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'54)  Process  and  apparatus  for  treating  electrically  conductive  matrices,  solutions  for  use  in  such  a  process,  and  products 
thereof. 

A  process  for  the  fusion  of  second  conductive  el- 
ement  into  the  matrix  of  a  first  conductive  element  is 
provided  in  which  the  second  element  as  a  dissociable 
solution  is  placed  in  contact  with  the  first  conductive 
element  and  subjected  to  an  interrupted  electrical  signal 
of  a  predetermined  frequency.  Solutions  for  carrying  out 
the  process  are  disclosed  and  products  produced  by  the 
process. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  f u s i o n   p r o c e s s e s ,   a p p a r a t u s  

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

and   s o l u t i o n s  f o r   u s e   in   t h e   p r o c e s s .  

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

a p p l i c a t i o n   t h a t '   t h e   t e r m   " f u s i o n "   i s   e m p l o y e d   as  m e a n i n g   a  

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

b o n d e d .  

I t   h a s   b e e n   a  common  p r a c t i c e   to   t r e a t   s u b s t r a t e s  

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

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

S o m e t i m e s   t h e s e   t r e a t m e n t s   h a v e   i n v o l v e d   t h e   m a t r i x   as  a  b o d y  

and   in   o t h e r   t e c h n i q u e s   o n l y   t h e   s u r f a c e   c h a r a c t e r i s t i c s   a r e  

e n h a n c e d .  

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

The  w o r k p i e c e   or   m a t r i x   may  be  o f   a  c e r t a i n   f o r m   w h i c h   d o e s  

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

c h a r a c t e r i s t i c - e n h a n c i n g   p r o c e s s ;   t h e   p r o c e s s   may  b e  

d e s t r u c t i v e   of   t h e   a l r e a d y   d e s i r a b l e   c h a r a c t e r i s t i c s   of  t h e  

w o r k - p i e c e ;   o r   t h e   t r e a t e d   w o r k - p i e c e   w h i l e   h a v i n g   c e r t a i n  

e n h a n c e d   c h a r a c t e r i s t i c s   may  e x h i b i t   o t h e r   r e d u c e d  

c h a r a c t e r i s t i c s .  

G e n e r a l l y ,   t h e   p r o c e s s   e m p l o y e d   d e p e n d s   upon  t h e  

w o r k - p i e c e   or   m a t r i x   to   be  t r e a t e d   and  t h e   c h a r a c t e r i s t i c s  

d e s i r e d .  

More  s p e c i f i c a l l y ,   c o a t i n g   t e c h n i q u e s ,   h e a t  

t r e a t m e n t ,   a n o d i z i n g ,   a r c   s p r a y i n g ,   vacuum  e v a p o r a t i o n ,  

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

common  p r o c e s s e s .  



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

t r e a t m e n t   or   a n o d i z i n g .  

T h e s e   t e c h n i q u e s   h o w e v e r ,   do  n o t   p r o v i d e   a d e q u a t e  

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

S p r a y   c o a t i n g   t e c h n i q u e s   h a v e   no t   i m p r o v e d  

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

m a t e r i a l s .  

- T h e   w e a r   r e s i s t a n c e   of   n o n - f e r r o u s   s u b s t r a t e s   h a v e  

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

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

c o n s u m i n g .  

The  o t h e r   t e c h n i q u e s   a r c - s p r a y i n g ,   v a c u u m  

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

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

s t r e n g t h   i s   p o o r ,   or   can   o n l y   be  u s e d   to   t r e a t   s m a l l   s u r f a c e  

a r e a s .  

They   h a v e   d i s a d v a n t a g e s   in  use   in   t h a t   t h e y   e m p l o y  

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

p r a c t i c e   and  l i m i t   t h e i r   v e r s a t i l i t y .  

For   c o n v e n i e n c e   of   r e f e r e n c e ,   in   t h i s   d e s c r i p t i o n ,  

t h e   t e r m   " 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 "   s h a l l   r e f e r   t o  

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

t e r m   " c h e m i c a l   e l e m e n t "   s h a l l   r e f e r   to  s u c h   an  e l e m e n t   or  a n  

a l l o y   t h e r e o f ;   t h e   t e r m   " 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  

or  an  a l l o y   t h e r e o f . "   s h a l l   r e f e r   to  t he   e l e m e n t   w h i c h   is  t o  

be  f u s e d   w i t h   t h e   m a t r i x .  

I t   w i l l   a l s o   be  u n d e r s t o o d   t h a t   t he   t e r m   " f u s i o n "  

as  u s e d   in   t h i s   s p e c i f i c a t i o n   means   a  p e n e t r a t i o n   by  t h e  

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

m a t r i x   of   a  f i r s t   e l e m e n t   or  a l l o y   t h e r e o f .  



SUMMARY  OF  THE  INVENTION 

A c c o r d i n g l y ,   i t   is   an  o b j e c t   of  t h e   p r e s e n t  

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

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

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

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

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

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

a m b i e n t   t e m p e r a t u r e s   w h i c h   c r e a t e s   h i g h   bond   s t r e n g t h   w i t h o u t  

d i s t o r t i o n   or  l o s s   of  work   p i e c e   or  m a t r i x   p r o p e r t i e s .  

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

a  p r o c e s s   w h i c h   d o e s  n o t   r e q u i r e   p r o c e s s  g a s - a i r   o p e r a t i o n  

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

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

I t   i s   s t i l l  f u r t h e r   o b j e c t   to   p r o v i d e   a  p r o c e s s  

, w h i c h   r e q u i r e s   a  low  e n e r g y   i n p u t   y e t   w h i c h   makes   e f f i c i e n t  

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

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

p r o v i d e   an  a p p a r a t u s   w h i c h   i s   l o w  i n   c o s t   and  is   p o r t a b l e   a n d  

l i g h t - w e i g h t .   ; 

I t   i s   y e t   a  f u r t h e r   o b j e c t   of  t h e   i n v e n t i o n   t o  

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

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

I t   i s   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

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

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

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

t h e r e o f .  

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

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

and  c h e m i c a l   p r o p e r t i e s .  



T h e r e   i s   p r o v i d e d   in   a c c o r d a n c e   w i t h   ou r   p r e s e n t  

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

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

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

be  v a r i e d   and  a p p l y i n g   an  i n t e r m i t t e n t   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   b o t h   e l e m e n t s   when  t h e y   a r e   i n  

p h y s i c a l   c o n t a c t .  

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

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

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

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

s e c o n d   i s   to   be  f u s e d .  

S o l u t i o n s   f o r   u s e   in   t h e   p r o c e s s   and   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   a r e   a l s o   p r o v i d e d .   T h e s e   s o l u t i o n s   c o m p r i s e  

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

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

r a n g e   of  0 . 1 0 %   to   10%  by  w e i g h t  a n d   h a v i n g   a  pH  in   t h e   r a n g e  

0 . 4   to  14.  A d v a n t a g e o u s l y   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  5  to  500  ohms  cm,  p r e f e r a b l y   10  to   80  ohms  c m .  

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

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



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   i s   f u s e d   in   a  f i r s t  

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   to   a  d e p t h   of  more   t h a n   0 . 5   u m  

and  a  s u r f a c e   l a y e r   of  t h 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  

h a s   b e e n   d e p o s i t e d   to  h e i g h t s   e x c e e d i n g   0 . 5   u m .  

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 h e   p r e s e n t  

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

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

b e i n g   u s e d   in  a c c o r d a n c e   w i t h   a  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 ;  

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   i n v e n t i o n  

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

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 p p a r a t u s   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   o f  

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  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   o f  

x  500  of   a  s e c t i o n   of  s t e e l   t r e a t e d   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   w i t h   t i t a n i u m   c a r b i d e ;  

F i g .   6  i s   a  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  110  s h o w i n g   t h e   p e n e t r a t i o n   of   t i t a n i u m   in  t h e   t r e a t e d  

s p e c i m e n   of  F i g .   5 ;  

F i g .   7  i s   an  e l e c t r o n   p r o b e   m i c r o a n a l y s e r   (EPMA) 

T i  K   x - r a y   s c a n   x450  a c r o s s   t h e   s u r f a c e   l a y e r   of  t h e   s p e c i m e n  

>hose  s e c t i o n   i s   shown  in  F i g s .   5  and  6 ;  

F i g .   8  is   a  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  1100  o f   t h e   s p e c i m e n   i l l u s t r a t e d   in  F i g .   5  a f t e r   h e a v y  

n i c k e l   p l a t i n g   and  p o l i s h i n g   and  s e r v e s   to  show  t h e   d e p o s i t  

t h i c k n e s s ;  

F i g s .   9  t h r o u g h   16  a r e   EPMA  l i n e   s c a n s   f rom  e a c h   o f  

t h e   l o c a t i o n s   1  t h r o u g h   8,  r e s p e c t i v e l y ,   as  shown  in  F i g .   5 ;  

F i g .   17  i s   an  EPMA  s c a n   of  t he   Ti  r i c h   zone   m a r k e d  

in   F i g .   8 ;  

F i g .   18  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   t a k e n   w i t h   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   (SEM)  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   has   b e e n  



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  s o l i d   m o l y b d e n u m   e l e c t r o d e ;   t h e   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   x655  and  the   r i g h t   h a n d   h a l f   is  a  

x 1 9 6 5   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 .   18A  is  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  f u r t h e r   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  s o l i d   m o l y b d e n u m   e l e c t r o d e ;   t h e   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 l 3 1 0   and  the   r i g h t   h a n d   h a l f   i s  

x 3 9 3 0   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 .   19  i s   a  g r a p h   of  an  SEM/EPMA  a c r o s s   t h e   s a m p l e  

shown   in   F i g .   18  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   t h e  

s t e e l ;  

F i g .   19A  is   a  g r a p h   of  an  e l e c t r o n   m i c r o s c o p 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 9   and  shows   t h e   f u s i o n   o f  

m o l y b d e n u m   w i t h   s t e e l ;  

F i g .   20  i s   a  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 3 1 0   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  

s o l i d   t u n g s t e n   e l e c t r o d e ;  

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 .   20  and  shows   t h e   f u s i o n   of  t u n g s t e n   w i t h  

t h e   s t e e l ;  

F i g .   22  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   has   b e e n   f u s e d   u s i n g   t he   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   has   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  

x8  e n l a r g e m e n t   of  t he   m a r k e d   a r e a  o f   t h e   l e f 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  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 .   24  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   a n d  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  

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

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   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 .   24  and  shows   t he   f u s i o n  o f   m o l y b d e n u m  

w i t h   s t e e l ;  

F i g .   26  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   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 he   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 f 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   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  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 .   27  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   of   F i g .   26  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 .   2 6 ;  

F i g .   28  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 .   26  and  2 7 ;  

F i g .   29  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 he   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   hand   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   is   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 .   30  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 .   29  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 .   31  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 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   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   s e c t i o n  o f   t h e   l e f t   h a n d   h a l f ;  



F i g .   32  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 .   3 1 ;  

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  

i n d i u m   has   b e e n   f u s e d   u s i n g   t he   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 a 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   x 8  

i 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 .   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 .   3 3 ;  

F i g .   35  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   has   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   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 .   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  in  F i g .   3 5 ;  

F i g .   37  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 .   38  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 .   3 7 ;  

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 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 .   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 l 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 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 .   40  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 .   39  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 .   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   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   has   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 .   42  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 .   40  s h o w i n g   g o l d   f u s e d   i n  t h e   s t e e l   m a t r i x ;  

F i g .   43  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 l 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 .   44  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 .   43  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 .   45  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   to  a b o v e ;  

F i g .   46  i s   a  g r a p h   o f  a n   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 .   45  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 .   47  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   o f  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   x625  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 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 .   47A  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  

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   of  x 1 0 , 0 0 0 ;  

F i g .   48  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  m p l e   shown  in  F i g .   47  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 .   49  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   h a s   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   o f   t h e   l e f t   h a n d   h a l f ;  

F i g .   49A  is   a  f u r t h e r   e n l a r g e d   S E M  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 .   49  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 .   50  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 .   48  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 .   51  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  

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 a d m i u m   has   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 l 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 .   52  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 :   51  and  shows   t h e   f u s i o n   of   c a d m i u m   w i t h  

c o p p e r ;  

F i g .   53  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  

o f   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   o f   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 a d m i u m   s o l u t i o n ;  



F i g .   54  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 .   53  and  shows   t h e   f u s i o n   of  c a d m i u m   w i t h  

s t e e l ;  

F i g .   55  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   hand   h a l f   has   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   is   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 .   56  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 .   55  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 .   57  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 he   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   is   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 .   58  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 .   57  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 .   59  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 he   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   hand   h a l f   is   a  x 1 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 .   60  i s   a  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 .   59  and  shows   f u s i o n   of   t i n   w i t h   s t e e l ;  

F i g .   61  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   has   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 .   62  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 .   61  and  shows   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 .   63  and  63A  a r c   p h o t o m i c r o g r a p h s   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   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 .   63  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 .   63A  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  

of   t h e   e n l a r g e d   a r e a   of   F i g .   63  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 .   64  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 .   63  and  s h o w s   f u s i o n   o f   s i l v e r   w i t h   c o p p e r ;  

F i g .   65  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 .   66  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 .   65  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 ,   o f   F i g u r e s   1 9  

t h r o u g h   66,  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   has   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  t o   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 i e w   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 he   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  p o w e r   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   is  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   t o   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 he   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   i s   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 h e   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   is   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 r m  

of   a  s o l u t i o n ,  a n d  i s  h e l d   i n  a  r e s e r v o i r   17. '   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   19.  E l e c t r o d e   19  is   a  

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

s i d e   of  o s c i l l a t o r   11  o u t p u t   i s   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  ma in   c h a n n e l   21  in   e l e c t r o d e   19.  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  to  t he   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   17  i s   by  g r a v i t y   o r  

by  a  pump  and  may  be  c o n t r o l l e d   by  a  v a l v e   s u c h   as  23  o n  



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   of  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   to   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 .   c m .  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   d a m a g e   to  t h e  m a t r i x   to   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   o f   2 . 5   m i c r o s e c o n d s   to   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 he   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  

s h o w n   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 he   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,  R1  =  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 he   c i r c u i t   o f  

10  and  1 1 . .  

V a r i a t i o n s   in  R1  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  i s   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  i s  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   5 0  

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 he   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   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 :  

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  

R 1   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  

R1,  R2  and  R3  a r e   t he   r e s i s t a n c e s   p r e v i o u s l y  

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  

the  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 he   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 he   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  -   3 5 M H z .  

The  f r e q u e n c y ,   i t   i s   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   s q .   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   to  be  c o v e r e d   in  sq.   mm. 

F1  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   R1  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   in  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  c m .   a p a r t   and  1  cm.  sq .   i n  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  w a s   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   of   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   3 0 0 M  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   of   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  

1 5 M  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 he   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 .  



The  p r o c e s s   may  be  more  c l e a r l y   u n d e r s t o o d   f rom  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 .  

In  e a c h   of  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 r o m   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   is   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   h a r g e d .  

The  s o l i d   to  s o l i d   p r o c e s s   i s   i l l u s t r a t e d   b y  

E x a m p l e s   I,  I I ,   I I A ,   I I I ,   and   I V .  



E  X  A M P   L  E  I  

A t l a s   A151  01  t o o l   s t e e l   was  c o n n e c t e d   to   t h e  

a p p a r a t u s   of  F i g .   1  as  t h e   m a t r i x   14  and  t h e   e l e c t r o d e   13  w a s  

t i t a n i u m   c a r b i d e   as  K e n n a m e t a l   K 1 6 5 .  

The  f o l l o w i n g   w e r e   t he   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   of   t r e a t m e n t :  



The  r e s u l t s   of  t h e   t r e a t m e n t   of   t h e   A t l a s   A151  01 

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

m i c r o p h o t o g r a p h s   and  s p e c t r o m e t e r   s c a n s   of  F i g s .   5  t h r o u g h  

1 7 .  

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

e x a m i n e d   by  SEM/EPMA  nd  a p p e a r e d   as  shown  in  F i g .   5.  X - r a y  

s p e c t r a   were   t a k e n   a t   e a c h   of  t he   n u m b e r e d   l o c a t i o n s  

i n d i c a t e d   in  F i g .   1,  and  t h e y   a r e   shown  in  t h e   g r a p h s   w h i c h  

a r e   F i g s .   9  t h r o u g h   16  and  w h i c h   c o r r e s p o n d   to  l o c a t i o n s   1 

t h r o u g h   8,  r e s p e c t i v e l y .  

F i g s .   9,  10  and  11  g i v e   s p e c t r a   f rom  t he   p a r e n t  

m e t a l .  

F i g s .   12  t h r o u g h   16  show  t he   p r e s e n c e   of   a  s m a l l  

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

zone   was  c r o s s e d .  

As  w i l l   be  s e e n   in  F i g .   6;  t h e   a p p r o x i m a t e   w i d t h   o f  

c h e   zone   in  w h i c h   t i t a n i u m   was  d e t e c t e d   i s   a b o u t   50  m 

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

An  e x a m i n a t i o n   of  t h e   s u r f a c e   l a y e r   u s i n g   a  

i c r o p r o b e   a n a l y z e r   gave   t h e   Ti  K @ - X - r a y   shown  in  F i g .  7  

w h i c h   shows   t h e   t i t a n i u m   l e v e l   to   be  f a i r l y   c o n s t a n t   t o .  

m e a s u r e d   d e p t h   of  a b o u t   40Am  f rom  t h e   s u r f a c e .  

The  s a m p l e   was  t h e n   g i v e n   a  h e a v y   n i c k e l   c o a t i n g  

and  r e p o l i s h e d .   As  i l l u s t r a t e d   in  F i g .   5  t h e   r e s u l t i n g  

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

a b o u t   one  h a l f   of  one  m i c r o n .   F i g .   17  i s   an  X - r a y   s p e c t r u m  

o f   t h i s   l a y e r .  



A  h a r d n e s s   s u r v e y   was  t h e n   c o n d u c t e d   on  t h e   c o a t e d  

s t e e l   s a m p l e   and  t h e   r e s u l t s   w e r e   as  i n d i c a t e d   in   T a b l e   I .  

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

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



EXAMPLE  I I  

1018  S t e e l   was  c o n n e c t e d   to  t h e   a p p a r a t u s   of  F i g .   1 

as  t h e   m a t r i x   14  and  t h e   e l e c t r o d e   13  was  m o l y b d e n u m ,   T y p e  

Mo  1.  The  s t e e l   was  ½"  w i d e   x  ¼"  t h i c k   x  1½"   l o n g ,   t h e  

m o l y b d e n u m   1"  l o n g   x  4  m m  d i a m e t e r .   The  f r e q u e n c y   a p p l i e d  

w a s  4 3 . 3 1   KHz.  and  t h e   s p e e d   of  e l e c t r o d e   r o t a t i o n  

a p p r o x i m a t e l y   1 2 , 0 0 0   r p m .  

The  s u r f a c e   of  t h e   s t e e l   was  g r o u n d   to  a  s u r f a c e  

f i n i s h   of   600  g r i t .   The  e l e c t r o d e   t i p   was  moved  m a n u a l l y  

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

a d j a c e n t   to   e a c h   o t h e r .   The  p r o c e s s   was  r e p e a t e d   a t   90°  t o  

c o v e r   t h e   w h o l e   s u r f a c 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   a t   x 4 0  

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

w e r e   r e v e a l e d .  

As  w i l l   be  s e e n   f rom  F i g .   18  t h e   f u s i o n   o f  

m o l y b d e n u m   w i t h   s t e e l   i s   q u i t e   e v i d e n t .  

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

a t   l e a s t   15  um  as  shown  in  t h e   T a b l e   b e l o w   and  F i g .   1 9 .  

M i c r o h a r d n e s s   m e a s u r e m e n t s   w e r e   t a k e n   on  t h e  

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



The  a v e r a g e   KHN  of  t h e   u n t r e a t e d   s t e e l   was  1 8 8 .  

The  h a r d n e s s   of  t h e   same  s t e e l   a f t e r   h e a t i n g   to   900°C   a n d  

w a t e r   q u e n c h i n g   was  285  (KHN)  a t   200  gm.  

EXAMPLE  I I A  

The  same  m a t r i x   and  e l e c t r o d e   and  p r o c e d u r e   as  i n  

E x a m p l e   I I   w e r e   f o l l o w e d   a t   a  f r e q u e n c y   o f   3 0 . 6 3   KHz  and  t h e  

same  s p e e d   of   r o t 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 m a l l   b e a d s   of  m e l t e d  

and  r e s o l i d i f i e d   m a t e r i a l   w e r e   r e v e a l e d .  

As  w i l l   be  s e e n   f rom  F i g .  1 8 A   t h e   f u s i o n   o f  

m o l y b d e n u m   w i t h   s t e e l   i s   q u i t e   e v i d e n t .  

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

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

l e a s t   50  um  as  shown  in  F i g .   19A  an  t h e   f o l l o w i n g   T a b l e :  

Knoop  m i c r o h a r d n e s s   m e a s u r e m e n t s   w e r e   t a k e n   on  t h e  

c r o s s - s e c t i o n   of  t h e   s a m p l e .   The  r e s u l t s   w e r e   as  f o l l o w s :  



The  h a r d n e s s   v a l u e s   of  E x a m p l e s   II   and  I IA   w h i c h  

e x c e e d   KHN  285  r e s u l t   f r o m   t h e   p r e s e n c e   of  m o l y b d e n u m .  

EXAMPLE  I I I  

S t e e l   of  t h e   s p e c i f i c a t i o n s   as  in  E x a m p l e s   II   and  I I A  

was  c o n n e c t e d   to   t h e   a p p a r a t u s   of  F i g .   1  as  t h e   m a t r i x   14  a n d  

t h e   e l e c t r o d e   13  was  t u n g s t e n   c a r b i d e   ( K e n n a m e t a l   G r a d e  

No.  6 8 ) .   T h i s   e l e c t r o d e   was  5  mm  d i a m e t e r   x  1"  l o n g .  

The  f r e q u e n c y   a p p l i e d   was  2 6 . 2 0   KHz  and  t h e   s p e e d   o f  

e l e c t r o d e   r o t a t i o n   was  a p p r o x i m a t e l y   1 2 , 0 0 0   r p m .  

The  p r o c e d u r e   f o l l o w e d   was  t h e   same  as  in  E x a m p l e s   I I  

and  I I A .  

As  shown  in  F i g .   20  t u n g s t e n   i s   shown  to   be  f u s e d   w i t h  

t h e   s t e e l   m a t r i x .   The  r e s u l t s   of   an  e l e c t r o n   m i c r o s c o p e  

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

a  d e p t h   of   a t   l e a s t   80  um  and  a r e   shown  in  F i g .   21  and  t h e  

f o l l o w i n g   t a b l e :  



Knoop  m i c r o h a r d n e s s   m e a s u r e m e n t s   w e r e   t a k e n   on  t h e  

c r o s s - s e c t i o n   of  t h e   s a m p l e .   The  r e s u l t s   w e r e   as  f o l l o w s :  

The  h a r d n e s s   of  t h e   u n t r e a t e d   s a m p l e   is   a p p r o x i m a t e l y  

188  KHN  and  a f t e r   h e a t i n g   to   900°C   and  q u e n c h i n g   was  285  KHN. 

I t   i s   q u i t e   e v i d e n t   f rom  t h e   f o r e g o i n g   t h a t   t h e  

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

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

h a r d n e s s   i s   an  i m p o r t a n t   r e q u i r e m e n t .  



W i t h   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 he   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   w e r e   t h e n   sawn  t o   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   in  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  e v e n   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   e d g e   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 - R a y   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   to   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 he   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  

to   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   Al  kd  e m i s s i o n  

at  1 . 4 8 6   keV  and  cu  K   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 ,  

P i ,   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  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   w a s ' 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 :  



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   b e a m  

was  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   m a s s   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   i n  

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 .  

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

d i f f u s e d   i n t o   t h e   m a t r i x ,   i s   p r e s e n t   i n   s o l u t i o n .   In  s o m e  

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

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

b e l i e v e d   to   be  r e q u i r e d   as  c o m p l e x   f o r m i n g   a g e n t s   to  f a c i l i t a t e  

f u s i o n .   S m a l l   q u a n t i t i e s   of  o r g a n i c   c a t a l y s t s   s u c h   as  g u m  

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

or   t h e i r   e q u i v a l 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   s u c h   as   s o d i u m   l a u r y l   s u l p h a t e   o r  

i t s   e q u i v a l e n t   a r e   u s u a l l y   p r o v i d e d .  

Where   r e q u i r e d   pH  v a r y i n g   a g e n t s   s u c h   as  ammonium  h y d r o x i d e  

or   s u l p h u r i c   a c i d   a r e   u s u a l l y   a d d e d   to  r e a c h   an  o p e r a t i n g   p H .  



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   we re   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   in  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  

of   t h e   p r o d u c t   r e q u i r e s   an  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 V  

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

a m m o n i u m - m o l y b d a t e   in  w a t e r   was  p l a c e d   in  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   of   t r e a t m e n t :  

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

c o r r o s i o n   t e s t .   2 5 %  s u l p h u r i c   a c i d   was  a p p l i e d   to  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   a n y  s u r f a c e  

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



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   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 rom  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   V  and  VI  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 .   23  t h e   i r o n   has   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 he   m a t r i x   or  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 he   t a b l e   b e l o w   and  F i g .   23  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   is   s e e n   to   be  f u s e d   to  a  d e p t h   of  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  um.  



EXAMPLE  VI  

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   V  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 :  

R e a c t i o n   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 .   24,  shows   t h e   d e p o s i t i o n  

of   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  

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

As  shown  in  F i g .   25  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   was  p r e s e n t   to  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  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 :  

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%  to   2 . 5%;   t h e   pH 

may  v a r y   f r o m   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  to   24  ohms  c m .  

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 .   26  and  2 7 ,  

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   showed   f u s i o n   of  t u n g s t e n  

on  c o p p e r   to  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 .   2 8 .  



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   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  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 .   2 9 ,  

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 rom  F i g .   30  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  I 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 :  

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  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   to   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 .   3 1 .  



As  shown  in  t he   f o l l o w i n g   T a b l e   and  F i g .   32  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   to   a  d e p t h   of   a t   l e a s t   4  um.  



EXAMPLE  x  

The  s o l u t i o n   of  E x a m p l e   IX  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 :  

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

As  shown  in  F i g s .   33  and  34  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  u m  t h i c k   w a s  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 .   34  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 .   35  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 .   36  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   n i c k e l   l a y e r   s h o w s  

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



EXAMPLE  X 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  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%  to   10%;  pH  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  to   26  ohms  cm.  

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



EXAMPLE  X I I  

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 I  

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

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

As  shown  in  F i g .   37  t h e   n i c k e l   l a y e r   is   c o n t i n u o u s  

and   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   u m  

t h i c k .  

As  shown  in  F i g .   38  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  um.  



EXAMPLE  X I I I  

An  a q u e s 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  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 r o m   0.1%  to   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   of   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 .   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   o f   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 .   4 0 .  



EXAMPLE  X I V  

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 I I I   was  p r e p a r e d :  

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   g o l d   a p p r o x i m a t e l y  1 . 0   um 

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

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   g o l d   to   a  d e p t h   o f   a t   l e a s t   4 . 0   um  as  shown  on  t h e  

t a b l e   b e l o w   and  F i g .   4 2 .  



EXAMPLE  XV 

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   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%  to   20%  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   11  ohms  cm  t o   14  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   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 .   4 3 .  



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 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 .   4 4 .  



EXAMPLE  XVI 

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   XV  was  p r e p a r e d :  

REACTION  CONDITIONS 

O b s e r v a t i o n   w i t h   t he   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 .   4 5 .  

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 .   4 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   2 .5   to   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 rom  1.8%  to   5%  by  w e i g h t ;   and  t h e  

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



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 .   4 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   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 :  

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 . 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 .  

49  and  4 9 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 .   5 0 .  



EXAMPLE  X I 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 :  

h i s   s o l u t i o n   had  t he   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   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 rom  0.2%  to   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   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  

pove ,   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   XX,  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 a d m i u m   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   was  n o t   h o m o g e n o u s   as  shown  in  F i g .   51  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   to  a  d e p t h   of  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 .   5 2 .  



EXAMPLE  XX 

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 rom  1%  to   4%  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   45  ohms  cm  t o   55  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   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 r o m  F i g .   5 3 .  



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 a d m i u m   to  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 .   5 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  p H  m a y   be  v a r i e d   f r o m   1 1 . 2   to   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 r o m   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  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   of   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  a n d   h o m o g e n o u s .   T h i s   is   shown  i n  

F i g .   5 5 .  

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   to   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 .   5 6 .  





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   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   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 rom  0.4%  t o   1%  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   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   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  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 .   5 7 .  



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  t i n   to   a  d e p t h   of  a t   l e a s t   5  um  as  shown  on  t h e   T a b l e  

b e l o w   and  F i g .   5 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   same  as  p r e p a r e d   f o r   E x a m p l e   X X I I  

was  e m p l o y e d :  

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  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 .   5 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   2  um  as  shown  on  t h e   t a b l e   b e l o w   a n d  

F i g .   6 0 .  



EXAMPLE  XXIV 

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   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 rom  2%  t o   6%  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   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 he   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  w a s   u n i f o r m   and  c o n t i n u o u s   as  shown  in  F i g .  

6 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   of   c o b a l t   to   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 .   6 2 .  

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   and  f rom  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  XXV 

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 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  

Ag+l   i o n s   may  v a r y   f rom  1%  to   3%  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  8   ohms  cm  to  13  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   of  s i l v e r   a p p r o x i m a t e l y   5  um 

t h i c k .   The  s t r u c t u r e   i s   shown  in  F i g s .   63  and   6 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   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 .   6 4 .  





EXAMPLE  XXVI 

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   to   2;  t h e   c o n c e n t r a t i o n   o f  

Ag+l   i o n s   may  v a r y   f rom  0 .5%  to   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  um 

t h i c k .   The  s t r u c t u r e   was  as  shown  in  F i g .   6 5 .  



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   to   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 .   6 6 .  



From  t he   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 e  

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

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

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

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

I t   i s   a l s o   to  be  n o t e d   t h a t   w h i l e   t he   d e s c r i p t i o n   h a s  

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

a c r o s s   t h e   e n t i r e   s u r f a c e s   i t   is   q u i t e   e v i d e n t   t h a t   t h e  

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

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

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

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

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

s u b s t r a t e s .  

The  a n t i - c o r r o s i o n   c h a r a c t e r i s t i c s   of   t i n ,   g o l d ,  

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

a l s o   u s e f u l .   And  t h e   a p p l i c a t i o n   of  t h o s e   m e t a l s   to   f e r r o u s   o r  

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

b e h a v i o u r .  

C h r o m i u m ,   n i c k e l ,   s i l v e r ,   g o l d   or  t i n   h a v e   t h e  .  

c a p a b i l i t y   of   i m p a r t i n g   an  e l e g a n t   a p p e a r a n c e   to  t h e   m a t r i x .  

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

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

I n d i u m   i m p a r t s   s t r e n g t h   to  t he   m a t r i x ,   and  a l s o  

s e r v e s   as  a n t i - g a l l i n g  a g e n t .   A  m o l y b d e n u m   t r e a t e d   f e r r o u s   o r  

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

t e m p e r a t u r e   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 .   I t   i s   a l s o   u s e f u l   as  a  

d i e l e c t r i c   c o a t i n g .  



A  c a d m i u m   f u s e d   m a t r i x   as  w e l l   as  h a v i n g   e n h a n c e d  

c o r r o s i o n   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   can   a l s o   s e r v e   as  a n  

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

S i l v e r   f u s e d   m a t r i c e s   a r e   a l l   u s e f u l   as  a  r e f l e c t i n g  

m e d i u m .  

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

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

and  p l a n t   and  p e r m i t   t h e   use   of   m a t e r i a l s   in  a p p l i c a t i o n s   w h i c h  

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

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

many  o t h e r s   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 .  

I t   w i l l   a l s o   be  a p p a r e n t   t h a t   t h e   v a r i o u s   p a r a m e t e r s  

in   t h e   p r o c e s s   may  b e  v a r i e d   d e p e n d i n g   on  t h e   v a r i a b l e s   w h i c h  

may  be  e n c o u n t e r e d   and  t h e   r e s u l t s   r e q u i r e d   w i t h o u t   d e p a r t i n g  

f r o m   t h e   s p i r i t   and  s c o p e   of  t h e   i n v e n t i o n   as  d e f i n e d   in  t h e  

c l a i m s   a n n e x e d .  



1.  A  p r o c e s s   f o r   t h e   f u s i o n ,   a t   an  a m b i e n t  

t e m p e r a t u r e ,   of  a t   l e a s t   one  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   a  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  

w h i c h   c o m p r i s e s :  

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

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

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

2.  A  p r o c e s s   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 u t i o n   of   s a i d   s e c o n d   c h e m i c a l   e l e m e n t   i s   a q u e o u s .  

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

4.  A  p r o c e s s   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  

a q u e o u s   s o l u t i o n   h a s   a  pH  in  t h e   r a n g e   0 . 4   to   14  by  w e i g h t ,  

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

r a n g e   0 . 1 0   t o   10%  by  w e i g h t .  

5.  A  p r o c e s s   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   h a s   a  r e s i s t i v i t y   in   t h e   r a n g e   10  t o   80  ohms  c m .  

6.  A  p r o c e s s   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   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   i s   c h o s e n   f rom  t h e   g r o u p   o f  

f e r r o u s   and  n o n - f e r r o u s   m e t a l s   or   an  a l l o y   t h e r e o f .  

7.  A  p r o c e s s   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 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 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   f e r r o u s   and   n o n - f e r r o u s   m e t a l s   or   an  a l l o y   t h e r e o f .  



8.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   6  w h e r e i n   s a i d   f i r s t  

c o n d u c t i v e   e l e m e n t   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  

n o n - f e r r o u s   m e t a l s   or  an  a l l o y   t h e r e o f .  

9.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   5  w h e r e i n   s a i d   f i r s t  

c o n d u c t i v e   e l e m 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   f e r r o u s  

m e t a l s   or  an  a l l o y   t h e r e o f .  

10.  A  p r o c e s s   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 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 s   c h o s e n   f r o m   t h e   e l e m e n t s   o f  

g r o u p s   l b ,   2b,  3a,   4b,  6b  and  8;  and  s a i d   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   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   f e r r o u s   o r  

n o n - f e r r o u s   m e t a l s   or   an  a l l o y   t h e r e o f .  

11.  A  p r o d u c t   as  p r o d u c e d   by  t h e   p r o c e s s   of   any  of   t h e  

p r e c e d i n g   c l a i m s .  

12.  An  a r t i c l e   o b t a i n e d   by  t h e   p r o c e s s   of  c l a i m   1  w h i c h  

c o m p r i s e s   a  m a t r i x   o f   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  

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

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

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

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