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@  Bright  nickel  plating  bath  and  process  and  composition  therefor. 

Plating  defects  may  occur  during  the  electrodeposition  of 
nickel  using  compositions  containing  primary  and  secondary 
brighteners. 

According  to  the  invention  such  defects  are  avoided  by 
including  0.01  to  1  g/l  of  a  sulfonated  acetylenic  compound  or 
a  salt  of  such  a  compound  in  an  aqueous  acidic  nickel  plating 
bath  containing  0.2  to  10  g/l  of  saccharin,  and  20  to  500  parts 
per  million  of  Zn  ions.  The  acetylenic  bond  and  the  sulfonate 
radical  of  the  sulfonated  acetylenic  compound  are  connected 
by  a  carbon  chain  of  at  least  one  carbon  atom  and  not  more 

than  6  carbon  atoms. 
The  invention  relates  to  the  composition  of  such  a  bath, 

t o   the  method  of  bright  nickel  plating  using  such  a  bath  and  to 
compositions  for forming  the  bath. 



This   i n v e n t i o n   r e l a t e s   to  improved   p r o c e s s e s   a n d  

c o m p o s i t i o n s   for   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   and  a l l o y s  

t h e r e o f .  

I t   has  been  found  t h a t   the  p r e s e n c e   of  z inc   i m p u r i t i e s  

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

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

s e c o n d a r y   b r i g h t e n e r s .   The  p rob lem  is  e s p e c i a l l y   a c u t e   d u r i n g  

p l a t i n g   when  the  s e c o n d a r y   b r i g h t e n e r   is  s a c c h a r i n   ( o - b e n z o y l  

s u l f i m i d e ) .   In  t h i s   case   i n a d e q u a t e   b a s i s   m e t a l   c o v e r a g e   may 

occu r   in  low  c u r r e n t   d e n s i t y   a r e a s ;   u n s i g h t l y   s t r i a t e d   ( r i b b e d )  

d e p o s i t s   may  o c c u r ;   and  d a r k ,   t h i n   n o n - m e t a l l i c   a p p e a r i n g  

d e p o s i t s   may  be  p r o d u c e d   which  not  only   d e t r a c t   from  the  f i n a l  

a p p e a r a n c e   of  the  a r t i c l e   be ing   p l a t e d ,   but   may  a l s o   i n t e r f e r e  

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

d e p o s i t s   such  as  chromium  p l a t e .  

In  o r d e r   to  overcome  the  d e l e t e r i o u s   e f f e c t s   of  z i n c  

in  the  p r e s e n c e   of  s a c c h a r i n ,   the  use  of  s u l f i n i c   a c i d s   o r  

h y d r o x y - s u l f o n a t e s   has  been  u s e d .  

While  t h e s e   compounds  do  r e d u c e   the  p r o b l e m ,   t h e i r  

use  a l s o   r e d u c e s   the  o v e r a l l   b r i g h t n e s s   and  l e v e l l i n g   of  t h e  

d e p o s i t .   This   r e s u l t s   in  h a v i n g   to  use  t h i c k e r   n i c k e l   d e p o s i t s  

or  h i g h e r   l e v e l s   of  the   p r i m a r y   a d d i t i v e s   in  o r d e r   to  o b t a i n  

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



An  a l t e r n a t i v e   a p p r o a c h   has  been  to  r e p l a c e   s a c c h a r i n  

w i th   a n o t h e r   C la s s   I  a d d i t i v e ,   i . e . ,   sodium  b e n z e n e   s u l f o n a m i d e ,  

sodium  t o l u e n e   s u l f o n a t e .   These  C l a s s   I  a d d i t i v e s   w h i l e   n o t  

as  s e n s i t i v e   to  z inc   i m p u r i t i e s   as  is  s a c c h a r i n ,   are   i n f e r i o r  

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

(in  c o o p e r a t i o n   w i th   C la s s   II  a d d i t i v e s ) ,   s u l f u r   c o n t r i b u t i o n  

( e s p e c i a l l y   i m p o r t a n t   in  d u p l e x   p l a t i n g ) .  

I t   is  an  o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e   p r o c e s s e s  

and  c o m p o s i t i o n s   for   d e p o s i t i n g   e l e c t r o d e p o s i t s   of  n i c k e l   i n  

the  p r e s e n c e   of  s a c c h a r i n   and  z inc   i m p u r i t i e s .   I t   is  a l s o  

an  o b j e c t   of  t h i s   i n v e n t i o n   to  a c c o m p l i s h   t h i s   w i t h o u t   a f f e c t i n g  

the  b r i g h t n e s s   or  l e v e l l i n g   of  the   d e p o s i t .  

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

i n v e n t i o n   r e l a t e s   to  an  improved   p r o c e s s   and  c o m p o s i t i o n   f o r  

the   p r e p a r a t i o n   of  n i c k e l   or  n i c k e l   a l l o y   e l e c t r o d e p o s i t s  

which  c o m p r i s e s   p a s s i n g   c u r r e n t   from  an  anode  to  a  c a t h o d e  

t h r o u g h   an  aqueous   a c i d i c   e l e c t r o p l a t i n g   s o l u t i o n   c o n t a i n i n g :  

(1)  at   l e a s t   one  n i c k e l   compound  

(2)  s a c c h a r i n  

(3)  z inc   i o n s  

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

a c e t y l e n i c   compound  or  s a l t s   t h e r e o f ,   where  the   a c e t y l e n i c   b o n d  

and  the  s u l f o n a t e   r a d i c a l   a re   c o n n e c t e d   by  a  c a r b o n   c h a i n   o f  

at   l e a s t   one  c a r b o n   atom  and  not   more  than   6  c a r b o n   a t o m s .  



The  c o n c e n t r a t i o n s   of  s a i d   compounds  a r e  

wi th   a  p r e f e r r e d   r ange   o f  

Examples   of  s u l f o n a t e d   a c e t y l e n i c s   of  t h i s   i n v e n t i o n ,  

bu t   not   r e s t r i c t e d   t h e r e t o ,   a r e  

2 - b u t y n e - l , 4 - d i s u l f o n i c   a c i d  

2 - b u t y n e   s u l f o n i c   a c i d  

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

1 - b u t y n e   s u l f o n i c   a c i d  

1 - p e n t y n e   s u l f o n i c   a c i d  

The  b a t h s   of  t h i s   i n v e n t i o n   may  a l s o   c o n t a i n   a n  

e f f e c t i v e   amount  of  at   l e a s t   one  member  s e l e c t e d   from  the   g r o u p  

c o n s i s t i n g   o f :  

(a)  o t h e r   C la s s   I  b r i g h t e n e r s   in  a d d i t i o n   to  s a c c h a r i n  

(b)  C l a s s   II  b r i g h t e n e r s  

(c)  a n t i - p i t t i n g   or  w e t t i n g   a g e n t s .  

The  term  " C l a s s   I  b r i g h t e n e r s "   as  used  h e r e i n ,   a n d  

as  d e s c r i b e d   in  Modern  E l e c t r o p l a t i n g ,   T h i r d   E d i t i o n ,  

F.  Lowenheim,  E d i t o r ,   is  meant   to  i n c l u d e   a r o m a t i c   s u l f o n a t e s ,  

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



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

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

p l a t i n g   a d d i t i v e s   a r e :  

(1)  d i s o d i u m   1 , 5 - n a p h t h a l e n e   d i s u l f o n a t e  

(2)  t r i s o d i u m   1 , 3 , 6 - n a p h t h a l e n e   t r i s u l f o n a t e  

(3)  sodium  b e n z e n e   m o n o s u l f o n a t e  

(4)  d i b e n z e n e   s u l f o n i m i d e  

(5)  sodium  3 - c h l o r o - 2 - b u t e n e - l - s u l f o n a t e  

(6)  sodium  β - s t y r e n e   s u l f o n a t e  

(7)  sodium  a l l y l   s u l f o n a t e  

(8)  m o n o a l l y l   s u l f a m i d e  

(9)  d i a l l y l   s u l f a m i d e  

(10)  a l l y l   s u l f o n a m i d e  

Such  p l a t i n g   a d d i t i v e   compounds ,   which  may  be  u s e d  

s i n g l y   or  in  s u i t a b l e   c o m b i n a t i o n s ,   a re   d e s i r a b l y   employed   i n  

amounts   r a n g i n g   from  a b o u t   0.5  to  10  grams  per  l i t e r   and  p r o v i d e  

the  a d v a n t a g e s   d e s c r i b e d   in  the  above  r e f e r e n c e   and  which   a r e  

w e l l   known  to  t h o s e   s k i l l e d   in  the   a r t   of  n i c k e l   e l e c t r o p l a t i n g .  

The  t e rm  " C l a s s   II   b r i g h t e n e r s "   as  used   h e r e i n ,   a n d  

as  d e s c r i b e d   in  Modern  E l e c t r o p l a t i n g ,   T h i r d   E d i t i o n ,  

F.  Lowenheim,   E d i t o r ,   is  meant   to  i n c l u d e   p l a t i n g   a d d i t i v e  

compounds  such  as  r e a c t i o n   p r o d u c t s   of  e p o x i d e s   w i th   a l p h a -  

h y d r o x y   a c e t y l e n i c   a l c o h o l s   such  as  d i e t h o x y l a t e d  

2 - b u t y n e - l , 4 - d i o l ,   N - h e t e r o c y c l i c s ,   d y e - s t u f f s ,   a c e t y l e n i c  

a m i n e s ,   e t c .  

S p e c i f i c   example s   of  such  p l a t i n g   a d d i t i v e s   a r e :  

(1)  1 , 4 - d i - ( S - h y d r o x y e t h o x y ) - 2 - b u t y n e  

(2)  1 , 4 - d i - ( S - h y d r o x y - y - c h l o r o p r o p o x y ) - 2 - b u t y n e  

(3)  1 , 4 - d i - ( β - , γ - e p o x y p r o p o x y ) - 2 - b u t y n e  



-  

(4)  1 , 4 - d i - ( β - h y d r o x y - γ - b u t e n o x y ) - 2 - b u t y n e  

(5)  1 , 4 - d i ( 2 ' - h y d r o x y - 4 ' - o x a - 6 ' - h e p t e n o x y ) - 2 - b u t y n e  

(6)  N - ( 2 , 3 - d i c h l o r o - 2 - p r o p e n y l ) - p y r i d i n i u m   c h l o r i d e  

(7)  2 , 4 , 6 - t r i m e t h y l   N - p r o p a r g y l   p y r i d i n i u m   b r o m i d e  

(8)  N - a l l y l q u i n a l d i n i u m   b r o m i d e  

(9)  2 - b u t y n e - 1 , 4 - d i o l  

(10)  p r o p a r g y l   a l c o h o l  

(11)  2 - m e t h y l - 3 - b u t y n - 2 - o l  

(12)  q u i n a l d y l - N - p r o p a n e s u l f o n i c   a c i d   b e t a i n e  

(13)  b u t y n o x y   e t h a n e   s u l f o n i c   a c i d s  

(14)  p ropynoxy   e t h a n e   s u l f o n i c   a c i d s  

(15)  q u i n a l d i n e   d i m e t h y l   s u l f a t e  

(16)  N - a l l y l p y r i d i n i u m   b r o m i d e  

(17)  i s o q u i n a l d y l - N - p r o p a n e s u l f o n i c   a c i d   b e t a i n e  

(18)  i s o q u i n a l d i n e   d i m e t h y l   s u l f a t e  

(19)  N - a l l y l i s o q u i n a l d i n e   b r o m i d e  

(20)  1 , 4 - d i - ( β - s u l f o e t h o x y ) - 2 - b u t y n e  

(21)  3 - ( β - h y d r o x y e t h o x y ) - p r o p y n e  

(22)  3 - ( β - h y d r o x y p r o p o x y ) - p r o p y n e  

(23)  3 - ( S - s u l f o e t h o x y ) - p r o p y n e  

(24)  p h e n o s a f r a n i n  

(25)  f u c h s i n  

(26)  p r o p a r g y l   a m i n e  

(27)  1 - d i e t h y l a m i n o - 2 - p r o p y n e  

(28)  5 - d i m e t h y l a m i n o - 2 - m e t h y l - 3 - p e n t y n - 2 -  o l  

(29)  l - d i m e t h y l a m i n o - 2 - p e n t y n e  

(30)  1 - d i m e t h y l a m i n o - 2 - b u t y n e  



When  used  a l o n e   or  in  c o m b i n a t i o n ,   d e s i r a b l y   i n  

amounts   r a n g i n g   from  abou t   5  to  1000  m i l l i g r a m s   per   l i t e r ,  

a  C l a s s   II  b r i g h t e n e r   may  p r o d u c e   no  v i s u a l   e f f e c t   on  t h e  

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

d e p o s i t s .   However ,   b e s t   r e s u l t s   a re   o b t a i n e d   when  C l a s s   I I  

b r i g h t e n e r s   are   used  w i th   one  or  more  C l a s s   I  b r i g h t e n e r s  

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

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

d e n s i t y   c o v e r a g e ,   e t c .  

.  The  term  " a n t i - p i t t i n g   or  w e t t i n g   a g e n t s "   as  u s e d  

h e r e i n   is  meant   to  i n c l u d e   a  m a t e r i a l   which  f u n c t i o n s   to  p r e v e n t  

or  m i n i m i z e   gas  p i t t i n g .   An  a n t i - p i t t i n g   a g e n t ,   when  used  a l o n e  

or  in  c o m b i n a t i o n ,   d e s i r a b l y   in  amounts   r a n g i n g   from  a b o u t  

0.05  to  1  gram  per   l i t e r ,   may  a l s o   f u n c t i o n   to  make  the  b a t h s  

more  c o m p a t i b l e   w i t h   c o n t a m i n a n t s ,   such  as  o i l ,   g r e a s e ,   e t c .  

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

on  such  c o n t a m i n a n t s   and  t h e r e b y   p r o m o t e   a t t a i n i n g   of  s o u n d e r  

d e p o s i t s .   P r e f e r r e d   a n t i - p i t t i n g   a g e n t s   may  i n c l u d e   s o d i u m  

l a u r y l   s u l f a t e ,   sodium  l a u r y l   e t h e r - s u l f a t e   and  s o d i u m  

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

The  n i c k e l   compounds  employed   for   e l e c t r o d e p o s i t i n g  

n i c k e l   are   t y p i c a l l y   added  as  the  s u l f a t e ,   c h l o r i d e , . s u l f a m a t e ,  

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

f l u o b o r a t e   s a l t s   of  n i c k e l   a re   employed   in  c o n c e n t r a t i o n s  

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

of  t h i s   i n v e n t i o n   in  c o n c e n t r a t i o n s   r a n g i n g   from  a b o u t   10  t o  

150  grams  per  l i t e r .  



The  n i c k e l   e l e c t r o 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 d d i t i o n a l l y   may  c o n t a i n   from  abou t   30  to  60  grams  per  l i t e r ,  

p r e f e r a b l y   abou t   45  grams  per  l i t e r   of  b o r i c   ac id   or  o t h e r  

b u f f e r i n g   a g e n t s   to  c o n t r o l   the  pH  ( e . g . ;   from  abou t   3 . 0 - 5 . 0 ,  

p r e f e r a b l y   4.0)  and  to  p r e v e n t   h igh  c u r r e n t   d e n s i t y   b u r n i n g .  

In  o r d e r   to  p r e v e n t   " b u r n i n g "   of  h igh   c u r r e n t  

d e n s i t y   a r e a s ,   and  p r o v i d e   for  more  even  t e m p e r a t u r e   c o n t r o l  

of  the  s o l u t i o n ,   s o l u t i o n   a g i t a t i o n   may  be  employed .   A i r  

a g i t a t i o n ,   m e c h a n i c a l   s t i r r i n g ,   pumping ,   c a t h o d e   rod  a n d  

o the r   means  of  s o l u t i o n   a g i t a t i o n   are  a l l   s a t i s f a c t o r y .  

A d d i t i o n a l l y ,   the  s o l u t i o n s   may  be  o p e r a t e d   w i t h o u t   a g i t a t i o n .  

The  o p e r a t i n g   t e m p e r a t u r e   of  the  e l e c t r o 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   may  r ange   from  abou t   40°C  to  abou t   7 0 ° C ,  

p r e f e r a b l y   from  abou t   50°C  to  6 2 ° C .  

The  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   may  r ange   f r o m  

abou t   0.5  to  12  amperes   per  s q u a r e   d e c i m e t e r ,   w i th   3  to  6  a m p e r e s  

per  s q u a r e   d e c i m e t e r   p r o v i d i n g   an  optimum  r a n g e .  

T y p i c a l   aqueous   n i c k e l - c o n t a i n i n g   e l e c t r o p l a t i n g  

s o l u t i o n s   (which  may  be  used  in  c o m b i n a t i o n   w i th   e f f e c t i v e  

amounts   of  c o o p e r a t i n g   a d d i t i v e s )   i n c l u d e   the  f o l l o w i n g  

w h e r e i n   a l l   c o n c e n t r a t i o n s   are   in  grams  per  l i t e r   ( g / 1 )  

u n l e s s   o t h e r w i s e   i n d i c a t e d .  
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Dur ing   ba th   o p e r a t i o n ,   the  pH  may  n o r m a l l y   t end   t o  

r i s e   and  may  be  a d j u s t e d   wi th   a c i d s   such  as  h y d r o c h l o r i c ,  a c i d ,  

s u l f u r i c   a c i d ,   e t c .  

Anodes  u s e d - i n   the  above  b a t h s   may  be  e l e c t r o l y t i c  

or  s u l f u r   c o n t a i n i n g   n i c k e l   b a r s ,   s t r i p s   or  s m a l l   chunks   i n  

t i t a n i u m   b a s k e t s .   Al l   anodes   are   u s u a l l y   s u i t a b l y   c o v e r e d  

wi th   c l o t h   or  p l a s t i c   bags  of  d e s i r e d   p o r o s i t y   to  m i n i m i z e  

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

e t c .   which  may  m i g r a t e   to  the  c a t h o d e   e i t h e r   m e c h a n i c a l l y   o r  

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

The  s u b s t r a t e s   on  which  the  n i c k e l   e l e c t r o d e p o s i t s   o f  

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

a s  a r e   commonly  e l e c t r o d e p o s i t e d   and  used  in  the  a r t   of  e l e c t r o -  

p l a t i n g   such  as  n i c k e l ,   c o b a l t ,   n i c k e l - c o b a l t ,   c o p p e r ,   t i n ,  

b r a s s ,   e t c .   Other   t y p i c a l   s u b s t r a t e   b a s i s   m e t a l s   from  w h i c h  

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

m e t a l s   such  as  i r o n ,   s t e e l ,   a l l o y   s t e e l s ,   c o p p e r ,   t i n   a n d  

a l l o y s   t h e r e o f   such  as  w i t h   l e a d ,   a l l o y s   of  c o p p e r   such  a s  

b r a s s ,   b r o n z e ,   e t c . ,   z i n c ,   p a r t i c u l a r l y   in  the  form  of  z i n c - b a s e  

d ie   c a s t i n g s ;   a l l   of  which  may  bea r   p l a t e s   of  o t h e r   m e t a l s ,  

such  as  c o p p e r ,   e t c .   B a s i s   m e t a l   s u b s t r a t e s   may  have  a  v a r i e t y  

of  s u r f a c e   f i n i s h e s   d e p e n d i n g   on  the  f i n a l   a p p e a r a n c e   d e s i r e d ,  

which  in  t u r n   depends   on  such  f a c t o r s   as  l u s t e r ,   b r i l l i a n c e ,  

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

on  such  s u b s t r a t e s .  

I t   is  in  the  e l e c t r o p l a t i n g   of  z inc   base   d ie   c a s t i n g s  

t h a t   the  a p p l i c a t i o n   of  t h i s   i n v e n t i o n   is  ve ry   u s e f u l ,   as  d i e  

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

l e v e l s   of  z inc   i m p u r i t i e s .   These  i m p u r i t i e s   in  the   p r e s e n c e   o f  

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

v i o u s l y   and  can  r e s u l t   in  h igh   o p e r a t i n g   c o s t s .  



The  a d d i t i o n  o r   i n c l u s i o n   of  s p e c i f i e d   amounts   of  a 

s u l f o n a t e d   a c e t y l e n i c   compound  or  s a l t s   t h e r e o f ,   where  t h e  

a c e t y l e n i c   bond  and  the  s u l f o n a t e   r a d i c a l   are  c o n n e c t e d   by  a 

c a rbon   c h a i n   where  C=1-6,  to  an  aqueous   a c i d i c   n i c k e l   e l e c t r o -  

p l a t i n g   c o n t a i n i n g   s a c c h a r i n   and  z inc  i m p u r i t i e s ,   w i l l   r e s u l t  

in  a  b r i g h t ,   we l l   l e v e l e d   d e p o s i t   f r e e   from  the  p r e v i o u s l y  

m e n t i o n e d   d e f e c t s .  

The  f o l l o w i n g   examples   are   p r e s e n t e d   as  an  i l l u s t r a t i o n  

to  p r o v i d e   t h o s e   s k i l l e d   in  the  a r t   of  e l e c t r o p l a t i n g   a  b e t t e r  

u n d e r s t a n d i n g   of  the  v a r i o u s   embod imen t s   and  a s p e c t s   of  t h i s  

i n v e n t i o n .   These  example s   s h o u l d   not  be  c o n s t r u e d   as  l i m i t i n g  

the  scope  of  the   i n v e n t i o n   in  any  w a y .  



The  c o n d i t i o n s   for   p l a t i n g   the  p a n e l s   from  the  a b o v e  

aqueous   n i c k e l   e l e c t r o p l a t i n g   c o m p o s i t i o n s   were  as  f o l l o w s :  

A  z inc   c o a t e d   s t e e l   t e s t   p a n e l   was  s t r i p p e d   i n  

50%  h y d r o c h l o r i c   a c i d ,   r i n s e d   and  t hen   s c r i b e d   w i th   a  

h o r i z o n t a l   s i n g l e   pass   of  4/0  g r i t   emery  p o l i s h i n g   p a p e r  

and  a n o t h e r   s c r i b e   in  a  s i m i l a r   manner   w i th   #2  g r i t   e m e r y  

p o l i s h i n g   p a p e r .   The  c l e a n e d   p a n e l   was  t hen   p l a t e d   i n  

a  267  ml  Hul l   C e l l   u s i n g   the  a f o r e m e n t i o n e d   c o m p o s i t i o n s  

fo r   10  m i n u t e s   at  2  amps.  c e l l   c u r r e n t ,   u s i n g   c a t h o d e  

rod  a g i t a t i o n .  

O b s e r v a t i o n s  

Pane l   1  -   Shows  a  b r i g h t ,   w e l l   l e v e l e d   d e p o s i t ,   w i t h   low  c u r r e n t  

d e n s i t y   sk ip   p l a t e ,   s e v e r e   d a r k n e s s   and  s t r i a t i o n s .  

P a n e l   2  -   Shows  a   b r i g h t ,   w e l l   l e v e l e d   d e p o s i t ,   f r e e   from  d e f e c t s ,  

over   the  e n t i r e   c u r r e n t   d e n s i t y   r a n g e .  

P a n e l   3  -   Shows  a  b r i g h t ,   w e l l   l e v e l e d   d e p o s i t   w i th   on ly   a  v e r y  

s m a l l   amount  of  low  c u r r e n t   d e n s i t y   d a r k n e s s .  

A l t h o u g h   t h i s   i n v e n t i o n   has  been  i l l u s t r a t e d   b y  

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

are   c l e a r l y   w i t h i n   the  scope   of  the  i n v e n t i o n   w i l l   be  a p p a r e n t  

to  t h o s e   s k i l l e d   in  the  a r t .  



1.  A  p r o c e s s   for   the  p r e p a r a t i o n   of  an  e l e c t r o -  

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

ing  c u r r e n t   from  an  anode  to  a  c a t h o d e   t h r o u g h   an  a q u e o u s  

a c i d i c   p l a t i n g   s o l u t i o n   c o n t a i n i n g   at  l e a s t   one  n i c k e l  

compound,  0.2  gram  per  l i t e r   to  10  grams  per  l i t e r   o f  

s a c c h a r i n ,   and  20  p a r t s   per  m i l l i o n   to  500  p a r t s   per  m i l l i o n  

of  z inc   i ons ,   c h a r a c t e r i s e d   by  the  p r e s e n c e   in  the  p l a t i n g  

s o l u t i o n   of  0.01  gram  per  l i t e r   to  1.0  gram  per  l i t e r   of  a t  

l e a s t   one  s u l f o n a t e d   a c e t y l e n i c   compound  or  s a l t   t h e r e o f  

such  t h a t   the  a c e t y l e n i c   bond  and  the  s u l f o n a t e   r a d i c a l  

are   c o n n e c t e d   by  a  c a rbon   c h a i n   of  at  l e a s t   one  and  n o t  

more  than  s ix   c a rbon   a t o m s .  

2.  The  p r o c e s s   of  Claim  1  w h e r e i n   s a id   s u l f o n a t e d  

a c e t y l e n i c   compound  is  2 - b u t y n e - l , 4 - d i s u l f o n i c   a c i d .  

3.  The  p r o c e s s   of  Claim  1  w h e r e i n   the  s u l f o n a t e d  

a c e t y l e n i c   compound  is  2 - b u t y n e   s u l f o n i c   a c i d .  

4.  The  p r o c e s s   of  Claim  1  w h e r e i n   s a id   s u l f o n a t e d  

a c e t y l e n i c   compound  is  p ropyne   s u l f o n i c   a c i d .  

5.  The  p r o c e s s   of  Claim  1  w h e r e i n   s a id   s u l f o n a t e d  

a c e t y l e n i c   compound  is  1 - b u t y n e   s u l f o n i c   a c i d  

6.  The  p r o c e s s   of  Claim  1  w h e r e i n   sa id   s u l f o n a t e d  

a c e t y l e n i c   compound  is  1 - p e n t y n e   s u l f o n i c   a c i d .  

7.  An  aqueous  a c i d i c   e l e c t r o p l a t i n g   s o l u t i o n   c o n t a i n -  

ing  at  l e a s t   one  n i c k e l   compound  p r o v i d i n g   n i c k e l   ions  f o r  

e l e c t r o d e p o s i t i n g   n i c k e l ,   0.2  gram  per  l i t e r   to  10  g r a m s  

per  l i t e r   of  s a c c h a r i n ,   and  20  to  500  p a r t s   per  m i l l i o n  

of  z inc   i o n s ,   c h a r a c t e r i s e d   by  the  p r e s e n c e   of  0.01  g r am 



per   l i t e r   to  1.0  gram  per  l i t e r   of  at  l e a s t   one  s u l f o n a t e d  

a c e t y l e n i c   compound  or  s a l t   t h e r e o f   such  t h a t   the  a c e t y l e n i c  

bond  and  the  s u l f o n a t e   r a d i c a l   are   c o n n e c t e d   by  a  c a r b o n  

c h a i n   of  at  l e a s t   one  and  not  more  than   s ix   c a r b o n   a t o m s .  

8.  The  e l e c t r o p l a t i n g   s o l u t i o n   of  Claim  7  w h e r e i n  

s a id   s u l f o n a t e d   a c e t y l e n i c   compound  is  2 - b u t y n e - l , 4 , d i -  

s u l f o n i c   a c i d .  

9.  The  e l e c t r o p l a t i n g   s o l u t i o n   of  Claim  7  w h e r e i n  

s a i d   s u l f o n a t e d   a c e t y l e n i c   compound  is  2 - b u t y n e   s u l f o n i c  

a c i d .  

10.  The  e l e c t r o p l a t i n g   s o l u t i o n   of  Claim  7  w h e r e i n  

sa id   s u l f o n a t e d   a c e t y l e n i c   compound  is  p ropyne   s u l f o n i c   a c i d .  

11.  The  e l e c t r o p l a t i n g   s o l u t i o n   of  Claim  7  w h e r e i n  

s a i d   s u l f o n a t e d   a c e t y l e n i c   compound  is  1 - b u t y n e   s u l f o n i c  

a c i d .  

12.  The  e l e c t r o p l a t i n g   s o l u t i o n   of  Claim  7  w h e r e i n  

sa id   s u l f o n a t e d   a c e t y l e n i c   compound  is  1 - p e n t y n e   s u l f o n i c  

a c i d .  

13.  A  m i x t u r e   of  compounds  a d a p t e d   to  form  the  e l e c t r o -  

p l a t i n g   s o l u t i o n   of  a n y  o n e   of  c l a i m s   7  to  1 2 .  
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