0 %  

c a r b o n ,   3 .9%  h y d r o g e n ,   6 .2%  o x y g e n ,   and  2 5 . 1 %  

n i t r o g e n .   The  y a r n   was  w o u n d   on  a  b o b b i n   u s e d   i n  

c o m m e r i c a l   p r o d u c t i o n .   The  y a r n   was  u n w o u n d   f r o m  

t h e   b o b b i n   and   r o t a t e d   a t   500  r e v o l u t i o n s   p e r   m i n u t e  

w h i l e   b e i n g   u n w o u n d   a t   t h e  r a t e   o f   63  f e e t   p e r  

m i n u t e   so  t h a t   a  t w i s t   o f   0 . 7   t u r n s   p e r   i n c h  w a s  

e s t a b l i s h e d .   T h e  t w i s t e d   y a r n   was  r e w o u n d   w i t h   a  

t e n s i o n   o f   250  g r a m s   o n t o   a  g r a p h i t e   b o b b i n   h a v i n g  

d i m e n s i o n s   of   3 . 5   i n c h e s   i n   d i a m e t e r   and   11  i n c h e s  

l o n g .   The  g r a p h i t e   b o b b i n   h a d   a  l a y e r   of   o n e  

q u a r t e r   i n c h   of   g r a p h i t e   f e l t   on  t h e   c y l i n d r i c a l  

p o r t i o n   to   r e c e i v e   t h e   y a r n .   A  w i n d   a n g l e   o f   2 3  



d e g r e e s   was  u s e d   and  t h e   p a c k a g e   p r e s s u r e   was  3  l b s  

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

y a r n   a m o u n t e d   to   2 3 , 5 0 0   f e e t   of   y a r n   and   was  in   t h e  

f o r m   of   a  s q u a r e - s i d e d   p a c k a g e .  

The  p a c k a g e   was  p l a c e d   h o r i z o n t a l l y   i n  a  

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

w i t h   n i t r o g e n   and   f i r e d   a t   t h e   r a t e   o f   50°C  p e r   h o u r  

t o   8 0 0 ° C   and   t h e r e a f t e r   t e m p e r a t u r e   was  r a i s e d   a t  

2 5 0 ° C   p e r   h o u r   to   1 3 0 0 ° C .   The  f i n a l   t e m p e r a t u r e   w a s  

m a i n t a i n e d   f o r   two  h o u r s   and   t h e   p a c k a g e   was  a l l o w e d  

to   c o o l   b a c k   t o   room  t e m p e r a t u r e :   As  a  r e s u l t   o f  

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

l o n g i t u d i n a l l y   a b o u t   1 . 5   to   2  i n c h e s   f r o m   i t s  

o r i g i n a l   t e n   i n c h   l e n g t h .  

The  p a c k a g e   was  t h e n   m o u n t e d   h o r i z o n t a l l y  

on  a  t e n s i o n - l o a d e d   p a y o f f   c r e e l ,   and   t h e   y a r n   w a s  

u n w o u n d   u n d e r   a  t e n s i o n   o f   a p p r o x i m a t e l y   50  g r a m s ,  

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

d r i v e   s y s t e m   m a i n t a i n e d   a t   a  t e n s i o n   o f   a b o u t   1 , 8 2 5  

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

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

t e m p e r a t u r e   of   a b o u t   1 8 3 0 ° C   and   f i v e   f e e t   l o n g .   T h e  

y a r n   e x i t i n g   t h e   f u r n a c e   was  t h e n   s u b j e c t e d   to   a  

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

and   wound   o n t o   b o b b i n s   made  of   c a r d b o a r d   in   o n e  

t h o u s a n d   f o o t   l e n g t h s .   T w e n t y - t w o   s a m p l e s   of   t h e  

y a r n   w e r e   t a k e n   a t   a b o u t   1 , 0 0 0   f o o t   i n t e r v a l s .  



The  a v e r a g e   t e n s i l e   s t r e n g t h   of   t h e  

r e s u l t i n g   f i b e r   was  5 0 0 , 0 0 0   p s i   w i t h   a  c o e f f i c i e n t  

o f   v a r i a t i o n  o f   1 .3%.   The  a v e r a g e   Y o u n g ' s   m o d u l u s  

f o r   t h e   r e s u l t i n g   f i b e r   was  a b o u t   4 1 . 2   m i l l i o n   p s i  

w i t h   a  c o e f f i c i e n t   of   v a r i a t i o n   o f   2 .9%.   T h e  

a v e r a g e   d e n s i t y   o f   t h e   f i b e r s   was  1 . 7 6 6   Mg  p e r   c u b i c  

m e t e r   w i t h   a  c o e f f i c i e n t   o f   v a r i a t i o n   of   0 . 6 % .   T h e  

a v e r a g e   y i e l d   was  3571  f e e t   p e r   p o u n d   w i t h   a  

c o e f f i c i e n t   o f   v a r i a t i o n   o f   2 . 1 % .  

T h i s   c a r b o n   y a r n   was   t h e   P A N - b a s e d   y a r n  

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

A b o u t   4700   f e e t   o f   t h e   P A N - b a s e d   y a r n   w a s  

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

and   o f   a b o u t   0 . 4 ° .   The  b o b b i n   h a d   a  d i a m e t e r   o f  

4 . 5   i n c h e s ,   a  l e n g t h   o f   7  i n c h e s ,   and   no  c a r b o n  

f e l t   was  u s e d .  

The  l o a d e d   b o b b i n   was   s u b j e c t e d   to   a  h e a t  

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

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

t e m p e r a t u r e   was  r a i s e d   a t   a  r a t e   o f   a b o u t   1 0 0 ° C  

p e r   h o u r   t o   2 9 5 0 ° C .   The  f i n a l   t e m p e r a t u r e   w a s  

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

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

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

a p p e a r a n c e ,   no  w r i n k l e s   o r   t h e   l i k e ,   and  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  a v e r a g e   s t r a n d   p r o p e r t i e s  

w e r e :   360  K p s i   t e n s i l e   s t r e n g t h ,   9 6 . 9   M p s i  



m e t e r .  

EXAMPLE  3 

A  c o m m e r c i a l l y   a v a i l a b l e   P A N - b a s e d   c a r b o n   y a r n  

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

T h e . y a r n   u s e d   h a d   an  a v e r a g e  s t r a n d   Y o u n g ' s   m o d u l u s  

of   a b o u t   33  Mps i   and   an  a v e r a g e   t e n s i l e   s t r e n g t h   o f  

a b o u t   400  K p s i .   The  h e a t i n g   s c h e d u l e   and   b o b b i n   o f  

E x a m p l e   2  w e r e   u s e d .  

A f t e r   t h e   h e a t   t r e a t m e n t ,   t h e   y a r n   h a d   a n  

e x c e l l e n t   p h y s i c a l   a p p e a r a n c e   and  had   an  a v e r a g e  

s t r a n d   Y o u n g ' s   m o d u l u s   o f   70  Mps i   and   t e n s i l e   s t r e n g t h  

o f   340  K p s i .  



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

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

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

a t   t e m p e r a t u r e s   g r e a t e r   t h a n   2000°C   and  w h i c h   i s  

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

t h e r e a f t e r ,   s u b j e c t i n g   t h e   c a r b o n   f i b e r   t o   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   g r e a t e r   t h a n   2 0 0 0 ° C .  

2.  The  p r o c e s s   o f   C l a i m   1,  w h e r e i n   t h e   h e a t  

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

a t   a  r a t e   f r o m   a b o u t   2 0 0 ° C   t o   500°C  p e r   h o u r .  

3.  The  p r o c e s s   of   C l a i m   1,  w h e r e i n   t h e  

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

t e m p e r a t u r e   a t   a  r a t e   f r o m   a b o u t  5 0 ° C   t o   1 0 0 ° C   p e r  

h o u r .  

4.  The  p r o c e s s   o f   C l a i m   1,  w h e r e i n   t h e   h e a t  

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

to   m o r e   t h a n   2 7 0 0 ° C .  



5.  The  p r o c e s s   o f  C l a i m   1,  w h e r e i n   t h e  

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

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

-  1 0 0 ' M s p i .  

6.  The  p r o c e s s   of   C l a i m   1,  w h e r e i n   t h e  

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

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

90  M p s i .  

7 .   The  p r o c e s s   o f   C l a i m   1,  w h e r e i n   t h e  

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

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

. 7 5   M p s i .  
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