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©  Gold  electroplating  bath. 
(57)  An  acid  gold  electroplating  bath  contains  gold  in  an 
electrodepositable  form,  such  as  potassium  gold  cyanide, 
together  with  a  metallic  additive  and  an  organic  additive. 

The  organic  additive  is  a  compound  of  the  formula 

( > : :  

wherein  X  is  -N=  or  -CR3=,  and  R\  R?  and  R3  are  each 
hydrogen,  or  an  amino-,  amido,  thioamido-  or  cyano-  group 
provided  that  one  (and  no  more  than  one)  of  R\  R*  and  R3  is 
not  hydrogen. 

The  metallic  additive  is  preferably  a  cobalt,  nickel  or  iron 
salt. 
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 A n   acid  gold  electroplating  bath  contains  gold  in  an 
electrodepositable  form,  such  as  potassium  gold  cyanide, 
together  with  a  metallic  additive  and  an  organic  additive. 

The  organic  additive  is  a  compound  of  the  formula 
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salt. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  g o l d   e l e c t r o p l a t i n g   b a t h  
and  more  p a r t i c u l a r l y   to  a  g o l d   e l e c t r o p l a t i n g   b a t h   w h i c h  
i n c l u d e s   an  o r g a n i c   a d d i t i v e .   The  i n v e n t i o n   a l s o   r e l a t e s  
to  a  p r o c e s s   f o r   the   e l e c t r o d e p o s i t i o n   of  g o l d   u s i n g   t h e  
b a t h .  

Gold   i s   w i d e l y   u s e d   as  a  c o n t a c t   m a t e r i a l   in  t h e  

e l e c t r o n i c s   i n d u s t r y ,   most   u s u a l l y   in  the   form  of  a  t h i n  

c o a t i n g   o b t a i n e d   by  an  e l e c t r o p l a t i n g   p r o c e s s .   The  m o r e  

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

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

w e a r   r e s i s t a n c e .  

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

g i v e   c o a t i n g s   w h i c h   a re   i n a d e q u a t e  f o r   use   in  c o n t a c t  

a p p l i c a t i o n s   in  t he   e l e c t r o n i c s   i n d u s t r y ,   p r i n c i p a l l y  

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

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

c o a t i n g s   can   be  i m p r o v e d   by  a d d i n g   o t h e r   m a t e r i a l s   to  t h e  

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

" b r i g h t e n e r s " ,   b e c a u s e   t h e y   i n c r e a s e   the   b r i g h t n e s s   o f  

g o l d   d e p o s i t s   o b t a i n e d   at  a  g i v e n   c u r r e n t   d e n s i t y .   O f  

c o u r s e ,   the   b r i g h t n e s s   of  a  g o l d   d e p o s i t   i s   no t   i t s e l f   o f  

i m p o r t a n c e   in  mos t   i n d u s t r i a l   a p p l i c a t i o n s .   H o w e v e r ,   i t  

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

o f t e n   a  good  g u i d e   to  one  or   more  o t h e r   a s p e c t s   o f  

c o a t i n g   q u a l i t y ,   such   as  w e a r   r e s i s t a n c e   and  d e p o s i t  

s t r u c t u r e .  

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

i r o n   s a l t s ,   fo rm  one  g r o u p   of  w i d e l y - u s e d   a d d i t i v e s   f o r  

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

t h e s e   c o m p o u n d s   have  been   f o u n d   to  g i v e   g o l d   c o a t i n g s  

o f  g r e a t l y   i m p r o v e d   wear   r e s i s t a n c e .   For  t h i s   r e a s o n ,  

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

w i d e l y   u s e d   in  the   e l e c t r o n i c s   i n d u s t r y .   H o w e v e r ,   w i t h  

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

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



c o b a l t   and  n i cke l   b r i g h t e n e d   p l a t i n g   ba ths   have  been  found  to  b e  
l a c k i n g ,   b e c a u s e   the  maximum  c u r r e n t   d e n s i t y   a t   wh ich   h a r d  
d e p o s i t s   can  be  o b t a i n e d   i s   r e l a t i v e l y   low.   A t t e m p t s   h a v e  
b e e n   made  to  o v e r c o m e   t h i s   d i s a d v a n t a g e   by  u s i n g   h i g h e r  
c o n c e n t r a t i o n s   of  g o l d   ( t y p i c a l l y   15  g /1   i n s t e a d   o f  

8  g / 1 ) ,   b u t   t h i s   s u b s t a n t i a l l y   i n c r e a s e s   the   c o s t   of  t h e  

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

a d d i t i v e s   in  g o l d   e l e c t r o p l a t i n g   b a t h s .   One  s u c h   c o m p o u n d  
i s   p o l y e t h y l e n e i m i n e ,   as  d e s c r i b e d   in  B r i t i s h   P a t e n t  

S p e c i f i c a t i o n   No.  1 4 5 3 2 1 2 .   The  e f f e c t   of  u s i n g   t h i s   c o m p o u n d  
i s   to  i n c r e a s e   the   maximum  c u r r e n t   d e n s i t y   w h i c h   can  b e  

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

g i v e   p o o r   w e a r   r e s i s t a n c e .  

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

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

o r g a n i c   a d d i t i v e s   have   g e n e r a l l y   met  w i t h   l i t t l e   s u c c e s s .  

H o w e v e r ,   B r i t i s h   P a t e n t   S p e c i f i c a t i o n   No.  1 4 2 6 8 4 9   d i s c l o s e s  

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

an  o r g a n i c   a d d i t i v e .   The  o r g a n i c   a d d i t i v e s   u s e d   a r e  

c h e m i c a l   c o m p o u n d s   of   s u l p h o n i c   a c i d s   or   s u l p h o n i c   a c i d  

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

s u c h   as  p y r i d i n e   s u l p h o n i c   a c i d ,   q u i n o l i n e   s u l p h o n i c   a c i d  

and  p i c o l i n e   s u l p h o n i c   a c i d .  

We  have   now  i d e n t i f i e d   a  f u r t h e r   g r o u p   of  o r g a n i c  

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

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

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

T w o - f o l d   i n c r e a s e s   in  maximum  c u r r e n t   d e n s i t y   a re   t y p i c a l l y  

a c h i e v e d   w i t h   the   e l e c t r o p l a t i n g   b a t h   of   the   i n v e n t i o n .  

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

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

the   c o n c e n t r a t i o n   of  g o l d   in  t he   b a t h ,   or   b o t h ,   a c c o r d i n g  

to  p r e f e r r e d   p r a c t i c e .  

When  the   p l a t i n g   b a t h s   of  the   p r e s e n t   i n v e n t i o n   a r e  



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

s p e e d   i n c r e a s e s   of  up  to  f o u r - f o l d   a r e   a c h i e v a b l e ,   f o r  

e x a m p l e   f rom  2  m/min  to  8  m / m i n .  

M o r e o v e r ,   t he   o r g a n i c   a d d i t i v e s   of  the   p r e s e n t  
i n v e n t i o n   a re   f o u n d   to  be  p a r t i c u l a r l y   c o m p a t i b l e   w i t h  

t r a n s i t i o n   m e t a l   a d d i t i v e s ,   so  t h a t   h i g h l y   w e a r - r e s i s t a n t  

c o a t i n g s   can  be  o b t a i n e d .  

A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   t h e r e   is   p r o v i d e d  

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

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

an  o r g a n i c   a d d i t i v e   of  t he   g e n e r a l   f o r m u l a  

w h e r e i n   X  i s   -N=  or  -CR3=,   and  R 1  R   and  R3 are  e a c h  

h y d r o g e n ,   or  an  a m i n o - ,   a m i d o - ,   t h i o a m i d o - ,   or  c y a n o -  

g r o u p ,   p r o v i d e d   t h a t   one  ( and   no  more   t h a n   one)   of  R1,  R2 

and  R  ,   when  p r e s e n t ,   i s   o t h e r   t h a n   h y d r o g e n .  

The  b a t h   of   the   p r e s e n t   i n v e n t i o n   may  be  u s e d   f o r  

o b t a i n i n g   v e r y   b r i g h t   g o l d   d e p o s i t s ,   such   as  a re   r e q u i r e d ,  

f o r   e x a m p l e ,   in  the   j e w e l l e r y   i n d u s t r y .   When  a  p a r t i c u l a r l y  

h a r d   b r i g h t   d e p o s i t   i s   r e q u i r e d ,   f o r   e x a m p l e   in  t h e  

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

i n c l u d e d   in  the   b a t h s .  

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

of   t he   above   f o r m u l a   in  w h i c h   R1  is   an  a m i n o -   or  t h i o a m i d o -  

g r o u p .  

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

i n v e n t i o n   are   3 - a m i n o p y r i d i n e ,   4 - a m i n o p y r i d i n e ,   2 - a m i n o -  

p y r i d i n e ,   3 - c y a n o p y r i d i n e ,   4 - c y a n o p y r i d i n e ,   2 - c y a n o -  

p y r i d i n e ,   3 - a m i d o p y r i d i n e   ( n i c o t i n a m i d e ) ,   4 - a m i d o p y r i d i n e ,  

2 - a m i d o p y r i d i n e ,   3 - t h i o a m i d o p y r i d i n e   ( t h i o n i c o t i n a m i d e ) ,   4 -  

t h i o a m i d o p y r i d i n e ,   2 - t h i o a m i d o p y r i d i n e ,   a m i n o p y r a z i n e ,  



c y a n o p y r a z i n e ,   a m i d o p y r a z i n e   and  t h i o a m i d o p y r a z i n e .   3 - A m i n o -  

p y r i d i n e ,   t h i o n i c o t i n a m i d e ,   a m i n o p y r a z i n e   and  t h i o a m i d o -  

p y r a z i n e   a r e   e s p e c i a l l y   p r e f e r r e d .  

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

on  the   p a r t i c u l a r   e l e c t r o p l a t i n g   c o n d i t i o n s   c o n t e m p l a t e d .  

I f   t he   c o n c e n t r a t i o n   of  o r g a n i c   a d d i t i v e   i s   too   low,   a  

n e g l i g i b l e   b r i g h t e n i n g   a f f e c t   may  be  o b t a i n e d .   On  t h e  

o t h e r   h a n d ,   i f   t he   c o n c e n t r a t i o n   of  a d d i t i v e   i s   too  h i g h ,  

the   c a t h o d i c   e f f i c i e n c y   may  b e c o m e   u n a c c e p t a b l y   low.   T h e  

p a r t i c u l a r   r a n g e   of  c o n c e n t r a t i o n   a p p r o p r i a t e   f o r   any  g i v e n  

s e t   of  e l e c t r o p l a t i n g   c o n d i t i o n s   w i l l   be  r e a d i l y   d e t e r m i n -  

a b l e   by  t h e   p e r s o n   s k i l l e d   in   t he   a r t .   G e n e r a l l y   s p e a k i n g ,  

a  c o n c e n t r a t i o n   of  o r g a n i c   a d d i t i v e   in  the   r a n g e   0 . 0 1   g / 1  

to  5  g /1   w i l l   be  f o u n d   to  be  a p p r o p r i a t e .   A  c o n c e n t r a t i o n  

of  f rom  0 . 0 5   g /1   to  1 . 0   g /1   i s   p r e f e r r e d ,   and  a  c o n c e n -  

t r a t i o n   of   f r o m   0 . 2   g /1   to  0 . 7 5   g /1   i s   p a r t i c u l a r l y   p r e f e r r e d .  

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

m i x t u r e   of   b a s e   m e t a l s   w h i c h   a r e   known  to  be  a p p r o p r i a t e  

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

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

c o p p e r ,   z i n c ,   t i n ,   i n d i u m ,   m a n g a n e s e   and  a n t i m o n y .   C o b a l t ,  

n i c k e l   and  i r o n   a r e   p a r t i c u l a r l y   p r e f e r r e d .  

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

of  a  w a t e r - s o l u b l e   s a l t ,   s u c h   as  the   s u l p h a t e ,   or   c i t r a t e   o r  

a c e t a t e   or   t h e   l i k e ,   and  may  be  u s e d   at   a  c o n c e n t r a t i o n   o f  

f rom  10  mg  to  10  g / 1 .   A l t e r n a t i v e l y   one  c o u l d   use   m e t a l  

c o m p l e x e s   w i t h   c h e l a t i n g   a g e n t s   such   as  e t h y l e n e   d i a m i n e  

t e t r a c e t i c   a c i d .   More  p r e f e r a b l y ,   the   c o n c e n t r a t i o n   o f  

m e t a l l i c   b r i g h t e n e r   i s   f rom  100  m g / l   to  5  g / l ,   f o r   e x a m p l e  

f rom  250  mg/1  to  2  g / 1 .  

The  g o l d   of  t he   e l e c t r o p l a t i n g   b a t h   of  the   i n v e n t i o n  

i s   in  t he   f o r m   of   a  w a t e r - s o l u b l e   c o m p l e x ,   s u c h   c o m p l e x e s  

b e i n g   w e l l   known  in  t he   a r t .   E x a m p l e s   of  s u c h   c o m p l e x e s  

i n c l u d e   ammonium  and  a l k a l i   m e t a l   g o l d   c y a n i d e s .   P o t a s s i u m  

g o l d   c y a n i d e   i s   e s p e c i a l l y   p r e f e r r e d .  

The  g o l d   c o m p l e x   w i l l   g e n e r a l l y   be  p r e s e n t   in   t h e  



e l e c t r o p l a t i n g   b a t h   a t   a  c o n c e n t r a t i o n   of  f rom  1  to   1 0 0  

g / 1 ,   and  more  p r e f e r a b l y   a t   a  c o n c e n t r a t i o n   of  f r o m   2  t o  

20  g / l ,   f o r   e x a m p l e   4  or  8  g / 1 .  

The  u s u a l   a c i d   b u f f e r i n g   s y s t e m s   may  be  u s e d   in  t h e  

e l e c t r o p l a t i n g   b a t h   of  the   i n v e n t i o n ,   to  o b t a i n   a  pH 

w h i c h   i s   p r e f e r a b l y   in  the   r a n g e   3 .0   to  5 . 5 .   F o r  

e x a m p l e ,   a  c i t r a t e   o x a l a t e   b u f f e r   may  be  u s e d   to  o b t a i n  

a  pH  in  the   r a n g e   4  to  5,  f o r   e x a m p l e   a  pH  of  4 . 5 .  

In  a d d i t i o n ,   o t h e r   c o n v e n t i o n a l   p l a t i n g   b a t h   a d d i -  

t i v e s   s u c h   as  w e t t i n g   a g e n t s ,   can  be  u s e d .  

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

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

EXAMPLE  1 

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

c o m p o s i t i o n s   were   p r e p a r e d .   ( I n   t h i s   and  t he   f o l l o w i n g  

E x a m p l e s ,   a l l   c o m p o s i t i o n s   were   b u f f e r e d   to  pH  4 . 5   t o  

5 .0   u s i n g   t r i p o t a s s i u m   c i t r a t e / c i t r i c   a c i d   b u f f e r . )  

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

s p e e d   r e e l - t o - r e e l   p l a t i n g   a p p a r a t u s   at   30°C,   in  o r d e r   t o  

d e t e r m i n e   the   maximum  u s a b l e   c u r r e n t   d e n s i t y .   In  t h i s   a n d  

the   f o l l o w i n g   E x a m p l e s ,   the   e x p r e s s i o n   "maximum  c u r r e n t  

d e n s i t y "   i s   u s e d   to  i n d i c a t e   t he   h i g h e s t   D.C.   c u r r e n t  

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

c o a t i n g .   Maximum  l i n e   s p e e d   and  maximum  d e p o s i t i o n   r a t e  

were  a l s o   d e t e r m i n e d   on  the   same  b a s i s ,   as  w e l l   as  t h e  

e f f i c i e n c y   ( i . e .   t he   p r o p o r t i o n   of  a p p l i e d   c u r r e n t   w h i c h  

r e s u l t s   in  the   d e p o s i t i o n   of  g o l d ) .   The  r e s u l t s   w e r e  

as  f o l l o w s : -  



I t   w i l l   be  s e e n   t h a t   the  b a t h s   a c c o r d i n g   to  t h e  

i n v e n t i o n   (B  and  C)  gave   s u b s t a n t i a l l y   i m p r o v e d   l i n e  

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

c o n c e n t r a t i o n   ( b a t h   B).   M o r e o v e r ,   in   s u b s e q u e n t   t e s t s ,  

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

e l e c t r o l y t e   f l o w   gave   d e p o s i t i o n   r a t e s   f o r   b a t h   C  of   up  t o  

22.5  m i c r o n s / m i n u t e ,   which  is  almost  7  t imes  the  r a te   for   c o n v e n t i o n a l  

b a t h  A .  

EXAMPLE  2 

Laminates  for   use  in  p r i n t e d   c i r c u i t   boards   were  p l a t e d   at  35°C  in  a  

Kentucky  Tab  P l a t e r  u s i n g   ba ths   of  the  f o l l owing   compos i t ions ,   and  

with  the  f o l l o w i n g   r e s u l t s : -  

EXAMPLE  3 

P r i n t e d   c i r c u i t   b o a r d s   were   p l a t e d   in  a  R o b i n s -  

C r a i g   l a b o r a t o r y   p l a t e r ,  f i r s t   at  35°C  and  t h e n   at   6 0 ° C ,  

u s i n g   the   f o l l o w i n g   e l e c t r o l y t e   c o m p o s i t i o n s : -  



The  r e s u l t s   were   as  f o l l o w s :  

-  I t   w i l l   be  s e e n   t h a t   t h e   use   of  3 - a m i n o p y r i d i n e   a l l o w s  

h i g h e r   t e m p e r a t u r e s   to  be  u s e d   w i t h   g r e a t   s u c c e s s .  

EXAMPLE  4 

P r i n t e d   c i r c u i t   b o a r d s   we re   v a t   p l a t e d   a t   35°C  w i t h  

c a t h o d e   rod   a g i t a t i o n   as  f o l l o w s :  

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

c o m p a r a b l e   r e s u l t s .  



EXAMPLE  5 

S h e e t s   of  c o p p e r   w e r e   p l a t e d   a t   40°C  m o u n t e d   on  a  

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

f o l l o w s : -  

In  t h i s   E x a m p l e ,   a  50%  i n c r e a s e   in  d e p o s i t i o n   r a t e  

i s   o b t a i n e d   t h r o u g h   t h e   u se   o f  3 - a m i n o p y r i d i n e ,   and  t h e  

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

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

e f f i c i e n c y   i s   known  to  f a l l   r a p i d l y   as  t he   c u r r e n t   d e n s i t y  

i n c r e a s e s .  

EXAMPLE  6 

F l a t   p o l i s h e d   b r a s s   p l a q u e s   were   p l a t e d   to  a  t h i c k -  

n e s s   of  2 .5±   0 . 5 p   a t   45°C  and  a t   10  A / f t 2   in  e l e c t r o l y t e  

b a t h s   of  the   f o l l o w i n g   c o m p o s i t i o n s   ( a l l   a t   pH  4 . 7 ) : -  

The  c o a t e d   p l a q u e s   were   t e s t e d   f o r   w e a r   r e s i s t a n c e  

u s i n g   h e m i s p h e r i c a l l y   e n d e d   b r a s s   p r o b e s   (5  mm  d i a m e t e r )  

w h i c h   had  been   s i m i l a r   p l a t e d .   The  p r o b e   was  l o a d e d   t o  



150  gf   and  moved  in  a  r e c i p r o c a t i n g   m a n n e r   a c r o s s   t h e  

p l a q u e   s u r f a c e   at   a  l i n e a r   v e l o c i t y   n o t   e x c e e d i n g   2 .5   m m / s e c  

o v e r   a  p a t h   l e n g t h   of  b e t w e e n   7  and  10  mm. 

M i c r o s c o p i c   e x a m i n a t i o n   of   t he   p l a q u e   and  p r o b e  

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

t h e   c o a t i n g   a f t e r   o n l y   20  r e c i p r o c a t i o n s   of   t he   p r o b e .  

The  a d d i t i o n   to  the   e l e c t r o l y t e   b a t h   of   0 . 2   g /1   n i c k e l  

_ s u l p h a t e   ( b a t h   B)  i n c r e a s e d   t h e   f a i l u r e   p o i n t   to  2 0 0  

r e c i p r o c a t i o n s ,   w h i l e   t he   a d d i t i o n   of  0 . 5   g / 1   c o b a l t  

s u l p h a t e   ( b a t h   C)  gave  a  c o a t i n g   w h i c h   had  n o t   f a i l e d  

e v e n   a f t e r   500  r e c i p r o c a t i o n s .  

T h i s   E x a m p l e   shows  t h a t   t he   h a r d e n i n g   e f f e c t s   o f  

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

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

EXAMPLE  7 

In  t h i s   E x a m p l e ,   the   b r i g h t e n i n g   a b i l i t y   of  a  n u m b e r  

of   d i f f e r e n t   o r g a n i c   a d d i t i v e s   was  t e s t e d .   F l a t   p o l i s h e d  

b r a s s   p l a q u e s   were  p l a t e d   a t   35°C  and  93  A / f t 2   u s i n g   b a t h s  

of   t he   f o l l o w i n g   c o m p o s i t i o n : -  

P o t a s s i u m   o x a l a t e   25  g / 1  

C i t r i c   a c i d   100  g / 1  

O r g a n i c   a d d i t i v e   0 . 5   g / 1  

C o b a l t   s u l p h a t e   0 . 5   g / 1  

Gold  p o t a s s i u m   c y a n i d e   8  g / l  

pH  4 . 5  

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

v i s u a l l y   on  an  a r b i t r a r y   s c a l e   f rom  0  to  10  and  a l s o   b y  

t h e   f o l l o w i n g   p r o c e d u r e : -  

A  PYE  Unicam  S P 8 - 1 0 0   t w i n - b e a m   s p e c t r o p h o t o m e t e r  

o p e r a t i n g   a t   760  nm  was  a d j u s t e d   to  g i v e   a  z e r o   r e a d i n g  

w i t h   t he   s a m p l e   c e l l   e m p t y .   The  a l u m i n i u m   m i r r o r   f r o m  

the   s a m p l e   beam  p a t h   was  t h e n   r e p l a c e d   w i t h   the   e x p e r i -  

m e n t a l l y  p l a t e d   p l a q u e .   The  " o p t i c a l   d e n s i t y "   r e a d i n g  

g i v e n   was  t h u s   a  m e a s u r e   of  the   amoun t   of   l i g h t   a b s o r b e d  



or  s c a t t e r e d   by  the   p l a q u e ,  

The  r e s u l t s   o b t a i n e d   a r e   s e t   ou t   in  t he   T a b l e  

(a  " b r i g h t "   c o a t i n g ,   as  r e f e r r e d   to  in  E x a m p l e   1,  c o r r e s -  

p o n d s   to  an  " o p t i c a l   d e n s i t y "   r e a d i n g   of  f rom  0 - 0 . 2 5 ,   o r  

f rom  8  to  10  on  t h e   a r b i t r a r y   v i s u a l   s c a l e ) .  



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

a d d i t i v e   of   t he   g e n e r a l   f o r m u l a : -  

w h e r e i n   X  i s   - N = o r   -CR3=,   and  R1,  R 2  a n d   R 3  a r e   e a c h   h y d r o -  

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

p r o v i d e d   t h a t   one  ( and   no  more   t h a n   one)   of  R1,  R2  and  R 3 ,  

when  p r e s e n t ,   i s   n o t   h y d r o g e n .  

2.  An  a c i d   g o l d   e l e c t r o p l a t i n g   b a t h   a c c o r d i n g   to  c l a i m  

1  w h i c h   a l s o   c o n t a i n s   a  m e t a l l i c   a d d i t i v e .  

3.  An  a c i d   g o l d   e l e c t r o p l a t i n g   b a t h   a c c o r d i n g   to  c l a i m  

1  o r   c l a i m   2  w h e r e i n   R1  i s   an  amino   g r o u p .  

4.  An  a c i d   g o l d   e l e c t r o p l a t i n g   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 he   o r g a n i c   a d d i t i v e   i s   3 - a m i n o p y r i d i n e ,   t h i o n i c o -  

t i n a m i d e ,   a m i n o p y r a z i n e   o r   t h i o a m i d o p y r a z i n e .  

5.  An  a c i d   g o l d   e l e c t r o p l a t i n g   b a t h   a c c o r d i n g   to   a n y  

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

a  c o n c e n t r a t i o n   of   f rom  0 .1   to  1 . 0   g / 1 .  

6.  An  a c i d   g o l d   e l e c t r o p l a t i n g   b a t h   a c c o r d i n g   to  a n y  

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

n i c k e l   or   i r o n   s a l t .  

7.  An  a c i d   g o l d   e l e c t r o p l a t i n g   b a t h   a c c o r d i n g   to  a n y  

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

s o l u b l e   c o m p l e x   a t   a  c o n c e n t r a t i o n   of  f rom  1  to  20  g / 1 .  

8.  A  p r o c e s s   f o r   f o r m i n g   a  g o l d   d e p o s i t   on  a  m e t a l l i c  

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

as  c l a i m e d   in  any  p r e c e d i n g   c l a i m .  


	bibliography
	description
	claims

