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

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

to  a n o t h e r ,   n o t a b l y   one  m e t a l   to  a n o t h e r ,   a c c o r d i n g   to   t h e  

p r o c e s s   d e s c r i b e d   and   c l a i m e d   in   ou r   c o p e n d i n g   A p p l i c a t i o n s  

f i l e d   h e r e w i t h .  

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

a p p l i c a t i o n   No.  w h i c h   i n v o l v e s   f u s i n g   i n t o   or  o n t o  

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

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

s t e p s   o f  :  

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

w i t h   an  a d j a c e n t   s u r f a c e   of   t h e   f i r s t   c o n d u c t i v e   m a t e r i a l ,  

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

d i s s o c i a b l e   s o l u t i o n ;   a n d  

a p p l y i n g   an  i n t e r r u p t e d   e l e c t r i c a l   s i g n a l   of  a  

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

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

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

s e c o n d   m a t e r i a l   may  be  a q u e o u s   or   o r g a n i c .   D e s i r a b l y   a n  

a q u e o u s   s o l u t i o n   i s   u s e d   w h i c h   h a s   a  pH  of  0 . 4   to   14,  t h e  

a m o u n t   of  s e c o n d   m a t e r i a l   t h e r e i n   i s   in   t h e   r a n g e   of  0 . 1 0   t o  

10%  by  w e i g h t   of  t h e   s o l u t i o n   and  t h e  r e s i s t i v i t y   of  t h e  

s o l u t i o n   i s   in   t h e   r a n g e   of   10  to   80  ohms  c m .  

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

m e t a l ,   F o r   e x a m p l e ,   t h e   f i r s t   m a t e r i a l   may  be  i r o n  

or  i r o n   a l l o y   and  t h e   s e c o n d   m a t e r i a l   may  be  m o l y b d e n u m  

t u n g s t e n   or   i n d i u m .   A  w i d e   v a r i e t y   of  f e r r o u s   a n d / o r  

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

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



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

t h e   " s e c o n d   m e t a l " )   to   a n o t h e r   m e t a l   ( h e r e i n a f t e r   c a l l e d  

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

" m e t a l "   i s   i n t e n d e d   to   e m b r a c e   m e t a l   a l l o y s   as   w e l l   a s  

s i n g l e   m e t a l s .  

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

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

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

T h i s   o t h e r   p r o c e s s   may  be  c a l l e d  " s o l i d - t o - s o l i d "   f u s i o n  

f o r   c o n v e n i e n c e .   The  p r e s e n t   i n v e n t i o n ,   h o w e v e r ,  

i s   o n l y   c o n c e r n e d   w i t h   t h e   s o l u t i o n s   f o r   u s e   i n   t h e  

a l t e r n a t i v e   p r o c e s s   w h e r e i n   one   of  t h e   m e t a l s   to   b e  

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

c o n v e n i e n c e  " l i q u i d - t o - l i q u i d "   f u s i o n .  

C e r t a i n   of  t h e   m e t a l   s o l u t i o n s   d i s c l o s e d   i n   o u r  

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

new  and  c o n s t i t u t e   t h e   b a s i s   f o r   t h e   p r e s e n t   i n v e n t i o n .  

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

a  pH  of  a b o u t   0 . 4  -   14,  a  r e s i s t i v i t y   of  10  to   80  ohms  cm 

and   c o n t a i n : .  

( 1 )   a  c o m p o u n d   of   a  d i s s o c i a b l e   p o l y v a l e n t  

m e t a l   to   be  f u s e d   to  t h e   o t h e r   m e t a l ;  

( 2 )   a  c o m p o u n d   w h i c h   i s   c a p a b l e   of   c o m p l e x i n g  

w i t h   c o m p o u n d   ( 1 ) ,   c o m p o u n d s   ( 1 )   and  (2 )   b e i n g   e i t h e r  

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

in   w a t e r ;  

( 3 )   a  s t a b i l i z e r   w h i c h   f u n c t i o n s   to   k e e p   (1 )   a n d  

(2 )   and  t h e   c o m p l e x   t h s r e o f   i n   s o l u t i o n ;   a n d  

(4 )   a  c a t a l y z e r   w h i c h   f u n c t i o n s   to   p r o m o t e   t h e  

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

m e t a l   to   a  l o w e r   v a l e n c e   and  to   c a t a l y z e   t h e   c o m p l e x i n g  



a c t i o n   b e t w e e n   (1 )   and  ( 2 ) .   A c i d   a n d / o r   a l k a l i n e   m a t e r i a l  

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

of  u s e   and  to  h e l p   k e e p   t h e   m e t a l   c o m p o u n d s   (1)   and  (2 )   i n  

s o l u t i o n .  

C e r t a i n   of  t h e s e   s o l u t i o n s   may  i n c l u d e   a  s u f f i c i e n t  

q u a n t i t y   of  an  o r g a n i c   s o l v e n t   to  e n s u r e   d i s s o l u t i o n   of  t h e  

m e t a l   a n d / o r   t h e   c o m p l e x .  

C e r t a i n   o t h e r   s o l u t i o n s   may  r e q u i r e   c o n d u c t i v i t y  

e n h a n c i n g   a g e n t s .   And  d e p e n d i n g   u p o n   t h e   end  r e s u l t  

d e s i r e d ,   b r i g h t e n i n g   a g e n t s   may  a l s o   be  p r e s e n t .   W e t t i n g  

a g e n t s   or   s u r f a c t a n t s   may  a l s o   be  p r o v i d e d .  

By  t h e   u s e   o f   t h e s e   s o l u t i o n s   i t   h a s   b e e n   f o u n d  

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

p r o c e s s   d e s c r i b e d   i n   c o p e n d i n g   a p p l i c a t i o n   N o .  

w i t h   a  f i r s t   m e t a l   w i t h   f a c i l i t y . ,   e c o n o m y   and   a t   a m b i e n t  

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

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

T h e s e   and  o t h e r   o b j e c t s   and  f e a t u r e s   of  t he   p r e s e n t  

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

and  d r a w i n g s   in   w h i c h   c e r t a i n   s p e c i f i c   e m b o d i m e n t s   of  t h e s e  

s o l u t i o n s   a r e   i l l u s t r a t i v e   of  t h e   i n v e n t i o n   and  in   w h i c h :  

F i g .   1  i s   a  g e n e r a l   p e r s p e c t i v e   v i e w   of  o n e  

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

s o l u t i o n s   of  t h e   p r e s e n t   i n v e n t i o n   a r e   u s e d ;  

F i g .   2  i s   a  g e n e r a l   p e r s p e c t i v e   v i e w   of  a  s e c o n d  

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

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   may  be  e m p l o y e d ;  

F i g .   3  i s   a  s c h e m a t i c   e l e c t r i c a l   c i r c u i t   e m p l o y e d  

in   t h e   p r e s e n t   i n v e n t i o n ;  



F i g .   4  i s   a  c i r c u i t   d i a g r a m   of   an  o s c i l l a t o r   a s  

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

i n v e n t i o n ;  

F i g .   5  i s   a  c o m p o s i t e   SEM  p h o t o m i c r o g r a p h   w i t h  

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

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

i n v e n t i o n   w i t h   a  m o l y b d e n u m   s o l u t i o n .   The  l e f t - h a n d   h a l f   h a s   a  

m a g n i f i c a t i o n   x l 2 5 0   and  t h e   r i g h t - h a n d   h a l f   i s   a  x8  e n l a r g e m e n t  

of   t h e   m a r k e d   a r e a   of  t h e   l e f t - h a n d   h a l f ;  

F i g .   6  i s   a  g r a p h   of  an  SEM/EPMA  s c a n   a c r o s s   t h e  

s a m p l e   shown  in   F i g .   5  and  shows  t h e   f u s i o n   of   m o l y b d e n u m   w i t h  

c o p p e r ;  

F i g .   7  i s   a  c o m p o s i t e   SEM  p h o t o m i c r o g r a p h ,   w i t h   r i g h t  

and   l e f t   h a n d   h a l v e s ,   of   a  s t e e l   m a t r i x   w i t h   w h i c h   m o l y b d e n u m  

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

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

x l 2 5 0   and  t h e   r i g h t   h a n d   h a l f   i s   a  x8  e n l a r g e m e n t   of  t h e   m a r k e d  

a r e a   of  t h e   l e f t   h a n d   h a l f ;  



F i g .   8  i s   a  g r a p h   of  an  SEM/EPMA  s c a n   a c r o s s   t h e  

s a m p l e   shown  in  F i g .  7   and  shows  t h e   f u s i o n   of   m o l y b d e n u m  

w i t h   s t e e l ;  

F i g .   9  i s   a  c o m p o s i t e   p h o t o m i c r o g r a p h ,   w i t h   r i g h t  

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

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

w i t h   a  t u n g s t e n   s o l u t i o n .   The  l e f t   h a n d   h a l f   h a s   a  

m a g n i f i c a t i o n   x l 2 5 0   and  t h e   r i g h t   hand   h a l f   i s   a  x8  

e n l a r g e m e n t   of  t h e   m a r k e d   a r e a   of  t h e   l e f t   h a n d   h a l f ;  

F i g .   10  i s   a  f u r t h e r   SEM  p h o t o m i c r o g r a p h   of  t h e  

s a m p l e   o f   F i g .   9  w i t h   a  m a g n i f i c a t i o n   x 1 0 , 0 0 0   of   p a r t   of  t h e  

m a r k e d   a r e a   of  F i g .   9 ;  

F i g .   11  i s   a  g r a p h   of  an  SEM/EPMA  s c a n   a c r o s s   t h e  

s a m p l e   shown  in   F i g s .   9  and  1 0 ;  

F i g .   12  i s   a  c o m p o s i t e   p h o t o m i c r o g r a p h ,   w i t h   r i g h t  

and  l e f t   h a n d   h a l v e s ,   of   a  s t e e l   m a t r i x   w i t h   w h i c h   t u n g s t e n  

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

w i t h   a  t u n g s t e n   s o l u t i o n .   The  l e f t   h a n d   h a l f   h a s   a  

m a g n i f i c a t i o n   x l 3 1 0   and  t h e   r i g h t   hand   h a l f   i s   a  x 8  

e n l a r g e m e n t   of  t h e   m a r k e d   a r e a   of  t h e   l e f t   h a n d   h a l f ;  

F i g .   13  i s   a  g r a p h   of  an  SEM/EPMA  s c a n   a c r o s s   t h e  

s a m p l e   shown  in   F i g .   12  and  shows  t h e   f u s i o n   of   t u n g s t e n   w i t h  

s t e e l ;  

F i g .   14  i s   a  c o m p o s i t e   p h o t o m i c r o g r a p h   w i t h   r i g h t  

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

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

w i t h   an  i n d i u m   s o l u t i o n .   The  l e f t   hand   h a l f   h a s   a  

m a g n i f i c a t i o n   x1250  and  t h e   r i g h t   hand   h a l f   i s   a  x8  

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



F i g .   15  i s   a  g r a p h   of  an  e l e c t r o n   m i c r o p r o b e   s c a n  

a c r o s s   t h e   s a m p l e   shown  in  F i g .   1 4 ;  

F i g .   16  i s   a  c o m p o s i t e   SEM  p h o t o m i c r o g r a p h ,   w i t h  

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

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

i n v e n t i o n   w i t h   an  i n d i u m   s o l u t i o n .   The  l e f t   h a n d   h a l f   has   a  

m a g n i f i c a t i o n   x625  and  t h e   r i g h t   h a n d   h a l f   i s   a  x8  

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

F i g .   17  i s   a  g r a p h   of  an  SEM/EPMA  s c a n   a c r o s s   t h e  

s a m p l e   shown  in  F i g .   1 6 ;  

F i g .   18  i s   a  c o m p o s i t e   SEM  p h o t o m i c r o g r a p h ,   w i t h  

r i g h t   and  l e f t   hand   h a l v e s ,   of  a  c o p p e r   m a t r i x   w i t h   w h i c h  

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

i n v e n t i o n   w i t h   a  n i c k e l   s o l u t i o n .   The  l e f t   h a n d   h a l f   h a s   a  

m a g n i f i c a t i o n   x1250   and  t h e   r i g h t   h a n d   h a l f   is   a  x 8  

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

F i g .   19  i s   a  g r a p h   of  an  SEM/EPMA  s c a n   a c r o s s   t h e  

s a m p l e   shown  in   F i g .   1 8 ;  

F i g .   20  i s   a  c o m p o s i t e   SEM  p h o t o m i c r o g r a p h   w i t h   r i g h t  

and  l e f t   h a n d   h a l v e s ,   of  a  s t e e l   m a t r i x   w i t h   w h i c h   n i c k e l   h a s  

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

n i c k e l   s o l u t i o n .   The  l e f t   h a n d   h a l f   h a s   a  m a g n i f i c a t i o n   x 1 3 1 0  

and  t h e   r i g h t   h a n d   h a l f   i s   a  x8  e n l a r g e m e n t   of  t h e   m a r k e d  

s e c t i o n   of  t h e   l e f t   h a n d   h a l f ;  

F i g .   21  i s   a  g r a p h   of  an  SEM/EPMA  s c a n   a c r o s s   t h e  

s a m p l e   shown  in  F i g .   2 0 ;  

F i g .   22  i s   a  c o m p o s i t e   p h o t o m i c r o g r a h   of  a  c o p p e r  

m a t r i x   w i t h   w h i c h   g o l d   h a s   b e e n   f u s e d .   The  l e f t   h a n d   h a l f   has   a  

m a g n i f i c a t i o n   x1310  and  t h e   r i g h t   h a n d   h a l f   is   a  x8  e n l a r g m e n t  

of   t h e   m a r k e d   s e c t i o n   fo  t h e   r i g h t   h a n d   h a l f .  



F i g .   23  i s   a  g r a p h   of  an  SEM/EPMA  s c a n   a c r o s s   t h e  

s a m p l e   shown  in   F i g .   22  s h o w i n g   g o l d   f u s e d   in  t h e   c o p p e r  

m a t r i x ;  

F i g .   24  i s   a  c o m p o s i t e   p h o t o m i c r o g r a p h   w i t h   r i g h t  

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

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

s o l u t i o n .   The  l e f t   h a n d   h a l f   h a s   a  m a g n i f i c a t i o n   x 1 3 1 0 ,   t h e  

r i g h t   h a n d   h a l f   i s   x8  m a g n i f i c a t i o n   e n l a r g e m e n t   of  t h e   m a r k e d  

a r e a   of  t h e   l e f t   h a n d   h a l f ;  

F i g .   25  i s   a  g r a p h   of  an  SEM/EPMA  s c a n   a c r o s s   t h e  

s a m p l e   shown  in   F i g .   23  s h o w i n g   g o l d   f u s e d   in  t h e   s t e e l   m a t r i x ;  

F i g .   26  i s   an  SEM  p h o t o m i c r o g r a p h   w i t h   a  m a g n i f i c a t i o n  

x 1 0 , 0 0 0   of   a  c o p p e r   m a t r i x   w i t h   w h i c h   c h r o m i u m   h a s   b e e n   f u s e d  

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

s o l u t i o n ;  

F i g .   27  i s   a  g r a p h   of  an  SEM/EPMA  s c a n   a c r o s s   t h e  

s a m p l e   shown  in   F i g .   26  and  shows  t h e   f u s i o n   of  c h r o m i u m   w i t h  

c o p p e r ;  

F i g .   28  i s   an  SEM  p h o t o m i c r o g r a p h   w i t h   a  m a g n i f i c a t i o n  

x 1 0 , 0 0 0   of   a  s t e e l   m a t r i x   w i t h   w h i c h   c h r o m i u m   h a s   b e e n   f u s e d  

u s i n g   t h e   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   w i t h   t h e   f i r s t  

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

F i g .   29  i s   a  g r a p h   of  an  SEM/EPMA  s c a n   a c r o s s   t h e  

s a m p l e   shown  i n   F i g .   28  and  shows  t h e   f u s i o n   of  c h r o m i u m   w i t h  

s t e e l ;  

F i g .   30  i s   a  c o m p o s i t e   SEM  p h o t o m i c r o g r a p h ,   w i t h   r i g h t  

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

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

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



m a g n i f i c a t i o n   x625  and  t h e   r i g h t   h a n d   h a l f   i s   a  x8  

e n l a r g e m e n t   of   t h e   m a r k e d   a r e a   of   t h e   l e f t   h a n d   h a l f ;  

F i g .   30A  is  a  f u r t h e r   e n l a r g e d   SEM  p h o t o m i c r o g r a p h  

o f   t h e   e n l a r g e d   a r e a   of  F i g .   30  a t   a  m a g n i f i c a t i o n   of  x 1 0 , 0 0 0 ;  

F i g .   32  i s   a  g r a p h   of  an  SEM/EPMA  s c a n   a c r o s s   t h e  

s a m p l e   shown  in   F i g .   30  and  shows  t h e   f u s i o n   of   c h r o m i u m   w i t h  

c o p p e r ;  

F i g .   33  i s   a  c o m p o s i t e   SEM  p h o t o m i c r o g r a p h ,   w i t h   r i g h t  

and   l e f t   h a n d   h a l v e s ,   of  a  s t e e l   m a t r i x   w i t h   w h i c h   c h r o m i u m   h a s  

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

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

x 1 2 5 0   and  t h e   r i g h t   h a n d   h a l f   i s   a  x8  e n l a r g e m e n t   of  t h e   m a r k e d  

a r e a   of  t h e   l e f t   h a n d   h a l f ;  

F i g .   33A  is   a  f u r t h e r   e n l a r g e d   SEM  p h o t o m i c r o g r a p h   o f  

t h e   e n l a r g e d   a r e a   of  F i g .   33  a t   a  m a g n i f i c a t i o n   of   x 1 0 , 0 0 0 ;  

F i g .   34  i s   a  g r a p h   of  an  SEM/EPMA  s c a n   a c r o s s   t h e  

s a m p l e   shown  in   F i g .   32  and  shows   t h e   f u s i o n   of  c h r o m i u m   w i t h  

s t e e l ;  

F i g .   35  i s   a  c o m p o s i t e   p h o t o m i c r o g r a p h   w i t h   r i g h t   a n d  

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

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

c a d m i u m   s o l u t i o n ;   t h e   l e f t   h a n d   h a l f   h a s   a  m a g n i f i c a t i o n   x 1 3 1 0  

and   t h e   r i g h t   h a n d   h a l f   i s   a  x5  e n l a r g e m e n t   of  t h e   m a r k e d   a r e a ;  

F i g .   36  i s   a  g r a p h   of   an  SEM/EPMA  s c a n   a c r o s s   t h e  

s a m p l e   shown   i n   F i g .   35  and  shows   t h e   f u s i o n   of  cadmium  w i t h  

c o p p e r ;  

F i g .   37  i s   a  p h o t o m i c r o g r a p h   a t   x l l , 5 0 0   m a g n i f i c a t i o n  

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

p r o c e s s   of   t h e   p r e s e n t   i n v e n t i o n   w i t h   a  s e c o n d   cadmium  s o l u t i o n ;  



F i g .   38  i s   a  g r a p h   of  an  SEM/EPMA  scan   a c r o s s   t h e  

s a m p l e   shown  in   F i g .   37  and  shows   t h e   f u s i o n   of  c admium  w i t h  

s t e e l ;  

F i g .   39  i s   a  c o m p o s i t e   p h o t o m i c r o g r a p h   w i t h   l e f t  

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

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

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

x655  and   t h e   r i g h t   h a n d   h a l f   i s   a  x8  e n l a r g e m e n t   of  t h e  

m a r k e d   a r e a ;  

F i g .   40  i s   an  SEM/EPMA  s c a n   a c r o s s   t he   s a m p l e   o f  

F i g .   39  and  shows   t h e   f u s i o n   of  t i n   w i t h   c o p p e r ;  

F i g .   41  i s   a  c o m p o s i t e   p h o t o m i c r o g r a p h   w i t h   l e f t  

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

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

s e c o n d   t i n   s o l u t i o n ;   t h e   l e f t   h a n d   h a l f   h a s   a  m a g n i f i c a t i o n  

x326  and   t h e   r i g h t   h a n d   h a l f   i s   x8  e n l a r g e m e n t   of  t h e   m a r k e d  

a r e a ;  

F i g .   42  i s   an  SEM/EPMA  s c a n   a c r o s s   t he   s a m p l e   o f  

F i g .   41  and  shows   f u s i o n   of  t i n   w i t h   c o p p e r ;  

F i g .   43  i s   a  c o m p o s i t e   SEM  p h o t o m i c r o g r a p h   w i t h  

r i g h t   and  l e f t   h a n d   h a l v e s ,   of  a  s t e e l   m a t r i x   w i t h   w h i c h   t i n  

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

w i t h   t h e   s e c o n d   t i n   s o l u t i o n ;   t h e   r i g h t   h a n d   h a l f   is  a  x l 3 1 0  

m a g n i f i c a t i o n   and  t h e   l e f t   h a n d   h a l f   i s   x8  m a g n i f i c a t i o n   o f  

t h e   m a r k e d   a r e a ;  

F i g .   44  i s   a  SEM/EPMA  s c a n   a c r o s s   t he   s a m p l e   o f  

F i g .   43  and  shows   f u s i o n   of  t i n   w i t h   s t e e l ;  



F i g .   45  i s   an SEM  p h o t o m i c r o g r a p h   a t   a  x 5 2 0 0  

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

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

c o b a l t   s o l u t i o n ;  

F i g .   46  i s   an  SEM/EPMA  s c a n   a c r o s s   t h e   s a m p l e   o f  

F i g .   45  and  s h o w s   f u s i o n   of  c o b a l t   w i t h   c o p p e r ;  

F i g s .   47  and  47A  a r e   p h o t o m i c r o g r a p h s   o f   a  c o p p e r  

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

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

F i g .   47  i s   a  c o m p o s i t e   w i t h   t h e   l e f t   h a n d   s i d e  

h a v i n g   a  m a g n i f i c a t i o n   of  x625  and   t h e   r i g h t   h a n d   s i d e   b e i n g  

an  x8  e n l a r g e m e n t   of  t h e   m a r k e d   a r e a ;  

F i g .   47A  i s   a  f u r t h e r   e n l a r g e d   SEM  p h o t o m i c r o g r a p h  

of   t h e   e n l a r g e d   a r e a   of  F i g .   47  a t   a  m a g n i f i c a t i o n   x 1 0 , 0 0 0 ;  

F i g .   48  i s   an  SEM/EPMA  s c a n   a c r o s s   t h e   s a m p l e   o f  

' F i g .   47  and  s h o w s   f u s i o n   of  s i l v e r   w i t h   c o p p e r ;  

F i g .   49  i s   an  SEM  p h o t o m i c r o g r a p h   a t   a  

m a g n i f i c a t i o n   o f   x 1 0 , 0 0 0   of  a  c o p p e r   m a t r i x   w i t h   w h i c h   s i l v e r  

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

w i t h   a  s e c o n d   s i l v e r   s o l u t i o n ;  

F i g .   50  i s   an  e l e c t r o n   m i c r o p r o b e   s c a n   a c r o s s  t h e  

s a m p l e   of   F i g .   49  and  shows  f u s i o n   of  s i l v e r   w i t h   c o p p e r ;  

In  t h o s e   F i g u r e s   w h i c h   a r e   g r a p h s ,   of  F i g u r e s   5 

t h r o u g h   50,  t h e   v e r t i c a l   a x i s   i s   l o g a r i t h m i c   w h i l e   t h e  

h o r i z o n t a l   a x i s   i s   l i n e a r .   And  in   t h e s e   g r a p h s   t h e   s u r f a c e  

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

(wt%)  of   t h e   m a t r i x   and  t h e   e l e m e n t   w h i c h   h a s   b e e n   f u s e d  

t h e r e w i t h   a r e   b o t h   a t   50%  as  i n d i c a t e d   by  t h e   p r o j e c t i o n s .  

R e f e r r i n g   now  to   d r a w i n g s   F i g s .   1  a n d   2  t h e s e  

d r a w i n g s   i l l u s t r a t e   in   g e n e r a l   p e r s p e c t i v e   v iew  a p p a r a t u s   i n  



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

t h e   p r o c e s s   of   t h e   i n v e n t i o n .  

In  F i g .   1,  w h i c h   e x e m p l i f i e s   a  s o l i d - t o - s o l i d  

p r o c e s s   t h e   n u m b e r   10  i n d i c a t e s   a  power   s u p p l y   and  11  a n  

o s c i l l a t o r .  

One  s i d e   of  t h e   o s c i l l a t o r   o u t p u t   i s   c o n n e c t e d   t o  

an  e l e c t r o d e   13  t h r o u g h   a  h o l d e r   12.  H o l d e r   12  is   p r o v i d e d  

w i t h   a  r o t a t i n g   c h u c k   and  has   a  t r i g g e r   s w i t c h   w h i c h   c o n t r o l s  

t h e   s p e e d   of  r o t a t i o n   of  t h e   e l e c t r o d e   13.  The  s p e e d   o f  

r o t a t i o n   i s   v a r i a b l e   f rom  5 , 0 0 0   to   1 0 , 0 0 0   r p m .  

The  e l e c t r o d e   13  i s   c o m p o s e d   of  t h e   m a t e r i a l   to   b e  

f u s e d   w i t h   t h e   m a t r i x .   The  m a t r i x   or  s u b s t r a t e   w h i c h   is   t o  

be  s u b j e c t e d   to   t h e   p r o c e s s   and  w h i c h   i s   to   be  t r e a t e d   i s  

i n d i c a t e d   a t   14.   The  m a t r i x   i s   a l s o   c o n n e c t e d   to   t he   o t h e r  

s i d e   of   t h e   o s c i l l a t o r   o u t p u t   by  a  c l a m p   15  and  l i n e   1 6 .  

By  t h e s e   c o n n e c t i o n s   t h e   e l e c t r o d e   i s   p o s i t i v e l y  

c h a r g e d   and  t h e   m a t r i x   i s   n e g a t i v e l y   c h a r g e d   when  t h e   s i g n a l  

i s   a p p l i e d .  

In  F i g .   2  t h e   c o r r e s p o n d i n g   c o m p o n e n t s   a r e  

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

p r o c e s s   e m p l o y e d   may  be  c h a r a c t e r i z e d   as  a  l i q u i d   to  s o l i d  

p r o c e s s .   In  t h i s   a p p a r a t u s   t h e   m a t e r i a l   to   be  f u s e d   is   i n  

t h e   f o rm  of  a  s o l u t i o n   and  i s   h e l d   in  a  r e s e r v o i r   1 7 .  

R e s e r v o i r   17  i s   c o n n e c t e d   by  a  t u b e   18  to   an  e l e c t r o d e   1 9 .  

E l e c t r o d e   19  i s   a  p l a t e   p r o v i d e d   w i t h   an  i n s u l a t e d   h a n d l e   20  

t h r o u g h   w h i c h   one  s i d e   of  o s c i l l a t o r   11  o u t p u t   is  c o n n e c t e d .  

T h i s   o u t p u t   i s   l ed   i n t o   a  main   c h a n n e l   21  in   e l e c t r o d e   1 9 .  

C h a n n e l   21  h a s   a  s e r i e s   of  s i d e   c h a n n e l s   22  w h i c h   open  on  t o  

t h e   u n d e r s u r f a c e   of  e l e c t r o d e   20.  The  f l o w   f rom  r e s e r v o i r   1 7  

is   by  g r a v i t y   or  by  a  pump  and  may  be  c o n t r o l l e d   by  a  v a l v e  

such   as  23  on  t h e   h a n d l e   20.  For  f u r t h e r   c o n t r o l ,   more  e v e n  



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

f o r e i g n   m a t t e r   t h e   s u r f a c e   of  e l e c t r o d e   19  i s   p r e f e r a b l y  

c o v e r e d   by  a  p e r m e a b l e   m e m b r a n e   s u c h   as  c o t t o n   or  n y l o n .  

I t   h a s   b e e n   f o u n d   t h a t   t o   e f f e c t   f u s i o n   t h a t   t h e  

a p p l i c a t i o n   of   5 0 , 0 0 0   w a t t s / s q .   cm.  or  a l t e r n a t i v e l y   t h e  

a p p l i c a t i o n   of   c u r r e n t   of  t h e   o r d e r   of   1 0 , 0 0 0   a m p s / s q .   cm.  i s  

n e c e s s a r y .  

From  a  p r a c t i c a l   s t a n d p o i n t   1 0 , 0 0 0   a m p s / s q . c m .   c a n  

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

t r e a t e d .  

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

p u l s i n g   s i g n a l   of   2 . 5   m i c r o s e c o n d s   t o   2 8 . 6   n a n o s e c o n d s   h a v i n g  

a  m a g n i t u d e   of   3  amps  to   t h e   e l e c t r o d e   and  t h i s   c a u s e s   f u s i o n  

to   o c c u r   o v e r   an  a r e a   of  a p p r o x i m a t e l y   0 .3   sq .   mm. 

To  e f f e c t   f u s i o n   o v e r   an  a r e a   w i t h  t h e   a p p a r a t u s  

shown  in  F i g .   1  t h e   e l e c t r o d e   13,  m a t r i x   14  and  t h e  

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

The  o p e r a t o r   p a s s e s   t h e   r o t a t i n g   e l e c t r o d e   13  i n  

c o n t a c t   w i t h   t h e   u p p e r   s u r f a c e   of   t h e   m a t r i x   o v e r   t h e   m a t r i x  .  

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

m a t e r i a l   to   t h e   m a t r i x   and  f u s e   i t   t h e r e w i t h .  

I t   h a s   a l s o   b e e n  f o u n d   t h a t   t h e   c o n t i n u o u s  

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

h e a t   in   t h e   s u b s t r a t e   or  m a t r i x   and   to   o v e r c o m e   t h i s   h e a t  

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

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

d i s s i p a t i o n   of   t h e   h e a t .  

As  w i l l   be  a p p a r e n t   to   t h o s e   s k i l l e d   in  t h e   a r t  

e a c h   m a t e r i a l ,   b o t h   t h e   m a t r i x   and  t h e   m a t e r i a l   to   be  a p p l i e d  



h a v e   s p e c i f i c   r e s i s t a n c e   c h a r a c t e r i s t i c s .   Thus   w i t h   e a c h  

c h a n g e   in   e i t h e r   one  or  b o t h   of  t h e s e   m a t e r i a l s   t h e r e   is  a  

c h a n g e   in  t h e   r e s i s t i v i t y   of  t h e   c i r c u i t .  

In  F i g .   3,  Rl  =  t h e   r e s i s t a n c e   of  t h e   e l e c t r o d e ,  

R2  =  t h e   r e s i s t a n c e   of   t h e   m a t r i x ,   a n d  

R3  =  t h e   r e s i s t a n c e   of   t h e   c i r c u i t   o f  

10  and  1 1 .  

V a r i a t i o n s   in   Rl  and  R2  w i l l   l e a d   to   v a r i a t i o n s  

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

t h a t   s i g n a l .  

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

a m p l i t u d e   of   3  amps  i s   b e l i e v e d   to   be  t h e   p r e f e r r e d  

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

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

h y d r o x i d e s   a r e   f o r m e d   in   t h e   i n t e r f a c e .  

F i g .   4  is  a  s c h e m a t i c   d i a g r a m   of  an  o s c i l l a t o r  

c i r c u i t   u s e d   in   a p p a r a t u s   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n .  

In  t h a t   c i r c u i t   a  p o w e r   s u p p l y   30  i s   c o n n e c t e d  

a c r o s s   t h e   i n p u t ,   and  a c r o s s   t h e   i n p u t   a  c a p a c i t o r   31  i s  

c o n n e c t e d .   One  s i d e   of   t h e   c a p a c i t o r   31  i s   c o n n e c t e d   t h r o u g h  

t h e   LC  c i r c u i t   32  w h i c h   c o m p r i s e s   a  v a r i a b l e   i n d u c t a n c e   c o i l  

33  and   c a p a c i t o r   34  c o n n e c t e d   in   p a r a l l e l .  

LC  c i r c u i t   32  is   c o n n e c t e d   to   one  s i d e   of  a  c r y s t a l  

o s c i l l a t o r   c i r c u i t   c o m p r i s i n g   c r y s t a l   35,  i n d u c t a n c e   36,  NPN 

t r a n s i s t o r   37  and  t h e   RC  c i r c u i t   c o m p r i s e d   of  v a r i a b l e  

r e s i s t a n c e   38  and  c a p a c i t a n c e   3 9 .  

T h i s   o s c i l l a t o r   c i r c u i t   i s   c o n n e c t e d   to   o u t p u t   50  

t h r o u g h ,   on  one  s i d e   c a p a c i t o r   40,  and  on  t h e   o t h e r   s i d e  

d i o d e   41,  to   p r o d u c e   a  h a l f w a v e s i g n a l   a c r o s s   o u t p u t   5 0 .  



In  t h e   a p p a r a t u s   a c t u a l l y   u s e d   t h e   s e v e r a l  

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

31  =  1 . 2 µ  f a r a d  

32  =  0 .3   p i c r o f a r a d  

33  =  0 -25   m i l l i h e n r y s  

35  =  4 0 0  -   30  K h z  

36  =  20  m i l l i h e n r y s  

37  =  NPN 

38  =  3 .5   µ  f a r a d s  

39  =  0  -   500  o h m s  

40  =  4 0 0 µ  f a r a d s  

41  =  d i o d e  

To  m a i n t a i n   t h e   a m p l i t u d e   of  t h e   s i g n a l   a t   3  a m p s  

R1  r e s i s t a n c e   38  i s   v a r i e d ;   t o   v a r y   t h e   f r e q u e n c y  

i n d u c t a n c e   33  i s   v a r i e d .  

I f   C  =  t h e   c a p a c i t a n c e   of  t h e   c i r c u i t   of  F i g .   3  a n d  

R l ,   R2  and  R3  a r e   t h e   r e s i s t a n c e s   p r e v i o u s l y  

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

t h e   f u s i n g  s i g n a l   Fo  may  be  d e t e r m i n e d   by  t h e   f o r m  

w h e r e   L  =  R 1 . R 2 . R 3  

and  C  =  c a p a c i t a n c e   of  t h e   c i r c u i t  

L  a n d   C  may  be  d e t e r m i n e d   by  any  w e l l - k n o w n   m e t h o d .  

Fo  d e p e n d s   on  t h e   m a t e r i a l   b e i n g   t r e a t e d   and  t h e  

m a t e r i a l   b e i n g   a p p l i e d   b u t   i t   i s   in  t h e   r a n g e   4 0 0 H z  -   35MHz. 

The  f r e q u e n c y ,   i t   is   b e l i e v e d ,   w i l l   d e t e r m i n e   t h e   s p e e d   o f  

t h e   p r o c e s s .  

To  f u s e   a  p r e d e t e r m i n e d   a r e a ,   t h e   a r e a   i s   m e a s u r e d .  

S i n c e   e a c h   d i s c h a r g e   w i l l   f u s e   a p p r o x i m a t e l y   0 . 3   sq .   mm.  t h e n  



t h e   t r a v e l   s p e e d   may  be  d e t e r m i n e d   by  t h e   f o l l o w i n g   f o r m :  

a n d  

A  =  a r e a   t o   be  c o v e r e d   i n   sq..  mm. 

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

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

R2  may  be  m e a s u r e d   by  any  known   m e a n s .  

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

of   r e s i s t a n c e   in   t h e   l i q u i d   p h a s e   may  n o t   be  s t a b l e .   In  t h i s  

s i t u a t i o n   t h e   r e s i s t a n c e   i s   m e a s u r e d  i n   a  s t a n d a r d   f a s h i o n .  

Two  e l e c t r o d e s ,   1  cm.  a p a r t   and  1  cm.  sq .   in   a r e a   a r e   p l a c e d  

in   a  b a t h   of  t h e   l i q u i d   p h a s e   and  t h e   r e s i s t a n c e   was  m e a s u r e d  

a f t e r   a  20  s e c o n d   d e l a y .   A f t e r   t h e   v a r i a b l e   p a r a m e t e r s   h a v e  

- b e e n   d e t e r m i n e d   and  t h e   a p p a r a t u s ,   m a t r i x   and  p r o b e   h a v e   b e e n  

c o n n e c t e d   as  shown  in   F i g s .   1  and  3,  t h e   p r o b e   13  i s   p a s s e d  

o v e r   t h e   s u r f a c e   of   t h e   m a t r i x   in  c o n t a c t   t h e r e w i t h   a t   t h e  

p r e d e t e r m i n e d   s p e e d .  

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

t h e   q u a l i t y   of  t h e   f u s i o n   w i t h   a  r o t a t i o n   s p e e d   o f   5 , 0 0 0   r p m  

t h e   f i n i s h   i s   an  u n e v e n   200  t o   300  f i n i s h ;   w i t h   a  s p e e d   o f  

r o t a t i o n   o f   1 0 , 0 0 0   rpm  t h e   f i n i s h   i s   a  s u b s t a n t i a l l y  

15  f i n i s h .  

The  a p p a r a t u s   of  F i g .   2  i s   o p e r a t e d   in   t h e   s a m e  

m a n n e r   as  t h e   a p p a r a t u s   of  F i g .   1  and  t h e   p r o c e s s   i s  

e s s e n t i a l l y   t h e   same  e x c e p t   f o r   t h e   use   of  a  l i q u i d   w i t h   a  

s o l i d   e l e c t r o d e .  



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

s o l u t i o n s   in   a s s o c i a t i o n   w i t h   t h e   a p p a r a t u s   and   in   t h e  

p r o c e s s   w i l l   be  more   c l e a r l y   u n d e r s t o o d .  

In  e a c h   o f   t h e s e   e x a m p l e s   t h e   e l e c t r o d e   was  s o  

c o n n e c t e d   as  w i l l   be  a p p a r e n t   f rom  t h e   d e s c r i p t i o n ,   so  t h a t  

when  c h a r g e d   t h e   e l e c t r o d e   i s   p o s i t i v e l y   c h a r g e d   and   t h e  

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



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

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

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

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

c a r r i e d   o u t   a t   t h e   a m b i e n t   t e m p e r a t u r e ,   20°C,   in  t h e  

f o l l o w i n g   m a n n e r .  

The  m a t r i x   14  m e t a l   was  c o n n e c t e d   i n t o   t h e   c i r c u i t  

as  p r e v i o u s l y   d e s c r i b e d .   The  f r e q u e n c y   was  d e t e r m i n e d   i n  

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

s o l u t i o n   in  r e s e r v o i r   17  a p p l i e d   by  m o v e m e n t   of  t h e   e l e c t r o d e  

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

t i m e   as  d e t e r m i n e d   by  Form  I I .   To  e n s u r e   u n i f o r m  

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

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

or  n y l o n .   I t   w i l l   be  a p p a r e n t   t h a t   o t h e r   m a t e r i a l s   may  b e  

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

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

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

in   t h e   c o u r s e   of  m o v e m e n t .  

The  t r e a t e d   s a m p l e s   were   t h e n   sawn  to   p r o v i d e   a  

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

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

p o l i s h e d   to   p r o d u c e   a  f l a t   s u r f a c e   and  an  even   e d g e .   W i t h  

o t h e r   s a m p l e s   w i t h   t h e   s o f t e r   m e t a l s   w h e r e   t h e r e   was  a  

t e n d e n c y   to   l o s e   t h e   edge   on  g r i n d i n g   two  c r o s s - s e c t i o n s   w e r e  

s e c u r e d   w i t h   t h e   t r e a t e d   s u r f a c e   in   f a c e   to   f a c e   a b u t t i n g  

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

F o l l o w i n g   e m b e d d m e n t   t h e   s a m p l e   was  e t c h e d   u s i n g  

N i t a l   f o r   s t e e l ,   t h e   f e r r o u s   s u b s t r a t e ,   and  Ammonium  H y d r o g e n  

P e r o x i d e   on  t h e   c o p p e r ,   t h e   n o n - f e r r o u s   s u b s t r a t e .  



D u r i n g   t h e   c o u r s e   of  some  a p p l i c a t i o n s   i t   was  f o u n d  

t h a t   a d j u s t m e n t s   w e r e   s o m e t i m e s   r e q u i r e d   in   e i t h e r   t h e  

f r e q u e n c y ,   or   s p e e d   of  a p p l i c a t i o n .   T h e s e   w e r e   due  t o  

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

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

f u s e d   i n t e r f a c e s   w e r e   p e r f o r m e d   u s i n g   an  E n e r g y   D i s p e r s i v e  

X-Ray  S p e c t r o s c o p y   (EDX)  and  a  S c a n n i n g   E l e c t r o n   M i c r o s c o p e  

( S E M ) .  

The  s u r f a c e   of  t h e   e m b e d d i n g   p l a s t i c   was  r e n d e r e d  

c o n d u c t i v e   by  e v a p o r a t i n g   on  i t   a p p r o x i m a t e l y   20  um  l a y e r   o f  

c a r b o n   in   a  v a c u u m   e v a p o r a t o r .   T h i s   p r o c e d u r e   was  u s e d   t o  

p r e v e n t   b u i l d u p   of   e l e c t r i c a l   c h a r g e s   on  an  o t h e r w i s e  

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

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

by  t h e   EDX,  was  u s e d   in  p r e f e r e n c e   of   a  more   c o n v e n t i o n a l  

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

e l e m e n t a l   a n a l y s i s .  

O p e r a t i n g   c o n d i t i o n s   of  t h e   SEM  w e r e   c h o s e n   t o  

m i n i m i z e   e x t r a n e o u s   s i g n a l s   and  t h e   c o n t i n u u m   r a d i a t i o n   a n d  

t o   y i e l d   a t   t h e   same  t i m e   t h e   b e s t   p o s s i b l e   s p a t i a l  

r e s o l u t i o n .  

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

a n a l y s e s   by  EDX  w e r e   as  f o l l o w s :  



E n e r g y   c a l i b r a t i o n   was  t e s t e d   u s i n g   A1  kd  e m i s s i o n  

a t   1 . 4 8 6   keV  and   cu  K  a t   8 . 0 4 0 k e V .  

A  s t a n d a r d l e s s   s e m i q u a n t i t a t i v e   a n a l y s i s   was  a d o p t e d  

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

r e f e r e n c e   m a t e r i a l s   (NBS  478,   78%  C u  -   27%  Zn  and  NBS  4 7 9 a ,  

Ni ,   11%,  Cr  18%,  Fe)  to   v e r i f y   r e s u l t s .   M u l t i p l e   a n a l y s i s   o f  

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

v a l u e s   f r o m   NBS.  A v e r a g e   p r e c i s i o n   o f  +   1%  was  a c h i e v e d .   A  s i z e  

of   a n a l y s e d   v o l u m e   was  c a l c u l a t e d   f rom  t h e   f o l l o w i n g   e q u a t i o n   1 :  

w h e r e   R(x)   i s   t h e   mass   r a n g e   ( t h   x - r a y   p r o d u c t i o n   v o l u m e )  

p  =  D e n s i t y   of  a n a l y s e d   m a t e r i a l  

Eo  =  The  a c c e l e r a t i n g   p o t e n t i a l  

Ec  =  A  c r i t i c a l   e x c i t a t i o n   e n e r g y .  

The  d i a m e t e r   of  a n a l y s e d   v o l u m e   was  c a l c u l a t e d   f o r  

t y p i c a l   e l e m e n t s   a n a l y s e d   and  was  f o u n d   to   be  as  f o l l o w s :  

Ni  0 . 4 6  

Cu  0 . 3 9  

Fe  0 . 5 5  

W  0 . 3 0  

For   a s s e s s m e n t   of  t h e   d i f f u s i o n   d e p t h   a  s t a t i c   beam  w a s  

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

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

a n a l y s i s .  



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

in   w e i g h t   p e r c e n t a g e   (Wt%)  f o r   e a c h   of  t h e   m e a s u r e d   p o i n t s  

a c r o s s   t h e   f u s i o n   i n t e r f a c e .  

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

i n   S e r i a l   No.  3 1 9 , 6 7 2   a r e   new  and  c o n s t i t u t e   t h e   b a s i s   f o r   t h e  

p r e s e n t   i n v e n t i o n .   B r o a d l y   d e s c r i b e d ,   t h e s e   s o l u t i o n s   a r e  

a q u e o u s ,   h a v e   a  p H   of   a b o u t   0 . 4 - 1 4 ,   a  r e s i s t i v i t y   o f   10  to   8 0  

ohms  cm  and  c o n t a i n :  

(1)  a  c o m p o u n d   of  a  d i s s o c i a b l e   p o l y v a l e n t   m e t a l   t o  

be  f u s e d   t o   t h e   o t h e r   m e t a l ;  

(2)  a  c o m p o u n d   w h i c h   i s   c a p a b l e   o f   c o m p l e x i n g   w i t h  

c o m p o u n d   ( 1 ) ,   c o m p o u n d s   (1)  and   (2)  b e i n g   e i t h e r   s o l u b l e   i n  

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

(3)  a  s t a b i l i z e r   w h i c h   f u n c t i o n s   t o   k e e p   (1)   and  ( 2 )  

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

(4)  a  c a t a l y z e r   w h i c h   f u n c t i o n s   t o   p r o m o t e   t h e   s p e e d  

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

l o w e r   v a l e n c e   and  t o   c a t a l y z e   t h e   c o m p l e x i n g   a c t i o n   b e t w e e n   ( 1 )  

and   ( 2 ) .   A c i d   a n d / o r   a l k a l i n e   m a t e r i a l   may  a l s o   be  u s e d   t o  

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

k e e p   t h e   m e t a l   c o m p o u n d s   (1)  and   (2)  in   s o l u t i o n .  

C e r t a i n   of   t h e s e   s o l u t i o n s   may  i n c l u d e   a  s u f f i c i e n t  

q u a n t i t y   of   an  o r g a n i c   s o l v e n t   to   e n s u r e   d i s s o l u t i o n   of   t h e  

m e t a l   a n d / o r   t h e   c o m p l e x .  

C e r t a i n   o t h e r   s o l u t i o n s   may  r e q u i r e   c o n d u c t i v i t y  

e n h a n c i n g   a g e n t s .   And  d e p e n d i n g   upon   t h e   e n d   r e s u l t   d e s i r e d ,  

b r i g h t e n i n g   a g e n t s   may  a l s o   be  p r e s e n t .   W e t t i n g   a g e n t s   o r  

s u r f a c t a n t s   may  a l s o   be  p r o v i d e d .  



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

u s u a l l y   m e t a l l i c   s a l t s   or   a c i d s ,   may  be  u s e d   as  c o m p o n e n t   ( 1 )  

p r o v i d e d   t h e y   a r e   s o l u b l e   in  t h e ' s o l u t i o n   m e d i u m .   T y p i c a l  

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

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

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

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

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

N o r m a l l y   c o m p o n e n t   (1)  w i l l   be  u s e d   in   an  a m o u n t  

v a r y i n g   f r o m   0 . 1 0   t o   10%  by  w e i g h t   b a s e d   on  t h e   t o t a l   w e i g h t   o f  

t h e   s o l u t i o n .   H o w e v e r ,   i t   w i l l   be  a p p r e c i a t e d   t h a t   o t h e r  

a m o u n t s   may  be  u s e d ,   t h e   p a r t i c u l a r   a m o u n t   u s e d   in   any  g i v e n  

s i t u a t i o n   d e p e n d i n g   on  o t h e r   c o n d i t i o n s   of   u s e .  

R e p r e s e n t a t i v e   m e t a l   c o m p l e x i n g   a g e n t s   u s e f u l   a s  

c o m p o n e n t   (2)  i n c l u d e ,   s u c h   a s ,   p y r o p h o s p h a t e s ,  e t h y l e n e  

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

t h e   l i k e .   The  p y r o p h o s p h a t e s   a l s o   s e r v e   as  s t a b i l i z i n g  

a g e n t s .  

T h i s   c o m p o n e n t   w i l l   u s u a l l y   c o n s i s t   of  f r o m   3  t o   10% 

of   t h e   w e i g h t   of   s o l u t i o n .   H o w e v e r ,   t h e   a m o u n t  c a n   be  v a r i e d  

and  s h o u l d   be  s e l e c t e d   to   g i v e   o p t i m u m   c o m p l e x i n g   w i t h   ( 1 ) .  

A  w i d e   v a r i e t y   of  s t a b i l i z e r s   and   c a t a l y s t s   may  b e  

u s e d   as  c o m p o n e n t s   (3)  and  ( 4 ) ,   r e s p e c t i v e l y .   T y p i c a l  

s t a b i l i z e r s   a r e   t h e   f o l l o w i n g :   b o r i c   a c i d ,   c i t r i c   a c i d   o r  

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

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

a n t i m o n y ,   and  z i n c ,   and  o r g a n i c   c o m p o u n d s   s u c h   as  d e x t r i n e ,  

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



2 2  
The  a m o u n t s   of   t h e s e   to   c o m p o n e n t s   can   be  v a r i e d   b u t  

u s u a l l y   e a c h   w i l l   f a l l   in   t h e   r a n g e   o f   0 . 0 1   t o   0.5%  by  w e i g h t  

of   t h e   s o l u t i o n .  

A  w i d e   v a r i e t y   of  m a t e r i a l s   may  be  u s e d   to   p r o v i d e  

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

f o l l o w i n g :  

A c i d s :   s u l p h u r i c ,   h y d r o c h l o r i c ,   h y d r o f l u o r i c ,   o r t h o p h o s p h o r i c ,  

c i t r i c   and  o x a l i c .  

B a s e s :   ammonium  h y d r o x i d e ,   s o d i u m   h y d r o x i d e ,   p o t a s s i u m  

h y d r o x i d e   and  b a s i c   s a l t s   s u c h   as  a l k a l i   c a r b o n a t e s   a n d  

b i c a r b o n a t e s .  

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

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

some  s o l u t i o n s   i s   s o d i u m   l a u r y l   s u l p h a t e .   O t h e r s   f a m i l i a r   t o  

t h o s e   in   t h e   a r t   may  be  s u b s t i t u t e d .  

In  some  s o l u t i o n s   a  c n o d u c t i v i t y   e n h a n c i n g   a g e n t   s u c h  

as  s o d i u m   s u l p h a t e   may  be  e m p l o y e d .  

I t   w i l l   be  n o t e d   t h a t   in  E x a m p l e s   I I ,   I I I   and   I V  

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

s o l u t i o n .   W h i l e   t h e   i r o n   was  a p p a r e n t l y   t r a n s f e r r e d  

c o n c u r r e n t l y   w i t h   m o l y b d e n u m   to   t h e   m a t r i x   t h e r e   was  n o  

a p p a r e n t   m a t e r i a l   e f f e c t   on  t h e   m a t r i x   or  m o l y b d e n u m   w h i c h   w a s  

f u s e d   w i t h   i t .  

I t   h a s   b e e n   f o u n d   t h a t   t h e   t r a n s f e r   of   m o l y b d e n u m  

i n t o   t h e   m a t r i x   was  e n h a n c e d   by  t h e   p r e s e n c e   of  t h e   f e r r i c   a n d  

f e r r o u s   i o n s .   The  e x a c t   n a t u r e   of  t h e   m e c h a n i s m   is   n o t   k n o w n  

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

c o m p l e x e s   w h i c h   e n h a n c e s   t h e   r e d u c t i o n   of  Mo+6  to   l o w e r  

v a l e n c y   s t a t e s .  



C e r t a i n   f u r t h e r   s o l u t i o n s   r e q u i r e   s e c o n d   c h e m i c a l  

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

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

way  of   e x a m p l e   c i t r i c   a c i d ,   or   s o d i u m   p y r o p h o s p a t e ,   o r  

e t h y l d i a m i n e t e t r a c e t i c   a c i d   or  t h e i r   e q u i v a l e n t s .  

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

s o l u t i o n s ,   w h e r e   r e q u i r e d .  

The  w a t e r   i s   a l w a y s   d e m i n e r a l i z e d .  

And  f o r   c e r t a i n   a p p l i c a t i o n s   w h e r e   t h e   a p p e a r a n c e  

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

q u a n t i t i e s   of  b r i g h t e n e r s   s u c h   as  f o r m a l d e h y d e ,   c a r b o n  

d i s u l p h i d e ,   b e n z e n e ,   s u l p h o n i c   a c i d   or   t h e i r   e q u i v a l e n t s   m a y  

be  e m p l o y e d .  

In  t h e s e   E x a m p l e s ,   u n l e s s   o t h e r w i s e   i n d i c a t e d   t h e  

s t e e l   m a t r i x   was  ASA  1018   and  t h e   c o p p e r   was  ASTM  B - 1 3 3 3  

A l l o y   1 1 0 .  



E  X  A  M  P  L  E  I  

A t l a s   A151  1020  s t e e l   was  c o n n e c t e d   in   t h e  

a p p a r a t u s   o f   F i g .   2  as  t h e   m a t r i x   14  and   a  10%  s o l u t i o n   o f  

ammonium  m o l y b d a t e   in   w a t e r   was  p l a c e d  i n   r e s e r v o i r   1 7 .  

The  f o l l o w i n g   w e r e   t h e   c h a r a c t e r i s t i c s   a n d  

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

The  s a m p l e   of   E x a m p l e  I   was  s u b j e c t   t o   a  t h e r m a l  

c o r r o s i o n   t e s t .   25%  s u l p h u r i c   a c i d   was  a p p l i e d   t o   t h e  

s u r f a c e   f o r   20  m i n u t e s   a t   325°C  w i t h o u t   any   s u r f a c e  

p e n e t r a t i o n .  



EXAMPLE  I I  

An  a q u e o u s   s o l u t i o n   of   t h e   f o l l o w i n g   f o r m u l a t i o n  

was  p r e p a r e d :  

The  s o l u t i o n   had   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  

The  Mo+6  c o n c e n t r a t i o n   may  be  v a r i e d   f r o m   1.5%  t o  

2.5%  by  w e i g h t ;   t h e   pH  f r o m   7 .2   t o   8 . 2   and  t h e   r e s i s t i v i t y  

f r o m   1 7  -   25  ohms  c m .  

REACTION  CONDITIONS 



In  t h e   s o l u t i o n s   s e t   o u t   in  E x a m p l e s   I I   and  I I I   t h e  

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

r e d u c e   t h e   Mo+6  v a l e n c y   s t a t e   to   a  l o w e r   v a l e n c y   s t a t e .  

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

as  i l l u s t r a t e d   in   F i g .   6  t h e   i r o n   h a s   a p p a r e n t l y   no  m a t e r i a l  

e f f e c t   on  t h e   c h a r a c t e r i s t i c s   of   t h e   m a t r i x   o r   t h e   m o l y b d e n u m .  

An  e x a m i n a t i o n   of  t h e   s a m p l e   w i t h   an  o p t i c a l  

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

p i t t i n g   and  w i t h   a  d a r k   s i l v e r   c o l o u r .  

As  shown  in  t h e   t a b l e   b e l o w   and  F i g .   6  an  SEM/EPMA  s c a n  

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

m o l y b d e n u m   i s   s e e n   to   be  f u s e d   to   a  d e p t h   o f   a t   l e a s t   4  um  w i t h   a  

s u r f a c e   d e p o s i t   of  a p p r o x i m a t e l y   1  u m .  



EXAMPLE  I I I  

An  a q u e o u s   s o l u t i o n   of  t h e   same  f o r m u l a t i o n   a s  

E x a m p l e   I I   was  p r e p a r e d   and  a p p l i e d   u n d e r   t h e   f o l l o w i n g  

c o n d i t i o n s :  

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

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

The  p h o t o m i c r o g r a p h   F i g .   7,  s h o w s   t h e   d e p o s i t i o n   o f  

a  s u b s t a n t i a l l y   u n i f o r m   l a y e r   of   m o l y b d e n u m   1  m i c r o n   t h i c k   o f  

u n i f o r m   d e n s i t y .  

As  shown   i n   F i g .   8  an  SEM/EPMA  s c a n   a c r o s s   t h e  

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

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

a  m o l y b d e n u m   g r a d i e n t   as  s e t   o u t   b e l o w   in   T a b l e .  



EXAMPLE  I I I  

An  a q u e o u s   s o l u t i o n   of   t h e   f o l l o w i n g   f o r m u l a t i o n  

was  p r e p a r e d :  

The  s o l u t i o n   had   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  

The  W+6  c o n c e n t r a t i o n   may  v a r y   f rom  1.6%  t o   2 .5%;   t h e   p H  

may  v a r y   f rom  7 . 5   t o   8 . 5 ;   and  t h e   r e s i s t i v i t y   may  v a r y  f r o m  

18  ohms  cm  t o   24  ohms  cm.  

R e a c t i o n   C o n d i t i o n s  

As  shown  by  t h e   p h o t o m i c r o g r a p h s   F i g s .   9  and   1 0 ,  

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



1  m i c r o n   t h i c k .   An  SEM/EPMA  s c a n   s h o w e d   f u s i o n   of  t u n g s t e n  

on  c o p p e r   t o   a  d e p t h   of   a t   l e a s t   5 . 0   m i c r o n s ,   as  can   be  s e e n  

in   t h e   T a b l e   b e l o w   and  F i g .   1 1 .  



EXAMPLE  V 

An  a q u e o u s   s o l u t i o n   of  t h e   f o l l o w i n g   f o r m u l a t i o n  

was  p r e p a r e d :  

The  s o l u t i o n   h a d   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  

The  c o n c e n t r a t i o n   of   t u n g s t e n   may  be  v a r i e d   f r o m   1.6%  t o   2 . 5 %  

by  w t . ;   t h e   pH  f r o m   7 . 5   t o   8 . 5 ;   and  t h e   c o n d u c t i v i t y   f r o m  

1 8 . 8   ohms  cm  t o   2 2 . 8   ohms  cm.  

R e a c t i o n   C o n d i t i o n s  



An  i n s p e c t i o n   of   t h e   s a m p l e   by  SEM/EPMA,  F i g .   1 2 ,  

s h o w e d   a  d e p o s i t   of  t u n g s t e n   of  a p p r o x i m a t e l y   0 . 5   um  and  a s  

e v i d e n t   f r o m   F i g .   13  and  t h e   T a b l e   b e l o w   t u n g s t e n   w a s  

d e t e c t e d   a t   a  d e p t h   of   a t   l e a s t   3  um. 



EXAMPLE  V I  

An  a q u e o u s   s o l u t i o n   of  t h e   f o l l o w i n g   f o r m u l a t i o n  

was  p r e p a r e d :  

The  s o l u t i o n   h a d   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  

The  I n d i u m   c o n c e n t r a t i o n   may  v a r y   f r o m   0.2%  t o   2 . 2%;   t h e   pH 

f r o m   1 . 6 0   t o   1 . 6 8 ;   and  t h e   r e s i s t i v i t y   f rom  4 8 . 8   ohms  cm  t o  

5 4 . 8   ohms  c m .  

R e a c t i o n   C o n d i t i o n s  

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

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

c o n t i n u o u s   s u r f a c e   f r e e   f rom  s t r u c t u r a l   f a u l t s   as  shown  i n  

F i g .   1 4 .  



As  shown  in  t h e   f o l l o w i n g   T a b l e   and  F i g .   15  a n d  

an  SEM/EPMA  s c a n   a c r o s s   t h e   i n t e r f a c e   b e t w e e n   t h e   c o p p e r   m a t r i x  

and   t h e   i n d i u m   l a y e r   s h o w e d   a  d e p o s i t   of  a p p r o x i m a t e l y   1  um  a n d  

f u s i o n   of   i n d i u m   t o   a  d e p t h   of   a t   l e a s t   4  um.  



EXAMPLE  V I I  

The  s o l u t i o n   of  E x a m p l e   VI  was  e m p l o y e d   and  a p p l i e d  

to  a  s t e e l   m a t r i x :  

As  shown  in   F i g s .   16  and   17  an  even   c o n t i n u o u s  

l a y e r   of   I n d i u m   a p p r o x i m a t e l y   1  um  t h i c k   was  d e p o s i t e d   on  t h e  

s u r f a c e   of   t h e   m a t r i x .   An  SEM/EPMA  s c a n ,   F i g .   16  a c r o s s   t h e  

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

a t   l e a s t   3  u m :  

F i g .   18  shows   a  s o l i d   d e p o s i t   of  n i c k e l   of  u n i f o r m  

d e n s i t y   a p p r o x i m a t e l y   1 .5   um  t h i c k .   As  shown  in  t h e  

f o l l o w i n g   T a b l e   and  F i g .   19  an  SEM/EPMA  scan   a c r o s s   t h e  

i n t e r f a c e   b e t w e e n   t h e   m a t r i x   and  t h e   n i c k e l   l a y e r   s h o w s  

n i c k e l   t o   be  f u s e d   to   a  d e p t h   of  a t   l e a s t   4  um.  



EXAMPLE  V I I I  

An  a q u e o u s   s o l u t i o n   of   t h e   f o l l o w i n g   f o r m u l a t i o n  

was  p r e p a r e d :  

The  s o l u t i o n   h a d   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  

The  n i c k e l   c o n c e n t r a t i o n   may  v a r y   f r o m   2%  t o   10%;  p H  f r o m  

3 . 1 0   t o   3 . 5 0 ;   and   r e s i s t i v i t y   f rom  17  ohms  cm  t o   26  ohms  c m .  

R e a c t i o n   C o n d i t i o n s  



EXAMPLE  I X  

The  same  s o l u t i o n   as  was  f o r m u l a t e d   f o r   E x a m p l e   X 

was  p r e p a r e d   and   a p p l i e d   t o   a  s t e e l   m a t r i x :  

As  shown  in  F i g .   20  t h e   n i c k e l   l a y e r   i s   c o n t i n u o u s  

a n d   s u b s t a n t i a l l y   u n i f o r m   in   t h i c k n e s s   b e i n g   a b o u t   1 . 5   um 

t h i c k .  

As  shown  in  F i g .   21  and  in   t h e   f o l l o w i n g   T a b l e   n i c k e l  

i s   shown  to   be  f u s e d   to   a  d e p t h   of   a t   l e a s t   3  u m .  



EXAMPLE  X 

An  a q u e o u s   s o l u t i o n   of  t h e   f o l l o w i n g   f o r m u l a t i o n   was  p r e p a r e d :  

T h i s   s o l u t i o n   had   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  

The  pH  may  be  v a r i e d   f r o m   3 . 7 0   t o   11;   t h e   c o n c e n t r a t i o n   o f  

Au+3  i o n s   may  v a r y   f rom  0.1%  t o   0.5%  by  w e i g h t ;   and  t h e  

r e s i s t i v i t y   f r o m   40  ohms  cm  t o   72  ohms  cm.  

REACTION  CONDITIONS 

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

r e v e a l e d   a  s u r f a c e   d e p o s i t i o n   o f  g o l d   a p p r o x i m a t e l y   1 . 5   um 

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

in   F i g .   2 2 .  

An  SEM/EPMA  s c a n   a c r o s s   t h e   i n t e r f a c e   i n d i c a t e d  

f u s i o n   of   g o l d   to   a  d e p t h   of  a t   l e a s t   3  um  as  shown  on  t h e  

T a b l e   b e l o w   and  F i g .   2 3 .  



EXAMPLE  X I  

An  a q u e o u s   s o l u t i o n   of   t h e   same  f o r m u l a t i o n   as   t h a t   o f  

E x a m p l e   X  was   p r e p a r e d :  

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

r e v e a l e d   a  s u r f a c e   d e p o s i t i o n   of  g o l d   a p p r o x i m a t e l y   1 . 0   u m  

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

F i g .   2 4 .  

An  SEM/EPMA  s c a n   a c r o s s   t h e   i n t e r f a c e   i n d i c a t e d  

f u s i o n   of   g o l d   t o   a  d e p t h   of  a t   l e a s t   4 . 0   um  as   shown  o n  t h e  

t a b l e   b e l o w   and   F i q .   2 5 .  



EXAMPLE  X I I  

An  a q u e o u s   s o l u t i o n   o f   t h e   f o l l o w i n g   f o r m u l a t i o n   was  p r e p a r e d :  

T h i s   s o l u t i o n   h a d   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  

The  pH  may  be  v a r i e d   f r o m   0 . 6   t o   1 . 0 ;   t h e   c o n c e n t r a t i o n   o f  

Cr+6   i o n s   may  v a r y   f r o m   3%  t o   20%  by  w e i g h t ;   a n d   t h e  

r e s i s t i v i t y   f r o m   11  ohms  cm  t o   14  ohms  c m .  

REACTION  CONDITIONS 

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

r e v e a l e d   a  s u r f a c e   d e p o s i t i o n   of  c h r o m i u m   a p p r o x i m a t e l y   1  um 

t h i c k .   The  s u r f a c e   o f   t h e   l a y e r   was  i r r e g u l a r   b u t   t h e   d e p o s i t  

a p p e a r e d   f r e e   of  f a u l t s   and  was  c o n t i n u o u s   as  shown  in  F i g .   2 6 .  



An  SEM/EPMA  s c a n   a c r o s s   t h e   i n t e r f a c e   i n d i c a t e d  

f u s i o n   of   c h r o m i u m   to   a  d e p t h   o f   a t   l e a s t   3 . 0   um  as  shown  o n  

t h e   t a b l e   b e l o w   and  F i g .   2 7 .  



EXAMPLE  X I I I  

An  a q u e o u s   s o l u t i o n   of   t h e   same  f o r m u l a t i o n   as  e m p l o y e d   i n  

E x a m p l e   XII   was  p r e p a r e d :  

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

r e v e a l e d   a  s u r f a c e   d e p o s i t i o n   of  c h r o m i u m   a p p r o x i m a t e l y   3 . 0   um 

t h i c k .   T h i s   i s   as  shown   in   F i g .   2 8 .  

An  SEM/EPMA  s c a n   a c r o s s   t h e   i n t e r f a c e   i n d i c a t e d  

f u s i o n   of   c h r o m i u m   to   a  d e p t h   of  a t   l e a s t   5 . 0   um  as  shown   o n  

t h e   t a b l e   b e l o w   and   F i g .   2 9 .  



EXAMPLE  X I V  

An  a q u e o u s   s o l u t i o n   of   t h e   f o l l o w i n g   f o r m u l a t i o n   was  p r e p a r e d :  

T h i s   s o l u t i o n   h a d   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  

The  p H  m a y   be  v a r i e d   f r o m   2 . 5   t o   3 . 5 ;   t h e   c o n c e n t r a t i o n   o f  

Cr+3   i o n s   may  v a r y   f r o m   1.8%  t o   5%  by  w e i g h t ;   a n d   t h e  

r e s i s t i v i t y   f r o m   16  ohms  cm  t o   20  ohms  c m .  

REACTION  CONDITIONS 

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

r e v e a l e d   a  s u r f a c e   d e p o s i t i o n   of   c h r o m i u m   a p p r o x i m a t e l y   0 . 5   um 

t h i c k .   The  d e p o s i t   was  s o l i d   and  c o n t i n u o u s   as   shown  in   F i g s .  

30  and  3 0 A .  



An  SEM/EPMA  s c a n   a c r o s s   t h e   i n t e r f a c e   i n d i c a t e d  

f u s i o n   of   c h r o m i u m   t o   a  d e p t h   of   a t   l e a s t   3 . 0   um  as  shown  o n  

t h e   T a b l e   b e l o w   and  F i g .   3 2 .  



EXAMPLE  XV 

An  a q u e o u s   s o l u t i o n   of   t h e   same  f o r m u l a t i o n   as  p r e p a r e d   f o r  

E x a m p l e   XVII   was  e m p l o y e d :  

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

r e v e a l e d   a  s u r f a c e   d e p o s i t i o n   of  c h r o m i u m   a p p r o x i m a t e l y   1 . 0   um 

t h i c k .   The  s u r f a c e   of   t h e   d e p o s i t   a p p e a r e d   s l i g h t l y   i r r e g u l a r  

b u t   t h e   d e p o s i t   was  s o l i d   and   f r e e   of  f a u l t s   as  shown  in   F i g s .  

33  and   3 3 A .  

An  SEM/EPMA  s c a n   a c r o s s   t h e   i n t e r f a c e   i n d i c a t e d  

f u s i o n   of   c h r o m i u m   to   a  d e p t h   of  a t   l e a s t   3 . 0   um  as  shown  o n  

t h e   t a b l e   b e l o w   and  F i g .   3 4 .  



EXAMPLE  XVI 

An  a q u e o u s   s o l u t i o n   of   t h e   f o l l o w i n g   f o r m u l a t i o n   was  p r e p a r e d :  

T h i s   s o l u t i o n   h a d   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  

The  p H  m a y   be  v a r i e d   f r o m   10  t o   1 0 . 2 ;   t h e   c o n c e n t r a t i o n   o f  

Cd+2  i o n s   may  v a r y   f r o m   0.2%  t o   0.5%  by  w e i g h t ;   a n d   t h e  

r e s i s t i v i t y   f r o m   28  ohms  cm  t o   35  ohms  c m .  

REACTION  CONDITIONS 

In  t h i s   E x a m p l e   t h e   s o l u t i o n   e m p l o y e d   was  i n i t i a l l y   as  s e t   o u t  

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

( 1 ) .   A  s e c o n d   s o l u t i o n ,   t h a t   s e t   f o r t h   in   E x a m p l e   X V I I ,   was  t h e n  

a p p l i e d   u n d e r   t h e   c o n d i t i o n s   i d e n t i f i e d   as  ( 2 ) .  

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

r e v e a l e d   a  s u r f a c e   d e p o s i t i o n   of  c admium  a p p r o x i m a t e l y   4  u m  

t h i c k .   T h i s   d e p o s i t   was  n o t   h o m o g e n o u s   as  shown   i n   F i g .   35  b u t  



an  SEM/EPMA  s c a n   a c r o s s   t h e   i n t e r f a c e   i n d i c a t e d   f u s i o n   o f  

c a d m i u m   t o   a  d e p t h   o f   a t   l e a s t   9  um  as  shown  on  t h e   T a b l e   b e l o w  

and   F i g .   3 6 .  



EXAMPLE  X V I I  

An  a q u e o u s   s o l u t i o n   of   t h e   f o l l o w i n g   f o r m u l a t i o n   was  p r e p a r e d :  

T h i s   s o l u t i o n   had   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  

The  pH  may  be  v a r i e d   f r o m   3 . 2   t o   3 . 5 ;   t h e   c o n c e n t r a t i o n   o f  

Cd+2  i o n s   may  v a r y   f r o m   1%  t o   4%  by  w e i g h t ;   a n d   t h e  

r e s i s t i v i t y   f r o m   45  ohms  cm  t o   55  ohms  c m .  

REACTION  CONDITIONS 

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

r e v e a l e d   a  s u r f a c e   d e p o s i t i o n   of   c a d m i u m   a p p r o x i m a t e l y   1  um 

t h i c k .   The  s u r f c e   of  t h e   d e p o s i t   was  i r r e g u l a r   b u t   i t   w a s  

s o l i d   and  c o n t i n u o u s   as  s e e n   f rom  F i g .   3 7 .  



An  SEM/EPMA  s c a n   a c r o s s   t h e   i n t e r f a c e   i n d i c a t e d  

f u s i o n   of   c a d m i u m   t o   a  d e p t h   of  a t   l e a s t   4  um  as  shown  on  t h e  

T a b l e   b e l o w   and  F i g .   3 8 .  



EXAMPLE  X V I I I  

An  a q u e o u s   s o l u t i o n   of  t h e   f o l l o w i n g   f o r m u l a t i o n   was  p r e p a r e d :  

T h i s   s o l u t i o n   h a d   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  

The  pH  may  be  v a r i e d   f r o m   1 1 . 2   t o   1 2 . 7 ;   t h e   c o n c e n t r a t i o n   o f  

Sn+2  i o n s   may  v a r y   f rom  2%  t o   5%  by  w e i g h t ;   and  t h e  

r e s i s t i v i t y   f r o m   6 . 2   ohms  cm  t o   1 0 . 3   ohms  c m .  

REACTION  CONDITIONS 

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

r e v e a l e d   a  s u r f a c e   d e p o s i t i o n   o f  t i n   a p p r o x i m a t e l y   1 . 2   um  t h i c k .  

The  d e p o s i t   was  u n i f o r m l y   t h i c k   and  h o m o g e n o u s .   T h i s   i s   shown  i n  

F i g .   3 9 .  

An  SEM/EPMA  s c a n   a c r o s s   t h e   i n t e r f a c e   i n d i c a t e d   f u s i o n  

of   t i n   t o   a  d e p t h   of   a t   l e a s t   4  um  as  shown  on  t h e   t a b l e   b e l o w  

and  F i g .   4 0 .  





EXAMPLE  XIX 

An  a q u e o u s   s o l u t i o n   of   t h e   f o l l o w i n g   f o r m u l a t i o n   was  p r e p a r e d :  

T h i s   s o l u t i o n   h a d   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  

The  pH  may  be  v a r i e d   f r o m   9  t o   9 . 7 ;   t h e   c o n c e n t r a t i o n   o f  

Sn+2  i o n s   may  v a r y   f r o m   0.4%  t o   1%  by  w e i g h t ;   a n d   t h e  

r e s i s t i v i t y   f r o m   30  ohms  cm  t o   36  ohms  cm.  

REACTION  CONDITIONS 

O b s e r v a t i o n   w i t h   t h e   o p t i c a l   a n d ' s c a n n i n g   e l e c t r o n   m i c r o s c o p e  

r e v e a l e d   a  s u r f a c e   d e p o s i t i o n   o f   t i n   a p p r o x i m a t e l y   4  um  t h i c k .  

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

s u b s t a n t i a l l y   h o m o g e n o u s   l a y e r   of   a p p r o x i m a t e l y   1  um  t h i c k   and  a n  

o u t e r   s l i g h t l y   p o r o u s   l a y e r   a p p r o x i m a t e l y   3  um  t h i c k   as  s h o w n  

in   F i g .   4 1 .  



An  SEM/EPMA  s c a n   a c r o s s   t h e   i n t e r f a c e   i n d i c a t e d  

f u s i o n   o f   t i n   t o   a  d e p t h   o f   a t   l e a s t   5  um  a s   s h o w n   on  t h e   T a b l e  

b e l o w   and  F i g .   4 7 .  



EXAMPLE  XX 

An  a q u e o u s   s o l u t i o n   of  t h e   same  as  p r e p a r e d  f o r   E x a m p l e   X I X  

was  e m p l o y e d :  

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

. r e v e a l e d   a  s u r f a c e   d e p o s i t i o n   of   t i n   e x c e e d i n g   2  um  t h i c k .  

T h i s   l a y e r   was  p o r o u s   b u t   c o n t i n u o u s   as  shown  in   F i g .   4 3 .  

An  SEM/EPMA  s c a n   a c r o s s   t h e   i n t e r f a c e   i n d i c a t e d   f u s i o n   of  t i n  

t o   a  d e p t h   of  a t   l e a s t   2  um  as  shown  on  t h e   t a b l e   b e l o w   a n d  

F i g .   4 4 .  



EXAMPLE  XXI 

An  a q u e o u s   s o l u t i o n   of  t h e   f o l l o w i n g   f o r m u l a t i o n   was  p r e p a r e d :  

T h i s   s o l u t i o n   h a d   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  

The  pH  may  be  v a r i e d   f r o m   4 . 5   t o   6 . 5 ;   t h e   c o n c e n t r a t i o n   o f  

Co+2  i o n s   may  v a r y   f r o m   2%  t o   6%  by  w e i g h t ;   a n d   t h e  

r e s i s t i v i t y   f r o m   25  ohms  cm  t o   30  ohms  c m .  

REACTION  CONDITIONS 

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

r e v e a l e d   a  s u r f a c e   d e p o s i t i o n   of   c o b a l t   a p p r o x i m a t e l y   6 . 5   um 

t h i c k .   T h i s   l a y e r   was  u n i f o r m   and  c o n t i n u o u s   as   shown  i n   F i g .  

4 5 .  



An  SEM/EPMA  s c a n   a c r o s s   t he   i n t e r f a c e   i n d i c a t e d  

f u s i o n   of   c o b a l t   t o   a  d e p t h   of   a t   l e a s t   20  um  as  shown  on  t h e  

T a b l e   b e l o w   and  F i g .   4 6 .  

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

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

10  um  l e v e l   was  e x t r e m e l y   d e n s e .  



EXAMPLE  X X I I  

An  a q u e o u s   s o l u t i o n   of   t h e   f o l l o w i n g   f o r m u l a t i o n   was  p r e p a r e d :  

T h i s   s o l u t i o n   h a d   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  

The  pH  may  be  v a r i e d   f r o m   1 1 . 2   t o   1 1 . 7 ;   t h e   c o n c e n t r a t i o n   o f  

A g + 1   i o n s   may  v a r y   f r o m   1%  t o   3%  by  w e i g h t ;   a n d   t h e  

r e s i s t i v i t y   f r o m   8  ohms  cm  t o   13  ohms  c m .  

R E A C T I O N   CONDITIONS 

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

r e v e a l e d   a  s u r f a c e   d e p o s i t i o n   of   s i l v e r   a p p r o x i m a t e l y   5  u m  

t h i c k .   The  s t r u c t u r e   i s   s h o w n   i n   F i g s .   47  a n d   4 7 A .  

An  SEM/EPMA  s c a n   a c r o s s   t h e   i n t e r f a c e   i n d i c a t e d  

f u s i o n   of   s i l v e r   to   a  d e p t h   of   a t   l e a s t   3  um  as  shown  on  t h e  

T a b l e   b e l o w   and  F i g .   4 8 .  





EXAMPLE  X X I I I  

An  a q u e o u s   s o l u t i o n   of   t h e   f o l l o w i n g   f o r m u l a t i o n   was  p r e p a r e d :  

T h i s   s o l u t i o n   had   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s :  

The  pH  may  be  v a r i e d   f r o m   1 .5   t o   2;  t h e   c o n c e n t r a t i o n   o f  

Ag+1  i o n s   may  v a r y   f r o m   0.5%  t o   2.5%  by  w e i g h t ;   and   t h e  

r e s i s t i v i t y   f r o m   6  ohms  cm  t o   12  ohms  c m .  

REACTION  CONDITIONS 

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

r e v e a l e d   a  s u r f a c e   d e p o s i t i o n   of  s i l v e r   a p p r o x i m a t e l y   2  u m  

t h i c k .   The  s t r u c t u r e   was  as  shown  in  F i g .   4 9 .  



An  SEM/EPMA  s c a n   a c r o s s   t h e   i n t e r f a c e   i n d i c a t e d  

f u s i o n   o f   s i l v e r   t o   a  d e p t h   of   a t   l e a s t   2 . 0 0   um  as  shown  on  t h e  

T a b l e   b e l o w   and  F i g .   5 0 .  



From  t h e   f o r e g o i n g   e x a m p l e s   i t   w i l l   be  s e e n   t h a t  

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

s o l u t i o n   may  be  f u s e d   w i t h   a  f i r s t   m e t a l .  



1.  A  s o l u t i o n   f o r   t h e   f u s i o n   of  a  s e c o n d   m e t a l   to   a  

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

0 . 1 0   to   10%  of   s a i d   s e c o n d   m e t a l   in  a  d i s s o c i a b l e  

f o r m ;   a n d  

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

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

c o n d u c t i v i t y   in   t h e   r a n g e   10  t o   80  ohms  cm. 

2.  A  s o l u t i o n   as  c l a i m e d   in  c l a i m   1  w h e r e i n   s a i d   s o l v e n t  

i s   w a t e r  a n d   s a i d   s o l u t i o n   h a s   a  pH  in  t h e   r a n g e   0 . 4   t o   1 4 .  

3.  A  s o l u t i o n   as  c l a i m e d   in  c l a i m   2  f u r t h e r  i n c l u d i n g   a n  

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

4.  A  s o l u t i o n   as  c l a i m e d   in  c l a i m   2  w h e r e i n   s a i d  

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

5.  A  s o l u t i o n   as  c l a i m e d   in  c l a i m   4  w h e r e i n   s a i d  

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

s a i d   s e c o n d   m e t a l   in  s o l u t i o n .  

6.  A  s o l u t i o n   as  c l a i m e d   in  c l a i m   4  f u r t h e r   i n c l u d i n g   a  

c a t a l y z i n g   a g e n t .  

7.  A  s o l u t i o n   as  c l a i m e d   in  c l a i m   6  f u r t h e r   i n c l u d i n g   a  

w e t t i n g   a g e n t .  

8.  A  s o l u t i o n  a s   c l a i m e d   in  any  of  t he   p r e c e d i n g   c l a i m s  

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

t h e r e o f .  

9.  A  s o l u t i o n   as  c l a i m e d   in  c l a i m   8  w h e r e i n   s a i d   f i r s t  

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

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

and  s i l v e r .  



10.  A  s o l u t i o n   as  c l a i m e d   in  c l a i m   8  w h e r e i n   s a i d   s e c o n d  

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

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

11.  A  s o l u t i o n   as  c l a i m e d   in  c l a i m   8  w h e r e i n   s a i d  

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

s a l t s   or  i n o r g a n i c   s a l t s .  

12.  A  s o l u t i o n   as  c l a i m e d   in   c l a i m   8  w h e r e i n   s a i d  

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

i o n s .  

13.  A  s o l u t i o n   as  c l a i m e d   in   c l a i m   12  w h e r e i n   s a i d  

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

m e t a l s .  

14.   A  s o l u t i o n   as  c l a i m e d   in  c l a i m   8  w h e r e i n   s a i d  

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

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

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