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©  Precipitation  hardening  copper  alloys. 

A  precipitation  and  dispersion  hardening  copper  alloy 
which  combines  useful  properties  of  high  tensile  and  yield 
strength,  proportional  limit,  modulus  of  elasticity,  ductility 
and  formability,  corrosion  resistance,  high  fatigue  resistance 
and  electrical  conductivity  comprises  2  to  9%  nickel,  0.05  to 
2%  each  of  silicon,  chromium  and  aluminum,  the  balance 
being  copper  and  impurities. 



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

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

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

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

T h e r e   a r e   many  a p p l i c a t i o n s   in  w h i c h   a  s t r o n g  

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

d e s i r e d .   Due  to  i t s   e x c e l l e n t   c o n d u c t i v i t y ,   c o p p e r   w o u l d  

be  an  i d e a l   m e t a l   to  use   we re   i t   no t   f o r   i t s   r e l a t i v e l y  

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

low  m o d u l u s   of  e l a s t i c i t y   and  low  t e n s i l e   and  t e n s i l e  

y i e l d   s t r e n g t h s .  

U n l i k e   many  k i n d s   of  s t e e l ,   mos t   c o p p e r   a l l o y s   a r e  

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

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

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

age  h a r d e n a b l e .   T h e s e   c o p p e r   a l l o y s ,   t y p i c a l l y   c o n t a i n i n g  

b e t w e e n   1  and  2%  b e r y l l i u m ,   a r e   u s e f u l   b e c a u s e   of  t h e i r  

non  m a g n e t i c   p r o p e r t i e s ,   good  e l e c t r i c a l - c o n d u c t i v i t y ,   h i g h  

t e n s i l e   s t r e n g t h ,   h i g h   d e g r e e   of  h a r d n e s s ,   and  t h e i r   a b i l i t y  

to  be  c a s t ,   w r o u g h t ,   f o r g e d   or  d r a w n .   ' B e c a u s e   of   t h e s e  

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

' t y p e s   of  s c i e n t i f i c   i n s t r u m e n t s ,   e l e c t r i c a l   c o n t a c t   p o i n t s ,  

c o i l   s p r i n g s ,   non  m a g n e t i c   c u t t i n g   t o o l s   and  t h e   l i k e .  

W h i l e   c o p p e r   b e r y l l i u m   a l l o y s   have   u s e f u l   m e c h a n i c a l  

and  e l e c t r i c a l   p r o p e r t i e s ,   t h e i r   c o s t   i s   c o m p a r a t i v e l y   h i g h  



due  to   t h e   s c a r c e n e s s   of  b e r y l l i u m   in   t h e   e a r t h ' s   c r u s t .  

Of  e v e n   g r e a t e r   c o n c e r n ,   h o w e v e r   i s   t h a t   i t   i s   now 

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

and  i s   a  h a z a r d o u s   c a r c i n o g e n .   T h i s   m a k e s   i t   d i f f i c u l t  

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

t e c h n i q u e s   w i t h o u t   c r e a t i n g   d a n g e r   to   t h e   h e a l t h   of   w o r k e r s  

and  w i t h o u t   v i o l a t i n g   e x p o s u r e   s t a n d a r d s   as  s e t   by  v a r i o u s  

g o v e r n m e n t a l   h e a l t h   o r g a n i s a t i o n s .   C o p p e r - b e r y l l i u m   a l l o y s  

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

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

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

O t h e r   c o p p e r   b a s e   a l l o y s   a l s o   t e n d   to   be  d e f i c i e n t  

in   c e r t a i n   r e s p e c t s .   For   e x a m p l e ,   b r a s s e s ,   p h o s p h o r   b r o n z e s ,  

n i c k e l   s i l v e r s   and  mos t   c o p p e r   a l l o y s   o b t a i n   t h e i r   p r o p e r t y  

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

in   p r o p o r t i o n   to  t h e   a m o u n t   of   c o l d   w o r k .   O t h e r  

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

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

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

h a r d e n a b l e   c o p p e r   a l l o y   t h a t   has   m e c h a n i c a l   and  e l e c t r i c a l  

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

c o p p e r - b e r y i l i u m   a l l o y s .  

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

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

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

and  e l e c t r i c a l   c o n d u c t i v i t y .  

A c c o r d i n g   to  t h e   i n v e n t i o n ,   a  c o p p e r - n i c k e l   a l l o y  

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



To  a c h i e v e   t h e   d e s i r e d   m e c h a n i c a l   p r o p e r t i e s   a t  

l e a s t   2%  n i c k e l   i s   r e q u i r e d   and  t h e   p r a c t i c a l   u p p e r   l i m i t  

f rom  t h e   s t a n d p o i n t   of  e l e c t r i c a l   c o n d u c t i v i t y   i s   9%.  T h e  

s i l i c o n ,   c h r o m i u m   and  a l u m i n u m   a r e   a l l   e s s e n t i a l ,   at  l e a s t  

in   s m a l l   a m o u n t s ,   of   f rom  0.05%  to  2%.  W i t h i n   t h e s e  

l i m i t s ,   a  l a r g e   n u m b e r   of  a l l o y s   can   be  made .   No  s p e c i f i c  

p e r c e n t a g e s   can  be  g i v e n   as  i d e a l   s i n c e ,   as  i s   so  o f t e n  

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

i s   a  t r a d e   o f f   of  one  d e s i r a b l e   p r o p e r t y   f o r   a n o t h e r   a n d  

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

r e q u i r e m e n t s .   The  t o t a l   amoun t   of   s i l i c o n ,   a l u m i n u m   a n d  

c h r o m i u m ,   h o w e v e r ,   p r e f e r a b l y   d o e s   n o t   e x c e e d   2%.  A  t y p i c a l l y  

u s e f u l   a l l o y   w i t h   a  good  a v e r a g e   r a n g e   of   p r o p e r t i e s   c o m p r i s e s  
4.5%  n i c k e l ,   0 . 5   to   0.7%  a l u m i n u m   and  s i l i c o n   and  0 . 2 5 %  

c h r o m i u m .   I t   may  a l s o   be  d e s i r a b l e   to   add  t r a c e   a m o u n t s  

( i . e .   up  to   0 . 0 1 % )   of  i n c i d e n t a l   e l e m e n t s   s u c h   as  l i t h i u m ,  

b o r o n   or  p h o s p h o r o u s   f o r   d e o x i d i z i n g   or  f l u i d i t y   p u r p o s e s .  

G e n e r a l l y   s p e a k i n g ,   d e p e n d i n g   upon   t h e   end  u s e  

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

a t   l e a s t   8 . 1   x  106  Sm-1  (14%  I . A . C . S .   ( I n t e r n a t i o n a l   A s s o c i a t i o n  

of  C o n d u c t i v i t y   S t a n d a r d s ) .  

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

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

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

v a r i o u s   c o m b i n a t i o n s   as  t he   o t h e r   p h a s e s .   The  a l l o y   h a s  

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

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

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



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

p r e c i p i t a t e   t he   h a r d e n i n g   p h a s e s .  

The  a l l o y s   of   t h i s   i n v e n t i o n   a r e   r e a d i l y   h a r d e n a b l e ,  

w h i c h   is   a  t i m e / t e m p e r a t u r e   r e l a t e d   f u n c t i o n .   For   e x a m p l e ,  

maximum  h a r d n e s s   can   be  o b t a i n e d   in  l e s s   t h a n   2  h o u r s   i f   t h e  

a l l o y s   a r e   h e a t e d   to   a b o u t   4 0 0  C . ,   b u t ,   t h i s   t i m e   can  b e  

r e d u c e d   to   o n l y   a b o u t   15  s e c o n d s   a t   a  t e m p e r a t u r e   of  a b o u t  

7 5 0 ° C .  

The  v a r i a t i o n   of  v a r i o u s   p r o p e r t i e s   of   t he   a l l o y s  

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

in   t h e   d r a w i n g s   of  w h i c h : -  

F i g .   1  i s   a  g r a p h   s h o w i n g   t h e   e f f e c t   upon  u l t i m a t e  

t e n s i l e   s t r e n g t h   and  c o n d u c t i v i t y   when  t h e   n i c k e l   c o n t e n t  

of  an  a l l o y   of  t h i s   i n v e n t i o n   i s   v a r i e d   as  shown  a l o n g  

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

c o n s t a n t   at   0 .75%  and  t h e   Cr  at   0 . 5 % .  

F i g .   2  is   a  g r a p h   s h o w i n g   t h e   e f f e c t   upon  u l t i m a t e  

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

of   an  a l l o y   of   t h i s   i n v e n t i o n   i s   v a r i e d   as  shown  a l o n g   t h e  

a b s c i s s a   and  t h e   Ni  i s   h e l d   c o n s t a n t   at   5%,  t h e   Si  at   0 . 7 5 % .  

and  t he   Cr  a t   0 . 5 % .  

F i g .   3  i s   a  g r a p h   s h o w i n g   t h e   e f f e c t   upon  u l t i m a t e  

t e n s i l e   s t r e n g t h   and  c o n d u c t i v i t y   when  t h e   s i l i c o n   c o n t e n t  

of   an  a l l o y   of  t h i s   i n v e n t i o n   i s   v a r i e d   as  shown  a l o n g   t h e  

a b s c i s s a   and  t h e   Ni  i s   h e l d   c o n s t a n t   at   5%,  t h e   Al  a t   0 . 7 5 %  

and  t he   Cr  at   0 . 5 % .  

F i g .   4  i s   a  g r a p h   s h o w i n g   t h e   e f f e c t   upon  u l t i m a t e  

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



of  an  a l l o y   of  t h i s   i n v e n t i o n   i s   v a r i e d   as  shown  a l o n g   t h e  

a b s c i s s a   and  t h e   N i  c o n t e n t   i s   h e l d   c o n s t a n t   at  5%  and  t h e  

Al  and  Si  at  0 . 7 5 % .  

F i g .   5  i s   a  g r a p h   s h o w i n g   t h e   t i m e   r e q u i r e d   t o  

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

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

T a b l e   I  shows  t y p i c a l   p r o p e r t y   v a l u e s   of  t h e   a l l o y s  

a c c o r d i n g   to   t h e   i n v e n t i o n .  



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

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

in  T a b l e   I I   were   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  

u s i n g   s t a n d a r d   t e c h n i q u e s .   T a b l e   I I I   shows  t h e   v a r i a t i o n  

in   p r o p e r t i e s   o b t a i n e d   f o r   t h e   a l l o y s   of   T a b l e   I I .   T h e  

p r o p e r t y   d a t a   l i s t e d   was  o b t a i n e d   a f t e r   h e a t   a g e i n g  a t   4 5 0 ° C  

f o r   t he   t i m e s   s h o w n .  





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

2  to   9  w e i g h t   p e r c e n t   n i c k e l ,   0 . 0 5   to  2  w e i g h t   p e r c e n t  

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

c o p p e r   and  i m p u r i t i e s .  

2.  A  p r e c i p i t a t i o n   h a r d e n a b l e   c o p p e r   a l l o y   a c c o r d i n g  

to   c l a i m   1,  w h e r e i n   t h e   t o t a l   a m o u n t   of   s i l i c o n ,   a l u m i n u m  

and  c h r o m i u m   does   n o t   e x c e e d   2%  by  w e i g h t .  

3.  A  p r e c i p i t a t i o n   h a r d e n a b l e   c o p p e r   a l l o y   a c c o r d i n g  

to   c l a i m   1,  c o m p r i s i n g   s u b s t a n t i a l l y   4 .5   w e i g h t   p e r c e n t  

n i c k e l ,   s u b s t a n t i a l l y   0 . 5   to   0 . 7   w e i g h t   p e r c e n t   e a c h  

s i l i c o n   and  a l u m i n u m   and  s u b s t a n t i a l l y   0 . 2 5   w e i g h t   p e r c e n t  

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

4.  A  p r e c i p i t a t i o n   h a r d e n a b l e   c o p p e r   a l l o y   a c c o r d i n g  

to   a n y  o n e   of   c l a i m s   1  to   3  of  w h i c h   t h e   c o n d u c t i v i t y  

a f t e r   h e a t   a g e i n g   i s   a t   l e a s t   8 . 1   x  106  Sm-1  (14%  I . A . C . S . ) .  

5.  A  p r e c i p i t a t i o n   h a r d e n a b l e   c o p p e r   a l l o y   a c c o r d i n g  

to   a n y  o n e   of   c l a i m s   1  t o  4   of   w h i c h   t h e   u l t i m a t e   t e n s i l e  

s t r e n g t h   a f t e r   h e a t   a g e i n g   i s   in  e x c e s s   of   620  x  106  P a  

( 9 0 , 0 0 0   p s i ) .  



6.  A  p r e c i p i t a t i o n   h a r d e n a b l e   c o p p e r   a l l o y   a c c o r d i n g  

to   a n y  o n e   of  c l a i m s   1  to  5  in  w h i c h   t h e   i m p u r i t i e s  

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

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

7.  A  p r e c i p i t a t i o n   h a r d e n a b l e   c o p p e r   a l l o y  

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

T a b l e   I .  
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