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AMORPHOUS  ALLOY  HAVING  HIGH  CORROSION  RESISTANCE 

[FIELD  OF  THE  INVENTION]  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   an  a m o r p h o u s  

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

s u i t a b l e   as  a  c o r r o s i o n - r e s i s t a n t   m a t e r i a l   in   a  s e v e r e  

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

p h o s p h o r i c   a c i d .  

[BACKGROUND  OF  THE  INVENTION]  

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

c o n c e n t r a t e d   p h o s p h o r i c   a c i d   p l a n t ,   309  ,  310  and  446  Mo 

s t a i n l e s s   s t e e l s   and  C r - M o - T i   s t e e l   a r e   p o p u l a r l y   in  u s e  

it  p r e s e n t .   Even   t h e s e   m a t e r i a l s   a r e   n o t   p r o v i d e d   w i t h  

i  c o r r o s i o n   r e s i s t a n c e   s u f f i c i e n t   to  w i t h s t a n d   a  s e v e r e  

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

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

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

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

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

x  — 
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or  p a t e n t   u n d e r   J a p a n e s e   p a t e n t   i - i u v i & x u u a j .   n ^ x . . ^ ^ -  

o.  5 3 - 5 7 , 1 2 0 ,   J a p a n e s e   P a t e n t   P r o v i s i o n a l   A p p l i c a t i o n  

o.  6 1 - 2 1 0 , 1 4 3 ,   J a p a n e s e   P a t e n t   P r o v i s i o n a l   A p p l i c a t i o n  

o.  6 2 - 3 3 , 7 3 5 ,   and   J a p a n e s e   P a t e n t   P r o v i s i o n a l   A p p l i c a -  

i o n   No.  6 2 - 3 3 , 7 3 6 .  

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

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

. m o r p h o u s   a l l o y s ,   and   f o u n d   a v a i l a b i l i t y   of  an  a m o r p h o u s  

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

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

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

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

l ave   a p p l i e d   f o r   p a t e n t   u n d e r   J a p a n e s e   P a t e n t   A p p l i c a t i o n s  

*os.   6 1 - 2 2 5 , 4 3 5   and   6 1 - 2 2 5 , 4 3 6 .  

J a p a n e s e   P a t e n t   A p p l i c a t i o n   No.  6 1 - 2 2 5 , 4 3 5   c o v e r s  

the   f o l l o w i n g   f o u r   c l a i m s :  

(1)  An  a m o r p h o u s   n i c k e l   a l l o y   h a v i n g   a  h i g h   c o r r o s i o n  

r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Mo  in  an  a m o u n t   of  f r o m  

10  t o   30  a t o m i c   %,  P  in   an  a m o u n t   of  f rom  15  to  23  

a t o m i c   %,  and   t h e   b a l a n c e   e s s e n t i a l l y   N i .  

(2)  An  a m o r p h o u s   n i c k e l   a l l o y   h a v i n g   a  h i g h   c o r r o s i o n  

r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Mo  in   an  a m o u n t   of  f r o m  

10  to   30  a t o m i c   %,  one   or   more   of   B  and   Si  in   a n  
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a m o u n t   of   up  to  7  a t o m i c   %  and   in  a  t o t a l   a m o u n t   w i t h  

P  of   f rom  15  to.  23  a t o m i c   %,  and  t h e   b a l a n c e   e s s e n t i a l -   . 

ly   Ni  . 

C3)  An  a m o r p h o u s   n i c k e l   a l l o y   h a v i n g   a  h i g h   c o r r o s i o n  

r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Mo  in  an  a m o u n t   of  f r o m  

10  to   30  a t o m i c   %,  Cr  in   an  a m o u n t   of   f r o m   30  to   40  

a t o m i c   %,  P  in   an  a m o u n t   of   f rom  3  to  20  a t o m i c   %, 

and  t h e   b a l a n c e   e s s e n t i a l l y   N i .  

C4)  An  a m o r p h o u s   n i c k e l   a l l o y   h a v i n g   a  h i g h   c o r r o s i o n  

r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Mo  in  an  a m o u n t   of   f r o m  

10  to   30  a t o m i c   %,  Cr  i n   an  a m o u n t   of   f rom  30  to   40  

a t o m i c   %,  one  or   more   o f   B  and   Si  in   an  a m o u n t   of  7 

a t o m i c   %  and  in   a  t o t a l   a m o u n t   w i t h   P  of   f r o m   8  t o  

20  a t o m i c   %,  and  t h e   b a l a n c e   e s s e n t i a l l y   N i .  

J a p a n e s e   P a t e n t   A p p l i c a t i o n   No.  6 1 - 2 2 5 , 4 3 6   c o v e r s  

t h e   f o l l o w i n g   s e v e n   c l a i m s :  

(1)  An  a m o r p h o u s   n i c k e l   a l l o y   h a v i n g   a  h i g h   c o r r o s i o n  

r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Ta  in  an  a m o u n t   of   f r o m  

20  to  60  a t o m i c   %,  and  t h e   b a l a n c e   e s s e n t i a l l y   N i .  

(2)  An  a m o r p h o u s   n i c k e l   a l l o y   h a v i n g   a  h i g h   c o r r o s i o n  

r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Ta  in  an  a m o u n t   of  f rom  - 

1  to   25  a t o m i c   %,  P  in   an  a m o u n t   of  f r o m   15  to   23  

a t o m i c   %,  and  t h e   b a l a n c e   e s s e n t i a l l y   N i .  

-  3  -  



3)  An  a m o r p h o u s   n i c k e l   a i ± o y   n a v i n g   a  n i g n   c o u u & i u »  

.  r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Ta  in   an  a m o u n t   of   f r o m  

1  to   25  a t o m i c   %,  one   o r   m o r e   of   B  and   Si   in   a n  

a m o u n t   of   up  to   7  a t o m i c   %  and  in   a  t o t a l   a m o u n t  

w i t h   P  of   f r o m   15  to   23  a t o m i c   %,  and   t h e   b a l a n c e  

e s s e n t i a l l y   N i .  

4)  An  a m o r p h o u s   n i c k e l   a l l o y   h a v i n g   a  h i g h   c o r r o s i o n  

r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Cr  in   an  a m o u n t   of  f r o m  

10  to   40  a t o m i c   %,  P  in   an  a m o u n t   of   f r o m   15  to  23  

a t o m i c   %,  and   t h e   b a l a n c e   e s s e n t i a l l y   N i .  

.5)  An  a m o r p h o u r   n i c k e l   a l l o y   h a v i n g   a  h i g h   c o r r o s i o n  

r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Cr  in   an  a m o u n t   of   f r o m  

10  to   40  a t o m i c   %,  o n e   or   m o r e   of   B  and   Si  in   a n  

a m o u n t   of   up  to   7  a t o m i c   %  and  a  t o t a l   a m o u n t   w i t h  

P  of   f r o m   15  t o   23  a t o m i c   %,  and  t h e   b a l a n c e   e s s e n t i a l -  

ly   N i .  

[6)  An  a m o r p h o u s   n i c k e l   a l l o y   h a v i n g   a  h i g h   c o r r o s i o n  

r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Ta  in   an  a m o u n t   of  up  t o  

20  a t o m i c   %  and   in   a  t o t a l   a m o u n t   w i t h   Cr  of   f rom  10  

to   40  a t o m i c   %,  P  in   an  a m o u n t   of  f r o m   15  to   23  a t o m i c  

%,  and  t h e   b a l a n c e   e s s e n t i a l l y   N i .  

(7)  An  a m o r p h o u s   n i c k e l   a l l o y   h a v i n g   a  h i g h   c o r r o s i o n  

r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Ta  in   an  a m o u n t   of  up  t o  

20  a t o m i c   %  and   a  t o t a l   a m o u n t   w i t h   Cr  of   f rom  10  t o  

-  i  
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4  0  a t o m i c   %,  one  or   more   of   B  and   Si  in   an  a m o u n t   o f  

up  to   7  a t o m i c   %  and  a  t o t a l   a m o u n t   w i t h   P  of  f r o m  

15  to   23  a t o m i c   %,  and  t h e   b a l a n c e   e s s e n t i a l l y   N i .  

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

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

a t u r e s , '   so  t h a t   t h e r e   i s   a v a i l a b l e   no  m e t a l   m a t e r i a l   w h i c h  

can   be  s a f e l y   u s e d .   The  a l l o y s   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   J a p a n e s e   P a t e n t   A p p l i c a t i o n s   No.  6 1 - 2 2 5 , 4 3 5  

and  No.  6 1 - 2 2 5 , 4 3 6   show  a  h i g h   c o r r o s i o n   r e s i s t a n c e   e v e n  

in   s u c h   an  e n v i r o n m e n t .   T h e r e   i s   h o w e v e r   an  i n c r e a s i n g  

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

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

w h e r e   i t   i s   v e r y   d i f f i c u l t   to   u s e   u s u a l   m e t a l   m a t e r i a l s .  

[DISCLOSURE  OF  THE  INVENTION]  

An  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s   t h e r e f o r e  

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

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

e x h i b i t s   a  v e r y   s e v e r e   c o r r o s i v i t y   s u c h   as  h i g h -   t e m p e r a t u r e  

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

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

i t s   s o l i d   s t a t e .   H o w e v e r ,   when   a  m e t h o d   o f   n o t   a l l o w i n g  

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

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

s t a t e   by  l i m i t i n g   t h e   c h e m i c a l   c o m p o s i t i o n   of  an  a l l o y ,  

an  a m o r p h o u s   s t r u c t u r e   s i m i l a r   to  l i q u i d   i s   o b t a i n e d ,  

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

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

p h a s e   a l l o y   of   a  s u p e r - s a t u r a t e d   s o l i d - s o l u t i o n .   I t   h a s  

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

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

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

h i g h   c o r r o s i o n   r e s i s t a n c e .   The  p r e s e n t   i n v e n t o r s   c a r r i e d  

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

a l l o y s ,   and  f o u n d   as  a  r e s u l t   an  a m o r p h o u s   n i c k e l - b a s e  

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

to  p i t   c o r r o s i o n ,   i n t e r s t i t i a l   c o r r o s i o n   or   u n i f o r m   c o r -  

r o s i o n   e v e n   i n   v e r y   c o r r o s i v e   a q u e o u s   s o l u t i o n   s u c h   a s  

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

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

J a p a n e s e   P a t e n t   P r o v i s i o n a l   A p p l i c a t i o n   No.  5 3 - 5 7 , 1 2 0 .  

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

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

s e v e r e   c o r r o s i v e   e n v i r o n m e n t   s u c h   as  t h a t   c o n t a i n i n g  

b o i l i n g   c o n c e n t r a t e d   n i t r i c   a c i d   or   a d d i t i o n a l l y   c o n t a i n -  

i n g   an  o x i d i z e r ,   and  a p p l i e d   f o r   p a t e n t   u n d e r   J a p a n e s e  

-  6  -  
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F a - c e n t   P r o v i s i o n a l   A p p l i c a t i o n   No.  6 1 - 2 1   ,  043 .   T h e y  

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

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

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

p a t e n t   u n d e r   J a p a n e s e   P a t e n t   P r o v i s i o n a l   A p p l i c a t i o n s   N o s .  

6 2 - 3 3 , 7 3 5   and  6 2 - 3 3 , 7 3 6 .   A l l -   t h e s e   a r e   a m o r p h o u s   n i c k e l  

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

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

a t u r e s ,   as  d e s c r i b e d   a b o v e ,   and  a  s u f f i c i e n t   c o r r o s i o n  

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

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

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

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

As  a  r e s u l t ,   t h e y   f o u n d   a v a i l a b i l i t y   of  new  a m o r p h o u s  

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

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

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

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

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

P a ' t e n t   P r o v i s i o n a l   A p p l i c a t i o n s   Nos .   5 3 - 5 7 , 1 2 0 ,   6 1 - 2 1 0 , 1 4 3 ,  

6 2 - 3 3 , 7 3 5 ,   and  6 2 - 3 3 , 7 3 6 ,   and  a p p l i e d   f o r   p a t e n t   u n d e r  

J a p a n e s e   P a t e n t   A p p l i c a t i o n   No.  61-2   2 5 , 4 3 5   and  J a p a n e s e  

P a t e n t   A p p l i c a t i o n   No.  6 1 - 2 2 5 , 4   3 6 .  
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h e i r   s t u d i e s   on  c o r r o s i o n   r e s i s t a n c e   of   a m o r p h o u s   a l l o y s ,   . 

nd  as  a  r e s u l t ,   a c h i e v e d   t h e   p r e s e n t   i n v e n t i o n   by  f o u n d -   - 

ng  o u t   a v a i l a b i l i t y   of   a m o r p h o u s   n i c k e l   a l l o y s   s h o w i n g  

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

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

d e m e n t s   in   a d d i t i o n   to   t h e   a l l o y s   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   J a p a n e s e   P a t e n t   A p p l i c a t i o n   No.  6 1 - 2 2 5 , 4 3 5   a n d  

r a p a n e s e   P a t e n t   A p p l i c a t i o n   No.  6 1 - 2 2 5 , 4 3 6 .  

The  p r e s e n t   i n v e n t i o n   c o n s i s t s   o f   C l a i m s   1  to   7 ,  

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

shown  in   T a b l e   1 .  

T a b l e   1  C h e m i c a l   c o m p o s i t i o n   ( a t o m i c   %)  o f  

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

:i.1m  Ta  
'  

Mo  Cr  Mo.  Cr  Ho.  *  P  8 K * D  
No. 

@  @  ••—  • 
-»/  l..ii  Balance 

t  10-40  2d-30(*2) 

„  at  least  10,  '5-50(*2)  Balance 
-  up  to  25 

3  10-40  Z5-50(*3)  Balance 

4  10-40  2S-50(*4)  "nder  10  Ba1ance 

5  l0_4()  Z5-50(*3)  Under  10  Balance 

15-30(*  D  10-23C*  S>  Balance 
6  at  least  1 

lS-30(*5)  l0-23(=H6)Ba1ance 
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C*2)  T o t a l   a m o u n t   w i t h   T a  

C*3)  T o t a l   a m o u n t   o f   Mo,  Cr  and  T a  

C*4)  T o t a l   a m o u n t   o f   a t   l e a s t   one  of   Mo  and  W,  w i t h   T a  

C*5)  T o t a l   a m o u n t   of   Mo  i n   an  a m o u n t   of  a t   l e a s t   3  a t o m i c  

%  w i t h   W 

(*6)  T o t a l   a m o u n t   o f   one   o r   more   of  B  and  S i ,   w i t h   P ,  

p r o v i d e d   t h a t   t h e   t o t a l   a m o u n t   of   one  or  more   o f   B 

and  Si  i s   up  to   7  a t o m i c   %. 

The  a m o r p h o u s   a l l o y s   a v a i l a b l e   by  v a r i o u s   m e t h o d s  

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

.ng  and  s o l i d i f i c a t i o n   of   m o l t e n   a l l o y s   of  t h e   a b o v e -  

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

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

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

h i c h   e n s u r e s   a  h i g h   c o r r o s i o n   r e s i s t a n c e   i s   t h e r e f o r e  

r o d u c e d   on  any  o f   t h e   a m o r p h o u s   n i c k e l   a l l o y s   of   t h e  

r e s e n t   i n v e n t i o n .  

A  m e t a l   m a t e r i a l   e a s i l y   m e l t s   in   h i g h - t e m p e r a t u r e  

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

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

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

D i l i t y   to  p r o d u c e   a  s t a b l e   p r o t e c t i n g   f i l m   to  t h e   m e t a l  
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a t e r i a l .   T h i s   i s   a c c o m p l i s n e a   Dy  p r e p a r i n g   an  a i x o y  

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

.he  c a s e   of   a  c r y s t a l l i n e   m e t a l ,   h o w e v e r ,   a d d i t i o n   o f  

[ i v e r s e   a l l o y   e l e m e n t s   in   l a r g e   q u a n t i t i e s   o f t e n   r e s u l t s  

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

. c a l   p r o p e r t i e s ,   a n d   a  d e s i r e d   c o r r o s i o n   r e s i s t a n c e  

: a n n o t   be  a c h i e v e d .   G e n e r a t i o n   of  c h e m i c a l   n o n - u n i f o r m i t y  

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

In   c o n t r a s t ,   t h e   a m o r p h o u s   a l l o y   of   t h e   p r e s e n t  

I n v e n t i o n   i s   a  u n i f o r m   s o l i d -   s o l u t i o n   and   u n i f o r m l y   c o n -  

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

F o r m i n g   a  s t a b l e   p r o t e c t i n g   f i l m .   A  u n i f o r m   p r o t e c t i n g  

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

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

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

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

c e n t r a t e d   p h o s p h o r i c   a c i d .   p o o r   in   o x i d i z i n g   p o w e r   i s   t o  

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

be  u n i f o r m l y   p r o d u c e d   on  t h e   m a t e r i a l   in   a  n o n - o x i d i z i n g  

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

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

t h e   f a c t   t h a t   an  a l l o y   h a s   an  a m o r p h o u s   s t r u c t u r e   p e r m i t s  

p r e p a r a t i o n   of   an  a l l o y   w i t h   a  c o m p l i c a t e d   c h e m i c a l   c o m -  

-  iu  -  
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p o s i t i o n   i n t o   a  s i n g l e - p h a s e   s o l i d - s o l u t i o n   and  e n s u r e s  

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

Now,  t h e   r e a s o n s   o f   l i m i t i n g   t h e   c h e m i c a l   c o m -  

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

Ni  i s   an  e l e m e n t   f o r m i n g   t h e   b a s i s   o f   t h e   a l l o y s  

of   t h e   p r e s e n t   i n v e n t i o n ,   w h i c h   f o r m s   an  a m o r p h o u s  

s t r u c t u r e   in   t h e   p r e s e n c e   o f   a t   l e a s t   one   of  Mo  and  C r  

in  a  p r e s c r i b e d   t o t a l   a m o u n t   w i t h   Ta,  and  f o r m s   an  a m o r -  

p h o u s   s t r u c t u r e   a l s o   i n   t h e   p r e s e n c e   of   P.  Ni  a s s i s t s  

t h e   e f f e c t s   o f   Ta,  Mo,  Cr  and  W  r e s p o n s i b l e   f o r   c o r r o s i o n  

r e s i s t a n c e .  

Ta,  Mo,  Cr  and   W  a r e   e l e m e n t s   r e s p o n s i b l e   f o r  

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

f i l m .   When  t h e   t o t a l   c o n t e n t   of   Ta  and  any   of  t h e   o t h e r  

e l e m e n t s   i s   f rom  25  to   50  a t o m i c   %,  a  m e t a l - m e t a l   a l l o y  

t h e r e o f   w i t h   Ni  can   f o r m   an  a m o r p h o u s   s t r u c t u r e .   T h e  

t o t a l   c o n t e n t   of   a t   l e a s t   one   of   Mo  and  Cr  w i t h   Ta  i s  

t h e r e f o r e   s p e c i f i e d   to   be  f r o m   25  to  50  a t o m i c   %  in   C l a i m s  

1  to   5  of   t h e   p r e s e n t   i n v e n t i o n .   H o w e v e r ,   to   a v o i d  

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

J a p a n e s e   P a t e n t   P r o v i s i o n a l   A p p l i c a t i o n   No.  6 2 - 3 3 , 7 3 5   i n  

t h e   c a s e   of  an  a l l o y   n o t   c o n t a i n i n g   Mo,  t h e   t o t a l   c o n t e n t  

of  Cr  w i t h   Ta  in   an  a l l o y   c o n t a i n i n g   Ta  in   an  a m o u n t   o f  

-  11  -  



t  l e a s t   25  a t o m i c   %  s h o u l d   oe  u n a e r   ju  a t o m i c   «.  v  j-t> 

n.  e f f e c t i v e   e l e m e n t   w h i c h   a s s i s t s   f o r m a t i o n   of   a  p r o t e c t -  

ng  f i l m   of   Ta,   Mo,  Cr  o r   W.  H o w e v e r ,   b e c a u s e   a d d i t i o n  

•f  P  i n   a  l a r g e   a m o u n t   to   a  m e t a l - m e t a l   a l l o y   m a k e s   i t  

l i f f i c u l t   to   o b t a i n   an  a m o r p h o u s   s t r u c t u r e ,   t h e   P  c o n t e n t  

.s  s e t   f o r t h ,   to   be  u n d e r   10  a t o m i c   %  in   C l a i m s   4  and   5 

>f  t h e   p r e s e n t   i n v e n t i o n .  

In   an  N i - P   a l l o y ,   on  t h e   o t h e r   h a n d ,   a  h i g h   c o n -  

: e n t   o f   P  p r o d u c e s   an  a m o r p h o u s   s t r u c t u r e   as  a  m e t a l -  

s e m i m e t a l   a l l o y .   '  H o w e v e r ,   a d d i t i o n   of   e x c e s s i v e   p  r a t h e r  

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

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

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

23  a t o m i c   %  i n   C l a i m s   6  and   7  of   t h e   p r e s e n t   i n v e n t i o n .  

As  an  a m o r p h o u s   m e t a l -   s e m i m e t a l   a l l o y   c o n t a i n i n g   P  in   a  

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

p r o t e c t i n g   f i l m ,   t h e   a l l o y   o f   C l a i m   6  of   t h e   p r e s e n t  

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

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

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

and   W  w i t h   Ta  i n   an  a m o u n t   o f   a t   l e a s t   1  a t o m c   %  i s   a t  

l e a s t   10  a t o m i c   %.  S i m i l a r l y ,   an  a m o r p h o u s   m e t a l - m e t a l  

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

—  i /   -  
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c o r r o s i v e   h i g h - t e m p e r a t u r e   c o n c e n t r a t e d   p h o s p h o r i c   a c i d ,  

if-  t h e   t o t a l   a m o u n t   of   W  in   an  a m o u n t   of   a t   l e a s t   3  a t o m i c  

%  and  w  i s   a t   l e a s t   10  a t o m i c   %,  as  in   t h a t   c l a i m e d   i n  

C l a i m   7  of   t h e   p r e s e n t   i n v e n t i o n .   In  t h e   c a s e   of  a  m e t a l -  

s e m i m e t a l   a l l o y ,   a d d i t i o n   of   e x c e s s i v e   Mo,  W  or  Ta  m a k e s  

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

a m o u n t   of   a t   l e a s t   one   of   Mo  and  W  w i t h   Ta  in   an  a m o u n t  

of  1  a t o m i c   %  i s   t h e r e f o r e   s p e c i f i e d   to   be  up  to  30  a t o m i c  

%  i n   C l a i m   6  of   t h e   p r e s e n t   i n v e n t i o n ,   and  t h e   sum  of   Mo 

in   an  a m o u n t   of   a t   l e a s t   3  a t o m i c   %  and  W  i s   s e t   o u t   t o  

be  up  to  30  a t o m i c   %  in   C l a i m   7  o f   t h e   p r e s e n t   i n v e n t i o n .  

E  and  Si   a r e   e l e m e n t s   e f f e c t i v e   f o r   t h e   f o r m a t i o n  

of  an  a m o r p h o u s   s t r u c t u r e   i n   t h e   p r e s e n c e   of   Ni  and  c a n  

r e p l a c e   P.  H o w e v e r ,   in   o r d e r   n o t   to  r e d u c e   t h e   e f f e c t  

of  P  of   p r o m o t i n g   f o r m a t i o n   of  a  p r o t e c t i n g   f i l m ,   i t   i s  

n o t   d e s i r a b l e   t h a t   P  s h o u l d   be  r e p l a c e d   by  one  or   more   o f  

B  and  Si  in   a  t o t a l   a m o u n t   of  o v e r   7  a t o m i c   %. 

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

nay  c o n t a i n   Nb  in   an  a m o u n t   of   up  to  10  a t o m i c   %,  a n d  

r i   and   Zr  in   an  a m o u n t   of   up  to  5  a t o m i c   %  w i t h o u t   i m p a i r -  

ing  t h e   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 .  

For   t h e   p r e p a r a t i o n   of  t h e   a m o r p h o u s   a l l o y   of  t h e  

p r e s e n t   i n v e n t i o n ,   any  of   t h e   v a r i o u s   p o p u l a r l y   u t i l i z e d  
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l e t h o d s   f o r   p r e p a r i n g   an  a m o r p n o u s   a n o y   may  ne  a p p i i e a ,  

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

. i q u i d   a l l o y ,   t h o s e   of   f o r m i n g   an  a m o r p h o u s   a l l o y   t h r o u g h  

:he  g a s e o u s   p h a s e ,   and  t h a t   of   d e s t r o y i n g   t h e   l o n g - p e r i o d  

s t r u c t u r e   of   s o l i d   t h r o u g h   i o n   i n j e c t i o n .  

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

3f  t h e   p r e s e n t   i n v e n t i o n   i s   i l l u s t r a t e d   i n   F i g .   1.  I n  

Tig .   1,  t h e   p o r t i o n   e n c l o s e d   by  t h e   d o t t e d   l i n e   i s  

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

En  t h i s   f i g u r e ,   2  i s   a  s i l i c a   t u b e   h a v i n g   a  v e r t i c a l  

n o z z l e   3  a t   t h e   l o w e r   t i p   t h e r e o f ,   and  t h e   raw  m a t e r i a l  

4  and   t h e   i n e r t   g a s   f o r   p r e v e n t i n g   o x i d a t i o n   of   t h e   r a w  

m a t e r i a l   4  c a n   be  i n t r o d u c e d   t h r o u g h   an  i n l e t   p o r t   1 

p r o v i d e d   on  t h e   t o p   of   t h e   s i l i c a   t u b e   2.  A  h e a t i n g  

f u r n a c e   5  i s   i n s t a l l e d   a r o u n d   t h e   s i l i c a   t u b e   2  to   h e a t  

t h e   a b o v e - m e n t i o n e d   r aw  m a t e r i a l   4.  A  h i g h - s p e e d   r o t a t i n g  

r o l l   7  i s   p l a c e d   v e r t i c a l l y   b e l o w   t h e   n o z z l e   3,  and   i s  

r o t a t e d   by  m e a n s   o f   a  m o t o r   6.  When  p r e p a r i n g   an  a m o r -  

p h o u s   a l l o y ,   t h e   raw  m a t e r i a l   4  h a v i n g   a  p r e s c r i b e d  

c h e m i c a l   c o m p o s i t i o n   i s   c h a r g e d   i n   t h e   s i l i c a   t u b e   2 ,  

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

1 0 " 5   T o r r ,   t h e   t u b e   i s   f i l l e d   w i t h   i n e r t   g a s .  

T h e n ,   t h e   raw  m a t e r i a l   4  i s   h e a t e d   and  m e l t e d   i n  
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t h e   h e a t i n g   f u r n a c e   5,  and  t h e   r e s u l t i n g   m o l t e n   m e t a l   i s  

e j e c t e d   by  m e a n s   of   c o m p r e s s e d   i n e r t   gas   o n t o   t h e   o u t e r  

p e r i p h e r a l   s u r f a c e   of  t h e   r o l l   7  r o t a t i n g   a t   s u c h   a  h i g h  

s p e e d   as  f rom  1 , 0 0 0   to  10 ,0 .00   rpm  by  t h e   a c t i o n   of  t h e  

m o t o r   6.  A p p l i c a t i o n   of  t h i s   m e t h o d   p e r m i t s   p r e p a r a t i o n  

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

s h e e t   h a v i n g ,   f o r   e x a m p l e ,   a  t h i c k n e s s   of  0 . 1   mm,  a  w i d t h  

of   10  mm,  and  a  l e n g t h   of  s e v e r a l   m e t e r s .  

[BRIEF  DESCRIPTION  OF  THE  DRAWING] 

F i g .   1  i s   a  s c h e m a t i c   v i e w   i l l u s t r a t i n g   a n  

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

t h e   p r e s e n t   i n v e n t i o n .   In   F i g .   1,  1:  raw  m a t e r i a l   i n l e t  

p o r t ,   2:  s i l i c a   t u b e ,   3:  n o z z l e   s e c t i o n ,   4:  raw  m a t e r i a l ,  

5:  h e a t i n g   f u r n a c e ,   6:  m o t o r ,   and  7;  h i g h - s p e e d   r o t a t i n g  

r o l l   . 

[EXAMPLE] 

Raw  m a t e r i a l   m e t a l s   w e r e   m i x e d   so  as  to   g i v e   t h e  

c h e m i c a l   c o m p o s i t i o n s   shown  in   T a b l e   2,  and   raw  m a t e r i a l  

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

T h e s e   a l l o y s   w e r e   r e m e l t e d   in   a r g o n   a t m o s p h e r e ,   and  e x t r a -  

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

s i n g l e   r o l l   m e t h o d   as  shown  in  F i g .   1  i n t o   a m o r p h o u s   a l l o y  
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i 

s h e e t s   h a v i n g   a  t h i c k n e s s   o f   f r o m   0 . 0 1   to   0 . 0 5   mm,  a  

t f i d t h   of   f r o m   1  to  3  mm  and   a  l e n g t h   of  f r o m   3  to  20  m.  

F o r m a t i o n   o f   an  a m o r p h o u s   s t r u c t u r e   was  c o n f i r m e d   by  m e a n s  

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

i m e n s   w e r e   g r o u n d   in   c y c l o h e x a n e   up  to   s i l i c o n   c a r b i d e  

p a p e r   No.  1 0 0 0 .   Then   a l l o y   s p e c i m e n s   of  a  p r e s c r i b e d  

l e n g t h   w e r e   c u t ,   i m m e r s e d   in   a b o u t   63%  P 2 ° 5   s o l u t i ° n   a t  

160°C  and   72%  ? 2 ° 5   s o l u t i o n   a t   2 0 0 ° c   f o r   a  p e r i o d   of  f r o m  

7  to   10  d a y s ,   and  t h e   w e i g h t   b e f o r e   and  a f t e r   i m m e r s i o n  

was  m e a s u r e d   by  m e a n s   o f   a  m i c r o - b a l a n c e .   The  r e s u l t s  

o b t a i n e d   a r e   shown  in   T a b l e   3 .  

-  16  -  
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T a b l e   2  C h e m i c a l   c o m p o s i t i o n   of   a l l o y s  

( a t o m i c   %) 

Claim  Specimen  n  Ja  a  Cf  ,  p 
No.  No. 

1  I  7  0  10  20 

2  75  2  0  -  5 

3  70  20  10 

4  60  20  20 

5  60  30  10 

6  60  30  20 

2  7  60  10  30 

8  60  20  20. 

9  61  24  15 

10  56  24  20 

3  11  65  10  20  5 

12  55  20  15  10 

13  60  30  5  5 

4  14  63  10  20  7 

15  62  20  10  8 

16  43  30  15  7 

17  49  40  5  6 

5  18  56  10  15  10  9 

19  57  20  10  10  3 
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i 

;iaira  Specimen  y  u   Mo  Cf  f  p 
No.  No. 

20  60  25  5  5  5 

6  21  67  L  14  13" 

22  65  I  15  19 

23  63  3  15  19 

24  61  5  15  19 

25  60  20  10  10 

26  63  3  15  19 

27  64  20  5  11 

23  63  3  10  5  19 

29  •  61  5  15  14  14(B  :5 )  

30  61  5  15  15  l 5 ( S i : 4 )  

31  6L  5  15  15  •  l5fB  :2* 

.Si:  2. 

32  64  8  15  16  I6fi5  :2~ 

, S i : 2 ,  

33  62  3  16  1  16fB  : f  

S i r l  

7  34  63  3  15  19 

35  66  x̂  5  10  19 

36  66  10  5  19 

37  56  15  10  24 

38  61  17  3  14(B  :5 )  

39  63  15  3  l 6 ( S i : 3 )  

40  62  15  3  I6p3  :  2~ 

.S  i  :  2. 
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T a b l e   3  E x a m p l e s   of  c o r r o d i n g   r a t e   (g /hm  } 

of   t h e   a l l o y s   of   t h e   p r e s e n t  

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

s o l u t i o n  

Specimen  63%  PiOs  .  160T  11%  P,0S  .  200  X 

1  0.0622  0 . 2 2 5  

2  0.0331  0 .154  

3  0.0222  0 .094  

4  0.0182  0 . 1 4 6  

5  .  0.0127  .  0 . 0 4 5  

6  0.0133  0 . 0 4 6  

7  0..  0635  0  :  365 

8  0.0531  0 . 1 2 2  

'9'  0  .  020  1  0 . 0 9 0  

10  0.0192  0 . 0 8 5  

11  0.0597  0 . 2 1 3  

12  0.0195  0 .136  

13  0.0125  0 . 0 4 5  

14  0.0355  0 . 1 8 5  

15  0.0177  0 .134  

16  0.0098  0 .035  

17  0.0075  0 .021  

18  0.0347  •  0 .201  

19  0.0163  0 .127  
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ipecimen  63?S  P-0,  .  160"C  U?6  P-.O,  .  200:C 
No. 

20  0.0099  0 . 0 3 5  

21  0.0345  0 . 2 1 0  

22  0.0303  0 . 1 9 5  

23  0.02-13  0 . 1 3 7  

24  0.0197  0 . 1 7 3  

25  0.0  2  33  0 . 1 7 1  

26  0.0670  0 . 2 5 1  

27  •  0.0252  0 . 1 3 3  

23  0.0233  0 . 1 9 5  

29  0.0211  0 . 1 9 6  

30  0.020!,  0 . 1 9 6  

31  0.0214  0 . 1 3 7  

32  0.0625  0  .  24  4 

33  0.0230  0 . 1 3 3  

34  0.0435  0 . 3 5 3  

35.  0.0403  0 . 2 8 2  

36  0  .  039  1  0  .  2-37 

37  0.0353  0 . 2 1 8  

38  0.0410  0 . 2 6 6  

39  0.0407  0 . 2 3 1  

40  0.0413  0 . 2 7 7  
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The  c o r r o d i n g   r a t e   of  t h e   a m o r p h o u s   a l l o y s   of  t h e  

p r e s e n t   i n v e n t i o n   i s   v e r y   s l i g h t .   As  a  r e s u l t   of  a n a l y s i s  

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

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

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

h y d r a t e d   o x i d e   of  c o n c e n t r a t e d   Ta  and   Mo  or  h y d r a t e d  

o x y h y d r o x i d e   was  p r o d u c e d   on  t h e   a l l o y ,   and  t h i s   w a s  

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

of   t h e   a l l o y   of  t h e   p r e s e n t   i n v e n t i o n .  

[INDUSTRIAL  USE] 

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

t i o n   i s ,   as  d e s c r i b e d   a b o v e   i n   d e t a i l ,   h i g h l y   c o r r o s i o n -  

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

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

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

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

S i n c e   any  of   t h e   p o p u l a r l y   a p p l i e d   known  t e c h n i q u e s  

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

to  t h e   p r e p a r a t i o n   of  t h e   a l l o y   of   t h e   p r e s e n t   i n v e n t i o n ,  

i t   i s   n o t   n e c e s s a r y   to   u s e   a  s p e c i a l   a p p a r a t u s ,   t h u s  

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

p r e s e n t   i n v e n t i o n .  
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)  An  a m o r p h o u s   n i c k e l   a l l o y   h a v i n g   a  h i g h   c o r r o s i o n  

r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Ta  in   an  a m o u n t   o f   f r o m  

10  to   40  a t o m i c   %  ,  Mo  i n   a  t o t a l   a m o u n t   w i t h   Ta  o f  

f r o m   25  to  50  a t o m i c   %,  a n d   t h e   b a l a n c e   e s s e n t i a l l y  

N i .  

!)  An  a m o r p h o u s   n i c k e l   a l l o y   h a v i n g   a  h i g h   c o r r o s i o n  

r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Ta  in   an  a m o u n t   of   a t  

l e a s t   10  a t o m i c   %  and  up  to   24  a t o m i c   %  ,  Cr  i n   a  t o t a l  

a m o u n t   w i t h   Ta  of   f r o m   25  to   50  a t o m i c   %,  and   t h e  

b a l a n c e   e s s e n t i a l l y   N i .  

3)  An  a m o r p h o u s   n i c k e l   a l l o y   h a v i n g   a  h i g h   c o r r o s i o n  

r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Ta  in   an  a m o u n t   of   f r o m  

10  to   40  a t o m i c   %,  Mo,  Cr  and   Ta  in  a  t o t a l   a m o u n t   o f  

f r o m   25  to   50  a t o m i c   %,  and  t h e   b a l a n c e   e s s e n t i a l l y  

N i .  

.4)  An  a m o r p h o u s   n i c k e l   a l l o y   h a v i n g   a  h i g h   c o r r o s i o n  

r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Ta  in   an  a m o u n t   of  f r o m  

10  to   40  a t o m i c   %  ,  Mo  i n   a  t o t a l   a m o u n t   w i t h   Ta  o f  

f r o m   25  to   50  a t o m i c   %  ,  P  i n   an  a m o u n t   of   u n d e r   1 0  

a t o m i c   %,  and   t h e   b a l a n c e   e s s e n t i a l l y   N i .  

(5)  An  a m o r p h o u s   n i c k e l   a l l o y   h a v i n g   a  h i g h   c o r r o s i o n  
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r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Ta  m   an  a m o u n t   of  f r o m  

10  to  40  a t o m i c   %,  Mo,  Cr  and  Ta  in   a  t o t a l   a m o u n t  

of  f rom  25  to  50  a t o m i c   %,  P  in   an  a m o u n t   of  u n d e r  

10  a t o m i c   %,  and  t h e   b a l a n c e   e s s e n t i a l l y   N i .  

An  a m o r p h o u s   n i c k e l   a l l o y   h a v i n g   a  h i g h   c o r r o s i o n  

r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Ta  in   an  a m o u n t   of   a t  

l e a s t   1  a t o m i c   %,  a t   l e a s t   one   of   Mo  and   W  in  a  t o t a l  

a m o u n t   w i t h   Ta  of   f r o m   15  to   30  a t o m i c   %,  a t   l e a s t  

one  of  P,  B  and  Si   in   an  a m o u n t   of   f r o m   10  to   23  a t o m i c  

%,  and  t h e   b a l a n c e   e s s e n t i a l l y   Ni  . 

An  a m o r p h o u s   n i c k e l   a l l o y   h a v i n g   a  h i g h   c o r r o s i o n  

r e s i s t a n c e ,   w h i c h   c o m p r i s e s   Mo  in   an  a m o u n t   of   a t  

l e a s t   3  a t o m i c   %,  W  in   a  t o t a l   a m o u n t   w i t h   Mo  of   f r o m  

15  to  30  a t o m i c   %,  a t   l e a s t   one   of   P,  B  and  Si   in   a n  

a m o u n t   of  f r o m   10  to  23  a t o m i c   %,  and   t h e   b a l a n c e  

e s s e n t i a l l y   N i .  
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