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@  Electrically  conducting  fibres  and  method  of  making  same. 

@>  An  electrically  conducting  acrylic  or  modacrylic  fibre  is 
impregnated  with  1  to  30  wt.  %  of  copper  sulfide,  e.g. 
digenite. 

A  two-step  method  of  making  these  fibres  comprises 
subjecting  the  fibres  to  a  first  heat-treatment  in  a  bath 
containing  a  copper  compound  and  a  reducing  agent  to 
adsorb  monovalent  copper  ions  into  the  fibre,  and  subject- 
ing  the  fibre  to  a  second  heat-treatment  in  the  presence  of  a 
sulfur-containing  compound  to  convert  said  adsorbed 
monovalent  copper  ions  to  copper  sulfide. 

An  alternative  one-step  method  comprises  subjecting 
the  fibre  to  heat-treatment  in  a  bath  which  contains  a 
copper  ion  compound,  a  reducing  agent  which  is  capable  of 
reducing  copper  ions  to  monovalent  ions,  and  a  sulfur- 
containing  compound  to  convert  monovalent  copper  iions 
to  copper  sulfide. 

The  electrically  conducting  fibres  have  superior  con- 
ductivity,  which  is  not  lost  in  repeated  washing,  can  be  dyed 
readily  with  cationic  dyes  without  loss  of  electrical  conduc- 
tivity  and  possess  the  touch  and  other  physical  characteris- 
tics  of  the  starting  acrylic  or  modacrylic  fibres. 

ACTORUM  AG 

A n   electrically  conducting  acrylic  or  modacrylic  fibre  is 
impregnated  with  1  to  30  wt.  %  of  copper  sulfide,  e.g. 
digenite. 

A  two-step  method  of  making  these  fibres  comprises 
subjecting  the  fibres  to  a  first  heat-treatment  in  a  bath 
containing  a  copper  compound  and  a  reducing  agent  to 
adsorb  monovalent  copper  ions  into  the  fibre,  and  subject- 
ing  the  fibre  to  a  second  heat-treatment  in  the  presence  of  a 
sulfur-containing  compound  to  convert  said  adsorbed 
monovalent  copper  ions  to  copper  sulfide. 

An  alternative  one-step  method  comprises  subjecting 
the  fibre  to  heat-treatment  in  a  bath  which  contains  a 
copper  ion  compound,  a  reducing  agent  which  is  capable  of 
reducing  copper  ions  to  monovalent  ions,  and  a  sulfur- 
containing  compound  to  convert  monovalent  copper  iions 
to  copper  sulfide. 

The  electrically  conducting  fibres  have  superior  con- 
ductivity,  which  is  not  lost  in  repeated  washing,  can  be  dyed 
readily  with  cationic  dyes  without  loss  of  electrical  conduc- 
tivity  and  possess  the  touch  and  other  physical  characteris- 
tics  of  the  starting  acrylic  or  modacrylic  fibres. 



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

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

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

s y n t h e t i c   p o l y m e r i c   f i b r e s   a r e   known.   For   e x a m p l e ,   o n e  

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

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

f i b r e .   H o w e v e r ,   t h i s   m e t h o d   r e q u i r e s   e t c h i n g   of   t h e  

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

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

a c t i v a t i n g   t h e   f i b r e   p r i o r   to  p l a t i n g .   In  a d d i t i o n ,   t h e  

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

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

s m o o t h n e s s .  

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

p o l y m e r .   The  p o l y m e r   i s   t h e n   spun   i n t o   a  y a r n .   H o w e v e r ,  

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

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

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

t h e   s t a r t i n g   f i b r e .  



In   a  t h i r d   known  p r o c e s s ,   m e t a l l i c   p o w d e r   i s   d e p o s i t e d  

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

r e q u i r e s   an  e x t r e m e l y   p o r o u s   f i b r e   and  i n t r i c a t e   p r o c e s s  

s t e p s .  

U . S .   P a t e n t s   3 , 0 1 4 , 8 1 8   and  4 , 1 2 2 , 1 4 3   d i s c l o s e   t h e   p r o d u c t i o n  

of   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 r e s   by  r e d u c i n g   a  c o p p e r  

c o m p o u n d   to   m e t a l l i c   c o p p e r .   In  U . S .   P a t e n t   3 , 0 1 4 , 8 1 8 , '  

an  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 r o u s   m a t e r i a l   i s   p r o d u c e d   b y  

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

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

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

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

t h r o u g h   t h e   i n t e r i o r   of   t h e   f i b r e .   S o d i u m   b o r o h y d r i d e   a n d  

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

In   U . S .   P a t e n t   4 , 1 2 2 , 1 4 3 ,   c u r e d   p r o d u c t s   a r e   o b t a i n e d   b y  

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

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

a l r e a d y   e x i s t i n g   f i b r e .  

In   t h e   l a t t e r   two  known  p r o c e s s e s ,   e l e c t r i c a l   c o n d u c t i v i t y  

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

p o l y m e r i c   m a t e r i a l .   H o w e v e r ,   i t   i s   w e l l - k n o w n   t h a t   a c r y l i c  

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

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

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

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

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

f i b r e s   y e l l o w i s h .   H o w e v e r ,   as   d e t e r m i n e d   e . g .   by  m e a s u r e m e n t s  

of   e l e c t r i c a l   r e s i s t a n c e ,   t h e   f i b r e s   t h e m s e l v e s   do  n o t  

p o s s e s s   any  e l e c t r i c a l   c o n d u c t i v i t y .  

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

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

t h i s   i n v e n t i o n .  



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 r e s   of  t h e   p r e s e n t  

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

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

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

A c r y l i c   f i b r e s   a r e   made  f rom  a  s y n t h e t i c   l i n e a r   p o l y m e r  

t h a t   c o n s i s t s   of  n o t   l e s s   t h a n   85%  (by  m a s s )   of  a c r y l o n i t r i l e  
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u n i t s   ( - C H - C - C H - )   or  a c r y l o n i t r i l e   c o p o l y m e r s ;   m o d a c r y l i c  

f i b r e s   c o n t a i n   n o t   l e s s   t h a n   35%  of  s a i d   u n i t s   or   c o p o l y m e r s .  

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

to  r e f e r   to   a c r y l i c   and  m o d a c r y l i c   f i b r e s .  

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

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

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

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

and  c o l o r ,   a r e   a f f e c t e d .   On  t h e   o t h e r   h a n d ,   s a t i s f a c t o r y  

e l e c t r i c a l   c o n d u c t i v i t y   p r o p e r t i e s   c a n n o t   be  o b t a i n e d   a t  

v e r y   low  c o p p e r   i o n   c o n t e n t s .   The  p r e f e r r e d   a m o u n t   o f  

m o n o v a l e n t   c o p p e r   i o n s   a d s o r b e d   by  t h e   f i b r e   i s   f r om  1  t o  

30%  by  w e i g h t   ( e x p r e s s e d   in  t e r m s   of  t h e   w e i g h t   of  m e t a l l i c  

c o p p e r )   b a s e d   upon   t h e   i n i t i a l   w e i g h t   of  t h e   f i b r e .  

In  one  e m b o d i m e n t   of  t h e   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n  

f o r   m a k i n g   t h e s e   f i b r e s ,   an  a c r y l i c   f i b r e   or   m o d a c r y l i c  
f i b r e   i s   f i r s t   h e a t - t r e a t e d   in   a  b a t h   c o n t a i n i n g   m o n o v a l e n t  

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

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

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

t w o - s t e p   p r o c e s s .  

No  s p e c i a l   p r e t r e a t m e n t   of  t h e   f i b r e s   i s   n e e d e d .   T h e  

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

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

t h e   p r e s e n t   i n v e n t i o n ;   t h e   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 r e s  

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



w a s h a b i l i t y   and  can   be  dyed   by  c a t i o n i c   d y e s .  

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

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

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

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

The  b a t h   can   o p t i o n a l l y   c o n t a i n ,   f o r   a d j u s t i n g   t h e   pH  o f  

t h e   b a t h   to   p r e f e r a b l y   1 .5   to   2 . 0 ,   an  a c i d   or   an  a c i d   s a l t  

s u c h   as  s u l f u r i c   a c i d ,   h y d r o c h l o r i c   a c i d   or   a  s a l t   t h e r e o f .  

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

as  c u p r i c   s u l f a t e ,   c h l o r i d e ,   n i t r a t e   or  a c e t a t e   and  c h e l a t e   c o m -  

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

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

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

The  b a t h   t e m p e r a t u r e   i s   p r e f e r a b l y   in   t h e   r a n g e   f r o m   9 0 ° C  

to   110°C  so  as  to   e f f i c i e n t l y   a d s o r b   t h e   m o n o v a l e n t   c o p p e r  
i o n s   and  to   m a i n t a i n   t h e   s t r e n g t h   of   t h e   f i b r e s .   A t  

t e m p e r a t u r e s   b e l o w   90°C ,   i t   t a k e s   many  h o u r s   to   c o m p l e t e  

a d s o r p t i o n .   At  t e m p e r a t u r e s   o v e r   1 1 0 ° C ,   t h e   s t r e n g t h   o f  

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

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

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

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

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

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

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

f i b r e s   a r e   h e a t - t r e a t e d   in   a  l i q u i d   or  g a s   w h i c h   c o m p r i s e s  
a  s u l f u r - c o n t a i n i n g   c o m p o u n d   w h i c h   i s   c a p a b l e   of  r e a c t i n g  
w i t h   t h e   a d s o r b e d   m o n o v a l e n t   c o p p e r   i o n s   to   p r o d u c e  
a  c o p p e r   s u l f i d e .   The  c o p p e r  
s u l f i d e   i s   a d s o r b e d   i n t o   t h e   f i b r e s ,   t h e r e b y   i m p a r t i n g  
e x c e l l e n t   e l e c t r i c a l   c o n d u c t i v i t y   p r o p e r t i e s   to   t h e  



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

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

t h e   w e i g h t   of  m e t a l l i c   c o p p e r   i s   p r e f e r a b l y   a l s o   1%  t o  

30%  b a s e d   u p o n   t h e   i n i t i a l   w e i g h t   of  t h e   f i b r e .  

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

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

s o d i u m   s u l f i d e ,   s u l f u r   d i o x i d e ,   s o d i u m   h y d r o g e n   s u l f i t e ,  

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

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

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

f o r m a l d e h y d e   s u l p h o x y l a t e   and  m i x t u r e s   t h e r e o f .   The  l i q u i d  

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

w a t e r ,   and  f o r   a d j u s t i n g   t h e   pH  v a l u e s   to  p r e f e r a b l y   5 . 5  

to  6  can  i n c l u d e   an  a c i d   or  an  a c i d   s a l t   s u c h   as  s u l f u r i c  

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

The  h e a t - t r e a t m e n t   t e m p e r a t u r e   in   t h e   s e c o n d   s t a t e   of  t h i s  

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

50°C.   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   b e l o w   50°C  do  r e s u l t  

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

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

a c c o m p l i s h   t h i s   a t   t h e s e   low  t e m p e r a t u r e s .   S u i t a b l y ,  
t h e   h e a t - t r e a t i n g   in   t h e   s e c o n d   s t a g e   of  t h e   p r o c e s s   o f  

t h e   p r e s e n t   i n v e n t i o n   i s   a t   a  t e m p e r a t u r e   f rom  50°C  t o  
105°C  f o r   a b o u t   1  h o u r   and  can  be  c a r r i e d   o u t   in   a  g a s e o u s  
s u l f u r - c o n t a i n i n g   c o m p o u n d ,   s u c h   as  s u l f u r   d i o x i d e .  

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

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

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

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

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

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

p e r f o r m .  

In  t h i s   s e c o n d   m e t h o d ,   as  t h e   c o m p o u n d   ( i )   p r o v i d i n g   d i v a l e n t  

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



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

The  r e d u c i n g   a g e n t   ( i i )   can  be  m e t a l l i c   c o p p e r ,   f e r r o u s  

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

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

c o m p o u n d   can   be  any   of   t h e   s u l f u r   c o n t a i n i n g   c o m p o u n d s   l i s t e d  

a b o v e   f o r   t h e   f i r s t   p r o c e s s ;   t h e   s u l p h o x y l a t e s   can   be  u s e d  

in   t h e   f o r m   of  R o n g a l i t e   C  ( N a H S 0 2 . C H 2 0 . 2 H 2 0 )   o r  

R o n g a l i t e   Z  ( Z n S 0 2 . C H 2 0 . H 2 0 ) ;   s u l f u r   d i o x i d e   or   h y d r o g e n  

s u l f i d e   can   be  u s e d   by  b e i n g   b u b b l e d   i n t o   t h e   b a t h .   F u r t h e r ,  

in   o r d e r   to   r e g u l a t e   t h e   pH,  a c i d   or   s a l t   may  be  a d d e d ,  

e . g .   i n o r g a n i c   a c i d   s u c h   as   s u l f u r i c   or   h y d r o c h l o r i c   a c i d ,  

o r g a n i c   a c i d   s u c h   as   c i t r i c   a c i d   or   a c e t i c   a c i d   or   a  

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

d i s o d i u m   h y d r o g e n   p h o s p h a t e .  

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

n o r m a l l y   50°C  to   1 2 0 ° C ;   a  t e m p e r a t u r e   h i g h e r   t h a n   1 2 0 ° C  

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

w i l l   be  q u i c k e r .  

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

E l e c t r i c a l l y   c o n d u c t i n g   f i b r e s   o b t a i n e d   by  t h e   p r o c e s s e s  
of   t h e   p r e s e n t   i n v e n t i o n   w e r e   a n a l y z e d   by  X - r a y   d i f f r a c t i o n  

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

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

f r o m   t h e   d i f f r a c t i o n   l i n e s   t h a t   t h e   c o p p e r   s u l f i d e   w a s  
a d s o r b e d   w i t h i n   t h e   f i b r e s   in   t h e   f o r m   of   d i g e n i t e  
( e m p i r i c a l   f o r m u l a :   CU9S5) ,   c u p r o u s   s u l f i d e   or   c u p r i c   s u l f i d e .  

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

c o p p e r   s u l f i d e s   a r e : -  

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

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

c o m p o u n d s .  



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

t h e   w h o l e   f i b r e   r e s u l t s   in  a  f i b r e   w h i c h   p o s s e s s e s  

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

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

i s   s u b s t a n t i a l l y   p r e s e r v e d .  

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

be  d y e d ,   e . g .   w i t h   c a t i o n i c   d y e s .   ( E l e c t r i c a l l y   c o n d u c t i n g  

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

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

i n v e n t i o n   a r e   dyed   in   an  a q u e o u s   s o l u t i o n   c o n t a i n i n g  

c a t i o n i c   dye  a t   a  t e m p e r a t u r e   of  a b o u t   100°C  f o r   a b o u t  

30  m i n u t e s   to   1  h o u r .  

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

can  be  u s e d   f o r   many  p u r p o s e s .   I t   can  be  u s e d   a l o n e   or   i n  

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

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

and  t h e   l i k e .   E x c e l l e n t   c o n t r o l   o v e r   t h e   e l e c t r i c a l   p r o p e r t i e s  

of   k n i t t e d   or   woven  g o o d s   i s   o b t a i n e d   by  c o m b i n i n g   in   o n e  

t e x t i l e   t h e   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 r e s   of   t h e   p r e s e n t  

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

a  s m a l l   a m o u n t   of  t h e   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 r e s   o f  

t h e   p r e s e n t   i n v e n t i o n   can  be  m i n g l e d   i n t o   k n i t t e d   or   w o v e n  

g o o d s   in   t h e   fo rm  of  f i l a m e n t   f i b r e s .   A l s o ,   spun   y a r n s   c a n  
be  p r o d u c e d   f rom  m i x t u r e s   of  t h e   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 r e s   of  t h e   p r e s e n t   i n v e n t i o n   w i t h   o t h e r   n a t u r a l   o r  

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

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

e x a m p l e s   in   w h i c h   a l l   p e r c e n t a g e s   and  r a t i o s   a r e   by  w e i g h t .  
The  No.  31  mesh  h a s   12  o p e n i n g s   p e r   s q u a r e   of  s i d e   1  i n c h  
( 2 . 5 4   cm)  l o n g .   The  w a s h i n g   t e s t   i n v o l v e s   w a s h i n g   t h e   s a m p l e  
in  a  r o t a t i n g   drum  in  s o a p y   w a t e r   f o r   30  m i n u t e s   a t   5 0 ° C .  



E x a m p l e   1 

An  a c r y l i c   f i b r e   of   2  d e n i e r s   y a r n   and  51  m i l l i m e t r e s   i n  

l e n g t h   of   c u t ,   m a r k e t e d   as  C a s h m i l o n ,   t y p e   FWBR,  b y  

A s a h i   C h e m i c a l   I n d u s t r y   C o . ,   L t d .   of   J a p a n ,   was  h e a t -  

t r e a t e d   in   an  a q u e o u s   b a t h   c o n t a i n i n g   30  wt .%  of   c u p r i c  

s u l f a t e ,   4%  of   s u l f u r i c   a c i d   and  80%  of   c o p p e r   n e t   ( N o .  

31,   of   a  1 2 - m e s h )   in   r e l a t i o n   to   t h e   w e i g h t   of   t h e   f i b r e  

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

t h e   c h e m i c a l s   was  1 : 1 5 .   The  h e a t - t r e a m e n t   was  a t   a  

t e m p e r a t u r e   of   95°C  f o r   60  m i n u t e s .   S u b s e q u e n t l y ,   t h e  

f i b r e s   w e r e   t h o r o u g h l y   w a s h e d   in   w a t e r .  

The  w a s h e d   f i b r e s   w e r e   a g a i n   h e a t - t r e a t e d   in   an  a q u e o u s  

s o l u t i o n   c o n t a i n i n g   10  g r a m s   of  s o d i u m   f o r m a l d e h y d e   s u l p h o x y l a t e  

( R o n g a l i t e   C,  N a H S 0 2 . C H 2 0 . 2 H 2 0 )   and  1  m i l l i l i t r e   of  s u l f u r i c   a c i d  

in   r e l a t i o n   to   1  l i t r e   of   w a t e r ,   a t   a  t e m p e r a t u r e   of  8 0 ° C  

f o r   60  m i n u t e s .   The  e l e c t r i c a l l y   c o n d u c t i n g   f i b r e   w a s  

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

had   an  o l i v e - g r e y   c o l o u r   and  c o n t a i n e d   12 .3%  of   c o p p e r  
s u l f i d e   in   r e l a t i o n   to   t h e   w e i g h t   of   t h e   s t a r t i n g   f i b r e .  

I t s   e l e c t r i c a l   r e s i s t i v i t y   was  0 . 0 8 5   o h m . c e n t i m e t r e .   T h e  

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

was  a n a l y z e d   by  X - r a y   d i f f r a c t i o n ;   t h e   l i n e   of   d i f f r a c t i o n  

( i n t e r f a c i a l   d i s t a n c e :   1 . 9 7 Å ,   3 . 2 1 Å ,   2 , 7 9 Å )   was  o f  

d i g e n i t e   ( e m p i r i c a l   f o r m u l a :   C u 9 S 5 ) .  

When  t h i s   e l e c t r i c a l l y   c o n d u c t i n g   f i b r e   was  s u b j e c t e d   t e n  

t i m e s   to   t h e   r e p e a t e d   w a s h i n g   t e s t   a c c o r d i n g   to   J a p a n e s e  

I n d u s t r i a l   S t a n d a r d   L - 1 0 4 5 ,   A - 2 ,   i t s   e l e c t r i c a l   r e s i s i t i v i t y  

was  0 . 0 9 0   o h m . c e n t i m e t r e   and  i t s   w a s h a b i l i t y   w a s  

e x c e l l e n t .  

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

a q u e o u s   s o l u t i o n   c o n t a i n i n g   2%  of  S u m i a c r y l   B r i l l i a n t   R e d  

N-4G  ( c a t i o n i c   dye ,   made  by  S u m i t o m o   C h e m i c a l   I n d u s t r y   C o . ,  

L t d . ,   J a p a n )   in   r e l a t i o n   to   t h e   f i b r e   w e i g h t   a t   a  



t e m p e r a t u r e   of  100°C  f o r   30  m i n u t e s .   I t   was  e x c e l l e n t l y  

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

c o n d u c t i v i t y .  

E x a m p l e   2  

E x a m p l e   1  was  r e p e a t e d   e x c e p t   t h a t   R o n g a l i t e   Z 

( Z n S 0 2 . C H 2 0 . H 2 0 )   was  u s e d   in   p l a c e   of  R o n g a l i t e   C.  T h e r e  

was  l i k e w i s e   o b t a i n e d   an  e l e c t r i c a l l y   c o n d u c t i n g   f i b r e   o f  

t h e   same  n a t u r e   as  t h e   f i b r e   o b t a i n e d   in  E x a m p l e   1 .  

E x a m p l e   3 

A  m o d a c r y l i c   f i b r e   of  2  d e n i e r s   y a r n   and  51  m i l l i m e t r e s   i n  

l e n g t h   of  c u t ,   m a r k e t e d   as  K a n e k a l o n   S  made  by  K a n e g a f u c h i  

C h e m i c a l   C o . ,   L t d . ,   J a p a n ,   was  h e a t - t r e a t e d   in  a  b a t h  

c o n t a i n i n g   30%  of  c u p r i c   s u l f a t e   and  15%  of  h y d r o x y l a m i n e  

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

The  r a t i o   of  t h e   f i b r e s   to   t h e   w a t e r   c o n t a i n i n g   t h e  

c h e m i c a l s   was  1 : 1 5 .   The  h e a t - t r e a t m e n t   was  a t   a  t e m p e r a t u r e  

of  100°C  f o r   90  m i n u t e s .   The  f i b r e s   we re   t h e n   t h o r o u g h l y  

w a s h e d   in   w a t e r .  

The  w a s h e d   f i b r e s   were   a g a i n   h e a t - t r e a t e d   in   an  a q u e o u s  

s o l u t i o n   c o n t a i n i n g   10  g r a m s   of  d i t h i o n o u s   a c i d   and  2  g r a m s  
of  s o d i u m   a c e t a t e   p e r   l i t r e   of  w a t e r ,   a t   a  t e m p e r a t u r e   o f  

90°C  f o r   60  m i n u t e s .   The  e l e c t r i c a l l y   c o n d u c t i n g   f i b r e  

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

had  an  o l i v e - g r e y   c o l o u r   and  c o n t a i n e d   10.8%  of  c o p p e r  
s u l f i d e   in  r e l a t i o n   to   t h e   w e i g h t   of  t h e   s t a r t i n g   f i b r e .  

I t s   e l e c t r i c a l   r e s i s t i v i t y   was  0 . 8 6   o h m - c e n t i m e t r e .  

When  t h i s   e l e c t r i c a l l y   c o n d u c t i n g   f i b r e   was  s u b j e c t e d   t e n  

t i m e s   to   t h e   r e p e a t e d   w a s h i n g   t e s t   as  in   E x a m p l e   1 ,  

d e t e r i o r a t i o n   of  i t s   c o n d u c t i v i t y   was  s c a r c e l y   p e r c e i v e d .  



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

in   an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   2%  of   D i a c r y l   B r i l l i a n t  

B l u e   H2R-N  ( c a t i o n i c   dye ,   made  by  M i t s u b i s h i   C h e m i c a l  

I n d u s t r y   C o . ,   L t d . ,   J a p a n )   in   r e l a t i o n   to   t h e   f i b r e   w e i g h t  

a t   a  t e m p e r a t u r e   of   100°C  f o r   60  m i n u t e s .   T h e  

e l e c t r i c a l l y   c o n d u c t i n g   f i b r e   was  e x c e l l e n t l y   d y e d   a  

d a r k - b l u e   c o l o u r .  

E x a m p l e s   4 - 7  

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

of   d i t h i o n o u s   a c i d ,   e i t h e r   s o d i u m   d i t h i o n i t e ,   s o d i u m  

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

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

c o n d u c t i n g   f i b r e   of   t h e   same  n a t u r e   as  t h e   f i b r e   o b t a i n e d  

in   E x a m p l e   3 .  

E x a m p l e   8  

An  a c r y l i c   f i b r e   of   3  d e n i e r s   y a r n   and  102  m i l l i m e t r e s   i n  

l e n g t h   of   c u t ,   m a r k e t e d   as  T o r a y l o n   t y p e   T - 1 0 6 ,   made  b y  

T o r a y   I n d u s t r y ,   I n c . ,   J a p a n ,   was  h e a t - t r e a t e d   in   a  b a t h  

c o n t a i n i n g   40%  of   c u p r i c   c h l o r i d e   and  20%  of   h y d r o x y l a m i n e  

s u l f a t e   in   r e l a t i o n   to   t h e   w e i g h t   o f  f i b r e   in   t h e   b a t h .  

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

1 : 1 5 .   The  h e a t - t r e a t m e n t   was  a t   a  t e m p e r a t u r e   of   100°C  f o r  

60  m i n u t e s .   S u b s e q u e n t l y ,   t h e   f i b r e s   we re   t h o r o u g h l y  
w a s h e d   in   w a t e r .  

The  w a s h e d   f i b r e s   w e r e   a g a i n   h e a t - t r e a t e d   in   an  a q u e o u s  
s o l u t i o n   c o n t a i n g   15  g r a m s   of   s o d i u m   s u l f i d e   and  4  

m i l l i l i t r e s   of  s u l f u r i c   a c i d   p e r   l i t r e   of   w a t e r ,   a t   a  

t e m p e r a t u r e   of  90°C  f o r   60  m i n u t e s .   T h e  e l e c t r i c a l l y  

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

in   w a t e r   and   d r i e d   had   an  o l i v e - g r e y   c o l o r   and  c o n t a i n e d  

15.1%  by  w e i g h t   c o p p e r   s u l f i d e   in   r e l a t i o n   to   t h e   w e i g h t  

of   t h e   s t a r t i n g   f i b r e .   I t s   e l e c t r i c a l   r e s i s t i v i t y   w a s  

0 . 0 6 0   o h m . c e n t i m e t r e .  



When  t h i s   e l e c t r i c a l l y   c o n d u c t i n g   f i b r e   was  s u b j e c t e d   t o  

t h e   r e p e a t e d   w a s h i n g   t e s t   in   as  E x a m p l e   1,  d e t e r i o r a t i o n  

of  i t s   c o n d u c t i v i t y   was  n e g l i g i b l e .  

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

in  an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   4%  of  D i a c r y l   N a v y  

B lue   RL-N  ( c a t i o n i c   dye ,   made  by  M i t s u b i s h i   C h e m i c a l  

I n d u s t r y   Co . ,   L t d . ,   J a p a n )   in   r e l a t i o n   to   t h e   f i b r e  

w e i g h t ,   a t   a  t e m p e r a t u r e   of   100°C  f o r   60  m i n u t e s .   An 

e l e c t r i c a l l y   c o n d u c t i n g   f i b r e   dyed   w e l l   in   a  d a r k - b l u e  

c o l o u r   was  o b t a i n e d .  

E x a m p l e   9  

An  a c r y l i c   f i b r e   of   2  d e n i e r s   y a r n   and  51  m i l l i m e t r e s   i n  

l e n g t h   of  c u t ,   m a r k e t e d   as  C a s h m i l o n   by  A s a h i   C h e m i c a l  

I n d u s t r y   C o . ,   L t d . ,   J a p a n ,   w h i c h   had  b e e n   t r e a t e d   t o  

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

as  in   E x a m p l e   1,  was  p u t   i n t o   a  c l o s e d   r e c e p t a c l e   h a v i n g  

a  gas   i n l e t .   S u l f u r   d i o x i d e   was  f e d   i n t o   t h e   r e c e p t a c l e  

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

0 . 5   k g / c m 2   g a u g e   p r e s s u r e .   Then ,   s a t u r a t e d   w a t e r   v a p o u r   a t  

105°C  was  f e d   i n t o   t h e   r e c e p t a c l e   u n t i l   t h e   p r e s s u r e  

w i t h i n   t h e   r e c e p t a c l e   r e a c h e d   1 . 0   k g / c m   g a u g e   p r e s s u r e .  

A f t e r   t h e   r e c e p t a c l e   had  b e e n   s h u t   t i g h t l y ,   t h e   f i b r e s  
r e a c t e d   t h e r e i n   w i t h   t h e   s u l f u r   d i o x i d e .   They  we re   t a k e n  

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

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

o l i v e - g r e y   c o l o u r .   I t s   e l e c t r i c a l   r e s i s t i v i t y   w a s  

0 . 5 0   o h m . c e n t i m e t r e .  

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

a b i l i t y   and  d y e a b i l i t y   by  c a t i o n i c   d y e s t u f f s .   The  r e s u l t s  

we re   as  good   as  in   t h e   c a s e   of   E x a m p l e s   1  to  8 .  



E x a m p l e   1 0  

E x a m p l e   9  was  r e p e a t e d   e x c e p t   t h a t   h y d r o g e n   s u l f i d e   w a s  

u s e d   i n s t e a d   of   s u l f u r   d i o x i d e .   An  e l e c t r i c a l l y  c o n d u c t i n g  

f i b r e   of   t h e   same  n a t u r e   as  t h e   f i b r e   o b t a i n e d   in   E x a m p l e   9  

was  o b t a i n e d .  

E x a m p l e   11 

An  a c r y l i c   f i b r e   of  2  d e n i e r s   y a r n   and  51  mm  in   l e n g t h   o f  

c u t ,   C a s m i l o n   t y p e   F W B R , m a d e  b y   A s a h i   C h e m i c a l   I n d u s t r y  

C o . ,   L t d . ,   was  f i r s t   t h o r o u g h l y   s c o u r e d ,   and  t h e n   h e a t -  

t r e a t e d   in   a  b a t h   c o n t a i n i n g   30  w t .  %   of   c u p r i c   s u l f a t e ,  

15  %  of   s o d i u m   t h i o s u l f a t e   and  15 %  of  s o d i u m   h y d r o g e n   s u l f i t e  

i n   r e l a t i o n   to   t h e   w e i g h t   of   t h e   f i b r e   in   t h e   b a t h .   T h e  

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

was  1 : 1 5 .   The  t r e a t m e n t   was  f o r   60  m i n u t e s   a t   t h e   t e m p e r a t u r e  

of   75°C ,   to   w h i c h   t e m p e r a t u r e   t h e   b a t h   had   b e e n   r a i s e d   o v e r   3 0  

m i n u t e s   f rom  t h e   room  t e m p e r a t u r e .   The  f i b r e s   we re   t h e n  

w a s h e d   in   w a t e r   and  d r i e d .  

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

a  c o p p e r   s u l f i d e   c o n t e n t   of  14.2%  and  an  e l e c t r i c a l  

r e s i s t i v i t y   of   0 . 0 3 6   o h m . c e n t i m e t r e .   X - r a y   d i f f r a c t i o n  

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

d i g e n i t e .  

A f t e r   t h e   r e p e a t e d   w a s h i n g   t e s t   t e n   t i m e   as  in   E x a m p l e   1 ,  
i t s   r e s i s t i v i t y   had   i n c r e a s e d   o n l y   s l i g h t l y   to   0 . 0 4 3   o h m . c m .  

T h i s   e l e c t r i c a l l y   c o n d u c t i n g   C a s h m i l o n   f i b r e   was  a l s o   d y e d  

as  in   E x a m p l e   1 .  

E x a m p l e   1 2  

An  a c r y l i c   f i b r e   of   3  d e n i e r s   y a r n   and  51  mm  in   l e n g t h   o f  

c u t ,   m a r k e t e d   as  K a n e b o a c r y l   t y p e   BR  VO-1,   by  K a n e b o   S y n t h e t i c  



F i b r e   Co . ,   L t d . ,   J a p a n ,   was  h e a t - t r e a t e d   as  in   E x a m p l e   11 

b u t   in  a  b a t h   c o n t a i n i n g   20 %  of  c u p r i c   s u l f a t e ,   10  %  o f  

s o d i u m   p y r o s u l f i t e   and  10  %  of  h y d r o x y l a m i n e   s u l f a t e   a n d  

f o r   120  m i n u t e s   a t   50°C  ( r e a c h e d   a f t e r   15  m i n u t e s ) .  

The  c o n d u c t i v e   f i b r e   o b t a i n e d   was  o l i v e   g r e e n ,   c o n t a i n e d  

1 3 . 8  %   c o p p e r   s u l f i d e ,   had  a  r e s i s t i v i t y   of  0 . 0 5 8   o h m . c m ,  

and  showed   d i g e n i t e   d i f f r a c t i o n   l i n e s .  

A f t e r   t h e   r e p e a t e d   w a s h i n g   t e s t   i t s   r e s i s i t i v y   was  0 . 0 6 3  

ohm.cm  and  i t s   w a s h a b i l i t y   was  g o o d .  

The  e l e c t r i c a l l y   c o n d u c t i n g   f i b r e   was  t r e a t e d   in  an  a q u e o u s  

s o l u t i o n   of  D i a c r y l   Navy  B lue   RL-N  ( c a t i o n i c   dye ,   made  b y  

M i t s u b i s h i   C h e m i c a l   I n d u s t r y   C o . ,   L t d . ,   J a p a n ) ,   and  w a s  

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

c o n d u c t i v i t y .  

E x a m p l e   13  

A  m o d a c r y l i c   f i b r e   as  u s e d   in   E x a m p l e   3  was  t r e a t e d   as  i n  

E x a m p l e   11  b u t   in  a  b a t h   c o n t a i n i n g   20 %  of   c u p r i c   s u l f a t e ,  

80  %  of  c o p p e r   n e t   (No.  31,  of   a  12  m e s h ) ,   10 %  of   s o d i u m  

t h i o s u l f a t e   and  5 %  of  s u l f u r i c   a c i d   f o r   60  m i n u t e s   a t  
100°C  ( r e a c h e d   a f t e r   45  m i n u t e s ) .  

The  c o n d u c t i v e   f i b r e   o b t a i n e d   was  o l i v e   g r e e n ,   c o n t a i n e d  

9 . 2  %   c o p p e r   s u l f i d e ,   had  a  r e s i s t i v i t y   of  1 .3   o h m . c m  

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

A f t e r   t h e   r e p e a t e d   w a s h i n g   t e s t ,   i t s   r e s i s i t i v i t y   w a s  
1 .4   ohm  cm  and  i t s   w a s h a b i l i t y   was  g o o d .  

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

an  a q u e o u s   s o l u t i o n   of  D i a c r y l   B r i l l i a n t   B l u e   H2R-N 
( c a t i o n i c   dye ,   made  by  M i t s u b i s h i   C h e m i c a l   I n d u s t r y   C o . ,  

L t d . ,   J a p a n ) ,   i t   was  dyed   b r i l l i a n t l y   d a r k   b l u e ,   w i t h o u t  

l o w e r i n g   t h e   e l e c t r i c   c o n d u c t i v i t y .  



1.  An  e l e c t r i c a l l y   c o n d u c t i n g   a c r y l i c   o r  

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

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

2.  An  e l e c t r i c a l l y   c o n d u c t i n g   f i b r e   as  c l a i m e d   i n  

C l a i m   1,  w h e r e i n   t h e   a m o u n t   of   c o p p e r   s u l f i d e ,   e x p r e s s e d  

as  m e t a l l i c   c o p p e r ,   i s   1%  to   30%  of   t h e   w e i g h t   of   t h e  

s t a r t i n g   f i b r e .  

3.  An  e l e c t r i c a l l y   c o n d u c t i n g   f i b r e   as  c l a i m e d   i n  

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

4.  An  e l e c t r i c a l l y   c o n d u c t i n g   f i b r e   as  c l a i m e d   i n  

C l a i m   1  or   2,  w h e r e i n   s a i d   c o p p e r   s u l f i d e   i s   c u p r i c   s u l f i d e  

or   c u p r o u s   s u l f i d e .  

5.  An  e l e c t r i c a l l y   c o n d u c t i n g   f i b r e   as  c l a i m e d   i n  

C l a i m   1,  2  or   3,  w h i c h   h a s   b e e n   d y e d   w i t h   a  c a t i o n i c   d y e .  

6.  A  m e t h o d   of  m a k i n g   an  e l e c t r i c a l l y   c o n d u c t i n g  

f i b r e   as  c l a i m e d   in   C l a i m   1,  2,  3  or   4,  c o m p r i s i n g   s u b j e c t i n g  

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

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

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

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

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

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

7.  A  m e t h o d   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 r e   i s   w a s h e d   b e t w e e n   t h e   f i r s t   a n d  s e c o n d   h e a t - t r e a t m e n t s .  

8.  A  m e t h o d   as  c l a i m e d   in   C l a i m   6  or   7,  w h e r e i n  

s a i d   f i r s t   h e a t - t r e a t m e n t   i s   a t   a  t e m p e r a t u r e   of   f r o m  

90°C  to  1 1 0 ° C .  



9.  A  m e t h o d   as  c l a i m e d   in   any  of  C l a i m s   6,  7  or   8 ,  

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

of  f rom  50°C  to  1 0 5 ° C .  

10.  A  m e t h o d   as  c l a i m e d   in   C l a i m   6,  7,  8  or   9,  w h e r e i n  

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

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

11.  A  m e t h o d   of  m a k i n g   an  e l e c t r i c a l l y   c o n d u c t i n g  

f i b r e   as  c l a i m e d   in   C l a i m   1,  2,  3  or  4,  c o m p r i s i n g  

s u b j e c t i n g   an  a c r y l i c   or  m o d a c r y l i c   f i b r e   to  h e a t - t r e a t m e n t  

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

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

i o n s ,   and  a  s u l f u r - c o n t a i n i n g   c o m p o u n d   to   c o n v e r t   s a i d  

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

12.  A  m e t h o d   as  c l a i m e d   in   C l a i m   11,  w h e r e i n   s a i d  

t r e a t m e n t   i s   a t   a  t e m p e r a t u r e   of  50°C  to  1 2 0 ° C .  

13.  A  m e t h o d   as  c l a i m e d   in   any  of  C l a i m s   5  to   1 2 ,  

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

c h l o r i d e ,   c u p r i c   n i t r a t e ,   c u p r i c   a c e t a t e   or   a  c h e l a t e  

of  c o p p e r .  

14.  A  m e t h o d   as  c l a i m e d   in   any  of  C l a i m s   5  to  1 3 ,  

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

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

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

15.  A  m e t h o d   as  c l a i m e d   in   any  of  C l a i m s   5  to  1 4 ,  

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

s o d i u m   s u l f i d e ,   s u l f u r   d i o x i d e ,   s o d i u m   f o r m a l d e h y d e  

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

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

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



16.  A  m e t h o d   as   c l a i m e d   in   any   of   C l a i m s   5  to   1 5 ,  
w h e r e i n   t h e   t r e a t e d   f i b r e   i s   t h e n   d y e d   w i t h   a  
c a t i o n i c   d y e .  
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