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(m)  Composition  for  mechanically  depositing  heavy  metallic  coatings. 

  A  chemical  promotor  system  for  use  in  a  mechanical 
plating  process  for  providing  heavy,  dense  metallic  coatings 
on  articles,  the  system  comprising  a  flash  promotor  for  pro- 
viding  a  thin,  adherent  flash  coating  on  the  articles  and  a 
continuing  promotor  for  incremental  addition  together  with 
the  finely  divided  mechanical  plating  metal  to  form  the  heavy, 
dense  coatings. 



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

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

in  the   p l a t i n g   of  m e t a l s   on  a  s u b s t r a t e   by  a p p l i c a t i o n   o f  

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

m i x t u r e s   and  a l l o y s   t h e r e o f ,   t y p i c a l l y   termed  " m e c h a n i c a l  

p l a t i n g " .  

B a c k g r o u n d   A r t  

I t   has  been   known  in  t he   a r t   to  p l a t e   m e t a l s  

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

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

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

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

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

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

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

p l a t i n g   m e t a l   p a r t i c l e s ,   a  s o l i d   i m p a c t i n g   med ia   a n d  

m a t e r i a l s   w h i c h   have   been  f o u n d   to  be  e f f e c t i v e   in  t h e  

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

t u m b l i n g   b a r r e l   and  r o t a t e d   t o g e t h e r .   In  t h i s   m a n n e r ,   t h e  

k i n e t i c   e n e r g y   of  t he   mov ing   i m p a c t i n g   med ia   is  t r a n s f e r r e d  

to  the   p l a t i n g   m e t a l   p a r t i c l e s   in  a  f a s h i o n   such   t h a t   t h e s e  

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

on to   the   s u r f a c e s   of  t he   a r t i c l e s   to  be  p l a t e d .  
The  i n i t i a l   work  in  t h i s   f i e l d   of  m e c h a n i c a l  

p l a t i n g ,   as  d e s c r i b e d   a b o v e ,   has  been  u n d e r t a k e n   by  C l a y t o n  

and  P o t t b e r g ,   s u c h   work  b e i n g   d i s c u s s e d   in  U.S .   P a t e n t   N o s .  

2 , 6 4 0 , 0 0 1 ;   2 , 6 4 0 , 0 0 2 ;   Re.  2 3 , 8 6 1 ;   2 , 6 8 9 , 8 0 8 ;   2 , 7 2 3 , 2 0 4 ,   e t c .  

T y p i c a l l y ,   t he   a f o r e m e n t i o n e d   p r o c e s s e s   a re   u n d e r t a k e n   i n  

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

s l u r r y   c o n t a i n s   wha t   a r e   commonly   r e f e r r e d   to  as  " p r o m o t e r  

c h e m i c a l s " .   Such  p r o m o t e r   c h e m i c a l s   t y p i c a l l y   c o m p r i s e  

u n s a t u r a t e d   f a t t y   a c i d s   and  the   l i k e ,   f i l m - f o r m i n g   m a t e r i a l s  

and  s u r f a c t a n t s .  



F u r t h e r   p a t e n t s ,   such   as  U.S .   P a t e n t   3 , 4 6 0 , 9 7 7 ,  

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

t i n g   t h e   m e c h a n i c a l   p l a t i n g  d i s c u s s e d   a b o v e .   In  U . S .  

P a t e n t   No.  3 , 3 2 8 , 1 9 7 ,   t h e r e   is  t a u g h t   a  f u r t h e r   i m p r o v e -  

ment   w h e r e i n   t he   p r o m o t e r   c h e m i c a l   is  p r o v i d e d   in  a  s o l i d  

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

c o m b i n a t i o n   of  m e c h a n i c a l   p l a t i n g   p r o m o t e r   c h e m i c a l s .   As 

the   m e c h a n i c a l   p l a t i n g   c y c l e   p r o g r e s s e s ,   t he   bar   or  c a k e  

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

c h e m i c a l   to  o p t i m i z e   t h e   m e c h a n i c a l   p l a t i n g   p r o c e s s .  
In  U .S .   P a t e n t   3 , 2 6 8 , 3 5 6   t h e r e   is  d i s c l o s e d  

a n o t h e r   r e f i n e m e n t   or  i m p r o v e m e n t ,   w h e r e i n   t he   p r o m o t e r  
c h e m i c a l   a n d / o r   t h e   p l a t i n g   m e t a l   p a r t i c l e s   a r e   added   t o  

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

w h i c h   is  t a u g h t   to  o p t i m i z e   the   d e n s i t y   and  u n i f o r m i t y   o f  

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

p l a t e d .  

A  s u b s t a n t i a l   b r e a k t h r o u g h   in  m e c h a n i c a l   p l a t i n g  
is  d i s c l o s e d   in  U .S .   P a t e n t   3 , 5 3 1 , 3 1 5 ,   w h e r e   i t  i s   d i s -  

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

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

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

had  been  n e c e s s a r y   p r i o r   to  t h a t   d i s c o v e r y .   In  e s s e n c e ,  
t he   s t r o n g   a c i d   e m p l o y e d   f o r   c l e a n i n g   and  s c a l e   r e m o v a l   o f  

the   a r t i c l e s   to  be  p l a t e d   was  a l s o   u t i l i z e d   d u r i n g   t h e  

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

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

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

t h i c k n e s s   of  m e c h a n i c a l l y   a p p l i e d   m e t a l l i c   c o a t i n g s ,   e . g . ,  

up  to  f rom  a b o u t   1 .5   to  3 .0   m i l s .   D u r i n g   t h e   d e v e l o p m e n t  

of  such   h e a v y   c o a t i n g s ,  i t   was  f o u n d   t h a t   t h e   t e a c h i n g s  

of  P a t e n t   No.  3 , 2 6 8 , 3 5 6   we re   a p p l i c a b l e   in  t h a t   i n c r e m e n t a l  

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

d e p o s i t s .   T h e r e f o r e ,   t he   commonly   u t i l i z e d   c i t r i c   a c i d -  

b a s e d   c h e m i s t r y ,   such   a s ,   f o r   e x a m p l e ,   is  d i s c u s s e d   in  U . S .  

P a t e n t   No.  3 , 3 2 8 , 1 9 7 ,   was  a m e n a b l e   f o r   use  t h e r e w i t h .   T h e  

o p e r a t i n g   pH  of  a b o u t   3 . 0   to  3 .5   w i t h   t h i s   c h e m i s t r y   i s  

l e s s   a g g r e s s i v e   upon  t h e   m e t a l   p o w d e r ,   and  a l s o ,   t he   p r o -  

m o t e r   c h e m i c a l s   c o u l d   be  i n t r o d u c e d   in  bar   f o r m  w h i c h  



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

t he   c h e m i c a l s   g r a d u a l l y   as  p l a t i n g   p r o g r e s s e d .   H o w e v e r ,  

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

t o g e t h e r   w i t h   t h e i r   known  t e n d e n c y   to  c o m p l e x   heavy   m e t a l  

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

made  t h e i r   use   l e s s   t h a n   d e s i r a b l e   e c o n o m i c a l l y .  

Even  t h o u g h   t h i s   s y s t e m   would   f u n c t i o n   to  p r o -  
v i d e   h e a v y   c o a t i n g s   on  a r t i c l e s ,   i t   was  t h e r e f o r e   s t i l l  

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

the   t e a c h i n g s   of  P a t e n t   No.  3 , 5 3 1 , 3 1 5 ,   i . e . ,   w h e r e i n   a 

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

H o w e v e r ,   t he   c o m m e r c i a l l y   a v a i l a b l e   c h e m i s t r y   n o r m a l l y  
u t i l i z e d   w i t h   t he   p r o c e s s   of  the   p a t e n t   is  not  a m e n a b l e   t.o 

i n c r e m e n t a l   m e t a l l i c   p o w d e r   a d d i t i o n s ,   as  was  the  c i t r i c  

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

b e i n g   in  t h e   r a n g e   of  0 .5   to  1 . 5 ,   is  t y p i c a l l y   t o o  

a g g r e s s i v . e   upon  the   m e t a l   p o w d e r .   F u r t h e r m o r e ,   in  t h i s  

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

in  p o w d e r   fo rm  at  t he   s t a r t   of  t he   p l a t i n g   c y c l e   w i t h   no  
i n t e r v e n i n g   a d d i t i o n s   d u r i n g   the   p r o c e s s .   T y p i c a l l y ,  

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

a d d i t i o n s ,   t he   m e t a l l i c   c o a t i n g   may  no t   be  d e p o s i t e d   in  a 
c o n t r o l l e d   f a s h i o n   s i n c e   t h e   p r o p e r   c h e m i c a l   e n v i r o n m e n t  

wou ld   no t   be  c o n t i n u a l l y   p r e s e n t   d u r i n g   the   e n t i r e   p l a t i n g  

c y c l e .   C o n s e q u e n t l y ,   t he   c o n d i t i o n s   n e c e s s a r y   to  a p p l y  
s u c c e s s i v e   l a y e r s   of  we l l   c o n s o l i d a t e d ,   a d h e r e n t   p a r t i c l e s  

c o u l d   no t   be  u n i f o r m l y   m a i n t a i n e d .  

W h i l e   i t   has  been  d e s i r a b l e   to  u t i l i z e   t he   p r o -  

c e s s i n g   t e c h n i q u e s   of  P a t e n t   No.  3 , 5 3 1 , 3 1 5   b e c a u s e   s u c h  

a re   t y p i c a l l y   b a s e d   on  a  n o n - c h e l a t i n g   and  more  e c o n o m i c a l  

a c i d   s y s t e m ,   such   has  no t   h e r e t o f o r e   been  a v a i l a b l e   f o r  

t he   p r o d u c t i o n   of  h e a v y ,   d e n s e   c o a t i n g s :   H o w e v e r ,   I  h a v e  

now  f o u n d   a  c h e m i c a l   c o m p o s i t i o n   s y s t e m   wh ich   is  m o r e  

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

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

c o a t i n g s .   The  s y s t e m   is  u t i l i z e d   at  the   i n i t i a t i o n   of  t h e  

p l a t i n g   s y c l e   as  we l l   as  d u r i n g   t he   p l a t i n g   c y c l e   by 

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



D i s c l o s u r e   of  I n v e n t i o n  

In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   t h e r e   i s  

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

in  c o n j u n c t i o n   w i t h   f i n e l y   d i v i d e d   m e c h a n i c a l   p l a t i n g  

m e t a l ,   w a t e r ,   and  i m p a c t  m e d i a   in  a  m e c h a n i c a l  p l a t i n g  

p r o c e s s   to  p r o v i d e   h e a v y   d e n s e   m e t a l l i c   c o a t i n g s   on  a r t i c l e s .  

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

c o m p r i s e s ,   pe r   100  s q u a r e   f e e t   of  p l a t i n g   s u r f a c e   a r e a ,  

up  to  a b o u t   400  grams  of  a  s t r o n g   a c i d   or  s a l t   t h e r e o f ,  

f rom  a b o u t   20  to  a b o u t   80  g r ams   of  a  s o l u b l e   s a l t   of  a 

m e t a l   w h i c h   is  more  n o b l e   t h a t   t h e  p l a t i n g   m e t a l ,   a n  

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

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

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

t o g e t h e r   w i t h   a  c o n t i n u i n g   p r o m o t e r   wh ich   c o m p r i s e s ,   p e r  
pound   of  f i n e l y   d i v i d e d   m e c h a n i c a l   p l a t i n g   m e t a l ,   f r o m  

a b o u t   60  to  a b o u t   150  g rams   o f  a   s t r o n g   a c i d  o r   s a l t   t h e r e o f ,  

f r o m a b o u t   5  to  a b o u t   20  g r a m s   of  a  s o l u b l e   s a l t   of  a  m e t a l  

w h i c h   is  more  n o b l e   t h a n   t h e   p l a t i n g   m e t a l ,   an  e f f e c t i v e  

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

m e t a l ,   and  a n  e f f e c t i v e   a m o u n t   of  an  i n h i b i t o r   c a p a b l e   o f  

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

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

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

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

p r o m o t e r   is  i n c r e m e n t a l l y   a d d e d   to  t h e  p r o c e s s   in  c o n j u n c -  

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

m e c h a n i c a l   p l a t i n g   m e t a l   u n t i l   a  h e a v y   d e n s e   m e t a l l i c  

c o a t i n g   is  b u i l t   up  o n  t h e   a r t i c l e s   to  be  p l a t e d .  

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

I  have   a s c e r t a i n e d   t h a t   i t   i s  e x t r e m e l y   i m p o r t a n t  

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

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

c l e a n   t h e   f i n e l y   d i v i d e d   m e c h a n i c a l   p l a t i n g   m e t a l   and  t o  

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

on  my  e x p e r i e n c e ,   I  d e v i s e d   a  c h e m i c a l   p r o m o t e r   s y s t e m  

w h i c h   is  e x t r e m e l y   e f f e c t i v e   in  t h e   p r o d u c t i o n   of  h e a v y  

d e n s e   m e t a l l i c   c o a t i n g s .   I t   is  d i v i d e d   i n t o   two  b a s i c  



p r o m o t e r   c o m p o s i t i o n s ,   t he   f i r s t   b e i n g   r e f e r r e d   to  as  t h e  

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

p r o m o t e r " .   The  f l a s h   p r o m o t e r   is  u t i l i z e d   to  p r o v i d e   a 

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

w i t h   t h e   t e a c h i n g s   of  U .S .   P a t e n t   No.  3 , 4 0 0 , 0 1 2 ,   as  w e l l  

as  i n i t i a l   q u a n t i t i e s   of  o t h e r   p l a t i n g   c o m p o n e n t s   as  h e r e -  

i n a f t e r   d e f i n e d .   B e c a u s e   t h i s   p r o m o t e r ' s   f u n c t i o n   is  t o  

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

to  be  p l a t e d ,   same  is  a d d e d   p r o p o r t i o n a l   to  the  s u r f a c e  a r e a  

of  t he   a r t i c l e s   to  be  c o a t e d .  

The  c o n t i n u i n g   p r o m o t e r ' s   f u n c t i o n   is  t o  p r o v i d e  

a  p r o p e r   c h e m i c a l   e n v i r o n m e n t   f o r   the   m e c h a n i c a l   p l a t i n g  

p r o c e s s   to  o c c u r .   Th i s   i n c l u d e s   a  p r o p e r   pH  such   t h a t   t h e  

s u r f a c e s   of  the   f i n e l y   d i v i d e d   m e c h a n i c a l   p l a t i n g   me ta l   i s  

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

in  t he   p l a t i n g   s o l u t i o n ,   to  p r e v e n t  a g g l o m e r a t i o n   of  t h e  

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

u n i f o r m   c o a t i n g   t h i c k n e s s e s .   T h e r e f o r e ,   the   c o n c e n t r a t i o n  

of  c o m p o n e n t s   in  t h i s   p r o m o t e r   is  d e p e n d e n t   upon  t h e  

q u a n t i t y   of  f i n e l y   d i v i d e d   m e c h a n i c a l   p l a t i n g   m e t a l   to  b e  

d e p o s i t e d .  

D u r i n g   my  i n i t i a l   e x p e r i m e n t a t i o n   to  d e t e r m i n e  

an  e f f e c t i v e   p r o m o t e r   s y s t e m ,   I  o b s e r v e d   t h a t   t he   a d h e s i o n  

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

t he   p l a t i n g   p r o c e s s   was  q u i t e   l ow ,   r e q u i r i n g   m i n i m a l  

a b r a s i v e   h a n d l i n g   of  t he   c o a t i n g   a r t i c l e s .   A f t e r   a b o u t  

s e v e n   d a y s ,   h o w e v e r ,   t h e   c o a t i n g s   became   q u i t e   s t r o n g .   I n  

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

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

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

of  f rom  a b o u t   120°C  to  175°C  f o r   f rom  a b o u t   10  to  15 

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

s e v e n   days   at  room  t e m p e r a t u r e   r e s u l t e d .   H o w e v e r ,   I  a l s o  

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

t he   a f o r e m e n t i o n e d   h e a t i n g   s t e p   was  u n d e r t a k e n ,   r e s u l t i n g   i n  

f l a k i n g   o f f   of  the   c o a t i n g .   I  a s c e r t a i n e d   t h a t   by  i n c l u d i n g  

in  t he   c o n t i n u i n g   p r o m o t e r   a  s o l u b l e   s a l t   of  a  me t a l   m o r e  

n o b l e   t h a n   the   m e c h a n i c a l   p l a t i n g   m e t a l   c o m p l e t e l y   e l i m i -  

n a t e d   t h i s   l a c k   of  a d h e s i o n   p r o b l e m .   The  e x a c t   r e a s o n   why 



t h e   i n c l u s i o n   of  t h i s   s o l u b l e   s a l t   in  t he   c o n t i n u i n g  

p r o m o t e r   w h i c h   is  a d d e d   i n c r e m e n t a l l y   i n  c o n j u n c t i o n   w i t h  

t h e   f i n e l y   d i v i d e d   p l a t i n g   m e t a l  i s   u n k n o w n ,   a l t h o u g h   i t  

is  a s s u m e d   t h a t   an  e f f e c t   s i m i l a r  t o   t h a t   d i s c l o s e d   in  U . S .  

P a t e n t   No.  3 , 4 0 0 , 0 1 2   is  o b t a i n e d .  

E x e m p l a r y   s o l u b l e   s a l t s   of  m e t a l s   more  n o b l e   t h a n  

t he   f i n e l y   d i v i d e d   p l a t i n g   m e t a l   i n c l u d e   c a d m i u m ,   l e a d ,  

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

s u l f a t e ,   s t a n n o u s   f l u o b o r a t e ,   e t c :  I n   m y  f l a s h   p r o m o t e r ,  

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

f rom  a b o u t   20  to  a b o u t   80  g rams   p e r - 1 0 0   s q u a r e   f e e t   o f  

s u r f a c e   a r e a   to  be  p l a t e d ,   w i t h   a b o u t   30  grams  b e i n g  

p r e f e r r e d .   In  my  c o n t i n u i n g   p r o m o t e r ,   t he   c o n c e n t r a t i o n  

t h e r e o f   s h o u l d   be  f rom  a b o u t   5  t o  a b o u t  2 0   grams  per   p o u n d  

of  f i n e l y   d i v i d e d   p l a t i n g   m e t a l  c h a r g e d   d u r i n g   t h e   i n c r e -  

m e n t a l   s t e p s   of  t he   p l a t i n g   c y c l e ,   w i t h   a b o u t   10  g r a m s  

b e i n g   p r e f e r r e d .   At  low  c o n c e n t r a t i o n s ,   a  r e d u c t i o n   o f  

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

e x h i b i t e d .   The  u p p e r   c o n c e n t r a t i o n   l i m i t   is  m a i n t a i n e d   i n  

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

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

p r o v i d e d   t h e r e b y .  

The  n e x t   c o m p o n e n t   w h i c h   i s  u s e f u l   in  t h i s  

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

T h i s   a c i d i t y   is  t y p i c a l l y   u t i l i z e d   in  t he   p r o c e s s i n g   t o  

r e m o v e   m e t a l   o x i d e s   c o n t a i n e d   on  t h e   f i n e l y   d i v i d e d  

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

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

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

s o d i u m   b i s u l f a t e .   R e l a t i v e   to  t h e   f l a s h   p r o m o t e r ,   t h e  

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

i n c l u d e d   t h e r e i n   up  to  a b o u t   400  g rams   per   100  s q u a r e   f e e t  

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

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

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

u sed   in  t he   m e c h a n i c a l   p l a t i n g   p r o c e s s e s   and  wh ich   a r e  

s t r o n g l y   a c i d i c .   By  use  of  s a m e ,   o n e  e l i m i n a t e s   the   a c i d  

c a r r i e r   in  t he   f l a s h   p r o m o t e r .  



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

s t r o n g   a c i d   s h o u l d   be  u t i l i z e d   in  a  r a n g e   of  from  a b o u t  

60  to  a b o u t   150  g rams   per   pound  of  f i n e l y   d i v i d e d   p l a t i n g  

m e t a l   c h a r g e d   to  the   p l a t i n g   o p e r a t i o n .   W h i l e   an  a c i d  

s a l t   is  p r e f e r r e d ,   b e c a u s e   same  can  a c t   as  a  c a r r i e r   f o r  

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

a c i d   or  o t h e r   s t r o n g   a c i d s   can  a l s o   be  u t i l i z e d   to  p r o v i d e  

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

The  n e x t   c o m p o n e n t   h a v i n g   u t i l i t y   in  my  i n v e n t i o n  

is  a  d i s p e r s a n t ,   same  b e i n g   t y p i c a l l y   u t i l i z e d   to  d i s p e r s e  
the   m e t a l   p a r t i c l e s   c h a r g e d   to  the   p l a t i n g   run  to  p r e v e n t  

t h e i r   p r e m a t u r e   a g g l o m e r a t i o n .  

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

d i s p e r s i n g   t he   p l a t i n g   m e t a l   p o w d e r s   i n c l u d e   p o l y o x y -  

e t h y l e n e   g l y c o l s   h a v i n g   a  c l o u d   p o i n t   in  a  1  p e r c e n t  

a q u e o u s   s o l u t i o n   b e l o w   1 0 0 ° C ,   such  as  " C a r b o w a x "   20M 

( a v a i l a b l e   from  the   Union   C a r b i d e   C h e m i c a l s   C o m p a n y ) ,   o r  

" P o l y g l y c o l   E 5 0 , 0 0 0 "   ( a v a i l a b l e   f rom  the   Dow  C h e m i c a l  

C o m p a n y ) ;   q u a t e r n a r y   a l i p h a t i c   ammonium  s a l t s   such   a s  

" A r q u a d "   S-2C  ( a v a i l a b l e   f rom  the   Armour   I n d u s t r i a l   C h e m i c a l  

Company ;   p r o t e i n a c e o u s   m a t e r i a l s   such   as  " T e c h n i c a l  

P r o t e i n   C o l l o i d s "   No.  185 ,   169 ,   or  70  ( a v a i l a b l e   f r o m  

S w i f t   &  C o m p a n y ) ;   among  o t h e r   m a t e r i a l s   w h i c h   a r e   d i s c l o s e d  

in  U.S .   P a t e n t   No.  3 , 5 3 1 , 3 1 5 .  

A d d i t i v e s   w h i c h   f u n c t i o n   as  d i s p e r s a n t s   a r e  

t y p i c a l l y   r e l a t e d   to  b o t h   t he   s p e c i f i c   a c i d   and  t h e  

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

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

a c i d   i n c l u d e   " C a r b o w a x "   20M  and  " O r z a n "   AH-3,   wh ich   is  a 

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

a v a i l a b l e   f rom  the   Crown  Z e l l e r b a c h   Company ;   d i s p e r s a n t s  

f o r   z i n c   or  t i n   p a r t i c l e s   in  h y d r o c h l o r i c  a c i d   i n c l u d e  

" N a l q u a t "   G - 8 - 1 1   ( w h i c h   is  a  h y d r o p h i l i c   h e t e r o c y c l i c  

a d d u c t   of  a  h y d r o p h i l i c   a l k y l   compound   c o n t a i n i n g   n i t r o g e n  

g r o u p s ,   c o m m e r c i a l l y   a v a i l a b l e   f rom  N a l c o   C h e m i c a l   C o m p a n y ) .  

Many  o t h e r   e x a m p l e s   c o u l d ,   of  c o u r s e ,   be  c i t e d .  

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

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

a  s p e c i f i c   a c i d   can  be  d e t e r m i n e d   by  a d d i n g   f rom  a b o u t  



0 . 2 5   to  a b o u t   0 . 5   g r ams   of  the   m a t e r i a l   to  250  m i l l i l i t e r s  

of  t h e   a c i d   p l a t i n g   s o l u t i o n   in  a  4 0 0   m i l l i l i t e r   b e a k e r ,  

a d d i n g   10  g r a m s   of  f i n e l y   d i v i d e d   p l a t i n g   m e t a l ,   s t i r r i n g  

v i g o r o u s l y ,   and  a l l o w i n g   the   b e a k e r   and  i t s   c o n t e n t s   t o  

s t a n d   f o r   5  m i n u t e s .   An  e f f e c t i v e   d i s p e r s a n t   w i l l   k e e p  

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

a c i d   p l a t i n g   s o l u t i o n   o p a q u e .  

In  t h e   c a s e   of  t he   p r e f e r r e d   d i s p e r s a n t ,   t h a t  

b e i n g   " C a r b o w a x "   20M,  i t   has  been   f o u n d   t h a t   t h e   f l a s h  

p r o m o t e r   can  c o n t a i n   up  to  a b o u t   40  g r ams   p e r   100  s q u a r e  
f e e t   of  p l a t i n g   c h a r g e ,   w i t h   a b o u t   20  g rams  b e i n g   p r e f e r r e d ,  

w h i l e   the   c o n t i n u i n g   p r o m o t e r   can  c o n t a i n   up  to  a b o u t   8 

g rams   pe r   pound   of  m e t a l   p o w d e r   c h a r g e d   w i t h   a b o u t   3 .5   g r a m s  
b e i n g   p r e f e r r e d .  

The  n e x t   c o m p o n e n t   h a v i n g   u t i l i t y   in  my  i n v e n t i o n  

is  an  i n h i b i t o r ,   same  b e i n g   t y p i c a l l y  u t i l i z e d   to  i n h i b i t  

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

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

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

In  many  i n s t a n c e s ,   t he   i n h i b i t o r   c o m p o n e n t   i s  

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

a f o r e m e n t i o n e d   d i s p e r s a n t   is  n o t  n e c e s s a r y .   H o w e v e r ,  

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

a  d i s p e r s a n t   in  c o n j u n c t i o n   w i t h   an  i n h i b i t o r .   Among 

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

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

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

a m i n e   i n h i b i t o r s ,   such   as  " A r m o h i b "   25  ( a v a i l a b l e   f rom  t h e  

Armour   I n d u s t r i a l   C h e m i c a l   C o m p a n y ) ;   c a t i o n i c   i n h i b i t o r s  

such   as  I n h i b i t o r   GC  ( a v a i l a b l e   f rom  t h e   S i n c l a i r   M i n e r a l  

and  C h e m i c a l   C o m p a n y ) ;   and  o t h e r   m a t e r i a l s   as  a re   d e s c r i b e d  

in  U.S .   P a t e n t   No.  3 , 5 3 1 , 3 1 5 .   A  p r e f e r r e d   i n h i b i t o r   i s  

d e s i g n a t e d   A d d i t i v e   " R " * .  

* A d d i t i v e   "R"  is  a  p r o d u c t   made  as  f o l l o w s :   to  2 3 . 4   g r a m s  
of  d e h y d r o a b i e t y l   a m i n e   (Amine  D,  a v a i l a b l e   f rom  H e r c u l e s  
C h e m i c a l   Company)   was  s l o w l y   added   7 .5   grams  of  a c e t o p h e n o n e ,  
w i t h   s t i r r i n g ;   10  grams  of  20  Be  HC1  s o l u t i o n   in  w a t e r   w a s  
a d d e d   s l o w l y   in  t he   same  m a n n e r .   N e x t ,   9 .7   grams  of  37% 
f o r m a l d e h y d e   was  a d d e d   in  s m a l l   i n c r e m e n t s   and  the   m i x t u r e  
r e f l u x e d   i n t e r m i t t e n t l y   at  80°C  ( c o n t i n u e d   on  n e x t   p a g e )  



A  t e s t   to  a s c e r t a i n   t he   e f f e c t i v e   i n h i b i t o r   f o r  

a  p a r t i c u l a r   s y s t e m   can  be  u n d e r t a k e n   u t i l i z i n g   the   t e s t  

i n d i c a t e d   a b o v e   r e l a t i v e   to  a  d i s p e r s a n t .   An  e f f e c t i v e  

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

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

p o w d e r   i n t o   t o u g h   b a l l s .   As  to  the   p r e f e r r e d   i n h i b i t o r ,  

A d d i t i v e   " R " ,   up  to  a b o u t   12  g rams  pe r   100  s q u a r e   f e e t   o f  

p l a t i n g   c h a r g e   can  be  i n c l u d e d   in  t he   f l a s h   p r o m o t e r ,   w i t h  

a b o u t   8  g rams   b e i n g   p r e f e r r e d ,   and  up  to  a b o u t   1 .0   g r a m  

p e r   pound  of  p l a t i n g   m e t a l   c h a r g e d ,   w i t h   a b o u t   0 . 3 5   g r a m  

b e i n g   p r e f e r r e d ,   has  been  f o u n d   to  p r o v i d e   s a t i s f a c t o r y  

r e s u l t s   in  t h e   c o n t i n u i n g   p r o m o t e r .  

The  o p t i m u m   amoun t   of  a  g i v e n   d i s p e r s a n t   o r  

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

in  w h i c h   i t   is  u s e d .   In  g e n e r a l ,   h o w e v e r ,   l a r g e   v o l u m e s  

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

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

l i q u i d ,   c l o s e d   b a r r e l s ,   or  l e s s   a c i d i c   c o n d i t i o n s .  

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

d e c r e a s e s   as  t he   pH  r i s e s   or  as  t he   w e i g h t   of  p l a t i n g   m e t a l  

p a r t i c l e s   d e c r e a s e s .  

In  o p e r a t i o n ,   the   p r o m o t e r   c h e m i s t r y   as  we l l   a s  
t h e   p l a t i n g   m e t a l   a d d i t i o n s   a re   a d d e d   at   a p p r o p r i a t e  

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

m e t a l   a d d e d   and  the   f r e q u e n c y   of  such   a d d i t i o n s   a re   d e p e n d e n t  

upon  the   u l t i m a t e   c o a t i n g   t h i c k n e s s   d e s i r e d   and  the  s i z e ,  

w e i g h t ,   and  g e o m e t r y   of  the   a r t i c l e s   to  be  p l a t e d .  

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

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

can  have   an  a f f e c t   upon  the   number   and  f r e q u e n c y   of  s u c h  

* ( c o n t i n u e d )   o v e r   a  p e r i o d   of  3  d a y s .   At  t h i s   p o i n t ,  
2 5 . 0   grams  of  a c e t o n e   was  a d d e d   d i r e c t l y   .and  9 .5   g rams  o f  
37%  f o r m a l d e h y d e   added   i n c r e m e n t a l l y ,   c o n t i n u i n g   to  r e f l u x  
f o r   an  a d d i t i o n a l   24  h o u r s .   The  s o l u t i o n   was  e v a p o r a t e d  
to  l e a v e   a  s o l i d   m a t e r i a l ,   0 . 8 2   gram  of  w h i c h   was  d i s s o l v e d  
in  0 . 6 6   gram  of  a  7 0 : 1 5 : 1 5   i s o p r o p a n o l :   a c e t o n e :   m e t h a n o l  
s o l v e n t .   In  0 . 4 2   gram  of  w a t e r ,   0 . 8 2   gram  of  n o n i o n i c  
p o l y o x y e t h y l e n e   a d d u c t   of  nony l   p h e n o l   ( " T e r g i t o l "   N P - 3 5 ,  
a v a i l a b l e   f rom  Union  C a r b i d e   C h e m i c a l s   Company)   w a s  
d i s s o l v e d ,   and  the  two  s o l u t i o n s   mixed   t o g e t h e r .  



a d d i t i o n .   T y p i c a l l y ,   i t   has  been   d e t e r m i n e d   t h a t   t h e  

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

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

m o t e r   a l o n g   w i t h   t h e   p l a t i n g   m e t a l   a d d i t i o n .   The  f l a s h  

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

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

to  be  p l a t e d .   T h e n ,   a  s m a l l   a m o u n t   of  f i n e l y   d i v i d e d  

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

d e p o s i t  u p o n   t h e  a r t i c l e s ,   as  is  d i s c u s s e d   in  U.S .   P a t e n t  

No.  3 , 4 0 0 , 0 1 2 .  

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

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

a b o u t   5  m i n u t e s   a  s u f f i c i e n t   q u a n t i t y   o   p l a t i n g   m e t a l  

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

p l a t i n g   m i x t u r e .   The  i n t r o d u c t i o n   r a t e   of  t he   m e t a l   p o w d e r  

to  the   p l a t i n g   m i x t u r e ,   w h i c h   is  a g a i n   d e p e n d e n t   upon  t h e  

a f o r e m e n t i o n e d   f a c t o r s ,   w i l l   t y p i c a l l y   b e  1 / 3 0   of  t he   t o t a l  

p l a t i n g   m e t a l   q u a n t i t y   r e q u i r e d ,   w i t h   an  a d d i t i o n   b e i n g  

e v e r y   1  to  1 .5   m i n u t e s .   With   e a c h   a d d i t i o n   of  m e t a l ,  

t h e   a p p r o p r i a t e   q u a n t i t y   o f  c o n t i n u i n g   p r o m o t e r   is  a d d e d  

s i m u l t a n e o u s l y   t h e r e w i t h .  

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

q u a n t i t y   of  p l a t i n g   m e t a l   can  be  i n c r e a s e d   to  a b o u t   1 / 1 2  

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

be  added   a t   a p p r o x i m a t e l y   3  to  4  m i n u t e   i n t e r v a l s ,   a g a i n  

w i t h   the   c o r r e s p o n d i n g   q u a n t i t y   of  n e c e s s a r y   c h e m i s t r y .  

A f t e r   a b o u t   8  s u c h  a d d i t i o n s ,   t h e   p l a t i n g   c y c l e   can  b e  

c o n t i n u e d   f o r   an  a d d i t i o n a l   3  to  5  m i n u t e s  a t   w h i c h   t i m e  

t he   p l a t e d   a r t i c l e s   can  b e  r i n s e d ,   s e p a r a t e d   f rom  t h e  

i m p a c t   m e d i a   and  d r i e d .  

G e n e r a l l y ,   l i g h t e r   p a r t  t y p e s   to  be  p l a t e d  

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

h e a v i e r   p a r t   t y p e s   r e q u i r e   i n c r e a s e d   a d d i t i o n s   at  m o r e  

f r e q u e n t   i n t e r v a l s .  

My  i n v e n t i o n   w i l l   now  be  m o r e  s p e c i f i c a l l y  

d e s c r i b e d   by  the   u s e  o f   the   f o l l o w i n g   n o n - l i m i t i n g   e x a m p l e s ,  

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



E x a m p l e   1 

A  1 , 1 6 0   pound   l o a d   of  3/4  by  2 - 1 / 2   i nch   b o l t s  

(232   s q u a r e   f e e t   of  p l a t i n g   s u r f a c e )   was  p r e c l e a n e d   in  a n  

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

and  p l a c e d   in  a  60  c u b i c   f o o t   m u l t i - s i d e d   b a r r e l   h a v i n g   a n  

a n g l e   of  a p p r o x i m a t e l y   20°  above   h o r i z o n t a l   r o t a t i n g   a t  

10  RPM' s ,   t o g e t h e r   w i t h   an  e q u a l   v o l u m e   of  g l a s s   beads   o f  

v a r i o u s   s i z e s   (4  p a r t s   3 . 5   to  5  mesh ,   2  p a r t s   8 -10   m e s h ,  

1  p a r t   1 4 - 3 0   m e s h ,   and  I  p a r t   4 0 - 7 0   m e s h ) ,   the   g l a s s   b e a d s  

f u n c t i o n i n g   as  i m p a c t   m e d i a .   To  the   m i x t u r e ,   s u f f i c i e n t  

24°C  ( .75°F)   w a t e r   was  a d d e d   such  t h a t   a  p u d d l e   was  f o r m e d  

h a v i n g   a  w i d t h   of  6  to  12  i n c h e s   w h i l e   the   b a r r e l  w a s  

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

To  t h i s   m i x t u r e ,   1688  grams  of  an  i n h i b i t e d   a c i d  

s o l u t i o n   c o n t a i n i n g   9 9 . 7   p a r t s   66°  Be  s u l f u r i c   a c i d   and  0 . 3  

p a r t s   A d d i t i v e   "R"  were   added   and  a l l o w e d   to  mix  f o r   2 

m i n u t e s .   An  a d d i t i o n a l   663  grams  of  a  s o l u t i o n   c o n t a i n i n g  

4 3 . 9   p a r t s   66°  Be  s u l f u r i c   a c i d ,   23 .1   p a r t s   c u p r i c   s u l f a t e  

p e n t a h y d r a t e   and  3 3 . 0   p a r t s   s o d i u m   c h l o r i d e   were   added   t o  

t he   m i x t u r e   to  p r o m o t e   a  u n i f o r m   t h i n   c o p p e r   d e p o s i t   u p o n  
t h e   f e r r o u s   m e t a l   p a r t s .  

A f t e r   f i v e   m i n u t e s ,   304  g rams  of  a  m i x t u r e   c o n -  

t a i n i n g   5 5 . 9   p a r t s   s o d i u m   b i s u l f a t e ,   1 5 . 1  p a r t s   C a r b o w a x  

20M,  2 3 . 0   p a r t s   s t a n n o u s   c h l o r i d e ,   and  6 .0   p a r t s   A d d i t i v e  

"R"  were   added   t o  t h e   b a r r e l .   A f t e r   d i s p e r s i n g   f o r   a 

p e r i o d   of  two  m i n u t e s ,   142  grams  of  z i n c   p o w d e r   h a v i n g   a 

mean  p a r t i c l e   s i z e   of  8  m i c r o n s   was  a d d e d  t o   the   m i x t u r e  

to  i n i t i a t e   a  f l a s h   c o a t i n g   by  g a l v a n o m e c h a n i c a l   m e a n s .  

A f t e r   5  m i n u t e s ,   23  p o u n d s   of  z i n c   p o w d e r   h a v i n g   a  m e a n  

p a r t i c l e   s i z e   of  8  m i c r o n s   was  added   i n c r e m e n t a l l y   to  t h e  

c o n t e n t s   of  the   b a r r e l ,   u t i l i z i n g   t en   i n c r e m e n t s   of  3 5 0  

grams  e a c h ,   at   1 .5   m i n u t e   i n t e r v a l s   f o l l o w i n g   by  e i g h t  

z i n c   powder   i n c r e m e n t s   of  870  grams  each   at  3  m i n u t e  

i n t e r v a l s .   Each  i n c r e m e n t   was  added   t o g e t h e r   w i t h   t h e  

f o l l o w i n g   m i x t u r e ,   b a s e d   on  the  w e i g h t   of  z i n c   a d d e d :  



F o l l o w i n g   c o m p l e t i o n   of  t he   p l a t i n g   c y c l e ,   t h e  

m e t a l l i c   c o a t i n g   was  f o u n d   to  have   a  u n i f o r m   t h i c k n e s s   by  

m a g n e t i c   t h i c k n e s s   t e s t i n g ,   good  a p p e a r a n c e   and  e x c e l l e n t  

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

t h i c k n e s s   was  f rom  2 . 4   to  2 .6   m i l s   (60  to  6 5 µ ) .  

E x a m p l e   2 

E x a m p l e   1  was  d u p l i c a t e d   w i t h   the   e x c e p t i o n   t h a t  

t he   f o l l o w i n g   m i x t u r e   was  a d d e d   i n c r e m e n t a l l y   w i t h   t h e  

z i n c   p o w d e r :  

The  t h i c k n e s s   was  m e a s u r e d   and  d e t e r m i n e d   to  b e  

f rom  2 .9   to  3 .1   m i l s   (72  to  7 8 µ ) .  

Example   3 

E x a m p l e   1  was  d u p l i c a t e d   w i t h   the   e x c e p t i o n   t h a t  

the   f o l l o i w n g   m i x t u r e   was  u t i l i z e d   in  i n c r e m e n t a l   a d d i t i o n  

w i t h   the   m e t a l l i c   z i n c   p o w d e r :  

The  r e s u l t a n t   c o a t i n g   e x h i b i t e d   e x c e l l e n t   a d h e s i o n  

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

f o u n d   to  be  2 . 8   to  3 .3   m i l s   (70  to  8 2 µ ) .  

E x a m p l e   4 

A  p r e c l e a n e d ,   as  in  Example   1 ,  2 0 0   pound  l o a d   o f  

3 /4   by  2 - 1 / 2   i n c h   b o l t s   (40  s q u a r e   f e e t   of  p l a t i n g   s u r f a c e )  

was  p l a c e d   in  a  12  c u b i c   f o o t   m u l t i - s i d e d   b a r r e l   h a v i n g   a n  

a n g l e   of  a p p r o x i m a t e l y   30°  a b o v e   h o r i z o n t a l   r o t a t i n g   a t  

12  RPM's ,   t o g e t h e r   w i t h   an  e q u a l   v o l u m e   of  g l a s s   b e a d s   o f  

v a r i o u s   s i z e s ,   as  in  Example   1 .  



To  t he   m i x t u r e ,   3 0 1  g r a m s   of  an  i n h i b i t e d   a c i d  

s o l u t i o n   c o n t a i n i n g   9 9 . 7   p a r t s   66°  Be  s u l f u r i c   a c i d   a n d  

0 . 3   p a r t s   A d d i t i v e   "R"  we re   a d d e d   and  a l l o w e d   to  mix  f o r  

2  m i n u t e s .   Then  116  g rams   of  a  s o l u t i o n   c o n t a i n i n g   4 3 . 9  

p a r t s   66°  Be  s u l f u r i c   a c i d ,   2 3 . 1   p a r t s   c u p r i c  s u l f a t e  

p e n t a h y d r a t e ,   and  3 3 . 0   p a r t s   s o d i u m   c h l o r i d e   were  a d d e d  

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

to  be  p l a t e d .   A f t e r   5  m i n u t e s ,   57  grams  of  a  m i x t u r e  

c o n t a i n i n g   6 4 . 9   p a r t s   s o d i u m   b i s u l f a t e ,   5 .3   p a r t s   A d d i t i v e  

"R" ,   1 . 8   p a r t s   A d d i t i v e   "A"  and  2 8 . 0   p a r t s   s t a n n o u s   c h l o r i d e  

were   added   to  t he   b a r r e l .   A f t e r   m i x i n g   f o r   2  m i n u t e s ,  

29  grams  of  z i n c   p o w d e r   we re   added   to  i n i t i a t e   a  t h i n  

f l a s h   c o a t i n g .  

A f t e r   5  m i n u t e s ,   4 .3   p o u n d s   of  z i n c   powder   was  

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

f o l l o w s :   t en   i n c r e m e n t s   of  6 5  g r a m s   each   at  one  m i n u t e  

i n t e r v a l s ,   t h e n   e i g h t   i n c r e m e n t s   of  1 6 3  g r a m s   each  at  3 

m i n u t e   i n t e r v a l s .   Each  i n c r e m e n t   was  added   t o g e t h e r   w i t h  

the   f o l l o w i n g   m i x t u r e   b a s e d   on  the   w e i g h t   of  z i n c   a d d e d :  

Sodium  B i s u l f a t e   3 1 . 9 4  g r a m s / 1 0 0  g r a m s   of  z i n c  

A d d i t i v e   "R"  0 . 1 5  g r a m s / 1 0 0   grams  of  z i n c  

S t a n n o u s   C h l o r i d e   1 .1   g r a m s / 1 0 0  g r a m s   of  z i n c  

A f t e r   d e p o s i t i o n   of  t he   m e t a l   p o w d e r ,   t h e  

r e s u l t a n t   c o a t i n g   was  f o u n d   to  have  a  u n i f o r m   a p p e a r a n c e  
and  e x c e l l e n t   a d h e s i o n .   The  t h i c k n e s s   as  m e a s u r e d   w a s  

2 .5   m i l s   ( 6 2 p ) .  

E x a m p l e   5 

A  p r e c l e a n e d ,   as  in  Example   1,  6  pound  l o a d   o f  

5 / 1 6   by  3 /4   i n c h  b o l t s   (500  s q u a r e   i n c h e s   of  p l a t i n g  

s u r f a c e )   was  p l a c e d   in  a  0 .3   c u b i c   f o o t   open  end  m u l t i -  

s i d e d   b a r r e l   h a v i n g   an  a n g l e   of  a p p r o x i m a t e l y   20°  a b o v e  

h o r i z o n t a l   r o t a t i n g   at   60  RPM's ,   t o g e t h e r   w i t h   an  e q u a l  

vo lume   of  g l a s s   b e a d s   of  v a r i o u s   s i z e s ,   as  in  Example   1 .  

Then  24°C  w a t e r   was  added   to  the   m i x t u r e   w i t h   30  g r a m s  

of  an  i n h i b i t e d   a c i d   s o l u t i o n   c o n t a i n i n g   99 .7   p a r t s   6 6 °  

Be  s u l f u r i c   a c i d   and  0 .3   p a r t   A d d i t i v e   "R"  and  a l l o w e d   t o  

mix  f o r   two  m i n u t e s .   To  the   b a r r e l   c o n t e n t s ,   12 .9   g r a m s  



of  a  m i x t u r e   c o n t a i n i n g   4 3 . 9   p a r t s   66°  Be  s u l f u r i c   a c i d ,  

2 3 . 1   p a r t s   c u p r i c   s u l f a t e   p e n t a h y d r a t e ,   and  3 3 . 0   p a r t s  

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

A f t e r   f i v e   m i n u t e s ,   5 .5   g rams   of  a  powder   c o n -  

t a i n i n g   5 6 . 4   p a r t s   s o d i u m   b i s u l f a t e ,   5 .4   p a r t s   A d d i t i v e  

" R " ,   1 4 . 6   p a r t s   C a r b o w a x   20M,  and  2 3 . 6   p a r t s   c a d m i u m  

s u l f a t e   w e r e   a d d e d   to  t he   b a r r e l   and  a l l o w e d   to  mix  f o r  

2  m i n u t e s .  

A f t e r   m i x i n g ,   2  g rams   of  z i n c   p o w d e r   was  a d d e d  

and  m i x e d   f o r   5  m i n u t e s   to  i n i t i a t e   and  o b t a i n   a  t h i n  

f l a s h   c o a t i n g .   Then  150  g rams   of  z i n c   p o w d e r   was  a d d e d  

i n c r e m e n t a l l y   to  the   b a r r e l ,   in  t en   3  gram  i n c r e m e n t s   a t  

one  m i n u t e   i n t e r v a l s ,   and  e i q h t   1 2 . 5   qram  i n c r e m e n t s   a t  

2 .5   m i n u t e   i n t e r v a l s .   Each  i n c r e m e n t   was  added   t o q e t h e r  

w i t h   t h e   f o l l o w i n g   m i x t u r e   b a s e d   on  the   w e i q h t   of  z i n c  

a d d e d :  

A f t e r   d e p o s i t i o n   of  the   m e t a l   p o w d e r ,   t h e  

r e s u l t a n t   c o a t i n g   was  f o u n d   to  be  u n i f o r m   in  a p p e a r a n c e  

and  had  e x c e l l e n t   a d h e s i o n .   The  t h i c k n e s s   was  d e t e r m i n e d  

to  be  2 . 8   m i l s   ( 7 0 p ) .  



1.  A  c h e m i c a l   p r o m o t e r   s y s t e m   c a p a b l e   of  b e i n g  

u s e d   in  c o n j u n c t i o n   w i t h   f i n e l y   d i v i d e d   m e c h a n i c a l   p l a t i n g  

m e t a l ,   w a t e r ,   and  i m p a c t   media   in  a  m e c h a n i c a l   p l a t i n g  

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

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

(a )   a  f l a s h   p r o m o t e r   c o m p r i s i n g ,   pe r   100  s q u a r e  

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

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

f r o m   a b o u t   20  to  a b o u t   80  g rams   of  a  s o l u b l e  

s a l t   of   a  m e t a l   more  n o b l e   t h a n   s a i d   p l a t i n g  

m e t a l ,   an  e f f e c t i v e   amoun t   of  a  d i s p e r s a n t  

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

and  an  e f f e c t i v e   a m o u n t   of  an  i n h i b i t o r  

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

m e t a l ;   a n d  

(b)  a  c o n t i n u i n g   p r o m o t e r   c o m p r i s i n g ,   per   p o u n d  

of  f i n e l y  d i v i d e d   m e c h a n i c a l   p l a t i n g   m e t a l ,  

f r o m   a b o u t   60  to  a b o u t   150  g rams   of  a  s t r o n g  

a c i d   or  s a l t   t h e r e o f ,   f rom  a b o u t   5  to  a b o u t  

20  g rams   of  a  s o l u b l e   s a l t   of  a  m e t a l   m o r e  

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

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

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

of  s a i d   p l a t i n g   m e t a l .  

2.  The  c h e m i c a l   p r o m o t e r   s y s t e m   of  c l a i m   1 

w h e r e i n   s a i d   n o b l e   m e t a l   is  t i n ,  

3.  The  c h e m i c a l   p r o m o t e r   s y s t e m   of  c l a i m   1 

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

a  c l o u d   p o i n t   in  a  I  p e r c e n t   a q u e o u s   s o l u t i o n   b e l o w   1 0 0 ° C .  



4.  The  c h e m i c a l   p r o m o t e r   s y s t e m   of  c l a i m   3 
w h e r e i n   t h e   c o n c e n t r a t i o n   of  s a i d   p o l y o x y e t h y l e n e   g l y c o l  

is  l e s s   t h a n   a b o u t   40  g r a m s   p e r   100  s q u a r e   f e e t   of  p l a t i n g  

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

8  g r a m s ,   p e r   pound  of  s a i d   p l a t i n g   m e t a l ,   in  s a i d  

c o n t i n u i n g   p r o m o t e r .  

5.  A  p r o c e s s   f o r   p r o v i d i n g   a r t i c l e s   w i t h   a 

h e a v y   d e n s e   m e t a l l i c   c o a t i n g   of  a  m e c h a n i c a l   p l a t i n g   m e t a l ,  

c o m p r i s i n g   t he   s t e p s   o f :  

( a )   m i x i n g   s a i d   a r t i c l e s ,   w a t e r ,   i m p a c t   m e d i a   a n d  

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

pe r   100  s q u a r e   f e e t   of  p l a t i n g   s u r f a c e   a r e a ,   up 
to  a b o u t   4 0 0  g r a m s   of  a  s t r o n g   a c i d   or  s a l t  

t h e r e o f ,   f rom  a b o u t   20  to  a b o u t   8 0  g r a m s   of  a 

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

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

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

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

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

(b)   a d d i n g   t h e r e t o   a  s m a l l   a m o u n t  o f   f i n e l y   d i v i d e d  

m e c h a n i c a l   p l a t i n g   m e t a l ,   and  a g i t a t i n g   t h e  

r e s u l t a n t   m i x t u r e ;  

(c )   a d d i n g   a  p o r t i o n   of  f i n e l y   d i v i d e d   m e c h a n i c a l  

p l a t i n g   m e t a l   and  an  e f f e c t i v e   a m o u n t   of  a 

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

c o m p r i s i n g ,   pe r   pound   of  f i n e l y   d i v i d e d   m e c h a n -  

i c a l   p l a t i n g   m e t a l ,   f rom  a b o u t   60  to  a b o u t   1 5 0  

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

a b o u t   5  to  a b o u t   20  g rams   of  a  s o l u b l e   s a l t   o f  

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

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

d i s p e r s i n g   s a i d   p l a t i n g   m e t a l ,   and  an  e f f e c t i v e  

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

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

(d)  r e p e a t i n g   s t e p   (c)   u n t i l   s a i d   h e a v y   d e n s e  

m e t a l l i c   c o a t i n g   is   o b t a i n e d   on  s a i d   a r t i c l e s .  



6.  The  p r o c e s s   of  c l a i m   5  w h e r e i n   s a i d   m e t a l  

more   n o b l e   t h a n   s a i d   p l a t i n g   m e t a l   is  t i n .  

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

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

a  1  p e r c e n t   a q u e o u s   s o l u t i o n   be low  1 0 0 ° C .  

8.  The  p r o c e s s   of  c l a i m   7  w h e r e i n   s a i d   p o l y o x y -  

e t h y l e n e   g l y c o l   is  c o n t a i n e d   at  a  c o n c e n t r a t i o n   of  l e s s  

t h a n   a b o u t   40  g r a m s ,   pe r   100  s q u a r e   f e e t   of  p l a t i n g   s u r -  

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

8  g r a m s ,   per   pound  of  p l a t i n g   m e t a l ,   in  s a i d   c o n t i n u o u s  

p r o m o t e r .  

9.  The  p r o c e s s   of  c l a i m   5  w h e r e i n   s a i d   f i n e l y  

d i v i d e d   m e c h a n i c a l   p l a t i n g   m e t a l   is  z i n c .  
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