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©  Electroplating  method  for  carbon  fibers  and  apparatus  therefor. 
  Performing  continuous  electric  plating  of  a  carbon  fiber 
strand  (5)  in  a  plating  bath  (11),  an  electric  current  is  supplied 
to  the  carbon  fiber  strand  (5)  in  a  liquid  (12)  or  an  inert  gas 
outside  the  plating  bath  (11)  and  electric  plating  is  performed 
in  the  plating  bath  using  the  carbon  fiber  strand  (5)  as  the 
cathode. 

A  metal-coated  carbon  fiber  strand  having  substantially 
no  uneven  color  tone  and  plating  defects  may  be  obtained. 





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

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

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

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

f i b e r s   has   b e e n   s t r i k i n g .   In  p a r t i c u l a r ,   when  m e t a l - c o a t e d  

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

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

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

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

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

R e c e n t l y ,   w i t h   t he   p r o g r e s s   and  i n c r e a s e d   use   o f  



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

f e r e n c e   and  h i g h   f r e q u e n c y   i n t e r f e r e n c e   h a v e   b e c o m e  

s i g n i f i c a n t   p r o b l e m s ,   and  c o m p o s i t e   m a t e r i a l s   u s i n g   m e t a l - '  

c o a t e d   c a r b o n   f i b e r s   as  f i l l e r   a re   b e i n g   c o n s i d e r e d   as  s o -  

c a l l e d   EMI  s h i e l d   m a t e r i a l s   (EMI:  E l e c t r o   M a g n e t i c   I n t e r -  

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

e l e c t r o m a g n e t i c   w a v e s ,   e t c .   In  p a r t i c u l a r ,   t h e r m o p l a s t i c  

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

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

p o l y e t h y l e n e ,   p o l y p r o p y l e n e ,   p o l y s t y r e n e ,   p o l y v i n y l   c h l o r i d e ,  

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

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

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

as  t h e   m a t r i x   m a t e r i a l ,   and  t h e r m o s e t t i n g   r e s i n   c o m p o s i t e  

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

s e t t i n g   r e s i n s   such   as  an  epoxy   r e s i n ,   an  u n s a t u r a t e d  

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

a r e   e x c e l l e n t   EMI  s h i e l d   m a t e r i a l s   h a v i n g   good  m e c h a n i c a l  

p r o p e r t i e s   and  good  f o r m a b i l i t y .  

A l s o ,   c a r b o n   f i b e r - r e i n f o r c e d   m e t a l   c o m p o s i t e   m a t e r i a l s  

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

i s   u s e d   as  t he   m a t r i x   m a t e r i a l ,   a r e   e x c e l l e n t   as  l i g h t - w e i g h t  

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

s l i d e   m a t e r i a l s ,   e t c .  

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



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

f o r   e x a m p l e ,   in  U.S.   P a t e n t   No.  3 , 6 6 2 , 2 8 3 ;   J P - A - 4 7 , 4 3 7 /  

'73  and  J P - A - 1 6 9 , 5 3 2 / ' 8 3 ,   and  N ippon   K i n z o k u   G a k k a i   S h i  

( J o u r n a l   of  M e t a l   S o c i e t y   of  J a p a n ) ,   Vol .   38,  N o .  9 ,   p p .  

7 8 8 - 7 9 4   ( 1 9 7 4 ) .   In  o r d e r   to   a p p l y   u n i f o r m   p l a t i n g   t o  

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

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

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

t h i s   i s   v e r y   d i f f i c u l t   in  p r a c t i c e .  

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

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

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

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

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

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

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

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

n o t   in   c o n t a c t   w i t h   t h e   r o l l e r   by  t h e   c o n t a c t   w i t h   t h e   c a r b o n  

f i b e r s   w h i c h   a re   in  c o n t a c t   w i t h   t h e   r o l l e r .   H o w e v e r ,   i n  

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

o r d e r   of  10 -3   Ω·cm,  w h i c h   i s   much  l a r g e r   t h a n   t h e   s p e c i f i c  

r e s i s t a n c e   of  an  o r d i n a r y   m e t a l   of  a b o u t   10  6   Ω · c m .  

A c c o r d i n g l y ,   in  t h e   c a s e   of  p a s s i n g   an  e l e c t r i c   c u r r e n t  



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

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

g e n e r a t e   h e a t ,   and  t he   m e t a l   c o a t i n g   f o r m e d   on  t h e   c a r b o n  

f i b e r s   by  e l e c t r o p l a t i n g   t e n d s   to  be  o x i d i z e d   by  o x y g e n  

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

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

t h e   o c c u r r e n c e   of  u n e v e n  c o l o r   t o n e   of  t h e   m e t a l - c o a t e d  

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

as  b u r n t   m a r k s ,   l a t e r a l   s t r i p e   marks,  e t c .   If   the  meta l   coa t i ng   i s  

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

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

t h e r e o f   as  an  EMI  s h i e l d   m a t e r i a l .  

An  o b j e c t   of  t h i s   i n v e n t i o n   i s   to  p r o v i d e   an  e l e c t r o -  

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

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

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

f o r   p e r f o r m i n g   t h e   m e t h o d .  

A  f u r t h e r   o b j e c t   of   t h i s   i n v e n t i o n   i s   to  p r o v i d e  

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

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

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

T h u s ,   a c c o r d i n g   to  t h i s   i n v e n t i o n ,   t h e r e   is  p r o v i d e d  

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

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



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

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

p l a t i n g   b a t h   and  a p p l y i n g   an  e l e c t r i c   c u r r e n t   to  t h e ' c a r b o n  

f i b e r   s t r a n d   in   a  l i q u i d   or  an  i n e r t   gas  a t m o s p h e r e   o u t s i d e  

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

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

t h e   c a t h o d e .  

A c c o r d i n g   to  a n o t h e r   a s p e c t   of  t h i s   i n v e n t i o n ,   t h e r e  

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

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

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

e l e c t r o p l a t i n g   b a t h   h a v i n g   an  e l e c t r i c   c u r r e n t   a p p l y i n g  

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

an  i n e r t   gas   a t m o s p h e r e   o u t s i d e   t h e   p l a t i n g   b a t h .  

For  a  b e t t e r   u n d e r s t a n d i n g   of  t h e   i n v e n t i o n ,   and  t o  

show  how  t h e   same  may  be  c a r r i e d   i n t o   e f f e c t ,   r e f e r e n c e  

w i l l   now  be  made ,   by  way  of  e x a m p l e ,   to  t he   a c c o m p a n y i n g  

d r a w i n g s ,   in  w h i c h :  

F i g .   1  i s   a  s c h e m a t i c   v i e w   s h o w i n g   an  e x a m p l e   o f  

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

u s i n g   an  i n e r t   g a s ;  

F i g .   2  is   a  s c h e m a t i c   v i ew  s h o w i n g   an  e x a m p l e   o f  

t h e   a p p a r a t u s   f o r   p e r f o r m i n g   t he   m e t h o d   of  t h i s   i n v e n t i o n  .  

u s i n g   a  l i q u i d ;  

F i g .   3  i s   a  s c h e m a t i c   v i e w   s h o w i n g   an  e x a m p l e   o f  

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

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

a p p l y i n g   s e c t i o n s   and  an  i n e r t   gas   a t   e a c h   e l e c t r i c  



c u r r e n t - a p p l y i n g   s e c t i o n ;  

F i g .   4  i s   a  s c h e m a t i c   v i e w   s h o w i n g   an  e x a m p l e   o f  

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

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

e l e c t r i c   c u r r e n t - a p p l y i n g   s e c t i o n s ;  

F i g .   5  i s   a  s c h e m a t i c   v i e w   s h o w i n g   an  e x a m p l e   of   t h e  

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

b a t h   a c c o r d i n g   to   t h e   i n v e n t i o n ;   a n d  

F i g .   6  i s   a  s c h e m a t i c   v i e w   s h o w i n g   an  e x a m p l e   of  t h e  

a p p a r a t u s   shown  in   F i g .   5,  s a i d   a p p a r a t u s   f u r t h e r   h a v i n g  

a  means   f o r s p r e a d i n g   a  c a r b o n   f i b e r   s t r a n d   d i s p o s e d   b e f o r e  

t h e   p r e - t r e a t m e n t   b a t h .  

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

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

s t r a n d   u s u a l l y   c o m p o s e d   of   f rom  a b o u t   100  to  1 0 0 , 0 0 0 ,   a n d  

more  g e n e r a l l y   f rom  a b o u t   1 , 0 0 0   to   5 0 , 0 0 0 ,   c o n t i n u o u s  

f i b e r s .   The  a p p l i c a t i o n   of  an  e l e c t r i c   c u r r e n t   to  t h e  

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

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

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

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

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

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

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



In  t h i s   i n v e n t i o n ,   t h e   a p p l i c a t i o n   of  an  e l e c t r i c  

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

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

b a t h   and  in  t h i s   c a s e ,   t h e   s e c t i o n   of  t h e   a p p l i c a t i o n   o f  

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

s i d e   or  t h e   o u t l e t   s i d e   of  t he   p l a t i n g   b a t h ,   or  may  be  b o t h  

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

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

at   t h e   o u t l e t   s i d e   of  t h e   p l a t i n g   b a t h .  

The  l i q u i d   f o r   u se   in  t h i s   i n v e n t i o n   m a y  b e   a  n o n -  

e l e c t r o l y t i c   s o l u t i o n   bu t   i s   p r e f e r a b l y   an  e l e c t r o l y t i c  

s o l u t i o n .   T h e r e   i s   no  p a r t i c u l a r   r e s t r i c t i o n   a b o u t   t h e  

l i q u i d   f o r   u s e   in  t h i s   i n v e n t i o n   i f   t h e   l i q u i d   is  i n a c t i v e  

w i t h   r e s p e c t   to  t h e   f i b e r s   to  be  p l a t e d ,   h o w e v e r ,   when  t w o  

or  more   p l a t i n g   b a t h s   a re   u s e d   and  t h e   s e c t i o n   of   a p p l y i n g  

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

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

f o r   e x a m p l e ,   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   t h e   s a m e  

c o m p o n e n t   or  c o m p o n e n t s   as  t h a t   or  t h o s e   of  t h e   p l a t i n g   b a t h ,  

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

same  c o m p o s i t i o n   as  t h a t   of  t h e   p l a t i n g   b a t h ,   or  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   o n l y   t h e   ma in   c o m p o n e n t   of  t h e   p l a t i n g  

b a t h   a t   a  c o n c e n t r a t i o n   f r o m  a t   l e a s t   20%  of  t he   c o n c e n t r a t i o n  

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

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



t h e   p l a t i n g   t e m p e r a t u r e .   When  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   t h e   same  c o m p o s i t i o n   as  t h a t   of  t h e   p l a t i n g   b a t h  

is   u s e d ,   i t   i s   p r e f e r r e d   t h a t   the   c o n c e n t r a t i o n   of  t he   c o m p o -  

s i t i o n   in   t h e   a q u e o u s   s o l u t i o n   is  s l i g h t l y   l o w e r ,   p r e f e r a b l y  

more   t h a n   5%  l o w e r ,   more  p r e f e r a b l y   more  t h a n   10%  l o w e r   t h a n  

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

p l a t i n g   b a t h   t e n d s   to  i n c r e a s e   d u r i n g   p l a t i n g .   By  t h e  

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

s a l t   of  t h e   m e t a l   w h i c h   is  p l a t e d   on  f i b e r s .  

When  two  or  more   p l a t i n g   b a t h s   a r e   u s e d   and  t h e   s e c -  

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

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

w h e n  a   s i n g l e   p l a t i n g   b a t h   is  u s e d   and  t h e   s e c t i o n   of  a p p l y -  

i n g   e l e c t r i c   c u r r e n t   is  d i s p o s e d   a t   t h e   o u t l e t   s i d e   of  t h e  

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

be  u s e d   as  t h e   l i q u i d ,   b u t   t h e   a q u e o u s   s o l u t i o n   n e e d   n o t  

a l w a y s   n e c e s s a r i l y   be  t h e   same  as  t h e   a q u e o u s   s o l u t i o n ,   a n d  

w a t e r   and  any  o t h e r   a q u e o u s  s o l u t i o n   of  an  e l e c t r o l y t e  . s u c h  

as  an  i n o r g a n i c   s a l t ,   f o r   e x a m p l e ,   NaCl ,   Na2CO3,  KCl,  N H 4 C l ,  

CuS04 ,   NiS04  Z n C l 2 ,   e t c . ,   can  a l s o   be  u s e d .  

The  c o n c e n t r a t i o n   of  t h e   s o l u t i o n   is   c o n t r o l l e d   s o  

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

t h e   r a n g e   of  f r o m   1 x 1 0 - 2   to  1  Ω - 1 · c m - 1 ,   more  p r e f e r a b l y   f r o m  

2 x 1 0 - 2   to  5 x 1 0 - 1   Ω - 1 · c m - 1 .  

The  i n e r t   gas   f o r   u s e   in  t h i s   i n v e n t i o n   i s ,   f o r   e x a m p l e ,  



NZ,  Ar,,  He,  e t c .  

In  t h e   c a s e   of  u s i n g   a  l i q u i d   or  i n e r t   g a s ,   n o  

p a r t i c u l a r   h e a t i n g   or  c o o l i n g   is  n e c e s s a r y   and  t he   a p p l i c a -  

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

t e m p e r a t u r e   r a n g e   of  f rom  10°C  to  100°C ,   and  p r e f e r a b l y  

f rom  20  to  5 0 ° C .  

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

t h e   a p p l i c a t i o n   of  e l e c t r i c   c u r r e n t   be  d i s p o s e d   a t   t h e   o u t -  

l e t   s i d e   of   t he   c a r b o n   f i b e r   s t r a n d .  

When  a  l i q u i d   is   u s e d   in   t h i s   i n v e n t i o n ,   t h e   g e n e r a -  

t i o n   of   h e a t   by  the   c o n t a c t   r e s i s t a n c e   b e t w e e n   t h e   c o n d u c t i v e  

r o l l e r   and  a  c a r b o n   f i b e r   s t r a n d   can   be  m i n i m i z e d   s i n c e  

t h e   c o n t a c t   p o r t i o n   of  t h e   r o l l e r   w i t h   t he   c a r b o n   f i b e r  

s t r a n d   i s   in  t h e   l i q u i d ,   w h e r e b y   t h e   o x i d a t i o n   of  t h e   c o a t e d  

m e t a l   f o r m e d   on  t h e   f i b e r s   by  e l e c t r o p l a t i n g   d o e s   no t   o c c u r .  

A l s o ,   when  an  i n e r t   gas  is  u s e d   in   t h i s   i n v e n t i o n ,   t h e  

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

an  o x y g e n - f r e e   s t a t e   s i n c e   t h e   p o r t i o n   i s   in  t he   i n e r t   g a s  

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

h i g h   t e m p e r a t u r e   o x i d a t i o n ,   o z o n e   o x i d a t i o n ,   e t c . ,   d o e s   n o t  

o c c u r   even   when  h e a t   i s   g e n e r a t e d   by  the   c o n t a c t  r e s i s t a n c e .  

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

n e i t h e r   u n e v e n   c o l o r   t o n e   nor   s o - c a l l e d   p l a t i n g   d e f e c t s   s u c h  

as  b u r n t   m a r k s ,   s t r i p e   m a r k s ,   e t c . ,   can  be  o b t a i n e d   in  t h i s  

i n v e n t i o n .  



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

u s e d   f o r   p l a t i n g   a  m e t a l   such   as  Cu,  N i ,   Cr,   Zn,  Cd,  P b ,  

Sn,  Au,  Ag,  e t c . ,   or  a l l o y s   of  a t   l e a s t   two  t h e s e   m e t a l s ,  

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

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

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

c o m p o s i t i o n s   a r e   as  f o l l o w s .  

1.  Ni  p l a t i n g   c o m p o s i t i o n :  

(1)  Ha rd   n i c k e l   o r d i n a r y   b a t h   c o m p o s i t i o n :  

(2)  W a t t s   b a t h   c o m p o s i t i o n :  

C u  p l a t i n g   c o m p o s i t i o n :  

(1)  C o p p e r   s u l f a t e   b a t h   c o m p o s i t i o n :  



(2)  C o p p e r   f l u o r o b o r a t e   b a t h   c o m p o s i t i o n :  

3.  Cr  p l a t i n g   c o m p o s i t i o n :  

4.  Zn  p l a t i n g   c o m p o s i t i o n :  

5.  Au  p l a t i n g   c o m p o s i t i o n :  



6.  Ag  p l a t i n g   c o m p o s i t i o n :  

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

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

F i g .   1,  F i g .   2  and  F i g .   3  a r e   s c h e m a t i c   v i e w s   e a c h  

s h o w i n g   an  e x a m p l e   of  t h e   a p p a r a t u s   f o r   p e r f o r m i n g   t h e  

m e t h o d   of   t h i s   i n v e n t i o n .   In  F i g .   1  and  F i g .   2,  a  c a r b o n  

f i b e r   s t r a n d  5   e n t e r s   a  p l a t i n g   b a t h   11  c o n t a i n i n g   a  p l a t -  

i n g   b a t h   c o m p o s i t i o n   4  t h r o u g h   i n l e t   s i d e   n i p   r o l l e r s   6 

and  t h e n   i s   i n t r o d u c e d   to  o u t l e t   s i d e   n i p   r o l l e r s   7  t h r o u g h  

an  i n l e t   s i d e   g u i d e   r o l l e r   8  and  an  o u t l e t   s i d e   g u i d e   r o l l e r  

9,  and  t h r o u g h   a  s e a l   box  2  in   t h e   c a s e   of  F i g .   1  or  a  

l i q u i d   b a t h   3  c o n t a i n i n g   a  l i q u i d   12  in   t h e   c a s e   of  F i g .   2 .  

The  i n s i d e   of  t h e   s e a l   box  2  is   f i l l e d   w i t h   an  i n e r t  

gas   s u c h   as  N21  Ar ,   He,  e t c . ,   t h e   p r e s s u r e   of  w h i c h   i s  

s l i g h t l y   h i g h e r   t h a n   t h e   a t m o s p h e r i c   p r e s s u r e   so  t h a t   o x y g e n  

in  a i r   d o e s   n o t   e n t e r .   S i n c e   t h e   s e a l   box  2  i s   c o n n e c t e d   t o  

t h e   p l a t i n g   b a t h   11,  t he   s e a l   box  is   s h i e l d e d   f rom  e x t e r n a l  

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

f i b e r   s t r a n d   5  by  c o n t a c t   w i t h   t h e   s u r f a c e   of  a  c o n d u c t i v e  

r o l l e r   1  f o r   a p p l y i n g   e l e c t r i c   c u r r e n t   p l a c e d   in   t h e   s e a l   b o x  



2  or  a  l i q u i d   b a t h   3  (Figure  2),  whereby  a  metal  is  p l a t e d   on  e a c h  

f i l a m e n t   of  t h e   c a r b o n   f i b e r   s t r a n d   5  in  t h e   p l a t i n g  

c o m p o s i t i o n   4 .  

The  e l e c t r i c   c u r r e n t   a p p l y i n g   r o l l e r   1  is   d i s p o s e d  

in  a  s e a l   box  2  as  shown  in  F i g .   1  or  in  a  l i q u i d   b a t h   3 

as  shown  in  F i g .   2  so  t h a t ,   in   t he   l a t t e r   c a s e ,   t h e   c o n t a c t  

p o r t i o n   of  t h e   r o l l e r   1  w i t h   t h e   c a r b o n   f i b e r   s t r a n d   5  i s   i n  

a  l i q u i d   12  in  t he   b a t h   3.  N u m e r a l   10  shows  a  m e t a l   a n o d e .  

N u m e r a l s   13  and  14  show  g u i d e   r o l l e r s .  

F i g .   3  shows  t h e   u s e   of   two  or  m o r e  

p l a t i n g   b a t h s   and  gas  s e a l   b o x e s   w h i c h   can  be  u s e d   in   t h e  

m a n n e r   of  t h e   a p p a r a t u s   shown  in  F i g .   1.  F i g .   4  shows   t h e  

use   of  two  or  more   p l a t i n g   b a t h s   and  l i q u i d  

b a t h s   :which   can  be  u s e d   in  t h e   m a n n e r   of  t h e   a p p a r a t u s   s h o w n  

in  F i g .   2 .  

Upon  a p p l y i n g   p l a t i n g   to  e a c h   f i l a m e n t   of  a  f i b e r  

s t r a n d ,   i t   i s   r e q u i r e d   to  fo rm  p r o p e r   s p a c e   among  t h e   f i l a -  

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

s p a c e s   among  t h e   f i l aments   and  also  i t   is  r e q u i r e d   to  r e d u c e  

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

p e r i o d ,   and  to   a d j u s t   d e p o s i t i o n   of  a  m e t a l   o n t o  

the   f i b e r   in  o r d e r   to  p r e v e n t   b r i d g i n g   of  t h e   p l a t e d   c o a t i n g  

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

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

i n s i d e   of  t h e   f i b e r   s t r a n d .   F u r t h e r m o r e ,   in   t h e   c a s e   o f  



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

s t r i p e s   are  l i a b l e   to  fo rm  on  t h e   f i b e r s   in  t h e   d i r e c t i o n  

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

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

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

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

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

A l s o ,   by  a  c o n v e n t i o n a l   m e t h o d ,   f o r   e x a m p l e ,   a  m e t h o d  

of  a p p l y i n g   an  e l e c t r o l y t i c   s o l u t i o n   on to   a  c a r b o n   f i b e r  

s t r a n d   on  an  e l e c t r i c   c u r r e n t   a p p l y i n g   r o l l e r   as  shown  i n  

J a p a n e s e   P a t e n t   A p p l i c a t i o n   No.  J P - A - 1 6 9 , 5 3 2 / ' 8 3 ,   i t   i s  

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

h a v i n g   no  such   l a t e r a l   s t r i p e s .  

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

p l a t i n g   w i t h o u t   h a v i n g   l a t e r a l   s t r i p e s   on to   e v e r y   f i l a m e n t  

c o m p o s i n g   a  c a r b o n   f i b e r   s t r a n d ,   i t   i s   b e t t e r   as  a  p r e l i m -  

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

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

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

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

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

An  a q u e o u s   e l e c t r o l y t i c   s o l u t i o n   c o n t a i n i n g   t h e   m a i n  

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

to  a  c a r b o n   f i b e r   s t r a n d   so  t h a t   t h e   i n s i d e   of  t h e   c a r b o n  

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



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

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

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

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

s t r a n d   by  a  shower,  e t c .   F u r t h e r m o r e ,   i t   i s   n e c e s s a r y   t o  

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

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

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

e l e c t r o l y t e   does   no t   d e p o s i t   in  or  on  t h e   c a r b o n   f i b e r  

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

s o l u t i o n .   The  c o n t e n t   of  t he   e l e c t r o l y t i c   s o l u t i o n   i m p r e g -  

n a t e d   in   t he   c a r b o n   f i b e r   s t r a n d   i s   u s u a l l y   up  to  200%  b y  

w e i g h t ,   and  p r e f e r a b l y   h i g h e r   t h a n   5%  by  w e i g h t ,   b a s e d   o n  

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

The  e l c t r o l y t i c   s o l u t i o n   u s u a l l y   c o n t a i n s ,   f o r  

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

a  pH  b u f f e r   in  t h e   c a s e   of  n i c k e l   p l a t i n g .   A l s o ,   t h e  

e l e c t r o l y t i c   s o l u t i o n   which  is  app l ied   in  a  p r e l i m i n a r y   s tep  t o  t h e  

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

is  t h e   main   c o m p o n e n t   in   t h e   c a s e   of  n i c k e l   p l a t i n g ,   or  m a y  

c o n t a i n   a  n i c k e l   s a l t ,   a  c h l o r i d e   as  d e s c r i b e d   a b o v e ,   a n d  

a  pH  b u f f e r .  

I t   i s   p r e f e r r e d   t h a t   t h e   c o n c e n t r a t i o n   of  t h e   e l e c -  

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

a p p l i c a t i o n   to  a  c a r b o n   f i b e r   s t r a n d   is   f rom  20%  of  t h e  



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

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

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

p r e f e r a b l y   f rom  50%  of  t h e   c o n c e n t r a t i o n   of  t h e   c o m p o n e n t  

to  90%  of   t h e   c o n c e n t r a t i o n   of  t h e   s a t u r a t e d   a q u e o u s   s o l u -  

t i o n   of   t h e   c o m p o n e n t .   I f   t h e   c o n c e n t r a t i o n   of   t h e  

e l e c t r o l y t i c   s o l u t i o n   i s   l e s s  t h a n  2 0 % ,   t h e   d i f f e r e n c e  

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

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

p l a t i n g   b a t h   is   l i a b l e   to  become  l a r g e   and  t h e   t h i c k n e s s  

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

of  l a t e r a l   s t r i p e s .  

A l s o ,   in   t h e   c a s e   of   u s i n g   a  s a t u r a t e d   a q u e o u s  

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

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

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

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

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

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

c o a t i n g .   The  t e m p e r a t u r e   a t   t he   a p p l i c a t i o n   of   t h e  

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

t h e   r a n g e   of   f rom  10  to  80°C,   and  p r e f e r a b l y   f rom  20  t o  

5 0 ° C .  

F u r t h e r m o r e ,   i t   i s   more  e f f e c t i v e   to  spread  the  f i l a m e n t s  

of   a  c a r b o n   f i b e r   s t r a n d   b e f o r e   or  a f t e r   or  b e f o r e   and  a f t e r  



p r e l i m i n a r y   a p p l i c a t i o n   of  the  e l e c t r o l y t i c   s o l u t i o n   onto  t h e  

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

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

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

e l e c t r i c a l   m e t h o d ,   a  m e t h o d   of  u t i l i z i n g   a  gas   s u c h   a s  

a i r ,   e t c . ,   can  be  u s e d .  

For  e x a m p l e ,   t h e   m e t h o d s   d e s c r i b e d   in  J a p a n e s e   P a t e n t  

A p p l i c a t i o n   No.  J P - A -   1 3 1 , 0 2 3 / ' 7 9 ,   J a p a n e s e   P a t e n t   A p p l i c a -  

t i o n   No.  J P - A -   1 0 6 5 7 1 / ' 8 4 ,   e t c . ,   and  a  m e t h o d   u s i n g   a  g u i d e  

r o l l e r   or  a  g u i d e   ba r   can  be  u t i l i z e d .   In  t h e   c a s e   o f  

u s i n g   a  g u i d e   r o l l e r   or  a  g u i d e   b a r ,   t h e   r o l l e r   or  b a r  

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

r a d i u s   or  a  c u r v a t u r e   r a d i u s   of  10  to  100  mm  is   p r e f e r a b l y  

u s e d .   I f   t h e   r a d i u s   or  c u r v a t u r e   r a d i u s   is  l e s s   t h a n   10  mm, 

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

to  f o r m   f u z z ,   and  i f   t h e   r a d i u s   or  c u r v a t u r e   r a d i u s   i s  

o v e r   100  mm,  t he   spreading   of  the  c a r b o n   f i b e r   s t r a n d   b e c o m e s  

i n s u f f i c i e n t .   By  spread ing   the  c a r b o n   f i b e r   s t r a n d ,   e v e r y  

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

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

F i g .   5  and  F i g .   6  a r e   s c h e m a t i c ' v i e w s   s h o w i n g   e x a m p l e s  

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

t r e a t m e n t s   in  the   m e t h o d   of  t h i s   i n v e n t i o n .  

In  t h e   e x a m p l e s   shown  in  F i g .   5,  a  c a r b o n   f i b e r   s t r a n d  

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



p a s s e d   t h r o u g h   a  p r e - t r e a t m e n t   b a t h   16  c o n t a i n i n g   t h e  

e l e c t r o l y t i c   s o l u t i o n   15  c o n t a i n i n g   t h e   ma in   c o m p o n e n t   o f  

a  p l a t i n g   b a t h   11  and  a f t e r   t h e   a p p l i c a t i o n   of  e l e c t r i c  

c u r r e n t   by  means  of   an  e l e c t r i c   c u r r e n t   a p p l y i n g   r o l l e r  

18,  i s   i n t r o d u c e d   i n t o   a  p l a t i n g   b a t h   11.  In  t h e   p l a t i n g  

b a t h   11 ,   a  m e t a l   a n o d e   10 ,   a  p l a t i n g   l i q u i d   c o m p o s i t i o n   4 

and  a  g u i d e   r o l l e r   8  a r e   p o s i t i o n e d ,   and  t h e   c a r b o n   f i b e r  

s t r a n d   5  i s   c o n t i n u o u s l y   p a s s e d   t h r o u g h   p l a t i n g   l i q u i d  

c o m p o s i t i o n   4 .  

A l s o ,   i t   is  more  e f f e c t i v e   to  u s e   a  f i b e r   s p r e a d i n g  

s e c t i o n   h a v i n g ,   f o r   e x a m p l e ,   a  g u i d e   r o l l e r s   (or   g u i d e  

b a r s )   17  b e f o r e   t h e   p r e - t r e a t m e n t   b a t h   16  c o n t a i n i n g   a n  

e l e c t r o l y t i c   s o l u t i o n   15  c o n t a i n i n g   t h e   m a i n   c o m p o n e n t  

of  t h e   p l a t i n g   b a t h   1 1 .  

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

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

t h e r e t o   an  e l e c t r o l y t i c   s o l u t i o n   c o n t a i n i n g   t h e   main   com-  

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

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

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

l a t e r a l   s t r i p e s   can  be  o b t a i n e d .  

E x a m p l e s   of  t h i s   i n v e n t i o n   a r e   shown  b e l o w .  

Example   1 

A  c a r b o n   f i b e r   s t r a n d   c o m p o s e d   of   1 2 , 0 0 0   f i l a m e n t s  

e a c h   h a v i n g   7  p   d i a m e t e r   was  c o n t i n u o u s l y   s u b j e c t e d   t o  



n i c k e l   p l a t i n g   u s i n g   t he   a p p a r a t u s   shown  in  F i g .   1  h a v i n g  

a  s e a l   box  f i l l e d   w i t h   an  a r g o n   gas  at  a  p r e s s u r e   of  1 . 2  

a tom  ( 1 . 2 x 1 0 5   Pa)  at  a  t e m p e r a t u r e   of  3 0 ° C .  

The  p l a t i n g   bath  compos i t ion   was  a  hard  n i cke l   o rd ina ry   b a t h  

c o m p o s i t i o n   c o n t a i n i n g   150  g / l i t e r   of  n i c k e l   s u l f a t e ,  

15  g / l i t e r   of  ammonium  c h l o r i d e   and  15  g / l i t e r   of  b o r i c  

a c i d   and  t h e   pH  and  the   t e m p e r a t u r e   of  t h e   p l a t i n g   b a t h  

c o m p o s i t i o n   were   6 .0   and  25°C,   r e s p e c t i v e l y .  

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

30  c m / m i n . ,   t h e   r e s i d e n c e   t i m e   in  t h e   p l a t i n g   b a t h   w a s  

5  m i n u t e s   and  t h e   t o t a l   e l e c t r i c   c u r r e n t   was  10  a m p e r e s .  

For   c o m p a r i s o n ,   n i c k e l   p l a t i n g   was  a p p l i e d   to  c a r b o n  

f i b e r   s t r a n d s   u n d e r   t h e   same  c o n d i t i o n s   as  a b o v e   e x c e p t  

t h a t   t h e   s e a l   box  was  f i l l e d   w i t h   a i r   in   p l a c e   of  a r g o n   g a s .  

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

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

t h e   r e s u l t s   a r e   shown  in  T a b l e   1  b e l o w .  

E x a m p l e  2  

N i c k e l   p l a t i n g   was  a p p l i e d   to  c a r b o n   f i b e r   s t r a n d s  

u s i n g   t h e   a p p a r a t u s   shown  in  F i g .   2  h a v i n g   a  l i q u i d   b a t h   f o r  

a p p l y i n g   e l e c t r i c   c u r r e n t   c o n t a i n i n g   an  e l e c t r o l y t i c . s o l u t i o n  

h a v i n g   t h e   same  c o m p o s i t i o n   as  t h a t   of  t h e   p l a t i n g   b a t h  

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

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

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



t h e   r e s u l t s   t h u s   o b t a i n e d   a r e   shown  in  T a b l e   1 .  

As  shown   in  t h e   a b o v e   r e s u l t s ,   in  t he   c a s e s   o f  

E x a m p l e s   1  and  2,  t h e   s p e c i f i c   r e s i s t a n c e   of  t h e   n i c k e l -  

c o a t e d   c a r b o n   f i b e r   s t r a n d s   was  g r e a t l y   low  as  c o m p a r e d   t o  

t h e   c o m p a r i s o n   e x a m p l e   w h i l e   t h e   t h i c k n e s s   of  n i c k e l  

c o a t i n g   was  a l m o s t   t he   same  as  t h a t   of  t h e   c o m p a r i s o n  

e x a m p l e ,   T h i s   means   t h a t   t h e   n i c k e l   c o a t i n g   on  e a c h   f i l a -  

ment   i s   u n i f o r m .  

F u r t h e r m o r e ,   in  t h e   p r o d u c t s   of  t h i s   i n v e n t i o n  

o b t a i n e d   in   E x a m p l e s   1  and  2,  u n e v e n   c o l o r   t o n e   and  s o -  

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

e t c . ,   w e r e   n o t   o b s e r v e d .  

A l s o ,   a  r e s i n   c o m p o s i t e   m a t e r i a l   or  a  m e t a l   c o m p o s i t e  

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

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

was  e x c e l l e n t   as  an  EMI  s h i e l d   m a t e r i a l ,   a  l i g h t - w e i g h t  



s t r u c t u r a l   m a t e r i a l ,   a  c o n d u c t i v e   m a t e r i a l ,   e t c .  

E x a m p l e   3 

A  c a r b o n   f i b e r   B e s f i g h t ,   HTA  7 - 1 2 0 0 0   ( T r a d e   name  o f  

c a r b o n   f i b e r   s t r a n d   of  1 2 , 0 0 0   f i l a m e n t s   h a v i n g   a  d i a m e t e r  

of  7  p   made  by  Toho  B e s l o n   C o . ,   L t d . )   was  c o n t i n u o u s l y  

s u b j e c t e d  t o   n i c k e l   p l a t i n g .   The  t r a v e l l i n g   s p e e d   of  t h e  

c a r b o n   f i b e r   s t r a n d   was  20  c m / m i n . ,   t h e   r e s i d e n c e   t i m e   i n  

t he   p l a t i n g   b a t h   was  5  m i n . ,   t h e   t o t a l   e l e c t r i c   c u r r e n t   w a s  

10  a m p e r e s ,   and  t h e   b a t h   t e m p e r a t u r e   w a s  2 5 ° C .   The  p l a t -  

ing  b a t h   c o m p o s i t i o n   was  a  hard  n i cke l   o rd ina ry   p l a t i n g  

c o m p o s i t i o n   c o n t a i n i n g   150  g / l i t e r   of  n i c k e l   s u l f a t e ,   15  g /  

l i t e r   of  ammonium  c h l o r i d e ,   and  15  g / l i t e r   of  b o r i c   a c i d .  

A  p r e - t r e a t m e n t   b a t h   f o r   p r e l i m i n a r y   a p p l i c a t i o n   of  a n  

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

f i l l e d   w i t h   an  a q u e o u s   s o l u t i o n   of  150  g / l i t e r   of  n i c k e l  

s u l f a t e   (100%  of  t h e   n i c k e l   s u l f a t e   c o n c e n t r a t i o n   of  t h e  

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

t r e a t m e n t   b a t h   was  25°C.  The  c a r b o n   f i b e r   s t r a n d   w a s  

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

was  i m p r e g n a t e d   w i t h   the   e l e c t r o l y t i c   s o l u t i o n   at   a  c o n t e n t  

of  a b o u t   50%.  A l s o ,   in  o t h e r   c a s e   of  t h i s   e x a m p l e ,   t h r e e  

f i b e r   o p e n i n g   g u i d e   r o l l e r s   e ach   h a v i n g   a  r a d i u s   of  25  mm 

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

b a t h   w i t h   a  d i s t a n c e   b e t w e e n   t h e   c e n t e r s   of  t h e   a x e s   o f  

75  mm. 



The  c r o s s - s e c t i o n s   of  t h e   n i c k e l - p l a t e d   c a r b o n   f i b e r  

s t r a n d s   we re   o b s e r v e d   by  a  s c a n n i n g   t y p e   e l e c t r o n   m i c r o -  

s c o p e   and  t h e   mean  t h i c k n e s s   of  t h e   n i c k e l   c o a t i n g   o f  

t h e   whole   f i b e r   s t r a n d ,   t he   t h i c k n e s s   t h e r e o f   on  t h e   f i b e r s  

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

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

w e r e   m e a s u r e d .   The  o u t e r   p o r t i o n   is   t h e   p o r t i o n   of  a  f i b e r  

s t r a n d   o u t s i d e   t h e   p o r t i o n   of  t h e   1 /2   of   t h e   d i s t a n c e   o f  

t h e   s t r a n d   f rom  t h e   c e n t e r   of  t h e   s t r a n d - i n   t he   r a d i a l  

d i r e c t i o n   of  t h e   s t r a n d ,   and  t h e   c e n t r a l   p o r t i o n   is  t h e  

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

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

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

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

c o a t i n g   was  m e a s u r e d   in   t h e   same  way  as  a b o v e .   The  r e s u l t s  

t h u s   o b t a i n e d   a r e   shown  in  T a b l e   2 .  

E x a m p l e   4 

The  p r e - t r e a t m e n t   b a t h   as  in   E x a m p l e   3  was  f i l l e d   w i t h  



an  a q u e o u s   s o l u t i o n   of  20  g / l i t e r ,   90  g / l i t e r ,   or  150  g /  

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

a q u e o u s   s o l u t i o n   of   30°C,   and  n i c k e l   p l a t i n g   was  a p p l i e d  

u n d e r   t h e   same  c o n d i t i o n s   as  in  E x a m p l e   3.  The  r e s u l t s  

t h u s   o b t a i n e d   a r e   shown  in  T a b l e   3 .  

W h i l e   t h e   i n v e n t i o n   has  been   d e s c r i b e d   in   d e t a i l  

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

be  a p p a r e n t   to  one  s k i l l e d   in  t he   a r t   t h a t   v a r i o u s   c h a n g e s  

and  m o d i f i c a t i o n s   can   be  made  t h e r e i n   w i t h o u t   d e p a r t i n g   f r o m  

t h e   s c o p e   t h e r e o f .  



1.  An  e l e c t r o p l a t i n g   m e t h o d   f o r   a  c a r b o n   f i b e r   s t r a n d  

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

s t r a n d   (5)  i n t o   an  i n l e t   of  a  m e t a l   p l a t i n g   b a t h   ( 1 1 )  

and  r e m o v i n g   t h e   c a r b o n   f i b e r   s t r a n d   (5)  f rom  an  o u t l e t  

of  t h e   m e t a l   p l a t i n g   b a t h   (11)   and  a p p l y i n g   an  e l e c t r i c  

c u r r e n t   to   t h e   c a r b o n   f i b e r   s t r a n d   in  a  l i q u i d   (12)   o r  

an  i n e r t   gas   a t m o s p h e r e   o u t s i d e   of  t h e   m e t a l   p l a t i n g  

b a t h   (11)   and  p e r f o r m i n g   e l e c t r o p l a t i n g   in  t h e   m e t a l  

p l a t i n g   b a t h   (11)   w i t h   t h e   c a r b o n   f i b e r   s t r a n d   (5)   a s  

t h e   c a t h o d e .  

2.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   1  c h a r -  

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

c a r b o n   f i b e r   s t r a n d   (5)  in  a  l i q u i d   (12)  or  an  i n e r t   g a s  

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

o u t s i d e   t h e   p l a t i n g   b a t h   ( 1 1 ) .  

3.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   1  c h a r -  

a c t e r i s e d   in  t h a t   two  or  more  p l a t i n g   b a t h s   (11 )   a r e  

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

f i b e r   s t r a n d   (5)  in  a  l i q u i d   (12)   or  an  i n e r t   g a s   a t -  

m o s p h e r e   a t   l e a s t   at   a  p o s i t i o n   b e t w e e n   t h e   p l a t i n g  

b a t h s   and  a  p o s i t i o n   a t   t h e   o u t l e t   s i d e   of  t h e   l a s t  

p l a t i n g   b a t h .  

4.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   1  c h a r -  

a c t e r i s e d   in  t h a t   t he   l i q u i d   (12)  i s   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   t h e   same  c o m p o n e n t s   as  t h a t   of  t h e   p l a t i n g  

b a t h   ( 1 1 ) .  

5.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   1  c h a r -  

a c t e r i s e d   in  t h a t   t h e   l i q u i d   (12)   i s   an  a q u e o u s   s o l u t i o n  

h a v i n g   t h e   same  c o m p o s i t i o n   as  t h a t   of  t he   p l a t i n g   b a t h .  



6.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   1  c h a r -  

a c t e r i s e d   in  t h a t   t h e   l i q u i d   (12)   i s   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   t h e   m e t a l   s a l t   c o n t a i n e d   in  t h e   p l a t i n g   b a t h .  

7.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   6  c h a r -  

a c t e r i s e d   in  t h a t   t he   c o n c e n t r a t i o n   of  t h e   m e t a l   s a l t   i s  

f rom  20%  of  t h e   c o n c e n t r a t i o n   of  t h e   m e t a l   s a l t   in  t h e  

p l a t i n g   b a t h   to  l e s s   t h a n   the   c o n c e n t r a t i o n   of  t he   s a t u -  

r a t e d   a q u e o u s   s o l u t i o n   of  t h e   m e t a l   s a l t   a t   t he   p l a t i n g  

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

8.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   7  c h a r -  

a c t e r i s e d   in  t h a t   t he   c o n c e n t r a t i o n   of  t h e   m e t a l   s a l t   i s  

l o w e r   t h a n   90%  of  t h e   c o n c e n t r a t i o n   of  t h e   s a t u r a t e d  

a q u e o u s   s o l u t i o n   of  t h e   m e t a l   s a l t   a t   t h e   p l a t i n g   t e m -  

p e r a t u r e .  

9.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   7  c h a r -  

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

h i g h e r   t h a n   50%  of  t h e   c o n c e n t r a t i o n   of  t h e   p l a t i n g   b a t h .  

10.   An  e l e c t r o p l a t i n g   me thod   as  c l a i m e d   in  c l a i m   1 

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

t h e   c a r b o n   f i b e r   s t r a n d   (5)  in  t h e   l i q u i d  ( l 2 )   a t   t h e  

o u t l e t   s i d e   of  t h e   p l a t i n g   b a t h   (11)   in  t h e   c a s e   of  u s -  

ing   a  s i n g l e   p l a t i n g   b a t h   or  a t   t h e   o u t l e t   s i d e   of  t h e  

l a s t   p l a t i n g   b a t h   in  t he   c a s e   of  u s i n g   two  or  more  p l a t -  

i ng   b a t h s ,   and  t h e   l i q u i d   i s   w a t e r   or  an  a q u e o u s   s o l u -  

t i o n   of  an  e l e c t r o l y t i c   i n o r g a n i c   s a l t .  

11.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   10  

c h a r a c t e r i s e d   in  t h a t   t he   e l e c t r o l y t i c   i n o r g a n i c   s a l t   i s  

a  compound   s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   of  N a C l ,  

Na2CO3,  KC1,  NH4C1,  CuS04,   NiSO4,   and  Z n C l 2 .  



12.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   10  

c h a r a c t e r i s e d   in  t h a t   t h e   c o n c e n t r a t i o n   of  t he   e l e c t r o -  

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

e l e c t r i c a l   c o n d u c t i v i t y   i s   w i t h i n   t h e   r a n g e   of  f r o m  
1 0 - 2   t o   1 Ω - 1 · c m - 1 .  

13.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   1 

c h a r a c t e r i s e d   in  t h a t   t h e   i n e r t   gas   i s   a  gas  s e l e c t e d  

f r o m   t h e   g r o u p   c o n s i s t i n g   of  N2,  He  and  A r .  

14.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   1 

c h a r a c t e r i s e d   in  t h a t   t h e   m e t a l   w h i c h   i s   p l a t e d   on  c a r -  

bon  f i b e r s   i s   Cu,  Ni ,   Cr ,   Zn,  Cd,  Pb,  Sn,  Au,  Ag,  or  a n  

a l l o y   c o m p r i s i n g   a t   l e a s t   two  of  s a i d   m e t a l s .  

15.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   1 

c h a r a c t e r i s e d   in  t h a t   t h e   c a r b o n   f i b e r   s t r a n d   (5)  to   b e  

p l a t e d   i s   p r e l i m i n a r i l y   i m p r e g n a t e d   w i t h   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   the   same  m e t a l   s a l t   as  t h a t   c o n t a i n -  

ed  in  t h e   p l a t i n g   b a t h   ( 1 1 ) .  

16.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   15  

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

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

20%  of  t h e   c o n c e n t r a t i o n   of  t h e   p l a t i n g   b a t h   to   l e s s  

t h a n   t h e   c o n c e n t r a t i o n   of  t he   s a t u r a t e d   a q u e o u s   s o l u t i o n  

of  t h e   m e t a l   s a l t .  

17.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   15  

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

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

t h a n   90%  of  t h e   c o n c e n t r a t i o n   of  t he   a q u e o u s   s a t u r a t e d  

s o l u t i o n   of  t h e   m e t a l   s a l t   a t   t h e   p l a t i n g   t e m p e r a t u r e .  

18.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   15  

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



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

t h a n   50%  of  t he   c o n c e n t r a t i o n   of  t h e   p l a t i n g   b a t h .  

19.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   1 5  

c h a r a c t e r i s e d   in  t h a t   t he   c o n t e n t   of  the   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   the   m e t a l   s a l t   i s   at   l e a s t   5  w e i g h t   % 

b a s e d   on  t h e   w e i g h t   of  t he   c a r b o n   f i b e r   s t r a n d .  

20.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   1 5  

c h a r a c t e r i s e d   in  t h a t   t he   c o n t e n t   of  t he   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   the   m e t a l   s a l t   i s   at   most   200  w e i g h t   % 

b a s e d   on  t h e   w e i g h t   of  t he   c a r b o n   f i b e r   s t r a n d .  

21.  An  e l e c t r o p l a t i n g   m e t h o d   as  c l a i m e d   in  c l a i m   1 5  

c h a r a c t e r i s e d   in  t h a t   a  s p r e a d i n g   s t e p   is   a p p l i e d   to  t h e  

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

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

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

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

c a r b o n   f i b e r   s t r a n d   as  t h e   c a t h o d e   c h a r a c t e r i s e d   by  a n  

e l e c t r i c   m e t a l   p l a t i n g   b a t h   (11)   h a v i n g   an  e l e c t r i c   c u r -  

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

p o s e d   in  a  l i q u i d   (12)  or  an  i n e r t   gas  a t m o s p h e r e   o u t -  

s i d e   of  t he   p l a t i n g   b a t h   ( 1 1 ) .  

23.  A  c o n t i n u o u s   e l e c t r o p l a t i n g   a p p a r a t u s   as  c l a i m e d   i n  

c l a i m   22  c h a r a c t e r i s e d   in  t h a t   t h e   e l e c t r i c   m e t a l   p l a t -  

ing   b a t h   (11)   has  a  p r e - t r e a t m e n t   b a t h   (16)  f o r   c o n t a i n -  

ing  an  a q u e o u s   e l e c t r o l y t i c   s o l u t i o n   c o n t a i n i n g   t h e  

m e t a l   s a l t   c o n t a i n e d   in  t h e   p l a t i n g   b a t h   (11)   a t   t h e  

i n l e t   s i d e   of  t he   p l a t i n g   b a t h .  

24.  A  c o n t i n u o u s   e l e c t r o p l a t i n g   a p p a r a t u s   as  c l a i m e d   i n  

c l a i m   22  c h a r a c t e r i s e d   in  t h a t   t h e   e l e c t r i c   m e t a l   p l a t -  

ing   b a t h   (11)   has  a  s e c t i o n   f o r   s p r e a d i n g   of  t h e   c a r b o n  

f i b e r   s t r a n d   b e f o r e   t he   p r e - t r e a t m e n t   b a t h .  
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