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©  Carbonaceous  fibers  with  spring-like  reversible  deflection  and  method  of  manufacture. 
e   A  unique  partially  carbonized  or  substantially  complete- 
ly  carbonized,  resilient,  fiber,  yarn  or  fiber  tow  having  a 
spring-like  structural  configuration  and  a  reversible  deflec- 
tion  of  greater  than  1.2:1  is  prepared  from  a  carbonaceous 
precurser  materials  which  is  stabilized  and  then  heat  treated 
to  a  temperature  sufficient  to  impart  a  spring-like  structural 
configuration  to  the  fiber.  Such  fibers,  yarn  or  fiber  tow  is 
optionally  knitted  or  woven  into  a  cloth  which  can  then  be 
deknitted  and  carded,  garnetted  or  otherwise  defibrilated  to 
produce  a  resilient  web-like  fluff  or  wool-like  material  having 
the  spring-like  structural  configuration.  Electrical  conductiv- 

ity  and  a  fused  benzoidal  structural  configuration  to  the 
surface  of  the  fiber,  can  optionally  be  obtained  by  carboniza- 
tion  of  the  fibers  at  a  temperature  of  up  to  3000°C  at  any 
stage  after  the  spring-like  structural  configuration  is  set  in 
the  fiber. 



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

f i b e r   a s s e m b l y   d e r i v e d   f rom  a  s t a b i l i z e d   c a r b o n a c e o u s  

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

s p r i n g - l i k e   s t r u c t u r a l   c o n f i g u r a t i o n   c a p a b l e   o f  

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

t he   l e n g t h   of  t he   f i b e r   when  in  a  r e l a x e d   c o n d i t i o n .  

The  c a r b o n a c e o u s   f i b e r   of  t he   p r e s e n t   i n v e n t i o n   i s  

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

r e s i l i e n t ,   e l o n g a t a b l e ,   s p r i n g - l i k e   s t r u c t u r a l  

c o n f i g u r a t i o n ,   e . g .   of  a  s u b s t a n t i a l   c o i l - l i k e ,  

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

h a v i n g   no  s h a r p   or  a c u t e   a n g u l a r   b e n d s   in  t h e   f i b e r .  

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

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

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

r e l a x e d   c o n d i t i o n   ( i e .   s p r i n g - l i k e   c o n f i g u r a t i o n )   to  a n  

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

or  any  d e g r e e   t h e r e - i n - b e t w e e n ,   in  w h i c h   t he   f i b e r   i s  

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

can  be  e x t e n d e d   at  l e a s t   1 . 2   t i m e s ,   t y p i c a l l y   f r o m   2  t o  

4  t i m e s ,   t h e   l e n g t h   of  t he   f i b e r   in  i t s   r e l a x e d  

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



s p r i n g - l i k e   f i b e r   can   t h u s   be  d e f l e c t e d   ( e l o n g a t e d   o r  

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

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

f i b e r   p e r   se  is   n o t   a p p r o a c h e d   or   e x c e e d e d ,   t h a t   is  t o  

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

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

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

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

c y c l e s   of  s t r e s s   e l o n g a t i o n   and   r e l a x a t i o n   w i t h o u t  

e i t h e r   b r e a k i n g   or   s u b s t a n t i a l l y   a l t e r i n g   t h e  

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

The  p r i o r   a r t   has   g e n e r a l l y   t a u g h t   t he   m a n u f a c t u r e  

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

t a r )   c o m p o s i t i o n s   by  t h e   c o n v e n t i o n a l   t e c h n i q u e   of  m e l t  

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

w h i c h   can  t h e n   be  s t a b i l i z e d   by  o x i d a t i o n .   S u c h  

f i l a m e n t s   a r e   t a u g h t   to   be  u s e f u l   p e r   s e .  

A l t e r n a t i v e l y ,   t h e   c o n t i n u o u s   f i l a m e n t   may  be  c h o p p e d  

o r   s t r e t c h - b r o k e n   i n t o   w h a t   t h e   a r t   r e f e r s   to   as  a  

" s t a p l e "   f i b e r .   Such  " s t a p l e "   f i b e r   can  be  c o n v e r t e d  

i n t o   a  y a r n   by  d r a f t i n g ,   d r a w i n g   a n d / o r   t w i s t i n g ,  

( r e f e r r e d   to  as  s p i n n i n g   in   t h e   i n d u s t r y ) .   T h e  

c o n t i n u o u s   f i l a m e n t s   can   a l s o   be  made  i n t o   a  tow  f o r m e d  

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

r e s u l t i n g   y a r n   or  t h r e a d s   a r e   u s e d   p e r   se  or   may  b e  



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

A l t e r n a t i v e l y ,   a  woven  a r t i c l e   may  be  c a r b o n i z e d   t o  

p r o d u c e   a  g r a p h i t e   or  g r a p h i t e - l i k e   c l o t h .   I n  

a d d i t i o n ,   a  tow  p e r   s e ,   may  be  c a r b o n i z e d ,   w i t h o u t  

w e a v i n g   t he   tow  i n t o   a  c l o t h ,   and  t h e r e a f t e r   u s e d   as  a  

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

e . g .   " p r e - p r e g " ,   and  t h e   l i k e .  

In  a  s o m e w h a t   s i m i l a r   m a n n e r   i t   has   b e e n   t a u g h t  

t h a t   p o l y a c r y l o n i t r i l e   (PAN)  c a n   be  wet  spun   i n t o  

f i l a m e n t s ;   the   f i l a m e n t s   a s s e m b l e d   i n t o   f i l a m e n t   t o w ;  

t h e   f i l a m e n t s   or  tow  s t a b i l i z e d   by  o x i d a t i o n ;   t h e  

f i l a m e n t s   or  tow  made  i n t o   s t a p l e   by  c h o p p i n g   o r  

s t r e t c h   b r e a k i n g ;   t h e   s t a p l e   s p u n   i n t o   y a r n ;   t he   y a r n  

k n i t t e d   or  woven  i n t o   a  c l o t h   or  f a b r i c ;   and ,   i f  

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

t e m p e r a t u r e   of  g r e a t e r   t h a n   1 4 0 0 ° C .   T h e s e   m a t e r i a l s ,  

in  t h e i r   p r e - c a r b o n i z e d   woven   s t a t e ,   have   been   u s e d   a s  

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

f i r e   f i g h t i n g   s u i t s .   In  t h e i r   u n w o v e n   c a r b o n i z e d   f o r m ,  

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

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

c l u b   s h a f t s ,   and  t he   l i k e .  

In  p r e p a r i n g   u n c a r b o n i z e d   c o n v e n t i o n a l   p o l y m e r i c  

t e x t i l e   y a r n s   f o r   k n i t t i n g ,   w e a v i n g   or  o t h e r   t e x t i l e  



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

to   p i n c h   c r i m p   a  f i b e r   tow  and  t h u s   s h a r p l y   c r i m p - s e t  

t h e   i n d i v i d u a l   f i b e r s   of  t he   tow  ( p l a c i n g   s h a r p   o r  

a c u t e   a n g u l a r   b e n d s   i n t o   t h e   f i b e r ) .   Such  t e x t i l e  

t r e a t m e n t   has   t h e   same  e f f e c t   i f   u s e d   on  a  s t a b i l i z e d  

c a r b o n a c e o u s   p r e c u r s o r   y a r n   or  t o w ,   i . e .   s e v e r e   a n d  

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

e n t a n g l e m e n t   among  t h e   i n d i v i d u a l   f i b e r s   of  t he   y a r n  

and   t h u s   a s s i s t i n g   in  m a i n t a i n i n g   or   f i x i n g   t h e   s h o r t  

s t a p l e   f i b e r s   in  t h e   y a r n   as  w e l l   as  i m p a r t i n g   b u l k  

p r o p e r t i e s   to  t h e   y a r n .   H o w e v e r ,   when  t h e   p r o c e d u r e  

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

f o l l o w e d   and  a  y a r n   made  f rom  a  c a r b o n a c e o u s   p r e c u r s o r  

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

t e m p e r a t u r e   a b o v e   a b o u t   1 0 0 0 ° C   a n d ,   m o r e   p r a c t i c a l l y ,  

a t   a  t e m p e r a t u r e   of  1 4 0 0 ° C   and  a b o v e ,   t h e   r e s u l t i n g  

c a r b o n i z e d   y a r n   b e c o m e s   v e r y   b r i t t l e .   T h a t   is  to  s a y ,  

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

e . g .   k n i t t e d   or  woven   u n l e s s   t h e   k n i t t i n g   or  w e a v i n g  

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

p r o c e s s i n g   c o n d i t i o n s .   By  t h e   same  t o k e n ,   s u c h   a  

k n i t t e d   or  woven  y a r n   c a n n o t   be  r e a d i l y   d e k n i t t e d ,  

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

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

b r i t t l e n e s s ,   a  k n i t t e d   f a b r i c   c a n n o t   be  d e k n i t t e d  

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



t h e r e a f t e r   be  c a r d e d   to   c o n v e r t   t he   f i b e r s   in  t he   y a r n  

i n t o   a  w o o l - l i k e   f l u f f y   m a t e r i a l   w i t h o u t   c a u s i n g   s e v e r e  

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

r e s u l t i n g   s h o r t   and  b r o k e n   f i b e r s   do  no t   h a v e  

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

f l u f f .  

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

f i l a m e n t s   h a v i n g   a  h i g h   t e n s i l e   s t r e n g t h   or  a  h i g h  

s u r f a c e   a r e a .   Such   f i l a m e n t s   a r e   of  a  h i g h l y  

" g r a p h i t i c "   n a t u r e   and  n e c e s s i t a t e   t he   u t i l i z a t i o n   o f  

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

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

a  h i g h   t e m p e r a t u r e   t r e a t m e n t   a r e   v e r y   b r i t t l e   a n d  

i n c a p a b l e   of  s t a n d i n g   up  to  s t r e s s   such   as  r e p e a t e d  

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

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   a b o v e   a b o u t   1 0 0 0 ° C ,   a n d  

more   so  when  t h e y   h a v e   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  

of  a b o v e   a b o u t   1 4 0 0 ° C .   E x e m p l a r y   of  a  h i g h   t e m p e r a t u r e  

t r e a t m e n t   of  f i l a m e n t s   d e r i v e d   f rom  s t a b i l i z e d  

m e s o p h a s e   p i t c h   can   be  f o u n d   in   U . S .   P a t e n t   N o .  

4 , 0 0 5 , 1 8 3   w h e r e   t h e   o x i d a t i o n   s t a b i l i z e d   ( a t   a  

t e m p e r a t u r e   of  f rom  250°   to   4 0 0 ° C )   f i b e r s   a re   made  i n t o  

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

s u r f a c e   a r e a   and  a  Y o u n g ' s   m o d u l u s   w i t h i n   t he   r a n g e   o f  

f rom  1  to  55  m i l l i o n   p s i   ( 7  -   380  G P a ) .  



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

d e s c r i b e d   in   U . S .   P a t e n t   No.  4 , 3 4 1 , 8 3 0   in  w h i c h   a  t o w  

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

t e m p e r a t u r e   of  f r o m   200°   to   300*C,   c r i m p e d   in  a  s t u f f e r  

box  ( t h u s   i m p a r t i n g   a  p i n c h   t y p e   c r i m p ) ,   made  i n t o  

s t a p l e   f i b e r s ,   s pun   i n t o   a  y a r n   w h i c h   is  t h e n   k n i t t e d  

i n t o   a  c l o t h   p a n e l   and  h e a t   t r e a t e d ,   i e .   c a r b o n i z e d ,   i n  

an  i n e r t   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  1 4 0 0 ° C .   The  s o  

c a r b o n i z e d   c l o t h   p a n e l s   a r e   a s s e m b l e d   i n t o   a  s t a c k   a n d  

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

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

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

i . e .   m e t h a n e ,   t h r o u g h   t h e   s t a c k   w h i l e   i n d u c t i v e l y  

h e a t i n g   t h e   s t a c k   to   a  t e m p e r a t u r e   of  2 0 0 0 ° C   to  c a u s e  

c a r b o n   to   be  d e p o s i t e d   o n t o   and  i n t o   t h e   s t a c k   and  t h u s  

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

k n i t t e d   p a n e l s .   H o w e v e r ,   t h e   y a r n   made  by  t h i s   p r o c e s s  

has   b e e n   f o u n d ,   by  C o m p a r a t i v e   E x a m p l e   A,  to  be  v e r y  

b r i t t l e   and   c a n n o t   be  s u b j e c t e d   to   r e p e a t e d   a c u t e  

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

c l o t h   p a n e l   w e r e   d e k n i t t e d   and  c a r d e d ,   w i t h o u t   s e v e r e  

b r e a k a g e   of   t h e   f i b e r s .  

D e f i n i t i o n s  

The  t e r m   " f i b e r "   or  " f i l a m e n t "   i n t e r c h a n g e a b l y  

r e f e r s   to   a  f i n e   t h r e a d l i k e   body  or  s t r u c t u r e   of  a  



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

u s a g e .   I n c l u d e d   h e r e i n   a r e   f i l a m e n t s   made  by  m e l t  

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

c o a l   t a r ,   or  f i b e r s   w h i c h   a r e   made  by  wet  s p i n n i n g   a  

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

T h e  t e r m   " f i b e r   a s s e m b l y "   as  u s e d   h e r e i n   r e f e r s   t o  

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

t e x t i l e   i n d u s t r y   as  a  tow  or  y a r n .   F i b e r   a s s e m b l i e s  

a r e   made  of  common  p o l y m e r i c   t e x t i l e   f i b e r s   o r  

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

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

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

e x a m p l e s .  

The  t e r m   " s p r i n g - l i k e " ,   " s p r i n g - l i k e  

s t r u c t u r e " ,   or  " s p r i n g - l i k e   s t r u c t u r a l   c o n f i g u r a t i o n "  

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

y a r n   or  tow  t h a t   is  p h y s i c a l l y   d e f o r m e d   f rom  a  

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

s i n u s o i d a l ,   or  o t h e r   m u l t i - c u r v i l i n e a r   form  o r  

c o n f i g u r a t i o n   h a v i n g   no  a c u t e   a n g u l a r   b e n d s .  



The  t e r m   " tow"   h e r e i n   r e f e r s   to  an  a s s e m b l y   of  a  

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

of   f i l a m e n t s   a r e   i d e n t i f i e d   by  t he   d e s i g n a t i o n   nK 

w h e r e i n   n  i s   a  n u m e r i c a l   v a l u e   in  i n c r e m e n t s   of   1 0 0 0  

f i l a m e n t s .  

The  t e r m   " s t a p l e "   r e f e r s   to  a  n o n - c o n t i n u o u s  

s t r a n d   of  t h r e a d s   or  f i b e r s   w h i c h   may  be  " s p u n "  

( d r a f t e d ,   d r a w n   a n d / o r   t w i s t e d )   i n t o   y a r n s   or  t h r e a d s  

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

a n d / o r   k n i t t e d   a r t i c l e s .  

The   t e r m   " s t a b i l i z e d "   h e r e i n   a p p l i e s   to   f i b e r s   o r  

t o w s   w h i c h   have   b e e n   o x i d i z e d   at   a  s p e c i f i c  

t e m p e r a t u r e ,   t y p i c a l l y   l e s s   t h a n   a b o u t   250°C   f o r   PAN 

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

i n s t a n c e s   t h e   f i b e r s   a r e   o x i d i z e d   by  c h e m i c a l   o x i d a n t s  

a t   l o w e r   t e m p e r a t u r e s .  

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

s t r a n d   of  t w i s t e d   f i l a m e n t s ,   t h r e a d s   or  f i b e r s .   T h e  

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

f i b e r s   w h i c h   have   b e e n   d r a f t e d ,   d r a w n   a n d / o r   t w i s t e d  

i n t o   t h r e a d s   or  y a r n s .  



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

in  which   a  y a r n   is  combed  or  b r u s h e d   w i t h   a  t o o t h e d  

a p p a r a t u s ,   e . g .   a  w i r e   t o o t h   b r u s h ,   to   e f f e c t   at  l e a s t  

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

e n t a n g l e d   web  or  s l i v e r .  

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

f o r   r e d u c i n g   v a r i o u s   t e x t i l e   w a s t e   m a t e r i a l s   to  f i b e r  

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

w h i c h   is  s i m i l a r   to  a  c a r d .  

The  t e r m   " k n i t t i n g "   h e r e i n   i n c l u d e s   s i n g l e   J e r s e y  

k n i t ,   Rib  k n i t ,   P e a r l   k n i t ,   I n t e r l o c k   k n i t ,   D o u b l e  

k n i t ,   and  s i m i l a r   m e t h o d s   of  k n i t t i n g   a  f i b e r ,   y a r n   o r  

tow  i n t o   a  c l o t h .  

The  t e r m   " r e v e r s i b l e   d e f l e c t i o n "   or  " w o r k i n g  

d e f l e c t i o n "   is  u s e d   h e r e i n   as  i t   a p p l i e s   to  a  h e l i c a l  

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

is  made  to   t h e   p u b l i c a t i o n   " M e c h a n i c a l   D e s i g n  -   T h e o r y  

and  P r a c t i c e " ,   M a c M i l l a n  P u b l .   C o . ,   1 9 7 5 ,   pp  719  t o  

748;   p a r t i c u l a r l y   S e c t i o n   1 4 - 2 ,   p a g e s   7 2 1 - 2 4 .  

" H o o k e ' s   Law"  h e r e i n   r e f e r s   to   t h e   s t r e s s  

a p p l i e d   to  s t r e t c h   o r  c o m p r e s s   a  body   w h i c h   i s  

p r o p o r t i o n a l   to  t he   s t r a i n   or  a l t e r a t i o n   in  l e n g t h   s o  



p r o v i d e d ,   as  l o n g   as  t he   l i m i t   of  e l a s t i c i t y   is  n o t  

e x c e e d e d .  

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

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

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

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

( p e t r o l e u m   or  c o a l   t a r ) ,   p o l y a c e t y l e n e ,   p o l y a c r y l o -  

n i t r i l e   (PANOX  or   GRAFIL) ,   p o l y p h e n y l e n e ,   SARAN  ( T r a d e  

M a r k ) ,   and  t h e   l i k e .   The  c a r b o n a c e o u s   p r e c u r s o r  

m a t e r i a l   s h o u l d   have   some  d e g r e e   of  s k e l e t a l  

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

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

m o i e t i e s   w h i c h   a r e   c a p a b l e   of  c o n v e r s i o n ,   on  h e a t i n g ,  

to   f u s e d   b e n z e n o i d   or  e q u i v a l e n t   s k e l e t a l   o r i e n t a t i o n  

a t   or   n e a r   t h e   s u r f a c e .  

P r e f e r r e d   p r e c u r s o r   m a t e r i a l s   a r e   p r e p a r e d   by  m e l t  

s p i n n i n g   or   wet   s p i n n i n g   in  a  m a n n e r   to   y i e l d   a  

m o n o f i l a m e n t   or  m u l t i - f i l a m e n t   a s s e m b l y .   The  f i l a m e n t s  

a r e   s t a b i l i z e d   by  o x i d a t i o n   or  d e h y d r o c h l o r i n a t i o n   a n d  

t h e n   c o n v e r t e d   i n t o   a  y a r n ,   t ow,   o r   a  woven  c l o t h   o r  

k n i t t e d   c l o t h   by  any  of  a  n u m b e r   of  c o m m e r c i a l l y  

a v a i l a b l e   t e c h n i q u e s .  



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

i n v e n t i o n ,   t h e r e   is  p r o v i d e d   an  a r t i c l e   d e r i v e d   f rom  a  

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

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

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

c h a r a c t e r i s e d   in  t h a t   t h e   f i b e r   has   a  s p r i n g - l i k e  

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

r a t i o   of  g r e a t e r   t h a n   a b o u t   1 . 2 : 1 .   U s u a l l y   t he   f i b e r  

h a s   a  d i a m e t e r   of  4  to  20  m i c r o m e t e r s .  

A c c o r d i n g   to  a  s e c o n d   a s p e c t   of  t he   p r e s e n t  

i n v e n t i o n ,   t h e r e   is  p r o v i d e d   a  m e t h o d   of  f o r m i n g   a  

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

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

of  i m p a r t i n g   a  s p r i n g - l i k e   s h a p e   to  t he   s t a b i l i z e d  

f i b e r ,   h e a t i n g  t h e   f i b e r   h a v i n g   s a i d   s p r i n g - l i k e   s h a p e  

in  a  r e l a x e d   s t a t e   u n d e r   n o n - o x i d i z i n g   c o n d i t i o n s   a n d  

a t   a  t e m p e r a t u r e   s u f f i c i e n t   to   i m p a r t   a  t e m p o r a r y  

s e t t i n g   of  a  s p r i n g - l i k e   s t r u c t u r a l   c o n f i g u r a t i o n   t o  

t h e   f i b e r ,   a n d / o r   h e a t i n g   t h e   f i b e r   h a v i n g   s a i d  

s p r i n g - l i k e   s h a p e   in  a  r e l a x e d   s t a t e   u n d e r  

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

i m p a r t   a  p e r m a n e n t   s e t t i n g   of  a  s p r i n g - l i k e   s t r u c t u r a l  

c o n f i g u r a t i o n   to  t he   f i b e r .  



In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   a  u n i q u e  

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

m a t e r i a l   w h i c h   is   made  i n t o   a  f i b e r ,   y a r n   or   tow  o f  

f i b e r s ,   s t a b i l i z e d   and  t h e n   p r o v i d e d   w i t h   a  s p r i n g - l i k e  

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

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

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

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

e l o n g a t i o n   and  c o n t r a c t i o n .   F i b e r s   made  f rom  PAN  a r e  

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

200°C  to   250°C  and  t y p i c a l l y   h a v e   a  n o m i n a l   d i a m e t e r   o f  

f r o m   10  to   20  m i c r o m e t e r s .   F i b e r s   made  f rom  m e s o p h a s e  

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

f r o m   250°   to  400*C,   p r e f e r a b l y   a t   a  t e m p e r a t u r e   of  f r o m  

300°  t o   3 9 0 ° C ,   as  d e s c r i b e d   in  U . S .   P a t e n t   No.  4 0 0 5 1 8 3 .  

F i b e r s   made  f r o m   SARAN  ( T r a d e   Mark)   a r e   s t a b i l i z e d   b y  

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

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

l i k e   b e h a v i o r .   I t   w i l l   be  u n d e r s t o o d   t h a t   f i b e r s   h a v i n g  

a  s o m e w h a t   l a r g e r   d i a m e t e r   o f ,   f o r   e x a m p l e ,   30  

m i c r o m e t e r s   may  be  e m p l o y e d   w h e r e   s t i f f e r   f i b e r s   a r e  

d e s i r e d ,   d e p e n d i n g   u p o n   t h e   p a r t i c u l a r   end  use   to   w h i c h  

s u c h   h e a v i e r   and  s t i f f e r   f i b e r s   a r e   to   be  a p p l i e d .  

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

i n t o   a  tow  w h i c h   is   t h e n   s t a b i l i z e d   by  o x i d a t i o n   i n  



c o n v e n t i o n a l   m a n n e r .   The  s t a b i l i z e d   tow  ( o r   s t a p l e  

y a r n   made  f rom  c h o p p e d   or  s t r e t c h - b r o k e n   f i b e r   s t a p l e )  

is   t h e r e a f t e r ,   and  in  a c c o r d a n c e   w i t h   t he   p r e s e n t  

i n v e n t i o n ,   f o r m e d   i n t o   a  c o i l - l i k e   s t r u c t u r a l  

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

c y l i n d r i c a l   rod  or  m a n d r e l ,   or  is  f o r m e d   i n t o   a  

s i n u s o i d a l   form  or  o t h e r   m u l t i - c u r v i l i n e a r   form  b y  

k n i t t i n g   the   tow  or  y a r n   i n t o   a  f a b r i c   or  c l o t h  

( r e c o g n i z i n g   t h a t   o t h e r   f a b r i c   f o r m i n g   and  c o i l   f o r m i n g  

m e t h o d s   can  be  e m p l o y e d ) .   I t   is   c o n v e n i e n t   to  fo rm  t h e  

s i n u s o i d a l   s t r u c t u r e   on  a  s t a n d a r d   t e x t i l e   k n i t t i n g  

m a c h i n e   ( e . g .   F l a t   bed  k n i t t i n g   m a c h i n e ,   or  a  t u b u l a r  

k n i t t i n g   m a c h i n e )   o r   in  a  r o u n d e d   t o o t h   g e a r - b o x   t h a t  

w i l l   no t   i m p a r t   any  s h a r p   or  a c u t e   a n g u l a r   b e n d s   to  t h e  

f i b e r s .   The  c o i l - l i k e   or  s i n u s o i d a l l y   s h a p e d   f i b e r ,  

tow  or  t he   k n i t t e d   c l o t h   is  t h e r e a f t e r   h e a t   t r e a t e d   a t  

a  t e m p e r a t u r e   of  f rom  150°C  to   1 5 5 0 ° C .   At  a  

t e m p e r a t u r e   of  a b o v e   a b o u t   2 5 0 ° C ,   t he   f i b e r ,   tow  o r  

c l o t h   is  h e a t   t r e a t e d   in  an  i n e r t   a t m o s p h e r e .   I f   t h e  

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

t r e a t m e n t ,   i e .   c a r d i n g   or   d e k n i t t i n g   of  t he   f a b r i c ,   i t  

is  p r e f e r a b l e   to   s u b j e c t   t h e   f i b e r ,   tow  or  c l o t h   to  a  

t e m p e r a t u r e   b e l o w   a b o u t   550°C  in  an  i n e r t   a t m o s p h e r e .  

At  a  t e m p e r a t u r e   of  f r o m   150°C  to   550°C ,   t h e  

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



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

w i t h   " g r a p h i t e "   f i b e r s .   H o w e v e r ,   when  t h e   f i b e r s   a r e  

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

f r o m   550*C  t o   1 5 5 0 ° C ,   t h e   f i b e r s   a r e ,   ab  i n i t i o ,  

p r o v i d e d   w i t h   a  p e r m a n e n t   s e t .   Such   p e r m a n e n t   s e t   i s  

a c c o m p a n i e d   by  some  d e g r e e   of  o r i e n t a t i o n   a n d  

b r i t t l e n e s s   w h i c h   can   l e a d   to   b r e a k a g e   of  some  f i b e r s  

d u r i n g   s u b s e q u e n t   t r e a t m e n t   of  t he   f i b e r s ,  

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

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

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

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

1 5 5 0 ° C   c a n   be  u s e d   s i n c e   t h e   f i l a m e n t s   a r e   n o t  

e n t a n g l e d   w i t h   one  a n o t h e r   ( as   in  a  s t a p l e   f i b e r   o r  

y a r n )   and   t h e   m e c h a n i c a l   t r e a t m e n t   n e c e s s a r y   to   p r e p a r e  

a  w o o l - l i k e   f l u f f   is  no t   as  s e v e r e   in  t h e   s e p a r a t i o n   o f  

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

I t   i s   e s p e c i a l l y   c r i t i c a l   t h a t ,   i f   a  s p r i n g -   l i k e  

c o n f i g u r a t i o n   is   i m p a r t e d   to  t h e   f i b e r   or  f i b e r   tow  b y  

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

or  m a n d r e l ,   t h e   f i b e r   no t   be  h e a t e d   to   a  t e m p e r a t u r e  

a b o v e   a b o u t   2 7 5 ° C ,   w h i l e   u n d e r   t e n s i o n .   Above   t h i s  

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

s h r i n k   in  c o i l u r e   d i a m e t e r   and  t h e   t e n s i o n   r e s u l t i n g  

f rom  s u c h   s h r i n k a g e   and  w e i g h t   l o s s   c a u s e s   n o n -  



a n n e a l a b l e   s t r e s s   c r a c k s   and  weak  p o i n t s   in  t h e   f i b e r .  

I t   is  of  c o u r s e   to  be  u n d e r s t o o d   t h a t   the   f i b e r ,  

tow  or   y a r n   may  be  i n i t i a l l y   h e a t   t r e a t e d   at   t h e   h i g h e r  

t e m p e r a t u r e   r a n g e   ( 5 5 0 ° C - 1 0 0 0 ° C   f o r   k n i t t e d   f a b r i c   o f  

s t a p l e   y a r n   and  up  to   1550°C  f o r   k n i t t e d   f a b r i c   made  o f  

c o n t i n u o u s   f i l a m e n t   t o w s )   so  l o n g   as  t he   h e a t   t r e a t m e n t  

i s   c o n d u c t e d   w h i l e   t he   f i b e r   is   in  a  r e l a x e d   s t a t e  

( s p r i n g - l i k e   c o n f i g u r a t i o n )   u n d e r   an  i n e r t ,   n o n -  

o x i d i z i n g   a t m o s p h e r e .   As  a  r e s u l t   of  t he   h i g h e r  

t e m p e r a t u r e   t r e a t m e n t ,   a  p e r m a n e n t   s e t   s p r i n g - l i k e  

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

r e s u l t i n g   f i b e r s ,   tow  or  y a r n   h a v i n g   s u c h   s p r i n g -   l i k e  

s t r u c t u r a l   c o n f i g u r a t i o n   may  be  u s e d   p e r   *-e,  or   in  t h e  

c a s e   of  a  k n i t t e d   c l o t h ,   may  be  d e k n i t t e d   to  fo rm  a  

s i n u s o i d a l   or  o t h e r   m u l t i - c u r v i l i n e a r   y a r n   or  tow.   I n  

e i t h e r   e v e n t   t he   y a r n ,   tow  or  t h e   c l o t h   p e r   se  may  t h e n  

be  f u r t h e r   s u b j e c t e d   to  a  c a r d i n g   or   g a r n e t t i n g  

o p e r a t i o n   or  any  of  a  number   of  o t h e r   m e t h o d s   o f  

m e c h a n i c a l   t r e a t m e n t   known  in  t h e   a r t   to  c r e a t e   a n  

e n t a n g l e d   w o o l - l i k e   f l u f f y   m a t e r i a l   in  w h i c h ,   t h e  

f i b e r s   a r e   s e p a r a t e d   i n t o   an  e n t a n g l e d   mass   of  f i b e r s  

and  in  w h i c h   the   i n d i v i d u a l   f i b e r s   r e t a i n   t h e i r  

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

For   c e r t a i n   a p p l i c a t i o n s ,   i t   is  p r e f e r r e d  



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

t h a n   2 .5   gm/cm3  a n d / o r   a  Y o u n g ' s   m o d u l u s   of  f rom  7 

to  380  G P a .  

The  f i b e r s ,   t ow,   or   y a r n ,   o r   t h e   k n i t t e d   c l o t h   o r  

t h e   w o o l - l i k e   f l u f f   p r o d u c e d   by  a  h e a t   t r e a t m e n t   at   a  

t e m p e r a t u r e   of   no  h i g h e r   t h a n   a b o u t   5 5 0 ° C ,   in  a  r e l a x e d  

s t a t e   ( w h i c h   has   p l a c e d   a  t e m p o r a r y   s e t   s p r i n g - l i k e  

c o n f i g u r a t i o n   i n t o   t h e   f i b e r s ,   y a r n ,   tow  or  t h r e a d )   m a y  

t h e n   be  f u r t h e r   h e a t   t r e a t e d   in  a  r e l a x e d   s t a t e   a n d  

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

f r o m   550°C   to  1 5 0 0 ° C   to  i m p a r t   n o t   a  p e r m a n e n t   s e t ,  

s p r i n g - l i k e   s t r u c t u r a l   c o n f i g u r a t i o n   to   t h e   f i b e r .   A t  

a  t e m p e r a t u r e   a b o v e   1 5 5 0 ° C   and  up  to   a b o u t   3 0 0 0 ° C ,  

v a r i o u s   l o w e r   d e g r e e s   of  e l e c t r i c a l   r e s i s t i v i t y   a r e  

i m p a r t e d   to   t h e   f i b e r s ,   s u c h   r e s i s t i v i t y   b e i n g   / 

p r e f e r a b l y   l e s s   t h a n   a b o u t   1010  o h m - c m .   A  f u s e d  

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

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

s u r f a c e ,   due  to   t h e   h e a t   t r e a t m e n t   of  t he   f i b e r s   a t  

t h e s e   h i g h e r   t e m p e r a t u r e s .   A  m o r e   e x t e n s i v e  

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

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

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

1 0 0 0 - 1 5 5 0 ° C .   In  t h e   c a s e   of  PAN  f i b e r s ,   t he   d i a m e t e r  

of  t h e   f i b e r s   is   r e d u c e d   when  t r e a t e d   at  a  h i g h e r  



t e m p e r a t u r e   up  to   a b o u t   1 5 5 0 ° C .   A l t h o u g h   h i g h e r  

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

b r i t t l e n e s s ,   t he   f i b e r s   s t i l l   r e t a i n   t h e i r   s p r i n g - l i k e  

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

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

m o i e t i e s   upon  h e a t i n g   and  form  a  c o n j u g a t e d   b o n d  

s t r u c t u r e   w i t h i n   t h e   c a r b o n   to  c a r b o n   b a c k b o n e s   w h i c h  

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

r i n g - l i k e   form  of  t he   g r a p h i t i c   n a t u r e   c a r b o n s .  

P r e f e r a b l y ,   when  t h e   s p r i n g - l i k e   s t r u c t u r a l  

c o n f i g u r a t i o n   in  t h e   f i b e r   is  f o r m e d   by  k n i t t i n g   a  

s t a p l e   spun   y a r n   i n t o   a  c l o t h ,   t h e   k n i t t e d   c l o t h   is  n o t  

h e a t e d   to   a  t e m p e r a t u r e   a b o v e   1 0 0 0 ° C ,   p r e f e r a b l y   n o t  

a b o v e   5 5 0 ° C ,   p r i o r   to  c a r d i n g   when  a  w o o l -   l i k e   f l u f f y  

m a t e r i a l   is  d e s i r e d   in  o r d e r   to   a v o i d   f i b e r   b r e a k a g e ,  

s i n c e   a t   t e m p e r a t u r e s   much  a b o v e   a b o u t   1 0 0 0 ° C ,   t h e  

f i b e r s   become  too   b r i t t l e   to  s u r v i v e   t h e  m e c h a n i c a l  

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

w o o l - l i k e   f l u f f y   m a t e r i a l .   H o w e v e r ,   w i t h   c a r e f u l  

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

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

1 0 0 0 ° C   may  s t i l l   be  u s e f u l   a s ,   f o r   e x a m p l e ,   a  

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

r e s i n o u s   m a t e r i a l s ,   as  a  f i l l e r   m a t e r i a l   f o r   r e n d e r i n g  

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



c o n d u c t o r s   ( e . g .   a u t o m o b i l e   i g n i t i o n   s y s t e m s ) ,   as  a  

t h e r m a l   i n s u l a t i n g   m a t e r i a l ,   or  t h e   l i k e .  

W h i l e   i t   i s   d e s i r a b l e   to   l i m i t   t h e   h e a t   t r e a t m e n t  

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

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

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

is   n o t   as  c r i t i c a l   when  c o n t i n u o u s   f i l a m e n t   t ows   a r e   t o  

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

c o n f i g u r a t i o n .   T h u s ,   c o n t i n u o u s   f i l a m e n t s   may  be  h e a t  

t r e a t e d   to   a  t e m p e r a t u r e   of  a b o u t   1550*C  and  s t i l l   b e  

c a r d e d   to   p r e p a r e   a  w o o l - l i k e   f l u f f y   p r o d u c t .  

The  s t a b i l i z e d   f i b e r s ,   y a r n   or  t o w ,   when  h e a t - s e t  

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

e . g .   by  k n i t t i n g ,   and  t h e r e a f t e r   h e a t i n g   at   a  

t e m p e r a t u r e   of   f rom  5 5 0 ° C   t o   1 5 5 0 ° C   r e t a i n   t h e i r  

r e s i l i e n t   and  r e v e r s i b l e ,   d e f l e c t a b l e   c h a r a c t e r i s t i c s  

in  a c c o r d a n c e   w i t h   H o o k e ' s   Law.  I f   t h e   y a r n   or  tow  h a s  

b e e n   k n i t t e d   and  h e a t   t r e a t e d   a t   a  t e m p e r a t u r e   b e t w e e n  

5 5 0 * C .   and   1 0 0 0 ° C   t o   " p e r m - s e t "   t h e   s p r i n g - l i k e  

c o n f i g u r a t i o n   in  t h e   y a r n   or  t o w ,   i t   may  t h e n   b e  

d e - k n i t t e d ,   c a r d e d ,   g a r n e t t e d   or   o t h e r w i s e   m e c h a n i c a l l y  

t r e a t e d   to   c o n v e r t   t h e   d e k n i t t e d   y a r n   or   tow  to  a n  

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

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



A  p r e d e t e r m i n e d   l e n g t h   of  f i b e r ,   y a r n   or  tow  m a d e  

i n t o   a  s p r i n g - l i k e   s t r u c t u r a l   c o n f i g u r a t i o n   i n  

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

a  r e v e r s i b l e   d e f l e c t i o n   in  e x c e s s   of  1 .2   t i m e s ,  

g e n e r a l l y   g r e a t e r   t h a n   t w i c e ,   of   i t s   r e l a x e d ,   n o n -  

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

way  a  f i b e r ,   y a r n   or  tow  w h i c h   has   b e e n   p r o v i d e d   w i t h   a  

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

s t r e t c h e d   or  e l o n g a t e d   to  a  l e n g t h   of  at   l e a s t   1 . 2  

t i m e s   of  i t s   c o i l e d ,   i . e .   c o n t r a c t e d ,   r e l a x e d  

s p r i n g - l i k e   s t r u c t u r a l   c o n f i g u r a t i o n   l e n g t h .   By 

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

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

of  l o o p s   p e r   u n i t   l e n g t h   or  t he   n u m b e r   of  t u r n s   on  a  

rod   or  m a n d r e l ,   i t   is  of  c o u r s e   u n d e r s t o o d   t h a t   a  

g r e a t e r   e x t e n s i o n   or  e l o n g a t i o n   of  t he   s p r i n g - l i k e  

f i b e r ,   y a r n   or  tow  is  p o s s i b l e .   The  t i g h t n e s s   o r  

l o o s e n e s s   of  t h e   n o n - l i n e a r ,   c o i l   or  c u r l   in  t he   f i b e r ,  

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

t h e r e f o r   g o v e r n s   t he   e x t e n t   of  t he   e l o n g a t i o n   of  t h e  

s p r i n g - l i k e   f i b e r ,   y a r n   or  tow.   T h u s ,   t h e  

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

t h e   l e n g t h   of  a  f i b e r   y a r n   or  tow  when  in  a  r e l a x e d  

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



In  a  p r e f e r r e d   e m b o d i m e n t ,   an  a s s e m b l y ,   e . g .   a  

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

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

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

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

tow  i n t o   a  c l o t h .   A f t e r   k n i t t i n g ,   t h e   f i b e r s   in  t h e  

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

c o i l - l i k e   or  s i n u s o i d a l   s t r u c t u r e ,   by  t r e a t i n g   t h e  

k n i t t e d   c l o t h   a t   a  t e m p e r a t u r e   of  f rom  150°C  to   5 5 0 ° C .  

P r e f e r a b l y ,   t h e   f i b e r s   in  t h e   k n i t t e d   c l o t h   a r e   f o r m e d  

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

t e m p e r a t u r e   of  f r o m   550*C  t o   1 5 5 0 ° C   and  m o s t   p r e f e r a b l y  

a t   a  t e m p e r a t u r e   of   l e s s   t h a n   1 0 0 ° C ,   u n d e r   an  i n e r t  

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

t h e   k n i t t e d   c l o t h   may  t h e n   be  c a r b o n i z e d   a t   a  

t e m p e r a t u r e   in  e x c e s s   of   1 0 0 0 ° C   to  i m p a r t   o t h e r  

d e s i r a b l e   p r o p e r t i e s   i n t o   t h e   f i b e r s ,   n o t e d  

h e r e i n a b o v e .  

L i k e w i s e ,   i f   a  w o o l - l i k e   f l u f f   is  d e s i r e d ,   t h e  

f i b e r   tow  h a v i n g   t h e   s p r i n g - l i k l e   c o n f i g u r a t i o n   or  e v e n  

t h e  k n i t t e d   f a b r i c ,   may  be  c a r d e d ,   g a r n e t t e d ,   o r  

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

t r e a t m e n t   a t   a  t e m p e r a t u r e   of   l e s s   t h a n   1 5 5 0 ° C ,  

p r e f e r a b l y   l e s s   t h a n   1 0 0 0 ' C . ,   and  m o s t   p r e f e r a b l y   a t   a  

t e m p e r a t u r e   of  b e l o w   a b o u t   6 5 0 ° C ,   when  p r e p a r i n g   a  



w o o l - l i k e ,   f l u f f y   m a t e r i a l .   I f   a  h i g h e r   e l e c t r i c a l  

c o n d u c t i v i t y   in  a  f i b e r   is  d e s i r e d ,   t h e   perm  s e t   ( 5 5 0  

to  1 0 0 0 ° C )   f i b e r ,   tow  or  c l o t h   can   be  f u r t h e r   h e a t  

t r e a t e d   to  a  t e m p e r a t u r e   a b o v e   1 0 0 0 ° C ,   e . g .   up  t o  

3 0 0 0 ° C .   As  p r e v i o u s l y   n o t e d ,   f i b e r s   t r e a t e d   at   a  

t e m p e r a t u r e   a b o v e   1550°C   become   e x t r e m e l y   b r i t t l e   a n d  

do  no t   r e a d i l y   l e n d   t h e m s e l v e s   to   a  d e k n i t t i n g ,   c a r d i n g  

or  g a r n e t t i n g   t r e a t m e n t .   A c c o r d i n g l y ,   s u c h   c a r d i n g  

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

p r i o r   to   h e a t   t r e a t m e n t   to  t e m p e r a t u r e s   a b o v e   1 0 0 0 ° C  

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

h e a t - t r e a t m e n t   to  a  t e m p e r a t u r e   of  up  to   1550°C  f o r  

c o n t i n u o u s   f i b e r   or  f i b e r   t o w s .  

F i b e r s   made  f rom  c a r b o n a c e o u s   p r e c u r s o r   m a t e r i a l s  

n o r m a l l y   have   a  s u r f a c e   a r e a   of  f rom  0 . 5   t o  

1600  m 2 / g m ,   p r e f e r a b l y   l e s s   t h a n   15m2/gm  w h e n  

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

H o w e v e r ,   i t   is  known  t h a t   s u c h   f i b e r s   can  have   i m p a r t e d  

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

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

c o n v e r t i n g   t he   n o n - c a r b o n   m o i e t i e s   t o  g a s e s   w h i c h ,   o n  

l e a v i n g   t h e   f i b e r ,   d i s r u p t   t h e   s u r f a c e .   O t h e r  

t e c h n i q u e s   known  in  t he   a r t   f o r   p r o d u c i n g   h i g h   s u r f a c e  

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

f i b e r   s u r f a c e .   Such  h i g h   p o r o u s i t y   f i b e r s   can  b e  



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

t h e   same  t e c h n i q u e s   a f t e r   t h e   s p r i n g - l i k e   s t r u c t u r a l  

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

I t   i s   a l s o   to   be  u n d e r s t o o d   t h a t   a f t e r  

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

i n t o   t h e   f i b e r ,   t h e   c o n t i n u o u s   f i b e r s   or  t he   y a r n s   o r  

t h r e a d s   of   s t a p l e   f i b e r   may  be  c h o p p e d   i n t o   d i s c r e t e  

l e n g t h s   and  made  in  to   n o n - w o v e n   p r o d u c t s   e m p l o y i n g  

p r e s e n t   day   t e c h n i q u e s   f o r   p r e p a r i n g   s u c h   n o n - w o v e n  

p r o d u c t s .  

E x e m p l a r y   of   t h e   p r o d u c t s   w h i c h   can   b e  

p r o d u c e d   by  t h e   t e c h n i q u e   of  t h e   p r e s e n t   i n v e n t i o n   a r e  

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

E x a m p l e   1  

An  o x i d a t i o n   ( a t   a  t e m p e r a t u r e   of   a b o u t   2 5 0 ° C )  

s t a b i l i z e d   p o l y a c r y l o n i t r i l e   PANOX  (R .K .   T e x t i l e s )  

c o n t i n u o u s   3K  or   6K  tow  ( i e .   3 0 0 0  -   6000  f i b e r s   p e r  

tow)   h a v i n g   n o m i n a l   s i n g l e   f i b e r   d i a m e t e r s   of  12  

m i c r o m e t e r s ,   was  k n i t t e d   on  a  f l a t   bed  k n i t t i n g   m a c h i n e  

i n t o   a  c l o t h   h a v i n g   f r o m   3  to   4  l o o p s   p e r   c e n t i m e t e r .  

P o r t i o n s   of  t h i s   c l o t h   w e r e   h e a t   s e t   a t   t h e  

t e m p e r a t u r e s   s e t   f o r t h   i n   T a b l e   I  o v e r   a  6  h o u r   p e r i o d  

and  u n d e r   an  i n e r t   a t m o s p h e r e   of  n i t r o g e n .   When  t h e  



c l o t h   was  d e k n i t t e d ,   i t   p r o d u c e d   a  tow  w h i c h   had  a n  

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

t h a n   2 : 1 .   The  d e k n i t t e d   tow  was  c u t   i n t o   v a r i o u s  

l e n g t h s   of  f r o m   5  to  25  cm,  and  fed   i n t o   a  P l a t t s  

S h i r l e y   A n a l y z e r .   The  f i b e r s   of  t h e   tow  were   s e p a r a t e d  

by  a  c a r d i n g   t r e a t m e n t   i n t o   a  w o o l - l i k e   f l u f f ,   t h a t   i s  

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

w o o l - l i k e   mass   or  f l u f f   in  w h i c h   t he   f i b e r s   had  a  h i g h  

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

as  a  r e s u l t   of  the   c o i l e d   and  s p r i n g - l i k e   c o n f i g u r a t i o n  

of  t he   f i b e r s .   The  f i b e r   l e n g t h s   of  e a c h   s u c h  

t r e a t m e n t   were   m e a s u r e d   and  the   r e s u l t s   of  t h e s e  

m e a s u r e m e n t s   s e t   f o r t h   in  T a b l e   I .  





E x a m p l e   2 

A  f a b r i c   was  k n i t t e d   f rom  a  3K  o r  6 K   PANOX  ( R . K .  

T e x t i l e s )   c o n t i n u o u s   s t a b i l i z e d   f i l a m e n t   tow  on  a  

S i n g e r   f l a t   bed  k n i t t i n g   m a c h i n e   and  h e a t   t r e a t e d   a t  

t h e   t e m p e r a t u r e s   s e t   f o r t h   in   T a b l e   I I   and  u n d e r   a n  

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

d e k n i t t e d   and  t he   tow  h a v i n g   a  s p r i n g - l i k e   s t r u c t u r a l  

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

r e s u l t i n g   w o o l - l i k e   mass  was  c o l l e c t e d   o n t o   a  r o t a t i n g  

drum  and  had  s u f f i c i e n t   i n t e g r i t y  t o   e n a b l e   i t   to  b e  

e a s i l y   h a n d l e d .   The  l e n g t h   of  t he   f i b e r s   r a n g e d   f rom  2 

t o   15  cm.  The  w o o l - l i k e   mass   t r e a t e d   a t   a  t e m p e r a t u r e  

of  950°C  was  h i g h l y   c o n d u c t i v e   and  had  a  r e s i s t a n c e   o f  

l e s s   t h a n  7 5   ohms  a t   any  p r o b e   l e n g t h   t a k e n   at   w i d e l y  

s e p a r a t e d   d i s t a n c e s   up  to   60  cm  in  t h e   w o o l - l i k e   m a s s .  





E x a m p l e   3 

A  3K  PANOX  s t a b i l i z e d   tow  was  k n i t t e d   on  a  S i n g e r  

f l a t   bed  k n i t t i n g   m a c h i n e   at   a  r a t e   of  4  s t i t c h e s / c m  

and  was  t h e n   h e a t   t r e a t e d   a t   a  t e m p e r a t u r e   of  950*C  a n d  

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

d e k n i t t e d   and  t he   tow  ( w h i c h   had  a  c o i l   e l o n g a t i o n   o r  

r e v e r s i b l e   d e f l e c t i o n   r a t i o   of  g r e a t e r   t h a n   2 : 1 )   c u t  

i n t o   7 . 5  c m   l e n g t h s .   The  c u t   y a r n   was  t h e n   c a r d e d   on  a  

P l a t t   M i n a t u r e   C a r d i n g   m a c h i n e   to  p r o d u c e   a  w o o l - l i k e  

f l u f f   h a v i n g   f i b e r s   r a n g i n g   f rom  3 .5   to   6 .5   cm  i n  

l e n g t h   w i t h   an  a v e r a g e   l e n g t h   of  a b o u t   5  cm.  T h e  

w o o l - l i k e   f l u f f   had  a  h i g h   e l e c t r i c a l   c o n d u c t i v i t y   o v e r  

any  l e n g t h   of  up  to   60  cm  t e s t e d .  

E x a m p l e   4 

In  a  s i m i l a r   m a n n e r   to   E x a m p l e   3  a  p o r t i o n   f r o m  

t h e   same  k n i t t e d   c l o t h   was  h e a t   t r e a t e d   at  a  

t e m p e r a t u r e   of  1550°C  and  u n d e r  a n   i n e r t   a t m o s p h e r e   o f  

n i t r o g e n .   The  c l o t h   i t s e l f   and  the   d e k n i t t e d   tow  had  a  

v e r y   h i g h   e l e c t r i c a l   c o n d u c t i v i t y .   On  c a r d i n g   15  cm 

l e n g t h s   of  cu t   t ow ,   a  f l u f f   was  o b t a i n e d   w h i c h   h a d  

f i b e r s   of  l e n g t h s   2 .5   to   9 . 5   cm  w i t h   a v e r a g e   l e n g t h s   o f  

5  cm.  T h u s ,   c a r d i n g   of  a  d e k n i t t e d ,   c o n t i n u o u s  

f i l a m e n t   tow,   f a b r i c   w h i c h   has   been   s u b j e c t e d   to  a  

t e m p e r a t u r e   of  a b o v e   1 0 0 0 ° C   is  s t i l l   c a p a b l e   o f  

p r o d u c i n g   a  w o o l - l i k e   f l u f f y   p r o d u c t .  



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

A  s t a p l e   2  p l y   s i n g l e s   1 0 ' s   s t a b i l i z e d  

p o l y a c r y l o n i t r i l e   PANOX  y a r n   was  k n i t t e d   i n t o   a  

t u b u l a r   s o c k   a t   a  r a t e   of   4  l o o p s   p e r   cm  and  t h e r e a f t e r  

h e a t   t r e a t e d   a t   a  t e m p e r a t u r e   of  1 5 5 0 ° C   u n d e r   an  i n e r t  

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

10  cm  l e n g t h s .   The  c u t   y a r n   was  c a r d e d   in  a  c a r d i n g  

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

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

0 .5   to   1 . 2 5   cm  w e r e   o b t a i n e d   a l o n g   w i t h   a  h i g h   l e v e l   o f  

d u s t .   The  d i f f i c u l t y   of  f i b e r   r e c o v e r y   r e s u l t e d   f r o m  

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

is   t y p i c a l l y   f o u n d   in  s p u n   y a r n s .   S i m i l a r   r e s u l t s   w e r e  

o b t a i n e d   when  t h i s   e x a m p l e   was  r e p e a t e d   s t a r t i n g   w i t h   a  

s i m i l a r   spun   y a r n   s a m p l e   o f   G r a f i l - 0 1   o b t a i n e d   f r o m  

H y s o l - G r a f i l   L t d . ,   C o v e n t r y ,   E n g l a n d .  

E x a m p l e   5 

A  s e r i e s   of   r u n s   w e r e   made  to   d e t e r m i n e   the   e f f e c t  

v a r i o u s   h e a t   t r e a t m e n t   t e m p e r a t u r e s   had  on  the   f i b e r s .  

A  s i g n i f i c a n t   p r o p e r t y   was  t h e   s p e c i f i c   r e s i s t i v i t y   o f  

t h e   f i b e r s .   To  d e t e r m i n e   s u c h   p r o p e r t y ,   n u m e r o u s  

s a m p l e s   of  an  o x i d a t i o n   s t a b i l i z e d   p o l y a c r y l o n i t r i l e  

y a r n   h a v i n g   a  d e n s i t y   of  f rom  1 . 3 5   to   1 . 3 8   g / cm3   y a r n  

was  a s s e m b l e d   i n t o   3K  and  6K  t o w s .   The  t o w s  

( i d e n t i f i e d   as  PANOX  and  m a n u f a c t u r e d   by  RK  T e x t i l e s   o f  



H e a t o n - N o r r i s ,   S t o c k p o r t ,   E n g l a n d ) ,   were   k n i t t e d   i n t o   a  

p l a i n   j e r s e y   f l a t   c l o t h   h a v i n g   f rom  3  to   4  s t i t c h e s  

p e r   cm,  r e s p e c t i v e l y .   The  c l o t h   was  t h e r e a f t e r   h e a t  

t r e a t e d   at   v a r i o u s   t e m p e r a t u r e s   u n d e r   an  o x y g e n - f r e e  

n i t r o g e n   pad  in  an  i n c r e m e n t a l   h e a t   c o n t r o l   q u a r t z   t u b e  

f u r n a c e .   The  t e m p e r a t u r e   of  t h e   f u r n a c e   was  g r a d u a l l y  

i n c r e a s e d   f rom  room  t e m p e r a t u r e   to   a b o u t   5 5 0 ° C .   o v e r   a  

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

a c h i e v e d   by  50°C  i n c r e m e n t s   e v e r y   1 0 - 1 5   min .   T h e  

m a t e r i a l   was  h e l d   at   t h e   d e s i r e d   t e m p e r a t u r e   f o r   a b o u t  

1  h o u r ,   the   f u r n a c e   o p e n e d   and  a l l o w e d   to  c o o l   w h i l e  

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

t e m p e r a t u r e s   at   t he   a b o v e   p r e s e t   i n c r e m e n t a l  

t e m p e r a t u r e   s c h e d u l e   i s   t h a t   f o r   a  6K  y a r n   and  shown  i n  

T a b l e   I I I   f o l l o w i n g :  



The  s p e c i f i c   r e s i s t i v i t y   of  t he   f i b e r s   w a s  

c a l c u l a t e d   f rom  m e a s u r e m e n t s   made  on  e a c h   s a m p l e   u s i n g  

a  m e a s u r e d   a v e r a g e   of   s i x   m e a s u r e m e n t s ,   one  made  f r o m  

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



made  f rom  f i b e r s   r e m o v e d   f rom  e a c h   e d g e ,   a p p r o x i m a t e l y  

a t   t he   m i d d l e   of  t h e   s a m p l e .   The  r e s u l t s   a re   s e t   f o r t h  

in  T a b l e   IV  f o l l o w i n g :  

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

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

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

y e t   s u f f i c i e n t l y   low  w h e r e   t h e   f i b e r s   s t i l l   e x h i b i t  

r e s i l i e n t ,   f l e x i b l e ,   and  n o n -   b r i t t l e   c h a r a c t e r i s t i c s ,  



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

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

d i s s i p a t i o n   p r o p e r t i e s .   Such  a  c a r p e t / y a r n   b l e n d   m a y  

i n c o r p o r a t e   a t   l e a s t   0 . 2 5   w e i g h t   p e r c e n t   c a r b o n i z e d  

f i b e r s   in   t h e   c a r p e t   y a r n .   The  w e i g h t   r a t i o   o f  

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

p r e f e r a b l y   g r e a t e r   t h a n   1 0 0 : 1   to   2 0 0 : 1 .   A  c a r p e t  

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

e x h i b i t e d   s t a t i c   d i s c h a r g e   p r o p e r t i e s   to   0  p e r c e n t   o f  

an  a p p l i e d   e l e c t r o s t a t i c   c h a r g e   in  l e s s   t h a n   1  s e c o n d .  

E x a m p l e   6 

M o n s a n t o   1879  n y l o n   ( t r i l o b a l )   s t a p l e   w a s  

b l e n d e d   w i t h   0 .5   p e r c e n t   by  w e i g h t   of  a  c o n d u c t i v e  

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

i n v e n t i o n .   The  c o n d u c t i v e   f i b e r   was  p r e p a r e d   b y  

h e a t i n g   an  o x i d a t i v e l y   s t a b i l i z e d   p o l y a c r y l o n i t r i l e  

m u l t i f i l a m e n t   f i b e r   tow  w h i c h   had  b e e n   k n i t t e d   i n t o   a  

c l o t h ,   h e a t   t r e a t e d   a t   a b o u t   1 5 0 0 ° C ,   d e - k n i t t e d   and  c u t  

i n t o   s t a p l e   a p p r o x i m a t e l y   18  cm  in  l e n g t h .   The  b l e n d e d  

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

d r a f t e d   t h r e e   t i m e s ,   r e c o m b i n a t i o n   r a t i o s   were   1 0 : 1 ,  

3 : 1 ,   and  5 : 1 ,   r e s p e c t i v e l y .   The  r e s u l t i n g   d r a f t e d  

s l i v e r   was  s p u n   i n t o   a  s i n g l e   p l y   y a r n   w i t h   an  a v e r a g e  

t w i s t   of   a b o u t   4 . 7 5 .   The  m a j o r i t y   of  t h e   c a r b o n a c e o u s  

f i b e r   was  b r o k e n   i n t o   l e n g t h s   much  s m a l l e r   t h a n   t h e  



o r i g i n a l   18  cm  l e n g t h s ,   r e s u l t i n g   in  a  l a r g e   l o s s   o f  

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

s i n g l e s   s p i n n i n g   p r o c e s s .   The  r e s u l t i n g   c a r b o n a c e o u s  

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

y a r n   made  in  t h e   same  f a s h i o n   but  c o n t a i n i n g   n o  

c a r b o n a c e o u s   f i b e r .   The  3 . 0 0 / 2   p l y   y a r n   w h i c h   was  h e a t  

s e t   on  a  S u e s s e n   h e a t   s e t t i n g   a p p a r a t u s   was  t h e r e a f t e r  

t u f t e d   i n t o   a  1/8  i n c h   (3  mm)  g a u g e ,   27  on  (765   g m ) ,  

9 . 5   mm  p i l e   h e i g h t   c a r p e t   (a  cut   l oop   f o r m )   w i t h  

a p p r o x i m a t e l y   3  s t i t c h e s   p e r   cm.  The  r a t i o   o f  

c a r b o n a c e o u s   f i b e r   to  y a r n   c o n t a i n i n g   no  c a r b o n a c e o u s  

y a r n   in  t h e   t u f t i n g   o p e r a t i o n   was  1 : 5 ,   r e s p e c t i v e l y .   A 

p o r t i o n   of  t he   c a r p e t   was  b a c k e d   w i t h   a  c o m m e r c i a l  

n o n - c o n d u c t i v e   l a t e x   c a r p e t   b a c k i n g .   T h e  r e s u l t i n g  

c a r p e t   was  t e s t e d   f o r   s t a t i c   d i s c h a r g e   p r o p e r t i e s   b y  

c h a r g i n g   t h e   c a r p e t   to  5000  v o l t s   w h i l e   in  a n  

a t m o s p h e r e   h a v i n g   a  r e l a t i v e   h u m i d i t y   of  l e s s   t h a n   20  

p e r c e n t .   The  s t a t i c   c h a r g e   was  d i s s i p a t e d   to   0  p e r c e n t  

of  o r i g i n a l   c h a r g e   in  l e s s   t h a n   one  s e c o n d ,   and  some  o f  

t h e   s a m p l e s   d i s c h a r g e d   in  l e s s   t h a n   1 /2   s e c o n d .   T h e  

s t a n d a r d   f o r   t he   i n d u s t r y   is  a  d i s c h a r g e   to   0  p e r c e n t  

in  2  s e c o n d s   or  l e s s .  

T h i s   e x a m p l e   i l l u s t r a t e s   t h a t   t e m p e r a t u r e s   a b o v e  

a b o u t   1 0 0 0 * C .  c a n   be  e m p l o y e d   in  h e a t - s e t t i n g   t h e  

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



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

1 0 0 0 ° C   much  e m b r i t t l e m e n t   o c c u r s   and  t h e   f i b e r s  

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

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

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

E x a m p l e   7 

In  a n o t h e r   e x a m p l e   100  g r a m s   of  t h e   same  p r e c u r s o r  

a c r y l o n i t r i l e   f i b e r   tow  as  d e s c r i b e d   in   E x a m p l e   6  w a s  

u s e d .   H o w e v e r ,   t h e   p r e c u r s e r   f i b e r   was  h e a t   t r e a t e d  

a f t e r   k n i t t i n g   a t   a  t e m p e r a t u r e   of  9 5 0 ° C .   A l l   o t h e r  

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

s a m e .   The  c a r b o n i z e d   f i b e r   was  b l e n d e d   w i t h   45  kg  o f  

t h e   M o n s a n t o   1879  n y l o n   y a r n   as  in  E x a m p l e   6.  T h e  

r e s u l t i n g   y a r n   c o n t a i n e d   0 . 0 2   p e r c e n t   c a r b o n i z e d   f i b e r s  

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

t h e   y a r n .   The  y a r n   was  t u f t e d   to  p r e p a r e   a  c a r p e t   i n  a  

s i m i l a r   m a n n e r   to   E x a m p l e   6.  T h u s ,   e a c h   t u f t e d   end   h a s  

t he   c a r b o n i z e d   f i b e r s .   R e s u l t s   were   s i m i l a r   to  t h e  

r e s u l t s   o b t a i n e d   in  E x a m p l e   6 .  

K n i t t e d   y a r n   or   f i b e r   tows   w h i c h   have   been   h e a t  

t r e a t e d   to   a  t e m p e r a t u r e   a b o v e   1 0 0 0 ° C ,   and  t h u s   b e e n  

r e n d e r e d   e l e c t r i c a l l y   c o n d u c t i v e ,   have   a l s o   f o u n d  

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

n o n - a q u e o u s   s e c o n d a r y   e n e r g y   s t o r a g e   d e v i c e   s u c h   a s  



d e s c r i b e d   in  U.S .   A p p l i c a t i o n   S e r i a l   No.  5 5 8 , 2 3 9   f i l e d  

D e c e m b e r   5,  1 9 8 3 ,   e n t i t l e d   E n e r g y   S t o r a g e   D e v i c e   b y  

F . P .   M c C u l l o u g h   and  A.  F.  B e a l e ,   J r . ,   as  w e l l   a s  

A p p l i c a t i o n   S e r i a l   No.  6 7 8 , 1 8 6   f i l e d   D e c e m b e r   4,  1 9 8 4 ,  

e n t i t l e d   S e c o n d a r y   E l e c t r i c a l   E n e r g y   S t o r a g e   D e v i c e   a n d  

E l e c t r o d e   T h e r e f o r .  

E x a m p l e   8 

In  a n o t h e r   e x p e r i m e n t   t ows   made  by  d e k n i t t i n g   a  

f l a t   s t o c k   c l o t h   in  w h i c h   t he   tow  was  a  s t a b i l i z e d  

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

c o u n t   w h i c h   had  b e e n   h e a t - s e t   a t   t he   i n d i c a t e d  

t e m p e r a t u r e s   p r i o r   to   d e k n i t t i n g .   Tow  l e n g t h s   w e r e  

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

w e i g h t s   to  t h e   tow  p o r t i o n   and  t h e   i n t e r m e d i a t e   and  t h e  

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

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

f o r t h   in  T a b l e   V .  





(a)  P a n o x   6K  tow  w i t h   0 .4   t w i s t s / c m .   as  p l a i n  

j e r s e y   w i t h   3-4  p i c k s / c m .  

(b)  Panox   3K  tow  w i t h   no  t w i s t ,   p l a i n   j e r s e y   k n i t  

w i t h   4-5  p i c k s / c m .  

(c)  H y s o l - G r a f i l - 0 1 ,   6K  tow  w i t h   no  t w i s t   k n i t t e d  

as  I n t e r l o c k   w i t h   3  p i c k s / c m .  

(d)  G r a f i l - 0 1   k n i t t e d   as  i n t e r l o c k   w i t h   3 

p i c k s / c m .  

(e )   P a n o x   6K  tow  w i t h   0 .4   t w i s t s / c m   k n i t t e d   a s  

p l a i n   j e r s e y   w i t h   3-4  p i c k s / c m .  

( f )   P a n o x   6K  tow  w i t h   0 .4   t w i s t s / c m   k n i t t e d   a s  

p l a i n   j e r s e y   w i t h   3-4  p i c k s / c m .  

(g)   P a n o x   6K  tow  w i t h   0 .4   t w i s t s / c m ,   k n i t t e d   a s  

p l a i n   j e r s e y   w i t h   3-4  p i c k s / c m .  

(h  and  i)  P a n o x   3K  tow  w i t h   no  t w i s t ,   p l a i n   j e r s e y   k n i t  

w i t h   4-5  p i c k s / c m .  

*  F u l l y   s t r e t c h e d   to   s t r u c t u r e   l e n g t h  

* *  A l l   l o a d   r e m o v e d   c o i l   r e t u r n s   to   r e l a x e d   s t a t e  

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

To  i l l u s t r a t e   t h e   e f f e c t   of  t e n s i o n   on  t h e   f i b e r s  

d u r i n g   s e t t i n g   of  t h e   s p r i n g - l i k e   c o n f i g u r a t i o n ,   a  6K 

tow  of  P a n o x   c o n t i n u o u s   f i b e r s   was  r o l l - w r a p p e d   o n t o   a  

8  mm  q u a r t z   r o d .   The  wound  tow  was  h e a t   t r e a t e d  

a c c o r d i n g   to  t he   s c h e d u l e   as  s e t   f o r t h   in  E x a m p l e   5 ,  

T a b l e   I I I   to  a  f i n a l   t e m p e r a t u r e   of  300°C  w h i l e   h o l d i n g  

t h e   e n d s   of  t h e   w r a p p e d   tow  s e c u r e .   The  h e a t   t r e a t m e n t  



s e t   a  s p r i n g - l i k e   c o n f i g u r a t i o n   i n t o   t he   t o w .   H o w e v e r ,  

t h e   f i b e r s   w e r e   v e r y   s t i f f   and  t h e   tow  was  r e m o v e d   f r o m  

the   r o d   w i t h   d i f f i c u l t y .   Many  of  t he   f i b e r s   b r o k e   o n  

r e m o v a l .   T h i s   tow  d i d   n o t   h a v e   t h e   same  r e s i l i e n c e   a s  

tows   w h i c h   had  b e e n   h e a t   s e t   in  a  r e l a x e d   k n i t t e d  

c o n f i g u r a t i o n .   I f   t he   same  p r o c e d u r e   is   e m p l o y e d   b u t  

t he   s p r i n g - l i k e   tow  is  h e a t e d   to   a  t e m p e r a t u r e   o f  

3 5 0 ° C ,   much   g r e a t e r   b r e a k a g e   o c c u r s   e v e n   b e f o r e  

r e m o v a l .  

The  l a t t e r   p r o c e d u r e   was  r e p e a t e d   and  t h e  

h e a t   t r e a t e d   m a t e r i a l   ( 3 5 0 ° C )   a f t e r   b e i n g   c a r e f u l l y  

r e m o v e d   f r o m   t h e   r o d ,   was  h e a t e d   w h i l e   in  a  r e l a x e d  

s t a t e   s l o w l y   to   a b o u t   a  t e m p e r a t u r e   of   650°C  to  d e t e r -  

m i n e   w h e t h e r   any  a n n e a l i n g   w o u l d   o c c u r .   None  d i d .   T h e  

r e s u l t a n t   c o i l   was  b r i t t l e   and  had  no  r e s i l i e n c y .  

H o w e v e r ,   i f   t h e   w r a p p e d   c o i l e d   tow  was  r e m o v e d  

f rom  t h e   r o d   p r i o r   to   r e a c h i n g   275°C   and  a  s m a l l e r  

d i a m e t e r   r o d   i n s e r t e d   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  

s p r i n g - l i k e   s h a p e ,   h e a t i n g   in  t h i s   " r e l a x e d "   s t a t e  

r e s u l t e d   in   a  s p r i n g   l i k e   tow  h a v i n g   s u b s t a n t i a l l y   t h e  

same  p r o p e r t i e s   as  t h e   a f o r e d e s c r i b e d   d e k n i t t e d   t o w s  

a n d / o r   y a r n s .  



1.  An  a r t i c l e   d e r i v e d   f rom  a  s t a b i l i z e d ,  

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

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

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

t h a t   the   f i b e r   has  a  s p r i n g - l i k e   s t r u c t u r a l  

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

g r e a t e r   t h a n   a b o u t   1 . 2 : 1 .  

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

f i b e r   has  a  d i a m e t e r   of  f r o m   4  to  20  m i c r o m e t e r s .  

3.  An  a r t i c l e   as  c l a i m e d   in  C l a i m   1,  w h e r e i n  

s a i d   r e v e r s i b l e   d e f l e c t i o n   r a t i o   is  g r e a t e r   t h a n   2 : 1 .  

4.  An  a r t i c l e   as  c l a i m e d   in  a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s ,   w h e r e i n   s a i d   f i b e r   has  a  s p e c i f i c  

e l e c t r i c a l   r e s i s t i v i t y   of  l e s s   t h a n   1010  o h m - c m .  

5.  An  a r t i c l e   as  c l a i m e d   in  a n y  o n e   of  t h e  

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

l e s s   t h a n   2 .5   g m / c m 3 ,   a n d / o r   a  Y o u n g ' s   m o d u l u s   o f  

f rom  7  GPa  to   380  G P a .  



6.  An  a r t i c l e   as  c l a i m e d   in  a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s ,   w h e r e i n   s a i d   f i b e r   has  a  s u r f a c e   a r e a  

of   f r o m   0 . 5   to   1600  m 2 / g m .  

7.  An  a r t i c l e   as  c l a i m e d   in  C l a i m   6,  w h e r e i n  

s a i d   f i b e r   has   a  s u r f a c e   a r e a   of   l e s s   t h a n   15  m 2 / g m .  

8.  A  w o o l - l i k e   f l u f f   c o m p r i s i n g   a  m u l t i p l i c i t y  

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

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

l e s s   t h a n   1010  ohm-cm  and  a  r e s i s t a n c e   of  l e s s   t h a n  

75  ohms  a t   a  p r o b e   d i s t a n c e   of   60  cm  when  m e a s u r e d  

a c r o s s   t h e   w o o l - l i k e   f l u f f .  

9.  A  m e t h o d   of  f o r m i n g   a  f i b e r   w i t h   r e v e r s i b l e  

d e f l e c t i o n   f rom  a  s t a b i l i z e d ,   c a r b o n a c e o u s   p r e c u r s o r  

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

s p r i n g - l i k e   s h a p e   to  t h e   s t a b i l i z e d   f i b e r ,   h e a t i n g   t h e  

f i b e r   h a v i n g   s a i d   s p r i n g - l i k e   s h a p e   in  a  r e l a x e d  

s t a t e   u n d e r   n o n - o x i d i z i n g   c o n d i t i o n s   and  at  a  

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

a  s p r i n g - l i k e   s t r u c t u r a l   c o n f i g u r a t i o n   to  the   f i b e r ,  

a n d / o r   h e a t i n g   t h e   f i b e r   h a v i n g   s a i d   s p r i n g - l i k e   s h a p e  

in  a  r e l a x e d   s t a t e   u n d e r   n o n - o x i d i z i n g   c o n d i t i o n s   to  a  

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

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



10.  A  m e t h o d   as  c l a i m e d   in  C l a i m   9,  w h e r e i n   s a i d  

s t a b i l i z e d   f i b e r   is  h e a t e d   to  a  t e m p e r a t u r e   of  f r o m  

150°C  to  550°C  to  i m p a r t   s a i d   t e m p o r a r y   s e t t i n g   of  a  

s p r i n g - l i k e   s t r u c t u r a l   c o n f i g u r a t i o n   to   t he   f i b e r .  

11.  A  m e t h o d   as  c l a i m e d   in  C l a i m   9  or   C l a i m   1 0 ,  

w h e r e i n   s a i d   s t a b i l i z e d   f i b e r   is  h e a t e d   to  a  

t e m p e r a t u r e   of  f rom  5 5 0 ° C   t o   1550°C  to   i m p a r t   s a i d  

p e r m a n e n t   s e t t i n g   of  a  s p r i n g - l i k e   s t r u c t u r a l  

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

d e f l e c t i o n ,   c o n f o r m s   t o   H o o k e ' s   l a w .  

12.  A  m e t h o d   as  c l a i m e d   in  a n y  o n e   of  C l a i m s   9 ,  

10  and  11,  i n c l u d i n g   t h e   s t e p   of  a s s e m b l i n g   t h e  

s t a b i l i z e d   f i b e r   i n t o   a  f i b e r   t ow ,   i m p a r t i n g   s a i d  

s p r i n g - l i k e   s t r u c t u r a l   c o n f i g u r a t i o n   to  t he   f i b e r   t o w ,  

and  h e a t i n g   the   f i b e r   tow  in  s a i d   r e l a x e d   c o n d i t i o n   t o  

a  t e m p e r a t u r e   of  f r o m   550°   to   1550°C  to  i m p a r t   s a i d  

p e r m a n e n t   s e t t i n g   of  a  s p r i n g - l i k e   s t r u c t u r a l  

c o n f i g u r a t i o n   to  t h e   f i b e r   t o w .  

13.  A  m e t h o d   as  c l a i m e d   in  C l a i m   11  or  C l a i m   1 2 ,  

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

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

to  3000°C  to  r e n d e r   t h e   f i b e r   e l e c t r i c a l l y   c o n d u c t i v e .  



14.   A  m e t h o d   as  c l a i m e d   in  a n y  o n e   of  C l a i m s   11  

to  13,   i n c l u d i n g   t h e   s t e p   of  i m p a r t i n g   s a i d   s p r i n g - l i k e  

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

w i n d i n g   t h e   tow  a r o u n d   a  c y l i n d r i c a l   rod  or  m a n d r e l ,  

h e a t i n g   t h e   wound  f i b e r   tow  to  a  t e m p e r a t u r e   of  f r o m  

1 5 0 ° C .   to   3 0 0 ° C   in  a  n o n - o x i d i z i n g   a t m o s p h e r e ,  

u n w i n d i n g   t h e   f i b e r   tow  f rom  t h e   c y l i n d r i c a l   rod   o r  

m a n d r e l ,   and  h e a t i n g   t he   f i b e r   t ow ,   in  a  r e l a x e d  

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

t e m p e r a t u r e   of  f r o m   550°   to   1 5 5 0 ° C   to   form  a  p a r t i a l l y  

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

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

t h a n   1 . 2 : 1 .  

15 .   A  m e t h o d   as  c l a i m e d   in  a n y  o n e   of  C l a i m s   11  

to   13,   i n c l u d i n g   t h e   s t e p   of  i m p a r t i n g   s a i d   s p r i n g - l i k e  

s h a p e   t o  a  s t a b i l i z e d   f i b e r   tow  by  k n i t t i n g   t h e   t o w  

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

f r o m   1 5 0 ° C   t o   550°C  to   i m p a r t   s a i d   t e m p o r a r y   s e t   to   t h e  

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

t h e   f i b e r   t o w s   f rom  t h e   d e k n i t t e d   c l o t h   to   a  

t e m p e r a t u r e   of   f r o m   550°C  to   1 0 0 0 ° C   to  i m p a r t   a  

p e r m a n e n t   s e t t i n g   of  a  s p r i n g - l i k e   s t r u c t u r a l  

c o n f i g u r a t i o n   to   t h e   f i b e r   t o w s .  



16.  A  m e t h o d   as  c l a i m e d   in  C l a i m   10,   i n c l u d i n g  

the   s t e p   of  i m p a r t i n g   s a i d   s p r i n g - l i k e   s h a p e   to  t h e  

s t a b i l i z e d   f i b e r   tow  by  k n i t t i n g   the   tow  i n t o   a  c l o t h ,  

h e a t i n g   t h e   c l o t h   to  a  t e m p e r a t u r e   of  f r o m   150°C  t o  

5 5 0 ° C ,   d e k n i t t i n g   t h e   c l o t h   and  m e c h a n i c a l l y   t r e a t i n g  

the   d e k n i t t e d   f i b e r   tow  to  fo rm  a  w o o l - l i k e   f l u f f .  

17.  A  m e t h o d   as  c l a i m e d   in  C l a i m   16,   i n c l u d i n g  

t h e   s t e p   of  h e a t i n g   t h e   w o o l - l i k e   f l u f f   at   a  

t e m p e r a t u r e   of  l e s s   t h a n   1000°C   to   r e n d e r   t h e   f i b e r s   i n  

the   f l u f f   e l e c t r i c a l l y   c o n d u c t i v e .  

18.  A  m e t h o d   as  c l a i m e d   in  C l a i m   16  or   C l a i m   1 7 ,  

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

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

1 0 0 0 ° C   to  r e n d e r   t h e   f i b e r s   more  h i g h l y   e l e c t r i c a l l y  

c o n d u c t i v e ,   and  i n c o r p o r a t i n g   t he   e l e c t r i c a l l y  

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

19.  A  m e t h o d   as  c l a i m e d   in  a n y  o n e   of  C l a i m s   9  t o  

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

h e a t i n g ,   f o r m s   f u s e d   b e n z e n o i d   or  e q u i v a l e n t   s k e l e t a l  

o r i e n t a t i o n   at   or  n e a r   t he   s u r f a c e .  
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