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aliphatic  polyamine  the  latter  having  from  3  to  20  carbon 
atoms  and  may  have  at  least  one  substituent  selected  from 
hydrogen,  hydroxide,  chloride  and  bromide.  The  bath  is 
highly  stable  and  does  not  adversely  affect  the  base  material 
being  plated. 



T e c h n i c a l   F i e l d  

The  i n v e n t i o n   is  a  p r o c e s s   for   e l e c t r o p l a t i n g  

p a l l a d i u m   and  p a l l a d i u m   a l l o y s   from  an  a q u e o u s   p l a t i n g  

b a t h .  

B a c k g r o u n d   of  the   I n v e n t i o n  

P r e c i o u s   m e t a l s   a r e   used  as  p r o t e c t i v e   f i l m s   o n  

s u r f a c e s   fo r   a  v a r i e t y   of  r e a s o n s .   In  the  j e w e l r y   t r a d e ,  

i t   is   used   to  i m p r o v e   t he   a p p e a r a n c e   of  an  a r t i c l e   as  i n  

go ld   p l a t e d   j e w e l r y .   In  o t h e r   a p p l i c a t i o n s ,   i t   is  u sed   t o  

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

m a t e r i a l s .   In  the   e l e c t r i c a l   a r t s   p r o t e c t i v e   f i l m s   made  o f  

p r e c i o u s   m e t a l s   a re   used   as  c o n d u c t i o n   p a t h s   in  e l e c t r i c a l  

c i r c u i t s   and  as  c o n t a c t   s u r f a c e s   in  d e v i c e s   w i t h   e l e c t r i c a l  

c o n t a c t s .   Gold  is   used   e x t e n s i v e l y   in  t h e s e   a p p l i c a t i o n s  

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

makes  i t   a t t r a c t i v e   to  look   at  o t h e r   p r e c i o u s   m e t a l s   a s  

p r o t e c t i v e   f i l m s   on  v a r i o u s   s u r f a c e s .  

P a l l a d i u m   and  p a l l a d i u m   a l l o y s   a re   u s e d  

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

T y p i c a l   e x a m p l e s   a re   t he   j e w e l r y   t r a d e   where   such  f i l m s   a r e  

used  to  p r o t e c t   s u r f a c e s   a g a i n s t   c o r r o s i o n   and  to  i m p r o v e  

a p p e a r a n c e ,   in  the  e l e c t r i c a l   a r t s   in  v a r i o u s   e l e c t r i c a l  

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

for   v a r i o u s   t y p e s   of  o p t i c a l   d e v i c e s .  

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

h a r d n e s s ,   p a l l a d i u m   is  e s p e c i a l l y   a t t r a c t i v e   as  a n  

e l e c t r i c a l   c o n t a c t   m a t e r i a l   in  e l e c t r i c a l   c o n n e c t o r s ,   r e l a y  

c o n t a c t s ,   s w i t c h e s ,   e t c .   V a r i o u s   p a l l a d i u m   a l l o y s   such   a s  

p a l l a d i u m - s i l v e r ,   p a l l a d i u m - n i c k e l ,   and  p a l l a d i u m - c o p p e r  

are   a l s o   u s e f u l   for   the   same  a p p l i c a t i o n s .   I n d e e d ,   b e c a u s e  

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

a l l o y s   become  more  and  more  a t t r a c t i v e   e c o n o m i c a l l y   as  a 

c o n t a c t   m a t e r i a l ,   s u r f a c e   m a t e r i a l ,   and  in  o t h e r  



a p p l i c a t i o n s .   In  many  a p p l i c a t i o n s   w h e r e   g o l d   is  now  u s e d ,  

i t   is   o f t e n   e c o n o m i c a l l y   a t t r a c t i v e   to  use  p a l l a d i u m ,  

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

d u c t i l e   and  a d h e r e n t   p a l l a d i u m   is  a v a i l a b l e .  

H i g h l y   d e s i r a b l e   is   a  p r o c e s s   fo r   p l a t i n g  

p a l l a d i u m   from  an  a q u e o u s   s o l u t i o n   w h i c h   is   r a p i d   a n d  

y i e l d s   p a l l a d i u m   and  p a l l a d i u m - a l l o y   f i l m s   wh ich   a r e  

d u c t i l e ,   a d h e r e n t   and  f r e e   from  h y d r o g e n .   F u r t h e r ,   i t   i s  

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

d o e s   n o t   r e q u i r e   s u b s e q u e n t   h e a t   t r e a t m e n t   to  r e m o v e  

h y d r o g e n ,   i m p r o v e   d u c t i l i t y   or  a d h e r e n c e .   In  m a n y  

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

b a t h   no t   c h e m i c a l l y   a t t a c k   t h e   s u r f a c e   b e i n g   p l a t e d   so  t h a t  

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

P a l l a d i u m   p l a t i n g   p r o c e s s e s   have  been   d e s c r i b e d   in  a  n u m b e r  

of  r e f e r e n c e s   i n c l u d i n g   U.  S.  P a t e n t   1 , 9 7 0 , 9 5 0 ,   i s s u e d   t o  

E.  M.  Wise  on  A u g u s t   21,  1934;   U.  S.  P a t e n t   1 , 9 9 3 , 6 2 3 ,  

i s s u e d   to  A.  R.  R a p e r   on  March  5,  1935 ;   a n d  

U.  S.  P a t e n t   3 , 2 9 0 , 2 3 4 ,   i s s u e d   to  E.  A.  P a r k e r   et  al  on  

D e c e m b e r   6,  1 9 6 6 .   E t h y l e n e d i a m i n e   has   been   used  in  a  

p a l l a d i u m   a l l o y   p l a t i n g   p r o c e d u r e   ( U . S . S . R .   P a t e n t  

No.  5 1 9 , 4 9 7   i s s u e d   30  J u n e   1 9 7 6 ) ;   (C.  A.  85:  113802m)  a n d  

i t   was  known  to  t he   i n v e n t o r s   t h a t   e t h y l e n e d i a m i n e   i s  

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

c o m p o s i t i o n   b a t h :   28  gm/1  P d C l 2 ,   140  gm/1  Na2SO4  a n d  

s u f f i c i e n t   e t h y l e n e d i a m i n e   to  d i s s o l v e   t h e   P d C l 2 .   The  b a t h  

is   used   a t   room  t e m p e r a t u r e ,   the   c u r r e n t   d e n s i t y   i s  

20  mA/cm2  and  t he   pH  b e t w e e n   11  and  1 2 .  

Summary  of  t he   I n v e n t i o n  

The  i n v e n t i o n   is  a  p r o c e s s   fo r   e l e c t r o p l a t i n g  

p a l l a d i u m   ( b o t h   p u r e   m e t a l   and  a l l o y s   w i t h   v a r i o u s   m e t a l s )  

from  an  a q u e o u s   p l a t i n g   s o l u t i o n   in  w h i c h   t h e   p l a t i n g  

s o l u t i o n   c o m p r i s e s   p a l l a d i u m   in  the   form  of  a  c o m p l e x   i o n  

and  the   c o m p l e x i n g   a g e n t   is   one  or  more  o r g a n i c   a l i p h a t i c  

p o l y a m i n e s   w i t h   from  t h r e e   to  20  c a r b o n   a t o m s .   B o t h  

s t r a i g h t   c h a i n   and  b r a n c h   c h a i n   a l i p h a t i c   g r o u p s   may  b e  

a t t a c h e d   to  the   amine   g r o u p s .   T y p i c a l   c o m p l e x i n g   a g e n t s  



a re   d i a m i n o p r o p a n e   ( p a r t i c u l a r l y   1 , 3 - d i a m i n o p r o p a n e ) ,  

d i e t h y l e n e t r i a m i n e ,   1 , 4 - d i a m i n o b u t a n e ,   1 , 6 - d i a m i n o h e x a n e ,  

e t c .   S e c o n d a r y   p o l y a m i n e s   such   as  N,N'  d i m e t h y l - 1 , 3 -  

p r o p a n e d i a m i n e   and  t e r t i a r y   p o l y a m i n e s   such   as  N , N , N ' N '  

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

t o t a l   number   of  c a r b o n   a toms   does   no t   e x c e e d   20.  A  l i m i t e d  

number   of  s u b s t i t u e n t s   a re   a l s o   u s e f u l ,   such  as  h y d r o x y  

g r o u p s   ( i . e . ,   2 - h y d r o x y - 1 , 3 - d i a m i n o p r o p a n e )   and  h a l o g e n  

g r o u p s   such   as  c h l o r i d e   and  b r o m i d e .   I t   is  p r e f e r r e d   t h a t  

the  a q u e o u s   e l e c t r o p l a t i n g   b a t h   be  a l k a l i n e   (pH  g r e a t e r  

t h a n   7 .0 )   to  a v o i d   c o r r o s i o n   of  t he   s u r f a c e   b e i n g   p l a t e d  

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

g r e a t e r   t h a n   10-3   m h o - c m ) .   A d d i t i o n a l   s u b s t a n c e s   may  b e  

added   to  the   p a l l a d i u m   p l a t i n g   b a t h   to  c o n t r o l   and  a d j u s t  

pH  ( such   as  a  b u f f e r ) ,   to  i n c r e a s e   c o n d u c t i v i t y   and  t o  

i m p r o v e   the   p r o p e r t i e s   of  t he   p l a t e d   m e t a l .   T y p i c a l  

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

( i . e . ,   p h e n o l p h t h a l e i n ,   p h e n o l s u l f o n e - p h t h a l e i n ,   e t c . ) ,  

l a c t a m s ,   c y c l i c   s u l f a t e   e s t e r s ,   c y c l i c   i m i d e s   and  c y c l i c  

o x a z o l i n o n e s .   C e r c a i n   p o l y a l k o x y l a t e d   a l k y l p h e n o l s   may 

a l s o   be  u s e f u l .   The  p r o c e s s   is  a l s o   u s e f u l   for   p l a t i n g  

c e r t a i n   p a l l a d i u m   a l l o y s   i n c l u d i n g   10  mole  p e r c e n t  

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

B r i e f   D e s c r i p t i o n   of  the   D r a w i n g  

The  F i g u r e   shows  a  t y p i c a l   a p p a r a t u s   u s e f u l   i n  

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

w i t h   t he   i n v e n t i o n .  

D e t a i l e d   D e s c r i p t i o n  

The  i n v e n t i o n   is  a  p r o c e s s _ f o r   e l e c t r o p l a t i n g  

p a l l a d i u m   m e t a l   or  p a l l a d i u m   a l l o y   in  which   a  c e r t a i n   c l a s s  

of  o r g a n i c   a l i p h a t i c   p o l y a m i n e s   is  used   as  c o m p l e x i n g   a g e n t  

in  t he   p a l l a d i u m   p l a t i n g   b a t h .   Most  u s e f u l   are   a l i p h a t i c  

p o l y a m i n e s   w i t h   from  t h r e e   to  20  c a r b o n   a t o m s .   C o m p l e x i n g  

a g e n t s   w i t h   l e s s   t han   t h r e e   c a r b o n   a t oms   y i e l d   u s e f u l  

r e s u l t s   bu t   t end   to  e v a p o r a t e   and  l i m i t   the   l i f e t i m e   of  t h e  

b a t h .   C o m p l e x i n g   a g e n t s   w i t h   more  t h a n   20  c a r b o n   a t o m s  

u s u a l l y   have  l i m i t e d   s o l u b i l i t y   in  a q u e o u s   s o l u t i o n s .  



A r o m a t i c   p o l y a m i n e s   a re   a l s o   u s e f u l   bu t   o f t e n   a re   d i f f i c u l t  

to  work  w i t h   ( o f t e n   p o i s o n o u s   w i t h   u n d e s i r a b l e   o d o r ) .   M o s t  

p r e f e r r e d   a re   t h e   c o m p l e x i n g   a g e n t s   1 , 3 - d i a m i n o p r o p a n e   a n d  

d i e t h y l e n e t r i a m i n e   b e c a u s e   of  t he   e x c e l l e n t   q u a l i t y   of  t h e  

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

c u r r e n t   d e n s i t y   ( a b o v e   50  ASF) .   In  a d d i t i o n ,   t h e  

c o n d i t i o n s   (pH,  t e m p e r a t u r e ,   e t c . )   u n d e r   which   o p t i m u m  

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

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

h y d r o g e n .   A l s o ,   u n d e s i r a b l e   c h e m i c a l   a t t a c k   on  the   s u r f a c e  

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

c o n d i t i o n s   of  p l a t i n g   w i t h   t h e s e   c o m p l e x i n g   a g e n t s .  

W i t h i n   t h e   l i m i t a t i o n s   s e t   f o r t h   a b o v e ,   t h e  

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

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

s u b s t i t u e n t s   w h i c h   do  no t   s i g n i f i c a n t l y   a l t e r   t h e i r  

c o m p l e x i n g   p r o p e r t i e s   bu t   may  i n c r e a s e   s o l u b i l i t y ,  

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

p o t e n t i a l ,   e t c .   T y p i c a l   s u b s t i t u e n t s   a re   h y d r o x y l   g r o u p s ,  
c h l o r i d e   and  b r o m i d e .   Tne  c c m p l e x i n g   a g e n t s   s h o u l d   b e  

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

in  p a r t i c u l a r   n o t   u n d e r g o   o x i d a t i o n   or  r e d u c t i o n   u n d e r   t h e  

c o n d i t i o n s   of  t h e   e l e c t r o p l a t i n g   p r o c e s s .   For  e x a m p l e ,  

c a r b o x y l i c   a c i d   g r o u p s   s h o u l d   be  a v o i d e d   b e c a u s e   s u c h  

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

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

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

a l o n g   w i t h   h y d r o g e n .  

O f t e n   the   c h o i c e   of  a  p a r t i c u l a r   p o l y a m i n e  

c o m p l e x i n g   a g e n t   d e p e n d s   on  e l e c t r o c h e m i c a l   s t a b i l i t y .   I t  

is   o f t e n   a d v a n t a g e o u s   to  have   a  r e d u c t i o n   p o t e n t i a l   f a r  

removed  from  t he   r e d u c t i o n   p o t e n t i a l   of  w a t e r   so  t h a t   e v e n  

at   h igh   p l a t i n g   r a t e s ,   h y d r o g e n   is  n o t   l i b e r a t e d   a s  

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

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

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

p a l l a d i u m   a re   s i l v e r ,   c o p p e r ,   n i c k e l ,   c o b a l t ,   i r o n ,   g o l d ,  



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

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

s i l v e r .   P r e f e r r e d   a re   a l l o y s   c o m p r i s i n g   at   l e a s t   10  m o l e  

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

O t h e r   u s e f u l   a l l o y s   are   60  mole  p e r c e n t   p a l l a d i u m ,  

r e m a i n d e r   s i l v e r ,   c o p p e r   a n d / o r   n i c k e l ,   40  mole  p e r c e n t  

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

The  p a l l a d i u m - s i l v e r   a l l o y s   a re   p a r t i c u l a r l y   u s e f u l ,  

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

A  l a r g e   v a r i e t y   of  c o u n t e r   i o n s   ( a n i o n s )   may  b e  

used  in  t he   e l e c t r o p l a t i n g   b a t h   p r o v i d e d   the   a n i o n s   a r e  

s t a b l e   ( c h e m i c a l l y   and  e l e c t r o c h e m i c a l l y )   and  in  p a r t i c u l a r  

a re   no t   s u b j e c t   to  o x i d a t i o n   or  r e d u c t i o n   unde r   c o n d i t i o n s  

of  t he   e l e c t r o p l a t i n g   p r o c e s s .   In  a d d i t i o n ,   the   a n i o n  

s h o u l d   no t   i n t e r f e r e   w i t h   t he   p l a t i n g   p r o c e s s   by  e i t h e r  

c h e m i c a l   a t t a c k   on  the   s u r f a c e   b e i n g   p l a t e d   or  on  the   m e t a l  

c o m p l e x   s y s t e m .   T y p i c a l   a n i o n s   a re   h a l i d e s ,   n i t r a t e ,  

s u l f a t e   and  p h o s p h a t e s .   C h l o r i d e   ion  is  p r e f e r r e d   b e c a u s e  

of  t he   low  c o s t   of  p a l l a d i u m   c h l o r i d e   and  the   s t a b i l i t y   o f  

the   c h l o r i d e   ion  unde r   c o n d i t i o n s   of  t he   e l e c t r o p l a t i n g  

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

a b o v e ,   may  be  used   as  s u p p o r t i n g   e l e c t r o l y t e   to  i n c r e a s e  

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

fo r   the   s u p p o r t i n g   e l e c t r o l y t e   may  be  any  s o l u b l e   ion  w h i c h  

does   no t   i n t e r f e r e   w i th   the   e l e c t r o p l a t i n g   p r o c e s s .  
A l k a l i - m e t a l   i o n s   (Na,  K,  Li)  a re   p a r t i c u l a r l y   p r e f e r r e d  

b e c a u s e   of  s o l u b i l i t y   and  s t a b i l i t y .  

V a r i o u s   c o m p o u n d s   may  be  used   as  a  s o u r c e   o f  

p a l l a d i u m .   P a l l a d i u m   c h l o r i d e   i s   p r e f e r r e d   b e c a u s e   o f  

a v a i l a b i l i t y   and  s t a b i l i t y .   A l s o ,   u s e f u l   a re   c o m p o u n d s  

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

as  a l k a l i - m e t a l   t e t r a c h l o r o p a l l a d a t e   ( i . e . ,   K 2 P d C l 4 ) .  
These   c o m p o u n d s   may  be  used  i n i t i a l l y   to  make  the   ba th   a n d  

to  r e p l e n i s h   the   b a t h .  

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

u s i n g   o r g a n i c   a l i p h a t i c   p o l y a m i n e s   as  c o m p l e x i n g   a g e n t   a r e  
the   i m p r o v e d   c o n d i t i o n s   of  p l a t i n g   wh ich   r e d u c e   c h e m i c a l  



a t t a c k   on  t he   s u r f a c e   b e i n g   p l a t e d ,   a v o i d   p r o d u c t i o n   o f  

h y d r o g e n   e v e n   at  h i g h   p l a t i n g   r a t e s ,   such  as  above   215  o r  

even  a b o v e   538  m A / s q .   cm  ( a b o v e   200  or  even   above   500  ASF ,  

r e s p e c t i v e l y )   and  i m p r o v e   t h e   q u a l i t y   of  p l a t i n g   even   a t  

v e r y   h i g h   p l a t i n g   r a t e s .   For  e x a m p l e ,   the   pH  of  the   b a t h  

may  v a r y   o v e r   l a r g e   l i m i t s ,   bu t   g e n e r a l l y   a l k a l i n e   a q u e o u s  
s o l u t i o n   i s   p r e f e r r e d   ( t y p i c a l l y   pH  from  7 .5   to  1 3 . 5 )   w i t h  

the  r a n g e   f rom  11 .0   to  12 .5   p r e f e r r e d .   The  p r e f e r e n c e  

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

u s e d ,   n a m e l y   1 , 3 - d i a n i n o p r o p a n e   and  d i e t h y l e n e t r i a m i n e .  

W i t h i n   t h e   pH  r a n g e ,   v e r y   r a p i d   p l a t i n g   can  be  c a r r i e d   o u t  

w i t h   e x c e l l e n t   p l a t i n g   r e s u l t s .   G e n e r a l l y ,   a  b a t h  

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

s o l u t i o n   is   p r e f e r r e d   b e c a u s e   of  d e c r e a s e d   a t t a c k   on  t h e  

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

e v o l u t i o n .  

The  p l a t i n g   p r o c e s s   may  be  c a r r i e d   out   w i t h   o r  

w i t h o u t   a  b u f f e r   s y s t e m .   A  b u f f e r   s y s t e m   is  o f t e n  

p r e f e r r e d   b e c a u s e   i t   m a i n t a i n s   c o n s t a n t   pH  and  adds   to  t h e  

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

p h o s p h a t e   s y s t e m ,   b o r a x ,   b i c a r b o n a t e ,   e t c .   P r e f e r r e d   i s  

t he   H P 0 4 2 / P 0 4 3   s y s t e m   o f t e n   made  by  a d d i n g   an  a l k a l i - m e t a l  

h y d r o x i d e   (KOH,NaOH,  e t c . )   to  an  a q u e o u s   s o l u t i o n   of  t h e  

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

b u f f e r   v a r i e s   f rom  a b o u t   0 .1  Mola r   to  2  Mola r   ( a b o u t  

1 . 0  +   0 .2  Mola r   p r e f e r r e d )   and  the   mole  r a t i o   of  h y d r o g e n  

p h o s p h a t e   to  p h o s p h a t e   v a r i e s   from  5/1  to  1/5  ( w i t h   e q u a l  

mole  a m o u n t s   w i t h i n   +  50  p e r c e n t   p r e f e r r e d ) .   These   m o l e  

r a t i o s   o f t e n   d e p e n d   on  t he   p a r t i c u l a r   pH  d e s i r e d   fo r   t h e  

p l a t i n g   b a t h .  

The  b a t h   t e m p e r a t u r e   may  v a r y   ove r   l a r g e   l i m i t s ,  

t y p i c a l l y   f rom  t he   f r e e z i n g   p o i n t   to  t he   b o i l i n g   p o i n t   o f  

the   e l e c t r o p l a t i n g   b a t h .   O f t e n ,   t he   p r e f e r r e d   p l a t i n g  

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

c o n c e n t r a t i o n ,   p l a t i n g   c e l l   d e s i g n ,   pH  and  p l a t i n g   r a t e .  

P r e f e r r e d   t e m p e r a t u r e s   for   t y p i c a l   c o n d i t i o n s   a re   from  r o o m  

t e m p e r a t u r e   to  a b o u t   80  d e g r e e s   C  w i t h   40  to  60  d e g r e e s   C 



most   p r e f e r r e d .  

V a r i o u s   s u r f a c e s   may  be  p l a t e d   u s i n g   t h e  

d i s c l o s e d   p r o c e s s .   U s u a l l y ,   the   p l a t i n g   would  be  c a r r i e d  

out   on  a  m e t a l   s u r f a c e   or  a l l o y   s u r f a c e ,   but   any  c o n d u c t i n g  

s u r f a c e   would  a p p e a r   s u f f i c i e n t .   A l s o ,   e l e c t r o l e s s l y  

p l a t e d   s u r f a c e s   may  be  u s e f u l .   T y p i c a l   m e t a l   and  a l l o y  

s u r f a c e s   a re   c o p p e r ,   n i c k e l ,   g o l d ,   p l a t i n u m ,   p a l l a d i u m   ( a s ,  

fo r   e x a m p l e ,   a  s u r f a c e   e l e c t r o l e s s l y   p l a t e d   w i t h   p a l l a d i u m  

and  t hen   e l e c t r o p l a t e d   w i t h   p a l l a d i u m   in  a c c o r d a n c e   w i t h  

the   i n v e n t i o n ) .   V a r i o u s   a l l o y   s u r f a c e s   may  a l s o   be  u s e d  

such  as  c o p p e r - n i c k e l - t i n   a l l o y s .  

The  c o m p o s i t i o n   of  t he   b a t h   may  v a r y   ove r   l a r g e  

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

s i g n i f i c a n t   a m o u n t s   of  one  or  more  p o l y a m i n e s   of  the   c l a s s  

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

be  p r e s e n t   to  c o m p l e x   w i t h   t h e   p a l l a d i u m .   U s u a l l y ,   i t   i s  

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

s o l u t i o n .  

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

v a r i e s   from  0 .01   Mola r   to  s a t u r a t i o n .   P r e f e r r e d  

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

a g i t a t i o n ,   e t c .   T y p i c a l   p r e f e r r e d   p a l l a d i u m   c o n c e n t r a t i o n  

r a n g e s   fo r   h i g h - s p e e d   p l a t i n g   (54  to  1076  mA/sq .   cm.)  [50  

to  1000  ASF]  a r e   h i g h e r   t h a n   for   l o w - s p e e d   p l a t i n g   (up  t o  

54  mA/sq .   cm.)  [up  to  50  ASF] .   P r e f e r r e d   p a l l a d i u m  

c o n c e n t r a t i o n   r a n g e s   fo r   h i g h - s p e e d   p l a t i n g   v a r y   from  0 . 1  

to  1.0  M o l a r .   For  l o w - s p e e d   p l a t i n g ,   the   p r e f e r r e d   r a n g e  
is   from  0 .05   to  0 .2  M o l a r .   Where  p a l l a d i u m   a l l o y   p l a t i n g  

is  i n c l u d e d ,   t he   a l l o y   m e t a l   ( u s u a l l y   c o p p e r ,   s i l v e r   o r  

n i c k e l )   r e p l a c e s   p a r t   of  the   p a l l a d i u m   in  the   c o m p o s i t i o n  

of  the   p l a t i n g   b a t h .   Up  to  90  mole  p e r c e n t   of  p a l l a d i u m  

may  be  r e p l a c e d   by  a l l o y   m e t a l .  

The  amoun t   of  c o m p l e x i n g   a g e n t   ( p o l y a m i n e )   may 

v a r y   over   l a r g e   l i m i t s ,   t y p i c a l l y   from  0.5  t i m e s   (on  t h e  

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

to  s a t u r a t i o n   of  the   c o m p l e x i n g   a g e n t .   G e n e r a l l y ,   i t   i s  

p r e f e r r e d   to  have  e x c e s s   c o m p l e x i n g   a g e n t ,   t y p i c a l l y   f r o m  



two  t i m e s   to  12  t i m e s   the   mole   c o n c e n t r a t i o n   of  t h e  

p a l l a d i u m   s p e c i e s .   Most  p r e f e r r e d   i s   a b o u t   s i x   t i m e s   t h e  

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

c o m p l e x i n g   a g e n t   in  t e r m s   of  p a l l a d i u m   s p e c i e s   are  t he   s a m e  

f o r   h i g h - s p e e d   and  l o w - s p e e d   b a t h s .  

The  c o n c e n t r a t i o n   of  b u f f e r   may  v a r y   ove r   l a r g e  

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

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

v a r i e s   f rom  0 .1   Mola r   to  s a t u r a t i o n   w i t h   from  0.2  t o  

2 .0   Mola r   p r e f e r r e d .  

The  b a t h   may  be  p r e p a r e d   in  a  v a r i e t y   of  w a y s  
w e l l   known  in  t h e   a r t .   A  t y p i c a l   p r e p a r a t i o n   p r o c e d u r e  

w h i c h   y i e l d s   e x c e l l e n t   r e s u l t   is   s e t   f o r t h   b e l o w :   E q u a l  

v o l u m e s   (142  mls)   of  1 , 3 - d i a m i n o p r o p a n e   and  w a t e r   a re   m i x e d  

in  a  b e a k e r .   Heat   of  s o l u t i o n   is  s u f f i c i e n t   to  h e a t   t h e  

r e s u l t i n g   s o l u t i o n   to  a b o u t   60  d e g r e e s   C.  To  t h i s   s o l u t i o n  

w i t h   v i g o r o u s   s t i r r i n g   a re   added   50  gms  of  PdCl2  i n  

p o r t i o n s   of  0 .5   gms  e v e r y   two  m i n u t e s .   S i n c e   the   r e s u l t i n g  

r e a c t i o n   is  e x o t h e r m i c ,   the   s o l u t i o n   can  be  m a i n t a i n e d   a t  

60  d e g r e e s   C  by  a d j u s t i n g   t he   r a t e   of  a d d i t i o n   of  P d C l 2 .  
The  s o l u t i o n   is   f i l t e r e d   to  r emove   s o l i d   m a t t e r   ( g e n e r a l l y  

u n d i s s o l v e d   PdC12  or  PdO)  and  d i l u t e d   to  one  l i t e r .  

To  t h i s   s o l u t i o n   a re   added   127  gms  of  K3P04  a n d  

70  gms  of  K2HP04.  The  pH  is   12 .3   a t   25  d e g r e e s   C  and  c a n  

be  a d j u s t e d   upward   by  the   a d d i t i o n   of  KOH  and  downward   b y  

t h e   a d d i t i o n   of  H3PO4.  
E l e c t r o p l a t i n g   e x p e r i m e n t s   a r e   c a r r i e d   ou t   in  a n  

e l e c t r o p l a t i n g   c e l l   p r o v i d e d   w i t h   means   fo r   h igh   a g i t a t i o n .  

T e m p e r a t u r e   is   m a i n t a i n e d   b e t w e e n   5 0  a n d   65  d e g r e e s   C ,  

55  d e g r e e s   p r e f e r r e d .   C u r r e n t   is  p a s s e d   t h r o u g h   a n o d e ,  

e l e c t r o p l a t i n g   b a t h   and  c a t h o d e .   The  e l e c t r i c a l   e n e r g y   i s  

s u p p l i e d   by  a  c o n v e n t i o n a l   power  s u p p l y .   The  c u r r e n t  

d e n s i t y   is  188  m A / s q .   cm.  (175  ASF) .   T y p i c a l   t h i c k n e s s e s  

in  t h e s e   e x p e r i m e n t s   a re   102  to  381pm  (40  t o  

150  m i c r o i n c h e s ) .   The  d e p o s i t   is  c r a c k   f r e e   as  d e t e r m i n e d  

by  a  s c a n n i n g   e l e c t r o n   m i c r o g r a p h   a t   1 0 , 0 0 0   m a g n i f i c a t i o n .  

Both   a d h e r e n c e   and  d u c t i l i t y   a re   e x c e l l e n t .   S i m i l a r  



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

0.5  Molar   p a l l a d i u m .   P l a t i n g   r a t e   is  o f t e n   d e t e r m i n e d   b y  

the  t h i c k n e s s   d e s i r e d   a f t e r   a  p r e d e t e r m i n e d   p e r i o d   o f  

p l a t i n g .   For  e x a m p l e ,   in  a  s t r i p   l i n e   p l a t i n g   a p p a r a t u s  

( s e e ,   for   e x a m p l e ,   U.  S.  P a t e n t   No.  4 , 1 5 3 , 5 2 3   i s s u e d   t o  

D.  E.  K o o n t z   and  D.  R.  T u r n e r   on  May  8,  1979  and  U.  S .  

P a t e n t   No.  4 , 2 3 0 , 5 3 8   i s s u e d   to  D.  R.  T u r n e r   on  O c t o b e r   2 8 ,  

1980)  the   s t r i p   l i n e   b e i n g   p l a t e d   is  e x p o s e d   to  the   p l a t i n g  

s o l u t i o n   fo r   a  s e t   p e r i o d   of  t ime   ( d e p e n d i n g   on  the   s p e e d  

the  s t r i p   is  mov ing   down  t h e   l i n e   and  the   l e n g t h   of  t h e  

p l a t i n g   c e l l )   and  t he   p l a t i n g   r a t e   is  a d j u s t e d   to  g i v e   t h e  

d e s i r e d   t h i c k n e s s   in  t h i s   p e r i o d   of  t i m e .   S i m i l a r   r e s u l t s  

are   o b t a i n e d   w i t h   d i e t h y l e n e t r i a m i n e .   E x p e r i m e n t s   c a r r i e d  

out   w i t h   2  h y d r o x y p r o p a n e d i a m i n e ,   1 , 4 - d i a m i n o b u t a n e ,   1 , 5 -  

d i a m i n o p e n t a n e   and  1 , 6 - d i a m i n o h e x a n e   y i e l d   s i m i l a r   r e s u l t s .  

S i m i l a r   r e s u l t s   a re   o b t a i n e d   w i t h   l o w - s p e e d  

b a t h s .   Here  t he   p r e p a r a t i o n   p r o c e d u r e   is   e x a c t l y   t he   s a m e  

e x c e p t   t he   q u a n t i t y   of  r e a g e n t s   a re   d i f f e r e n t .   A  t y p i c a l  

b a t h   c o n t a i n s   1 6 . 6 6   gms  P d C l 2 ,   42  gms  p o l y a m i n e   c o m p l e x i n g  

a g e n t ,   42  gms  K3P04,   139  gms  K2HP04  and  s u f f i c i e n t   w a t e r   t o  

make  one  l i t e r .   The  p r e p a r a t i o n   p r o c e d u r e   is  e x a c t l y   t h e  

same  as  a b o v e .   The  pH  is  a b o u t   10.8  at  55  d e g r e e s   C  a n d  

p l a t i n g   is  c a r r i e d   out   in  t he   t e m p e r a t u r e   r ange   from  50  t o  

65  d e g r e e s   C.  T y p i c a l   s low  p l a t i n g   r a t e s   a re   a b o u t  

11  mA/sq .   cm.  (10  A S F ) .  

S i m i l a r   e x p e r i m e n t s   were  c a r r i e d   out   on  t h e  

f o l l o w i n g   b a t h   c o m p o s i t i o n s .   In  t h e s e ,   in  E x a m p l e s   1  to  7 

c u r r e n t   d e n s i t i e s   v a r i e d   over   wide  r a n g e s   i n c l u d i n g   up  t o  

861  mA/sq .   cm.  (800  ASF)  t h i c k n e s s e s  w e r e   up  to  508  µm  (200  

m i c r o i n c h e s ) ,   and  e l e c t r o p l a t i n g   was  c a r r i e d   out   on  a 

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

Example   1  13 .3   gm/1  P d C l 2 ,   15 .5   gm/1  d i e t h y l e n e t r i a m i n e  

and  p h o s p h a t e   b u f f e r .   E l e c t r o p l a t i n g   was  c a r r i e d   out   a t  

55  d e g r e e s   C .  

Example  2  6 .67   gm/1  P d C l 2 ,   12 .0   gm/1  1 , 6 - h e x a d i a m i n e   a n d  

p h o s p h a t e   b u f f e r .   E l e c t r o p l a t i n g   was  c a r r i e d   out  a t  

55  d e g r e e s   C .  



Example   3  6 .67   gm/1  P d ( N O 3 ) 2 ,   12 .0   gm/1  1 , 6 - h e x a d i a m i n e  

and  p h o s p h a t e   b u f f e r .   E l e c t r o p l a t i n g   was  c a r r i e d   ou t   a t  

55  d e g r e e s   C .  

Example   4  12 .0   gm/1  P d C l 2 ,   18 .0   gm/1  1 , 4 - b u t a d i a m i n e   a n d  

p h o s p h a t e   b u f f e r .   E l e c t r o p l a t i n g   was  c a r r i e d   ou t   at   55  

d e g r e e s   C .  

E x a m p l e   5  0 . 0 5   Mola r   P d ( N O 3 ) 2 ,   0 .1   M o l a r  

d i e t h y l e n e t r i a m i n e ,   no  b u f f e r ,   0 .4   Mola r   KN03.  The  pH  w a s  

v a r i e d   by  the   a d d i t i o n   of  KOH  from  10  to  14,  t e m p e r a t u r e  

from  20  d e g r e e s   C  to  70  d e g r e e s   C .  

Example   6  0 . 1 2 0 1   Mola r   P d ( N O 3 ) 2 ,   3 .2   M o l a r  

d i e t h y l e n e t r i a m i n e ,   0 .5   Mola r   KN03,  no  b u f f e r .   The  pH  w a s  

v a r i e d   f rom  12  to  14  by  a d d i t i o n   of  NaOH.  T e m p e r a t u r e   w a s  

a b o u t   65  d e g r e e s   C .  

Example   7  0 . 0 2 0 9 7   Mola r   P d S O 4   2H20,  0 .1   M o l a r  

d i e t h y l e n e t r i a m i n e ,   0 . 4 1 9   Mola r   Na2SO4.   The  pH  r a n g e   w a s  

v a r i e d   f rom  1 0 . 2   to  13 .5   by  a d d i t i o n   of  NaOH,  t e m p e r a t u r e  

v a r i e d   f rom  20  d e g r e e s   C  to  70  d e g r e e s   C.  

Example   8  0 . 0 5 2   Mola r   P d C l 2 ,   0 .4   Mola r   1 , 4 - d i a m i n o b u t a n e ,  

Na2SO4  and  NaCl  as  s u p p o r t i n g   e l e c t r o l y t e ,   no  b u f f e r .  

E l e c t r o p l a t e d   a t   46  m A / s q .   cm.  (43  ASF)  to  351  µm  ( 1 3 8  

m i c r o i n c h e s )   on  c o p p e r .   D e p o s i t   is   b r i g h t   and  a d h e r e n t .  

R e p e a t   as  70  m A / s q .   cm.  (65  ASF)  to  351  µm 

(138  m i c r o i n c h e s ) .  

Example   9  0 . 1 1   M o l a r   P d S O 4 ·   2H20,  0 . 97   M o l a r  

d i e t h y l e n e t r i a m i n e ,   1  Mola r   KN03  as  s u p p o r t i n g   e l e c t r o l y t e  

and  NaOH  to  pH  of  1 2 . 5 .   T e m p e r a t u r e   65  to  70  d e g r e e s   C,  

h i g h   a g i t a t i o n ,   p l a t e d   on  c o p p e r   a t   r a t e s   164,   211,   2 5 7 ,  

293  and  323  m A / s q .   cm.  ( 152 ,   1 9 5 ,  2 3 9 ,   272  and  300  A S F ,  

r e s p e c t i v e l y )   to  a  t h i c k n e s s   of  351µm  (138  m i c r o i n c h e s ) .  

E x c e l l e n t   b r i g h t n e s s   and  a d h e r e n c e .   On  a d d i n g   m o r e  

P d S O 4 ·   2H2O,  went   to  p l a t i n g   r a t e   of  594  m A / s q .   c m .  
(552  A S F ) .  

Example   10  S i m i l a r   to  Example   9,  b u t   for   0 . 0 2 7   M o l a r  

P d  ( N O 3 ) 2 ·   2H20,  0 . 1 0   Mola r   1 , 3 - d i a m i n o p r o p a n e ,   no  b u f f e r ,  

pH  v a r i e d   f rom  1 1 . 2   to  1 3 . 0 .  

Example   11  S i m i l a r   to  Example   9,  bu t   fo r   0 . 0 5 4   M o l a r  



P d ( N 0 3 ) 2   2H20,  0 .2  Molar   d i e t h y l e n e t r i a m i n e ,   p h o s p h a t e  

b u f f e r ,   pH  a d j u s t e d   to  13  w i t h   NaOH,  t e m p e r a t u r e   o f  

55  d e g r e e s   C.  E l e c t r o p l a t e d   on  P t ,   Pd  and  Au. 

Example   12  0 . 2 8 2   Molar   P d C l 2 ,   0.7  Molar   1 , 3 -  

d i a m i n o p r o p a n e ,   75  gm/1  Na2SO4  s u p p o r t i n g   e l e c t r o l y t e ,  

12.5   gm/1  K2HP04  b u f f e r .   E l e c t r o p l a t e d   on  bo th   go ld   a n d  

c o p p e r   s u r f a c e s   at  60  to  65  d e g r e e s   C,  pH  of  12.5   at  1 6 1 ,  

215,  269,   323,  431  and  538  mA/sq .   cm.  (150,   200,  250,   3 0 0 ,  

400  and  500  ASF,  r e s p e c t i v e l y ) .   All   d e p o s i t s   were  a d h e r e n t  

and  b r i g h t   to  s e m i b r i g h t .  

Example   13  S i m i l a r   to  Example   12,  bu t   fo r   10  g m / 1  

P d ( N O 3 ) 2 ·   2H2O,  6  gm/1  1 , 3 - d i a m i n o p r o p a n e .  

Example   14  60  gm/1  P d C l 2 ,   7 5 . 2   gm/1  1 , 3 - d i a m i n o p r o p a n e ,  

175  gm/1  K2HP04,  pH  a d j u s t e d   w i t h   NaOH  to  pH  of  1 1 . 0 ,  

t e m p e r a t u r e   of  65  to  70  d e g r e e s   C.  E l e c t r o p l a t e d   at  r a t e s  

of  161,   215,  323,  431,   538,   646,   753,   861,   969  a n d  

1076  mA/sq .   cm.  (150 ,   200,   300,   400,   500,  600,  700,   8 0 0 ,  

900  and  1000  ASF,  r e s p e c t i v e l y ) .  

Example   15  Same  as  in  Example   14  e x c e p t   100  gm/1  K3PO4 
( i n s t e a d   of  K2HP04)  and  the   pH  was  1 1 . 4 .  

Example   16  Same  as  in  Example   14,  bu t   pH  was  1 2 . 4 ,   p l a t i n g  

r a t e   161  mA/sq .   cm.  (150  A S F ) .  

Example   17  1 2 7 . 5   gm/1  P d C l 2 ,   214  gm/1  1 , 3 - d i a m i n e   p r o p a n e ,  
104 .5   gm/1  K2HP04,  84 .9   gm/1  K3PO4,  i n i t i a l   pH  was  11 .7   a t  

25  d e g r e e s   C,  a d j u s t   w i t h   NaOH  to  12.0   at  25  d e g r e e s   C.  

E l e c t r o p l a t e d   at   60  to  65  d e g r e e s   at   54,  161,   269  and  538 

mA/sq .   cm.  (50,   150,  250  and  500  ASF,  r e s p e c t i v e l y ) .  

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

a c c o r d a n c e   w i t h   the  i n v e n t i o n .   A  t y p i c a l   ba th   c o m p o s i t i o n  

for   p a l l a d i u m   a l l o y   p l a t i n g   is  as  f o l l o w s :   69.6   gms  A 9 2 0 ,  

53 .2   gms  P d C l 2 ,   222  gms  1 , 3 - d i a m i n o p r o p a n e ,   106 .2   gms 

K3P04,  86 .5   gms  K2HPO4  and  w a t e r   to  one  l i t e r .   The  pH  o f  

the   b a t h   is  a d j u s t e d   to  11.3   by  t he   a d d i t i o n   of  KOH  o r  

H3PO4.  The  b a t h   t e m p e r a t u r e   is  m a i n t a i n e d   b e t w e e n   40  a n d  

65  d e g r e e s   C  and  c u r r e n t   d e n s i t y   b e t w e e n   1.1  and  538  m A / s q .  

cm.  (1  and  500  ASF).   The  o t h e r   p o l y a m i n e   c o m p l e x i n g  



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

d i e t h y l e n e t r i a m i n e .   A  u s e f u l   b a t h   fo r   p a l l a d i u m - n i c k e l  

p l a t i n g   is  as  f o l l o w s :   38 .9   gms  N i C l 2 ,   5 3 . 2   gms  P d C l 2 ,  
222  gms  1 , 3 - d i a m i n o p r o p a n e ,   106  gms  K3P04,   8 6 . 5   gms  K2HP04 
and  w a t e r   to  one  l i t e r .   P r e f e r r e d   o p e r a t i n g   t e m p e r a t u r e   i s  

f rom  40  to  65  d e g r e e s   C,  pH  is   a b o u t   12  and  c u r r e n t   d e n s i t y  

from  1 .1   to  538  m A / s q .   cm  (1  to  500  ASF) .   E x p e r i m e n t s   w e r e  

a l s o   done  w i t h   c o b a l t   s a l t   a d d e d   to  the   b a t h .  

T h e  s t r i p l i n e   p l a t i n g   a p p a r a t u s   d e s c r i b e d   in  t h e  

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

c a r r y i n g   ou t   t h e   p r o c e s s .   They  p e r m i t   good  c o n t r o l   of  t h e  

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

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

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

e l e c t r i c a l   c o n n e c t o r s   such   as  d e s c r i b e d   in  t he   a b o v e  

r e f e r e n c e s .  

FIG.  1  shows  a p p a r a t u s   10  u s e f u l   in  the   p r a c t i c e  

of  t he   i n v e n t i o n .   The  s u r f a c e   to  be  p l a t e d   11  is  made  t h e  

c a t h o d e   i n  t h e   e l e c t r o l y t i c   p r o c e s s .   The  a n o d e   12  i s  

c o n v e n i e n t l y   made  of  p l a t i n i z e d   t i t a n i u m   or  r ay   be  made  o f  

v a r i o u s   o t h e r   m a t e r i a l s   such   as  o x i d e s   of  p l a t i n u m   g r o u p  

m e t a l s ,   b i n d e r   m e t a l   o x i d e s ,   e t c .   Both  a n o d e   and  c a t h o d e  

a r e   a t   l e a s t   p a r t i a l l y   i m m e r s e d   in  the   e l e c t r o p l a t i n g  

b a t h   13  c o n t a i n i n g   s o u r c e   of  p a l l a d i u m   c o m p l e x   w i t h   a n  

o r g a n i c   a l i p h a t i c   p o l y a m i n e .   A  c o n t a i n e r   14  is  used   t o  

h o l d   the   p a l l a d i u m   p l a t i n g   s o l u t i o n   and  t he   anode   12  a n d  

c a t h o d e   11  a re   e l e c t r i c a l l y   c o n n e c t e d   to  an  a d j u s t a b l e  

s o u r c e   of  e l e c t r i c a l   e n e r g y   15.  An  a m m e t e r   16  a n d  

v o l t m e t e r   17  a r e   u s e d   to  m o n i t o r   c u r r e n t   and  v o l t a g e .  



1.  A  p r o c e s s   for   e l e c t r o p l a t i n g   p a l l a d i u m   a n d  

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

t h r o u g h   a  c a t h o d e ,   an  e l e c t r o p l a t i n g   b a t h   and  an  anode   w i t h  

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

p a l l a d i u m ,   s a i d   b a t h   h a v i n g   c o n d u c t i v i t y   g r e a t e r   t h a n   1 0 - 3  

mho-cm  and  pH  g r e a t e r   t h a n   7 ,  

CHARACTERIZED  BY 

i n c l u d i n g   in  the   e l e c t r o p l a t i n g   b a t h   an  a q u e o u s  

s o l u t i o n   of  p a l l a d i u m - a l i p h a t i c   p o l y a m i n e   complex   in  w h i c h  

the   a l i p h a t i c   p o l y a m i n e   has  from  3  to  20  c a r b o n   a toms  a n d  

may  have  a t   l e a s t   one  s u b s t i t u e n t   s e l e c t e d   from  h y d r o g e n ,  

h y d r o x i d e ,   c h l o r i d e   and  b r o m i d e .  

2.  The  p r o c e s s   a c c o r d i n g   to  c l a i m   1 ,  

CHARACTERIZED  IN  THAT 

the   c o n c e n t r a t i o n   of  a l i p h a t i c   p o l y a m i n e   is  f r o m  

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

the   a l i p h a t i c   p o l y a m i n e .  

3.  The  p r o c e s s   a c c o r d i n g   to  c l a i m   2 ,  

CHARACTERIZED  IN  THAT 

the   c o n c e n t r a t i o n   of  a l i p h a t i c   p o l y a m i n e   is  f r o m  

2  to  12  t i m e s   the  mole  c o n c e n t r a t i o n   of  p a l l a d i u m .  

4.  The  p r o c e s s   a c c o r d i n g   to  c l a i m   1 ,  

CHARACTERIZED  IN  THAT 

the   a l i p h a t i c   p o l y a m i n e   is  at   l e a s t   one  of  1 , 3 -  

d i a m i n o p r o p a n e   and  d i e t h y l e n e t r i a m i n e .  

5.  The  p r o c e s s   a c c o r d i n g   to  c l a i m   1 ,  

CHARACTERIZED  IN  THAT 

the   pH  v a r i e s   from  7 .5   t o  1 3 . 5 ,   p r e f e r a b l y   f r o m  

11 .0   to  1 2 . 5 .  

6.  The  p r o c e s s   a c c o r d i n g   to  c l a i m   1 ,  

CHARACTERIZED  IN  THAT 

the   e l e c t r o p l a t i n g   p r o c e s s   is  c a r r i e d   out  a t   a 

t e m p e r a t u r e   b e t w e e n   room  t e m p e r a t u r e   and  80  d e g r e e s   C,  

p r e f e r a b l y   b e t w e e n   40  and  60  d e g r e e s   C.  

7.  The  p r o c e s s   a c c o r d i n g   to  c l a i m   1 ,  



CHARACTERIZED  IN  THAT 

the   p a l l a d i u m   c o n c e n t r a t i o n   i s   from  0 .01   Mola r   t o  

s a t u r a t i o n .  

8.  The  p r o c e s s   a c c o r d i n g   to  c l a i m   7 ,  

CHARACTERIZED  IN  THAT 

t h e   p l a t i n g   c u r r e n t   d e n s i t y   is   b e t w e e n   0 . 0 5 4   a n d  

1 . 0 7 6   A / s q .   cm.  (50  and  1000  ASF)  and  t h e   p a l l a d i u m  

c o n c e n t r a t i o n   r a n g e s   f rom  0 . 0 1   to  1 .0  M o l a r .  

9.  The  p r o c e s s   a c c o r d i n g   to  c l a i m   7 ,  

CHARACTERIZED  IN  THAT 

the   p l a t i n g   c u r r e n t   d e n s i t y   i s   up  to  0 . 0 5 4   A / s q .  

cm.  (50  ASF)  and  t he   p a l l a d i u m   c o n c e n t r a t i o n   r a n g e s   f r o m  

0 . 0 5   to  0 .2   M o l a r .  

10.   The  p r o c e s s   a c c o r d i n g   to  c l a i m   1 ,  

CHARACTERIZED  IN  THAT 

s a i d   p a l l a d i u m   a l l o y   c o n t a i n s   a t   l e a s t   10  m o l e  

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

c o p p e r   and  n i c k e l .  

11.  The  p r o c e s s   a c c o r d i n g   to  c l a i m   1  or  5 ,  

CHARACTERIZED  IN  THAT 

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

c o m p r i s i n g   h y d r o g e n   p h o s p h a t e   ion  and  p h o s p h a t e   i o n .  

12.  The  p r o c e s s   a c c o r d i n g   to  c l a i m   1 1 ,  

CHARACTERIZED  IN  THAT 

the   b u f f e r   c o n c e n t r a t i o n   v a r i e s   from  0.1  to  2 

Mola r   and  the   r a t i o   of  h y d r o g e n   p h o s p h a t e   to  p h o s p h a t e   i o n  

is   from  5/1  to  1 / 5 .  
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