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Electrical  contact  materials,  and  methods  of  making  the  same. 
©  Electrical-contact  materials  made  from  internally  oxi- dized  Ag  alloys  of  the  Ag-SnO  system. 
The  alloys  contain  0.5  -  12  wt  %  of  Sn, 

0.5-  15wt%of  In  or  0.01-  1.5wt%of  Bi, 
balance  Ag. 

As  it  was  found  that,  after  the  internal  oxidation  treatment,  the 
dispersion  of  metal  oxides  was  not  uniform  and  segregation 
occurred,  a  new  method  of  manufacturing  these  materials 
was  used. 
As  contact  surface  the  section  that  was  most  remote  from  the 
face  where  the  oxidation  started  was  used.  The  alloy  can  be 
manufactured  with  a  thickness  slightly  larger  than  twice  the desired  thickness  of  the  final  product,  fixedly  sandwiched  be- 
tween  thin  pure  silver  layers,  internally  oxidized  and  cut  hori- 
zontally  in  two;  the  depletion  zone,  containing  little  or  no  ox- ides,  disappears  by  this  cutting  operation. 
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ELECTRICAL  CONTACT  MATERIALS.  AND  METHODS  OF 

MAKTNG  THE  SAME 

T h i s   i n v e n t i o n   r e l a t e s   to  e l e c t r i c a l   c o n t a c t  

m a t e r i a l s ,   in  p a r t i c u l a r   i n t e r n a l l y   o x i d i z e d   A g - S n O  

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

m e t h o d s   of  m a k i n g   the   s a m e .  

5  L a t e l y .   Ag  a l l o y s   w h i c h   c o n t a i n   0 .5   to  12  w e i g h t   % 

of  Sn  and  w h i c h   have   been   i n t e r n a l l y   o x i d i z e d ,   h a v e  

become  w i d e l y   u s e d   as  e l e c t r i c a l   c o n t a c t   m a t e r i a l s   i n  

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

r e l a y s   and  c i r c u i t   b r e a k e r s .  

10  T h e s e   Ag  a l l o y s   w h i c h   have   b e e n   m e l t e d ,   c a s t ,   a n d  

r o l l e d   or  d r a w n ,   and  a r e   g e n e r a l l y   in  t h e   fo rm  of  t h i n  

p l a t e s   w i t h   or  w i t h o u t   b a c k i n g   of  t h i n   p u r e   Ag  p l a t e s  

j o i n e d   to  t h e   s i d e   of  t he   Ag  a l l o y   t h i n   p l a t e s ,   a r e  

i n t e r n a l l y   o x i d i z e d   by  s u b j e c t i n g   them  to  an  o x y g e n  

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

f rom  t h o s e   s i n t e r e d   A g - m e t a l   o x i d e   a l l o y s   w h i c h   a r e   m a d e  

by  m i x i n g   m a t r i x   Ag  p o w d e r s   w i t h   p o w d e r s   of  t he   m e t a l  

o x i d e s   and  s i n t e r i n g   t hem.   One  n o t i c e a b l e   d i f f e r e n c e   i s  

t h a t   t h e   f o r m e r ,   v i z .   i n t e r n a l l y   o x i d i z e d   Ag-Sn  s y s t e m  

20  a l l o y s ,   a r e   f a r   s u p e r i o r   to  t h e   l a t t e r   in   r e s p e c t   of  ••,- 

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

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

l a t t e r   may  be  v e r y   r e a d i l y   c o n s u m e d   in  t o o   r a p i d   a n d  
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f r e q u e n t   s w i t c h i n g   o p e r a t i o n s .   Oxygen   w h i c h   h a s  

p e n e t r a t e d   i n t o   t he   Ag  a l l o y s   as  t i m e   p a s s e s ,   o x i d i z e s  

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

them  as  m i n u t e   m e t a l l i c   o x i d e s   d i s t r i b u t e d   in  t h e i r   Ag 

5  m a t r i c e s .   Such  m e t a l l i c   o x i d i z e d   p r e c i p i t a t e s   a f f o r d  

r e f r a c t o r i n e s s   and  c o n s e q u e n t l y   a n t i - w e l d i n g   p r o p e r t i e s  

to  t he   Ag  a l l o y s .   The  b a c k i n g   t h i n   p u r e   Ag  p l a t e s ,   w h e n  

t h e y   a r e   e m p l o y e d ,   work  as  med iums   f o r   b r a z i n g   t h e  

o x i d i z e d   Ag  a l l o y   c o n t a c t   m a t e r i a l s   to  s u p p o r t   or  b a s e  

10  m e t a l s   of  e l e c t r i c a l   c o n t a c t s .  

I t   has  been   o b s e r v e d ,   h o w e v e r ,   t h a t   when  Ag  a l l o y s  

of  t he   a b o v e - m e n t i o n e d   k i n d   a r e   i n t e r n a l l y   o x i d i z e d ,  

m e t a l l i c   s o l u t e   e l e m e n t s   in  t he   Ag  a l l o y s   do  n o t  

p r e c i p i t a t e   and  d i s t r i b u t e   e v e n l y   in  t h e i r   Ag  m a t r i c e s ,  

15  bu t   t h e y   t e n d   to  p r e c i p i t a t e   at   a  h i g h   c o n c e n t r a t i o n  

a b o u t   o u t e r   a r e a s   w h i c h   a r e   s u b j e c t e d   d i r e c t l y   t o  

o x y g e n .   Such  p r e c i p i t a t i o n   of  m e t a l l i c   o x i d e s   at   o u t e r  

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

p a r t i c u l a r l y   at   top   s u r f a c e s ,   and  b r i n g   in  t u r n  

20  d e p l e t i o n   l a y e r s   of  a  not   n e g l i g i b l e   t h i c k n e s s   wh ich   l i e  

b e t w e e n   t he   top  and  b o t t o m   s u r f a c e s   of  t he   Ag  a l l o y s ,  

when  t h e y   a r e   i n t e r n a l l y   o x i d i z e d   f rom  b o t h   s i d e s  

t h e r e o f .   The  s e g r e g a t i o n s   of  m e t a l l i c   o x i d e s   at  a  h i g h  

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

25  m a t e r i a l s   make  the   o u t e r   s u r f a c e s   p h y s i c a l l y   too  h a r d ,  

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

t he   m a t e r i a l s   e s p e c i a l l y   a t   an  i n i t i a l   s t a g e   o f  
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o p e r a t i o n   and  c o n s e q u e n t l y   an  e x c e s s i v e   t e m p e r a t u r e  

i n c r e a s e .   In  p r a c t i c e ,   s u c h   s e g r e g a t i o n s   a b o u t   t h e  

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

o f f .   T h i s   i s   no t   o n l y   l a b o r i o u s ,   bu t   a l s o   i t   makes   i t  

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

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

C o m p a r e d   to  i n t e r n a l l y   o x i d i z e d   Ag-Sn   s y s t e m   a l l o y s ,  

i n t e r n a l l y   o x i d i z e d   Ag-Cd  s y s t e m   a l l o y s   have   a  m o r e  

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

10  b e c a u s e   t h e   d i f f u s i o n   v e l o c i t y   of  Cd  in  a  s i l v e r   m a t r i x  

is   i n h e r e n t l y   w e l l   b a l a n c e d   w i t h   t he   d i f f u s i o n   v e l o c i t y  

of  o x y g e n   in  t he   i n t e r n a l   o x i d i d a t i o n ,   w h i l e   t h e  

r e s p e c t i v e   d i f f u s i o n   v e l o c i t i e s   a r e   no t   so  w e l l   b a l a n c e d  

in  t he   c a s e   of  i n t e r n a l   o x i d a t i o n   of  Ag-Sn   s y s t e m  

15  a l l o y s .   For   t h i s   r e a s o n ,   e l e c t r i c a l   c o n t a c t   m a t e r i a l s  

made  of  i n t e r n a l l y   o x i d i z e d   Ag-Cd  s y s t e m   a l l o y s   a n d  

m e t h o d s   f o r   p r e p a r i n g   them  a r e   no t   r e l e v a n t   w h e n  

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

t he   i n t e r n a l   o x i d a t i o n   t h e r e o f .  

20  In  any  c a s e ,   t h e   s e g r e g a t i o n   of  t i n   o x i d e s   a b o u t  

c o n t a c t   s u r f a c e s   makes   them  too  h a r d ,   and  o f t e n   b r i n g s  

a b o u t   c r a c k s   of  t he   s u r f a c e s .   High   e l e c t r i c a l   c o n t a c t  

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

of  e l e c t r i c a l   c o n t a c t s   made  f rom  i n t e r n a l l y   o x i d i z e d  

25  Ag-Sn   a l l o y s   r e s u l t   f r om  t he   s e g r e g a t i o n   or  e x c e s s i v e  

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

t h e   s e g r e g a t i o n .  

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

s e g r e g a t i o n s ,   t h e r e   has  b e e n   d e v e l o p e d   by  t he   p r e s e n t  

5  i n v e n t o r   c e r t a i n   m e t h o d s   s u c h   as  d i s c l o s e d   in  U . S .  

P a t e n t   No.  4 , 4 5 7 . 7 8 7   in  w h i c h   v a c a n t   l a t t i c e   v o i d s   a r e  

p r o d u c e d   in  Ag  a l l o y s   by  a b s o r p t i o n   w i t h   h y d r o g e n   f o r  

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

m e l t s   f i l l   t he   v o i d s   and  p r e c i p i t a t e   as  o x i d e s   a t   t h e  

10  o x i d e   n u c l e i   on  an  a t o m i c   s c a l e ,   w h i l e   d i f f u s i n g   o n l y   t o  

s u c h   an  e x t e n t   t h a t   t h e y   r e a c h   mos t   a d j a c e n t   v o i d s ,   a n d  

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

t h e r e o f .   A l s o ,   U .S .   P a t e n t   No.  4 , 4 7 2 , 2 1 1   d i s c l o s e s  

m a t e r i a l s   w h e r e i n   a  h i g h   c o n t a c t   r e s i s t a n c e ,   w h i c h   i s  

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

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

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

e x t r a c t e d   a b o u t   t he   c o n t a c t   s u r f a c e   b e f o r e   t he   i n t e r n a l  

o x i d a t i o n   t h e r e o f .  

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

m e t a l l i c   o x i d e s   a r e   c o m p l e t e l y   a b s e n t   or  a r e   e x t r e m e l y  

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

s i n c e   t h e y   have   poor   r e f r a c t o r i n e s s .   T h e r e f o r e ,   when  a 

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

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

worn   to  t he   d e p l e t i o n   l a y e r ,   i t s   l i f e   e n d s .   T h i s   m e a n s  

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

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

g e n e r a t e d   by  s w i t c h i n g   o p e r a t i o n s   and  to  g i v e   a  d e s i r e d  

h e i g h t   of  t h e   m a t e r i a l ,   i t   c a n n o t   be  a c t i v e   as  a  c o n t a c t  

5  s u r f a c e .   O f t e n ,   t h e   e x i s t e n c e   of  s u c h   a  l o w e r   h a l f   o f  

t he   c o n t a c t   m a t e r i a l   is  m e a n i n g l e s s .  

The  p r e s e n t   i n v e n t i o n   t h e r e f o r e   a ims  to  p r o v i d e  

i n t e r n a l l y   o x i d i z e d   Ag-SnO  s y s t e m   a l l o y   e l e c t r i c a l  

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

10  i n i t i a l   c o n t a c t   r e s i s t a n c e   and  h a v i n g   no  d e p l e t i o n  

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

m a t e r i a l s ,   no t   u s i n g   m e t h o d s   such   as  d i s c l o s e d   in  t h e  

a b o v e - m e n t i o n e d   U .S .   P a t e n t s   w h i c h   a r e   d i f f i c u l t   t o  

a d e q u a t e l y   c o n t r o l .  

15  The  p r e s e n t   i n v e n t i o n   in  one  a s p e c t   p r o v i d e s   a n  

i n t e r n a l l y   o x i d i z e d   Ag-SnO  s y s t e m   a l l o y   e l e c t r i c a l  

c o n t a c t   m a t e r i a l ,   o b t a i n e d   by  the   c o m p l e t e   i n t e r n a l  

o x i d a t i o n   of  an  a l l o y   c o m p r i s i n g   0 .5   -  12  w e i g h t   %  o f  

Sn,  and  0 .5   -  15  w e i g h t   %  of  In  or  0 . 0 1   -  l e s s   t h a n   1 . 5  

20  w e i g h t   %  of  Bi ,   t he   s a i d   a l l o y   o p t i o n a l l y   i n c l u d i n g   o n e  

or  more  m e t a l l i c   e l e m e n t s   s e l e c t e d   f rom  0 .1   -  5  w e i g h t   % 

of  Cd,  0 . 1   -  2  w e i g h t   %  of  Zn,  0 . 1   -  2  w e i g h t   %  of  S b ,  

0 . 0 1   -  2  w e i g h t   %  of  Pb.  and  0 .1   -  l e s s   t h a n   2  w e i g h t   % 

of  In ,   c h a r a c t e r i z e d   by  h a v i n g   a  f o r w a r d m o s t   a r e a   of  t h e  

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

as  a  c o n t a c t   s u r f a c e .  
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The  i n v e n t i o n   in  a n o t h e r   a s p e c t   p r o v i d e s   a n  

i n t e r n a l l y   o x i d i z e d   Ag-SnO  s y s t e m   a l l o y   e l e c t r i c a l  

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

d e s i r e d   t h i c k n e s s   made  f rom  an  Ag  a l l o y   c o m p r i s i n g   0 .5   -  

5  12  w e i g h t   %  of  Sn.  and  0 .5   -  15  w e i g h t   %  of  In  or  0 . 0 1   -  

l e s s   t h a n   1 .5   w e i g h t   %  of  Bi ,   t h e   s a i d   a l l o y   o p t i o n a l l y  

i n c l u d i n g   one  or  more  m e t a l l i c   e l e m e n t s   s e l e c t e d   f r o m  

0 . 1   -  5  w e i g h t   %  of  Cd.  0 . 1   -  2  w e i g h t   %  of  Zn.  0 .1   -  2 

w e i g h t   %  of  Sb.  0 . 0 1   -  2  w e i g h t   %  of  Pb.  and  0 . 1   -  l e s s  

10  t h a n   2  w e i g h t   %  of  In ,   and  w h i c h   a l l o y   i s   a t   l e a s t   t w i c e  

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

has   an  e x p e c t e d   t h i c k n e s s   of  a  d e p l e t i o n   l a y e r   to  b e  

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

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

15  s i l v e r   t h i n   l a y e r s ,   and  h o r i z o n t a l l y   c u t   in  t w o ,  

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

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

of  m a k i n g   an  i n t e r n a l l y   o x i d i z e d   Ag-SnO  s y s t e m   a l l o y  

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

20  an  Ag  a l l o y   c o m p r i s i n g   0 .5   -  12  w e i g h t   %  of  Sn,  and  0 . 5  

-  15  w e i g h t   %  of  In  or  0 . 0 1   -  l e s s   t h a n   1 .5  w e i g h t   %  o f  

B i .   t h e   s a i d   a l l o y   o p t i o n a l l y   i n c l u d i n g   one  or  m o r e  

m e t a l l i c   e l e m e n t s   s e l e c t e d   f rom  0 . 1 - 5   w e i g h t   %  of  C d ,  

0 . 1   -  2  w e i g h t   %  of  Zn.  0 .1   -  2  w e i g h t   %  of  Sb.  0 . 0 1   -  2 

25  w e i g h t   %  of  Pb,  and  0 . 1   -  l e s s   t h a n   2  w e i g h t   %  of  I n ;  

c o m p l e t e l y   i n t e r n a l l y   o x i d i z i n g   t he   a l l o y ;   a n d  

c h a r a c t e r i z e d   by  c u t t i n g   the   a l l o y   so  t h a t   t h e  
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f o r w a r d m o s t   a r e a   of  t he   i n t e r n a l   o x i d a t i o n   a l o n g   i t s  

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

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

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

5  m e t h o d   of  m a k i n g   an  i n t e r n a l l y   o x i d i z e d   Ag-SnO  s y s t e m  

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

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

0 .5   -  12  w e i g h t   %  of  Sn.  and  0 . 5   -  15  w e i g h t   %  of  In  o r  

0 . 0 1   -  l e s s   t h a n   1 .5  w e i g h t   %  of  Bi .   t h e   s a i d   a l l o y  

10  o p t i o n a l l y   i n c l u d i n g   one  or  more  m e t a l l i c   e l e m e n t s  

s e l e c t e d   f r o m   0 .1   -  5  w e i g h t   %  of  Cd.  0 . 1   -  2  w e i g h t   % 

of  Zn.  0 . 1   -  2  w e i g h t   %  of  Sb.  0 . 0 1   -  2  w e i g h t   %  of  P b .  

and  0 . 1   -  l e s s   t h a n   2  w e i g h t   %  of  In .   w h i c h   a l l o y   is  a t  

l e a s t   t w i c e   as  t h i c k   as  t h e   s a i d   d e s i r e d   t h i c k n e s s   a n d  

15  h a v i n g   an  e x p e c t e d   t h i c k n e s s   of  a  d e p l e t i o n   l a y e r   to  b e  

p r o d u c e d   in  t he   a l l o y ,   and  f i x e d l y   s a n d w i c h e d   b e t w e e n  

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

the   a l l o y ;   and  c u t t i n g   t he   a l l o y   h o r i z o n t a l l y   in  t w o ,  

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

20  l a y e r   f rom  t he   a l l o y .  

I t   has  been   f o u n d   by  t h e   p r e s e n t   i n v e n t o r   t h a t  

t h o u g h   i n t e r n a l l y   o x i d i z e d   s t r u c t u r e s   of  an  Ag-Sn   s y s t e m  

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

c o n t a c t s   f i r s t   and  f rom  w h i c h   i t   p e n e t r a t e s   i n t o   t h e  

25  a l l o y ,   a r e   r o u g h ,   t he   d e e p e r   t h e y   l i e   in  t h e   a l l o y ,   t h e  

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

o x i d i z e d   s t r u c t u r e s   w h i c h   have   been   p r o d u c e d   in  t h e  
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a l l o y   a t   t he   f o r w a r d m o s t   a r e a   a l o n g   a  p r o g r e s s i v e  

d i r e c t i o n   of  i n t e r n a l   o x i d a t i o n ,   a r e   f i n e   and  f r e e   f r o m  

t h e   s e g r e g a t i o n   of  t i n   o x i d e s .   They  a r e ,   t h e r e f o r e ,  

m o s t   s u i t a b l e   as  c o n t a c t   s u r f a c e s .  

5  I t   has  b e e n   o b s e r v e d   by  t h e   i n v e n t o r   t h a t   a l o n g   w i t h  

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

s i z e s   of  t i n   o x i d e s   p r e c i p i t a t e d   in  Ag  m a t r i c e s   b e c o m e  

g r a d u a l l y   l a r g e r .   H e n c e ,   t h e   c o n t r a s t   b e t w e e n   t h e   Ag 

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

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

o x i d a t i o n ,   w h i c h   c o n t r a s t   can  be  e x p r e s s e d   in   t h a t   t h e  

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

a l o n g   t he   p r o g r e s s i v e   d i r e c t i o n   of  i n t e r n a l   o x i d a t i o n   i s  

mos t   f i n e .   The  l a r g e r   t h e   s i z e   of  p r e c i p i t a t e s   of  t i n  

15  o x i d e s ,   t h e   l a r g e r   is   t he   a r e a   t he   Ag  m a t r i c e s   c a n  

o c c u p y   so  t h a t   l o w e r   e l e c t r i c a l   c o n t a c t   r e s i s t a n c e s   a r e  

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

can   a c c o r d i n g l y   be  a v o i d e d .   G i v e n   t h a t   a  c o n c e n t r a t i o n  

of  Sn  t h r o u g h o u t   an  a l l o y   or  f rom  t h e   r e a r m o s t   a r e a   t o  

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

is   c o n s t a n t ,   t h e   f o r w a r d m o s t   a r e a   w h i c h   c o n s i s t s   of  Ag 

m a t r i c e s   and  one  g r a i n   ( f o r   e x a m p l e )   of  t i n   o x i d e s   of  a  

c e r t a i n   w e i g h t   %  of  t he   Ag  m a t r i c e s   can   a f f o r d   to  t he   Ag 

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

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

of  t h e   same  w e i g h t   %  in  t o t a l   and  Ag  m a t r i c e s .   I t   s h a l l  

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

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

i n t e r n a l   o x i d a t i o n ,   so  t h a t   p r e c i p i t a t e s   come  to  have   a 

m o d e r a t e   h a r d n e s s   w h i c h   can  s c a r c e l y   b r i n g   a b o u t   c r a c k s  

5  of  c o n t a c t   s u r f a c e s .  

In  v i e w   of  t he   a b o v e   " t h e   f o r w a r d m o s t   a r e a   a l o n g   a 

p r o g r e s s i v e   d i r e c t i o n   of  i n t e r n a l   o x i d a t i o n "   as  r e f e r r e d  

to  in  t h e   s p e c i f i c a t i o n   and  c l a i m s   can   r e a d i l y   b e  

a s c e r t a i n e d   m i c r o s c o p i c a l l y   by  t h o s e   s k i l l e d   in  t he   a r t .  

10  Such   f i n e   i n t e r n a l l y   o x i d i z e d   Ag-Sn   a l l o y   s t r u c t u r e s  

a t   t h e   f r o n t   or  f o r w a r d m o s t   a r e a   of  i n t e r n a l   o x i d a t i o n  

a p p e a r ,   when  t he   a l l o y   is  o x i d i z e d   f rom  b o t h   s i d e s ,  

c e n t r a l l y   in  t he   a l l o y   w i t h   a  d e p l e t i o n   z o n e  

t h e r e b e t w e e n ;   and  when  t he   a l l o y   is   o x i d i z e d   f rom  a 

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

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

d e p l e t i o n   zone   or  a  zone  w h e r e   t i n   o x i d e s   a r e   poo r   o r  

m o s t l y   a b s e n t   l i e s   u s u a l l y   n e x t   to  t he   f o r w a r d m o s t   a r e a  

of  i n t e r n a l   o x i d a t i o n ,   such   a r e a   w h i c h   is  e m p l o y e d   i n  

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

t h e   a b o v e   z o n e s .  

T y p i c a l   c o n s t i t u e n t s   of  Ag-Sn  a l l o y s   e m p l o y a b l e   i n  

t h i s   i n v e n t i o n   a r e   t h o s e   c o m p r i s i n g   Ag  m a t r i c e s .   0 .5   - 1 2  

w e i g h t   %  of  Sn.  and  0 .5   -  15  w e i g h t   %  of  In .   and  t h o s e  

25  c o m p r i s i n g   Ag  m a t r i c e s .   3 - 1 2   w e i g h t   %  of  Sn.  and  0 . 0 1  

-  l e s s   t h a n   1 .5  w e i g h t   %  of  Bi .   Such  c o n s t i t u e n t s   may 

o p t i o n a l l y   c o n t a i n   one  or  more  m e t a l l i c   e l e m e n t s  
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s e l e c t e d   f rom  0 . 1 - 5   w e i g h t   %  of  Cd.  0 . 1 - 2   w e i g h t   % 

of  Zn.  0 . 1   -  2  w e i g h t   %  of  Sb.  and  0 . 0 1   -  2  w e i g h t   %  o f  

Pb.   In  t h e   c a s e   of  t he   a b o v e - m e n t i o n e d   l a t t e r  

c o n s t i t u e n t s .   0 . 1   -  l e s s   t h a n   2  w e i g h t   %  of  In  may  b e  

5  c o n t a i n e d .   F u r t h e r ,   t h e y   may  c o n t a i n   l e s s   t h a n   0 . 5  

w e i g h t   %  of  one  or  more  e l e m e n t s   of  t h e   i r o n   f a m i l y  

( i r o n ,   c o b a l t ,   n i c k e l ) .  

A c c o r d i n g   to  one  e m b o d i m e n t   of  t h e   i n v e n t i o n ,   s a i d  

Ag  a l l o y   is   p r e p a r e d   as  a  f l a t   p l a t e   or  d i s k   h a v i n g   a 

10  h e i g h t   w h i c h   is   a t   l e a s t   t w i c e   a  d e s i r e d   f i n a l   h e i g h t  

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

w h i c h   i s   e x p e c t e d   to  be  p r o d u c e d   when  t h e   A g - a l l o y   i s  

c o m p l e t e l y   i n t e r n a l l y   o x i d i z e d .   S a i d   A g - a l l o y   i s   b a c k e d  

a t   b o t h   i t s   s u r f a c e s   by  t h i n   p u r e   Ag  l a y e r s .  

15  T h e n ,   t h e   t h u s   p r e p a r e d   A g - a l l o y   is   c o m p l e t e l y  

i n t e r n a l l y   o x i d i z e d   in  an  o x y g e n   a t m o s p h e r e   u n d e r  

p r e s s u r e   and  a t   an  e l e v a t e d   t e m p e r a t u r e .  

D u r i n g   t h e   i n t e r n a l   o x i d a t i o n   of  t h e   A g - a l l o y ,   t h e  

b a c k i n g   t h i n   p u r e   Ag  l a y e r s   work   as  f o l l o w s .  

20  S i n c e   t h e   p a r t i a l   p r e s s u r e   of  o x y g e n ,   w h i c h   has  b e e n  

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

c o m p a r a t i v e l y   low.  and  s i n c e   t he   a m o u n t   of  o x y g e n   w h i c h  

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

p r e d e t e r m i n e d   s p e c i f i c   t e m p e r a t u r e ,   and  u n d e r   an  o x y g e n  

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

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

v i a   t h e   s i l v e r   f o r   o x i d i z i n g   t h e   f o r m e r ,   can   r e a d i l y   a n d  
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f r e e l y   be  c o n t r o l l e d .   In  a d d i t i o n   to  t h i s   a d v a n t a g e ,  

s i n c e   the   o x y g e n   in  t h i s   i n s t a n c e   is  d i f f u s e d   i n t o   t h e  

m e t a l   a l l o y   t h r o u g h   t he   s i l v e r ,   and  c o n s e q u e n t l y   at  a 

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

5  m e t a l l i c   g r a i n s   o x i d i z e d   and  p r e c i p i t a t e d   in  the   m e t a l  

a l l o y   a re   not   a r r a n g e d   at  random  but  can  b e  

p r i s m a t i c a l l y   a l i g n e d   in  the   p a t h s   of  o x y g e n .   S i n c e  

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

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

lo  i n t e r n a l l y   o x i d i z e d   Ag  a l l o y   c o n t a c t   m a t e r i a l   t h e  

e l e c t r i c a l   r e s i s t a n c e   of  the   m a t e r i a l   is  r e d u c e d .  

The  c o m p l e t e l y   i n t e r n a l l y   o x i d i z e d   Ag  a l l o y   p l a t e   o r  

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

t r a n s v e r s e l y   to  the   a x i s   or  h e i g h t   of  the   p l a t e   or  d i s k .  

15  is  cut   a l o n g   the   d e p l e t i o n   l a y p r   by  a  s u p e r   ha rd   a n d  

h i g h   s p e e d   c u t t i n g   d e v i c e   such   as  a  m i l l   w i t h   a  w i d t h  

g r e a t e r   t h a n   the   w i d t h   of  the   d e p l e t i o n   l a y e r .   U n l i k e  

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

o x i d e s   f rom  o u t e r   s u r f a c e s   of  o x i d i z e d   Ag  a l l o y s ,   s a i d  

?o  c u t t i n g   o p e r a t i o n   does   not  i m p a r t   any  c o n t a m i n a t i o n   t o  

cu t   s u r f a c e s   and  a  c u t - o f f   p o r t i o n   of  the   Ag  a l l o y   w h i c h  

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

Two  p a r t s   t h u s   cut   o f f   f rom  the   p l a t e   or  d i s k   h a v e  

r e s p e c t i v e l y   a  c o m p l e t e l y   i n t e r n a l l y   o x i d i z e d   Ag  a l l o y  

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

h a r d n e s s   and  i n i t i a l   r e s i s t a n c e   and  a  pure   s i l v e r  
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b a c k i n g   a t   i t s   b o t t o m   s u r f a c e ,   and  h a v i n g   no  d e p l e t i o n  

l a y e r .  

The  i n v e n t i o n   w i l l   be  f u r t h e r   d e s c r i b e d   w i t h  

r e f e r e n c e   to  t h e   f o l l o w i n g   i l l u s t r a t i v e   E x a m p l e s .  

5  E x a m p l e   1 

(1)  Ag-Sn  8%-In   4% 

(2)  Ag-Sn  8%- In   4%-Cd  0 . 5 %  

(3)  Ag-Sn  7%-Bi  0 . 5 %  

(4)  Ag-Sn  7%-Bi  0 . 5 % - Z n   0 . 3 %  

10  The  a b o v e   a l l o y s   (1)  to  (4)  w e r e   m e l t e d   in  a  h i g h  

f r e q u e n c y   m e l t i n g   f u r n a c e   a t   a b o u t   1 , 1 0 0   to  l , 2 0 0 ° C   a n d  

p o u r e d   i n t o   m o l d s   f o r   o b t a i n i n g   i n g o t s   of  a b o u t   5  Kg 

e a c h .   Each  i n g o t   was  s t r i p p e d   a t   i t s   one  s u r f a c e .   T h e n ,  

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

15  n i c k e l   p l a t e   by  means   of  a  h y d r a u l i c   p r e s s ,   and  r o l l e d  

to  a  p l a t e   a b o u t   2 .2   mm  t h i c k   w i t h   t h e   n i c k e l   back   a b o u t  

1  mm  t h i c k .  

Each  p l a t e   was  s u b j e c t e d   to  an  o x y g e n   a t m o s p h e r e   f o r  

200  h o u r s   and  at   650°C  so  t h a t   t h e   p l a t e   was  c o m p l e t e l y  

20  i n t e r n a l l y   o x i d i z e d .   S i n c e   t he   n i c k e l   back   i s  

u n - o x i d i z a b l e ,   i n t e r n a l   o x i d a t i o n   p r o g r e s s e d   f rom  t h e  

s t r i p p e d   s u r f a c e   o n l y .   S e g r e g a t i o n   of  t i n   o x i d e s   w a s  

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

o x i d i z e d   s t r u c t u r e s   w h i c h   had  b e e n   p r o d u c e d   in  t he   p l a t e  

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

of  i n t e r n a l   o x i d a t i o n ,   v i z .   in  t h i s   i n s t a n c e   a b o u t   2  mm 

deep   f rom  t he   s t r i p p e d   s u r f a c e ,   we re   e x t r e m e l y   f i n e   a n d  
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c o m p l e t e l y   f r e e   f rom  t h e   s e g r e g a t i o n   of  m e t a l   o x i d e s .   A 

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

a b s e n t   was  n e x t   to  s a i d   f o r w a r d m o s t   a r e a   w i t h   a  d e p t h   o f  

a b o u t   1  mm. 

5  E a c h   of  t h e   i n t e r n a l l y   o x i d i z e d   p l a t e s   w e r e   p l a c e d  

in  a  h y d r o g e n   gas   a t m o s p h e r e   and  h e a t e d   a t   750°C  f o r   t e n  

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

w e r e   r e d u c e d   or  d e c o m p o s e d   w h e r e b y   t he   s t r i p p e d   s u r f a c e  

c o u l d   be  b r a z e d   to  a  m o v a b l e   or  s t a t i o n a r y   c o n t a c t   b a s e .  

10  The  n i c k e l   p l a t e   can   be  r e p l a c e d   by  o t h e r   m e t a l s  

w h i c h   a r e   no t   o x i d i z a b l e .   and  the   r e d u c t i o n   o r  

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

may  be  e f f e c t e d   by  h e a t i n g   in  a  f l u x   or  i m m e r s i n g   i t  

i n t o   an  a c i d   s o l u t i o n .  

15  T h e n ,   t h e   p l a t e s   we re   h o r i z o n t a l l y   c u t   a t   a  p l a n e  

0 .2   mm  f rom  t h e   b o t t o m .   A l s o ,   p l a t e s   w e r e   s l i t   t o  

o b t a i n   s q u a r e   e l e c t r i c a l   c o n t a c t s   of  5  mm  s i d e s   and  a 

t h i c k n e s s   of  1 .9   mm.  h a v i n g   t h e   f o r w a r d m o s t   a r e a s   o f  

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

2o  c o n t a c t   s u r f a c e s ,   and  t he   r e d u c e d   or  d e c o m p o s e d   s t r i p p e d  

s u r f a c e s   as  b a c k s .  

I n s t e a d   of  s l i t t i n g   t he   p l a t e s   a f t e r   t h e   i n t e r n a l  

o x i d a t i o n ,   t h e y   may  be  cu t   or  p r e s s e d   ou t   to  d e s i r e d  

c o n f i g u r a t i o n   b e f o r e   t he   i n t e r n a l   o x i d a t i o n .  

25  In  o r d e r   to  c o m p a r e   t he   a b o v e   e l e c t r i c a l   c o n t a c t s  

made  in  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ,   c o n t a c t s   w e r e  
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made  f rom  a l l o y s   (5)  to  (8)  r e s p e c t i v e l y   c o r r e s p o n d i n g  

to  t h e   a l l o y s   (1)  to  ( 4 ) .   i . e .  

(5)  Ag-Sn  8%-In  4% 

(6)  Ag-Sn  8%-In  45-Cd  0 . 5 %  

5  (7)  Ag-Sn  7%-Bi  0 . 5 %  

(8)  Ag-Sn  7%-Bi  0 . 5 % - Z n   0 . 3 %  

S i m i l a r l y   to  the   a l l o y s   (1)  to  ( 4 ) .   t he   above   a l l o y s  

(5)  to  (8)  were  p r e p a r e d   as  i n g o t s .   T h e n ,   e ach   i n g o t  

was  b u t t e d   at  i t s   s t r i p p e d   s u r f a c e   to  a  p u r e   s i l v e r  

10  p l a t e   by  means  of  a  h y d r a u l i c   p r e s s ,   t h e   p l a t e n   of  w h i c h  

was  h e a t e d   at  a b o u t   4 4 0 ° C ,   and  r o l l e d   to  a  p l a t e   o f  

a b o u t   2  mm  t h i c k n e s s ,   w h i l e   a n n e a l i n g   at   a b o u t   600°C.   a t  

e v e r y   s t a g e   of  r o l l i n g   a c h i e v i n g   a  30%  r e d u c t i o n .  

Each   p l a t e   was  i n t e r n a l l y   o x i d i z e d   in  an  o x y g e n  

15  a t m o s p h e r e   for   200  h o u r s   and  a t   650°C .   Then ,   i n t e r n a l l y  

o x i d i z e d   p l a t e s   were   p r e s s e d   by  a  p u n c h   of  6  mm  d i a m e t e r  

to  o b t a i n   e l e c t r i c a l   c o n t a c t s   2  mm  in  t h i c k n e s s   w h i c h  

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

The  above   c o n t a c t   s a m p l e s   of  a l l o y s   (1)  to  (4)  o f  

■>q  t h i s   i n v e n t i o n   and  of  a l l o y s   (5)  to  (8)  of  p r i o r   known  

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

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

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

I n i t i a l   c o n t a c t   r e s i s t a n c e :  

25  C o n t a c t   p r e s s u r e   -  4 0 0 g  

C u r r e n t   -  DC  6V.  1A 
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T a b l e   1 

H a r d n e s s   (HR  " F " )  S a m p l e s  

69  

67  

64 

67 

82  

74  

7 6  

7 6  

( 1 )  

( 2 )  

( 3 )  

( 4 )  

1 0 5  

94 

1 0 0  

1 0 0  

95  

93  

9 0  

9 0  

( 5 )  

( 6 )  

( 7 )  

( 8 )  10 

T a b l e   2 

I n i t i a l   c o n t a c t   r e s i s t a n c e   (mQ) S a m p l e s  

0 . 6  

0 . 6  

1 . 5  

0 . 5  

2 . 1  

2 . 1  

1 . 4  

1 . 6  

( 1 )  

( 2 )  

( 3 )  

( 4 )  
15 

( 5 )  

( 6 )  

( 7 )  

( 8 )  

1 . 2  

1 . 2  

0 . 7  

1 . 7  

2 . 2  

2 . 2  

2 . 1  

2 . 2  20 
T h u s ,   i t   i s   a p p a r e n t   f rom  t h e   a b o v e   t a b l e s   t h a t   t h e  

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

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

r e s i s t a n c e ,   as  c o m p a r e d   to  c o r r e s p o n d i n g   p r i o r - k n o w n  

c o n t a c t   m a t e r i a l s .  

E x a m p l e   2 

An  a l l o y   i n g o t   of  c o m p o s i t i o n   Ag-Sn  8%-In   4%  w a s  

d rawn   to  a  w i r e   of  5  mm  d i a m e t e r ,   f rom  w h i c h   t h e r e   w e r e  

p r e p a r e d   a  number   of  p i e c e s   e a c h   h a v i n g   a  body  p o r t i o n  

of  5  mm  d i a m e t e r   and  3 .3   mm  l e n g t h ,   w h i c h   was  i n t e g r a l l y  

25 

30 
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p r o v i d e d   a t   b o t h   i t s   s i d e s   w i t h   p r o j e c t i o n s   of  2 .5   mm 

d i a m e t e r   and  1  mm  h e i g h t .   T h o s e   p i e c e s   w e r e   c o m p l e t e l y  

i n t e r n a l l y   o x i d i z e d ,   and  t h e n   cu t   in  two  t r a n s v e r s e l y   t o  

t h e i r   a x e s   by  a  m i l l   w i t h   a  k e r f   of  0 .3   mm,  to  p r o d u c e  

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

head   of  5  mm  d i a m e t e r   and  1 .5   mm  h e i g h t   w i t h   a  s h a n k   o f  

2 .5   mm  d i a m e t e r   and  1  mm  h e i g h t ,   w h i c h   w e r e  

c h a r a c t e r i z e d   by  m a k i n g   t he   f o r w a r d m o s t   a r e a s   o f  

i n t e r n a l   o x i d a t i o n   as  c o n t a c t   s u r f a c e s .   The  p i e c e s   may  

10  be  s u b j e c t e d   to  a  h y d r o g e n   a t m o s p h e r e   b e f o r e   or  a f t e r  

t h e y   w e r e   c u t   in  two  so  t h a t   t he   s h a n k   is  b r a z e a b l e   to  a  

c o n t a c t   s u p p o r t   m e t a l   as  d e s c r i b e d   in  E x a m p l e   1 .  

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

e x c e l l e n t   p h y s i c a l   and  e l e c t r i c a l   c h a r a c t e r i s t i c s .  

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

m a t e r i a l s .   I t   was  o b s e r v e d   t h a t   t h e   h a r d n e s s   of  t h e  

c o n t a c t   m a t e r i a l s   t h u s   o b t a i n e d   was  a b o u t   30%  l e s s   t h a n  

t h a t   of  c o n v e n t i o n a l   c o n t a c t   m a t e r i a l s ,   and  t h e i r  

i n i t i a l   c o n t a c t   r e s i s t a n c e   was  as  much  as  50%  l e s s .  

20  E x a m p l e   3 

C o n t a c t s   were   made  f rom  a l l o y s   (9)  to  ( 1 2 )  

r e s p e c t i v e l y   c o r r e s p o n d i n g   to  the   a l l o y s   (1)  to  ( 4 ) ,   i . e .  

(9)  Ag-Sn   8%- In   4% 

(10)   Ag-Sn   8 % - I n   4%-Cd  0 . 5 %  

25  (11)   Ag-Sn   7%-Bi  0 . 5 %  

(12)   Ag-Sn  7%-Bi  0 . 5 % - Z n   0 . 3 %  
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The  a b o v e   a l l o y s   (9)  to  (12)   we re   m e l t e d   in  a  h i g h  

f r e q u e n c y   m e l t i n g   f u r n a c e   a t   a b o u t   1 , 1 0 0   to  1 . 2 0 0 ° C   a n d  

p o u r e d   i n t o   mo lds   f o r   o b t a i n i n g   i n g o t s   of  a b o u t   5  Kg .  

Each   i n g o t   was  s t r i p p e d   a t   b o t h   i t s   s u r f a c e s .   T h e n ,  

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

p u r e   s i l v e r   p l a t e s   by  means   of  a  h y d r a u l i c   p r e s s ,  

p l a t e n s   of  w h i c h   w e r e   h e a t e d   a t   a b o u t   400°C ,   and  r o l l e d  

to  a  p l a t e   of  3 .1   mm  t h i c k n e s s ,   w h i l e   a n n e a l i n g   a t   a b o u t  

500°C ,   a t   e v e r y   s t a g e   of  r o l l i n g   a c h i e v i n g   a  3 0 *  

10  r e d u c t i o n .  

Each   p l a t e   of  one  of  t he   a b o v e   a l l o y s   ( 9 ) ,   ( 1 0 ) ,  

(11)   and  (12)   had  a  2 .5   mm  t h i c k n e s s   and  was  j o i n e d   a t  

b o t h   i t s   s u r f a c e s   by  a  p u r e   s i l v e r   l a y e r   of  0 .3   mm 

t h i c k n e s s .  

15  Each  p l a t e   was  c o m p l e t e l y   i n t e r n a l l y   o x i d i z e d   in  a n  

o x y g e n   a t m o s p h e r e   f o r   200  h o u r s   and  at   65O°C.  The  p l a t e  

had  c e n t r a l l y   a  d e p l e t i o n   l a y e r   of  a b o u t   0 .1   -  0 .2   mm 

t h i c k n e s s .   Then ,   t he   p l a t e s   w e r e   h o r i z o n t a l l y   cu t   i n  

two  by  a  m i l l   w i t h   a  k e r f   of  0 .5   mm.  A l s o ,   t he   p l a t e s  

20  were   s l i t   to  o b t a i n   s q u a r e   e l e c t r i c a l   c o n t a c t s   of  5  mm 

s i d e s   and  of  a  t h i c k n e s s   of  1  mm.  w h i c h   were   b a c k e d   a t  

one  of  t he   s u r f a c e s   w i t h   a  t h i n   s i l v e r   l a y e r   of  0 .3   mm. 

I n s t e a d   of  s l i t t i n g   t he   p l a t e s   a f t e r   t he   i n t e r n a l  

o x i d a t i o n ,   t h e y   may  be  c u t   or  p r e s s e d   ou t   to  d e s i r e d  

25  c o n f i g u r a t i o n s   b e f o r e   t he   i n t e r n a l   o x i d a t i o n .  

The  a b o v e   c o n t a c t   s a m p l e s   of  a l l o y s   (9)  to  (12)   o f  

t h i s   i n v e n t i o n   and  of  a l l o y s   (5)  to  (8)  of  p r i o r   k n o w n  
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s a m p l e s   ( E x a m p l e   1)  w e r e   d e t e r m i n e d   in   r e s p e c t   of  t h e i r  

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

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

I n i t i a l   c o n t a c t   r e s i s t a n c e :  

5  c o n t a c t   p r e s s u r e   -  4 0 0 g  

C u r r e n t   -  DC  6V,  1A 

T a b l e   3 

S a m p l e s   H a r d n e s s   (HR  " F ~  

^   
~ ~ ~   ~~  

69  -  80  

10  (10)   67  -  72  

(11)   64  -  75  

(12)   67  "  75  

(5)  95  -  1 0 5  

15  (6)  93  -  94  

,-7x  90  -  1 0 0  ( 7 )  

( 8 )  
"  T a b l e   4 

(8)  90  -  1 0 0  

S a m p l e s   I n i t i a l   c o n t a c t   r e s i s t a n c e   (mO) 

2U  I T )   
~ ~ "   "  

° ' 6   "  2 ' °  

(10)   ° -6   -  2 - °  

(11)   1 .5  "  1 - 3  

(12)   ° -5   "  I - 4  

(5)  1.2  -  2 . 2  

25  (6)  1-2  ~  2 . 2  

(7)  0 .7   -  2 . 1  

IB)  I -7   -  2 ' 2  

T h u s ,   i t   i s   a p p a r e n t   f rom  t h e   a b o v e   t a b l e s   t h a t   t h e  

c o n t a c t   m a t e r i a l s   made  in  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n  

-30  have   m o d e r a t e   h a r d n e s s   and  l o w e r   i n i t i a l   c o n t a c t  
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r e s i s t a n c e ,   c o m p a r e d   to  c o r r e s p o n d i n g   p r i o r - k n o w n  

c o n t a c t   m a t e r i a l s .  

T h o u g h   in  t he   a b o v e   e x a m p l e s ,   Ag-Sn  s y B t e m   a l l o y s  

we re   p r e p a r e d   by  a  m e l t i n g   m e t h o d   and  t h e n   s u b j e c t e d   t o  

5  i n t e r n a l   o x i d a t i o n ,   t h e y   can   be  p r e p a r e d   by  a  p o w d e r  

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

and  t h e n   be  s u b j e c t e d   to  i n t e r n a l   o x i d a t i o n .   I t   i s   a  

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

t he   c a s e   of  t he   l a t t e r   a l l o y s   work  e x a c t l y   t h e   same  a s  

10  in  t he   c a s e   of  t he   f o r m e r   a l l o y s .   The  p r e s e n t   i n v e n t i o n  

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

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

a  m e l t i n g   m e t h o d .   I t   s h a l l   be  n o t e d   a l s o   t h a t   a l t h o u g h  

t he   e l e c t r i c a l   c o n t a c t   m a t e r i a l s   o b t a i n e d   f rom  t h e  

15  a l l o y s   (9)  to  (12)   in  E x a m p l e   3  in  a c c o r d a n c e   w i t h   t h i s  

i n v e n t i o n   in  w h i c h   t h e y   w e r e   c o n t a c t e d   w i t h   o x y g e n   n o t  

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

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

were   i m m e d i a t e l y   n e x t   to  t he   s i l v e r   s c r e e n s   and  h e n c e  

20  came  to  c o n t a c t   f i r s t   w i t h   t he   o x y g e n ,   c o m p a r e d   to  t h e  

i n t e r n a l l y   o x i d i z e d   s t r u c t u r e s   a r o u n d   t he   s t r i p p e d  

s u r f a c e s   of  t he   a l l o y s   (1)  to  (4)  of  E x a m p l e   1;  t h e i r  

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

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

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

a f o r e m e n t i o n e d .   «  '  
.. 
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CLAIMS 

1.  An  i n t e r n a l l y   o x i d i z e d   Ag-SnO  s y s t e m   a l l o y  

e l e c t r i c a l   c o n t a c t   m a t e r i a l ,   o b t a i n e d   by  t he   c o m p l e t e  

i n t e r n a l   o x i d a t i o n   of  an  a l l o y   c o m p r i s i n g   0 .5   -  12 

w e i g h t   %  of  Sn.  and  0 .5   -  15  w e i g h t   %  of  In  or  0 . 0 1   -  

5  l e s s   t h a n   1 .5   w e i g h t   %  of  Bi .   t h e   s a i d   a l l o y   o p t i o n a l l y  

i n c l u d i n g   one  or  more   m e t a l l i c   e l e m e n t s   s e l e c t e d   f r o m  

0 . 1   -  5  w e i g h t   %  of  Cd,  0 . 1   -  2  w e i g h t   %  of  Zn,  0 . 1   -  2 

w e i g h t   %  of  Sb.  0 . 0 1   -  2  w e i g h t   %  of  Pb.  and  0 .1   -  l e s s  

t h a n   2  w e i g h t   %  of  In .   c h a r a c t e r i z e d   by  h a v i n g   a 

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

p r o g r e s s i v e   d i r e c t i o n   made  as  a  c o n t a c t   s u r f a c e .  

2.  An  e l e c t r i c a l   c o n t a c t   m a t e r i a l   as  c l a i m e d   i n  

c l a i m   1.  c h a r a c t e r i z e d   in   t h a t   t h e   f o r w a r d m o s t   a r e a   h a s  

been   e x p o s e d   as  a  c o n t a c t   s u r f a c e   by  c u t t i n g   or  s h a v i n g  

15  the   a l l o y   r e m o t e   f rom  i t s   s u r f a c e   f rom  w h i c h   oxygen   w a s  

d i f f u s e d   i n t o   t h e   a l l o y   f o r   t h e   i n t e r n a l   o x i d a t i o n   s o  

t h a t   t he   zone  w h i c h   was  l o c a t e d   a d j a c e n t   to  t h e  

f o r w a r d m o s t   a r e a   and  w h e r e   m e t a l   o x i d e s   a re   m o s t l y  

a b s e n t ,   was  r e m o v e d   f rom  t he   a l l o y .  

2Q  3.  An  e l e c t r i c a l   c o n t a c t   m a t e r i a l   as  c l a i m e d   i n  

c l a i m   2,  c h a r a c t e r i z e d   in  t h a t   t h e   s u r f a c e   f rom  w h i c h  

o x y g e n   was  d i f f u s e d   i n t o   t he   a l l o y   f o r   t he   i n t e r n a l  

o x i d a t i o n   has  b e e n   s u b j e c t e d   to  a  c h e m i c a l   r e a c t i o n   s o  

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

25  w h e r e b y   s a i d   s u r f a c e   became   b r a z e a b l e .  
■■  ♦'. 
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4.  An  i n t e r n a l l y   o x i d i z e d   Ag-SnO  s y s t e m   a l l o y  

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

p o r t i o n   of  a  d e s i r e d   t h i c k n e s s   made  f rom  an  Ag  a l l o y  

c o m p r i s i n g   0 .5   -  12  w e i g h t   %  of  Sn,  and  0 .5   -  15  w e i g h t  

5  *  of  In  or  0 . 0 1   -  l e s s   t h a n   1 .5  w e i g h t   *  of  Bi .   t he   s a i d  

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

s e l e c t e d   f rom  0 . 1 - 5   w e i g h t   *  of  Cd.  0 .1   -  2  w e i g h t   \  

of  Zn,  0 . 1   -  2  w e i g h t   %  of  Sb.  0 . 0 1   -  2  w e i g h t   %  of  P b .  

and  0 . 1   -  l e s s   t h a n   2  w e i g h t   %  of  In,   and  w h i c h   a l l o y   i s  

10  a t   l e a s t   t w i c e   as  t h i c k   as  t he   s a i d   d e s i r e d   t h i c k n e s s  

and  a d d i t i o n a l l y   has  an  e x p e c t e d   t h i c k n e s s   of  a 

d e p l e t i o n   l a y e r   to  be  p r o d u c e d   in  t he   a l l o y ,   has  b e e n  

c o m p l e t e l y   i n t e r n a l l y   o x i d i z e d   by  h a v i n g   i t   f i x e d l y  

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

15  h o r i z o n t a l l y   c u t   in  two,   s i m u l t a n e o u s l y   r e m o v i n g   t h e  

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

5.  An  e l e c t r i c a l   c o n t a c t   m a t e r i a l   as  c l a i m e d   i n  

c l a i m   4,  c h a r a c t e r i z e d   in  t h a t   t he   a l l o y   s a n d w i c h e d  

b e t w e e n   t he   p u r e   s i l v e r   l a y e r s   has  been   s l i t   to  a 

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

o x i d i z e d .  

6.  An  e l e c t r i c a l   c o n t a c t   m a t e r i a l   as  c l a i m e d   i n  

c l a i m   4,  c h a r a c t e r i z e d   in  t h a t   the   a l l o y   s a n d w i c h e d  

b e t w e e n   t he   p u r e   s i l v e r   l a y e r s   has  been  p r e s s e d   or  c u t  

25  ou t   to  a  d e s i r e d   c o n f i g u r a t i o n   b e f o r e   b e i n g   s u b j e c t e d   t o  

i n t e r n a l   o x i d a t i o n .  
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7.  A  m e t h o d   of  m a k i n g   an  i n t e r n a l l y   o x i d i z e d   A g - S n O  

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

c o m p r i s e s :  

p r e p a r i n g   an  Ag  a l l o y   c o m p r i s i n g   0 .5   -  12  w e i g h t   % 

5  of  Sn.  and  0 .5   -  15  w e i g h t   %  of  In  or  0 . 0 1   -  l e s s   t h a n  

1 .5   w e i g h t   %  of  Bi .   t h e   s a i d   a l l o y   o p t i o n a l l y   i n c l u d i n g  

one  or  more  m e t a l l i c   e l e m e n t s   s e l e c t e d   f rom  0 .1   -  5 

w e i g h t   %  of  Cd.  0 . 1   -  2  w e i g h t   %  of  Zn.  0 . 1   -  2  w e i g h t   % 

of  Sb.  0 . 0 1   -  2  w e i g h t   %  of  Pb.  and  0 . 1   -  l e s s   t h a n   2 

10  w e i g h t   %  of  I n ;  

c o m p l e t e l y   i n t e r n a l l y   o x i d i z i n g   t h e   a l l o y ;   a n d  

c h a r a c t e r i z e d   by  c u t t i n g   t he   a} . loy   so  t h a t   t h e  

f o r w a r d m o s t   a r e a   of  t he   i n t e r n a l   o x i d a t i o n   a l o n g   i t s  

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

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

8.  A  m e t h o d   of  m a k i n g   an  i n t e r n a l l y   Ag-SnO  s y s t e m  

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

p r e p a r i n g   an  Ag  a l l o y   of  a  d e s i r e d   t h i c k n e s s  

c o m p r i s i n g   0 .5   -  12  w e i g h t   %  of  Sn.  and  0 .5   -  15  w e i g h t  

iq  %  of  In  or  0 . 0 1   -  l e s s   t h a n   1 .5   w e i g h t   %  of  Bi .   the   s a i d  

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

s e l e c t e d   f rom  0 .1   -  5  w e i g h t   %  of  Cd.  0 . 1   -  2  w e i g h t   % 

of  Zn.  0 .1   -  2  w e i g h t   %  of  Sb.  0 . 0 1   -  2  w e i g h t   %  of  P b .  

and  0 .1   -  l e s s   t h a n   2  w e i g h t   %  of  In .   w h i c h   a l l o y   is  a t  

25  l e a s t   t w i c e   as  t h i c k   as  t he   s a i d   d e s i r e d   t h i c k n e s s   a n d  

h a v i n g   an  e x p e c t e d   t h i c k n e s s   of  a  

i 
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d e p l e t i o n   l a y e r   to  be  p r o d u c e d   in  the   a l l o y ,   and  f i x e d l y  

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

c o m p l e t e l y   i n t e r n a l l y   o x i d i z i n g   the   a l l o y ;   a n d  

c u t t i n g   t he   a l l o y   h o r i z o n t a l l y   in  t w o ,  

5  s i m u l t a n e o u s l y   r e m o v i n g   by  s a i d   c u t t i n g   the   d e p l e t i o n  

l a y e r   f rom  the   a l l o y .  

9.  A  m e t h o d   as  c l a i m e d   in  c l a i m   8.  c h a r a c t e r i z e d   i n  

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

the   i n t e r n a l   o x i d a t i o n .  

ID  10-  A  m e t h o d   as  c l a i m e d   in  c l a i m   8,  c h a r a c t e r i z e d   i n  

t h a t   t he   a l l o y   is  p r e s s e d   or  cu t   out   to  a  d e s i r e d  

c o n f i g u r a t i o n   b e f o r e   t he   i n t e r n a l   o x i d a t i o n .  
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