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©  Method  for  imparting  strength  and  ductility  to  intermetallic  phases. 
  A  method  for  achieving  both  improved  strength  and 
improved  ductility  in  intermediate  phases  is  provided.  The 
method,  briefly  stated,  comprises  the  steps  of  providing  a 
melt  whose  composition  substantially  corresponds  to  that  of 
a  preselected  intermetallic  phase  having  a  crystal  structure 
of  the  L12  type,  such  as  nickel  aluminide,  modified  with  from 
about  0.01  to  2.5  atomic  percent  boron,  and  modified  further 
with  cobalt  substituent  metal  and  rapidly  solidifying  the  melt 
at  a  cooling  rate  of  at  least  about  103°C/second  to  form  a  solid 
body,  the  principal  phase  of  which  is  of  the  L12  type  crystal 
structure  in  either  its  ordered  or  disordered  state. 



BACKGROUND  OF  THE  INVENTION 

By  a  p r e v i o u s   a p p l i c a t i o n   t he   i n v e n t o r s   d i s c l o s e d  

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

made  p o s s i b l e   t he   a c h i e v e m e n t   of  a  n o v e l   c o m b i n a t i o n   o f  

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

a p p l i c a t i o n ,   S e r i a l   No.  4 4 4 , 9 3 2   f i l e d   November   29,  1982,  w a s  

a s s i g n e d   to  the   same  a s s i g n e e   as  t he   s u b j e c t   a p p l i c a t i o n   a n d  

i s   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

I t   i s   p o i n t e d   ou t   in  t he   p r i o r   a p p l i c a t i o n   t h a t   i n  

many  s y s t e m s   c o m p o s e d   of  two  or  more  m e t a l l i c   e l e m e n t s   t h e r e  

may  a p p e a r ,   u n d e r   c e r t a i n   c o m b i n a t i o n s   of  c o m p o s i t i o n   a n d  

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

s o l u t i o n s .   Such  o t h e r   p h a s e s   a re   commonly  known  a s  
i n t e r m e d i a t e   p h a s e s .   Many  i n t e r m e d i a t e   p h a s e s   a re   r e f e r r e d  

to  by  means  of  t he   G r e e k   symbol   such   as  I  or  γ ' .   A l so ,   t h e y  

a re   r e f e r r e d   to  by  f o r m u l a   as ,   f o r   e x a m p l e ,   Cu 3Al,  CuZn  a n d  

Mg2Pb.  The  c o m p o s i t i o n s   of  t he   i n t e r m e d i a t e   p h a s e s   w h i c h  

have   s i m p l e   a p p r o x i m a t e   s t o i c h i o m e t r i c   r a t i o s   of  t h e  

e l e m e n t s   may  e x i s t   o v e r   a  r a n g e   of  t e m p e r a t u r e s   as  we l l   a s  

c o m p o s i t i o n s .  

O c c a s i o n a l l y ,   as  in  t he   c a s e   of  Mg2Pb,  w h i c h  

o c c u r s   in   t he   Mg-Pb  s y s t e m ,   a  t r u e   s t o i c h i o m e t r i c   c o m p o u n d ,  

w h i c h   compound  i s   c o m p l e t e l y   o r d e r e d ,   i s   f o u n d   to  o c c u r .  

Where  each   of  t h e   e l e m e n t s   of  t h e   compound  i s   a  m e t a l l i c  

e l e m e n t ,   the   i n t e r m e d i a t e   compound  i t s e l f   i s   commonly  c a l l e d  

an  i n t e r m e t a l l i c   c o m p o u n d .  

The  i n t e r m e d i a t e   p h a s e s   and  i n t e r m e t a l l i c  

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



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

The  l o w e r   o r d e r   of   c r y s t a l   s y m m e t r y   and  f e w e r   p l a n e s   o f  

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

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

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

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

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

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

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

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

i d e n t i f i e d ,   t h e i r   c h a r a c t e r i s t i c   l a c k   of  d u c t i l i t y   has   p o s e d  
f o r m i d a b l e   b a r r i e r s   to   t h e i r   u s e   as  s t r u c t u r a l   m a t e r i a l s .  

In  f a c t ,   some  of  t h e s e   m a t e r i a l s   a r e   so  f r i a b l e   t h a t   t h e y  
h a v e   b e e n   p r e p a r e d   as  s o l i d s   in   o r d e r   t h a t   t h e y   may  b e  

b r o k e n   up  i n t o   p o w d e r e d   f o rm  f o r   u se   in   p o w d e r   m e t a l l u r g i c a l  

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

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

( 0 . 0 5   to   0 . 1   w t .%)   of  b o r o n   to   Ni3Al   p o l y c r y s t a l l i n e  
m a t e r i a l   was  s u c c e s s f u l   in   i m p r o v i n g   t h e   d u c t i l i t y   of  t h e  

o t h e r w i s e   b r i t t l e   and  n o n - d u c t i l e   i n t e r m e t a l l i c   c o m p o u n d .  
See  in   t h i s   r e g a r d   J o u r n a l   of   t h e   J a p a n   I n s t i t u t e   of  M e t a l s ,  
V o l .   43,  p a g e   358 ,   p u b l i s h e d   in   1979  by  t h e   a u t h o r s   Aoki  a n d  
I z u m i .   A l t h o u g h   t h e   room  t e m p e r a t u r e   t e n s i l e   s t r a i n   t o  
f r a c t u r e   of   t h e   N i 3 A l   was  i m p r o v e d   by  t h e   b o r o n   a d d i t i o n   t o  
a b o u t   35%,  as  c o m p a r e d   to   a b o u t   3%  f o r   t h e   N i3Al   w i t h o u t  

b o r o n ,   t h e   room  t e m p e r a t u r e   y i e l d   s t r e n g t h   r e m a i n e d   a t   a b o u t  
30  k s i .   The  J a p a n e s e   a r t i c l e   d i d   n o t   r e f e r   a t   a l l ,   h o w e v e r ,  
to  r a p i d   s o l i d i f i c a t i o n   of   t h e   b o r o n   c o n t a i n i n g   c o m p o s i t i o n s  
w h i c h   t h e y   s t u d i e d .  



By  t h e   m e t h o d   of  t he   p r i o r   a p p l i c a t i o n   f o r  

( R D - 1 4 , 6 9 0 )   S e r i a l   No.  4 4 4 , 9 3 2 ,   f i l e d   N o v e m b e r   29,  1982,   t h e  

a d d i t i o n   of  0 . 0 1   to   2 . 5   a t . %   b o r o n   d e m o n s t r a t e d   f u r t h e r  

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

of  r a p i d   s o l i d i f i c a t i o n .   In  p a r t i c u l a r ,   as  i t   i s   b r o u g h t  

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

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

0 .5   and  2.0%  b o r o n   and  an  o p t i m u m   c o m b i n a t i o n   of   y i e l d  

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

c o m p o s i t i o n s   c o n t a i n i n g   a p p r o x i m a t e l y   1.0%  b o r o n   or  l e s s .  

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

p r o p e r t y   i m p r o v e m e n t s   a r e   p o s s i b l e   in   t h e   a l l o y   s y s t e m   o f  

t h e   gamma  p r i m e   N i 3 A l   i n t e r m e d i a t e   p h a s e   w h e r e   n o t   o n l y  

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

in  a d d i t i o n   a  m e t a l   i s   p r e s e n t   as  a  q u a t e r n a r y   i n g r e d i e n t   o f  

s u c h   c o m p o s i t i o n s   as  a  s u b s t i t u e n t   m e t a l .  

BRIEF  STATEMENT  OF  THE  INVENTION 

I t   i s ,   a c c o r d i n g l y ,   one  o b j e c t   of   t h e   p r e s e n t  

i n v e n t i o n   to  p r o v i d e   an  i m p r o v e d   a l l o y   f o r   o p e r a t i o n   a t  

h i g h e r   t e m p e r a t u r e s .  
A n o t h e r   o b j e c t   i s   to  p r o v i d e   an  a l l o y   of  n i c k e l  

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

A n o t h e r   o b j e c t   i s   to   p r o v i d e   a  n i c k e l   a l u m i n u m  

a l l o y   h a v i n g   an  Ll2  t y p e   c r y s t a l   s t r u c t u r e   b u t   h a v i n g  

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

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

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

t h e   n i c k e l   and  w h i c h   h a s   a  u n i q u e   c o m b i n a t i o n   of   p h y s i c a l  

p r o p e r t i e s .  



O t h e r   o b j e c t s   and  a d v a n t a g e s   of  t h e   p r e s e n t  

i n v e n t i o n   w i l l   be  in   p a r t   a p p a r e n t   and  in  p a r t   p o i n t e d   o u t  

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

In  one  of   i t s   b r o a d e r   a s p e c t s ,   o b j e c t s   of  t h e  

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

a l l o y   c o m p o s i t i o n   h a v i n g   an  L12  c r y s t a l   s t r u c t u r e   and  h a v i n g  

a  c o m p o s i t i o n  

whe re   x  i s   f r om  0 . 0 2 5   to   0 . 1 5 ,   and  y  i s   f rom  9 7 . 5   to  9 9 . 9  ,  

BRIEF  DESCRIPTION  OF  THE  FIGURES 

The  p r e s e n t   i n v e n t i o n   and  t he   d e s c r i p t i o n   w h i c h  

f o l l o w s   w i l l   be  made  c l e a r e r   by  r e f e r e n c e   to   t h e  

a c c o m p a n y i n g   f i g u r e s   in   w h i c h :  

FIGURE  1  i s   a  p l o t   of   t h e   v a l u e s   of  t h e   s t r e s s   o f  

the   i n v e n t i v e   a l l o y s   p l o t t e d   a g a i n s t   the   s t r a i n   in   p e r c e n t  
f o r   t h e   b a s e   N i 3 A l   a l l o y   as  w e l l   as  a l l o y s   c o n t a i n i n g  
s u b s t i t u e n t s   f o r   t h e   n i c k e l   and  a l u m i n u m   c o n s t i t u e n t s .  

FIGURE  2  i s  a   p l o t   s h o w i n g   the   v a r i a t i o n   in   y i e l d  

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

x,  in   a s - s o l i d i f i e d   a l l o y s   h a v i n g   t h e   c o m p o s i t i o n  

FIGURE  3  i s   a  p l o t   s i m i l a r   to   t h a t   of  F i g u r e   2  b u t  

f o r   s a m p l e s   w h i c h   had   b e e n   a n n e a l e d   a t   1 1 0 0 ° C .  



DETAILED  DESCRIPTION  OF  THE  INVENTION 

.  By  a  s u b s t i t u e n t   m e t a l   i s   m e a n t   a  m e t a l   w h i c h  

t a k e s   t h e   p l a c e   of  and  in  t h i s   way  i s   s u b s t i t u t e d   f o r  

a n o t h e r   and  d i f f e r e n t   i n g r e d i e n t   m e t a l ,   w h e r e   t h e   o t h e r  

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

i n g r e d i e n t   m e t a l s   w h i c h   i n g r e d i e n t   m e t a l s   fo rm  t h e   e s s e n t i a l  

c o n s t i t u e n t   of  an  a l l o y   s y s t e m .  

For   e x a m p l e ,   in   t h e   c a s e   of  t h e   s u p e r a l l o y   s y s t e m  

Ni3Al   or  n i c k e l   b a s e   s u p e r a l l o y ,   t h e   i n g r e d i e n t   o r  

c o n s t i t u e n t   m e t a l s   a r e   n i c k e l   and  a l u m i n u m .   The  m e t a l s   a r e  

p r e s e n t   in   t h e   s t o i c h i o m e t r i c   a t o m i c   r a t i o   of  3  n i c k e l   a t o m s  

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

I t   h a s   b e e n   known  h e r e t o f o r e   t h a t   a  d e s i r a b l e  

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

can   be  a c h i e v e d   by  f o r m i n g   a  s i n g l e   c r y s t a l   of  N i 3 A l .  
H o w e v e r ,   p o l y c r y s t a l l i n e - N i 3 A l   i s   q u i t e   b r i t t l e   and  s h a t t e r s  

u n d e r   s t r e s s   s u c h   as  a p p l i e d   in   e f f o r t s   to   f o rm  t h e   m a t e r i a l  

i n t o   u s e f u l   o b j e c t s   or  to  u s e   s u c h   an  a r t i c l e .  

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

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

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

t a u g h t   in   a p p l i c a t i o n   S e r i a l   No.  4 4 4 , 9 3 2   r e f e r r e d   to   a b o v e .  

Now  i t   ha s   b e e n   d i s c o v e r e d   t h a t   a  c e r t a i n   m e t a l  

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

m e t a l   n i c k e l   and  h e n c e   t h i s   s u b s t i t u t e d   m e t a l   i s   d e s i g n a t e d  

and  known  h e r e i n   as  a  s u b s t i t u e n t   m e t a l ,   i . e .   as  a  n i c k e l  

s u b s t i t u e n t   in   t h e   Ni 3Al  s t r u c t u r e .   M o r e o v e r ,   i t   h a s   b e e n  

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

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

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

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

a l l o y   s y s t e m .  



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

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

h e r e i n   and  as  t a u g h t   in   c o p e n d i n g   a p p l i c a t i o n   S e r i a l   N o .  

4 4 4 , 9 3 2   r e f e r r e d   to   a b o v e ,   and  m u s t   f u r t h e r   c o n t a i n   a  

q u a t e r n a r y   c o m p o n e n t   or   i n g r e d i e n t   as  t a u g h t   in   t h e   s u b j e c t  

s p e c i f i c a t i o n .  

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

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

of  t h e   Ll2  t y p e   and  m u s t   h a v e   b e e n   f o r m e d   by  c o o l i n g   a  m e l t  

a t   a  c o o l i n g   r a t e   of  a t   l e a s t   a b o u t   103°C  p e r   s e c o n d   to  f o r m  

a  s o l i d   b o d y   t h e   p r i n c i p a l   p h a s e   of  w h i c h   i s   of  t h e   L12  t y p e  

c r y s t a l   s t r u c t u r e   in   e i t h e r   i t s   o r d e r e d   or   d i s o r d e r e d   s t a t e .  

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

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

t h e   m e l t   in   an  a t o m i c   r a t i o   of   a p p r o x i m a t e l y   3 : 1 .  

As  p o i n t e d   o u t   in   t h e   p r i o r   a p p l i c a t i o n   S e r i a l   N o .  

4 4 4 , 9 3 2 ,   r e f e r r e d   to  a b o v e ,   c o m p o s i t i o n s   h a v i n g   t h i s  

c o m b i n a t i o n   of  i n g r e d i e n t s   and  w h i c h   a r e   s u b j e c t e d   to   t h e  

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

f o r   b o t h   t h e   s t r a i n   to   f r a c t u r e   a f t e r   y i e l d   and  f o r   t h e   0 . 2 %  

o f f s e t   y i e l d   s t r e s s .   For   b o r o n   l e v e l s   b e t w e e n   1  and  2%  t h e  

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

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

0 .5   and  1 . 5 % .  

By  t h e   p r i o r   t e a c h i n g   of   a p p l i c a t i o n   S e r i a l   N o .  

4 4 4 , 9 3 2 ,   i t   was  f o u n d   t h a t   t h e   o p t i m u m   b o r o n   a d d i t i o n   was  i n  

t h e   r a n g e   of   1  a t o m i c   p e r c e n t   and  p e r m i t t e d   a  y i e l d   s t r e n g t h  

v a l u e   a t   room  t e m p e r a t u r e   of   a b o u t   100  k s i   to   be  a c h i e v e d  

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

s u c h   a  p r o d u c t   was  a b o u t   10%  a t   room  t e m p e r a t u r e .  

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

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

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



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

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

or  i n g r e d i e n t   as  a  s u b s t i t u e n t   to  t h e   p r i m a r y   n i c k e l  

c o n s t i t u e n t .  

The  q u a t e r n a r y   i n g r e d i e n t   w h i c h   may  be  b e n e f i c i a l l y  

i n c l u d e d   in  a  c o m p o s i t i o n   f o r   r a p i d   s o l i d i f i c a t i o n   as  a  

s u b s t i t u e n t   to  make  u n p r e c e d e n t e d   i m p r o v e m e n t s   in   t h e  

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

F u r t h e r ,   i t   h a s   b e e n   o b s e r v e d   t h a t   in  t h e   c a s e  

w h e r e   an  e q u i a x e d   s t r u c t u r e   i s   f o r m e d   w i t h   t he   q u a t e r n a r y  

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

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

s u b s t a n t i a l l y   b e t t e r   on  t h e   a v e r a g e   t h a n   in   t h o s e   c a s e s  

w h e r e   t he   n o n - e q u i a x e d   s t r u c t u r e   i s   f o r m e d .   The  e q u i a x e d  

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

i s   known  t h a t   r e c r y s t a l l i z a t i o n   can   r e a d i l y   o c c u r   i n   a  

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

The  a d d i t i o n   of   t h e   c o b a l t   as  q u a t e r n a r y  

i n g r e d i e n t   and  as  a  s u b s t i t u e n t   f o r   n i c k e l   a t   a b o u t   a  5 

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

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

p r o c e s s .  
R e g a r d i n g   t h e   i m p r o v e d   p r o p e r t i e s   a c h i e v e d ,   t h e  

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

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

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

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

in  t h e   a t t a c h e d   F i g u r e   1  in   w h i c h   t h e   s t r e s s   in   k s i   i s  

p l o t t e d   a g a i n s t   t h e   s t r a i n   in   p e r c e n t .  

I t   i s   e v i d e n t   f r o m   F i g u r e   1  t h a t   t h e   a l l o y  

c o n t r a i n i n g   t h e   t r i - n i c k e l   a l u m i n i d e   l a b e l l e d   N i - A l   w i t h   1% 

b o r o n   has   t h e   l o w e s t   s t r e s s   v a l u e s   and  t h a t   t he   two  o t h e r  

s a m p l e s   w h i c h   were   t e s t e d   had   s i g n i f i c a n t l y   and  u n e x p e c t e d l y  



h i g h e r   v a l u e s .   The  s a m p l e   w i t h   a b o u t   5  a t o m i c   p e r c e n t  

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

of   t h e  o r d e r   of   185  k s i .   H o w e v e r ,   t h e   same  s a m p l e   had  l o w e r  

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

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

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

to   have   a  s t r e s s   of  a p p r o x i m a t e l y   130  k s i   b u t   had  v e r y  

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

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

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

a l u m i n u m .  

F u r t h e r   s t u d y   was  made  of   t h e   r a p i d l y   s o l i d i f i e d  

c o m p o s i t i o n s   c o n t a i n i n g   t h e   s u b s t i t u e n t   c o b a l t   as  a  

q u a t e r n a r y   a d d i t i v e .   The  c o b a l t   a d d i t i v e   was  a  s u b s t i t u e n t  

f o r   n i c k e l   and  t h e   c o n c e n t r a t i o n   of   n i c k e l   was  d e c r e a s e d   a s  

t h e   c o n c e n t r a t i o n   of   c o b a l t   was  i n c r e a s e d .   T h e  

c o n c e n t r a t i o n   of   t h e   c o b a l t   was  i n c r e a s e d   as  i s   i l l u s t r a t e d  

in   F i g u r e   2  f rom  x  =  0 . 0 5   to   x  =  0 . 3   i n   t h e   e x p r e s s i o n :  

From  t h e   p l o t t e d   d a t a   of  F i g u r e   2,  i t   i s   e v i d e n t  

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

c o n t a i n i n g   c o b a l t   as  a  s u b s t i t u e n t   f o r   n i c k e l   i n c r e a s e s  

s i g n i f i c a n t l y   as  t h e   a d d i t i o n s   of  c o b a l t   i n c r e a s e d   f rom  x  =  

0 . 0 5   t o   0 . 1 0   and  t h e n   to   0 . 2 0 .   In  f a c t ,   as  i s   e v i d e n t  f r o m  

t h e   f i g u r e ,   t h e   y i e l d   s t r e n g t h   d o u b l e s   in   v a l u e   a t   a  
c o n c e n t r a t i o n   of  c o b a l t   x  =  0 . 2 0   when  c o m p a r e d   to   t h e  

c o m p o s i t i o n   f r e e   of   c o b a l t ,   i . e .   a t   x  =  0.  Beyond   x  =  0 . 2 0  

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

t h a t   t h e r e   i s   an  e f f e c t i v e   maximum  in   i n c r e a s i n g   t e n s i l e  

p r o p e r t i e s   w h i c h   o c c u r s   in   t h e   r a n g e   of   a b o u t   x  =  0 . 2 0  

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



t he   c o m p o s i t i o n   c o n t a i n i n g   t h e   b o r o n   d o p e d   t r i - n i c k e l  

a l u m i n i d e .  

.  By  c o n t r a s t ,   t h e   e f f e c t   of  t h e   a d d i t i o n   of  t h e  

c o b a l t   q u a t e r n a r y   i n g r e d i e n t   on  t h e   d u c t i l i t y   i s   i l l u s t r a t e d  

from  d a t a   p l o t t e d   in   F i g u r e   2  to   p e a k   a t   a  c o b a l t  

c o n c e n t r a t i o n   of  a p p r o x i m a t e l y   x  =  0 . 0 5 .   A d d i t i o n s   of  t h e  

c o b a l t   a t   t h e   x  =  0 . 0 5 ,   0 . 1 0 ,   0 . 2 0 ,   and  0 . 3 0   l e v e l s  

d e m o n s t r a t e d   t h a t   o n l y   in  t h e   a r e a   of  t h e   x  =  0 . 0 5   l e v e l   d i d  

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

t r i - n i c k e l   a l u m i n i d e   f rom  w h i c h   t h e   c o b a l t   was  a b s e n t   ( i . e .  

O%  Co) .   The  p e r c e n t a g e   i n c r e a s e   f rom  x  =  0  to   x  =  0 . 0 5   Co 

was  a  s u r p r i s i n g   80%  f o r   t h i s   r e l a t i v e l y   n a r r o w   r a n g e   o f  

c o b a l t   a d d i t i o n .  

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

c o n c e n t r a t i o n s   of  c o b a l t   d e c l i n e d   to   a  v a l u e   a t   x  =  0 . 1 0   Co 

w h i c h   i s   s l i g h t l y   h i g h e r   t h a n   t h a t   a t   0%  c o b a l t   and  t o  

p r o g r e s s i v e l y   l o w e r   v a l u e s   a t   x  =  0 . 2 0   and   x  =  0 . 3 0   a s  

i l l u s t r a t e d   in   F i g u r e   2 .  

W i t h   r e f e r e n c e   now  to   F i g u r e   3,  t h e r e   i s   a  p l o t   o f  

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

to  c o n t a i n   t h e   x  =  0 . 0 5 ,   0 . 1 0 ,   0 . 1 5 ,   0 . 2 0   and  0 . 3 0   c o b a l t  

s u b s t i t u e n t   were   a n n e a l e d   a t   1100°C  f o r   two  h o u r s .   I t   m a y  

be  o b s e r v e d   f rom  t h e   d a t a   p l o t t e d   i n   F i g u r e   3  t h a t   t h e  

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

r e l a t i v e   to   t h o s e   p l o t t e d   i n   F i g u r e   2.  The  o r d i n a t e   s c a l e  

of  F i g u r e   3  i s   a b o u t   40%  of   t h a t   of   F i g u r e   2.  The  a n n e a l e d  

r i b b o n s   e x h i b i t e d   a  p e a k   in   s t r e n g t h   f o r   t h e   s a m p l e  

c o n t a i n i n g   t h e   x  =  20  l e v e l   of   c o b a l t .  T h i s   s t r e n g t h  

maximum  o c c u r r e d   a t   a b o u t   t h e .  s a m e   c o b a l t   c o n c e n t r a t i o n   i n  

t he   u n a n n e a l e d   r i b b o n   as  i l l u s t r a t e d   i n   F i g u r e   2 .  

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

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

b e t w e e n   x  =  0 . 1 0   and  x  =  0 . 0 5   so  t h a t   i t   i s   n e c e s s a r y   t o  



h a v e   more   t h a n   t h e   x  =  0 . 0 5   l e v e l   of  c o b a l t   p r e s e n t   as  t h e  

q u a t e r n a r y   a d d i t i v e   s u b s t i t u e n t   to   a v o i d   the   p r e c i p i t o u s  

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

c o n c e n t r a t i o n   of  c o b a l t   i s   r e d u c e d   b e l o w   t he   x  =  0 . 1 0   v a l u e .  

B a s e d   on  t h e   r e s u l t s   o b t a i n e d   by  s t u d y   of   t h e  

a n n e a l e d   r i b b o n   as  p l o t t e d   in   F i g u r e   3  t he   o p t i m u m  

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

d o p e d   t r i - n i c k e l   a l u m i n i d e   i s   a p p r o x i m a t e l y   x  =  0 . 1 0 .   A t  

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

c o m p o s i t i o n   h a v i n g   a  y i e l d   s t r e n g t h   of  80  k s i   and  d u c t i l i t y  

of  14%  e l o n g a t i o n   m e a s u r e d   f o r   t h e   N i 3 A l - b a s e d   a l l o y .  

I t   s h o u l d   be  e m p h a s i z e d   t h a t   t he   d a t a   r e p o r t e d   i n  

F i g u r e s   2  and  3  a r e   f o r   t e s t a   of  d u c t i l i t y   and  t e n s i l e  

p r o p e r t i e s   w h i c h   were   made  a t   room  t e m p e r a t u r e .  

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

i n t e r m e t a l l i c   p h a s e   h a v i n g   an  L12  t y p e   c r y s t a l   s t r u c t u r e   i s  

i m p o r t a n t .   I t   i s   a c h i e v e d   in   a l l o y s   of  t h i s   i n v e n t i o n   as  a  

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

L12  t y p e   c r y s t a l   s t r u c t u r e   be  p r e s e r v e d   in  t h e   p r o d u c t s  

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

s o l i d i f i c a t i o n .  

N i c k e l   a l u m i n i d e   i s   f o u n d   in   t he   n i c k e l - a l u m i n u m  

b i n a r y   s y s t e m   and  as  t h e   gamma  p r i m e   p h a s e   of  c o n v e n t i o n a l  

g a m m a / g a m m a '   n i c k e l - b a s e   s u p e r a l l o y s .   N i c k e l   a l u m i n i d e   h a s  

h i g h   h a r d n e s s   and  i s   s t a b l e   and   r e s i s t a n t   to  o x i d a t i o n   a n d  

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

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

c r y s t a l s   of  N i 3 A l   e x h i b i t   g o o d   d u c t i l i t y   in   c e r t a i n  

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

i . e . ,   t h e   f o r m   of  p r i m a r y   s i g n i f i c a n c e   f rom  an  e n g i n e e r i n g  

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

i n t e r g r a n n u l a r l y .  



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

(FCC)  c r y s t a l   s t r u c t u r e   of  t h e   CU3Al  t y p e   ( L l 2   in   t h e  

S t r u k t u r b e r i c h t   d e s i g n a t i o n   w h i c h   i s   t he   d e s i g n a t i o n   u s e d  

h e r e i n  a n d   in   t h e   a p p e n d e d   c l a i m s )   w i t h   a  l a t t i c e   p a r a m e t e r  

a o  =   3 . 5 8 9   a t   75  a t . %   Ni  and  m e l t s   in   t h e   r a n g e   of  f r o m  

a b o u t   1385  to   1 3 9 5 ° C ,   i s   f o r m e d   f rom  a l u m i n u m   and  n i c k e l  

w h i c h   h a v e   m e l t i n g   p o i n t s   of  660  and  1 4 5 3 ° C ,   r e s p e c t i v e l y .  

A l t h o u g h   f r e q u e n t l y   r e f e r r e d   to  as  N i 3 A l ,   n i c k e l   a l u m i n i d e  

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

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

e . g . ,   a b o u t   7 2 . 5   to   77  a t . %   Ni  ( 8 5 . 1   to  8 7 . 8   w t .%)   a t   6 0 0 ° C .  

In  p r e p a r i n g   s a m p l e s   p u r s u a n t   to   t h i s   i n v e n t i o n  

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

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

i n t e r m e t a l l i c   p h a s e .   The  m e l t   c o m p o s i t i o n   i s   made  t o  

c o n s i s t   e s s e n t i a l l y   of   t h e   two  c o n s t i t u e n t   c o m p o n e n t s   of  t h e  

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

of  a p p r o x i m a t e l y   3 :1   and  i s   m o d i f i e d   w i t h   b o r o n   i n   an  a m o u n t  

of  f rom  a b o u t   0 . 0 1   to   2 . 5   a t . % .  

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

l e a s t   a b o u t   1 0  ° C / s e c .   to  form  a  s o l i d   b o d y ,   t h e   p r i n c i p a l  

p h a s e   of  w h i c h   i s   of  t h e   L12  t y p e   c r y s t a l   s t r u c t u r e   i n  

e i t h e r   i t s   o r d e r e d   or  d i s o r d e r e d   s t a t e .   T h u s ,   a l t h o u g h   t h e  

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

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

i . e . ,   t h e   Ll2  t y p e ,   t h e   p r e s e n c e   of   o t h e r   p h a s e s ,   e . g . ,  
b o r i d e s ,   i s   p o s s i b l e .   S i n c e   t h e   c o o l i n g   r a t e s   a r e   h i g h ,   i t  

i s   a l s o   p o s s i b l e   t h a t   t h e   c r y s t a l   s t r u c t u r e   of   t h e   r a p i d l y  
s o l i d i f i e d   s o l i d   w i l l   be  d i s o r d e r e d ,   i . e . ,   t h e   a t o m s   w i l l   b e  

l o c a t e d   a t   r a n d o m   s i t e s   on  t h e   c r y s t a l   l a t t i c e   i n s t e a d   of  a t  

s p e c i f i c   p e r i o d i c   p o s i t i o n s   on  t h e   c r y s t a l   l a t t i c e   as  i s   t h e  

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



T h e r e   a r e   s e v e r a l  m e t h o d s   by  w h i c h   t h e   r e q u i s i t e   - 

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

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

c o o l i n g   r a t e s   i s   t h e   c h i l l - b l o c k   m e l t   s p i n n i n g   p r o c e s s .  

B r i e f l y   and  t y p i c a l l y ,   in   t h e   c h i l l - b l o c k   m e l t  

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

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

g a s ,   to   f o r m   a  f r e e - s t a n d i n g   s t r e a m   of  l i q u i d   m e t a l   or  a  

c o l u m n   of  l i q u i d   m e t a l   in   c o n t a c t   w i t h   t h e   n o z z l e .   T h e  

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

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

c h i l l - b l o c k ,   i . e . ,   a  c o o l i n g   s u b s t r a t e ,   made  of   a  m a t e r i a l  

s u c h   as  c o p p e r .  
The  m a t e r i a l   to   be  m e l t e d   can   be  d e l i v e r e d   to   t h e  

c r u c i b l e   as  s e p a r a t e   s o l i d s   of  t h e   e l e m e n t s   r e q u i r e d .   T h e y  

can   t h e n   be  m e l t e d   t h e r e i n   by  means   s u c h   as  an  i n d u c t i o n  

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

a l l o y "   c an   f i r s t   be  made ,   c o m m i n u t e d ,   and  t h e   c o m m i n u t e d  

p a r t i c l e s   p l a c e d   in   t h e   c r u c i b l e .  

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

t h e   c o l d   c h i l l - b l o c k ,   i t   c o o l s   r a p i d l y ,   f rom  a b o u t   1 0  ° C / s e c  

to  1 0 7 ° C / s e c . ,   and  s o l i d i f i e s   in   t h e   fo rm  of  a  c o n t i n u o u s  

l e n g t h   of   a  t h i n   r i b b o n   whose   w i d t h   i s   c o n s i d e r a b l y   l a r g e r  

t h a n   i t s   t h i c k n e s s .   A  more  d e t a i l e d   t e a c h i n g   o f   t h e  

c h i l l - b l o c k   m e l t   s p i n n i n g   p r o c e s s   may  be  f o u n d ,   f o r   e x a m p l e ,  

in   U . S .   P a t e n t s   2 , 8 2 5 , 1 0 8 ,   4 , 2 2 1 , 2 5 7 ,   and  4 , 2 8 2 , 9 2 1   w h i c h  

a r e   h e r e i n   i n c o r p o r a t e d   by  r e f e r e n c e .  

The  f o l l o w i n g   e x a m p l e s  a r e   p r o v i d e d   by  way  o f  

i l l u s t r a t i o n   and  n o t   by  l i m i t a t i o n   to   f u r t h e r   t e a c h   t h e  

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

a d v a n t a g e o u s   a t t r i b u t e s :  



EXAMPLE  1 

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

a b o u t   3  a t o m i c   p a r t s   n i c k e l   to   1  a t o m i c   p a r t   a l u m i n u m   w a s  

p r e p a r e d ,   c o m m i n u t e d ,   and  a b o u t   60  g r a m s   of  t h e   p i e c e s   w e r e  

d e l i v e r e d   i n t o   an  a l u m i n a   c r u c i b l e   of  a  c h i l l - b l o c k   m e l t  

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

The  c r u c i b l e   t e r m i n a t e d   in   a  f l a t - b o t t o m e d   e x i t   s e c t i o n  

h a v i n g   a  s l o t   0 . 2 5   i n c h e s   ( 6 . 3 5   mm)  by  25  t h o u s a n d t h   of  a n  

i n c h   ( 0 . 6 3 5   mm)  t h e r e t h r o u g h .   A  c h i l l   b l o c k ,   in   t h e   form  o f  

a  w h e e l   h a v i n g   f a c e s   10  i n c h e s   ( 2 5 . 4   cm)  in   d i a m e t e r   w i t h   a  

( r i m )   t h i c k n e s s   of  1 .5   i n c h e s   ( 3 . 8   cm),   made  of   H-12  t o o l  

s t e e l ,   was  o r i e n t e d   v e r t i c a l l y   so  t h a t   t h e   r im  s u r f a c e   c o u l d  

be  u s e d   as  t h e   c a s t i n g   ( c h i l l )   s u r f a c e   when  t h e   w h e e l   w a s  

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

of   and  p e r p e n d i c u l a r   to   t h e   w h e e l   f a c e s .   The  c r u c i b l e   w a s  

p l a c e d   in   a  v e r t i c a l l y   up  o r i e n t a t i o n   and  b r o u g h t   to   w i t h i n  

a b o u t   1 .2   to   1 .6   m i l s   ( 3 0 - 4 0 p )   of  t h e   c a s t i n g   s u r f a c e   w i t h  

t h e   0 . 2 5   i n c h   l e n g t h   d i m e n s i o n   of  t h e   s l o t   o r i e n t e d  

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

The  w h e e l   was  r o t a t e d   a t   1200  rpm.  The  m e l t   w a s  

h e a t e d   to   b e t w e e n   a b o u t   1350  and  1 4 5 0 ° C .   The  m e l t   w a s  

e j e c t e d   as  a  r e c t a n g u l a r   s t r e a m   o n t o   t h e   r o t a t i n g   c h i l l  

s u r f a c e   u n d e r   t h e   p r e s s u r e   of   a r g o n   a t   a b o u t   1 .5   p s i   t o  

p r o d u c e   a  l o n g   r i b b o n   w h i c h   m e a s u r e d   f rom  a b o u t   4 0 - 7 0 µ   i n  

t h i c k n e s s   by  a b o u t   0 . 2 5   i n c h e s   in   w i d t h .  

The  r i b b o n   was  t e s t e d   f o r   b e n d   d u c t i l i t y   and  a  

v a l u e   of  1 . 0   was  f o u n d .   T h i s   v a l u e   of   bend   d u c t i l i t y  

d e s i g n a t e s   t h a t   t h e   r i b b o n   can   be  b e n t   f u l l y   to   180°   w i t h o u t  

f r a c t u r e .  



EXAMPLE  2  - 

The  p r o c e d u r e   of   E x a m p l e   1  was  r e p e a t e d  u s i n g   t h e  

e q u i p m e n t   u s e d   as  d e s c r i b e d   i n   E x a m p l e   1  to   p r e p a r e   a  m a s t e r  

h e a t   of  t h e   b o r o n   d o p e d   n o m i n a l   N i - A l   c o m p o s i t i o n   b u t   o n e  

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

T h i s   a l l o y   was  d e s i g n a t e d   A l l o y   9 2 .  

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

R i b b o n s   we re   c a s t   f r om  t h e   h e a t   as  a l s o   d e s c r i b e d  

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

and  a  v a l u e   of  0 . 0 4   was  f o u n d   f o r   t h e   r i b b o n   t h u s   p r e p a r e d .  

T h i s   v a l u e   of  b e n d   d u c t i l i t y   was  c a l c u l a t e d   by  d i v i d i n g   t h e  
r i b b o n   t h i c k n e s s   by  t h e   b e n d   r a d i u s   a t   w h i c h   t h e   r i b b o n  

f r a c t u r e s .  

EXAMPLES  3  t h r o u g h   12  

Ten  a d d i t i o n a l   h e a t s   c o n s t i t u t i n g   A l l o y s   96,  1 0 1 ,  

111  t h r o u g h   117  and  125  w e r e   p r e p a r e d   h a v i n g   t h e  

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

we re   p r e p a r e d   i n   t h e   m a n n 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 i r s t   e x a m p l e   d e s c r i b e d   a b o v e   and  we re   t e s t e d   f o r   b e n d  

d u c t i l i t y   in   t h e   same  m a n n e r   as  d i s c l o s e d   in   E x a m p l e   2.  T h e  

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

T a b l e   I .  

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

b e t w e e n   t h e   f u l l   b e n d   d u c t i l i t y   ( b e n d   d u c t i l i t y   =  1 . 0 )   o f  

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

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

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



f o r   w h i c h   an  e q u i a x e d   f o r m a t   was  f o u n d   and  a l s o   t h o s e   f o r  

w h i c h   t h e   n o n - e q u i a x e d   f o r m a t   was  f o u n d .  

As  i s   e v i d e n t   f rom  t h e   r e s u l t s   l i s t e d   in   T a b l e   I 

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

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

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

and  f u l l   b e n d   d u c t i l i t y .  

EXAMPLES  1 3 - 1 5  

T h r e e   a d d i t i o n a l   m a s t e r   h e a t s   were   p r e p a r e d   u s i n g  

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

of  t h e   t h r e e   h e a t s   of  t h e s e   e x a m p l e s   a r e   g i v e n   i n   t h e  

a t t a c h e d   T a b l e   II  f o r   t h e   r e s p e c t i v e   e x a m p l e s .  



The  s a m p l e s   p r e p a r e d   in  t h i s   m a n n e r   we re   a l s o  

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

i n c l u d e d   i n   T a b l e   II  b e l o w .   F u r t h e r ,   t h e   s t r u c t u r e   w a s  

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

w h e t h e r   i t   i s   e q u i a x e d   (E)  or   n o n - e q u i a x e d   ( N ) .  

The  r i b b o n s   f rom  t h e s e   E x a m p l e s   were  t e s t e d   i n  

t e n s i o n   w i t h o u t   any  p r e p a r a t i o n .   The  r e s u l t i n g   0 .2%  o f f s e t  

y i e l d   s t r e n g t h   (0 .2%  f l o w   s t r e s s )   and  t h e   d u c t i l i t y   ( s t r a i n  

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

shown  in  F i g u r e   2  as  a  f u n c t i o n   o f  t h e   a t o m i c   p e r c e n t  

c o n c e n t r a t i o n   of  t h e   c o b a l t   in   t h e   c o m p o s i t i o n .   Each   c i r c l e  

and  t r i a n g l e   on  F i g u r e s   2  and  3  r e p r e s e n t s   an  e x p e r i m e n t a l l y  

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

The  t o t a l   p l a s t i c   s t r a i n s   r e p o r t e d   in   F i g u r e   2 

s h o u l d   be  r e g a r d e d   as  min imum  m a t e r i a l   p r o p e r t i e s   s i n c e   t h e  

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

i n d u c e d   by  s u r f a c e   d e f e c t s .   T h u s ,   t h e   t o t a l   p l a s t i c   s t r a i n  

( d u c t i l i t y )   w o u l d   be  e x p e c t e d   to   be  much  h i g h e r   f o r   b u l k  

m a t e r i a l   in   w h i c h   s u r f a c e   d e f e c t s   w i l l   p l a y  a   much  l e s s  

i n f l u e n t i a l   r o l e .   In  f a c t ,   a l t h o u g h   n o t   done   f o r   t h e  

r i b b o n s   of  E x a m p l e s   1 2 - 1 5 ,   t h e   a p p a r e n t   d u c t i l i t y   o f  

r i b b o n - l i k e   s p e c i m e n s   c a n   g e n e r a l l y   be  i n c r e a s e d   b y  



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

t h e   e d g e s ,   or   b o t h ,   to   r e m o v e   s u r f a c e   and  n e a r - s u r f a c e  

d e f e c t s   and  a s p e r i t i e s .  

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

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

p r o c e s s e d   by  t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   may  b e  

t e s t e d   by  t h e   180°  r e v e r s e   b e n d   t e s t   w h e r e i n   t h e   r i b b o n s   a r e  

s h a r p l y   b e n t   180°  w i t h o u t   t h e   use   of  m a n d r e l s   or  g u i d e s .  

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

E x a m p l e s   1 2 - 1 5   a b o v e   we re   s u b j e c t e d   t o   h e a t   t r e a t m e n t   a t  

1100°C  f o r   two  h o u r s .   The  t e s t s   c o n d u c t e d   on  t h e   s t r i p  

p r i o r   to   t he   h e a t   t r e a t m e n t   were   p e r f o r m e d   a g a i n   on  s a m p l e s  

of  t he   s t r i p   w h i c h   had   b e e n   s u b j e c t e d   to   t h e   h e a t   t r e a t m e n t .  

The  r e s u l t s   o b t a i n e d   f rom  t h e s e   t e s t s   a r e   p l o t t e d   in   F i g u r e  

3.  R e f e r r i n g   now  to   F i g u r e   3,  i t   i s   e v i d e n t   t h a t   t h e r e   h a s  

b e e n   a  r e d u c t i o n   i n   t h e   v a l u e s   on  t h e   o r d i n a t e   s c a l e .   T h e  

o r d i n a t e   of  F i g u r e   3  i s   a p p r o x i m a t e l y   40%  of  t h e   s c a l e   s h o w n  

in  F i g u r e   2.  The  a b s c i s s a   w h i c h   shows   t h e   c o n c e n t r a t i o n   o f  

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

c h a n g e d   and  i s   t h e   same  in   F i g u r e   3  as  i t   i s   in   F i g u r e   2 .  

As  i s   e v i d e n t   f rom  F i g u r e   3,  an  a n n e a l e d   t r i - n i c k e l  

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

one  h a v i n g   a b o u t   10  atom  p e r c e n t   c o b a l t   s u b s t i t u e n t   f o r   t h e  

n i c k e l   of  t he   a l u m i n i d e .  



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

a l l o y   h a v i n g   a  c r y s t a l   s t r u c t u r e   of   t h e   Ll2  t y p e ,   s a i d   a l l o y  

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

w h e r e i n   t h e   x  i s   b e t w e e n   .025  and  0 . 1 5 ,   and  t h e   y  i s   b e t w e e n  

9 7 . 5   and  9 9 . 9 .  

2.  The  a l u m i n i d e   of  c l a i m   1  in   w h i c h   t h e   x  i s  

b e t w e e n   0 . 0 3   and  0 . 0 7 .  

3.  The  a l u m i n i d e   of  c l a i m   1  in   w h i c h   x  i s   a b o u t  

. 0 5 .  

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

a l l o y   h a v i n g   a  c r y s t a l   s t r u c t u r e   of   t h e   Ll2  t y p e ,  

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

w h e r e i n   x  i s   b e t w e e n   0 . 0 7   and  0 . 1 5 ,   and   y  i s   b e t w e e n   9 8 . 5  

and  9 9 . 5 ,  

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

1100°C   and  h a v i n g   a  d u c t i l i t y   g r e a t e r   t h a n   5%.  

5 .   The  a l u m i n i d e   of  c l a i m   4  in   w h i c h   x  i s   b e t w e e n  

0 . 0 8   and  0 . 1 2 .  



6.  The  a l u m i n i d e   of  c l a i m   4  in   w h i c h   x  i s   a b o u t  

0 . 1 0 .  
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