
J E u r o p a i s c h e s   

Pa ten tamt  

European  Patent  Office  ©  Publication  number:  0  0 8 7   2 8 8  

Office  europeen  des  brevets  A 1  

EUROPEAN  PATENT  APPLICATION 

©  Application  number:  83300852.7  ©  Int.  CI.3:  C  23  F  7 / 2 6  
-   C  23  F  7 /02  
@  Date  of  filing:  18.02.83 

©  Priority:  19.02.82  FR  8202816  ©  Applicant:  M  &  T  CHEMICALS,  INC. 
One  Woodbridge  Center 
Woodbridge,  New  Jersey  07095IUS) 

©  Date  of  publication  of  application: 
31.08.83  Bulletin  83/35  ©  Inventor:  Jeannier,  Eliane 

6  Rue  Albert  Thomas 
©  Designated  Contracting  States:  F-91300  Pontoise(FR) 

AT  BE  CH  DE  GB  IT  LI  NL  SE 
©  Representative:  Ellis,  John  Clifford  Holgate  et  al, 

MEWBURN  ELLIS  &  CO.  2/3  Cursftor  Street 
London  EC4A  IBQ(GB) 

5j)  Bath  and  method  for  black  chromate  plating  of  zinc  and  cadmium  surfaces. 

An  aqueous  bath  for  black  chromate  plating  of  a  surface  of 
zinc,  zinc  alloy  or  cadmium  alloy  containing  sulphate  ions,  5  to 
40  g/l  of  hexavalent  chromium,  0.25  to  30  g/l  of  copper  ions,  0.1 
to  5  g/l  of  silver  ions  and/or  molybdic  ions,  30  to  120  g/l  of 
acetic  acid  and  0  to  6  g/l  of  formic  acid.  Such  surfaces  plated  by 
the  method  using  the  said  bath  produces  a  shiny  black 
adherent  coating  giving  good  protection  against  corrosion  of 
the  substrate. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   n e w  

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

s h i n y   b l a c k   c o a t i n g   on  s u r f a c e s   of   z i n c ,   o r   z i n c - o r  

c a d m i u m - c o n t a i n i n g   a l l o y s .  

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

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

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

d e s c r i b e d .  

The  s o l u t i o n s   u s e d   to  t h i s   e f f e c t   c o n t a i n  

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

p o t a s s i u m   d i c h r o m a t e   and  or   c h r o m i c   a c i d   f o r m ) ,  

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

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

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

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

c an   be  u s e d ,   t h e r e   a r e   t h e   s i l v e r   s a l t s   ( f o r  

e x a m p l e   s i l v e r   n i t r a t e )   w h i c h   l e a d   to  t h e  

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

w h i c h   l o o k s   good  b u t   o f   w h i c h   t h e   r e s i s t a n c e   t o  

c o r r o s i o n   i s   a f f e c t e d   by  m e t a l l i c   p o l l u t i o n s   ( z i n c ,  

i r o n ,   e t c . ) .  



H o w e v e r ,   t h e   b a t h s   u s a b l e   f o r  

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

r a t h e r   e x p e n s i v e   to   p r e p a r e   and  to  m a i n t a i n .  

F o r   t h i s   r e a s o n ,   a t t e m p t s   h a v e   b e e n   made   t o  

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

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

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

c o a t i n g s .  

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

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

(6 )   and   s u l p h a t e   i o n s ,   a  c o p p e r   s a l t   and   a  

m i x t u r e   o f   a c e t i c   a c i d   and   f o r m i c   a c i d .  

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

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

i t   l e s s   i n t e r e s t i n g   a t   t h e   i n d u s t r i a l   l e v e l .  

I t   i s   t h e   o b j e c t   of   t h e   p r e s e n t  

i n v e n t i o n   to   o v e r c o m e   t h i s   d r a w b a c k   by  p r o p o s i n g  

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

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

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

to   t h e   s u p p o r t   and   e n s u r i n g   a  good  p r o t e c t i o n  

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

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

p l a t e d   i n   c o n t a c t   w i t h   a  b a t h   c o n t a i n i n g :  

5  -   40   g / l  ,   e x p r e s s e d   i n  

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



s u l p h a t e  

i o n s ,  

0 . 0 2 5  -   40  g / l   o f   c u p r i c  

i o n s ,  

0 . 1  -   5  g / l   of   i o n s  

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

3 0  -   120  g / l   of   a c e t i c  

a c i d ,  

and   0  -   6  g / l   of   f o r m i c  

a c i d .  

The  i n v e n t i o n   f u r t h e r   r e l a t e s   to   t h e  

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

I t   w i l l   be  n o t e d :  

-  t h a t   t h e   q u a n t i t i e s   of   c h r o m i u m   i o n s  

to  be  u s e d   a r e   s u b s t a n t i a l l y   t h e   same  as  t h o s e  

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

t h a t   s u l p h a t e   i o n s   a r e   u s e d ,   as  k n o w n , .  

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

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

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

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

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



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

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

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

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

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

-  t h a t   t h e   s h i n y   f i n i s h   o f   t h e   d e p o s i t s  

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

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

m o l y b d i c   i o n .  

I t   i s   k n o w n   t h a t   t h e   u s e   o f   s i l v e r   h a s  

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

u s e   o f   c o p p e r   i o n s   and  s i l v e r   i o n s   h a s   n e v e r   b e e n  

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

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

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

0 . 0 2 5  -   0 . 2   g / l   o f   c o p p e r   i o n s   and   p r e f e r a b l y  

0 . 1  -   0 . 2   g / l   of   s i l v e r   i o n s .   I t   i s  

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

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

The   u s e   o f   m o l y b d i c   (MoO--4)  i o n s   w i t h  

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

i n v e n t i o n ,   a  s h i n y   b l a c k   d e p o s i t   w i t h   e x c e l l e n t  

a n t i - c o r r o s i o n   p r o p e r t i e s .   The  s i m u l t a n e o u s   u s e  

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

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



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

w i t h   c o n c e n t r a t i o n s   of   b e t w e e n   15  and  3 0   g / l  

of   c o p p e r  

i o n s   and  b e t w e e n   0 . 1 5   and  5  g / l   of   m o l y b d i c   i o n s  

( M o O - - 4 ) ;  

-  t h a t   in   a l l   c a s e s   ( w h e t h e r   u s i n g   t h e  

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

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

c o m b i n a t i o n )   t h e   b a t h s   w i l l   c o n t a i n   a c e t i c   a c i d ;  

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

c a n   be  b e t w e e n   a b o u t   30  and  a b o u t   120  g / l .  

A d v a n t a g e o u s l y ,   t h e y   w i l l   be  b e t w e e n   65  and  90  g / l ,  

-  t h a t ,   f i n a l l y ,   i n   t h e   s p e c i a l   c a s e   o f  

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

u s e ,   in   a d d i t i o n   to  a c e t i c   a c i d ,   a  c e r t a i n   q u a n t i t y  

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

a c i d   b e i n g  a b o u t   3  g / 1 .  

The  c o n d i t i o n s   of   o p e r a t i o n ,   to   o b t a i n  

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

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

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

c o n d i t i o n s   a r e   f o r   e x a m p l e :  

-  a  pH  o b v i o u s l y   a c i d ,   b e t w e e n   0 . 5   and  4 ,  

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

t e m p e r a t u r e ,   i . e .   b e t w e e n   a b o u t   15  and  4 0 ° C ,  



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

to  be   t r e a t e d   and  t h e   b a t h ,   w h i c h   c a n   v a r y ,  

d e p e n d i n g   on  t h e   Dea ths ,   b e t w e e n   10  s e c o n d s   a n d  

10  m i n u t e s ,  

-  w i t h   o r   w i t h o u t   s t i r r i n g .  

The  p i e c e s   to   be  t r e a t e d   a c c o r d i n g   t o  

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

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

c o n s t i t u t e s   a  good   p r o t e c t i o n   a g a i n s t   c o r r o s i o n .  

I t   i s   h o w e v e r   p o s s i b l e   to  f u r t h e r   i m p r o v e  

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

i n   c e r t a i n   c a s e s ,   the  s h i n y   f i n i s h   of   t h e   d e p o s i t ,  

and   i t s   e f f i c i e n c y   as  a  p r o t e c t o r   a g a i n s t  

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

to   a  p o s t - r i n s e   w i t h   a  p h o s p h a t i n g   b a t h .   T h e  

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

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

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

d e p o s i t s .   I t   i s   c o n s i d e r e d   t h a t   i n   t h e   c a s e   o f  

t h e   d e p o s i t s   a c c o r d i n g   to   t h e   i n v e n t i o n   ( c o p p e r -  

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

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

i n   t h a t   t h e y   i m p r o v e   t h e   p r o t e c t i v e   e f f e c t   of   t h e  

c o a t i n g s .   A m o n g s t   t h e   b a t h s   u s a b l e ,   t h e   f o l l o w i n g  

a r e   g i v e n   by  way  o f   e x a m p l e   and  n o n - r e s t r i c t i v e l y :  



-  b a t h s   c o n t a i n i n g   up  to  5%  b y  

w e i g h t   of   p h o s p h o r i c   a c i d ,  

-  b a t h s ' c o n t a i n i n g   b e t w e e n   5  a n d  

2 0  g / l   of  s o d i u m   h e x a m e t a p h o s p h a t e ,  

-  b a t h s   c o n t a i n i n g   b e t w e e n   0 . 5  

and  15  g / l   of  m o n o s o d i u m   p h o s p h a t e   and  b e t w e e n  

0 . 5   and  15  g / l   of   m o n o p o t a s s i u m   p h o s p h a t e .  

As  i n d i c a t e d   h e r e i n a b o v e ,   t h e   e x a c t  

c o m p o s i t i o n   of   p h o s p h a t i n g   b a t h s   c a n   v a r y   t o  

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

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

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

The  c o n d i t i o n s   r e q u i r e d   f o r   t h i s  

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

-  a m b i e n t   t e m p e r a t u r e ,   i . e .   b e t w e e n  

15  and  4 0 ° C ,  

-  d u r a t i o n   b e t w e e n   10  s e c o n d s   and  5  

m i n u t e s ,   in   g e n e r a l   a b o u t   one   m i n u t e .  

-  w i t h   or   w i t h o u t   s t i r r i n g .  

The  f o l l o w i n g   e x a m p l e s   a r e   g i v e n   by  w a y  

of  i n f o r m a t i o n   and  n o n - r e s t r i c t i v e l y .  

E x a m p l e  1  

To  p r o t e c t   a  s t e e l   c o a t e d   w i t h   a  l a y e r  

of   z i n c .  



A  b a t h   was  p r e p a r e d   f o r   t h i s   p u r p o s e  

c o n t a i n i n g :  

The  p i e c e   to  be  p r o t e c t e d   was  d i p p e d   i n t o  

t h i s   b a t h ,   a t   a m b i e n t   t e m p e r a t u r e   ( 2 0 - 2 7 ° C )   w i t h  

a i r - s t i r r i n g   of   t h e   b a t h ,   and  f o r   a  d u r a t i o n   of   2  

m i n u t e s .  

The  r e s u l t i n g   s h i n y   b l a c k   p i e c e   was  t h e n  

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

c o n t a i n i n g   12  g / l   of   s o d i u m   h e x a m e t a p h o s p h a t e ,  

f o r   one  m i n u t e   a t   20°C ,   w i t h o u t   s t i r r i n g .  

The  p i e c e   r e m o v e d   f r o m   t h e   b a t h   w a s  

t h e n   d r i e d .  



E x a m p l e   2  

A  b a t h   was  p r e p a r e d   c o n t a i n i n g :  

The  p i e c e   to  be  t r e a t e d   was  d i p p e d  

i n   t h i s   b a t h   ( a t   20°C)   f o r   a b o u t  2   m i n u t e s .  

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

and  a f t e r   r i n s i n g ,   c a n   be  g i v e n   t h e   p h o s p h a t i n g  

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

r e s i s t a n c e   to  c o r r o s i o n   o f   t h e   p r o t e c t i v e   c o a t i n g .  



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

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

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

by  a  c o n t e n t   o f :  

( i )   s u l p h a t e   i o n s ;  

( i i )   5  t o   40  g / l   o f  h e x a v a l e n t  

c h r o m i u m ;  

( i i i )   0 . 0 2 5   to   30  g / l   of   c o p p e r   i o n s ;  

( i v )   0 . 1   t o   5  g / 1   of   s i l v e r   i o n s  

a n d / o r   m o l y b d i c   (MoO--4)  i o n s ;  

(v)   30  t o   120  g / 1   of   a c e t i c   a c i d ;  

( v i )   0  t o   6  g / l   o f   f o r m i c   a c i d .  

2.  An  a q u e o u s   b a t h   a c c o r d i n g   to   C l a i m   1 ,  

w h e r e i n   t h e   a m o u n t   o f   c o p p e r   i o n s   i s   0 . 0 2 5   t o  

0 . 2   g / l   and   t h e   a m o u n t   of   s i l v e r   i o n s   i s   0 .1   t o  

0 . 2   g / 1 .  

3.  An  a q u e o u s   b a t h   a c c o r d i n g   to   C l a i m   1 ,  

w h e r e i n   t h e   c o n t e n t   o f   c o p p e r   i o n s   i s   15  t o   30  g / l  

and   t h e   c o n t e n t   o f   m o l y b d i c   i o n s   i s   0 . 1 5   to   5  g / l .  

4.  An  a q u e o u s   b a t h   a c c o r d i n g   to   C l a i m   3 ,  

c o n t a i n i n g   f o r m i c   a c i d   i n   a  q u a n t i t y   o f   a b o u t   3  g / l .  



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

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

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

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

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

a q u e o u s   b a t h   as   d e f i n e d   i n   a n y  o n e   of   C l a i m s   1  to   4  

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

of   t h e   r e q u i r e d   t h i c k n e s s .  

6.  A  m e t h o d   a c c o r d i n g   to   C l a i m   5,  w h e r e i n  

t h e   b a t h   i s   a t   a  t e m p e r a t u r e   of   15°  to   4 0 ° C .  

7.  A  m e t h o d   a c c o r d i n g   to   C l a i m   5  o r   C l a i m   6  

w h e r e i n   t h e   t i m e   of   i m m e r s i o n   i s   10  s e c o n d s   t o  

10  m i n u t e s .  

8.  A  m e t h o d   a c c o r d i n g   to   a n y  o n e   o f  

C l a i m s   5  to   7,  w h e r e i n   t h e   b a t h   i s   a t   a  pH  o f  

b e t w e e n   0 . 5   a n d  4 .  

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

5  to   8,  w h e r e i n  t h e   t h u s   p l a t e d   a r t i c l e   i s   r i n s e d  

and   t h e n   d i p p e d   i n t o   a  p h o s p h a t i n g   b a t h .  
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