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Q>j)  Carbon  fibers  and  methods  for  producing  the  same. 
  Carbon  yarn  is  produced  by  spinning  continuous  pitch , 
yarn,  treating  the  pitch  yarn  with  an  oxidizing  composition, 
collecting  the  pitch  yarn  into  a  bulk  form,  and  subjecting  the 
treated  pitch  yarn  to  a  heat  treatment  in  a  substantially 
non-reactive  atmosphere  to  produce  carbon  yarn. 



Fie ld   of  the  I n v e n t i o n  

The  i n v e n t i o n   r e l a t e s   to  a  method  for  t h e  

manufac tu re   of  carbon  f i b e r s   which  avoids   c r i t i c a l  

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

s teps   for  the  p r o d u c t i o n   of  carbon  f i b e r s .   More 

p a r t l c u l a r l y ,   the  i n v e n t i o a   is  d i r e c t e d   to  a  p r o c e s s  
which  e l i m i n a t e s   the  independent   s tep   o f  

l n f u s i b l l z i n g   a  metophase  p i t ch   f i b e r   p r i o r   to  a  

c a r b o n i z i n g   s tep  for  producing  carbon  f i b e r s .   The 

i n v e n t i o n   a lso   r e l a t e s   to  novel  carbon  f i b e r s   and  

composi te   m a t e r i a l s   which  inc lude   the  carbon  f i b e r s .  

Backlground  of  the  I n v e n t i o n  

Mesophase  based  carbon  f i b e r s   are  w e l l  

known  in  the  a r t   s ince   the  i s suance   of  U.S.  P a t e n t  

MO.  4 , 0 0 5 , 1 8 3 .   Numerous  p a t e n t s   have  i s s u e d  

r e l a t i n g   the  manufac tu re   of  metopbase  p i t c h   s u i t a b l e  

for  p roduc ing   carbon  f i b e r s .   Such  p a t e n t s   i n c l u d e  

U.S.  Pa t en t   No  4 , 0 2 6 . 7 8 8 ,   U.S.  Pa t en t   No. 

3 , 9 7 6 , 7 2 9 ,   and  U.S.  Pa t en t   NO.  4 , 3 0 3 , 6 3 1 .  

I t   bas  been  found  in  the  a r t   t ha t   m e s o p a s e  

p i t ch   s u i t a b l e   for  sp inn ing   p i t ch   f i b e r s   c o n t a i n s   a t  

l e a s t   40%  by  weight   m e s o p a s e   so  t h a t   the  m e t o p b a s e  

is  t h e  c o n t i n u o u s   phase,   and  the  mesopbase  p i t c h  

upon  q u i e s c e n t   h e a t i n g   forms  domains  at  l e a s t   200 

microns  in  s i z e .  

The  sp inn ing   of  mesophase  p i t ch   i n t o  

con t inuous   p i t ch   f i b e r s   for  the  m a n u f a c t u r i n g   o f  

carbon  f i b e r s   is  u s u a l l y   c a r r i e d   out  with  a  s p i n n i n g  

appa ra tus   which  spins   hundreds  of  f i b e r s  

s i m u l t a n e o u s l y .   u s u a l l y   from  1500  to  2000  p i t c h  



f i b e r s   s i m u l t a n e o u s l y .   The  average  d iamete r   of  t h e  

p i t c h   f i b e r s   is  about   13  m i c r o a s .   The  p i t c h   f i b e r s ,  

say  2000,  are  t r e a t e d   t o g e t h e r   in  subsequen t   s t o p s .  

A  bundle   of  c o n t i n u o u s   f i b e r s   are  commonly  r e f e r r e d  

to  as  "ya rn"   in  the  a r t .   The  carbon  f i b e r s   a r e  

u s u a l l y   p r o d u c e d   packaged   for   s h i p p i n g ,   and  used  i n  

c o m p o s i t e s   as  y a r n s .   Such  yarns  are  s o m e t i m e s  

r e f e r r e d   t o  a s   " c a r b o n   y a r a s " .  

As  used  h e r e i n ,   the  term  "yarn"  is  a  

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

t o g e t h e r   and  the  terms  " p i t c h   ya rn" ,   " i n f u s i b l l i z e d  

y a r n " ,   "carbon  ya rn"   and  " g r a p h i t e   yarn"  are  used  t o  

r e f e r   to  the  yarn  at  v a r i o u s   s t a g e s   of  t h e  

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

G e n e r a l l y ,   the  method  for  p roducing   c a r b o n  

f i b e r s   from  mesophase  p i t c h   i nc ludes   the  s t eps   o f  

s p i n n i n g   the  mesophase  p i t c h   i n t o  a   p l u r a l i t y   o f  

p i t c h   f i b e r s   ( p i t c h   y a r n ) .   i n f u s i b i l l z i n g   the  p i t c h  

f i b e r s   ( i n f u s i b i l i z e d  p i t c h   y a r n ) ,   and  t h e r e a f t e r  

s u b j e c t i n g   the  i n f u s i b i l i z e d   p i t ch   f i b e r s   to  a  

c a r b o n i z i n g   s tep   i n  a   s u b s t a n t i a l l y   n o n - r e a c t i v e  

a tmosphere   for  p r o d u c i n g   the  carbon  f i b e r s   ( c a r b o n  

y a r n ) .  

I t   is  known  from  the  p r i o r   a r t   t ha t   t h e  

s tep   of  i n f u s i b i l i z i n g   the  p i t ch   f i b e r s   is  e s s e n t i a l  

for   the  m a n u f a c t u r e   of  carbon  f i b e r s   because   i t  

e n a b l e s   the  c a r b o n i z i n g   s tep   to  be  c a r r i e d   o u t  

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

r e q u i r e s   the  yarn  to  be  r a i s e d   t o  a   t e m p e r a t u r e   o f  

at  l e a s t   about  1000°C.  I t   is  d e s i r a b l e   to  be  a b l e  

to  r a i s e   the  t e m p e r a t u r e   of  the  yarn  from  about  room 

t e m p e r a t u r e   to  the  f i n a l   t e m p e r a t u r e ,   for  e x a m p l e  

1000°C,  in  a  sho r t   time  w i t h o u t   causing  d e f o r m a t i o n  



of  the  f i b e r s ,   fus ion   between  f i b e r s ,   o r  a  
d e t e r i o r a t i o n   of  the  motban ica l   p r o p e r t i e s   of  t h e  

carbon  y a r n .  

In  the  p r i o r   a r t ,   the  i n f u s i b i l i z i n g   s t o p  

is  p a r t i c u l a r l y   impor tan t   for  p roduc ing   mesophase  

p i t c h  b a s e d   carbon  f i b e r s .   Mesophase  p i t ch   d e r i v e d  

carbon  f i b e r s   are  c h a r a c t e r i z e d   by  s u p e r i o r  

mechan ica l   p r o p e r t i e s   such  as  t e n s i l e   s t r e n g t h   and 

Young's  modulus  because  the  a romat ic   molecu les   o f  

the  mesophase  p i t ch   tend  to  o r i e n t   p a r a l l e l   to  t h e  

p i t c h  f i b e r   dur ing   the  sp inn ing   of  the  mesophase  

p i tch   f i b e r s .   Ra i s ing   the  t e m p e r a t u r e   of  mesopbase  

p i tch   f i b e r s   which  have  not  been  i n f u s i b i l i s e d   t o  

the  s o f t e n i n g   po in t   of  the  p i t ch   f i b e r s   can  r e s u l t  

in  the  d i s o r i e n t a t i o n   of  the  a romat i c   molecu les   and 

thereby   s u b s t a n t i a l l y   des t roy   the  p o s s i b i l i t y   o f  

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

p r o p e r t i e s .  

The  p r i o r   a r t   has  s t r e s s e d   the  n e c e s s i t y   o f  

i n f u s i b i l i z i n g   mesophase  p i t ch   yarn  p r i o r   to  t h e  

c a r b o n i z i n g   s tep   in  order   to  avoid  an  e x t r a o r d i n a r y  

long  pe r iod   of  time  to  r a i s e   the  t e m p e r a t u r e   of  t h e  

yarn  up  from  room  t empera tu re   to  the  c a r b o n i z i n g  

t e m p e r a t u r e   w i thou t   d e t e r i o r a t i n g   the  q u a l i t i e s   o f  

the  carbon  yarn  to  be  p r o d u c e d .  

I t   is  a lso  e s s e n t i a l ,   a c c o r d i n g   to  t h e  

p r i o r   a r t ,   to  i n f u s i b i l i z e   non-mesopbase  p i t c h  

f i b e r s   to  avoid  having  the  f i b e r s   s o f t e n   and  t h e r e b y  

r e s u l t   in  f u s ion   between  f i b e r s   in  a  y a r n .  

The  s tep  of  i n f u s i b i l i z i n g   p i t ch   yarn  i s  

a l s o  r e f e r r e d   to  in  the  art   a s  a   " t h e r m o s e t t i n g  

s t e p " .   The  i n f u s i b i l i z i n g   stop  is  an  e x o t h e r m i c  



r e a c t i o n   and  the  beat   g e n e r a t e d   by  the  r e a c t i o n   c a n  

s o f t e n   or  deform  f i b e r s .   The  bea t   can  cause  f i b e r s  

in  a  yarn   to  adhere  or  s t i c k   to  each  o the r   and  t h i s  

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

yarn  ss  wel l   as  the  p r o p e r t i e s   o f  a   composi te   made 

wi th   the  ca rbon   yarn.   This  problem  has  b e e n  

c o n s i d e r e d   in  U.S.  P a t e n t   No.  4 , 2 7 5 . 0 5 1   and  U . S .  

P a t e n t   No.  4 , 2 7 6 . 2 7 8 .  

The  m a n u f a c t u r i n g   of  carbon  f i b e r s   a s  

r e f l e c t e d   in  t h e  p a t e n t   l i t e r a t u r e   has  been  r e v i o w e d  

In  the  book  o n t i t l e d ,   "Carbon  and  Graph i t e   F i b e r s ,  

M a n u f a c t u r e   and  A p p l i c a t i o n , "   p u b l i s h e d   by  Noyes 

Data  C o r p o r a t i o n ,   Park  Ridge,   New  J e r s e y ,   1980 ,  

e d i t e d   by  m a r s h a l l   S i t t i g .   This   book  se t s   f o r t h   t h e  

h i s t o r i c a l   deve lopment   of  ca rbon   f i b e r s   as  d e r i v e d  

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

t e c h n i q u e s   p a t e n t e d   for   t h e i r   m a n u f a c t u r e .   I n  

a d d i t i o n ,   the  book  d e s c r i b e s   s u c c i n c t l y   the  v a r i o u s  

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

employed  with  carbon  yarn  in  o rde r   to  make 

c o m p o s i t e s ,   o t h e r   r e i n f o r c e d   m a t e r i a l s   which  can  b e  

i n c l u d e d   in  combina t ion   with  carbon  f i b e r s   to  make 

e f f e c t i v e   c o m p o s i t e s ,   and  the  u t i l i z a t i o n   of  t h e  

ca rbon   f l b e r s   in  the  m a n u f a c t u r e   of  t e x t i l e  

s t r u c t u r e s .  

The  I n t e r n a t i o n a l   Committee  f o r  

C h a r a c t e r i z a t i o n   and  Torminology  of  Carbon  h a s  

p u b l i s h e d   " F i r s t   P u b l i c a t i o n   of  30  T e n t a t i v e  

D e f i n i t i o n s "   in  Carbon,  Vol.  20,  pp.  445-449,  1982 ,  

to  c l a r i f y   the  d e f i n i t i o n   of  many  terms  used  in  t h e  

a r t .   The  I n t e r n a t i o n a l   Committee  has  d e f i n e d  

"ca rbon   f i b e r "  a s   " f i l a m e n t s   c o n s i s t i n g   o f  



Mon-Craphi te   Carbon  ob t a ined   by  C a r b o n i z a t i o n   e i t h e r  

of  o r g a n i c   s y n t h e t i c   or  n a t u r a l   f i b r e s   (PAN  o r  

o t h e r s )   or  of  f i b r e s   drawn  from  o rgan ic   p r e c u r s o r s  

such  as  r e s i n s   or  p i t c h e s ,   and  by  subsequen t   b e a t  

t r e a t m e n t   of  the  c a r b o n i z e d   f i b r e s   (up  t o  

t e m p e r a t u r e s   of  about  3000°K)" .  The   I n t e r n a t i o n a l  

Cormi t t e s   has  a lso  de f i ned   " N o n - C r a p h i t i c   Carbon"  a s  

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

the  element  Carbon  with  t w o - d i m e n s i o n a l   long  r a n g e  

order   of  the  carbon  atoms  In  p l ana r   h e x a g o n a l  

networks ,   but  w i thou t   any  m e a s u r a b l e  

c r y s t a l l o g r a p h i c   o rder   in  the  t h i r d   d i r e c t i o n  

( c - d i r e c t i o n )   apa r t   from  more  or  l e s s   p a r a l l e l  

s t a c k i n g " .   The  term  " g r a p h i t i c   f i b e r "   has  been  u s e d  

i n  t h e   a r t   to  d e s c r i b e   carbon  f i b e r s   which  have  been  

beat  t r e a t e d   to  between  2500  and  3000°K.  The 

I n t e r n a t i o n a l   Committee  has  po in ted   out  tha t   such  

f i b e r s   in  most  cases   remain  n o n - g r a p h i t i c   carbon  so  

tha t   the  common  term  " g r a p h i t i c   f i b e r "   i s  

i n c o r r e c t .   The  I n t e r n a t i o n a l   Committee  has  p o i n t e d  

out,   however,  t ha t   " tbe  term  g r a p h i t i c   carbon  i s  

j u s t i f i e d   if  Three  Dimeneional   C r y s t a l l i n e   Long 

Range  Order  can  be  d e t e c t e d   in  the  m a t e r i a l   by 

d i f f r a c t i o n   methods,   independen t   of  the  volume 

f r a c t i o n   and  the  homogeneity  of  d i s t r i b u t i o n   of  such  

c r y s t a l l i n e   d o m a i n s " .  

According  to  the  p r i o r   a r t ,   t h e  

i n f u s i b i l i z i n g   s tep  is  c a r r i e d   out  in  an  o x i d i z i n g  

environment   p r e f e r a b l y   at  an  e l e v a t e d   t empera tu re   i n  

order  to  i n c r e a s e   the  ra te   at  which  the  f i b e r s  

become  i n f u s i b i l i z e d .   U.S.  Pa ten t   No.  4 , 3 8 9 , 3 8 7  

d i s c l o s e s  t h e   problems  of  i n f u s i b i l i z i n g   p i t c h  



f i b e r s   r a p i d l y   and  e f f e c t i v e l y .   The  p a t e n t  
d i s c l o s e s   t h a t   i t   is  p r e f e r a b l e   to  combine  tons  o f  

t housands   of  p i t c h   f i b e r s   in to   a  tow  of  10  to  30  mm 

in  d i a m e t e r   In  advance   of  the  t r e a t m e n t   f o r  

i n f u s i b i l l t i n g .   The  p i t c h   f i b e r s   are  loaded   onto  a  

n o t - b e l t   conveyor   and  passed  t h r o u g h  a   g a s e o u s  
m i x t u r e   of  a i r   and  a  gaseous  ox idan t   such  as  o x y g o n ,  

ozone,   s u l f u r   d i o x i d e ,   n i t r o g e n   d i o x i d e ,   e t c .   w i t h  

the  gaseous   o x i d a n t   be ing   0.1  to  10%  by  volune  o f  

the  gas  m i x t u r e .   The  t e m p e r a t u r e   for  t h e  

i n f u s i b i l i z i n g   s t e p   in  the  p a t e n t   is  lower  than  t h e  

s o f t e n i n g   po in t   of  the  p i t ch   f i b e r s   by  at  l e a s t   S°C 

to  50°C.  The  t ime  fo r   i n f u s i b i l i z i n g   is  d i s c l o s e d  

in  the  p a t e n t   as  from  1  to  4   hours .   The  p a t e n t  

s t a t e s   t h a t   p rob lems   of  i n f u s i b i l i z i n g   p i t c h   f i b e r s  

are  overcome  by  moving  the  gaseous  mix tu re   t h r o u g h  

the  packed  p i t c h   f i b e r s .   M e v e r t h e l e s s ,   the  p a t e n t  

c a u t i o n s   a g a i n s t   too  l a r g e   a  packing  h e i g h t   of  p i t c h  

f i b e r s   to  avoid   i n s u f f i c i e n t   removal  of  t h e  

g e n e r a t e d   b e a t .  

South  A f r i c a n   Pa t en t   A p p l i c a t i o n   No. 

71/7853.   f i l e d   Movember  4,  1971,  e n t i t l e d  

" Improvements   In  Or  R e l a t i n g   To  The  Manufac tu re   Of  

Carbon  F i b e r s " ,   d i s c l o s e s   p r o c e s s e s   f o r  

i n f u s i b i l i z i n g   a  f i b e r   a f t e r   i t   has  been  spun  and  

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

s t ep   in  the  p a t e n t   is  r e f e r r e d   to  as  " s t a b i l i z i n g " .  

That  i s ,   " s t a b i l i z i n g "   and  i a f u s i b i l i z i n g   are  t h e  

same  and  a r e  u s e d   i a t e r c h a n g a b l y   in  the  p a t e n t .   The 

p r e c u r s o r   m a t e r i a l s   d i s c l o s e d   in  the  p a t e n t   i n c l u d e  

s o l u t i o n s   or  e x t r a c t s   of  coal ,   as  well   as  p i t c h e s ,  

p i t c h - l i k e   m a t e r i a l   and  ta r   p a r t i c u l a r l y   i f   they  a r e  

d e r i v e d   from  c o a l .  



The  South  A f r i c a n   p a t e n t   d i s c l o s e s   " t h a t  

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

of  the  o rgan ic   m a t o r i a l   may  be  s t a b i l i z e d   by  h e a t  

t r e a t m e n t   by  r e a c t i n g   i t   with  e i t h e r   an  a q u e o u s  
s o l u t i o n   of  bromine  or  an  aqueous  s o l u t i o n   of  n i t r i c  

acid  c o n t a i n i n g   at  l e a s t   25%,  and  p r e f e r a b l y   a t  

l e a s t   40%  b y  w e i g h t   of  HNO3  for  at  l e a s t  

s u f f i c i e n t  t i m e   to  s t a b i l i z e   the  spun  or  e x t r u d e d  

f i b r e ,   f i l a m e n t   or  f i lm  to  beat   t r e a t m e n t " .   The 

pa ten t   f u r t h e r   d i s c l o s e s   tha t   the  s t a b i l i z e d   f i b e r  

can  be  f u r t h e r   s t a b i l i z e d   for  a  beat   t r e a t m e n t   by 

o x i d a t i o n   employing  an  o x i d i z i n g   gas,  p r e f e r a b l y  

c o n t a i n i n g   m o l e c u l a r   oxygen  at  an  e l e v a t e d  

t e m p e r a t u r e .  

The  South  A f r i c a n   p a t e n t   d i s c l o s e s   t h a t  

n i t r i c   acid  r e a c t s   with  coal  and  s i m i l a r   m a t e r i a l s  

decomposing  the  coal  and  tha t   the  r e a c t i o n   of  t h e  

n i t r i c   acid  with  the  coal  is  a  s u r f a c e   e f f e c t ,   t h e  

n i t r i c   acid  In  c e r t a i n   c i r c u m s t a n c e s   r e a c t i n g   w i t h  

the  coal  v i o l e n t l y ,   or  even  e x p l o s i v e l y .  

According  to  the  South  Af r ican   p a t e n t :  

" I f   the  n i t r i c   acid  is  a l lowed  t o  
r e a c t   for  an  e x c e s s i v e   per iod   of  time  w i t h  
the  spun  or  ex t ruded   f i b r e ,   f i l a m e n t   o r  
f i lm  of  the  o rgan ic   m a t e r i a l ,   the  n i t r i c  
acid  may  r e a c t   with  the  spun  or  e x t r u d e d  
f i b r e ,   f i l a m e n t   or  f i lm  of  the  o r g a n i c  
m a t e r i a l   in  such  a  manner  as  t o  c a u s e   it   t o  
decompose.  In  the  case  where  the  o r g a n i c  
m a t e r i a l   is  a  s o l u t i o n   or  e x t r a c t   of  c o a l  
as  h e r e i n b e f o r e   r e f e r r e d   to,   i t   is  b e l i e v e d  
the  n i t r i c   acid  may  r e a c t   with  the  s o l u t i o n  
or  e x t r a c t   of  coa l ,   c l e a v i n g   the  l a r g e  
molecu les   of  the  s o l u t i o n   or  e x t r a c t   o f  
coa l ,   t he reby   caus ing  the  s o l u t i o n   o r  
e x t r a c t   of  coal   to  have  smal l e r   m o l e c u l e s .  
This  might  have  the  e f f e c t   of  d i m i n i s h i n g  
the  s t r e n g t h   of  a  spun  or  ex t ruded   f i b r e ,  



f i l a m e n t   or  f i lm  of  the  s o l u t i o n   or  e x t r a c t  
of  coal   or  of  the  carbon  f i b r e ,   f i l a m e n t   o r  
f i lm  produced  t h e r e f r o m .   A c c o r d i n g l y ,   t h e  
spun  or  e x t r u d e d   f i b r e ,   f i l a m e n t   or  f i l m ,  
whether   of  the  s o l u t i o n   or  e x t r a c t   of  c o a l  
or  of  o t h e r   o rgan ic   m a t e r i a l ,   should   not  be 
a l lowed  to  r e a c t   with  the  aqueous  s o l u t i o n  
of  e i t h e r   bromine  or  n i t r i c   ac id   for   s u c h  a  
l eng th   of  time  as  w i l l   s e r i o u s l y  
d e t r i m e n t a l l y   a f f e c t   the  p r o p e r t i e s   of  t h e  
s t a b i l i z e d   f i b r e ,   f i l a m e n t   or  f i lm  or  t h e  
carbon  f i b r e ,   f i l a m e n t   or  f i lm  p r o d u c e d  
t h e r e f r o m . "  

The  South  Af r i can   p a t e n t   p r o v i d e s   a  s i n g l e  

example  for   the  use  of  aqueous  n i t r i c   a c id .   Example 

1  d i s c l o s e s   t h a t  a   s i n g l e   f i l a m e n t   having  a  d i a m e t e r  

of  30  microns   was  cut  in to   l e n g t h s   and  immersed  i n  a  

s o l u t i o n   compr i s ing   50%  by  weight   n i t r i c   acid   a t  

ambient   t e m p e r a t u r e ,   about  20°C.  The  number  of  c u t  

l e n g t h s   was  not  s t a t e d   in  the  P a t e n t .   The  f i b e r  

l e n g t h s   were  then  washed  with  water   to  remove  t h e  

n i t r i c   ac id   and  suspended  i n  a   v e r t i c a l   oven  wh ich  

was  h e a t e d   in  n i t r o g e n   to  t e m p e r a t u r e   about  260°C  a t  

a  b e a t i n g   r a t e   of  300°C  per  hour  and  t h e r e a f t e r ,   t h e  

n i t r o g e n   a tmosphere   was  r e p l a c e d   by  oxygen  for   f i v e  

m i n u t e s .   S u b s e q u e n t l y ,   the  f i b e r s   were  hea t ed   i n  

n i t r o g e n   at  t h e  r a t e   of  80°C  per  hour  to  a  

t e m p e r a t u r e   of  1000°C  and  t h i s   t e m p e r a t u r e   was  h e l d  

fo r   one  h o u r .  

The  r emain ing   two  examples  of  the  S o u t h  

Af r i can   p a t e n t   d i s c l o s e   the  use  of  bromine  in  w a t e r  

i n s t e a d   of  aqueous  n i t r i c   ac id .   For  each  of  t h e s e  

examples ,   the  r a t e   of  t e m p e r a t u r e   i n c r e a s e   for   t h e  

c a r b o n i z i n g   s tep  was  50°C  per  hour  to  a  f i n a l  

t e m p e r a t u r e   of  1000°C.  



The  South  Af r ican   p a t e n t   d i s c l o s e s   tha t   i t  

is  i m p e r a t i v e   tha t   the  n i t r i c   acid  be  washed  f r o m  a  

f i b e r   In  order   to  avoid  a  d e t e r i o r a t i o n   of  the  f i b e r  

from  the  n i t r i c   ac id .   The  commercial   u t i l i z a t i o n   o f  

the  d i s c l o s u r e   of  the  South  A f r i c a n   p a t e n t   would  

r e q u i r e  a   washing  step  subsequen t   to  a  n i t r i c   a c i d  

t r e a t m e n t   and  tha t   subsequen t   to  the  n i t r i c   a c i d  

t r e a t m e n t ,   a  heat   t r e a t m e n t   In  oxygen  s i m i l a r   to  t h e  

a f o r e m e n t i o n e d   example  1  is  n e c e s s a r y .  

S i g n i f i c a n t l y ,   each  of  the  examples  in  t h e  

south   A f r i c a n   pa t en t s   set   f o r t h   a  c a r b o n i z i n g  

t r e a t m e n t   in  which  the  t e m p e r a t u r e   was  Inc reased   t o  

1000°C  at  a  r a t e   of  50°C  or  80°C  per  hour  f o r  

s e p a r a t e   cut  l eng ths   of  the  f i b e r   suspended  in  a  

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

c a r b o n i z i n g   s tep  for  p roduc ing   carbon  f i b e r s   is  f o r  

a  yarn  having  t y p i c a l l y   at  l e a s t   1000  f i l a m e n t s  

hea ted   to  a  t empera tu re   of  about  1000°C  in  a  f u r n a c e  

through  which  yarn  passes .   The  yarn  is  s u b j e c t e d   t o  

a  change  from  room  t e m p e r a t u r e   to  the  c a r b o n i z i n g  

t e m p e r a t u r e   and  again  to  room  t e m p e r a t u r e .   The  t i m e  

the  yarn  is  s u b j e c t e d   to  the  c a r b o n i z i n g   t e m p e r a t u r e  

is  in  the  o rder   of  about  one  second  or  l e s s .  

Japanese   Pa ten t   No.  564 ,648,   based  upon 

P a t e n t   P u b l i c a t i o n   No.  2510/69,   p u b l i s h e d   F e b r u a r y  

3,  1969,  d i s c l o s e s   a  p roce s s   of  p roduc ing   c a r b o n  

f i b e r s   from  dry  d i s t i l l e d   pe t ro l eum  sludge  having  a 

s u l f u r i c   acid  conten t   below  30%.  Spun  f i b e r s   a r e  

given  a  s u r f a c e   t r e a t m e n t   by  being  exposed  t o  

c h l o r i n e   gas  stream  at  a  t e m p e r a t u r e   between  room 

t e m p e r a t u r e   and  60°C  or  dipped  in  a  h y d r o g e n  

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



s o l u t i o n .   S u b s e q u e n t l y ,   the  f i b e r s   are  hea t ed   t o  

200°C  or  more  In  an  o x i d i z i n g   a tmosphere   to  c o m p l e t e  

the  i n f u s i b i l i z i n g   s t e p .   The  f i n a l   s t ep   is  a  h e a t  

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

produce   carbon   f i b e r s .  

The  J a p a n e s e   p a t e n t   d i s c l o s e s   t h a t   t h e  

s u r f a c e   t r e a t m e n t   is  n e c e s s a r y   because  the  d i r e c t  

h e a t i n g   in  an  o x i d i z i n g   a tmosphere   of  the  spun  

p e t r o l e u m   s ludge   f i b e r s   r e s u l t s   in  the  f i b e r s  

becoming  s o f t   and  d e f o r m e d .  

U.S.  P a t e n t   No.  3 ,595 ,946   d i s c l o s e s  

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

c o n t i n u o u s l y   as  the  f i l a m e n t s   are  emerging  from  t h e  

s p i n n i n g   machine  or  for   ba t ches   of  f i l a m e n t s   wound 

Into  packages .   The  hot  f i l a m e n t s   from  the  s p i n n i n g  

machine  are  passed   th rough  an  o x i d i z i n g   a t m o s p h e r e  

such  as  a i r ,   ozone ,   n i t r i c   ox ide ,   e t c .   The  p a t e n t  

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

machine  can  be  cooled   to  a  t e m p e r a t u r e   below  i t s  

f u s ion   po in t   and  then  passed  through  a  l i q u i d  

o x i d i z i n g   bath   such  as  n i t r i c   ac id ,   s u l f u r i c   a c i d ,  

chromic  a c i d ,   pe rmangana te   s o l u t i o n s   and  the  l i k e .  

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

can  be  a p p l i e d   to  b a t c h e s   of  f i l a m e n t   wound  i n t o  

packages .   The  p a t e n t   c a u t i o n s   tha t   " the   suppor t   o f  

the  f i l a m e n t   package  must  be  of  such  na tu r e   a n d / o r  

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

wound  f i l a m e n t   c o n t r a c t s   dur ing   the  o x i d a t i o n  

p r o c e s s . "   The  p a t e n t   f u r t h e r   c a u t i o n s :  

"The  o x i d a t i o n   of  f i l a m e n t   wound  t o  
packages   must  fo l low  a  f a i r l y   c r i t i c a l  
b e a t i n g   regime  if  the  super imposed  and  
a d j a c e n t   loops  of  f i l a m e n t   are  not  to  f u s e  
t o g e t h e r .   This   regime  wi l l   n a t u r a l l y   v e r y  



with  the  p i t c h ,  i t s   p rev ious   o x i d a t i o n  
h i s t o r y   and  the  type  and  q u a l i t y   o f  
a d d i t i v e   p r e s e n t ,   if   any.  The  bes t   h e a t i n g  
r a t e s   and  soaking  t e m p e r a t u r e s   for  a  g i v e n  
m a t o r i a l   are  n a t u r a l l y   d i f f i c u l t   t o  
de te rmine   s ince   the  fus ion   t e m p e r a t u r e   o f  
the  p i t ch   changes  as  the  o x i d a t i o n  
p roceed .   M e v e r t h e l e s s ,   i t   has  b e e n  
e s t a b l i s h e d   t h a t   a  bea t   t r e a t e d   p i t ch   o f  
the  type  p r e f e r r e d ,   as  d e s c r i b e d   e a r l i e r ,  
w i l l   y i e l d   f i l a m e n t s   tha t   are  s u c c e s s f u l l y  
o x i d i z e d   by  r a i s i n g   the  t e m p e r a t u r e   t o  
100°C  in  l e s s   than  15  minu te s ,   a  
n o n - c r i t i c a l   s t ep ;   ho ld ing   the  f i l a m e n t   a t  
100°  for  about  20  hours ;   r a i s i n g   t h e  
t e m p e r a t u r e s   from  100  to  195°C,  at  a  
p r e f e r r e d   r a t e   of  about  5°C/hour ;   h o l d i n g  
the  f i l a m e n t   at  the  l a t e r   t e m p e r a t u r e   f o r  a  
per iod   w i t h i n   the  range  of  about  60  t o  
about  120  hours ,   the  upper  par t   of  t h a t  
range  being  p r e f e r r e d .   I t   should  be  n o t e d  
tha t   with  c e r t a i n   m a t e r i a l s   t e m p e r a t u r e  
i n c r e a s e   r a t e s   of  up  to  10°C/bour  may  be  
t o l e r a t e d .   In  any  even t ,   the  t e m p e r a t u r e  
at  any  time  dur ing   the  o x i d a t i o n   t r e a t m e n t  
should  p r e f e r a b l y   be  not  h igher   than  10°C 
below  the  s o f t e n i n g   po in t   of  the  p i t ch   a t  
the  given  t ime.  This  batch  type  o x i d a t i o n  
is  bes t   c a r r i e d   out  in  a  c i r c u l a t i n g   oven 
through  which  passes   a  c o n s t a n t   flow  of  a i r  
oxygen  c o n t a i n i n g   gas,   both  f resh   and  
r e c y c l e d ,   p r e - h e a t e d   at  the  d e s i r e d  
t e m p e r a t u r e . "  

Such  a  bea t i ng   schedule   is  ex t remely   long  in  t i m e  

even  a f t e r   t e s t s   have  been  c a r r i e d   out  to  o p t i m i z e  

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

In  view  of  the  p r i o r   a r t ,   It   appears   t h a t  

it   is  e s s e n t i a l   to  ca r ry   out  a  s e p a r a t e  

i n f u s i b i l i z i n g   s tep  p r i o r   to  a  c a r b o n i z i n g   step  and 

tha t   c o n s i d e r a b l e   care  must  be  taken  f o r  

i n f u s i b i l i z i n g   p i t ch   yarn  to  avoid  s t i c k i n g   o r  

fus ing   of  f i b e r s .   Many  a t t e m p t s   have  been  made  i n  

the  a r t  t o   s imp l i fy   and  e x p e d i t e   the  i n f u s i b i l i z i n g  



s t e p .   The  a r t ,   however,   does  not  d i s c l o s e   any  

p r o c e s s   for   i n f u s i b i l i z i n g   yarn  o the r   than  a s  a  

s e p a r a t e   s t e p .  

Moreovar ,   the  p r i o r   a r t   r e q u i r e s   an  

o x i d i z i n g   a tmosphere   to  i n f u s i b i l i z e   p i t ch   f i b e r s  

even  a f t e r   the  p i t c h   f i b e r   has  been  t r e a t e d   with  a n  

o x i d i z i n g   l i q u i d ,   such  as  n i t r i c   a c i d .  

Summary  of  the  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   i n v o l v e s   a  p r o c e s s  
for   m a n u f a c t u r i n g   mesophase  based  carbon  yarn.   The 

p r o c e s s   compr i se s   s p i n n i n g   mesophase  p i t ch   i n t o  a  

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

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

the  p i t c h   yarn  with  an  o x i d i z i n g   l i q u i d   c o m p o s i t i o n .  

c o l l e c t i n g   the  p i t ch   yarn  in to   a  bulk  form  and  

s u b j e c t i n g   the  p i t ch   yarn  in  bulk  form  to  a  h e a t  

t r e a t m e n t  i n  a   s u b s t a n t i a l l y   [ i n e r t ]   n o n - r e o c t i v e  

a tmosphere   to  produce  carbon  yarn  in  bulk  f o r m .  

The  p rocess   can  be  mod i f i ed   so  t h a t   t h e  

p i t c h   yarn  is  f i r s t   c o l l e c t e d   in to   a  bulk  form  and  

t h e r e a f t e r   c o n t a c t e d   with  an  o x i d i z i n g   l i q u i d  

c o m p o s i t i o n .  

The  o x i d i z i n g   l i q u i d   compos i t ion   e n a b l e s  

the  i n f u s i b i l i z i n g ,   of  the  p i t c h   yarn  in  the  p r o c e s s  

a c c o r d i n g   to  the  i n v e n t i o n   and  a lso   serves   a s  a  

" s i z e "   or  " s i z i n g "   for   the  p i t c h  y a r n .   The  t e r n s  

" s i z e "   and  " s i z i n g "   are  used  i n t e r c h a n g e a b l y   in  t h e  

a r t .   In  t h i s   c o n n e c t i o n ,   " s i z i n g "   on  the  p i t ch   y a r n  

tends   to  m a i n t a i n   the  p i t c h   f i b e r s   in  the  p i t c h   y a r n  

t o g e t h e r   and  the reby   minimlze  any  s e p a r a t i o n   o f  

p i t c h   f i b e r s   from  the  body  of  the  p i t c h   yarn.   I t   i s  

d e s i r a b l e   to  ma in t a in   the  p i t ch   f i b e r s   in  the  p i t c h  



yarn  c lose   t o g e t h e r   for  the  h a n d l i n g   of  the  p i t c h  

yarn  in  the  m a n u f a c t u r i n g   o p e r a t i o n s .  

p i s c u s s i o n   of  the  I n v e n t i o n  

The  i n v e n t i o n   s u b s t a n t i a l l y   s i m p l i f i e s   t h e  

m a n u f a c t u r i n g   of  mesophase  based  carbon  yarn  and  

also  g r e a t l y   reduces   the  cost   of  m a n u f a c t u r i n g .  

This  can  be  b e t t e r   a p p r e c i a t e d   by  comparing  t h e  

Inven t ion   w i t h  a   c o n v e n t i o n a l   p r o c e s s   of  making  

carbon  y a r n .  
C o n v e n t i o n a l   m a n u f a c t u r i n g   of  mesophase  

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

c o s t l y  c a p i t a l   equ ipment .   The  f o l l o w i n g   i s  a  

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

o p e r a t i o n .   A  sp inn ing   a p p a r a t u s   produces   2000 

con t inuous   mesophase  p i t ch   f i b e r s   which  a r e  

i n d i v i d u a l l y   drawn  down  by  a  drawdown  r a t i o   of  a b o u t  

50:1  so  tha t   the  average  f i b e r   d i a m e t e r   's  about  12 

microns .   A  drawdown  is  n e c e s s a r y   to  ob ta in   t h e  

small  d i ame te r   because  sp inn ing   ho les   of  about  12 

microns  in  d i ame te r   would  be  e x p e n s i v e   to  p r o d u c e  

and  would  clog  e a s i l y .  

-  I t   is  well  known  in  the  a r t   tha t   c a r b o n  

f i b e r s   having  small  d i ame te r s   have  g e n e r a l l y   b e t t e r  

mechanical   p r o p e r t i e s   than  r e l a t i v e l y   l a rge   d i a m e t e r  

carbon  f i b e r s .   Small  d i amete r   p i t c h   f i b e r s   are  u s e d  

to  ob ta in   the  small  d iamete r   carbon  f i b e r s .  

The 2000  p i t ch   f i b e r s   are  s ized   and 

ga thered   t o g e t h e r   to  form  a  p i t ch   y a r n .  

The  i n f u s i b i l i z i n g   s tep   is  c a r r i e d   out  by 

lay ing   the  p i tch   yarn  onto  a  conveyor   b e l t   i n  a  

uniform  p a t t e r n   and  the  conveyor  b e l t   moves  t h e  

p i tch   yarn  Into  an  o v e n .  



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

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

A c c o r d i n g l y ,   the  system  for   l ay ing   the  p i t c h   y a r n  
onto  the  conveyor   b e l t   is  complex  and  r a t e   l i m i t e d .  

The  s p i n n i n g   a p p a r a t u s   is  p h y s i c a l l y  

l o c a t e d   above  the  conveyor   b e l t .   The  p i t c h   y a r n  
e n t e r s   a  movable  a p p a r a t u s   which  p h y s i c a l l y   moves 

t r a n s v e r s e   to  the  conveyor   b e l t   In  o r d e r   to  lay  t h e  

p i t c h   yarn  u n i f o r a l y .   This  movable  a p p a r a t u s   i s  

r e f e r r e d   to  in  the  a r t   as  a  " t r a v e l l i n g   gode t"   and  

is  r a t e   l i m i t e d   even  for   a  c a r e f u l   d e s i g n   and  c a n  

damage  the  p i t c h   yarn  because  of  the  t e n d e n c y  o f   t h e  

p i t c h   yarn  to  adhere   to  r o l l s   w i t h i n   the  a p p a r a t u s .  

Such  adhes ion   is  due  to  s u r f a c e   t e n s i o n   a r i s i n g   f rom 

the  s i z i n g   used  to  m a i n t a i n   the  p i t c h   f i b e r s  

t o g e t h e r   to  form  the  p i t c h   y a r n .  

The  t r a v e l l i n g   godet  is  f o l l owed   by  a n  

a p p a r a t u s   c a l l e d   a  " t r a n s v e c t o r "   which  draws  t h e  

p i t c h   yarn  off   of  the  l a s t   r o l l   in  the  t r a v e l l i n g  

godet   with  s u c t i o n   and  d i r e c t s   the  p i t c h   y a r n  

downward  towards  the  conveyor   b e l t .   The  t r a n s v e c t o r  

is  not  r a t s   l i m i t e d ,   but  the  a i r   p r e s s u r e   moving  i n  

the  v i c i n i t y   of  the  p i t ch   yarn  can  damage  the  p i t c h  

f i b e r s .  

The  t r a n s v e c t o r   is  fo l lowed   by  a  " l aydown  

tube"   which  d e p o s i t s   the  p i t ch   yarn  i n  a  

p r e d e t e r m i n e d   p a t t e r n   onto  the  conveyor   b e l t .   A 

poor  p a t t e r n   d i s t r i b u t i o n   or  too  high  a  p i l e   o f  

p i t c h   yarn  can  produce  very  high  l o c a l   h e a t i n s   due 

to  the  exo the rmic   r e a c t i o n   dur ing  the  i n f u s i b i l i z i n g  

s t e p .   The  laydown  tube  is  ano ther   p o t e n t i a l   p r o b l e m  

because   the  p i t c h   yarn  we t  w i th   s i ze   o c c a s i o n a l l y  



adheres   to  the  side  of  the  tube  for  a  shor t   t ine   and  

t h i s   i n t e r f e r e s   with  the  laydown  p a t t e r n   on  t h e  

conveyor   b e l t .  

The  conveyor  b e l t   c a r r i e s   the  p i t ch   y a r n  
in to   a  l a r g e   oven  having  an  o x i d i z i n g   atmosphere  and  

which  has  a  p r e d e t e r m i n e d   beat   g r a d i e n t   f o r  

i n f u s i b i l i z i n g   the  p i t ch   yarn  with  as  l i t t l e   damage 

as  is  c o n s i s t e n t   with  commercial   o p e r a t i o n s .   T h i s  

heat   t r e a t m e n t   can  take  as  long  as  s eve ra l   h o u r s .  

The  cos t   of  the  oven  as  well   as  the  energy  cos ts   a r e  

very  h i g h .  

S u b s e q u e n t l y ,   the  i n f u s i b i l i z e d   yarn  i s  

pu l l ed   from  the  b e l t   and  is  accumula ted   onto  b o b b i n s  

for  easy  hand l ing   and  s t o r a g e .   This  o p e r a t i o n   u s e s  

what  is  c a l l e d   a  "downstream  d r i v e "   and  can  be  

t r oub le some   because  the  i n f u s i b i l i z e d   p i t ch   yarn  i s  

not  much  s t r o n g e r   than  the  p i t ch   yarn.   The 

i n f u s i b i l i z e d   p i t ch   yarn  must  b e  c o l l e c t e d   at  a  r a t e  

c o n s i s t e n t   with  the  sp inn ing   r a t e .  

The  i n s t a n t   i n v e n t i o n   e l i m i n a t e s   the  need  

for  the  t r a v e l l i n g   godet ,   the  t r a n s v e c t o r ,   t h e  

conveyor  b e l t ,   the  l a rge   oven  and  a  downstream  d r i v e .  

I n  a   p r e f e r r e d   embodiment  of  the  i n v e n t i o n ,  

a  s p i n n i n g   appa ra tu s   produces   a  p l u r a l i t y   of  p i t c h  

f i b e r s ,   for  example  2000,  and  these   p i t ch   f i b e r s   a r e  

drawn  t o g e t h e r   and  drawn  down  while  being  wound  o n t o  

a  bobbin  a f t e r   being  s i zed   with  an  o x i d i z i n g   l i q u i d  

c o m p o s i t i o n .   The  combina t ion   of  drawing  down  t h e  

p i t ch   yarn  while  c o l l e c t i n g   the  yarn  onto  a  b o b b i n  

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

many  expens ive   p ieces   of  equipment .   T h e r e a f t e r ,   t h e  

b o b b i n  l o a d e d   with  s i t e d   p i t ch   yarn  is  s u b j e c t e d   t o  



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

a t m o s p h e r e   to  produce  carbon  ya rn .   No  h e a t  

t r e a t m e n t   in  an  o x i d i z i n g   a tmosphere   is  needed  f o r  

the  p i t c h   yarn  accord ing   to  the  i n v e n t i o n   i n  

c o n t r a s t   to  the  p r i o r   a r t   which  r e q u i r e d   a  b e a t  

t r e a t m e n t   in  oxygen  or  a i r   or  the  l i k e   be fo re   t h e  

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

a t m o s p h e r e .  

The  carbon  yarn  p roduced   a c c o r d i n g   to  t h e  

i n v e n t i o n   p rov ides   a  more  e f f i c i e n t   use  of  t h e  

p r e c u r s o r   p i t ch   than  carbon  yarn  produced  a c c o r d i n g  

to  the  p r i o r  a r t .   The  i n f u s i b i l i z i n g   s tep  of  t h e  

p r i o r   a r t   i n t r o d u c e s   c o n s i d e r a b l e   amounts  of  oxygen  
i n t o   the  p i t c h   yarn ,   as  much  as  18%  or  more  by 

w e i g h t .   During  the  c a r b o n i z a t i n g   hea t   t r e a t m e n t ,   i t  

is  b e l i e v e d   t h a t   some  o f  t h e   oxygen  d r i v e n   o f f  

c a r r i e s   along  carbon  atoms.  As  a  r e s u l t ,   the  c a r b o n  

yarn   produced  accord ing   to  the  p r i o r   a r t   p r o c e s s e s  
is  l e s s   than  80%  by  weight   of  the  p i t c h   yarn .   I n  

c o n t r a s t ,   the  carbon  yarn  p roduced   a cco rd ing   to  t h e  

i n v e n t i o n   is  about  90%  by  weight   of  the  p i t ch   y a r n .  

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

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

o p e r a t i o n s   needed  to  produce  carbon  y a r n .  
The  o x i d i z i n g   l i q u i d   c o m p o s i t i o n   can  s e r v e  

many  f u n c t i o n s   in  a d d i t i o n   to  i t s   use  in  the  h e a t  

t r e a t m e n t .   The  compos i t i on   can  p rov ide   l u b r i c a t i o n  

of  the  p i t ch   yarn  to  minimize  f r i c t i o n   between  t h e  

p i t c h   yarn  and  p o r t i o n s   of  the  equipment   c o n t a c t i n g  

the   p i t c h   yarn  dur ing  the  m a n u f a c t u r i n g   o p e r a t i o n s .  

The  c o m p o s i t i o n   can  a l so   p rov ide   adhes ion   be tween  

f i b e r s   so  t ha t   the  f i b e r s   remain  t o g e t h e r   as  a  y a r n .  



In  a  p r e f e r r e d   embodiment,   the  o x i d i z i n g  

l i q u i d   compos i t i on   compr i ses   an  aqueous  n i t r i c  

ac id .   A  c o n c e n t r a t i o n   of  the  aqueous  n i t r i c   acid  o f  

10%  to  50%  by  volume  is  p r e f e r a b l e ,   but  a  

c o n c e n t r a t i o n   of  15%  to  35%  by  volume  is  more  

p r e f e r a b l e .   I t   is  p r e f e r a b l e   to  use  d e i o n i z e d   w a t e r  

in  the  aqueous  n i t r i c   acid   to  avoid  i n t r o d u c i n g   a n y  
u n d e s i r a b l e   ions  onto  and  in to   the  p i t ch   f i b e r s .  

Aqueous  n i t r i c   acid  is  r e l a t i v e l y   i nexpens ive   and  

has  been  found  to  be  e x c e l l e n t   in  o b t a i n i n g   c a r b o n  

y a r n .  
The  c o n c e n t r a t i o n   of  the  n i t r i c   a c i d  

depends  on   how  long  the  n i t r i c   acid  wi l l   be  on  t h e  

p i t ch   yarn  before   the  heat   t r e a t m e n t   is  c a r r i e d  

out .   A  c o n c e n t r a t i o n   of  about  25%  by  volume  i s  

s u i t a b l e   for  commercial   o p e r a t i o n s   for  which  t h e  

time  b e t w e e n  t h e   a p p l i c a t i o n   of  the  n i t r i c   acid  t o  

the  p i t ch   yarn  and  the  beat  t r e a t m e n t   v a r i e s   from  1 

to  5  d a y s .  

With  regard   to  the  o x i d i s i n g   l i q u i d  

c o m p o s i t i o n ,   r e f e r e n c e   is  had  to  the  a f o r e m e n t i o n e d  

U.S.  p a t e n t s   No.  4 ,275 ,051   and  No.  4 ,276 ,278 ,   b o t h  

e n t i t l e d   "Spin  Size  and  T h e r m o s e t t i n g   Aid  For  P i t c h  

F i b e r s " .   The  former  p a t e n t   s t a t e s   tha t   t h e  

i n v e n t i o n   " p r o v i d e s   a  method  of  t r e a t i n g   a  

m u l t i f i l a m e n t   bundle  of  p i t ch   f i b e r s ,   such  a s  y a r n  

or  tow,  to  p repare   such  m u l t i f i l a m e n t   bundle  f o r  

f u r t h e r   p r o c e s s i n g   which  comprises   applying  to  t h e  

f i b e r s   t h e r e o f   an  aqueous  f i n i s h i n g   c o m p o s i t i o n  

compr i s ing   a  d i s p e r s i o n   of  g r a p h i t e   or  carbon  b l a c k  

in  water  in  which   is  d i s s o l v e d  a   f i r s t   compound 

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



s e p a r a t e   second  compound  c o m p r i s i n g  a   w a t e r - s o l u b l e  

s u r f a c t a n t " .   The  o the r   p a t e n t   f e a t u r e s   a  

w a t e r - s o l u b l e   s u r f a c t a n t   which  is  a l so   capable   o f  

f u n c t i o n i n g   as  an  o x i d i z i n g   a g e n t .   Both  of  t h e s e  

p a t e n t s   used  the  term  " o x i d i z i n g   agen t"   as  a  s o u r c e  

of  oxygen  for   the  f i b e r   In  o r d e r   to  i n f u s i b i l i z e   t h e  

f i b e r .   As  used  h e r e i n ,   " o x i d i z i n g   l i q u i d  

c o m p o s i t i o n "   i nc ludes   a  source   of  oxygen  f o r  

i n f u s i b i l i z i n g   the  f i b e r .   The  d i s c l o s u r e   of  t h e s e  

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

I t   is  b e l i e v e d   t h a t   the  o x i d i z i n g   l i q u i d  

c o m p o s i t i o n   can  comprise  an  aqueous  acid  or  a  

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

p e r o x y g e n a t e d   compound.  Some  w a t e r - s o l u b l e  

o x i d i z i n g   agen t s   compounds  i n c l u d e   sodium  p e r o x i d e ,  

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

p e r s u l f a t e ,   po ta s s ium  p e r s u l f a t e ,   ammonium 

p e r s u l f a t e ,   sodium  p y r o s u l f a t e ,   and  sodium  n i t r a t e .  

P r e f e r a b l y ,   aqueous  n i t r i c   ac id   is  used  In  t h e  

c o m p o s i t i o n .  

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

I n v e n t i o n   can  a lso   comprise  carbon  b lack   p a r t i c l e s  

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

The  carbon  b lack   p a r t i c l e s   or  c o l l o d i a l  

g r a p h i t e   tend  to  s e p a r a t e   the  p i t c h   f i b e r s   from  e a c h  

o t h e r   and  t he reby   minimize  the  o c c u r r e n c e   o f  

" s t i c t i n g "   or  f u s ion   between  f i b e r s   dur ing   the  h e a t  

t r e a t m e n t   a c c o r d i n g   to  the  i n v e n t i o n .  

One  of  the  f u n c t i o n s   of  the  s u r f a c t a n t   i s  

to  m a i n t a i n   a  d i s p e r s i o n   of  the  carbon  b l a c k  

p a r t i c l e s .   Mechanical   means  in  accordance   with  t h e  

p r i o r   a r t   can  be  used  to  m a i n t a i n   a  u n i f o r m  



d i s p e r s i o n   of  the  carbon  black  p a r t i c l e s   In  t h e  

compos i t i on .   The  s u r f a c t a n t   also  inproves   the  f l o w  

of  the  compos i t i on   over  the  f i b e r s .   I t   is  b e l i e v e d  

tha t   t h e  s u r f a c t a n t   can  be  w a t e r - s o l u b l e   and  can  be  

an ion ic   or  n o n i o n i c .   Such  s u r f a c t a n t s   are  w e l l  

known  and  t y p i c a l l y   i nc lude   t o t r s - m e t h y l   sod ium 

o l e a t e ,   t e t r a m e t h y l   ammonium  o l e a t e ,   t e t r a m e t h y l  

sodium  l a u r a t e ,   t e t r a m e t h y l   ammonium  l a u r a t e ,   sodium 

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

The  o x i d i z i n g   l i q u i d   compos i t ion   can  be  

app l i ed   to  the  p i t ch   f i b e r s   using  p r io r   a r t  

t e c h n i q u e s  f o r   app ly ing   s i z i n g .   P r e f e r a b l y ,   t h e  

compos i t ion   is  a p p l i e d   by  c o n t a c t i n g   the  p i t ch   y a r n  
with  a  r o t a t i n g   wheel  which  passes  through  t h e  

s o l u t i o n   and  c a r r i e s   a  p o r t i o n   of  the  s o l u t i o n   on 

i t s   su r f ace   to  the  p i t ch   yarn.   Such a  wheel  i s  

of ten  r e f e r r e d   to  in  the  a r t   as  a  " k i s s   wheel"  and 

r o t a t e s   to  minimize  f r i c t i o n   with  the  yarn  as  w e l l  

as  c a r r y i n g   new  s o l u t i o n   to  the  yarn.   Af te r   t h e  

kiss   wheel,   the  yarn  can  be  accumula ted   f o r  

subsequent   t r e a t m e n t .  

The  compos i t i on   can  be  app l i ed   to  the  p i t c h  

yarn  by  pass ing   the  yarn  through  a  bath  of  t h e  

compos i t i on .   This  has  a  drawback  because  h i g h  

speeds  can  produce  f i b e r   damage  due  to  drag  in  t h e  

b a t h .  

A n o t h e r   way  of  applying  the  compos i t ion   t o  

the  p i tch   yarn  is  to  spray  a  mist  of  the  c o m p o s i t i o n  

onto  the  p i t ch   f i b e r s   before   the  f i b e r s   are  g a t h e r e d  

to  form  the  yarn  in  order   to  improve  t h e  

d i s t r i b u t i o n   of  the  compos i t ion   on  the  f i b e r s .  

A  s ize   of  water   can  be  used  on  the  p i t c h  

f i b e r s   and  the  yarn  wound  on to  a   bobbin  while  a  m i s t  



of  the  c o m p o s i t i o n   is  sprayed  onto  the  yarn  l a y e r s  

be ing   p roduced   on  the  b o b b i n .  

As  an  a l t e r n a t e ,   the  c o m p o s i t i o n   can  b e  

a p p l i e d   to  the  p i t c h   yarn  a f t e r   the  yarn  has  b e e n  

a c c u m u l a t e d .   For  example,  the  p i t ch   f i b e r   can  b e  

wound  onto  a  bobbin   and  the  bobbin  with  the  yarn  c a n  

be  s u b j e c t e d   to  the  compos i t i on .   This  can  b e  

c a r r i e d   out   s imply  by  p l ac ing   the  bobbin  in  a  b a t h  

of  the  c o m p o s i t i o n .   For  th i s   case ,   a  r e l a t i v e l y  

l oose   w ind ing   of  the  yarn  w i l l   a l low  the  flow  of  t h e  

c o m p o s i t i o n   th rough   the  windings  more  r e a d i l y   a n d  

t he r eby   improve  the  t r e a t m e n t .   A  bobbin  h a v i n g  a  

p l u r a l i t y   of  ho les   has  the  advan tages   of  a l l o w i n g  

the  c o m p o s i t i o n   to  be  fo rced ,   under  p r e s s u r e ,   o u t  

from  the  core   to  the  ou te r   l a y e r   us ing   an  

a p p r o p r i a t e   a r r angemen t   so  t h a t   the  f i b e r s   near  t h e  

bobbin  are  not   i n a d v e r t e n t l y   omi t t ed   from  t h e  

t r e a t m e n t .   For  t h i s   t r e a t m e n t   i t   would  be  d e s i r a b l e  

to  use  some  s i z i n g   on  the  p i t ch   yarn  p r i o r   t o  

winding   the  yarn  onto  the  bobbin.   I t   is  c o n v e n i e n t  

to  use  wa t e r   for   t h i s   s i z i n g .  

A  s u i t a b l e   bobbin  has  been  d e s c r i b e d   i n  

U.S.  P a t e n t   No.  4 ,351 ,816 .   The  bobbin  can  be  s h a p e d  

l i ke   a  c y l i n d e r   or  a  c y l i n d e r   with  end  f a c e s .   The 

bobbin  w i l l   be  s u b j e c t e d   to  e l e v a t e d   t e m p e r a t u r e   i n  

o rde r   to  c a r b o n i z e   the  yarn  on  the  b o b b i n .  

A c c o r d i n g l y ,   the  bobbin  should  be  made  from  a  

m a t e r i a l   a p p r o p r i a t e   for  the  p r a c t i c e   of  t h e  

i n v e n t i o n .   P r e f e r a b l y ,   the  bobbin  compr i ses   a  

c y l i n d r i c a l   body  made  of  s t a i n l e s s   s t e e l ,   or  a  

r e f r a c t o r y   a l l o y ,   or  ceramic ,   or  boron  n i t r i d e ,   o r  

more  p r e f e r a b l y   a  g r a p h i t e   m a t e r i a l .   That  i s ,   t h e  



bobbin  is  made  from  a  m a t e r i a l   which  is  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   at  the  t e m p e r a t u r e s   wh ich  

w i l l   be  used  to  c a r b o n i z e   the  p i t ch   yarn  on  t h e  

b o b b i n .  

The  a f o r e m e n t i o n e d   p a t e n t   No.  4 , 3 5 1 , 8 1 6  
d i s c l o s e s   a  method  for  p roduc ing   a  mesophase  b a s e d  

carbon  yarn  in  which  t he rmose t   yarn  was  wound  o n t o  a  

bobbin  as  d e s c r i b e d   above  and  s u b j e c t e d   to  a   b e a t  

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

to  produce  carbon  y a r n .  

The  p i t ch   yarn  which  has  been  c o n t a c t e d  

with  the  o x i d i z i n g   l i q u i d   compos i t ion   r e ac t s   and  

i n c o r p o r a t e s   oxygen  t h e r e b y .   Tes ts   were  c a r r i e d   o u t  

to  de te rmine   the  range  of  oxygen  pickup  in  p i t c h  

yarn  over  a  pe r iod   of  0.1  hour  to  70  hours .   The 

yarn  had  2000  p i tch   f i b e r s  w h i c h   had  an  a v e r a g e  
d i ame te r   of  13.5  microns .   N i t r i c   acid  with  a  

c o n c e n t r a t i o n   of  25%  by  volume  was  used.  Af ter   t h e  

yarn  was  c o n t a c t e d   with  the  n i t r i c   ac id ,   a  

p r e d e t e r m i n e d   time  was  a l lowed  to  e lapse   at  room 

t e m p e r a t u r e   and  t h e r e a f t e r ,   the  yarn  was  washed  w i t h  

w a t e r  f o r   th i s   t e s t   and  d r i ed   at  125°C  for  16  h o u r s  

p r i o r  t o   the  t e s t   for  oxygen  c o n t e n t .   S u r p r i s i n g l y ,  

the  range  of  oxygen  pickup  was  1.5 %  to  4.8%  by 

weight   f o r  0 . 1  h o u r   to  70  hours  with  most  of  t h e  

oxygen  pickup  tak ing   place  dur ing   the  f i r s t   24 

hours .   The  t e s t   po in t s   s u b s t a n t i a l l y   def ine   t h e  

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

oxygen  pickup  in  %  by  wt .=1 .2355   log  (time  in  h r s . ) + 2 . 5 2 7 8  

Thus,  the  v a r i a t i o n s   in  the  p i t ch   yarn  a f t e r   c o n t a c t  

with  the  n i t r i c   acid  in  th i s   c o n c e n t r a t i o n   is  n o t  

expec ted   to  have  any  s i g n i f i c a n t   e f f e c t   on  t h e  



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

can  be  s t o r e d   p r i o r   to  being  c a r b o n i z e d .   This  i s  

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

The  heat   t r e a t m e n t   of  the  t r e a t e d   p i t c h  

yarn  can  be  c a r r i e d   out  In  ba tches   i n  a   c l o s e d  

volume  fu rnace   or  a s  a   con t inuous   p rocess   us ing  f o r  

example  a  conveyor   b e l t   fu rnace   or  a  s o - c a l l e d  

"wa lk ing   beam  f u r n a c e "   in  which  bobbins  can  be  moved 

in to   and  out  of  the  fu rnace   c o n t i n u o u s l y .  

The  f u rnace   should  be  capable   of  p r o v i d i n g  

s u f f i c i a n t   bea t   to  py ro lyze   the  yarn  and  a l l o w  a  

s u b s t a n t i a l l y   n o n - r e a c t i v e   a tmosphere   to  b e  

m a i n t a i n e d   so  t h a t   the  yarn  is  not  consumed.  The 

n o n - r e a c t i v e   a tmosphere   in  the  fu rnace   can  b e  

n i t r o g e n ,   a rgon,   hel ium  or  the  l i k e .   F o r  

t e m p e r a t u r e s   g r e a t e r   than  about  2500°C,  argon  and  

he l ium  are  p r e f e r a b l e .  

P r e f e r a b l y ,   the  beat   t r e a t m e n t   is  c a r r i e d  

out  i n  a   c o m p l e t e l y   n o n - r e a c t i v e   a t m o s p h e r e  

e s t a b l i s h e d   by  purg ing   the  fu rnace   t h o r o u g h l y .   I t  

is  b e l i e v e d   t h a t   a  small   amount  of  oxygen would  n o t  

be  h a r m f u l ,   p a r t i c u l a r l y   i f   the  t e m p e r a t u r e   was  n o t  

r a i s e d   too  r a p i d l y .   I t   can  be  a p p r e c i a t e d   t h a t   y a r n  

w e t   f r o m  b e i n g   t r e a t e d   with  o x i d i z i n g   l i q u i d  

c o m p o s i t i o n   w i l l   produce  an  a tmosphere  of  s t e a m  

which  should  be  purged  before   e l e v a t e d   t e m p e r a t u r e s  

are  reached   at  which  steam  is  no  l o n g e r  

s u b s t a n t i a l l y   n o n - r e a c t i v e .   The  use  of  boron  o r  

s i m i l a r   g r a p h i t i z i n g   components  could  be  used  in  t h e  

f u r n a c e   a tmosphere   and  are  c o n s i d e r e d   n o n - r e a c t i v e  

as  used  h e r e i n .  



In  c a r r y i n g   out  the  i n v e n t i o n ,   the  f u r n a c e  

was  p u r g e d  o f   a i r   p r i o r   to  r a i s i n g   the  t e m p e r a t u r e  
of  the  yarn.   The  purg ing   s tep  can  be  c a r r i e d  o u t   by 

s u b j e c t i n g  t h e  i n t e r i o r   o f  t h e   furnace   to  a  vacuum 

and  then  a l lowing   the  i n t e r i o r   to  f i l l   with  n i t r o g e n .  

The  beat   t r e a t m e n t   accord ing   to  t h e  

i n v e n t i o n   has  t h r ee   broad  ranges  which  are  i m p o r t a n t  

in  dec id ing   a  h e a t i n g   schedule   for  r a t e   o f  

t e m p e r a t u r e   i n c r e a s e .   The  ra te   of  t e m p e r a t u r e  

i n c r e a s e   up  to   about  400°C  should  take  in to   a c c o u n t  

t ha t   the  p i t ch   f i b e r s   do  not  become  c o m p l e t e l y  

i n f u s i b i l i z e d   u n t i l   they  reach  about  400°C.  Too 

r ap id   i n c r e a s e   in  t e m p e r a t u r e   up  to  400°C  can  r e s u l t  

in  f i b e r   d e f o r m a t i o n   due  to  s o f t e n i n g ,   f u s i o n  

between  f i b e r s ,   and /o r   d i s o r i e n t a t i o n   of  m e s o p h a s e  

m o l e c u l e s .  

The  t e m p e r a t u r e   i nc rea se   above  400°C  can  be  

at  a  h i g h e r   r a t e ,   but  must  take  in to   account   t h a t  

most  of  the  gas  loss   for  t h e  p y r o l y z i n g   o r  

c a r b o n i z i n g   p rocess   occurs   as  the  f i b e r s   are  h e a t e d  

between  about  400°C  and  about  800°C.  Too  r ap id   an 

i n c r e a s e  c a n   r e s u l t   in  damage  due  to  evo lv ing   g a s e s .  
The  i n c r e a s e   in  t empera tu re   above  800°C  can  

be  as  g rea t   as  d e s i r e d .   T y p i c a l l y ,   the  f i n a l  

t e m p e r a t u r e   i s  f r o m   1300°C  to  2700°C  depending  on 

the  in tended  use  of  the  carbon  y a r n .  

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

the  i nven t ion   is  c a r r i e d   out  in a  s u b s t a n t i a l l y  

n o n - r e a c t i v e   a tmosphere   and  the  t e m p e r a t u r e   can  be  

r a i s e d   from  r o o m  t e m p e r a t u r e   at  a  r a t e   of  a b o u t  

100°C  per  hour  u n t i l   800°C.  T h e r e a f t e r ,   t h e  

t empera tu re   can  be  i n c r e a s e d   as  f a s t   as  d e s i r e d   t o  a  

p r ede t e rmined   f i n a l   t e m p e r a t u r e .  



The  r a t e   of  i n c r e a s e   in  t e m p e r a t u r e   up  t o  

400°C  depends ,   in  p a r t ,   on  the  s i t i n g   used,   c o n t a c t  

time  between  the  p i t c h   yarn  and  the  o x i d i z i n g   l i q u i d  

c o m p o s i t i o n ,   the  s o f t e n i n g   p o i n t   of  the  p i t c h ,   t h e  

d i a n s t e r   of  the  f i b e r s ,   and  the  compos i t ion   of  t h e  

p i t c h .  

P r e f e r a b l e ,   the  hea t   s chedu le   for   t h e  

f u r n a c e   is  25°C  per  hour  from  room  t e m p e r a t u r e   t o  

about   400°C  then  50°C  per  hour  u n t i l   about  8 0 0 ° .  

T h e r e a f t e r ,   the  t e m p e r a t u r e   can  be  r a i s e d   as  f a s t   a s  

d e s i r e d   to  a  p r e d e t e r m i n e d   f i n a l   t e m p e r a t u r e .  

P r e f e r a b l y ,   the  p i t c h   yarn  is  a c c u m u l a t e d  

onto  a  r e f r a c t o r y   bobbin .   This  has  the  a d v a n t a g e  

t h a t   a f t e r   the  hea t   t r e a t m e n t   the  yarn  is  in  a  

package  s u i t a b l e   for   s t o r a g e   and  shipment   to  a  

l o c a t i o n   for   commercial   use,   as  is  the  p r a c t i c e .  

The  yarn  can  be  wound  onto  the  bobbin  w i t h  

a  c ros s   winding  or  e s s e n t i a l l y   p a r a l l e l   w i n d i n g .  

The  t e n s i o n   can  be  mon i to red   end  c o n t r o l l e d   i n  

a cco rdance   with  p r i o r   a r t   t e c h n o l o g y .   This  i s  

p a r t i c u l a r l y   i m p o r t a n t   for   the  s i t u a t i o n   in  which  

the  drawdown  is  c a r r i e d   out  s i m u l t a n e o u s l y   with  t h e  

winding  onto  the  b o b b i n .  

EXAMPLES 

Seve ra l   examples  were  c a r r i e d   out  t o  

d e m o n s t r a t e   the  i n v e n t i o n   and  to  measure  p r o p e r t i e s  

of  carbon  yarn  produced  by  the  i n v e n t i o n .  

The  p i t ch   f i b e r s   for   the  examples  w e r e  

produced  a cco rd ing   to  c o n v e n t i o n a l   melt  s p i n n i n g  

p r o c e s s e s .   The  mesophase  p i t c h   is  hea ted   in  an  

e x t r u d e r   above  the  m e l t i n g   po in t   of  the  mesophase  

p i t c h   to  ob t a in   a  moltan  s t a t e .   The  e x t r u d e r   p u s h e s  



the  molten  p i t c h   through  a  f i l t e r   to  a  me te r ing   pump 
in  the  spin  b lock .   The  molten  p i t ch   passes   t h r o u g h  

a  f i l t o r p a c k   be fo re   r each ing   the  s p i n n e r e t t e  

c a v i t i e s .   Each  s p i n n e r e t t e   c o n t a i n s   1,000  or  2 , 0 0 0  

holes   of  0.3mm  d iame te r   and  0.6mm  c a p i l l a r y   l e n g t h .  

As  the  p i t c h   f i b e r s   emerge  from  the  s p i n n e r e t t e  

p l a t e   they  a r e  d rawn   down  to  about  13  microns  and 

are  immed ia t e ly   quenched  with  n i t r o g e n   so  t ha t   t h e  

p i t ch   h a r d e n s .   Below  the  quench  chamber,  a  

l u b r i c a n t   or  s ize   is  app l i ed   to  the  f i l a m e n t s .   The 

p i t c h  y a r n   is  wound  on  a  bobbin  by  a  takeup  and  draw 

winder  a t  a   winding  speed  of  about  200  to  1000 

meters   per  m i n u t e .  

Example  1 

A  mesophase  p i t ch   having  a  mesophase  

con ten t   of  about  78%  by  weight  and  a  M e t t l e r  

s o f t e n i n g   po in t   of  about  324.6°C  was  spun  into  2000 

f i l a m e n t s   a c c o r d i n g   to  the  c o n v e n t i o n a l   s p i n n i n g  

p r o c e s s .   The  p i t ch   f i b e r s   were  drawndown  so  t h a t  

the  average   d i ame te r   was  about  13  microns  and  a l l  

t h e  f i b e r s   were  drawn  t o g e t h e r   to  form  a  p i t c h  

y a r n .  N i t r i c  a c i d   having  a  c o n c e n t r a t i o n   of  20%  by 

volume  was  a p p l i e d   to  the  r a p i d l y   moving  p i t ch   y a r n  

using  2  r o t a t i n g   k iss   wheels .   The  acid  t r e a t e d  

p i t ch   yarn  was  wound  onto  a  motor  dr iven  r o t a t i n g  

g r a p h i t e   bobbin  which  supp l i ed   the  force  n e c e s s a r y  

to  draw  down  the  f i b e r s   and  s u s t a i n   the  movement  o f  

the  p i t ch   yarn.   The  g r a p h i t e   bobbin  had  a  l ayer   o f  

g r a p h i t e   f e l t   on  the  sur face   to  r ece ive   the  y a r n .  

The  bobbin  was  28  c e n t i m e t e r s   long  and  bad  an 

o u t s i d e   d i a n e t e r   of  about  9  c e n t i m e t e r s .   The  y a r n  

was  wound  in  a   cross   p a t t e r n   with  a  t ens ion   of  a b o u t  

85  grams.  Each  loaded  bobbin  bad  a  d iameter   abou t  



14  c e n t i m e t e r s   and  c o n t a i n e d   a p p r o x i m a t e l y   2 . 5  

K i l o g r a n s   (dry  w e i t h t )   of  yarn.   The  c o m p o s i t i o n   o f  

the  yarn  based   on  a   sample  which  had  been  d r i e d   i s  

as  f o l l o w s :  

carbon  81.5% 

hydrogen  3 .3% 

s u l f u r   0 .8% 

n i t r o g e n   2.8% 

oxygen  11.6% 

The  yarn  on  the  bobbin  was  g iven  a  b e a t  

t r e a t m e n t   in  a  mi t rogen   atmosphere  In  a  f u r n a c e .  

The  f u rnace   was  purged  with  n i t r o g e n   for   four   h o u r s  

b e f o r e   the  t e m p e r a t u r e   was  I n c r e a s e d .   The 

t e m p e r a t u r e   of  the  fu rnace   was  i n c r e a s e d   from  room 

t e m p e r a t u r e   at  the  r a t e   of  100°C  per  hour  u n t i l  a  

t e m p e r a t u r e   of  1300°C  was  reached  and  t h a t  

t e m p e r a t u r e   was  m a i n t a i n e d   for  2  hours .   T h e r e a f t e r ,  

the  f u r n a c e   was  a l lowed  to  cool  back  to  room 

t e m p e r a t u r e .   An  a n a l y s i s   of  the  carbon  y a r n  

p roduced   by  the  bea t   t r e a t m e n t   showed  t h a t   t h e  

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

f i b e r s   were  about   90.5%  by  weight  of  the  o r i g i n a l  

d r i e d   p i t c h .   In  a d d i t i o n ,   the  c o m p o s i t i o n   of  t h e  

carbon  yarn   was  d e t e r m i n e d   to  b e :  

carbon  98.0% 

hydrogen  0 .1% 

s u l f u r   0.8% 

n i t r o g e n   0.5% 

oxygen  0.5% 

The  mechan ica l   p r o p e r t i e s   of  the  yarn  w e r e  

measured  and  the  average   carbon  f i b e r   bad  a  t e n s i l e  

s t r e n g t h   of  1.54  CPa  and  a  Toung's   modulus  of  a b o u t  

152  GPa. 



I t  c a n   be  seen  tha t   the  carbon  f i b e r s  

o b t a i n e d   p o s s e s s e d  a   very  high  carbon  c o n t e n t   and  

such  carbon  f i b e r s   are  u s e f u l   in  p r o d u c t i o n   o f  

compos i t e s  made   with  carbon  y a r n .  

Example  2  

The  carbon  yarn  produced  in  Example  1  a s  a  

r e s u l t   of  sh r inkage   dur ing   the  beat   t r e a t m e n t   b a d  

impr in t s   of  wind  p a t t e r n .   In  order   to  remove  t h e s e  

impr in t s   and  improve  the  carbon  yarn ,   the  c a r b o n  

yarn  from  Example  1  was  s u b j e c t e d   to  a  t h r e a d l i n e  

c a r b o n i z i n g   fu rnace   having  a  t e m p e r a t u r e   of  2400°C.  

The  ca rbon   yarn  was  unwound  and  ex tended   b e t w e e n  

r o l l e r s   along  a  l i n e a r   path  through  a  n i t r o g e n   p u r g e  
seal   into  a  c a r b o n i z i n g   furnace   and  out  th rough  a  

n i t r o g e n   purge  s e a l .   The  furnace   was  h e a t e d   by 

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

wel l   known  in  the  p r i o r   a r t .   For  example,   see  U . S .  

Pa t en t   No.  4 , 3 0 1 , 1 3 6 .   The  carbon  yarn  was 

s u b s e q u e n t l y   s i z e d ,   d r i e d ,   and  wound  onto  a  s e c o n d  

s p o o l  f o r   s t o r a g e .   Mechanical   p r o p e r t i e s   of  t h e  

r e s u l t i n g   carbon  f i b e r s   were  an  average   f i b e r  

t e n s i l e   s t r e n g t h   of  2.03  CPa  and  an  average   f i b e r  

Young's  modulus  of  434  CPa.  The  f i b e r s   bad  an  

e x c e l l e n t   appea rance   s i m i l a r   to  carbon  f i b e r s  

produced  by  expens ive   c o n v e n t i o n a l   p r o c e s s e s .  

Example  3 

A mesophase  p i t ch   having  a  m e s o p h a s e  

con ten t   of  80%  by  weight   and  a  M e t t l e r   s o f t e n i n g  

poin t   of  about  325°C  was  used  to  produce  1000  p i t c h  

f i b e r s   in  the  c o n v e n t i o n a l   sp inn ing   a p p a r a t u s   a s  

used  in  Example  1  with  the  m o d i f i c a t i o n   o f  a  



d i f f e r e n t   s p i n n e r e t t e   to  produce  1000  p i t c h   f i b e r s .  

The  p i t c h   f i b e r s   were  coa ted   with  an  o x i d i z i n g  

l i q u i d   s o l u t i o n   us ing  a  r o t a t i n g   g r a p h i t e   k i s s  

whee l .   The  s o l u t i o n   c o n s i s t e d   of  25%  by  v o l u m e  

n i t r i c   a c i d ,   75%  by  volume  d e i o n i z e d   wa t e r   a n d  

ca rbon   b l a c k   In  the  amount  of  20  grams  per  l i t e r .  

The  r a t e   of  r o t a t i o n   of  the  k i s s   wheel  was  a d j u s t e d  

so  t h a t   the  p i t c h   f i b e r s   picked  up  an  amount  of  t h e  

s o l u t i o n   e q u i v a l e n t   to  about  h a l f   the  we igh t   of  t h e  

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

The  p i t c h   f i b e r s   were  pu l l ed   from  t h e  

s p i n n i n g   a p p a r a t u s   by  d i r e c t i n g   them  onto  a  r o t a t i n g  

mandre l   (winder )   so  t h a t   the  r o t a t i o n   of  the  m a n d r e l  

r e s u l t e d   in  the  f i b e r s   being  drawndown  t o  

a p p r o x i m a t e l y   an  average   d iamete r   of  13  m i c r o n s .  

The  m a d r e l   was  a  g r a p h i t e   bobbin  28  c e n t i m e t e r s  

l ong ,   9  c e n t i m e t e r s   in  d i a m e t e r ,   and  hav ing   a  0 . 6  

c e n t i m e t e r s   wall   t h i c k n e s s .   A  0.6  c e n t i m e t e r   l a y e r  

of  carbon  f e l t   was  wrapped  around  the  core  of  t h e  

bobb in .   The  p i t ch   yarn  was  wrapped  in  a  c r o s s w i n d  

p a t t e r n   with  the  yarn  having  a  l i n e a r   speed  o f  

a p p r o x i m a t e l y   250  meters   per  minute .   Each  b o b b i n  

c o n t a i n e d   from  0.5  to  1.0  k i lograms  of  p i t c h   y a r n .  

The  bobbins   c o n t a i n i n g   the  mois t   p i t c h   y a r n  

were  p l a c e d   in  s ea l ed   p l a s t i c   c o n t a i n e r s   fo r   24 

h o u r s  a t   a  t e m p e r a t u r e   of  about  30°C  and  t h e r e a f t e r  

removed  from  the  p l a s t i c   bags  and  loaded   onto  a  

g r a p h i t e   rack .   The  rack  with  the  bobbins   was  t h e n  

p l aced   in to   an  e l e c t r i c   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  purged  for  4  hours  with  n i t r o g e n   i n  

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

n o n - r e a c t i v e   a tmosphere   would  be  p r e s e n t   for   t h e  



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

c o n t i n u o u s l y   to  the  f u rnace   t h roughou t   the  h e a t  

t r e a t m e n t   in  o rder   to  m a i n t a i n   the  n o n - r e a c t i v e  

a tmosphe re .   The  t e m p e r a t u r e   was  r a i s e d   25°C  p e r  
hour   u n t i l  4 0 0 ° C ,   t h e r e a f t e r   the  t e m p e r a t u r e   was 

r a i s e d  5 0 ° C   per  hour  u n t i l   800°C,  and  f i n a l l y   t h e  

t e m p e r a t u r e   was  r a i s e d   to  1300°C  in  about  1  h o u r .  

The  f i n a l   t empera tu re   was  m a i n t a i n e d   for  2  hours  and  

the  fu rnace   was  a l lowed  to  c o o l  b a c k   to  room 

t e m p e r a t u r e .  

The  carbon  yarn  produced  by  th i s   example  

was  very  f l e x i b l e   and  e a s i l y   removed  from  t h e  

bobbin .   This  i n d i c a t e s   t h a t   fus ion   between  p o r t i o n s  

of  the  yarn  did  not  occu r .   An  a n a l y s i s   of  t h e  

carbon  yarn  using  scanning   pho tomic rog raphs   showed 

t h a t   l e s s   than  a p p r o x i m a t e l y   5%  of  the  carbon  f i b e r s  

e x h i b i t e d   some  adhes ion  to  a d j a c e n t   f i b e r s .   Ca rbon  

yarn  p roduced  by   p r i o r   a r t   p r o c e s s e s   t y p i c a l l y  

e x h i b i t   a  l eve l   of  10%  or  m o r e .  

The  carbon  yarn  of  t h i s   example  showed  t h e  

impr in t   of  the  c r o s s w i n d i n g .   As  in  Example  2,  a  

c o n v e n t i o n a l   t h r e a d l i n e   fu rnace   was  used  with  t h e  

fu rnace   having  a  t e m p e r a t u r e   of  2400°C,  the  l i n e  

speed was   about  12  meters   per  minute ,   and  a  l i n e  

t e n s i o n   of  app rox ima te ly   300  grams.  The  f i b e r s   were  

s t r a i g h t e n e d   out  and  the  mechan ica l   p r o p e r t i e s  

showed  an  average  f i b e r   t e n s i l e   s t r e n g t h   of  2.34  GPa 

and  an  average  f i b e r   Young's   modulus  of  407  GPa. 

E x a m p l e  

The  mesophase  p i t ch   used  in  Example  3  a s  

well   as  the  process   s t eps   were  r e p e a t e d   except   t h a t  

the  o x i d i z i n g   l i q u i d   s o l u t i o n   also  con t a ined   0 .001% 

of  a  s u r f a c t a n t   sold  by  DuPont  as  FC-170C. 



The  carbon   yarn  r e s u l t i n g   from  the  b e a t  

t r e a t m e n t   in  the  fu rnace   was  e x c e l l e n t   and  bad  v e r y  

l i t t l e   s t i c k i n g   between  f i b e r s .   A  s u b s e q u e n t  

t h r e a d l i n e   hea t   t r e a t m e n t   at   2400°C  r e s u l t e d   i n  

carbon  yarn  having  an  average   f i b e r   t e n s i l e   s t r e n g t h  

of  2.55  GPa  and  an  average   Young's   modulus  of  345 

C P a .  



1.  A  p rocess   for  m a n u f a c t u r i n g   c a r b o n  

yarn ,   compr i s ing   s teps   o f :  

sp inn ing   p i t ch   in to   a  p l u r a l i t y   o f  

con t inuous   f i b e r s ;  

combining  the  p l u r a l i t y   of  c o n t i n u o u s  

f i b e r s   to  form  a  p i t c h   y a r n ;  

t r e a t i n g   the  p i t ch   yarn  witb  an  o x i d i z i n g  

l i q u i d  c o m p o s i t i o n ;  

c o l l e c t i n g   the  p i t ch   yarn  into  a  bulk  fo rm;  

a n d  

s u b j e c t i n g   the  t r e a t e d   p i t ch   yarn  in  b u l k  

form  t o  a   beat  t r e a t m e n t   in  a  s u b s t a n t i a l l y  

n o n - r e a c t i v e   a tmosphere   to  produce  carbon  yarn  i n  

bulk  fo rm.  

2.  The  p rocess   of  claim  1,  wherein  t h e  

p i tch   is  mesophase  p i t c h .  

3.  The  process   of  claim  1,  wherein  s a i d  

o x i d i z i n g   l i q u i d   compos i t ion   comprises   aqueous  

n i t r i c   acid  having  a  c o n c e n t r a t i o n   of  from  about  10% 

to  about  50%  by  vo lume .  

4.  The  process   of  claim  2,  wherein  t h e  

aqueous  n i t r i c   acid  has  a  c o n c e n t r a t i o n   of  f rom 

about  15% to  about  35%  by  vo lume .  

5.  The  process   of  claim  1,  wherein  t h e  

o x i d i z i n g   l i q u i d   compos i t ion   comprises   a  d i s p e r s i o n  

of  g r a p h i t e   or  carbon  b l a c k .  

6.  The  process   of  claim  5,  f u r t h e r  

compr is ing   an  aqueous  s u r f a c t a n t .  



7.  The  p roce s s   of  claim  1,  where in   t h e  

o x i d i z i n g   l i q u i d   c o m p o s i t i o n   comprises   a  w a t e r  

s o l u b l e   o x i d i z i n g   agent   and  a  water   s o l u b l e  

s u r f a c t a n t .  

8.  The  p roce s s   of  c laim  1,  where in   t h e  

p i t c h   f i b e r   is  t r e a t e d   with  the  o x i d i z i n g   l i q u i d  

u s i n g  a   k i s s   w h e e l .  

9.  The  p roces s   of  c laim  1,  where in   t h e  

c o n t i n u o u s   f i b e r s   are  drawn  down  due  to  t e n s i o n  

e x e r t e d   by  the  s tep   of  c o l l e c t i n g   the  p i t c h   y a r n  
I n t o  a   bulk  f o r m .  

10.  The  p r o c e s s   of  claim  1,  where in   t h e  

bulk   form  is  p i t c h   yarn  on  a  b o b b i n .  

11.  The  p r o c e s s   of  claim  1,  where in   t h e  

p i t c h   yarn  is  c o n t a c t e d   with  said  o x i d i z i n g   l i q u i d  

c o m p o s i t i o n   s u b s e q u e n t   to  the  p i t ch   yarn  b e i n g  

c o l l e c t e d   i n to   a  bulk  f o r m .  

12.  The  p roces s   of  claim  1,  where in   t h e  

hea t   t r e a t m e n t   is  c a r r i e d   out  by  r a i s i n g   t h e  

t e m p e r a t u r e   of  the  f i b e r   from  room  t e m p e r a t u r e   to  a  

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

avoids   exceed ing   the  s o f t e n i n g   po in t   of  the  f i b e r  

d u r i n g   the  heat   t r e a t m e n t .  

13.  The  p roces s   of  claim  12,  where in   t h e  

t e m p e r a t u r e   is  r a i s e d   at  the  r a t e   of  100°C  per  h o u r .  

14.  The  p roces s   of  claim  12,  where in   t h e  

t e m p e r a t u r e   is  r a i s e d   from  room  t e m p e r a t u r e   to  a b o u t  

400°C  at  the  r a t e   of  about  25°C  per  hour  and  t h e n  

r a i s e d   to  800°C  at  the  r a t e   of  about  50°C  per  h o u r .  



15.  The  p roces s   of  c la im  1,  where in   a  

n o n - r e a c t i v e   gas  is  a u p p l i e d   to  m a i n t a i n   a  

s u b s t a n t i a l l y   n o n - r e a c t i v e   gas  dur ing   the  h e a t  

t r e a t m e n t .  

16.  The  p rocess   of  c la im  15,  where in   t h e  

n o n - r e a c t i v e   gas  is  n i t r o g e n ,   argon,   hel ium  o r  

c a m b i n a t i o n   of  two  or  more  t h e r e o f .  
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