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@  Anode  materials  for  use  in  electrodeposttion. 

  composite,  soluble  anode  material  for  use  in  the 
electrodeposition  of  nickel-iron  alloys  comprising  a  sheet 
of  iron  or  low  alloy  steel  coated  on  both  sides  with  nickel 
which  preferably  contains  an  activator,  the  ratio  of  the 
exposed  area  of  nickel  to  the  exposed  area  of  iron  being 
from  3  to  80. 



This   i n v e n t i o n   r e l a t e s   to  anodes   fo r   use  in  e l e c t r o -  

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

m a t e r i a l s   for   use  in  the  e l e c t r o d e p o s i t i o n   of  n i c k e l - i r o n  

a l l o y s .  

E l e c t r o d e p o s i t i o n   of  n i c k e l - i r o n   a l l o y s   is  c a r r i e d   o u t  

c o m m e r c i a l l y   both   for   d e c o r a t i v e   p u r p o s e s   and  for   t h e  

m a n u f a c t u r e   of  m a g n e t i z a b l e   componen t s   fo r   use  in  t h e  

e l e c t r o n i c s   i n d u s t r y .   The  means  by  which   such  e l e c t r o -  

d e p o s i t i o n   can  be  p e r f o r m e d   are  w e l l   known.  C o n s u m a b l e  

anode  m a t e r i a l s   which  have  been  used  c o m m e r c i a l l y   are   o f  

two  t y p e s ,   f i r s t l y   a l l o y   anode  m a t e r i a l s   and  s e c o n d l y  
i n d i v i d u a l   i r o n   and  n i c k e l   anode  m a t e r i a l s   in  the  form  o f  
small  pieces,   ie  rounds,  squares,  p e l l e t s ,   etc,   of  nickel   and  i r o n  

c o n t a i n e d   in  s e p a r a t e   b a s k e t s ,   fo r   example   t h o s e   made  o f  

t i t a n i u m ,   or  in  the  form  of  s e p a r a t e   n i c k e l   and  i r o n   s l a b s .  

Both  t y p e s   of  anode  m a t e r i a l s   p r e v i o u s l y   used   s u f f e r   f r o m  

some  d i s a d v a n t a g e s .   The  p r i n c i p a l   d i s a d v a n t a g e s   of  t h e  

s e p a r a t e   i r o n   and  n i c k e l   anodes   a re   f i r s t l y   the   n e c e s s i t y  

fo r   m a i n t a i n i n g   s e p a r a t e   i n v e n t o r i e s   of  i r o n   and  n i c k e l ,  

s e c o n d l y   the   n e e d  i n   some  i n s t a n c e s   fo r   s e p a r a t e   a n o d e  

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

in  a  b a s k e t   and  f o u r t h l y   the   p o s s i b l e  e f f e c t   of  t h e  

i m b a l a n c e   to  the  e l e c t r o p l a t i n g   s y s t e m   i f   one  anode  l o s e s  

c u r r e n t .   A l l o y   anodes   have  the  d i s a d v a n t a g e   t h a t   t h e y  
must  be  s p e c i a l l y   m e l t e d   and  c a s t   and  t h u s   a re   more  c o s t l y  
than   the  b a s i c   m e t a l s .  

I t   has  now  been  found  t h a t   such  d i s a d v a n t a g e s   can  i n  

g e n e r a l   be  a v o i d e d   by  use  of  the   c o m p o s i t e   anode  m a t e r i a l  

of  the   p r e s e n t   i n v e n t i o n .  

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

fo r   use  in  the   e l e c t r o d e p o s i t i o n   of  n i c k e l - i r o n   a l l o y s   i s  

c h a r a c t e r i z e d   by  the  f a c t   t h a t   i t   c o m p r i s e s   a  s h e e t   o f  

i r o n   or  low  a l l o y   s t e e l   c o a t e d   on  bo th   s i d e s   w i th   n i c k e l ,  

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

a r e a   of  i r o n   b e i n g   from  3  to  8 0 .  
The  anode  m a t e r i a l   is  p r e f e r a b l y   of  s u i t a b l e   s i z e   f o r  

use  in  c o n j u n c t i o n   wi th   an  anode  b a s k e t   and  t h e r e f o r e ,   c a n  



c o n v e n i e n t l y   be  s q u a r e   in  shape   and  have  s i d e s   m e a s u r i n g  
from  1  to  10cm.  Such  s q u a r e   or  o t h e r   s u i t a b l y   shaped   p i e c e s  
of  anode  m a t e r i a l   are  u s e f u l l y   p r e p a r e d   from  a  l a r g e   s h e e t  
of  c o m p o s i t e   m a t e r i a l   o f ,   f o r   e x a m p l e ,   1m  s q u a r e   which  i s  
cut   or  s h e a r e d   to  p r o v i d e   p i e c e s   of  the   d e s i r e d   s h a p e .  

The  anode  m a t e r i a l   is  p r e f e r a b l y   p r e p a r e d   by  e l e c t r o -  

d e p o s i t i n g   the  n i c k e l   c o a t i n g   onto   the   i r o n   or  s t e e l   s h e e t  

a l t h o u g h   o t h e r   methods   of  f o r m i n g   the  c o a t i n g   may  b e  

employed .   For  e x a m p l e ,   a  s h e e t   of  n i c k e l   can  be  hot   r o l l e d  
onto   the  i r o n   or  s t e e l   s h e e t   or  a l t e r n a t i v e l y   n i c k e l   in  t h e  
form  of  a  powder  can  be  s i n t e r e d   and  compac t ed   onto   t h e  
s u r f a c e   of  the   i r o n   s h e e t .   W h i c h e v e r   method  is  e m p l o y e d ,  
i t   is  e s s e n t i a l   t h a t   t h e r e   is   a  r e l a t i v e l y   s t r o n g   b o n d  
b e t w e e n   the  i r o n   s h e e t   and  the   n i c k e l   c o a t i n g   to  a v o i d  
p o s s i b l e   d e l a m i n a t i o n   d u r i n g   s h e a r i n g   or  d u r i n g   use  of  t h e  
anode  m a t e r i a l .  

The  n i c k e l   c o a t i n g   of  t he   anode  m a t e r i a l   can  u s e f u l l y  
c o n t a i n ,   and  p r e f e r a b l y   does  c o n t a i n ,   an  a c t i v a t o r   f o r  

c o n t r o l l i n g   or  i n c r e a s i n g   the   d i s s o l u t i o n   c h a r a c t e r i s t i c s  
of  the  n i c k e l   d u r i n g   use  of  the   anode  m a t e r i a l .   S u l p h u r  
is  an  a c t i v a t o r   which  can  r e a d i l y   be  i n c o r p o r a t e d   i n t o   t h e  

n i c k e l ,   p a r t i c u l a r l y   when  the   n i c k e l   c o a t i n g   is  p r e p a r e d  
by  e l e c t r o d e p o s i t i o n   onto   the   i r o n   s h e e t .   A  r ange   of  up  t o  
5%  s u l p h u r   can  be  p r e s e n t   in  the   n i c k e l ,   s u i t a b l y   up  t o  
0.2%  s u l p h u r .   G e n e r a l l y ,   when  the   s u l p h u r   c o n t e n t   of  t h e  
n i c k e l   is  at  the   lower   end  of  t h i s   r ange   the   r a t i o   o f  

e x p o s e d   a r ea   of  n i c k e l   to  e x p o s e d   a r e a   of  i r o n   is  at   t h e  

h i g h e r   end  of  i t s   r a n g e   w h e r e a s   when  the   s u l p h u r   c o n t e n t  
is  h i g h ,   the   r a t i o   of  e x p o s e d   a r e a s   is  l o w .  

A l t h o u g h   s u l p h u r   is  the   p r e f e r r e d   a c t i v a t o r   when  t h e  
n i c k e l   c o a t i n g   of  the   anode  m a t e r i a l   is  p r o d u c e d   by  e l e c t r o -  

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

may  be  emp loyed ,   e s p e c i a l l y   when  the  n i c k e l   c o a t i n g   i s  

p r e p a r e d   by  means  o t h e r   t h a n   e l e c t r o d e p o s i t i o n .   E x a m p l e s  
of  such  o t h e r  a c t i v a t i n g   m a t e r i a l s   i n c l u d e  s i l i c o n ,   o x y g e n  
and  c a r b o n .   I t   is  w e l l   known  t h a t   in  g e n e r a l   the   r e l a t i v e  

a c t i v i t y   of  n i c k e l   unde r   e l e c t r o c o r r o d i n g   c o n d i t i o n s   can  b e  
c o n t r o l l e d   by  the  amounts   and  t ype   of  a c t i v a t o r   e m p l o y e d .  



C o n s e q u e n t l y ,   when  a  p a r t i c u l a r   a c t i v a t o r   is  p r e s e n t   i n  
the  n i c k e l   c o a t i n g ,   i t   is  e v i d e n t   t h a t   the   a c t i v a t o r  
c o n t e n t   r e l a t i v e   to  the   r a t i o   of  e x p o s e d   a r e a   of  n i c k e l   t o  

e x p o s e d   a r e a   of  i r o n   can  be  a d j u s t e d   in  a  manner   s i m i l a r  

to  t h a t   d i s c l o s e d   above  wi th   r e s p e c t   to  s u l p h u r   as  a n  
a c t i v a t o r .  

The  s h e e t   b e a r i n g   the  n i c k e l   c o a t i n g   can  be  e i t h e r  

i r o n   or  a  low  a l l o y   s t e e l .   I t   w i l l   be  a p p r e c i a t e d   t h a t  

what  i s  d e s i r e d   fo r   the   i r on   p o r t i o n   of  the   anode  m a t e r i a l  
of  the   i n v e n t i o n   is  a  r e l a t i v e l y   pure   i r o n   m a t e r i a l .   S t e e l s  
which  c o n t a i n   l a r g e   amounts   of  e l e m e n t s   o t h e r   t han   i r o n ,  
for   e x a m p l e ,   s t a i n l e s s   s t e e l s   are  not   u s e f u l .   L i k e w i s e ,  

h igh   a l l o y e d   c a rbon   s t e e l s   c o n t a i n i n g   e l e m e n t s   such  a s  
molybdenum,   chromium,   t u n g s t e n ,   e t c   s h o u l d   no t   be  u s e d  
b e c a u s e   of  the   p o s s i b i l i t y   t h a t   t h e s e   e l e m e n t s   w i l l   b e  

c a r r i e d   i n t o   the   e l e c t r o p l a t i n g   ba th   and  c ause   c o n t a m i n a -  
t i o n .   S t e e l s   s u i t a b l e   fo r   use  in  m a n u f a c t u r i n g   the   a n o d e  
m a t e r i a l   of  the   p r e s e n t   i n v e n t i o n   i n c l u d e ,   but   a re   n o t  
l i m i t e d   to ,   the   f o l l o w i n g   g r a d e s :   1010,  1020  and  low  c a r b o n  

g r ade   s t e e l s .  
The  w e i g h t   r a t i o   of  n i c k e l   to  i r o n   (or  s t e e l )   can  b e  

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

c u r r e n t l y   used   n o r m a l l y   u t i l i s e   anode  m a t e r i a l s   c o n t a i n i n g  
abou t   15  to  a b o u t   50%  i r o n   when  c o n s i d e r e d   as  a  w h o l e .  
For  e x a m p l e ,   as  a  p r a c t i c a l   m a t t e r ,   an  anode  c o n t a i n i n g  
abou t   25%  i r o n   is  s u i t a b l e   for   use  in  most  d e c o r a t i v e   n i c k e l -  

i r o n   a l l o y   p l a t i n g   b a t h s .   However,   t h e r e   is  no  s p e c i f i c  
l i m i t a t i o n   on  the   w e i g h t   r a t i o   of  the   anode  m a t e r i a l   t h a t  

must  be  o b s e r v e d .  

A  p r e f e r e d   method  of  making  the  anode  m a t e r i a l   o f  

the  i n v e n t i o n   is  to  employ  a  p i e c e   of  s h e e t   i r o n   or  s t e e l  

of  a p p r o p r i a t e   d i m e n s i o n s ,   fo r   e x a m p l e ,   lm  s q u a r e   and  a b o u t  

0 .08cm  t h i c k   as  m a n d r e l   on  which  s u l p h u r - c o n t a i n i n g   n i c k e l  
is  e l e c t r o d e p o s i t e d   d u r i n g   a  t y p i c a l   n i c k e l   e l e c t r o w i n n i n g  

or  e l e c t r o r e f i n i n g   o p e r a t i o n .   I t   is  c o n v e n i e n t   to  d e p o s i t  

a p p r o x i m a t e l y   0 .32cm  of  n i c k e l   c o n t a i n i n g   abou t   200  to  300 



p a r t s   per   m i l l i o n   (ppm)  of  s u l p h u r   on  bo th   s i d e s   of  t h e  

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

removed  from  the   e l e c t r o l y t i c   c e l l   washed ,   d r i e d ,   a n d  

s h e a r e d   i n t o   a p p r o p r i a t e   s i z e d   p i e c e s   such  as  s q u a r e s   o r  

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

b e a r i n g   the   e l e c t r o   d e p o s i t e d   n i c k e l   can  be  " b l a n k e d "   t o  
form  round  or  ova l   p i e c e s   and  the  s c r a p   s h e a r e d   to  p r o -  
duce  i r r e g u l a r   p i e c e s   of  anode  m a t e r i a l .   I t   w i l l   a l s o   b e  

a p p r e c i a t e d   t h a t   the   c a t h o d e   m a n d r e l ,   eg  the   i r o n   s h e e t   i n  

an  e l e c t r o w i n n i n g   o p e r a t i o n ,   can  be  s e l e c t i v e l y   masked  t o  

p r o v i d e   l i n e s   of  w e a k n e s s   where   the   m a n d r e l   can  be  s h e a r e d  

w i t h   l e s s   e f f o r t   t han   r e q u i r e d   w i t h   an  unmasked  m a n d r e l .   I n  

g e n e r a l   howeve r ,   such  m a s k i n g   is  u n n e c e s s a r y   and  is  s o m e -  
what  t r o u b l e s o m e   in  t h a t   i t   d i c t a t e s   the   s i z e   of  the   e n d  

p r o d u c t   at   a  t ime  when  the   s i z e   r e q u i r e d   may  not   be  r e a d i l y  
d e t e r m i n a b l e .  

The  n i c k e l - i r o n   anode  m a t e r i a l   can  be  t y p i c a l l y   e m p l o y e d  
in  a  c o m m e r c i a l   n i c k e l - i r o n   aqueous   s u l p h a t e   e l e c t r o l y t e  

c o n t a i n i n g   abou t   30  to  120  g/1  of  n i c k e l ,   abou t   1  to  a b o u t  

10  g /1   of  i r o n ,   abou t   10  to  abou t   75  g/1  of  c h l o r i d e   i o n ,  
abou t   30  g/1  to  abou t   s a t u r a t i o n   w i t h   b o r i c   a c i d ,   a  b a t h  

s t a b i l i z e r   to  p r e v e n t   p r e c i p i t a t i o n   of  i r o n   h y d r a t e   ( i r o n  

h y d r o x i d e )   and  a  s t r e s s   r e d u c e r   w i t h   the   b a l a n c e   b e i n g   w a t e r .  
The  pH  of  the  e l e c t r o l y t e   is  m a i n t a i n e d   at  abou t   2.3  t o  

abou t   4 .2 .   In  t h i s   b a t h ,   a  s t a b i l i z e r   can  be  e i t h e r   a  

r e d u c i n g   a g e n t   such  as  a s c o r b i c   a c i d   or  an  i s o m e r   of  a s c o r -  
b i c   a c i d   to  m a i n t a i n   i r o n   in  the   f e r r o u s   s t a t e   or  i t   c a n  

c o m p r i s e   a  c o m p l e x i n g   a g e n t   such  as  sodium  g l u c o n a t e   o r  
sodium  o x a l a t e   which   w i l l   complex   f e r r i c   ions   in  s o l u t i o n .  

A  t y p i c a l   s t r e s s   r e d u c e r   used   a long   w i t h   a  ba th   s t a b i l i z e r  

in  c o m m e r c i a l   b a t h s   is  sodium  s a c c h a r i n .   This   b a t h   can  b e  

o p e r a t e d   at  t e m p e r a t u r e s   of  abou t   50  to  abou t   75°C  a n d  

a d j u s t m e n t s   of  b a t h   c o m p o s i t i o n   can  be  p e r f o r m e d   as  n e c e s s -  

a ry .   The  anode  m a t e r i a l   of  the   i n v e n t i o n   cap  be  e m p l o y e d  
in  t h i s   ba th   at  an  anode  c u r r e n t   d e n s i t y   of  abou t   1.0  t o  

abou t   7.5  A/dm2.  O the r   t y p e s   of  n i c k e l - i r o n   b a t h s   can  b e  

employed   w i th   o t h e r   e l e c t r o p l a t i n g   condit ions  usual  to  those  b a t h s .  



Some  examples   w i l l   now  be  g i v e n .  

EXAMPLE  I a  

Anode  m a t e r i a l   in  a c c o r d a n c e   w i t h   the   i n v e n t i o n   was  

p r e p a r e d   by  e l e c t r o d e p o s i t i n g   0 .119cm  of  n i c k e l   c o n t a i n i n g  
a b o u t   200  to  300  ppm  s u l p h u r   on  bo th   s i d e s   of  a  0 . 0 7 9 c m  
t h i c k   i r o n   s h e e t .   The  s h e e t   was  t hen   s h e a r e d   i n t o   s q u a r e  
p i e c e s   h a v i n g   2.54cm  edges   to  form  anode  m a t e r i a l   of  t h e  

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

e x p o s e d   a r e a   of  i r on   of  abou t   19.  The  m a t e r i a l   of  t h i s  

example   c o n t a i n e d   abou t   75%  n i c k e l ,   25%  i r o n .  

EXAMPLE  I b  

Anode  mater ia l   was  made  in  the   same  way  as  in  Example  I a  
e x c e p t   t h a t   type   1010  s t e e l   s h e e t   0 .094cm  t h i c k   was  u s e d  
i n s t e a d   of  i r o n   s h e e t   and  the   n i c k e l   was  e l e c t r o d e p o s i t e d  
to  a  t h i c k n e s s   of  0 .131cm  to  p r o d u c e   a  r a t i o n   of  s u r f a c e  

a r e a   of  n i c k e l   to  e x p o s e d   a r e a   of  i r o n   of  abou t   16 .3 .   The  
m a t e r i a l   of  t h i s   example   a l s o   c o n t a i n e d   abou t   75%  n i c k e l ,  
25%  i r o n .  

EXAMPLE  I c  

Anode  mater ia l   was  made  in  the  same  way  as  in  Example  I a  

e x c e p t   t h a t   the   n i c k e l   was  e s s e n t i a l l y   f r e e   of  an  a c t i v a t o r ,  
c o n t a i n i n g   on ly   5  to  10  ppm  s u l p h u r .  

EXAMPLE  I d  

Anode  mater ia l   was  made  in  a  s imi lar   manner   to  Example  I b  

e x c e p t   t h a t   the   n i c k e l   was  e l e c t r o d e p o s i t e d   to  a  t h i c k n e s s  
of  0 .093cm  to  p r o d u c e   anode  m a t e r i a l   c o n t a i n i n g   abou t   65% 

n i c k e l ,   35%  i r o n .   The  r a t i o   of  e x p o s e d   n i c k e l   to  i r o n  

s u r f a c e   a r e a   of  the   anode  m a t e r i a l   of  t h i s   example   was  
abou t   1 5 . 5 .  

EXAMPLE  I e  

Anode  m a t e r i a l   is  made  in  the   same  way  as  Example  I b  

e x c e p t   for   the  f a c t   t h a t   the   s h e e t   was  s h e a r e d   i n t o   s q u a r e  



p i e c e s   h a v i n g   edges   of  1.27  cm  to  form  anode  m a t e r i a l   h a v i n g  

a  r a t i o   of  s u r f a c e   a r ea   of  n i c k e l   to  e x p o s e d   a r e a   of  i r o n  
of  a b o u t   1 1 . 0 .  

EXAMPLE  I I  
The  anode  m a t e r i a l   of  Examples   Ia  and  Ib  w e r e  

e l e c t r o - d i s s o l v e d   s e p a r a t e l y   in  a  t i t a n i u m   b a s k e t   in  a  
p l a t i n g   b a t h   h a v i n g   the  f o l l o w i n g   n o m i n a l   c o m p o s i t i o n   at  t h e  

s t a r t   of  d i s s o l u t i o n :  

The  b a t h   was  o p e r a t e d   at  a  t e m p e r a t u r e   of  60°C  a n d  

pH  was  m a i n t a i n e d   at   abou t   3 .2 .   The  s u p e r f i c i a l   a n o d e  

c u r r e n t   d e n s i t y   was  2.7  A/dm2  and  the   c a t h o d e   c u r r e n t   d e n s i t y  

was  2.7  A/dm2.  Over  a  p e r i o d   of  32  and  44  days  the  a n o d e  
m a t e r i a l s   of  Example  Ia  and  Ib  r e s p e c t i v e l y   d i s s o l v e d   a n d  
a f t e r   an  i n i t i a l   e q u i l i b r a t i o n   p e r i o d   e s t a b l i s h e d   t h e  

e q u i l i b r i u m   c o m p o s i t i o n   of  the   e l e c t r o l y t e   w i t h   r e s p e c t   t o  
i o n i c   n i c k e l / i r o n   r a t i o   and  m a i n t a i n   t h i s   c o m p o s i t i o n  

s u b s t a n t i a l l y   c o n s t a n t .   The  c a t h o d i c   d e p o s i t s p r o d u c e d  
were  of  c o m m e r c i a l   q u a l i t y .  

EXAMPLE  I I I a  
The  anode  m a t e r i a l   of  Example  Ia  was  e l e c t r o -  

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

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

c o m p o s i t i o n   a t   the  s t a r t   d i s s o l u t i o n   as  r ecommended   b y  

by  the   b a t h   m a n u f a c t u r e r s :  

plus  p ropr ie t a ry   addi t ives   as  recommended  the  bath  manufacturer .  

The  b a t h   was  o p e r a t e d   a t   a  t e m p e r a t u r e   o f  
60°C  and  pH  w a s  m a i n t a i n e d   in  the  r ange   o f ' 2 . 8   to  3 . 5 .  

B r i g h t e n e r   a d d i t i o n s   were  made  as  recommended   d u r i n g   p l a t i n g .  



The  s u p e r f i c i a l   anode  c u r r e n t   d e n s i t y   was  3.6  A/dm2  and  t h e  

c a t h o d e   c u r r e n t   d e n s i t y   was  5.4  A/dm .   Over  a  p e r i o d   o f  

42  days  the  anode  m a t e r i a l   of  Example  Ia  d i s s o l v e d   and  a f t e r  

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

the  e q u i l i b r i u m   c o m p o s i t i o n   of  the  e l e c t r o l y t e   as  in  E x a m p l e  
I I .   The  c a t h o d i c   d e p o s i t   was  b r i g h t   and  l e v e l   and  o f  

d e c o r a t i v e   q u a l i t y .  
EXAMPLE  I I I b  

The  anode  m a t e r i a l   of  Example  Id  was  e l e c t r o -  

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

of  the  p r e v i o u s   Example .   This   b a t h   had  the  f o l l o w i n g  
n o m i n a l   c o m p o s i t i o n   at  the   s t a r t   of  d i s s o l u t i o n   as  r e c o m m e n d e d  

by  the  b a t h   m a n u f a c t u r e r :  

The  b a t h   was  o p e r a t e d   at   a  t e m p e r a t u r e   of  57°C  

and  the   pH  was  m a i n t a i n e d   in  the  r ange   of  3.5  to  4 . 0 .  

B r i g h t e n e r   a d d i t i o n s   were  made  as  recommended  d u r i n g   p l a t i n g .  
Anode  and  c a t h o d e   c u r r e n t   d e n s i t i e s   were  the  same  as  i n  

Example  I I I a .   Over  a  p e r i o d   of  30  days  the  anode  m a t e r i a l  

of  Example  Ib  d i s s o l v e d   and  a f t e r   an  i n i t i a l   e q u i l i b r a t i o n  
p e r i o d   e s t a b l i s h e d   and  m a i n t a i n e d   the  e q u i l i b r i u m   c o m p o s i t i o n  
of  the  e l e c t r o l y t e   as  in  Example  I I .   The  c a t h o d i c   d e p o s i t  
was  b r i g h t   and  l e v e l   and  of  d e c o r a t i v e   q u a l i t y .  

EXAMPLE  I I I c  
The  anode  m a t e r i a l   of  Example  Ie  was  e l e c t r o -  

d i s s o l v e d   as  in  Example  I I I b   in  a  t h i r d   p r o p r i e t a r y   d e c o r a t i v e  

n i c k e l - i r o n   a l l o y   p l a t i n g   b a t h .   This   ba th   had  the  f o l l o w i n g  
nomina l   c o m p o s i t i o n   at   the  s t a r t   of  the  d i s s o l u t i o n   a s  
recommended  by  the  b a t h   m a n u f a c t u r e r :  



The  b a t h   was  o p e r a t e d   a t   a  t e m p e r a t u r e   o f  
57°C  and  the  pH  was  m a i n t a i n e d   in  the  r ange   of  3.4  to  4 . 2 .  

B r i g h t e n e r   a d d i t i o n s   were  made  as  r ecommended   d u r i n g   p l a t i n g .  
Anode  and  c a t h o d e   c u r r e n t   d e n s i t i e s   were  the  same  a s  
in  Example  I I I b .   Over  a  p e r i o d   of  31  days  the  a n o d e  

m a t e r i a l   of  Example  Ie  d i s s o l v e d   and  a f t e r   an  i n i t i a l  

e q u i l i b r a t i o n   p e r i o d   e s t a b l i s h e d   and  m a i n t a i n e d   the  e q u i l i -  
b r ium  c o m p o s i t i o n   of  the  e l e c t r o l y t e   as  in  Example  I I .  
The  c a t h o d e   d e p o s i t   was  b r i g h t   and  l e v e l   and  of  d e c o r a t i v e  

q u a l i t y .  
EXAMPLE  IV 

The  anode  m a t e r i a l   of  Example  Ic  was  e l e c t r o -  
d i s s o l v e d   in  a  t i t a n i u m   b a s k e t   in  the   p l a t i n g   b a t h   o f  

Example  II   and  under   the  same  o p e r a t i n g   c o n d i t i o n s   a s  

Example  I I .   Over  a  p e r i o d   of  39  days  the  anode  m a t e r i a l  

of  Example  Ic  d i s s o l v e d   and  a f t e r   an  i n i t i a l   e q u i l i b r a t i o n  
p e r i o d   e s t a b l i s h e d   the  e q u i l i b r i u m  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   w i t h   r e s p e c t   to  i o n i c   n i c k e l / i r o n   r a t i o   a n d  

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

c a t h o d i c   d e p o s i t   was  of  c o m m e r c i a l   q u a l i t y .  
The  e q u i l i b r i u m   c o m p o s i t i o n   of  t h i s   e l e c t r o l y t e  

was  however   not   m a i n t a i n e d   c o n s t a n t   u s i n g   the  anode  o f  

Example  Ic  as  was  the  e q u i l i b r i u m   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   in  Example  II   which  used   the  anodes   of  E x a m p l e  
Ia  or  Ib .   Abrup t   changes   in  i r o n   c o n t e n t   r e l a t i v e   t o  
n i c k e l   abou t   the   e q u i l i b r i u m   c o m p o s i t i o n   o c c u r r e d   as  t h e  
anode  m a t e r i a l   of  Example  Ic  d i s s o l v e d   and  s e t t l e d   in  t h e  
anode  b a s k e t   and  as  f r e s h   anode  m a t e r i a l   was  added  to  t h e  
b a s k e t .   This   b e h a v i o u r   i n d i c a t e s   an  e x c e s s i v e   r a t e   o f  
i r o n   d i s s o l u t i o n   r e l a t i v e   to  n i c k e l   d i s s o l u t i o n   in  t h e  
anode  m a t e r i a l   of  Example  Ic .   The  f l u c t u a t i o n   of  i r o n  

c o n t e n t   of  the   e l e c t r o l y t e   r e l a t i v e   to  n i c k e l   c o n t e n t  
in  t h i s   Example  was  not   so  g r e a t   as  to  r e n d e r   the  a n o d e  

m a t e r i a l   of  Example  Ic  i n o p e r a t i v e   b e c a u s e   the  h igh   r a t i o  

of  e x p o s e d   n i c k e l   to  i r o n   s u r f a c e   a r e a   p e r m i t t e d   the  a n o d e  

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

d e s p i t e   the  f a c t   t h a t   the   n i c k e l   c o n t a i n e d   e s s e n t i a l l y  

no  a c t i v a t o r .  



Examples   Ia ,   b,  d,  e,  II  and  I I I a ,   b,  c,  d e m o n s t r a t e  

a  p r e f e r r e d   a s p e c t   of  the  anode  m a t e r i a l   of  the  i n v e n t i o n  
when  the  n i c k e l   p o r t i o n   of  the  anode  c o n t a i n s   s u l p h u r   a s  
an  a c t i v a t o r .   Examples   Ic  and  IV  show  the  a c t i o n   of  a n o d e  
m a t e r i a l   of  the   i n v e n t i o n   when  the  n i c k e l   is  e s s e n t i a l l y  
s u l p h u r - f r e e .   These  Examples   t aken   t o g e t h e r   d e m o n s t r a t e   t h e  

i m p o r t a n c e   of  c o r r e l a t i n g   the  r a t i o   of  e x p o s e d   n i c k e l   t o  
i r o n   s u r f a c e   a r e a   to  the  amount  of  a c t i v a t o r   in  the  n i c k e l .  



1.  A  c o m p o s i t e   anode  m a t e r i a l   fo r   use  in  t h e  

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

t h a t   i t   c o m p r i s e s   a  s h e e t   of  i r o n   or  low  a l l o y   s t e e l  

c o a t e d   on  bo th   s i d e s   w i t h   n i c k e l ,   the  r a t i o   of  the  e x p o s e d  
a r e a   of  n i c k e l   to  the   e x p o s e d   a r e a   of  i r o n   b e i n g   f r o m  

3  to  8 0 .  

2.  An  anode  m a t e r i a l   a c c o r d i n g   to  c l a i m   1 

c h a r a c t e r i s e d   in  t h a t   the   i r o n   s h e e t   is  c o a t e d   w i t h   t h e  

n i c k e l   by  e l e c t r o d e p o s i t i o n .  
3.  An  anode  m a t e r i a l   a c c o r d i n g   to  c l a i m   1  o r  
c l a i m   2  c h a r a c t e r i s e d   in  t h a t   the  n i c k e l   c o n t a i n s   a n  
a c t i v a t o r .  
4.  An  anode  m a t e r i a l   a c c o r d i n g   to  c l a i m   3 
c h a r a c t e r i s e d   in  t h a t   the   a c t i v a t o r   is  s u l p h u r   in  a  r a n g e  
of  up  to  5%  of  the  n i c k e l .  
5.  An  anode  m a t e r i a l   a c c o r d i n g   to  c l a i m   4 
c h a r a c t e r i s e d   in  t h a t   the   s u l p h u r   is  p r e s e n t   in  the  n i c k e l  
in  an  amount  up  to  0 .2% 
6.  An  anode  m a t e r i a l   a c c o r d i n g   to  c l a i m   4  or  c l a i m   5 

c h a r a c t e r i s e d   in  t h a t   when  the  s u l p h u r   is   at   the   lower   e n d  
of  the   r a n g e ,   the   r a t i o   of  the   e x p o s e d   a r e a   of  n i c k e l   t o  
the   e x p o s e d   a r e a   of  i r o n   is  at   the   h i g h e r   end  of  the  r a n g e  
and  when  the  s u l p h u r   is  a t   the   h i g h e r   end  of  i t s   r a n g e ,  
the  r a t i o   of  the   e x p o s e d   a r e a   of  n i c k e l   to  the  e x p o s e d   a r e a  
of  i r o n   is  at  the  lower   end  of  i t s   r a n g e .  
7.  An  anode  m a t e r i a l   a c c o r d i n g   to  any  p r e c e d i n g  
c l a im   c h a r a c t e r i s e d   in  t h a t   i t   c o m p r i s e s   a  p l u r a l i t y   o f  

r e l a t i v e l y   s m a l l   p i e c e s   cu t   or  s h e a r e d   from  a  l a r g e r  
s i z e   s h e e t .  
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