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@  Control  of  anode  gas  evolution  in  trlvalent  chromium  plating  bath. 

Chromium  is  electroplated  from  a  bath  which  includes 
a  trivalent  chromium  salt  and  chloride  ions.  Chlorine  gas 
production  at  the  anode  is  reduced  through  the  incorpora- 
tion  in  the  plating  bath  of  at  least  one  salt  having  a  nitrogen 
containing  cation  and  at  least  one  soluble  salt  yielding  from 
about  0.001  mole  per  mole  liter  to  about  0.01  mole  per  liter 
of  bromide  ion.  The  bath  can  further  include  sulfate  ions, 
formate  and  boric  acid  or  borate  ions. 



T h i s   i n v e n t i o n   r e l a t e s   to  p r o c e s s e s   f o r   t h e   e l e c t r o -  

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

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

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

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

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

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

o p e r a t i o n   of  s u c h   b a t h s .  

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

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

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

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

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

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

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

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

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

1.  H i g h e r  c o v e r a g e   and  f r e e d o m   f r o m   b u r n  

a t   h i g h   c u r r e n t   d e n s i t i e s ;  

2.  Good  c o v e r a g e   a t   low  c u r r e n t   d e n s i t i e s ;  

3.  R e d u c e d   s e n s i t i v i t y   to  c u r r e n t   b r e a k s ;  

4.  F e w e r   p r o b l e m s   w i t h   w a s t e   d i s p o s a l .  



H o w e v e r ,   in   a d d i t i o n   to   t h e   a f o r e m e n t i o n e d   a d h e s i o n  

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

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

d e p o s i t   q u a l i t y   t e n d s   to   d e t e r i o r a t e   r a p i d l y   due  to   t h e  

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

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

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

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

t h e   a p p e a r a n c e   of  t h e   p l a t e .  

F u r t h e r ,   c o n v e n t i o n a l   t r i v a l e n t   c h r o m i u m   p l a t i n g   b a t h  

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

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

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

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

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

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

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

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

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

p r o d u c t i o n   of  o x y g e n   and  t h e r e b y   y i e l d   a  b e t t e r   q u a l i t y  

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

P a t e n t   No.  3 , 8 3 3 , 4 8 5   s u g g e s t s   t h a t   t h e   u t i l i z a t i o n   o f  

r e l a t i v e l y   h i g h   c o n c e n t r a t i o n s   ( 0 . 0 5   M  to   4  M)  of  e i t h e r  

c h l o r i d e   i o n s   or  b r o m i d e   i o n s   in  t h e   b a t h   w i l l   r e d u c e   a n o d e  

e r o s i o n .   The  m i n i m u m   u s e f u l   c o n c e n t r a t i o n s   a r e   s t a t e d   t o  

be  0 . 0 1   M. 

G e n e r a l l y ,   due   to   c o s t   f a c t o r s ,   c h l o r i d e   i on   h a s   b e e n  

t h e   h a l o g e n   i o n   of  c h o i c e .   H o w e v e r ,   when  u t i l i z i n g  

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

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



I t   has   now  b e e n   f o u n d   t h a t   t h e   u s e   of  t h e   c o m b i n a t i o n  

of  low  c o n c e n t r a t i o n s   of  b r o m i d e   i o n   in   c o n j u n c t i o n   w i t h   a  

n i t r o g e n   c o n t a i n i n g   c a t i o n   in  c h l o r i d e - c o n t a i n i n g   t r i v a l e n t  

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

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

o p e r a t i o n s .  

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

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

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

i o n ,   a  n i t r o g e n   c o n t a i n i n g   c a t i o n   and  f r o m   a b o u t   0 . 0 0 1   m o l e  

p e r   l i t e r   to   a b o u t   0 . 0 1   m o l e   p e r   l i t e r   of  b r o m i d e   i o n ,  

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

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

p r o c e s s .   The  o p t i m u m   b a l a n c e   b e t w e e n   c o s t   and  e f f e c t i v e -  

n e s s   i s   a c h i e v e d   in   t h e   r a n g e   of  0 . 0 0 4   to   0 . 0 0 8   mo le   o f  

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

f o u n d   to  be  i n d e p e n d e n t   of  t h e   b r o m i d e   c o n c e n t r a t i o n ,   a n d  

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

p r i o r   a r t .  

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

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

b r i g h t   c h r o m i u m   e l e c t r o d e p o s i t s .   T h e s e   e l e c t r o d e p o s i t s   m a y  
be  p r o d u c e d   on  any   t y p e   of  m e t a l l i c   s u b s t r a t e   m a t e r i a l ,   b u t  

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

u t i l i z e d .   W h i l e   n o t   e s s e n t i a l ,   i t   i s   s t a n d a r d   c o m m e r c i a l  

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

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

d e p o s i t s   of  c o b a l t ,   n i c k e l - i r o n   a l l o y ,   c o b a l t - i r o n   a l l o y ,  
n i c k e l - c o b a l t - i r o n   a l l o y   or  c o p p e r   c o u l d   be  u t i l i z e d   as  t h e  
i n i t i a l   c o a t i n g   m a t e r i a l   f o r   t h e   s u b s t r a t e .  



The  n i c k e l   e l e c t r o d e p o s i t   s e r v e s   to  p r o v i d e   a  s m o o t h  

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

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

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

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

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

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

m a n u f a c t u r e d   i t e m .   The  n i c k e l   e l e c t r o d e p o s i t   i s   not   to  b e  

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

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

p r a c t i c e   to   p r o v i d e   a  n i c k e l   d e p o s i t   of  a b o u t   0 . 1   m i l  
( 2 . 5   µm) to  a b o u t   0 . 5   m i l   ( . 1 3   µm)  f o r   i n d o o r   u t i l i z a t i o n  

and  f r o m   a b o u t   1 . 0   m i l   (25 µm) to  a b o u t   1 . 5   m i l s   (  38 ,   µm) 

f o r   o u t d o o r   u t i l i z a t i o n .  

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

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

t h e   n i t r o g e n - c o n t a i n i n g   c a t i o n   i n   c o n j u n c t i o n   w i t h   b r o m i d e  

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

)  p r a c t i c e .   D e t a i l s   of  e a c h   may  be  f o u n d   in  t h e   a f o r e -  

m e n t i o n e d   U.  S.  P a t e n t   No.  3 , 8 3 3 , 4 8 5 ,   t h e   r e l e v a n t   p o r t i o n s  

of  w h i c h   a r e   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   The  b a t h  

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

I t   s h o u l d   be  n o t e d   t h a t   U.  S.  P a t e n t   No.  3 , 8 3 3 , 4 8 5  

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

to   p r e c l u d e   o x y g e n   l i b e r a t i o n   a t   t h e   a n o d e .   By  way  o f  

c o n t r a s t ,   in  t h e   i n s t a n t   i n v e n t i o n ,   c h l o r i n e   and  b r o m i n e  

a r e   no t   o p t i o n a l   a l t e r n a t i v e s ,   b u t   r a t h e r   a r e   b o t h   e s s e n -  

t i a l   a d d i t i v e s .   The  c h l o r i n e   i s   an  e s s e n t i a l   c o n d u c t i v i t y  

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

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

t r a t i o n s   as  low  as  s e v e r a l   p a r t s   p e r   m i l l i o n   can   p o i s o n   t h e  

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

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



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

p r e s e n t   in   t h e   t r i v a l e n t   s t a t e   may  be  u t i l i z e d   in  t h e  

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

or  a  m i x t u r e   t h e r e o f   i's  u t i l i z e d   due  to   t h e i r   low  c o s t   a n d  

r e a d y   a v a i l a b i l i t y .  

We  h a v e   f o u n d   i t   c o n v e n i e n t   to   u t i l i z e   a  m a t e r i a l  

known  as  " c h r o m i u m   t a n n i n g   s a l t " .   T h i s   i s   a  c o m m o n l y  

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

o f t e n   w r i t t e n   C r ( O H ) S O 4 · x H 2 O .   H o w e v e r ,   i t   i s  

b e l i e v e d   to   be  a c t u a l l y   a  m i x t u r e   of  h y d r a t e d   b a s i c   c h r o m i c  

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

on  t h e   pH  of  t h e   s o l u t i o n   f r o m   w h i c h   i t   was  c r y s t a l l i z e d .  

The  c h r o m i u m   s a l t   may  be  p r e s e n t   o v e r   a  r e l a t i v e l y  

wide   r a n g e   of  c o n c e n t r a t i o n s .   G e n e r a l l y   t h e   c h r o m i u m   i o n  

may  be  p r e s e n t   in   t h e   r a n g e   of  f r o m   a b o u t   0 . 0 0 1   mole   p e r  
l i t e r   to   t h e   l i m i t   of  s o l u b i l i t y   of  t h e   c h r o m i u m   s a l t .   T h e  

p r e f e r r e d   r a n g e   i s   f r o m   a b o u t   0 . 0 1   m o l e   p e r   l i t e r   to   a b o u t  

1 . 0   m o l e s   p e r   l i t e r .   I t   i s   g e n e r a l   c o m m e r c i a l   p r a c t i c e   t o  

u t i l i z e   an  i n i t i a l   c h r o m i u m   i o n   c o n c e n t r a t i o n   a t   a b o u t   t h e  

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

c o n c e n t r a t i o n   d o e s   n o t   d r o p   d u r i n g   t h e   p l a t i n g   p r o c e s s   to  a  
l e v e l   so  low  t h a t   t h e r e   may  be  some  b u r n   to   t h e   p l a t e d   -  

i t e m .   F u r t h e r ,   i t   i s   c o m m e r c i a l l y   u n d e s i r a b l e   to  have   t o o  

h i g h   a  c h r o m i u m   i o n   c o n c e n t r a t i o n   as  one  can   e n c o u n t e r  

w a s t e   d i s p o s a l - p r o b l e m s .  

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

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

c o n d u c t i v i t y   of  t h e   b a t h .   T h e s e   s a l t s   and  t h e i r   c o n s t i -  

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

t h e   c h r o m i u m   s a l t .   I t   i s   g e n e r a l   p r a c t i c e   to   u t i l i z e   f r o m  

a b o u t   2  m o l e s   p e r   l i t e r   to  a b o u t   6  m o l e s   p e r   l i t e r   of  t o t a l  



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

a b o u t   3 .5M  to   a b o u t   5 . 5 M .   The  t e r m s   c o n d u c t i v i t y   c a t i o n  

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

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

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

i n t r o d u c e d   w i t h   t h e   c h r o m i u m   c a t i o n .  

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

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

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

s o u r c e   of  c h r o m i u m   i o n s .   When  a d d i t i o n a l   s u l f a t e   i on   i s  

d e e m e d   to  be  d e s i r a b l e ,   i t   may  be  i n t r o d u c e d   in  any  w a t e r  

s o l u b l e   f o r m .   I t   may  be  m o s t   c o n v e n i e n t   to   i n t r o d u c e   i t   i n  

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

o r   as  ammonium  s u l f a t e   f o r   r e a s o n s   d i s c u s s e d   b e l o w .   In  a n y .  

e v e n t ,   t h e   u s e   of  s u l f a t e   i o n   in   t h e   p l a t i n g   b a t h   i s   n o t  

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

r a n g e ,   t h e   s u l f a t e   i o n   may  c o m p r i s e   any   a m o u n t   up  to   a b o u t  

90%  ( a l l   p e r c e n t a g e s   h e r e i n   on  a  m o l e   b a s i s )   of  t h e   t o t a l  

c o n d u c t i v i t y   a n i o n   in   t h e   b a t h .  

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

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

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

an  a m o u n t   of  a t   l e a s t   5%  of  t h e   t o t a l   c o n d u c t i v i t y   a n i o n  

p r e s e n t   in   t h e   p l a t i n g   b a t h .   For   c e r t a i n   u s e s ,   i t   may  e v e n  

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

b a t h .   Mos t   p r e f e r a b l y   c h l o r i d e   i o n   i s   p r e s e n t   in  an  a m o u n t  

w h i c h   c o n s t i t u t e s   f r o m   a b o u t   10%  to   a b o u t   90%  of  t h e   t o t a l  

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

c i a l l y ,   i t   i s   g e n e r a l l y   u t i l i z e d   a t   a  c o n c e n t r a t i o n   of  50% 

or   h i g h e r .  

The  c h l o r i d e   i o n   may  be  i n t r o d u c e d   in  any  c o n v e n i e n t  

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

h y d r o c h l o r i c   a c i d ,   a m m o n i u m   c h l o r i d e ,   an  a l k a l i   m e t a l  

c h l o r i d e   or  m i x t u r e s   t h e r e o f .   Of  c o u r s e ,   i t   may  be  a l s o  

a d d e d   as  c h r o m i c   c h l o r i d e .  



I t   i s   h i g h l y   d e s i r a b l e   t h a t   t h e   n i t r o g e n  

c o n t a i n i n g   c a t i o n   b e  

p r e s e n t   in  an  a m o u n t   e q u a l   to   a t   l e a s t   5%  of  t h e   t o t a l  

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

c a t i o n   i s   p r e s e n t   in   an  a m o u n t   e q u a l   to   a b o u t   20%  to  a b o u t  

90%  of  t h e   t o t a l   c o n d u c t i v i t y   c a t i o n .   I t   i s   m o s t  

c o n v e n i e n t   to  add  t h e   n i t r o g e n   c o n t a i n i n g   c a t i o n   to   t h e  

b a t h   in  t h e   f o rm  of  an  ammon ium  s a l t ,   s u c h   as  t h e   s u l f a t e  

or   c h l o r i d e   as  d e s c r i b e d   a b o v e .   H o w e v e r ,   i t   may  a l s o   b e  

i n t r o d u c e d   in  o t h e r   f o r m s ,   s u c h   as  u r e a ,   h y d r a z i n e ,  

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

a r e   g e n e r a l l y   a d d e d   in   t h e   f o r m   of  t h e   s u l f a t e   or  h y d r o -  

c h l o r i d e .  

W h i l e   i t   i s   b e l i e v e d   t h a t   t h e   n i t r o g e n   c o n t a i n i n g  

i c a t i o n   i t s e l f   may  be  o x i d i z e d   a t   t h e   a n o d e ,   t h i s   p r o c e s s   i s  

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

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

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

t h e   a n o d e   to  r e g e n e r a t e   b r o m i d e   i o n .   T h u s ,   w h i l e   t h e  

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

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

c r i t i c a l   t h a t   t h e   n i t r o g e n   c o n t a i n i n g   c a t i o n   be  p r e s e n t   i f  

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

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

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

p r e s e n t   in  an  a m o u n t   r a n g i n g   f r o m   a b o u t   0 . 0 0 1   m o l e   p e r  
l i t e r   to   a b o u t   0 . 0 1  m o l e   p e r   l i t e r .   Mos t   p r e f e r a b l y ,   t o  

o p t i m i z e   i t s   e f f e c t ,   i t   i s   p r e s e n t   a t   a  c o n c e n t r a t i o n   of  a t  

l e a s t   a b o u t   0 . 0 0 4   m o l e   p e r   l i t e r .   C o m m e r c i a l l y   i t   w i l l   b e  

g e n e r a l l y   u t i l i z e d   in  a m o u n t s   of  a b o u t   0 . 0 0 7 5   m o l e   p e r  
l i t e r   to   e n s u r e   t h a t   t h e r e   i s   a t   l e a s t  t h e   o p t i m u m  

c o n c e n t r a t i o n   p r e s e n t   t h r o u g h o u t   t h e   b a t h .   I f   t h e r e   i s  

i n s u f f i c i e n t   b r o m i d e   i o n   p r e s e n t ,   one   d o e s   no t   o b t a i n   a  

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



any  c o m m e r c i a l   v i a b i l i t y .   The  u t i l i z a t i o n   of  t oo   h i g h   a  

l e v e l   of  b r o m i d e   i o n   p r o v i d e s   no  g r e a t e r   e f f e c t   and  i s   n o t  

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

s a l t s   a r e   g e n e r a l l y   q u i t e   e x p e n s i v e .  

The  b r o m i d e   i o n   may  be  a d d e d   c o n v e n i e n t l y   in  a n y  

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

G e n e r a l l y ,   b o r i c   a c i d   or  a  b o r a t e   s a l t   o r   b o t h   w i l l  

a l s o   be  i n c l u d e d   i n   t h e   p l a t i n g   b a t h s   o f   t h i s   i n v e n t i o n .   T h e  

p r e s e n c e   of  t h e   b o r i c   a c i d   a n d / o r   b o r a t e   s e r v e s   to  a s s i s t  

in   pH  c o n t r o l   of  t h e   s y s t e m .   T h e s e   m a t e r i a l s   a r e   g e n e r a l l y  

u t i l i z e d   in   a  t o t a l   a m o u n t   of  a b o u t   0 .1   to   a b o u t   1  m o l e  

p e r   l i t e r ,   m e a s u r e d   as   b o r o n .  

F u r t h e r ,   i t   w i l l   g e n e r a l l y   be  a d v a n t a g e o u s   to   i n c l u d e  

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

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

b a t h .   F o r m a t e   i o n s   a r e   g e n e r a l l y   u t i l i z e d   in   t h e   r a n g e   o f  

a b o u t   0 . 1   m o l e   p e r   l i t e r   to   a b o u t   1 . 5   m o l e s   p e r   l i t e r .   T h e  

f o r m a t e   may  n e e d   to   be  r e p l e n i s h e d   f r o m   t i m e   to   t i m e   as  i t  

t e n d s   to  be  o x i d i z e d   a t   t h e   a n o d e .  

A c e t a t e   i o n s   may  a l s o   o p t i o n a l l y   be  i n c o r p o r a t e d   i n t o  

t h e   b a t h   t o   a s s i s t   in   p r e v e n t i n g   t h e   f o r m a t i o n   of  h e x a -  

v a l e n t   c h r o m i u m .  

Of  c o u r s e ,   o t h e r   c o n v e n t i o n a l   a d d i t i v e s   may  b e  

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

The   pH  of  t h e   b a t h s   of  t h i s   i n v e n t i o n   may  be  in  t h e  

r a n g e   of  a b o u t   1  to   6  and  p r e f e r a b l y   2  to   5.  G e n e r a l l y  

c o m m e r c i a l   b a t h s   w i l l   be  o p e r a t e d   a t   a  pH  of  a b o u t   2 . 5   t o  

a b o u t   4 . 5 .  

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

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

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

a b o u t   15°C  to   a b o u t   50°C  and  p r e f e r a b l y   f rom  a b o u t   15°C  t o  

a b o u t   3 0 ° C .  



G e n e r a l l y   t h e   a n o d e s   u t i l i z e d   w i t h   t r i v a l e n t   p l a t i n g  

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

h a v i n g   a  low  o v e r v o l t a g e .   T h e s e   a r e   r e f e r r e d   to   as  i n e r t  

a n o d e s .   Anode  m a t e r i a l s   h a v i n g   a  h i g h   o v e r v o l t a g e ,  

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

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

u n d e s i r a b l e   h e x a v a l e n t   s t a t e   and  a r e   g e n e r a l l y   n o t   u s e d .  

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

u t i l i z e d .  



EXAMPLE  1 

A  p l a t i n g   b a t h   was  p r e p a r e d   by  d i s s o l v i n g   t h e  

f o l l o w i n g   m a t e r i a l s   in   w a t e r   and  d i l u t i n g   to   one  l i t e r :  

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

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

s o d i u m   d i c h r o m a t e   w i t h   s u l f u r   d i o x i d e .   The  m a t e r i a l   u s e d  

has   a  " b a s i c i t y "   of  33%,  b a s i c i t y   b e i n g   a  m e a s u r e   of  t h e  

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

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

a f t e r   s t a n d i n g   o v e r n i g h t   was  3 . 4 .  

The  b a t h   p r e p a r e d   a b o v e   was  d i v i d e d   i n t o   two  e q u a l  

p o r t i o n s ,   P a r t   A  and   P a r t   B.  To  P a r t   A  was  a d d e d   6  m l / l   o f  

a  s o l u t i o n   c o n t a i n i n g   100  g / 1   of  p o t a s s i u m   b r o m i d e ,  

y i e l d i n g   a  b r o m i d e   c o n c e n t r a t i o n   of  0 . 0 0 5   m o l e s   p e r   l i t e r  

in  t h e   b a t h .   No  b r o m i d e   was  a d d e d   to   P a r t   B.  The  t w o  

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

s t i r r i n g   and   c i r c u l a t o r y   c o o l i n g .   I n t o   e a c h   was  i n s e r t e d   a  

c a r b o n   a n o d e   and  a  s t e e l   c a t h o d e ,   t h e   a n o d e   to   c a t h o d e   a r e a  

r a t i o   b e i n g   2 : 1 .   A l l   e l e c t r o d e s   w e r e   t o t a l l y   s u b m e r g e d   i n  

t h e   b a t h s .   The  two  c e l l s   w e r e   c o n n e c t e d   in  s e r i e s   w i t h   a  

s o u r c e   of  d i r e c t   c u r r e n t ,   and  a  c u r r e n t   of  1 . 2   amps  ( 2 . 4  

a m p s / l i t e r   in   e a c h   b a t h )   was  p a s s e d   f o r   one  h o u r .   T h e  

c u r r e n t   d e n s i t i e s   w e r e   a b o u t   50  a m p s / f t . 2   ( A S F )  -  
(540  a m p s / m 2 )   on  t h e   a n o d e s   and   a b o u t   100  ASF 

( 1 1 0 0   a m p s / m 2 )   on  t h e   c a t h o d e s .  



The  t e m p e r a t u r e s   of  b o t h   s o l u t i o n s   were   m a i n t a i n e d   b e t w e e n  

25°  and  2 7 ° C .  

I n i t i a l l y ,   P a r t   A  g a v e   o f f   a  v e r y   m i l d   o d o r ,   w h i l e   t h e  

o d o r   f r o m   P a r t   B  was  s t r o n g .   A f t e r   5  m i n u t e s   t h e   o d o r   f r o m  

P a r t   B  s o m e w h a t   m o d e r a t e d ,   b u t   t h e   o d o r   f r o m   P a r t   A 

r e m a i n e d   much  m i l d e r .   For   t h e   r e m a i n d e r   of  t h e   t e s t   p e r i o d  

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

t h a t   f r om  P a r t   A  was  a l w a y s   s u b s t a n t i a l l y   l o w e r   t h a n   t h a t  

f rom  P a r t   B .  

EXAMPLE  2 

One  l i t e r   of  a  p l a t i n g   b a t h   was  p r e p a r e d   a c c o r d i n g   t o  

t h e   f o l l o w i n g   f o r m u l a t i o n :  

The  w e t t i n g   a g e n t   was  an  a q u e o u s   s o l u t i o n   of  a  s o d i u m  

a l k y l   s u l f a t e .   A f t e r   e q u i l i b r a t i o n   t h e   pH  of   t h e   b a t h   w a s  

a d j u s t e d   to   3 . 3   w i t h   c o n c e n t r a t e d   ammonium  h y d r o x i d e .  

The  s o l u t i o n   was  d i v i d e d   i n t o   two  e q u a l   p o r t i o n s ,  

d e s i g n a t e d   B a t h   A  and  B a t h   B.  Two  m l / 1   of  a  s o l u t i o n  

c o n t a i n i n g   49  g / 1   of  a m m o n i u m   b r o m i d e   w e r e   a d d e d   to   B a t h   A,  

g i v i n g   a  b r o m i d e   c o n c e n t r a t i o n   of  0 . 0 0 1   m o l e   p e r   l i t e r   i n  

B a t h   A.  No  b r o m i d e   was  a d d e d   to  B a t h   B .  



The  two  s o l u t i o n s   w e r e   e l e c t r o l y z e d   in   s e r i e s   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,  u s i n g   t h e   same  t y p e   o f  

a p p a r a t u s .  

I n i t i a l l y ,   b o t h   b a t h s   e m i t t e d   an  o b j e c t i o n a b l e   o d o r ,  

b u t   t h a t   f r o m   B a t h   A  g r e a t l y   d i m i n i s h e d   w i t h i n   one  m i n u t e  

of  s t a r t i n g   t h e   c u r r e n t .   The  two  s a m p l e s   w e r e   e l e c t r o l y z e d  

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

a  t o t a l   of  9 . 6   a m p - h o u r s / l i t e r .   The  o d o r   e m i t t e d   by  B a t h   B 

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

B a t h   A  was  v e r y   s l i g h t .  

EXAMPLE  3 

A  p l a t i n g   b a t h   was  f o r m u l a t e d   as  f o l l o w s :  

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

l a b o r a t o r y   a c i d .   The  pH  of  t h e   b a t h   a f t e r   e q u i l i b r a t i n g  

o v e r n i g h t   was  3 . 4 .  

A  s a m p l e   of  t h i s   b a t h   was  e l e c t r o l y z e d   f o r   5  h o u r s   a t  

0 . 6 3   a m p / l i t e r ,   u s i n g   a  t o t a l l y - s u b m e r g e d   c a r b o n   a n o d e   a t  

50  ASF  and  a  t o t a l l y - s u b m e r g e d   s t e e l   c a t h o d e   a t   100  A S F .  



The  b a t h   t e m p e r a t u r e   was  m a i n t a i n e d   b e t w e e n   17°  and  22°C  b y  

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

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

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

0 . 8 9   g /1   was  made  to   t h i s   b a t h ,   g i v i n g   a  b r o m i d e   i o n  

c o n c e n t r a t i o n   of  0 . 0 0 7 5   m o l e   p e r   l i t e r .   The  s o l u t i o n   w a s  

a i r - a g i t a t e d   f o r   20  m i n u t e s ,   and  t h e   t o t a l   a n o d e   a n d  

c a t h o d e   a r e a s   w e r e   d o u b l e d .   The  c u r r e n t   was  s t a r t e d   a g a i n ,  

t h i s   t i m e   a t   1 . 2 5   a m p s / I ,   b u t   s t i l l   m a i n t a i n i n g   50  ASF  a t  

t h e   a n o d e   and  100  ASF  a t   t h e   c a t h o d e .   I t   was  f o u n d   t h a t   t h e  

o d o r   m o d e r a t e d   to   a l m o s t   n o t h i n g   w i t h i n   4  m i n u t e s ,   a n d  

r e m a i n e d   v e r y   s l i g h t   a f t e r   t h e   p a s s a g e   of  a  t o t a l   of  1 0  

a m p - h o u r s / l i t e r .  

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

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

t h e r e   was  no  e f f e c t   on  t h e   c a t h o d e   d e p o s i t ,   w h i c h   w a s  

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

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

shown  by  t h e   p l a t i n g   r e s u l t s .  

EXAMPLE  4  

A  w e l l - w o r k e d   s a m p l e   of  a  b a t h   o r i g i n a l l y   f o r m u l a t e d  

as  in   E x a m p l e   3  was  p l a c e d   in  a  c o n v e n t i o n a l   ( 2 6 7   ml)  H u l l  

C e l l .   A  c a r b o n   a n o d e   was  i n s e r t e d ,   m a g n e t i c   s t i r r i n g   w a s  

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

was  p l a t e d   w i t h   c h r o m i u m   a t   an  a v e r a g e   c a t h o d e   c u r r e n t  

d e n s i t y   of  55  ASF  f o r   t e n   m i n u t e s ,   t h e   a n o d e   c u r r e n t  

d e n s i t y   b e i n g   a b o u t   45  ASF.  The  b a t h   pH  was  3 . 3 .   T h e  

t e m p e r a t u r e   r o s e   f r o m   18°  to   23°C  d u r i n g   t h e   t i m e   o f  

p l a t i n g .   In  t h i s   c a s e   t h e   a n o d e   was  no t   t o t a l l y   s u b m e r g e d .  



A  v e r y   s t r o n g   o d o r   was  p r o d u c e d   by  t h e   b a t h   d u r i n g   p l a t i n g .  

To  t h i s   s a m p l e   1 . 2   g / 1   of  p o t a s s i u m   b r o m i d e   was  a d d e d ,  

g i v i n g   a  b r o m i d e   i o n   c o n c e n t r a t i o n   of  0 . 0 1   m o l e   p e r   l i t e r  

in   t h e   b a t h .   A  f r e s h l y   n i c k e l - p l a t e d   b r a s s   p a n e l   was  t h e n  

p l a t e d   in   t h i s   b a t h ,   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 ,  

f o r   t e n   m i n u t e s .   The  o d o r   was  i m m e d i a t e l y   m i l d e r   t h a n   i t  

had  b e e n   w i t h o u t   t h e   b r o m i d e ,   and  c o u l d   b a r e l y   be  d e t e c t e d  

a f t e r   t h r e e   m i n u t e s .   At  t h e   end  of  t e n   m i n u t e s   t h e   c u r r e n t  

was  i n c r e a s e d   so  as  to   g i v e   a  c u r r e n t   d e n s i t y   of  a b o u t   5 5  

ASF  a t   t h e   a n o d e ,   and  was  m a i n t a i n e d   a t   t h a t   l e v e l   f o r   f i v e  

m i n u t e s .   The  o d o r   e m i t t e d   by  t h e   b a t h   d i d   n o t   i n c r e a s e .  

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

o v e r   a  c u r r e n t   d e n s i t y   r a n g e   of  a b o u t   800  t o   18  ASF.  T h e  

s o l u t i o n   was  s h o w n   by  t h e   p l a t i n g   r e s u l t s   to   be  f r e e   o f  

h e x a v a l e n t   c h r o m i u m ,   b o t h   b e f o r e   and  a f t e r   t h e   a d d i t i o n   o f  

K B r .  



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

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

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

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

p l a t i n g   b a t h   i n c l u d i n g :  

a)  a t   l e a s t   one  s a l t   h a v i n g   a  n i t r o g e n - c o n t a i n i n g  

c a t i o n ;   a n d  

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

a b o u t   0 . 0 0 1   m o l e   p e r   l i t e r   to   a b o u t   0 . 0 1   m o l e  

p e r   l i t e r   of  b r o m i d e   i o n .  

2.  A  m e t h o d   in  a c c o r d a n c e   w i t h   C l a i m   1  w h e r e i n   t h e  

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

3.  A  t r i v a l e n t   c h r o m i u m   p l a t i n g   b a t h   c o m p r i s i n g   a n  

a q u e o u s   s o l u t i o n   of  a  t r i v a l e n t   c h r o m i u m   s a l t ,   a t   l e a s t   o n e  

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

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

n i t r o g e n - c o n t a i n i n g   c a t i o n   and   a t   l e a s t   one   s a l t   y i e l d i n g  
f r o m   a b o u t   0 . 0 0 1   m o l e   p e r   l i t e r   to   a b o u t   0 . 0 1   m o l e  
p e r   l i t e r   o f   b r o m i d e   i o n .  

4.  A  p l a t i n g   b a t h   in  a c c o r d a n c e   w i t h   C l a i m   3  f u r t h e r  

i n c l u d i n g   a t   l e a s t   one  s a l t   y i e l d i n g   s u l f a t e   i o n   in  s a i d  

b a t h .  

5.  A  p l a t i n g   b a t h   in  a c c o r d a n c e   w i t h   C l a i m  3   o r  

C l a i m   4,  f u r t h e r   i n c l u d i n g   a t   l e a s t   one   of   b o r i c   a c i d  
and  b o r a t e   i o n .  

6.  A  p l a t i n g   b a t h   in  a c c o r d a n c e   w i t h   C l a i m  3 ,  

C l a i m   4  o r   C l a i m   5  f u r t h e r   i n c l u d i n g   f o r m a t e   i o n .  



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

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

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

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

c a t i o n   and   f r o m   a b o u t   0 . 0 0 1   m o l e   p e r   l i t e r   to   0 . 0 1   m o l e  

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

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

8.  A  p r o c e s s   in   a c c o r d a n c e   w i t h   C l a i m   7  w h e r e i n   s a i d  

a n o d e   i s   i n e r t .  

9.  A  p r o c e s s   in  a c c o r d a n c e   w i t h   C l a i m   8  w h e r e i n   s a i d  

a n o d e   i s   a  c a r b o n   a n o d e .  

10.   A  p r o c e s s   in   a c c o r d a n c e   w i t h   a n y  o n e   o f   C l a i m s  

7  to  9  w h e r e i n   t h e   p l a t i n g   b a t h   f u r t h e r   i n c l u d e s   s u l f a t e   i o n .  

11 .   A  p r o c e s s   in   a c c o r d a n c e   w i t h   a n y  o n e   of   C l a i m s  

7  to  10  w h e r e i n   s a i d   b a t h   f u r t h e r   i n c l u d e s   a t   l e a s t   o n e  

o f   b o r i c   a c i d   and   b o r a t e   i o n .  

12 .   A  p r o c e s s   in   a c c o r d a n c e   w i t h   a n y  o n e   of   C l a i m s  

7  to  11  w h e r e i n   s a i d   b a t h   f u r t h e r   i n c l u d e s   f o r m a t e   i o n .  

13.   A  p r o c e s s   in   a c c o r d a n c e   w i t h   a n y  o n e   o f   C l a i m s  

7  to  11  w h e r e i n   t h e   t e m p e r a t u r e   i s   m a i n t a i n e d   i n   t h e   r a n g e  

o f   a b o u t   15°C  to  a b o u t   5 0 ° C .  

14.   A  p r o c e s s   in   a c c o r d a n c e   w i t h   a n y  o n e   of   C l a i m s  

7 - t o   13  w h e r e i n   t h e   pH  i s   m a i n t a i n e d   i n   t h e   r a n g e   of   f r o m  

a b o u t   1  to   a b o u t   6 .  



15.   An  a r t i c l e   of  m a n u f a c t u r e   c o m p r i s i n g   a  s u b s t r a t e  
m a t e r i a l   h a v i n g   a  c h r o m i u m   e l e c t r o d e p o s i t   p r o d u c e d   i n  
a c c o r d a n c e   w i t h   a n y o n e   of   C l a i m s   7  -   1 4 .  
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