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@  Process  and  apparatus  for  treating  electrically  conductive  matrices  and  products  produced  by  the  process. 

A  process  for  the  fusion  of  a  second  conductive  ele- 
ment  into  the  matrix  of  a  first  conductive  element  is  pro- 
vided  in  which  the  second  element  either  as  a  solid  or  as  a 
dissociable  solution  is  placed  in  contact  with  the  first  con- 
ductive  element  and  subjected  to  an  interrupted  electrical 
signal  of  a  predetermined  frequency. 



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   out   such  p r o c e s s e s   and  the  p r o d u c t s   o f  

such  p r o c e s s e s .  

I t   w i l l   be  u n d e r s t o o d   t h a t   for  the  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   the  term  " f u s i o n "   is  employed   as  meaning   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   are  c h e m i c a l l y   or  p h y s i c a l l y  

b o n d e d .  

I t   has  been  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  

or  m a t r i c e s   in  d i f f e r e n t   manners   to  enhance   t h e  

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

Somet imes   t h e s e   t r e a t m e n t s   have  i n v o l v e d   the  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   only  the  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 .  

However ,   t h e s e   t e c h n i q u e s   have  had  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  of  a  c e r t a i n   form  which  d o e s  

not  lend  i t s e l f   to  the  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 ;   the  p r o c e s s   may  b e  

d e s t r u c t i v e   of  the  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   o f  t h e  

w o r k - p i e c e ;   or  the   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 ,   the  p r o c e s s   employed  depends   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  the  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 ,   arc   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 ,   a n d  i o n   p l a t i n g   are  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  ag ing ,   h e a t  

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

These  t e c h n i q u e s   however ,   do  not  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   dry  r u b b i n g   wear .   - 

Spray  c o a t i n g   t e c h n i q u e s   have  not  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  the  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 .  

The  wear  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  

been  improved   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  

wi th   hard   chromium  but   t h e s e   are  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 ,   vacuum 

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

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

s t r e n g t h   is  p o o r ,   or  can  only   be  used  to  t r e a t   smal l   s u r f a c e  

a r e a s .  

They  have   d i s a d v a n t a g e s   in  use  in  t h a t   they   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 igh   v o l t a g e s   which  a re   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 ,  

the  te rm  " 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  

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

t e rm  " 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  such  an  e l e m e n t   or  an 

a l l o y   t h e r e o f ;   the   te rm  " 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  the  e l e m e n t   which  is  t o  

be  f u s e d   w i t h   the  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   the  term  " f u s i o n "  

as  used   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  

atoms  or  m o l e c u l e s   of  a  s econd   e l e m e n t   w i t h i n   the  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  the  p r e s e n t  

i n v e n t i o n   to  at  l e a s t   p a r t i a l l y   overcome  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  nove l   p r o c e s s   and  a p p a r a t u s   for  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   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  nove l   a p p a r a t u s   and  method  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   which  c r e a t e s   h igh   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   which  does  not  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  which  does  not  i n v o l v e   s a f e t y   h a z a r d s   and  which  does  n o t  

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

It   is  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   yet   which  makes  e f f i c i e n t  

use  of  the  c o a t i n g   m a t e r i a l .  

I t   is  a  s t i l l   f u r t h e r   o b j e c t   of  the  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   which  is  low  in  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   is  ye t   a  f u r t h e r   o b j e c t   of  the  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   which  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  which  does  not  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   is  a n o t h e r   o b j e c t   of  the  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   which  may 

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

new  and  improved   p r o d u c t s   which  w i l l   have  enhanced   p h y s i c a l  

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



There   is  p r o v i d e d   in  a c c o r d a n c e   w i t h   the  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   for   a l t e r i n g  

the  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  second   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  the  s u r f a c e   whose  c h a r a c t e r i s t i c s   are   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  they   a re   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   is  p r o v i d e d   which   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   fo 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   the  o u t p u t   a n d  

means  for   c o n n e c t i n g   a c r o s s   the  o u t p u t   a  second   c h e m i c a l  

e l e m e n t   to  be  f u s e d   and  the  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  

the  second   is  to  be  f u s e d .  

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

the  a p p a r a t u s   a re   a l s o   p r o v i d e d .   These   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  the  c h e m i c a l   to  b e  

f u s e d   in  a  d i s a s s o c i a b l e   form  which   may  be  p r e s e n t   in  t h e  

r ange   of  0.10%  to  10%  by  w e i g h t   and  h a v i n g   a  pH  in  the  r a n g e  

0.4  to  14.  A d v a n t a g e o u s l y   the  r e s i s t i v i t y   of  the  s o l u t i o n  

is  in  the  r ange   of  5  to  500  ohms  cm,  p r e f e r a b l y   10  to  80  ohms  cm. 

By  the  a p p l i c a t i o n   of  the   p r o c e s s   to  f e r r o u s   or  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   are  p r o d u c e d ,   in  which   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   is  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  than   0.5  um  and  a  s u r f a c e  

l a y e r   of  the  second   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   has  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  um. 

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

i n v e n t i o n   w i l l   become  more  a p p a r e n t   from  the  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  which   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  the  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  the  p r o c e s s  

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

F ig .   1  is  a  g e n e r a l   p e r s p e c t i v e   view  of  one  e m b o d i m e n t  

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

used   in  a c c o r d a n c e   w i t h   a  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n ;  

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

embodiment   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   the  i n v e n t i o n  

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

F ig .   3  is  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   employed  i n  

the  p r e s e n t   i n v e n t i o n ;  

F i g .  4   is  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  

employed   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  embodiment   o f  

the  p r e s e n t   i n v e n t i o n ;  

F ig .   5  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   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 th   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 ig .   6  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  110  showing  the  p e n e t r a t i o n   of  t i t a n i u m   in  the  t r e a t e d  

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

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

Ti  K  x - r a y   scan  x  450  a c r o s s   the  s u r f a c e   l a y e r   of  the  s p e c i m e n  

whose  s e c t i o n   is  shown  in  f i g s .   5  and  6 ;  

F ig .   8  is  a  p h o t o m i c r o g r a p h   w i th   a  m a g n i f i c a t i o n  

x  1100  of  the  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  the  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 re   EPMA  l i n e   scans   from  each  o f  

the  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 ig .   17  is  an  EPMA  scan  of  the  Ti  r i c h   zone  marked  i n  

f i g .   8 ;  



Fig .   18  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   t a k e n   with  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   which  molybdenum  has  b e e n  

f u s e d   u s i n g   the  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 o l i d  

molybdenum  e l e c t r o d e ;   the  l e f t   hand  h a l f   has  a  m a g n i f i c a t i o n  

x  655  and  the  r i g h t   hand  h a l f   is  a  x  1965  e n l a r g e m e n t   of  t h e  

marked  a r e a   of  the  l e f t   hand  h a l f ;  

F ig .   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 th   r i g h t  

and  l e f t   hand  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  

molybdenum  has  been  f u s e d   u s i n g   the  p r o c e s s   of  the  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   molybdenum  e l e c t r o d e ;   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  1310  and  the  r i g h t   hand  h a l f   i s  

x  3930  e n l a r g e m e n t   of  the  marked  a r e a   of  the   l e f t   hand  h a l f ;  

F ig .   19  is  a  g r a p h   of  an  SEM/EPMA  a c r o s s   the  s a m p l e  

shown  in  f i g .   18  and  shows  the   f u s i o n   of  the  molybdenum  w i t h  

the  s t e e l ;  

F ig .   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   the  sample  shown  in  f i g .   19  and  shows  the  f u s i o n   o f  

molybdenum  w i t h   s t e e l ;  

F ig .   20  is  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  1310  of  a  s t e e l   m a t r i x   w i t h   which  t u n g s t e n   has  been  f u s e d  

u s i n g   the  p r o c e s s   of  the   p r e s e n t   i n v e n t i o n  - w i i 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 ig .   21  is  a  g r a p h   of  an  SEM/EPMA  scan  a c r o s s   the  s a m p l e  

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

F ig .   22  is  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 -  

hand  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  

molybdenum  has  been  f u s e d   u s i n g   the  p r o c e s s   of  the   p r e s e n t  

i n v e n t i o n   w i t h   a  molybdenum  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  1250  and  the  r i g h t - h a n d   h a l f   is  a  x  8 

e n l a r g e m e n t   of  t h e  m a r k e d   a r e a   of  the  l e f t - h a n d   h a l f .  



Fig.   23  is  a  graph  of  an  SEM/EPMA  scan  a c r o s s   t h e  

sample   shown  in  Fig .   22  and  shows  the   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 ig .   24  is  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  s t e e l   m a t r i x   wi th   w h i c h  

molybdenum  has  been  fused   us ing   the  p r o c e s s   of  the  p r e s e n t  

i n v e n t i o n   w i th   a  molybdenum  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   xl250  and  the  r i g h t   hand  h a l f   is  a  x8 

e n l a r g e m e n t   of  the  marked  a rea   of  the  l e f t   hand  h a l f ;  



Fig .   25  is  a  g raph   of  an  SEM/EPMA  scan  a c r o s s   t h e  

sample   shown  in  F ig .   24  and  shows  the  f u s i o n   of  m o l y b d e n u m  

wi th   s t e e l ;  

Fig .   26  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 ,   with  r i g h t  

and  l e f t   hand  h a l v e s ,   of  a  coppe r   m a t r i x   wi th   which  t u n g s t e n  

has  been  fu sed   u s i n g   the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n  

wi th   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   has  a  

m a g n i f i c a t i o n   x l250  and  the  r i g h t   hand  h a l f   is  a  x8 

e n l a r g e m e n t   of  the   marked  a r ea   of  the  l e f t   hand  h a l f ;  

F ig .   27  is  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  

sample   of  F ig .   26  wi th   a  m a g n i f i c a t i o n   x10 ,000   of  p a r t   of  t h e  

marked  a r ea   of  F ig .   2 6 ;  

F ig .   28  is  a  g raph   of  an  SEM/EPMA  scan  a c r o s s   t h e  

sample   shown  in  F i g s .   2 6 a n d 2 7 ' ;  

F ig .   29  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 ,   wi th   r i g h t  

and  l e f t   hand  h a l v e s ,   of  a  s t e e l   m a t r i x   wi th   which  t u n g s t e n  

has  been  fu sed   u s i n g   the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n  

w i th   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   has  a  

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

e n l a r g e m e n t   of  the   marked  a rea   of  the  l e f t   hand  h a l f ;  

F ig .   30  is  a  graph  of  an  SEM/EPMA  scan  a c r o s s   t h e  

sample   shown  in  F ig .   29  and  shows  the  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 ig .   31  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   wi th   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   wi th   which  i n d i u m  

has  been  f u s e d   u s i n g   the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n  

w i th   an  i nd ium  s o l u t i o n .   The  l e f t   hand  h a l f   has  a  

m a g n i f i c a t i o n   'x l250  and  t h e  r i g h t   hand  h a l f   is  a  x8 

e n l a r g e m e n t   of  the   marked  s e c t i o n   of  the  l e f t   hand  h a l f ;  



Fig.   32  is  a  g raph   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   the   sample   shown  in  F ig .   3 1 ;  

Fig .   33  is  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  s t e e l   m a t r i x   w i th   w h i c h  

ind ium  has  been  fused   u s i n g   the  p r o c e s s   of  the  p r e s e n t  

i n v e n t i o n   w i th   an  ind ium  s o l u t i o n .   The  l e f t   hand  h a l f   has  a 

m a g n i f i c a t i o n   x625  and  the  r i g h t   hand  h a l f   is  a  x8 

e n l a r g e m e n t   of  the   marked  s e c t i o n   of  the  l e f t   hand  h a l f ;  

F ig .   34  is  a  graph  of  an  SEM/EPMA  scan  a c r o s s   t h e  

sample   shown  in  F ig .   33 ;  

Fig .   35  is  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  coppe r   m a t r i x   wi th   w h i c h  

n i c k e l   has  been  fused   u s i n g   the  p r o c e s s   of  the  p r e s e n t  

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

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

e n l a r g e m e n t   of  the  marked  s e c t i o n   of  the  l e f t   hand  h a l f ;  

Fig .   36  is  a  graph  of  an  SEM/EPMA  scan  a c r o s s   t h e  

sample   shown  in  F ig .   35 ;  

Fig.   37  is  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   wi th   r i g h t  

and  l e f t   hand  h a l v e s ,   of  a  s t e e l   m a t r i x   wi th   which  n i c k e l   h a s  

been  fused   u s i n g   the  p r o c e s s   of  the  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   hand  h a l f   has  a  m a g n i f i c a t i o n   x1310  

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

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

Fig.   38  is   a  g raph   of  an  SEM/EPMA  scan  a c r o s s   t h e  

sample   shown  in  F ig .   37 ;  

Fig.   39  is  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 th   which  gold   has  been  f u s e d .   The  l e f t   hand  h a l f   has  a 

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

of  the   marked  s e c t i o n   fo  the  r i g h t   hand  h a l f .  



Fig.   40  is  a  g raph   of  an  SEM/EPMA  scan  a c r o s s   t h e  

sample   shown  in  F ig .   39  showing  gold   fused   in  the  c o p p e r  

m a t r i x ;  

Fig .   41  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   wi th   r i g h t  

and  l e f t   hand  h a l v e s ,   of  a  s t e e l   m a t r i x   wi th   which  gold  h a s  

been  fused   u s ing   the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n   wi th   a  g o l d  

s o l u t i o n .   The  l e f t   hand  h a l f   has  a  m a g n i f i c a t i o n   x1310,  t h e  

r i g h t   hand  h a l f   is  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  the  m a r k e d  

a r e a   of  the   l e f t   hand  h a l f ;  

Fig.   42  is  a  g raph   of  an  SEM/EPMA  scan  a c r o s s   t h e  

sample   shown  in  F ig .   40  showing  gold  fused   in  the  s t e e l   m a t r i x ;  

Fig .   43  is  an  SEM  p h o t o m i c r o g r a p h   wi th   a  m a g n i f i c a t i o n  

x 1 0 , 0 0 0   of  a  coppe r   m a t r i x   wi th   which  chromium  has  been  f u s e d  

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

s o l u t i o n ;  

Fig.   44  is  a  g raph   of  an  SEM/EPMA  scan  a c r o s s   t h e  

s a m p l e   shown  in  F ig .   43  and  shows  the  f u s i o n   of  chromium  w i t h  

c o p p e r ;  

Fig .   45  is  an  SEM  p h o t o m i c r o g r a p h   wi th   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 th   which  chromium  has  been  f u s e d  

u s i n g   the  p r o c e s s   of  the   p r e s e n t   i n v e n t i o n   wi th   the  f i r s t  

chromium  s o l u t i o n   r e f e r r e d   to  a b o v e ;  

F ig .   46  is  a  g raph   of  an  SEM/EPMA  scan  a c r o s s   t h e  

sample   shown  in  F ig .   45  and  shows  the  f u s i o n   of  chromium  w i t h  

s t e e l ;  

F ig .   47  is  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 ,   wi th   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 th   which  chromium  h a s  

been  fu sed   u s i n g   the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n   wi th   a 

s e c o n d   chromium  s o l u t i o n .   The  l e f t   hand  h a l f   has  a  



m a g n i f i c a t i o n   x625  and  the  r i g h t   hand  h a l f   is  a  x8 

e n l a r g e m e n t   of  the  marked  a r e a   of  the  l e f t   hand  h a l f ;  

Fig.   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  the  e n l a r g e d   a rea   of  F ig .   47  at  a  m a g n i f i c a t i o n   of  x 1 0 , 0 0 0 ;  

Fig .   48  is  a  graph  of  an  SEM/EPMA  scan  a c r o s s   t h e  

sample   shown  in  F ig .   47  and  shows  the  f u s i o n   of  chromium  w i t h  

c o p p e r ;  

Fig .   49  is  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 ,   wi th   r i g h t  

and  l e f t   hand  h a l v e s ,   of  a  s t e e l   m a t r i x   wi th   which  chromium  h a s  

been  fused   u s i n g   the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n   wi th   a 

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

x1250  and  the  r i g h t   hand  h a l f   is  a  x8  e n l a r g e m e n t   of  the  m a r k e d  

a r e a   of  the  l e f t   hand  h a l f ;  

Fig .   49A  is  a  f u r t h e r   e n l a r g e d   SEM  p h o t o m i c r o g r a p h   o f  

the   e n l a r g e d   a r ea   of  F ig .   49  at  a  m a g n i f i c a t i o n   of  x 1 0 , 0 0 0 ;  

Fig .   50  is  a  g raph   of  an  SEM/EPMA  scan  a c r o s s   t h e  

sample   shown  in  F ig .   48  and  shows  the  f u s i o n   of  chromium  w i t h  

s t e e l ;  

Fig .   51  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   wi th   r i g h t   a n d  

l e f t   hand  h a l v e s ,   of  a  coppe r   m a t r i x   wi th   which  cadmium  has  b e e n  

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

cadmium  s o l u t i o n ;   the   l e f t   hand  h a l f   has  a  m a g n i f i c a t i o n   x 1 3 1 0  

and  the  r i g h t   hand  h a l f   is  a  x5  e n l a r g e m e n t   of  the  marked  a r e a ;  

F ig .   52  is  a  g raph   of  an  SEM/EPMA  scan  a c r o s s   t h e  

sample   shown  in  Fig:   51  and  shows  the  f u s i o n   of  cadmium  w i t h  

c o p p e r ;  

F ig .   53  is  a  p h o t o m i c r o g r a p h   at  x l l , 5 0 0   m a g n i f i c a t i o n  

of  a  s t e e l   m a t r i x   wi th   which  cadmium  has  been  fused   us ing   t h e  

p r o c e s s   of  the  p r e s e n t   i n v e n t i o n   wi th   a  second  cadmium  s o l u t i o n ;  



Fig.   54  is  a  g raph   of  an  SEM/EPMA  scan  a c r o s s   t h e  

sample   shown  in  F ig .   53  and  shows  the  f u s i o n   of  cadmium  w i t h  

s t e e l ;  

Fig .   55  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   wi th   l e f t  

and  r i g h t   hand  h a l v e s ,   of  a  coppe r   m a t r i x   wi th   which  t i n   h a s  

been  fused   u s i n g   the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n   with  a  

f i r s t   t i n   s o l u t i o n ;   the  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  the  r i g h t   hand  h a l f   is  a  x8  e n l a r g e m e n t   of  t h e  

marked  a r e a ;  

Fig .   56  is  an  SEM/EPMA  scan  a c r o s s   the  sample  o f  

F ig .   55  and  shows  the  f u s i o n   of  t i n   wi th   c o p p e r ;  

Fig .   57  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   wi th   l e f t  

and  r i g h t   hand  h a l v e s ,   of  a  coppe r   m a t r i x   w i th   which  t i n   h a s  

been  fu sed   u s i n g   the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n   wi th   a  

s econd   t i n   s o l u t i o n ;   the   l e f t   hand  h a l f   has  a  m a g n i f i c a t i o n  

, x 3 2 6   and  the  r i g h t   hand  h a l f   is  x8  e n l a r g e m e n t   of  the  m a r k e d  

a r e a ;  

Fig .   58  is  an  SEM/EPMA  scan  a c r o s s   the  sample   o f  

F ig .   57  and  shows  f u s i o n   of  t i n   w i th   c o p p e r ;  



Fig.   59  is  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  s t e e l   m a t r i x   wi th   which  t i n  

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

w i t h   the  second   t i n   s o l u t i o n ;   the  r i g h t   hand  h a l f   is  a  x1310  

m a g n i f i c a t i o n   and  the  l e f t   hand  h a l f   is  x8  m a g n i f i c a t i o n   o f  

the   marked  a r e a ;  

F ig .   60  is  a  SEM/EPMA  scan  a c r o s s   the  sample  o f  

F ig .   59  and  shows  f u s i o n   of  t i n   w i th   s t e e l ;  

Fig.   61  is  an  SEM  p h o t o m i c r o g r a p h   at  a  x5200  

m a g n i f i c a t i o n   of  a  coppe r   m a t r i x   wi th   which  c o b a l t   has  b e e n  

f u s e d   u s ing   the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n   wi th   a  f i r s t  

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

Fig.   62  is  an  SEM/EPMA  scan  a c r o s s   the  sample  o f  

F ig .   61  and  shows  f u s i o n   of  c o b a l t   wi th   c o p p e r ;  



F i g s .   63  and  63A  are  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 th   which  s i l v e r   has  been  fused   u s i n g   the  p r o c e s s   o f  

the  i n v e n t i o n   wi th   a  f i r s t   s i l v e r   s o l u t i o n ;  

F ig .   63  is  a  c o m p o s i t e   w i th   the  l e f t   hand  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  the  r i g h t   hand  s i de   b e i n g  

an  x8  e n l a r g e m e n t   of  the  marked  a r e a ;  

Fig .   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  the  e n l a r g e d   a r ea   of  F ig .   63  at  a  m a g n i f i c a t i o n   x 1 0 , 0 0 0 ;  



Fig.   64  is  an  SEM/EPMA  scan  a c r o s s   the  sample  o f  

F ig .   63  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 ;  

F ig .   65  is  an  SEM  p h o t o m i c r o g r a p h   at  a  

m a g n i f i c a t i o n   of  x 1 0 , 0 0 0   of  a  copper   m a t r i x   wi th   which  s i l v e r  

has  been  fu sed   u s ing   the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n  

w i th   a  s econd   s i l v e r   s o l u t i o n ;  

F ig .   66  is  an  e l e c t r o n   m i c r o p r o b e   scan  a c r o s s   t h e  

sample  of  F ig .   65  and  shows  f u s i o n   of  s i l v e r   wi th   c o p p e r ;  

In  t h o s e   F i g u r e s   which  are  g r a p h s ,   of  F i g u r e s   19 

t h r o u g h   66,  the   v e r t i c a l   a x i s   is  l o g a r i t h m i c   wh i l e   t h e  

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

l a y e r   has  been  t a k e n   as  the  p o i n t   at  which  the  c o n c e n t r a t i o n  

(wt%)  of  the  m a t r i x   and  the  e l e m e n t   which  has  been  f u s e d  

t h e r e w i t h   are   both   at  50%  as  i n d i c a t e d   by  the  p r o j e c t i o n s .  

R e f e r r i n g   now  to  d r a w i n g s   F i g s .   1  and   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   view  a p p a r a t u s   i n  



a c c o r d a n c e   wi th   the  i n v e n t i o n   which  is  employed  to  c a r r y   o u t  

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

In  F ig .   1,  which  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   the  number  10  i n d i c a t e s   a  power  supp ly   and  11  an  
r 

o s c i l l a t o r .  

One  s i d e   of  the  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.  Ho lde r   12  is  p r o v i d e d  

wi th   a  r o t a t i n g   chuck  and  has  a  t r i g g e r   s w i t c h   which  c o n t r o l s  

the   speed   of  r o t a t i o n   of  the  e l e c t r o d e   13.  The  speed  o f  

r o t a t i o n   is  v a r i a b l e   from  5 ,000   to  10 ,000   rpm.  

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

f u s e d   wi th   the  m a t r i x .   The  m a t r i x   or  s u b s t r a t e   which  is  t o  

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

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

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

is  a p p l i e d .  

In  F ig .   2  the   c o r r e s p o n d i n g   componen t s   a r e  

c o r r e s p o n d i n g l y   numbered .   However,   in  t h i s   embodiment   t h e  

p r o c e s s   employed   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   the  m a t e r i a l   to  be  fused   is  in  the   f o r m  

of  a  s o l u t i o n   a n d  i s   h e l d   in  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 ube   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   an  i n s u l a t e d   h a n d l e   20  t h r o u g h   which  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   is  c o n n e c t e d .   This  o u t p u t   i s  

led  i n t o   a  main  c h a n n e l   21  in  e l e c t r o d e   19.  Channe l   21  has  a  

s e r i e s   of  s i d e   c h a n n e l s   22  which  open  on  to  the  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 low  from  r e s e r v o i r   17  is  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   such  as  23  o n  



the   h a n d l e   20.  For  f u r t h e r   c o n t r o l ,   more  even  d i s t r i b u t i o n  

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

m a t t e r   the  s u r f a c e   of  e l e c t r o d e   19  is  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   membrane  such  as  c o t t o n   or  n y l o n .  

It   has  been  found  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  50 ,000   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  the  o r d e r   of  10 ,000   a m p s / s q .   cm.  i s  

n e c e s s a r y .  

From  a  p r a c t i c a l   s t a n d p o i n t   10 ,000   a m p s / s q . c m .   c a n  

not  be  a p p l i e d   c o n s t a n t l y   w i t h o q t   damage  to  the  m a t r i x   to  b e  

t r e a t e d .  

However,   i t   has  been  found  p r a c t i c a l   to  app ly   a  

p u l s i n g   s i g n a l   of  2.5  m i c r o s e c o n d s   to  28.6  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  o f   3  amps  to  the  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  occu r   over   an  a rea   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   over   an  a rea   wi th   the  a p p a r a t u s  

shown  in  Fig.   1  the  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   are  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   the  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   wi th   the  upper   s u r f a c e   of  the  m a t r i x   over   the  m a t r i x  

s u r f a c e   at  a  p r e d e t e r m i n e d   speed   to  app ly   the  e l e c t r o d e  

m a t e r i a l   to  the  m a t r i x   and  fuse   i t   t h e r e w i t h .  

I t   has  a l s o   been  found  t h a t   the  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  the  s u b s t r a t e   or  m a t r i x   and  to  overcome  t h i s   h e a t  

b u i l d - u p   and  avo id   w e l d m e n t s   the  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   is  a  h a l f - w a v e   s i g n a l   which  p e r m i t s  

d i s s i p a t i o n   of  the  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  the  a r t  

each  m a t e r i a l ,   bo th   the  m a t r i x   and  the  m a t e r i a l   to  be  a p p l i e d  



have  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  wi th   e a c h  

change   in  e i t h e r   one  or  both   of  t h e s e   m a t e r i a l s   t h e r e   is  a  

change   in  the  r e s i s t i v i t y   of  the  c i r c u i t .  

In  Fig .   3,  R1  =  the   r e s i s t a n c e   of  the  e l e c t r o d e ,  

R2  =  the   r e s i s t a n c e   of  the  m a t r i x ,   and  

R3  =  the   r e s i s t a n c e   of  the  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   lead   to  v a r i a t i o n s  

in  the  f r e q u e n c y   of  the  s i g n a l   g e n e r a t e d   and  the  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   an  

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

a m p l i t u d e .   If   the   a m p l i t u d e   is  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  the  m a t r i x   t a k e s   p l a c e   and  below  t h i s   a m p l i t u d e  

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

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

c i r c u i t   used  in  a p p a r a t u s   in  a c c o r d a n c e   wi th   the  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   power  s u p p l y   30  is  c o n n e c t e d  

a c r o s s   the  i n p u t ,   and  a c r o s s   the  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  the  c a p a c i t o r   31  is  c o n n e c t e d   t h r o u g h  

the   LC  c i r c u i t   32  which  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   i n  p a r a l l e l .  

LC  c i r c u i t   32  is  c o n n e c t e d   to  one  s i de   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  the  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 .  

This   o s c i l l a t o r   c i r c u i t   is  c o n n e c t e d   to  o u t p u t   50 

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

d iode   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  the  a p p a r a t u s   a c t u a l l y   used  the  s e v e r a l  

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

31  =  1.2  f a r a d  

32  =  0.3  p i c r o f a r a d  

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

35  =  4 0 0  -   30  Khz 

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

37  =  NPN 

38  =  3 . 5  µ  f a r a d s  

39  =  0  -   500  ohms 

40  =  4 0 0  µ  f a r a d s  

41  =  d i o d e  

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

R1  r e s i s t a n c e   38  is  v a r i e d ;   to  vary   the  f r e q u e n c y  

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

If  C  =  the  c a p a c i t a n c e   of  the  c i r c u i t   of  Fig.   3  a n d  

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

c h a r a c t e r i z e d   i t   is  b e l i e v e d   t h a t   the  optimum  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  the  f o r m  

Fo =  1 2Π√LC  FORM  I  

where   L  =  R 1 . R 2 . R 3  

a n d   C  =  c a p a c i t a n c e   of  the  c i r c u i t  

L  and   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 .  

F0  depends   on  the  m a t e r i a l   be ing   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   but  i t   is  in  the  r ange   400Hz  -   35MHz. 

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

the   p r o c e s s .  

To  fuse   a  p r e d e t e r m i n e d   a r e a ,   the  a rea   is  m e a s u r e d .  

S ince   each  d i s c h a r g e   w i l l   fuse   a p p r o x i m a t e l y   0.3  sq.  mm.  t h e n  



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

a n d  

A  =  a r ea   to  be  c o v e r e d   in  sq.  mm. 

F1  is  the   number  of  d i s c h a r g e s   per   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 .  

However  i t   has  been  d i s c o v e r e d   t h a t   the  m e a s u r e m e n t  

of  r e s i s t a n c e   in  the  l i q u i d   phase   may  not  be  s t a b l e .   In  t h i s  

s i t u a t i o n   the  r e s i s t a n c e   is  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  cm.  a p a r t   and  1  cm.  sq.  in  a rea   are  p l a c e d  

in  a  ba th   of  the  l i q u i d   phase   and  the  r e s i s t a n c e   was  m e a s u r e d  

a f t e r   a  20  s econd   d e l a y .   A f t e r   the  v a r i a b l e   p a r a m e t e r s   h a v e  

been  d e t e r m i n e d   and  the  a p p a r a t u s ,   m a t r i x   and  p robe   have  b e e n  

c o n n e c t e d   as  shown  in  F i g s .   1  and  3,  the  p robe   13  is  p a s s e d  

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

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

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

the   q u a l i t y   of  the   f u s i o n   wi th   a  r o t a t i o n   speed  of  5 ,000  rpm 

the   f i n i s h   is  an  uneven  200  to  3 0 0  µ  f i n i s h ;   w i th   a  speed  o f  

r o t a t i o n   of  10 ,000   rpm  the  f i n i s h   is  a  s u b s t a n t i a l l y  

1 5  µ  f i n i s h .  

The  a p p a r a t u s   of  F ig .   2  is   o p e r a t e d   in  the  same 

manner   as  the  a p p a r a t u s   of  F ig .   1  and  the  p r o c e s s   i s  

e s s e n t i a l l y   the  same  e x c e p t   for   the  use  of  a  l i q u i d   wi th   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   from  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  each  of  t h e s e   examples   the  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   from  the  d e s c r i p t i o n ,   so  t h a t  

when  c h a r g e d   the  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   is  n e g a t i v e l y   c 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   is  i l l u s t r a t e d   b y  

Examples   I,  I I ,   IIA,  I I I ,   and  IV .  



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 ig .   1  as  the  m a t r i x   14  and  the  e l e c t r o d e   13  was  

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   K165.  

The  f o l l o w i n g   were  the  c h a r a c t e r i s t i c s   and  

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  the   t r e a t m e n t   of  the  A t l a s   A151  01 

t o o l   s t e e l   wi th   the  t i t a n i u m   c a r b i d e   are  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 cans   of  F i g s .   5  t h r o u g h  

1 7 .  

The  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   was 

examined   by  SEM/EPMA  and  a p p e a r e d   as  shown  in  F ig .   5.  X - r a y  

s p e c t r a   were  t a k e n   at  each  of  the  numbered  l o c a t i o n s  

i n d i c a t e d   in  F ig .   1,  and  they   are  shown  in  the  g raphs   w h i c h  

are   F i g s .   9  t h r o u g h   16  and  which  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 ive   s p e c t r a   from  the  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  the  p r e s e n c e   of  a  s m a l l  

t i t a n i u m   peak  which  does  not  change  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  seen  in  Fig.   6,  the  a p p r o x i m a t e   wid th   o f  

-  t h e   zone  in  which  t i t a n i u m   was  d e t e c t e d   is  abou t   50  m 

a 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 long   the  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  the  s u r f a c e   l a y e r   u s i n g   a  

m i c r o p r o b e   a n a l y z e r   gave  the  Ti  K @ X - r a y   shown  in  Fig .   7 

which   shows  the  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   dep th   of  abou t   40Am  from  the  s u r f a c e .  

The  sample   was  then   g iven   a  heavy  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  Fig .   5  the   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  o n e  m i c r o n .   Fig .   17  is  an  X- ray   s p e c t r u m  

of  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  then   c o n d u c t e d   on  the  c o a t e d  

s t e e l   sample   and  the  r e s u l t s   were  as  i n d i c a t e d   in  Table   I .  

As  w i l l   be  a p p a r e n t   the  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   were  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  the  a p p a r a t u s   of  Fig.   1 

as  the  m a t r i x   14  and  the  e l e c t r o d e   13  was  molybdenum,  Type  

Mo  1.  The  s t e e l   was  b"  wide  x  1/4"  t h i c k   x  1½"  long,   t h e  

molybdenum  1"  long  x  4  mm  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  

was  43 .31   KHz.  and  the  speed  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   12 ,000   rpm.  

The  s u r f a c e   of  the  s t e e l   was  ground  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   the  top  s u r f a c e   of  the  s t e e l   sample  in  s t r a i g h t   l i n e s  

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

c o v e r   the  whole  s u r f a c e .   Under  the  o p t i c a l   m i c r o s c o p e   at  x40 

m a g n i f i c a t i o n   smal l   beads   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  

were  r e v e a l e d .  

As  w i l l   be  seen  from  F ig .   18  the  f u s i o n   o f  

molybdenum  w i th   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   scan  a c r o s s  

the  i n t e r f a c e   r e v e a l e d   molybdenum  to  be  p r e s e n t   to  a  dep th   o f  

at  l e a s t   15  um  as  shown  in  the  Tab le   below  and  F ig .   19 .  

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   were  t a k e n   on  t h e  

c r o s s - s e c t i o n   of  the  sample   wi th   the  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  the  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  the  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)  at  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  

Example  II  were  f o l l o w e d   at  a  f r e q u e n c y   of  30.63  KHz  and  t h e  

same  speed  of  r o t a t i o n .  

Under  t h e  o p t i c a l   m i c r o s c o p e   smal l   beads  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   were  r e v e a l e d .  

As  w i l l   be  seen  from  F ig .   18A  the  f u s i o n   o f  

molybdenum  w i th   s t e e l   is  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   scan  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   molybdenum  to  be  p r e s e n t   to  a  dep th   of  a t  

l e a s t   50  um  as  shown  in  Fig .   19A  an  the  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   were  t a k e n   on  t h e  

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



The  h a r d n e s s   v a l u e s   of  Examples   II  and  IIA  w h i c h  

e x c e e d   KHN  285  r e s u l t   from  the  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  the  s p e c i f i c a t i o n s   as  in  Examples   II  and  I I A  

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

the   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.  68) .   This  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  26 .20   KHz  and  the  speed  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   12 ,000   rpm.  

The  p r o c e d u r e   f o l l o w e d   was  the  same  as  in  Examples   I I  

and  I I A .  

As  shown  in  Fig .   20  t u n g s t e n   is  shown  to  be  fused   w i t h  

the   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   the  sample   i n d i c a t e   the  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  at  l e a s t   80  um  and  are  shown  in  Fig .   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   were  t a k e n   on  t h e  

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

The  h a r d n e s s   of  the   u n t r e a t e d   sample  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   is  q u i t e   e v i d e n t   from  the  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  the  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   the  s u r f a c e  

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

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



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

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

c a r r i e d   out  at  the  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   the  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 th   the  f o r m u l a   p r e v i o u s l y   se 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  movement  of  the   e l e c t r o d e  

over   one  s u r f a c e   of  the  f i r s t   me ta l   for   v a r y i n g   p e r i o d s   o f  

t ime  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  the  second  me ta l   s o l u t i o n   over  the  s u r f a c e   o f  

the   f i r s t   m e t a l   the  e l e c t r o d e   was  c o v e r e d   wi th   c o t t o n   g a u z e  

or  ny lon .   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  

employed .   This  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  the  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  

employed .   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  the  c o u r s e   of  m o v e m e n t .  

The  t r e a t e d   s amp le s   were  then   sawn  to  p r o v i d e   a  .  

c r o s s - s e c t i o n a l  s a m p l e ,   washed  in  co ld   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 ,   embedded  in  p l a s t i c   and  g round   a n d .  

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

o t h e r   s amp le s   w i th   the  s o f t e r   m e t a l s   where  t h e r e   was  a  

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

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

r e l a t i o n s h i p ,   embedded  as  b e f o r e   and  ground  and  p o l i s h e d .  

F o l l o w i n g   embeddment   the  sample   was  e t c h e d   u s i n g  

N i t a l   for   s t e e l ,   the  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  the  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 .  



During  the  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   were  some t imes   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  speed   of  a p p l i c a t i o n .   These  were  due  t o  

c h a n g e s   in  the  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  the  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 robe   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   were  p e r f o r m e d   u s i n g   an  Energy  D i s p e r s i v e  

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

(SEM).  

The  s u r f a c e   of  the  embedding   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  vacuum  e v a p o r a t o r .   This  p r o c e d u r e   was  used  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  image.   Carbon,   which  does  not  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  the   EDX,  was  used  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  avo id   i n t e r f e r e n c e   of  such  a  c o a t i n g   wi th   t he  

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  the   SEM  were  chosen   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  the  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   at  the   same  t ime  the   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   used  for   the  e l e m e n t a l  

a n a l y s e s   by  EDX  were  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 ing   Al  kd  e m i s s i o n  

at   1 .486  keV  and  cu  K  at   8 .040   keV.  

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  

fo 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 ing   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%  Cu  -   27%  Zn  and  NBS  4 7 9 a ,  

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

r e f e r e n c e   m a t e r i a l s   were  in  e x c e l l e n t   a g r e e m e n t   wi th   c e r t i f i e d  

v a l u e s   from  NBS.  Average   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   volume  was  c a l c u l a t e d   from  the  f o l l o w i n g   e q u a t i o n   1 :  

pR(x)  =  0 . 0 6 4 ( E 0 1 6 8 - E c 1 6 8 )  

where  R(x)  is  the   mass  range   ( th  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   volume  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  found  to  be  as  f o l l o w s :  



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

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

above  m e n t i o n e d   mass  r a n g e .   E n s u r i n g   thus   the  a c c u r a c y   o f  

the  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   were  g i v e n  

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

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

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

second   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   is  the   e l e m e n t   to  b e  

d i f f u s e d   i n t o   the   m a t r i x ,   is  p r e s e n t   in  s o l u t i o n .   In  some 

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

a re   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   ions   i s  

b e l i e v e d   to  be  r e q u i r e d   as  complex   f o rming   a g e n t s   t o  

f a c i l i t a t e   f u s i o n .   Small   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  

such  as  gum  a c a c i a ,   h y d r o q u i n o n e ,   an ima 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   such  as  sodium  l a u r y l   s u l p h a t e   or  i t s  

e q u i v a l e n t   a re   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   such  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   added  to  r e a c h   a n  

o p e r a t i n g   pH.  



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   second  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   which  p r e c l u d e  

p r e c i p i t a t i o n   of  the   second   e l e m e n t .   These  a g e n t s   were  by  

way  of  example   c i t r i c   a c i d ,   or  sodium  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   is  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 ,   where  r e q u i r e d .  

The  w a t e r   is  a lways   d e m i n e r a l i z e d .  

And  for   c e r t a i n   a p p l i c a t i o n s   where  the  a p p e a r a n c e  

of  the  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   such  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   ac id   or  t h e i r   e q u i v a l e n t s   may 

be  e m p l o y e d .  

In  t h e s e   Examples ,   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  the  coppe r   was  ASTM  B - 1 3 3 3  

A l l o y   1 1 0 .  



E  X  A  M  P  L  E   IV 

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  Fig .   2  as  the  m a t r i x  1 4   and  a  10%  s o l u t i o n   o f  

ammonium  m o l y b d a t e   in  w a t e r   was  p l a c e d   in  r e s e r v o i r   17 .  

The  f o l l o w i n g   were  the  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 :  

* D e t e r m i n e d   by  m e a s u r e m e n t   a c r o s s   1  sq.  cm.  p l a t e s   s p a c e d  

a p a r t   lcm.  a f t e r   a  20  second   d e l a y .  

The  sample   of  Example  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 .   25%  s u l p h u r i c   ac id   was  a p p l i e d   to  t h e  

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

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



EXAMPLE  V 

An  aqueous   s o l u t i o n   of  the  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  the  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   from  1.5%  t o  

2.5%  by  w e i g h t ;   the  pH  from  7.2  to  8.2  and  the  r e s i s t i v i t y  

from  1 7  -   25  ohms  cm. 

REACTION  CONDITIONS 



In  the  s o l u t i o n s   se t   out  in  Examples   V  and  VI  t h e  

p r e s e n c e   of  the   f e r r o u s   and  f e r r i c   ions  are  b e l i e v e d   to  s e r v e   t o  

r e d u c e   the  Mo+6  v a l e n c y   s t a t e   to  a  lower  v a l e n c y   s t a t e .  

While  i r o n   is  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  Fig.   23  the  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  the  c h a r a c t e r i s t i c s   of  the  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  the  sample  wi th   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  molybdenum  f r e e   f r o m  

p i t t i n g   and  wi th   a  dark  s i l v e r   c o l o u r .  

As  shown  in  the  t a b l e   below  and  F ig .   23  an  SEM/EPMA  s c a n  

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

molybdenum  is  seen  to  be  fu sed   to  a  depth   of  at  l e a s t   4  um  wi th   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  aqueous   s o l u t i o n   of  the  same  f o r m u l a t i o n   a s  

Example  V  was  p r e p a r e d   and  a p p l i e d   under   the  f o l l o w i n g  

c o n d i t i o n s :  

E x a m i n a t i o n   under   the  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   dark   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   Fig .   24,  shows  the  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  molybdenum  1  mic ron   t h i c k  

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

As  shown  in  Fig .   25  an  SEM/EPMA  scan  a c r o s s   t h e  

i n t e r f a c e   b e t w e e n   the  s u b s t r a t e   and  the  a p p l i e d   me ta l   shows  

molybdenum  was  p r e s e n t   to  a  dep th   of  at  l e a s t   10  m i c r o n s   a n d  

a  molybdenum  g r a d i e n t   as  s e t   out  below  in  T a b l e .  



E X A M P L E   V I I  

An  aqueous   s o l u t i o n   of  the   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  the  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  vary   from  1.6%  to  2.5%;  the   pH 

may  vary   from  7.5  to   8 . 5 ;   and  the  r e s i s t i v i t y   may  vary   f r o m  

18  ohms  cm  to  24  ohms  cm. 

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

As. shown  by  the  p h o t o m i c r o g r a p h s   F i g s .   26  and  2 7 ,  

the   sample   showed  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  scan  showed  f u s i o n   of  t u n g s t e n  

on  coppe r   to  a  dep th   of  at  l e a s t   5.0  m i c r o n s ,   as  can  be  s e e n  

in  the  Tab le   below  and  F ig .   2 8 .  



EXAMPLE  V I I I  

An  a q u e o u s   s o l u t i o n   of  the  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  the  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   from  1.6%  to  2.5% 

by  w t . ;   the   pH  from  7.5  to  8 . 5 ;   and  the  c o n d u c t i v i t y   f r o m  

18 .8   ohms  cm  to  22 .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  the  sample  by  SEM/EPMA,  Fig.   2 9 ,  

showed  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   from  F ig .   30  and  the  Table   below  t u n g s t e n   was  

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



EXAMPLE  IX 

An  aqueous   s o l u t i o n   of  the  f o l l o w i n g   f o r m u l a t i o n  

was  p r e p a r e d :  

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

The  Indium  c o n c e n t r a t i o n   may  vary  from  0.2%  to  2.2%;  the  pH 

from  1 .60  to  1 .68 ;   and  the  r e s i s t i v i t y   from  48 .8   ohms  cm  t o  

54 .8   ohms  cm. 

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  the   sample   under   the  o p t i c a l  

m i c r o s c o p e   a n d  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   showed  a  

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

F ig .   3 1 .  



As  shown  in  the  f o l l o w i n g   Tab le   and  F ig .   32  a n d  

an  SEM/EPMA  scan  a c r o s s   the  i n t e r f a c e   b e t w e e n   the  coppe r   m a t r i x  

and  the  ind ium  l a y e r   showed  a  d e p o s i t   of  a p p r o x i m a t e l y   1  um  and  

f u s i o n   of  i nd ium  to  a  dep th   of  at  l e a s t   4  um. 



EXAMPLE  X 

The  s o l u t i o n   of  Example  IX  was  employed  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  

A s   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  Ind ium  a p p r o x i m a t e l y   1  um  t h i c k   was  d e p o s i t e d   on  t h e  

s u r f a c e  o f   the  m a t r i x .   An  SEM/EPMA  scan ,   Fig .   34  a c r o s s   t h e  

i n t e r f a c e   and  the  Table   below  i n d i c a t e d   f u s i o n   to  a  dep th   o f  

at   l e a s t   3  um: 

Fig .   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   Tab le   and  F ig .   36  an  SEM/EPMA  scan  a c r o s s   t h e  

i n t e r f a c e   b e t w e e n   the  m a t r i x   and  the  n i c k e l   l a y e r   shows  

n i c k e l   to  be  f u s e d   to  a  dep th   of  at  l e a s t   4  um. 



EXAMPLE  XI 

An  aqueous   s o l u t i o n   of  the  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  the  f o l l o w i n g   c h a r a c t e r i s t i c s :  

T h e   n i c k e l   c o n c e n t r a t i o n   may  vary   from  2%  to  10%;  p H  f r o m  

3.10  to  3 .50 ;   and  r e s i s t i v i t y   from  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   for   Example  XI 

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  Fig .   37  the   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   be ing   abou t   1.5  um 

t h i c k .  

As  shown  in  Fig .   38  and  in  the  f o l l o w i n g   Tab le   n i c k e l  

is  shown  to  be  f u s e d   to  a . d e p t h   of  at  l e a s t   3  um. 



EXAMPLE  X I I I  

An  aqueous   s o l u t i o n   of  the   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 :  

This   s o l u t i o n   had  the  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   from  3.70  to  11;  the  c o n c e n t r a t i o n   o f  

Au+3  ions   may  vary   from  0.1%  to  0.5%  by  w e i g h t ;   a n d .  t h e  

r e s i s t i v i t y   from  40  ohms  cm  to  72  ohms  cm. 

REACTION  CONDITIONS 

O b s e r v a t i o n   w i th   the  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  gold  a p p r o x i m a t e l y   1 . 5  u m  

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   dense   as  shown 

in  F ig .   3 9 .  

An  SEM/EPMA  scan  a c r o s s   the  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  gold   to  a  dep th   of  at  l e a s t   3  um  as  shown  on  t h e  

Tab le   below  and  F ig .   4 0 .  



EXAMPLE  XIV 

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

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

O b s e r v a t i o n   wi th   the  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  gold   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   was  u n i f o r m l y   t h i c k   and  dense  as  shown  i n  

F ig .   4 1 .  

An  SEM/EPMA  scan  a c r o s s   the  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  gold  to  a  dep th   of  at  l e a s t   4.0  um  as  shown  on  t h e  

t a b l e   below  and  F ig .   4 2 .  



EXAMPLE  XV 

An  aqueous   s o l u t i o n   of  the   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 :  

This   s o l u t i o n   had  the  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   from  0.6  to  1 .0 ;   the  c o n c e n t r a t i o n   o f  

Cr+6  ions   may  vary  from  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   from  11  ohms  cm  to  14  ohms  cm. 

REACTION  CONDITIONS 

O b s e r v a t i o n   w i t h   the  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  chromium  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   the  l a y e r   was  i r r e g u l a r   but   the  d e p o s i t  

a p p e a r e d   f r ee   of  f a u l t s   and  was  c o n t i n u o u s   as  shown  in  Fig .   4 3 .  



An  SEM/EPMA  scan  a c r o s s   the  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  chromium  to  a  d e p t h   of  at  l e a s t  3 . 0   um  as  shown  on 

the   t a b l e   below  and  F ig .   4 4 .  



EXAMPLE  XVI 

An  aqueous   s o l u t i o n   of  the   same  f o r m u l a t i o n   as  employed  i n  

Example  XV  was  p r e p a r e d :  

REACTION  CONDITIONS 

O b s e r v a t i o n   wi th   the  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  chromium  a p p r o x i m a t e l y   3.0  um 

t h i c k .   This   is  as  shown  in  Fig .   4 5 .  

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

f u s i o n   of  c h r o m i u m  t o   a  dep th   of  at  l e a s t   5.0  um  as  shown  on 

the   t a b l e   below  and  F ig .   4 6 .  



EXAMPLE  XVII  

An  aqueous   s o l u t i o n   of  the   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 :  

This  s o l u t i o n   had  the  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   from  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  ions   may  vary   from  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   from  16  ohms  cm  to  20  ohms  cm. 

REACTION  CONDITIONS 

O b s e r v a t i o n   w i t h   the  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  chromium  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 .  

47  and  47A.  



An  SEM/EPMA  scan  a c r o s s   the  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  chromium  to  a  dep th   of  at  l e a s t   3.0  um  as  shown  on 

the   Tab le   below  and  F ig .   4 8 .  



EXAMPLE  X V I I I  

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

Example   XVII  was  e m p l o y e d :  

REACTION  CONDITIONS 

O b s e r v a t i o n   wi th   the  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   chromium  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  the  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  

bu t   the   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  49A.  

An  SEM/EPMA  scan  a c r o s s   the  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  chromium  to  a  dep th   of  at  l e a s t   3.0  um  as  shown  on 

the   t a b l e   be low  and  F ig .   5 0 .  



EXAMPLE  XIX 

An  aqueous   s o l u t i o n   of  the   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 :  

This   s o l u t i o n   had  the  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   from  10  to  1 0 . 2 ;   the  c o n c e n t r a t i o n   o f  

Cd+2  ions   may  va ry   from  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   from  28  ohms  cm  to  35  ohms  cm. 

REACTION  CONDITIONS 

RATE  OF  APPLICATION  =  (1)  1312 .2   mm/min;  (2)  1423 .8   mm/min.  

TIME  OF  APPLICATION  =  (1)  1.0  min;  (2)  3.0  m i n .  

In  t h i s   Example  the  s o l u t i o n   employed  was  i n i t i a l l y   as  s e t . o u t  

above ,   a p p l i e d   in  a c c o r d a n c e   wi th   the  c o n d i t i o n s   i d e n t i f i e d   a s  

(1) .   A  second   s o l u t i o n ,   t h a t   s e t   f o r t h   in  Example  XX,  was  t h e n  

a p p l i e d   under   the  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 th   the  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  cadmium  a p p r o x i m a t e l y   4  um 

t h i c k .   This  d e p o s i t   was  not  homogenous   as  shown  in  F ig .   51  b u t  



an  SEM/EPMA  scan  a c r o s s   the  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  

cadmium  to  a  dep th   of  at  l e a s t   9  um  as  shown  on  the  Table   b e l o w  

and  F ig .   5 2 .  



EXAMPLE  XX 

An  a q u e o u s   s o l u t i o n   of  the  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 :  

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

T h e   pH  may  be  v a r i e d   from  3.2  to  3 .5;   the  c o n c e n t r a t i o n   o f  

Cd+2  ions   may  vary   from  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   from  45  ohms  cm  to  55  ohms  cm. 

REACTION  CONDITIONS 

O b s e r v a t i o n   wi th   the  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  cadmium  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  the  d e p o s i t   was  i r r e g u l a r   but   i t   was  

s o l i d   and  c o n t i n u o u s   as  seen  from  F ig .   5 3 .  



An  SEM/EPMA  scan  a c r o s s   the  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  cadmium  to  a  dep th   of  at  l e a s t   4  um  as  shown  on  t h e  

Tab le   be low  and  F ig .   5 4 .  



EXAMPLE  XXI 

An  aqueous   s o l u t i o n   of  the  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 :  

This  s o l u t i o n   had  the  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   from  11.2   to  12 .7 ;   the   c o n c e n t r a t i o n   o f  

Sn+2  ions   may  vary   from  2%  to  5%  by  w e i g h t ;   and  t h e  

r e s i s t i v i t y   from  6.2  ohms  cm  to  10.3  ohms  cm. 

REACTION  CONDITIONS 

O b s e r v a t i o n   wi th   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 .   This  is  shown  i n  

F ig .   5 5 .  

An  SEM/EPMA  scan  a c r o s s   the  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  dep th   of  at  l e a s t   4  um  as  shown  on  the  t a b l e   b e l o w  

and  F ig .   5 6 .  





EXAMPLE  XXII  

An  aqueous   s o l u t i o n   of  the  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 :  

This   s o l u t i o n   had  the  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   from  9  to  9 . 7 ;   the  c o n c e n t r a t i o n   o f  

Sn+2  ions   may  vary   from  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   from  30  ohms  cm  to  36  ohms  cm. 

REACTION  CONDITIONS 

O b s e r v a t i o n   w i t h   the  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 .  

This   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   homogenous   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  an  

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  shown 

in  F ig .   5 7 .  



An  SEM/EPMA  scan  a c r o s s   the  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  dep th   of  at  l e a s t   5  um  as  shown  on  the  T a b l e  

be low  and  F ig .   5 8 .  



EXAMPLE  X X I I I  

An  aqueous   s o l u t i o n   of  the  same  as  p r e p a r e d   for   Example  XXII  

was  e m p l o y e d :  

REACTION  CONDITIONS 

O b s e r v a t i o n   wi th   the  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 .  

This   l a y e r   was  po rous   but  c o n t i n u o u s   as  shown  in  Fig.   5 9 .  

An  SEM/EPMA  scan  a c r o s s   the  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  dep th   of  at  l e a s t   2  um  as  shown  on  the  t a b l e   below  and  

Fig .   6 0 .  



EXAMPLE  XXIV 

An  aqueous   s o l u t i o n   of  the   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 :  

This   s o l u t i o n   had  the  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   from  4.5  to   6 .5 ;   the  c o n c e n t r a t i o n   o f  

Co+2  ions   may  va ry   from  2%  to  6%  by  w e i g h t ;   and  t h e  

r e s i s t i v i t y   from  25  ohms  cm  to  30  ohms  cm. 

REACTION  CONDITIONS 

O b s e r v a t i o n   w i t h   the  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 .   This   l a y e r   was  u n i f o r m   and  c o n t i n u o u s   as  shown  in  F i g .  

6 1 .  



An  SEM/EPMA  scan  a c r o s s   the  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  dep th   of  at  l e a s t   20  um  as  shown  on  t h e  

Tab le   below  and  F ig .   6 2 .  

It   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  from  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   the  d e p o s i t   of  c o b a l t   was  above  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  aqueous   s o l u t i o n   of  the   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 :   x  

This  s o l u t i o n   had  the  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   from  11.2   to  11 .7 ;   the  c o n c e n t r a t i o n   o f  

Ag+l  ions   may  vary   from  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   from  8  ohms  cm  to  13  ohms  cm. 

REACTION  CONDITIONS 

O b s e r v a t i o n   wi th   the  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   is  shown  in  F i g s .   63  and  63A. 

An  SEM/EPMA  scan  a c r o s s   the  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  at  l e a s t   3  um  as  shown  on  t h e  

Tab le   below  and  F ig .   6 4 .  





EXAMPLE  XXVI 

An  a q u e o u s   s o l u t i o n   of  the  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  the  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   from  1.5  to  2;  the  c o n c e n t r a t i o n   o f  

Ag+1  ions   may  va ry   from  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   from  6  ohms  cm  to  12  ohms  cm. 

REACTION  CONDITIONS 

O b s e r v a t i o n   w i t h   the   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 ig .   6 5 .  



An  SEM/EPMA  scan  a c r o s s   the  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  at  l e a s t   2 .00  um  as  shown  on  t h e  

T a b l e   below  and  Fig .   6 6 .  



From  the  f o r e g o i n g   Examples   i t   w i l l   be  seen  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  nove 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   out   the   p r o c e s s ,   s o l u t i o n s   for   use  in  the  p r o c e s s ,   a n d  

new  p r o d u c t s   which  are   c a p a b l e   of  a  wide  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   is  a l s o   to  be  no ted   t h a t  w h i l e   the  d e s c r i p t i o n   h a s  

been   wi th   r e s p e c t   to  Examples   in  which  the  a p p l i c a t i o n   was  

a c r o s s   the  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 ive   a  s p e c i f i c   d e s i r e d   r e s u l t .  

For  example   t i n ,   gold  and  s i l v e r ,   wi th   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  employed  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  fused   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 ,   chromium,   cadmium,  molybdenum  and  t u n g s t e n   a r e  

a l s o   u s e f u l .   And  the  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   enhance   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 .  

Chromium,  n i c k e l ,   s i l v e r ,   gold   or  t i n   have  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  the  m a t r i x .  

Chromium,  molybdenum,   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  the  m a t r i x .  

Ind ium  i m p a r t s   s t r e n g t h   to  the  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  molybdenum  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  improved   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   is  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  cadmium  fused   m a t r i x   as  we 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  an  

a n t i - f o u l i n g   a g e n t   for   sh ip   h u l l   t r e a t m e n t .  

S i l v e r   fused   m a t r i c e s   are  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 .  

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

are   e x t r e m e l y   f a c i l e   to  use  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   the  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  

were  not   h e r e t o f o r e   c o n t e m p l a t e d   at  l e s s   expense   t h a n  

p r e v i o u s l y   and  a p a r t   from  the  a p p l i c a t i o n s   and  uses   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  the  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   the  v a r i o u s   p a r a m e t e r s  

in  the   p r o c e s s   may  be  v a r i e d   d e p e n d i n g   o n  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  the  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  

from  the  s p i r i t   and  scope  of  the  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   fo r   the  f u s i o n ,   at   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  second   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   which   c o m p r i s e s :  

p l a c i n g   s a i d   s econd   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 ;  

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

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

e l e m e n t s ,   whereby   s a i d   second   c h e m i c a l   e l e m e n t   is  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   the  s i g n a l   is  a  

p u l s i n g   s i g n a l   in  the  r ange   of  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   w i t h   an  a m p l i t u d e   in  the  r ange   of  3  amps  per   0 . 3  

s q u a r e   mm.  f o r   a  p r e d e t e r m i n e d   p e r i o d .  

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 e c o n d  

c o n d u c t i v e   e l e m e n t   is  moved  over   s a i d   m a t r i x   at  a  r a t e  

s u f f i c i e n t   to  c ause   a  s u b s t a n t i a l l y   c o n t i n u o u s   a r e a   of  f u s i o n  

of  s a i d   s econd   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 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 .  

4.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   3  w h e r e i n   r a t e   o f  

movement   of  s a i d   s econd   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  

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

e l e c t r i c a l   s i g n a l .  

5.  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   f r e q u e n c y  

is  in  the  r a n g e   of  400  Hz  to  35  MHz. 

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   is  c h o s e n   from  the  group  c o m p r i s i n g  

f e r r o u s   or  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   is  chosen   from  the   group  c o m p r i s i n g  

f e r r o u s   or  n o n - f e r r o u s   m e t a l s   o r  a n   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   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   is  chosen   from  the  group  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   and  s a i d   second   c o n d u c t i v e  

e l e m e n t   is  c h o s e n   from  the  g roup  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   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   e l e m e n t   is  chosen   from  the   group  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   and  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   is  c h o s e n   from  the  group  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 im   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   e l e m e n t   is  in  the   form  of  a  s o l i d   e l e c t r o d e  

i n c l u d i n g   s a i d   s econd   c o n d u c t i v e   e l e m e n t .  

11.  A p p a r a t u s   fo r   the  f u s i o n   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   to  a  s econd   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 ,   an  o s c i l l a t i n g   c i r c u i t   for   g e n e r a t i n g   an  i n t e r r u p t e d  

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

o s c i l l a t i n g   c i r c u i t   h a v i n g   an  o u t p u t   and  means  for   a p p l y i n g  

s a i d   o s c i l l a t i n g   c i r c u i t   o u t p u t   to  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   to  which  a  s econd   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   is  to  be  fu sed   and  s a i d   s econd   c h e m i c a l  

e l e m e n t   whereby   s a i d   s econd   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  

f u s e d   wi th   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 .  

12.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   11  w h e r e i n   s a i d  

p r e d e t e r m i n e d   f r e q u e n c y   is  f i x e d .  

13.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   11  w h e r e i n   s a i d  

p r e d e t e r m i n e d   f r e q u e n c y   is  v a r i a b l e   and  s a i d   a p p a r a t u s   i n c l u d e s  

means  fo r   v a r y i n g   s a i d   s i g n a l .  



14.  An  a r t i c l e   c o m p r i s i n g   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 i th   an  o u t e r   s u r f a c e   h a v i n g   a  second   - 

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   f u s e d   t h e r e w i t h   at  l e a s t   a d j a c e n t  

s a i d   o u t e r   s u r f a c e   o b t a i n e d   by  the  p r o c e s s   of  c l a i m   1. 

15.  An  a r t i c l e   as  c l a i m e d   in  c l a im   14  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   is  chosen   from  the  group  c o m p r i s i n g  

f e r r o u s   or  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   and  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   is  c h o s e n   from  the  g r o u p  

c o m p r i s i n g   f e r r o u s   or  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  

d i f f e r e n t   from  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 .  

16.  An  a r t i c l e   as  c l a i m e d   in  c l a i m   15  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   is  f e r r o u s   or  a  f e r r o u s   a l l o y .  

17.  An  a r t i c l e   as  c l a i m e d   in  c l a im   15  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   is  n o n - f e r r o u s   or  a  n o n - f e r r o u s  

a l l o y .  

18.  An  a r t i c l e   as  c l a i m e d   in  c l a i m   16  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   e l e m e n t   is  n o n - f e r r o u s   or  a  n o n - f e r r o u s   a l l o y .  

19.  An  a r t i c l e   as  c l a i m e d   in  c l a i m   16  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   e l e m e n t   is   f e r r o u s   or  a  f e r r o u s   a l l o y .  

20.  An  a r t i c l e   as  c l a i m e d   in  c l a i m   16  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   is  s t e e l   and  s econd   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   is  c h o s e n   from  the   e l e m e n t s   of  Groups  4B,  6B 

of  t he   P e r i o d i c   T a b l e .  

21,  A p p a r a t u s   fo r   f u s i n g   one  e l e c t r i c a l l y   c o n d u c t i v e  

componen t   to   a n o t h e r   e l e c t r i c a l l y   c o n d u c t i v e   componen t ,   s a i d  

a p p a r a t u s   c o m p r i s i n g   e l e c t r i c a l   power  s u p p l y   means,  s a id   p o w e r  

s u p p l y   means  h a v i n g   an  o s c i l l a t i n g   c i r c u i t   and  an  o u t p u t   t o  

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

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

one  end  c o n n e c t e d   to  one  o u t p u t   t e r m i n a l   and  an  o p p o s i t e   e n d  



c o n n e c t a b l e   to  s a i d   o t h e r   component   at  one  p o s i t i o n ,   and  s e c o n d  

c o n n e c t o r   means  h a v i n g   one  end  c o n n e c t e d   to  the  o t h e r   o u t p u t  

t e r m i n a l   and  an  o p p o s i t e   end  c o n n e c t a b l e   to  s a id   o t h e r  

componen t   at   a n o t h e r   p o s i t i o n ,   s a i d   f i r s t   c o n n e c t o r   means  

c o m p r i s i n g   s a i d   one  component   at  the  o p p o s i t e   end  of  s a i d   f i r s t  

c o n n e c t o r   means  to  p l a c e   s a i d   one  component   in  c o n t a c t   w i t h  

s a i d  o t h e r   componen t   when  s a i d   f i r s t   c o n n e c t o r   means  i s  

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

o p e r a t i n g   and  pass   an  i n t e r m i t t e n t   c u r r e n t   t h r o u g h   s a i d  

componen t s   to  fuse   s a i d   one  component   to  s a i d   o t h e r   c o m p o n e n t .  

22.  A p p a r a t u s   a c c o r d i n g   to  c l a im   21  w h e r e i n   s a i d  

h a l f - w a v e   s i g n a l   has  a  f r e q u e n c y   in  the   r ange   of  from  a b o u t  

400  Hz  to  a b o u t   35  MHz. 

23.  A p p a r a t u s   a c c o r d i n g   to  c l a im   21  w h e r e i n   s a i d  

i n t e r m i t t e n t   c u r r e n t   has  a  maximum  v a l u e   of  abou t   3  amps,  a n d  

s a i d   f i r s t   c o n n e c t o r   means  p l a c e s   s a id   one  component   in  c o n t a c t  

wi th   a b o u t   0.3  sq.  mm.  of  s a i d   o t h e r   c o m p o n e n t .  

24.  A p p a r a t u s   a c c o r d i n g   to  c l a im  21  w h e r e i n   s a i d   o t h e r  

e l e c t r i c a l l y   c o n d u c t i v e   component   is  in  s o l i d   f o r m .  

25.  A p p a r a t u s   a c c o r d i n g   to  c l a im   22  w h e r e i n   s a i d   f i r s t  

c o n n e c t o r   means  c o m p r i s e s   means  for   r o t a t i n g   s a i d   f i r s t  

component   w h i l e   in  c o n t a c t   wi th   s a i d   o t h e r   c o m p o n e n t .  

26.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   25  w h e r e i n   s a i d   r o t a t i n g  

means  is  o p e r a b l e   to  r o t a t e   the  f i r s t   component   at  a  speed  i n  

the   r ange   from  a b o u t   5 ,000  to  abou t   10 ,000   rpm.  

27.  A p p a r a t u s   a c c o r d i n g   to  c l a im  21  w h e r e i n   s a id   o t h e r  

e l e c t r i c a l l y   c o n d u c t i v e   component   is  in  l i q u i d   f o r m .  

28.  A p p a r a t u s   a c c o r d i n g   to  c l a im   26  w h e r e i n   s a id   f i r s t  

c o n n e c t o r   means  i n c l u d e s   a  r e s e r v o i r   for   s a i d   l i q u i d   o t h e r  

componen t   and  means  to  r e g u l a t e   the  flow  of  s a i d   l i q u i d  

componen t   i n t o   c o n t a c t   w i th   s a i d   o t h e r   c o m p o n e n t .  
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