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54)  Process  for  electroplating  metal  parts. 

5̂7)  This  invention  is  an  improved  method  of  producing  a 
coated  metal  part  in  a  process  which  comprises  electroplat- 
ing  a  nickel-zinc  coating  onto  an  electrically  conductive- 
substrate  from  a  bath  containing  nickel  and  zinc  ions  and 
removing  substantially  all  the  zinc  from  the  coating.  The 
improvement  comprises  supplying  nickel  and  zinc  ions  to  the 
bath  from  a  plurality  of  nickel  anodes  and  a  plurality  of  zinc 
anodes.  The  total  surface  area  of  the  zinc  anodes,  which 
projects  toward  the  substrate  is  about  twice  as  large  as  the 
total  surface  area  of  the  nickel  anodes  which  project  toward 
the  substrate.  The  bath  composition  is  maintained  at  0.75  to 
1.25  molar  nickel  and  0.75  to  1.25  molar  zinc  by  operating 
each  anode  at  about  the  same  current  density.  Electroplating 
is  continued  for  a  time  and  at  a  current  density  sufficient  to 
deposit  a  5  to  100  micron  thick  nickel-zinc  coating  onto  the 
substrate.  The  coating  is  60  to  70  weight  percent  zinc  and  30 
to  40  weight  percent  nickel. 
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The  i n v e n t i o n   r e s i d e s   in   a  m e t h o d   f o r   e l e c t r o -  

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

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

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

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

a  s u b s t r a t e .   The  s u b s t r a t e   to   be  p l a t e d   m u s t   be  a  

s o l i d ,   e l e c t r i c a l l y   c o n d u c t i v e   s u b s t a n c e .   I t   may  b e  

p o r o u s   or  n o n p o r o u s   and  may  i n c l u d e   s u c h   s u b s t a n c e s   a s  
i r o n ,   n i c k e l ,   c e r a m i c s   and  o t h e r   m a t e r i a l s   w e l l   k n o w n  

to   t h o s e   s k i l l e d   i n   t h e   a r t .   The  s u b s t r a t e   may  be  a  
s u b s t a n c e   u p o n   w h i c h   has   b e e n   a p p l i e d   a  p r o t e c t i v e  

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

p r i o r   to  t h e  a p p l i c a t i o n   of   t h e   n i c k e l - z i n c   c o a t i n g .   A 

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

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

c o n s t a n t .   No  m a k e - u p   c o m p o n e n t s   m u s t  b e   a d d e d   to  t h e  

b a t h   and  no  w a s t e   b a t h   mus t   be  r e m o v e d .  

When  a  m u l t i - c o m p o n e n t   c o a t i n g   i s   to  b e  

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



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

c o a t i n g .  

V a r i o u s   a p p r o a c h e s   h a v e   b e e n   u s e d   to  s o l v e  

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

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

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

c o m p o s i t i o n   i s   c o n t r o l l e d   and  m a i n t a i n e d   a t   a  c o n s t a n t  

c o n c e n t r a t i o n   o f   t h e   i o n s   to   be  p l a t e d   o n t o   t h e   c a t h o d e .  

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

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

c u l t i e s   in   m a i n t a i n i n g   t h e   b a t h   c o n c e n t r a t i o n   c o n s t a n t .  

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

s i n g l e   a n o d e   w h i c h   c o n t a i n s   one  of   t h e   m e t a l s   w h i c h   i s  

to   be  u s e d   as  a  c o a t i n g   c o m p o n e n t .   The  o t h e r   m e t a l   o r  

m e t a l s   a r e   a d d e d   to   t h e   b a t h .   The  d i f f i c u l t y   w i t h   t h i s  

m e t h o d   i s   s i m i l a r   to   t h a t   when  an  i n e r t   a n o d e   i s   u s e d ;  

i . e . ,   m a i n t a i n i n g   t h e   c o n c e n t r a t i o n   of   t h e   b a t h   a t   a  

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

A n o t h e r   a p p r o a c h   w h i c h   has   b e e n   t a k e n   i s   t h e  

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

i n   t h e   c o a t i n g .   H o w e v e r ,   when  a  s i n g l e   a n o d e   h a v i n g  

m u l t i p l e   c o m p o n e n t s   i s   u s e d ,   t h e   anode   does   n o t   d i s s o l v e  

u n i f o r m l y .   T h i s   c a u s e s   v a r i a t i o n s   in   t h e   b a t h   c o m p o s i -  
t i o n   and  r e s u l t s   i n   a  n o n - u n i f o r m   c o a t i n g   on  t h e  c a t h o d e .  

B u r n s  e t   a l .   in   U.S .   P a t e n t   1 , 8 3 7 , 3 5 5  

( D e c e m b e r   22,  1 9 3 1 )   t e a c h   a  m e t h o d   u s i n g   d u a l   a n o d e s ,  

e a c h   h a v i n g   one  c o m p o n e n t   to  be  c o a t e d   o n t o   t h e   c a t h o d e .  

They  c o n t r o l   t h e   c o m p o s i t i o n   and  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 e   to   make  t h e   c a t h o d e   p o t e n t i a l s   of  e a c h  

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



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

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

c a t h o d e   n e a r e s t   one  anode   i s   r i c h   in   one  c o m p o n e n t ,  
w h i l e   t h e   c o a t i n g   on  t h e   o t h e r   end  of   t h e   c a t h o d e   i s  

r i c h   i n   t h e   o t h e r   c o m p o n e n t .  

C o a t e d   m e t a l   p a r t s   f o r m e d   f rom  s u b s t r a t e s  

c o a t e d   w i t h   a  n i c k e l - z i n c   a l l o y   a r e   known.   S e e  

U . S .   P a t e n t s   3 , 4 2 0 , 7 5 4 ;   4 , 1 0 4 , 1 3 3   and  3 , 2 7 2 , 7 2 8 .  

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

a  c o a t e d   m e t a l   p a r t   by  e l e c t r o p l a t i n g   a  n i c k e l - z i n c  

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

f rom  a  b a t h   c o n t a i n i n g   n i c k e l   and  z i n c   i o n s ;   and  r e m o v i n g  

s u b s t a n t i a l l y   a l l   of   t h e   z i n c   f rom  t h e   c o a t i n g ;   c h a r a c -  

t e r i z e d   by  t h e  s t e p s   of  s u p p l y i n g   n i c k e l   and  z i n c   i o n s .  

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

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

a r e a   p r o j e c t e d   t o w a r d   t h e   s u b s t r a t e   by  t h e   z i n c   a n o d e  

s e t ,   as  c o m p a r e d   to   t h a t   p r o j e c t e d   by  t h e   n i c k e l   a n o d e  

s e t ,   i s   a b o u t   2  to  1,  m a i n t a i n i n g   t h e   b a t h   a t   a  c o n c e n -  
t r a t i o n   of  f rom  0 . 7 5   to  1 . 2 5   m o l a r   n i c k e l   and  f rom  0 . 7 5  

to  L . 2 5   m o l a r   z i n c   by  o p e r a t i n g   e a c h   of   t h e   i n d i v i d u a l  

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

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

d e n s i t y   s u f f i c i e n t   to  d e p o s i t   a  5  to   100  m i c r o n   t h i c k  

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

c o a t i n g   i s   f rom  60  to  70  w e i g h t   p e r c e n t   z i n c   and  30  t o  

40  w e i g h t   p e r c e n t   n i c k e l .  

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

i n v e n t i o n ,   t he   s u b s t r a t e   to  be  c o a t e d   is   u s e d   as  a  
c a t h o d e   in  an  e l e c t r o p l a t i n g   c e l l .   A  p l u r a l i t y   o f  

a n o d e   s e t s   i s   p r o v i d e d .   Each   a n o d e   s e t   c o n t a i n s   o n e  



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

o n t o   t h e   c a t h o d e .   For   e x a m p l e ,   i f   a  n i c k e l - z i n c   c o a t i n g  
i s   to   be  a p p l i e d   to   t h e   c a t h o d e ,   one  a n o d e   s e t   c o n t a i n s  

n i c k e l ,   w h i l e   a n o t h e r   a n o d e   s e t   c o n t a i n s   z i n c .   E a c h  

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

to   t h e   c a t h o d e ,   i . e . ,   e a c h   a n o d e   i s   t h e   same  a p p r o x i m a t e  
d i s t a n c e   f r o m   t h e   c a t h o d e   as  i s   e a c h   o t h e r   a n o d e   s e t .  

Anode  s e t s   may  be  l o c a t e d   on  one ,   or   more   t h a n   o n e ,  
s i d e   o f   t h e   c a t h o d e ,   d e p e n d i n g   u p o n   t h e   s i z e   and  s h a p e  
of   t h e   c a t h o d e .   An  a n o d e   s e t   may  c o n s i s t   of   a  s i n g l e  

a n o d e   or   i t   may  be   a  p l u r a l i t y   o f   a n o d e s .  

E a c h   a n o d e   s e t   p r o j e c t s   a  s u r f a c e   a r e a   t o w a r d  

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

of   t h a t   c o m p o n e n t   i n   t h e   c o a t i n g .   Fo r   e x a m p l e ,   i f   a  

c o a t i n g   i s   d e s i r e d   w h i c h   has   a  c o m p o s i t i o n   of   34  w e i g h t  

p e r c e n t   n i c k e l   and   66  w e i g h t   p e r c e n t   z i n c ,   t h e   r a t i o   o f  

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

a n o d e   s e t   as  c o m p a r e d   to   t h e   p r o j e c t e d   s u r f a c e   a r e a   o f  

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

1 : 2 .   I f   one   z i n c   a n o d e   and  one  n i c k e l   anode   a r e   u s e d ,  

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

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

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

66  w e i g h t   p e r c e n t   z i n c   and  a b o u t   34  w e i g h t   p e r c e n t  

n i c k e l .   H o w e v e r ,   i f   one  n i c k e l   a n o d e   i s   u s e d   and  t w o  

z i n c   a n o d e s   a r e   u s e d ,   e a c h   a n o d e   s h o u l d   p r o j e c t   t h e  

same  s u r f a c e   a r e a   t o w a r d   t h e   s u b s t r a t e .   S i n c e   two  z i n c  

a n o d e s   a r e   u s e d   w i t h   one  n i c k e l   a n o d e ,   t h e   z i n c   a n o d e s  

p r o j e c t   t o w a r d   t h e   s u b s t r a t e   a  s u r f a c e   a r e a   t w i c e   a s  

l a r g e   as  t h a t   p r o j e c t e d   by  t h e   n i c k e l   a n o d e .   A n y  
n u m e r i c a l   c o m b i n a t i o n   of   a n o d e s   may  be  u s e d   so  l o n g   a s  
t h e   z i n c   a n o d e s   p r o j e c t   a  s u r f a c e   a r e a   t w i c e   as  l a r g e  

as  t h a t   of   t h e   n i c k e l   a n o d e s .  



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

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

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

h a s   a  c u r r e n t   d e n s i t y   ( i n   amps  p e r   s q u a r e   f o o t   o f  

p r o j e c t e d   s u r f a c e   a r e a )   a p p r o x i m a t e l y   e q u a l   to   t h e  

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

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

f rom  0 . 1   to  2  amps  p e r   s q u a r e   i n c h   (ASI)   ( 0 . 0 1 5 5   t o  

0 . 3 1   a m p / c m 2 ) . . I f   t h e   c u r r e n t   d e n s i t y   i s   t o o   low,  t h e  

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

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

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

P r e f e r a b l y ,   t h e   c u r r e n t   d e n s i t y   i s   f rom  0 .2   to   1 .0   ASI  

( 0 . 0 3 1   to   0 . 1 5 5   a m p / c m 2 )   and  m o s t   p r e f e r a b l y   t h e   c u r r e n t  

d e n s i t y   i s   f rom  0 .4   to   0 .6   ASI  ( 0 . 0 6 2   to   0 . 0 9 3   a m p / c m 2 ) .  

For   e x a m p l e ,   when  n i c k e l   and  z i n c   a n o d e s   a r e   b e i n g   u s e d  

to  a p p l y   a  c o a t i n g   h a v i n g   a  c o m p o s i t i o n   of   34  p e r c e n t  
n i c k e l   and  66  p e r c e n t   z i n c ,   t h e   z i n c   a n o d e   s e t   p r o j e c t s  
t o w a r d   t h e   c a t h o d e   a  s u r f a c e   two  t i m e s   g r e a t e r   t h a n   t h e  

s u r f a c e   a r e a   p r o j e c t e d   by  t h e   n i c k e l   a n o d e s .   I f   t h e  

n i c k e l   a n o d e   s e t   p r o j e c t s   2  s q u a r e   i n c h e s   ( 1 2 . 9   cm2)  o f  

s u r f a c e   a r e a ,   t h e   z i n c   anode   s e t s   s h o u l d   p r o j e c t   4  

s q u a r e   i n c h e s   ( 2 5 . 8   cm2)  of   s u r f a c e   a r e a .   In  o p e r a t i o n ,  

two  amps  of  c u r r e n t   w o u l d   be  p r o v i d e d   to   t h e   n i c k e l  

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

to  t h e   z i n c   a n o d e   s e t .   Thus ,   e a c h   a n o d e   s e t   w o u l d   h a v e  

a  c u r r e n t   d e n s i t y   of   1  amp  p e r  s q u a r e   i n c h   ( 0 . 1 5 5  

a m p / c m 2 )   of   p r o j e c t e d   s u r f a c e   a r e a .  

The  e l e c t r o p l a t i n g   p r o c e s s   s h o u l d   be  o p e r a t e d  
a t   a  b a t h   t e m p e r a t u r e   b e t w e e n   10  and  60°C.   Be low  1 0 ° C  

t h e   n i c k e l   a n d ' t h e   z i n c   w i l l   c r y s t a l l i z e   as  s a l t s   a n d  

p r e c i p i t a t e   from  t h e   p l a t i n g   b a t h .   Above  60°C,   a  



d i f f e r e n t   a l l o y . i s   f o r m e d   h a v i n g   a  h i g h   n i c k e l   c o n c e n -  
t r a t i o n .   W i t h i n   t h e   10  to   60°C  t e m p e r a t u r e   r a n g e ,  
h i g h e r   t e m p e r a t u r e s   a r e   p r e f e r r e d   b e c a u s e   t h e   b a t h ' s  

e l e c t r i c a l   r e s i s t a n c e   i s   l o w e r   a t   h i g h e r   t e m p e r a t u r e s .  
P r e f e r r e d   b a t h   t e m p e r a t u r e s   a r e   f rom  50  to   5 5 ° C .  

The  p l a t i n g   b a t h   s h o u l d   h a v e . a   n i c k e l   c o n c e n -  
t r a t i o n   of   f rom  0 . 1   m o l a r   to   2 .5   m o l a r .   Z i n c   s h o u l d  

a l s o   h a v e   a  c o n c e n t r a t i o n   in   t h e   b a t h   o f   f rom  0 .1   m o l a r  

to   2 . 5   m o l a r .   C o n c e n t r a t i o n s   b e l o w   0 .1   m o l a r   c a u s e   t h e  

p l a t i n g   b a t h   to   h a v e   a  h i g h   e l e c t r i c a l   r e s i s t a n c e ,  

w h i l e   c o n c e n t r a t i o n s   a b o v e   a b o u t   2 .5   m o l a r   a p p r o a c h   t h e  

s o l u b i l i t y   l i m i t s   o f   t h e   n i c k e l   and  z i n c   s a l t s .   P r e f -  

e r a b l y ,   t h e   n i c k e l   c o n c e n t r a t i o n   and  t h e   z i n c   c o n c e n -  
t r a t i o n   i n   t h e   b a t h   a r e   m a i n t a i n e d   a t   a b o u t   1  m o l a r .  

The  r a t i o   of   n i c k e l   i o n s   to  z i n c   i o n s   in   t h e  

b a t h   s h o u l d   be  f rom  2 : 1   to   1 : 2 .   P r e f e r a b l y ,   t h e   r a t i o  

i s   a b o u t   1 : 1 .   N i c k e l   to  z i n c   r a t i o s   o u t s i d e   t h i s   r a n g e  

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

The  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 s   in   t h e  

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

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

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

s u r f a c e   a r e a   of   t h e . z i n c   a n o d e s   p r o j e c t e d   t o w a r d   t h e  

s u b s t r a t e   i s  p r o p o r t i o n a l   to  t h e   c o n c e n t r a t i o n   of   z i n c  

in   t h e   c o a t i n g   d e p o s i t e d   on  t h e   s u b s t r a t e .   L i k e w i s e ,  

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

c o n c e n t r a t i o n   of   n i c k e l   in   t h e   s u b s t r a t e   c o a t i n g .  

The  pH  of   t h e   b a t h   s h o u l d   be  m a i n t a i n e d   a t   a  

pH  of  f rom  2  to   5.  Be low  a  pH  of  2,  an  e x c e s s i v e  



a m o u n t   of   h y d r o g e n   gas  is   g e n e r a t e d   a t   t h e   c a t h o d e ' a n d  

p l a t i n g   e f f i c i e n c y   i s   r e d u c e d .   Above  a  pH  of  a b o u t   5 ,  

z i n c   p r e c i p i t a t e s .   P r e f e r a b l y ,   t h e   pH  s h o u l d   be  f r o m  

3 .5   to  4.  The  pH  may  be  c o n t r o l l e d   by  a d d i n g   a c i d   t o  

t h e  b a t h .  

A l t h o u g h   t h e   a n o d e s   a r e   o p e r a t e d   a t   a  c o n s t a n t  

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

a l l o w e d   to   f l o a t .   One  r e c t i f i e r   may  be  u s e d   f o r   e a c h  

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

e a c h   a n o d e   to   be  s e t   a t   t h e   d e s i r e d   l e v e l .   One  r e c t i f i e r  

i s   c o n n e c t e d   to   e a c h   anode   and  b o t h  a r e   commonly   c o n n e c t e d  

to  t h e   c a t h o d e .  

The  v o l t a g e   d rawn   by  e a c h   a n o d e   p r i m a r i l y  

d e p e n d s   on  f o u r   t h i n g s :  

(1)  a n o d e   to  c a t h o d e   d i s t a n c e ;  

(2)  c u r r e n t   d e n s i t y ;  

(3)   b a t h   t e m p e r a t u r e ;   a n d  

(4)  b a t h   c o m p o s i t i o n .  

The  e l e c t r o p l a t i n g  t i m e   d e p e n d s ,   i n t e r   a l i a ,  

upon  t h e   c u r r e n t   d e n s i t y   and  t h e   d e s i r e d   t h i c k n e s s   o f  

t h e   c o a t i n g .   For   low  o v e r v o l t a g e   c a t h o d e s ,   c o a t i n g  

t h i c k n e s s e s   of   f rom  a b o u t   5  to  100  m i c r o n s   a re   b e n e f i c i a l .  

Below  a b o u t   5  m i c r o n s ,   t h e   c o a t i n g   t e n d s   to  be  n o n -  
u n i f o r m   and  p r o v i d e s   minimum  v o l t a g e   s a v i n g s   when  u s e d  

as  a  low  o v e r v o l t a g e   c a t h o d e .   When  c o a t i n g   t h i c k n e s s e s  

above   a b o u t   100  m i c r o n s   a r e   u s e d   as  low  o v e r v o l t a g e  

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

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

P r e f e r a b l y ,   t h e   c o a t i n g   s h o u l d   be  f rom  30  to  50  m i c r o n s  

and  m o s t   p r e f e r a b l y   from  35  to  45  m i c r o n s .  



O p t i o n a l l y ,   t h e   s u b s t r a t e   may  be  c l e a n e d  

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

w i t h   t h e   d e s i r e d   c o a t i n g   and  to  t i le  d e s i r e d   t h i c k n e s s ,  

i t   may  be  r e m o v e d   f rom  t h e   e l e c t r o p l a t i n g   c e l l   a n d  

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

z i n c   f rom  t h e   c o a t i n g   to  l e a v e   a  h i g h   s u r f a c e   a r e a  
n i c k e l   c o a t i n g   on  t h e   s u b s t r a t e s .   An  a l k a l i   s o l u t i o n ,  

s u c h   as  NaOH,  may  be  u s e d   to   r e m o v e   t h e   z i n c .   S u b s t r a t e s  

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

c a t h o d e s   i n   e l e c t r o l y t i c   c e l l s .   They  a re   e s p e c i a l l y  

u s e f u l   i n   c h l o r - a l k a l i   e l e c t r o l y t i c   c e l l s .   They  a r e  

a l s o   u s e f u l   f o r   t h e   e l e c t r o l y s i s   of   w a t e r .  

E x a m p l e   1 

S h e e t s   of   p e r f o r a t e d   m i l d   s t e e l ,   2%  f t .   by  6 

f t . ,   w e r e   f o l d e d   to   fo rm  a  1¼  f t .   by  6  f t .   e n v e l o p e  

w h i c h   was  w e l d e d   t o g e t h e r   a l o n g   t h e   1¼  f t .   end  s e c t i o n s .  

B o l t s   w e r e   w e l d e d   i n t o   t h e   open   edge   o f  t h e   e n v e l o p e .  

The  b o l t s   a r e   u s e d   in   t h e   a s s e m b l y   of  t h e s e   e n v e l o p e s  

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

E a c h   p a r t   was  c l e a n e d   by  c a u s t i c   s o a k   d e -  

g r e a s i n g   f o r   15  m i n u t e s   i n   a  90°C  c a u s t i c   c l e a n e r  

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

c l e a n e r   s o l u t i o n   a t  9 0 ° C   f o r   5  m i n u t e s   w h i l e   a p p l y i n g   a  

500  amp  e l e c t r i c a l   c u r r e n t ,   r i n s e d   i n  w a t e r ,   a c i d  

e t c h e d   i n   18  p e r c e n t   h y d r o c h l o r i c   a c i d   a t   55°C  f o r   5 

m i n u t e s ,   and   r i n s e d   i n   w a t e r .  

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

n i c k e l   e l e c t r o p l a t e d   i n   a  t y p i c a l   W a t t s   n i c k e l   e l e c t r o -  

p l a t i n g   b a t h   a t   a  t e m p e r a t u r e   of   55°C  and  1080  amps  f o r  

15  m i n u t e s .   A f t e r   r i n s i n g   in  w a t e r   a  NiZn  a l l o y   w a s  

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



m o l a r   n i c k e l   c h l o r i d e ,   one  m o l a r   z i n c   c h l o r i d e ,   and  0 . 5  

m o l a r   b o r i c   a c i d   a t   a  t e m p e r a t u r e   of   55°C.   A  d u a l  

a n o d e   was  u s e d .   Bo th   a n o d e s   u s e d   t i t a n i u m   mesh  b a s k e t s ,  

e a c h   b a s k e t   b e i n g   6  i n .   w ide   x  3  i n .   t h i c k   x  30  i n .  

deep   ( 1 5 . 2 5   cm  wide   x  7 . 6 2   cm  t h i c k   x  76 .2   cm  d e e p ) ,  
w h i c h   w e r e   s u s p e n d e d   i n t o   t h e   p l a t i n g   v a t   by  h o o k s  

c o n n e c t e d   to   s e p a r a t e   b u s s   b a r s .   One  anode   a s s e m b l y  

was  f i l l e d   w i t h   n i c k e l   c h i p s   and  t h e   o t h e r   w i t h   z i n c  

b a l l s .   T w o  a n o d e   a s s e m b l i e s ,   6  f t .   l o n g   x  3  i n .   t h i c k  

x  30  i n .   d eep   ( 1 . 8 3   m e t e r s   l o n g   x  7 . 6 2   cm  t h i c k   x  7 6 . 2  

cm  d e e p ) ,   we re   p l a c e d   p a r a l l e l   to   e a c h   o t h e r   a b o u t   1 

f t .   ( 3 0 . 4 8   cm)  a p a r t   and  t h e   p a r t   was  e q u a l l y   s p a c e d  
b e t w e e n   t h e m .   The  a n o d e s   w e r e   s p a c e d   in   an  a l t e r n a t i n g  

s e q u e n c e   o f   two  b a s k e t s   of   z i n c   b a l l s ,   one  b a s k e t   o f  

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

f o u r   b a s k e t s   of  n i c k e l   in   e a c h   6  f t .   l o n g   anode   a s s e m b l y .  

A l l   t h e   z i n c   b a s k e t s   we re   hung   f rom  a  common  b u s s   b a r  

a t t a c h e d   to   t h e   anode   s i d e   of   one  r e c t i f i e r   and  a l l  

n i c k e l   b a s k e t s   were   hung   f rom  a  common  b u s s   b a r   a t t a c h e d  

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

to  be  e l e c t r o p l a t e d   w i t h   t h e   a l l o y   was  c o n n e c t e d   to  a  

common  b u s s   b a r   a t t a c h e d   to  t h e   c a t h o d e   s i d e   of  b o t h  

r e c t i f i e r s .   The  s u b s t r a t e   was  e l e c t r o p l a t e d   f o r   3 0  

m i n u t e s   by  a p p l y i n g   360  amps  to   t h e   n i c k e l   anode   a s s e m b l y ,  

and  720  amps  to  t h e - z i n c   a n o d e   a s s e m b l y ,   w i t h   a  t o t a l  

o f   1080  amps  to  t he   c a t h o d e   p a r t .   Thus ,   e a c h   anode   w a s  

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

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

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

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

Z inc   was  r e m o v e d   f rom  t h e   a l l o y   c o a t i n g   b y  

l e a c h i n g   t h e   c o a t e d   p a r t s   in  a  10  p e r c e n t   c a u s t i c  



s o l u t i o n   [150  g a l l o n s   p e r   p a r t ,   (568  l i t / p a r t ) ]   f o r   8 

h o u r s .  

E x a m p l e   2 

The  c a t h o d e s   p r o d u c e d   in   E x a m p l e   1  w e r e  

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

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

c o n v e n t i o n a l   s t e e l   c a t h o d e s .   When  o p e r a t i n g   a t  

a p p r o x i m a t e l y   70°C  and  a  c a t h o d e   c u r r e n t   d e n s i t y   of   6 0 '  

amps  p e r   s q u a r e   f o o t   (929  cm2)  t h e   c e l l s   w i t h   c o a t e d  

low  o v e r v o l t a g e   c a t h o d e s   s h o w e d   an  a v e r a g e   v o l t a g e  

s a v i n g s   o f   70  to  85  m i l l i v o l t s   d u r i n g   f o u r   m o n t h s   o f  

o p e r a t i o n .  



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

p a r t   by  e l e c t r o p l a t i n g   a  n i c k e l - z i n c   a l l o y   c o a t i n g   o n t o  

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

t a i n i n g   n i c k e l   and   z i n c   i o n s ;   and  r e m o v i n g   s u b s t a n t i a l l y  

a l l   o f   t h e   z i n c   f rom  t h e   c o a t i n g ;   c h a r a c t e r i z e d   by  t h e  

s t e p s   of   s u p p l y i n g   n i c k e l   and  z i n c   i o n s   to  t h e   b a t h  

f rom  a  s e t   o f   n i c k e l   a n o d e s   and  f rom  a  s e t   of  z i n c  

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

p r o j e c t e d   t o w a r d   t h e   s u b s t r a t e   by  t h e   z i n c   a n o d e   s e t ,  

as  c o m p a r e d   to   t h a t   p r o j e c t e d   by  t h e   n i c k e l   anode   s e t ,  

i s   a b o u t   2  to   1,  m a i n t a i n i n g   t h e   b a t h   a t   a  c o n c e n t r a t i o n  

of  f rom  0 . 7 5   to   1 . 2 5   m o l a r   n i c k e l   and  f rom  0 .75   to  1 . 2 5  

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

in  e a c h   s e t   a t   a p p r o x i m a t e l y   t h e   same  c u r r e n t   d e n s i t y ;  

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

s u f f i c i e n t   to   d e p o s i t   a  5  to  100  m i c r o n   t h i c k   n i c k e l -  

- z i n c   c o a t i n g   o n t o   t h e   s u b s t r a t e ,   w h e r e i n   t h e   c o a t i n g  

i s   f rom  60  to  70  w e i g h t   p e r c e n t   z i n c   and  30  to  40  w e i g h t  

p e r c e n t   n i c k e l .  

2.  The  m e t h o d   of  C l a i m   1,  w h e r e i n   t h e   r a t i o  

of   t h e   c o n c e n t r a t i o n   of   n i c k e l   i o n s   in   t h e   b a t h   to  t h e  

c o n c e n t r a t i o n   of   z i n c   i o n s   in   t h e   b a t h   i s   f rom  2 :1   t o  

1 : 2 .  



3.  The  m e t h o d   of   C l a i m   2,  w h e r e i n   t h e   r a t i o  

of   t h e   c o n c e n t r a t i o n   of   n i c k e l   i o n s   in   t h e   b a t h   to   t h e  

c o n c e n t r a t i o n   of   z i n c   i o n s   in   t h e   b a t h   i s   a b o u t   1  to  1 .  

4.  The  m e t h o d   o f   C l a i m   1,  2  or  3,  w h e r e i n  

t h e   c u r r e n t   d e n s i t y   of   e a c h   a n o d e   i s   f rom  0 .1   to   2 

amp/cm2  ( 0 . 0 1 5 5   to   0 . 3 1   a m j c m 2 ) .  

5.  T h e - m e t h o d   of   C l a i m   4,  w h e r e i n   t h e   c u r r e n t  

d e n s i t y   i s   a b o u t   0 . 5   amp  p e r   s q u a r e   i n c h   ( 0 . 0 7 7 5   a m p / c m 2 ) .  

6.  The  m e t h o d   o f   a n y  o n e   of   t h e   p r e c e d i n g  

C l a i m s ,   w h e r e i n   t h e   t h i c k n e s s   of   t h e   NiZn  a l l o y   c o a t i n g  

i s   f r om  5  to   100  m i c r o n s .  

7.  The  m e t h o d   o f   C l a i m   6,  w h e r e i n   t h e   t h i c k n e s s  

o f   t h e   n i c k e l - z i n c   c o a t i n g   i s   f rom  30  to   50  m i c r o n s .  

8.  The  m e t h o d   of   a n y  o n e   of   t h e   p r e c e d i n g  

C l a i m s ,   w h e r e i n   t h e   c o a t i n g   c o n t a i n s   a b o u t   66  w e i g h t  

p e r c e n t   z i n c   and  a b o u t   34  w e i g h t   p e r c e n t   n i c k e l .  

9.  The  m e t h o d   of   a n y  o n e   of   t h e   p r e c e d i n g  

C l a i m s ,   w h e r e i n   t h e   t e m p e r a t u e r   o f   t h e   b a t h   i s   f rom  1 0 °  

to   60°C  and  t h e   pH  i s   f rom  2  to  5 .  

10 .   The  m e t h o d   of   C l a i m   1,  2  or   3,  w h e r e i n  

t h e   n i c k e l   c o n c e n t r a t i o n   and  t h e   z i n c   c o n c e n t r a t i o n   i n  

t h e   b a t h   a r e   m a i n t a i n e d   a t   a b o u t   1  m o l a r .  

11.   The  m e t h o d   of  a n y  o n e   of   t h e   p r e c e d i n g  

C l a i m s ,   w h e r e i n   t h e   z i n c   i s   r e m o v e d   by  t r e a t i n g   t h e  

c o a t e d   s u b s t r a t e   w i t h   an  a l k a l i   s o l u t i o n .  



12.  The  m e t h o d   of   a n y  o n e   o f   t h e   p r e c e d i n g  

C l a i m s ,   w h e r e i n   t h e   number   of  n i c k e l   a n o d e s   in   t h e  

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

in   t h e   z i n c   a n o d e   s e t .  

13.  The  a r t i c l e   p r o d u c e d   by  t h e   m e t h o d   o f  

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

14.  An  e l e c t r o p l a t i n g   c e l l   f o r   t h e   p r o d u c t i o n  

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

s e t s ;   a  f i r s t   a n o d e - s e t   c o n s i s t i n g   e s s e n t i a l l y   o f  

n i c k e l   and  a  s e c o n d   anode   s e t   c o n s i s t i n g   e s s e n t i a l l y   o f  

z i n c ;   w h e r e i n   t h e   s e c o n d   a n o d e   s e t   has   a  s u r f a c e   a r e a  

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

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

c a t h o d e ;   means   to   s u p p l y   c u r r e n t   to   e a c h   anode   in   e a c h  

a n o d e   s e t   a t   a  l e v e l   whe re   e a c h   a n o d e   has   a  c u r r e n t  

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

e a c h   o t h e r   a n o d e ;   means   to  m a i n t a i n   a  c e l l   b a t h   a t   a  

t e m p e r a t u r e   of  f rom  1 0 ° C  t o   60°C;   and  means   to  c o n t r o l  

t h e   pH  of   t h e   c e l l   b a t h   a t   f rom  2  to   5 .  

15.   An  e l e c t r o l y t i c   c e l l   f o r   t h e   p r o d u c t i o n  

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

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

t h e   c a t h o d e ;   w h e r e i n   t h e   c e l l   i s   c h a r a c t e r i z e d   by  u s i n g  

t h e   a r t i c l e   of   C l a i m   13  as  t h e   c a t h o d e .  

16.  An  e l e c t r o l y t i c   c e l l   f o r - t h e   e l e c t r o l y s i s  
o f   w a t e r   c o m p r i s i n g   an  a n o d e ;   a  c a t h o d e ;   and  a  s e p a r a t o r  

e l e m e n t   l o c a t e d   b e t w e e n   t h e   anode   and  t h e   c a t h o d e ;  

w h e r e i n   t h e   c e l l   i s   c h a r a c t e r i z e d   by  u s i n g   t he   a r t i c l e  

of   C l a i m   13  as  a  c a t h o d e .  
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