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%  AMORPHOUS  METAL  CONTAINING  IRON  FAMILY  ELEMENT  AND  ZIRCONIUM,  AND  ARTICLES  OBTAINED 
THEREFROM. 
A  metal-metal-type  amorphous  alloy  having  a 

fundamental  composition  represented  by  XaZc  (wherein  X 
represents  one  two  or  more  of  Fe,  Co,  and  Ni,  a  represents 
80-92  atom  %,  Z  represents  Zr,  and  c  represents  8-20  atom  %, 
with  the  sum  of  a  and  c  being  100  atom  %)  and  containing  Zr 

as  a  metal  for  making  the  alloy  amorphous,  and  articles 
manufactured  from  the  alloy.  As  compared  to  metal- 
semimetal  type  amorphous  alloys,  this  alloy  undergoes  less 
change  with  time  or  undergoes  less  embrittlement  due  to  the 
essentially  metal-metal-type  properties  of  this  alloy  and,  in 
addition,  is  excellent  in  strength,  hardness,  corrosion 
resistance,  heat  resistance  etc.,  while  retaining  the  magnetic 
properties  of  iron. 



T e c h n i c a l   F i e l d  

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  a m o r p h o u s  

a l l o y s   and  a r t i c l e s   made  of  s a i d   a l l o y s   and  p a r t i c u l a r l y  

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

z i r c o n i u m   and  a r t i c l e s   made  of  s a i d   a l l o y s .  

B a c k g r o u n d   A r t  

S o l i d   m e t a l s   or  a l l o y s   g e n e r a l l y   p o s s e s s   c r y s t a l -  

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

( t h e   c o o l i n g   r a t e   is   a p p r o x i m a t e l y   1 0 4 - 1 0 6 ° C / s e c ) ,   a  s o l i d  

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

to  a  l i q u i d   s t r u c t u r e   and  has   no  p e r i o d i c   a t o m i c   a r r a n g e -  

m e n t ,   is   o b t a i n e d .   Such  m e t a l s   or  a l l o y s   a r e   r e f e r r e d   t o  

as  a m o r p h o u s   m e t a l s   or  a l l o y s .   In  g e n e r a l ,   m e t a l s   of  t h i s  

t y p e   a r e   a l l o y s   c o n s i s t i n g   of  two  or  more  e l e m e n t s   and  c a n  

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

m e t a l - m e t a l l o i d   a l l o y s   and  i n t e r - m e t a l   ( m e t a l - m e t a l )  

a l l o y s .  

As  t he   f o r m e r   e m b o d i m e n t ,   F i - N i - P - B   ( J a p a n e s e  

P a t e n t   L a i d - O p e n   A p p l i c a t i o n   No.  9 1 0 / 7 4 ) ,   F e - C o - S i - B  

( J a p a n e s e   P a t e n t   L a i d - O p e n   A p p l i c a t i o n   N o .  7 3 , 9 2 0 / 7 6 )   a n d  

t he   l i k e   h a v e   b e e n   k n o w n .  

As  t he   l a t t e r   e m b o d i m e n t ,   o n l y   U - C r - V   ( J a p a n e s e  

P a t e n t   L a i d - O p e n   A p p l i c a t i o n   No.  6 5 , 0 1 2 / 7 6 )   has   b e e n  



r e c e n t l y   r e p o r t e d   e x c e p t   f o r   Z r 6 0 C u 4 O '   Z r 7 8 C o 2 2   and  t h e  

l i k e   w h i c h   w e r e   r e p o r t e d   p r e v i o u s l y .   P a r t i c u l a r l y ,   a s  

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

and  IVB,  VB  Group   e l e m e n t s   w h i c h   c o n t a i n s   l e s s   t h a n  

50  a t o m i c   %  of   IVB  or   VB  Group   e l e m e n t s ,   o n l y   N b 1 0 0 - x N i x  

(x:   3 3 - 7 8 )   and  Z r 1 0 0 - x N i x  ( x :   4 0 - 6 0 )   h a v e   b e e n   k n o w n .  

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

i r o n   g r o u p   e l e m e n t s   and  m e t a l l o i d ,   f o r   e x a m p l e ,   F e - P - C   o r  

F e - N i - P - B   h a v e   e x c e l l e n t   p r o p e r t i e s   in   v i e w   of   s t r e n g t h ,  

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

s t r u c t u r e   of   t h e s e   a l l o y s   i s   u n s t a b l e ,   so  t h a t   t h e   p r o p -  

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

i s   a  g r e a t   p r a c t i c a l   d r a w b a c k .   In  a d d i t i o n ,   i t   has   b e e n  

known  c o n c e r n i n g   t he   h e a t   r e s i s t a n c e   t h a t   t h e   e m b r i t t l e m e n t  

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

t e m p e r a t u r e   as  w e l l   as  a t   a  h i g h e r   t e m p e r a t u r e   t h a n   t h e  

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

b a s e d   on  t h e   f a c t   t h a t   t h e   a t o m i c   r a d i u s   o f   t h e   m e t a l l o i d  

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

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

m e t a l l o i d   a tom  t a k e s   p l a c e   e a s i l y   in  t h e s e   a l l o y s .  

On  t h e   o t h e r   h a n d ,   in   m e t a l - m e t a l   a m o r p h o u s  

a l l o y s ,   i t   ha s   b e e n   known  t h a t   t h e   c o n t e n t   of   e l e m e n t s  

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

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

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



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

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

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

H o w e v e r ,   p r e v i o u s l y   r e p o r t e d   m e t a l - m e t a l   a m o r p h o u s  

a l l o y s   c o n t a i n   a  l a r g e   a m o u n t   of  IVB  and  VB  Group   e l e m e n t s  

( T i ,   Zr ,   V,  Nb,  T a ) ,   so  t h a t   t h e   c o s t   of   raw  m a t e r i a l   i s  

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

and  the   m o l t e n   m e t a l   i s   e a s i l y   o x i d i z e d ,   t h e r e f o r e   t h e  

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

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

r i b b o n ,   s h e e t   and  w i r e   in   good  s h a p e s ,   w h i c h   can  be  u t i l i z e d  

f o r   p r a c t i c a l   u s a g e s   in  i n d u s t r i e s .   F u r t h e r m o r e ,   a  p r o b l e m  

e x i s t s   t h a t   t he   s t r o n g   f e r r o m a g n e t i c   p r o p e r t y   w h i c h   i s  

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

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   is   to  p r o v i d e  

m e t a l - m e t a l   a m o r p h o u s   a l l o y s   in  w h i c h   the   a b o v e   d e s c r i b e d  

d r a w b a c k s   and  p r o b l e m s   of   a l r e a d y   known  m e t a l - m e t a l l o i d  

a m o r p h o u s   a l l o y s   or  m e t a l - m e t a l   a m o r p h o u s   a l l o y s   a r e  

o b v i a t e d   and  i m p r o v e d .  

D i s c l o s u r e   of  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   can  a c c o m p l i s h   t he   a b o v e  

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

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

(1)  and  (2)  and  a r t i c l e s   made  of   s a i d   a m o r p h o u s   a l l o y s .  

(1)  A m o r p h o u s   a l l o y s   c o n t a i n i n g   i r o n   g r o u p   e l e m e n t s   a n d  

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



f o l l o w i n g   f o r m u l a  

w h e r e i n   X@  shows  t h a t   a t   l e a s t   one  e l e m e n t   s e l e c t e d  

from  t h e   g r o u p  c o n s i s t i n g   of   Fe,   Co  and  Ni  i s   c o n t a i n e d  

in  an  a m o u n t   o f   a  a t o m i c % ,   Zy  shows  t h a t   Zr  i s   c o n -  

t a i n e d   in   an  a m o u n t   of   y  a t o m i c % ,   t h e   sum  of   a  and  y 

i s   100  and  a  i s   80  to  92  and  y  i s   8  to  2 0 .  

(2)  A m o r p h o u s   a l l o y s   c o n t a i n i n g   i r o n   g r o u p   e l e m e n t s   a n d  

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

f o l l o w i n g   f o r m u l a  

w h e r e i n   X ,   shows  t h a t   a t   l e a s t   one  e l e m e n t   s e l e c t e d  

f rom  t h e   g r o u p   c o n s i s t i n g   of   Fe,   Co  and  Ni  i s   c o n t a i n e d  

in  an  a m o u n t   of   a '   a t o m i c % ,   Yβ,  shows  t h a t   a t   l e a s t  

one  e l e m e n t   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of   C r ,  

Mo  and  W  b e l o n g i n g   to  VIB  G r o u p ,   T i ,   V,  Nb  and  T a  

b e l o n g i n g   to  IVB  or   VB  G r o u p ,   Mn  and  Cu  of   t r a n s i t i o n  

m e t a l s ,   Be,  B,  A l ,   S i ,   I n ,   C,  Ge,  Sn,  N,  P,  As  and  Sb  

b e l o n g i n g   to  I I A ,   I I I A ,   IVA  or  VA  Group   and  l a n t h a n u m  

g r o u p   e l e m e n t s   i s   c o n t a i n e d   in  an  a m o u n t   of   β'  a t o m i c % ,  

and  Z  ,   shows  t h a t   Zr  i s   c o n t a i n e d   in   an  a m o u n t   o f  

y'  a t o m i c % ,   t h e   sum  of   a ' ,   β'  and  y'  i s   100  and  e a c h  

v a l u e   o f   a ' ,   β'  and  y'  i s   shown  in  t h e   f o l l o w i n g   ( A ) ,  

(B) ,   ( C ) ,   (D) ,   (E)  and  ( F ) ,  



(A)  when  Y  i s   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of  Cr ,   Mo  and  W,  a '   i s   40  t o  

92,  β'  i s   n o t   more  t h a n   40  and  y'  i s   5  to  2 0 ,  

p r o v i d e d   t h a t   t h e   sum  of   β'  and  y'  i s   n o t   l e s s  

t h a n   8 ,  

(B)  when  Y  is   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of  T i ,   V,  Nb,  Ta,   Cu  and  Mn,  

a '   i s   45  to  92,   β'  i s   n o t   more  t h a n   35,  y'  i s   5 

to  20,  p r o v i d e d   t h a t   t h e   sum  of   β'  and  y'  is   n o t  

l e s s   t h a n   8 ,  

(C)  when  Y  is   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of   Be,  B,  Al  and  S i ,   a '   i s   67 

to  92,   β'  i s   l e s s   t h a n   13  and  y'  i s   3  to  2 0 ,  

p r o v i d e d   t h a t   t he   sum  of   β'  and  y'  is   n o t   l e s s  

t h a n   8 ,  

(D)  when  Y  is   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of   C,  N,  P,  Ge,  In ,   Sn,  As  a n d  

Sb,  a '   i s   70  to   92,   β'  i s   n o t   more   t h a n   10  a n d  

y'  i s   5  to  20,   p r o v i d e d   t h a t   t h e   sum  of  β'  a n d  

γ'  i s   n o t   l e s s   t h a n   8 ,  

(E)  when  Y  is   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f r o m  

l a n t h a n u m   g r o u p   e l e m e n t s ,   a '   i s   70  to  92,   β'  i s  

no t   more  t h a n   10  and  y'  i s   8  to  20,  p r o v i d e d  

t h a t   the   sum  of  β'  and  y'  is   n o t   l e s s   t h a n   8 ,  

a n d  

(F)  when  e l e m e n t s   of   a t   l e a s t   two  g r o u p s   s e l e c t e d  



f rom  t h e   a b o v e   d e s c r i b e d   g r o u p s   (A) ,   (B ) ,   ( C ) ,  

(D)  and  (E)  a r e   c o m b i n e d ,   β'  i s   w i t h i n   t h e   r a n g e  

of   β'  v a l u e   in   e a c h   o f   t h e   g r o u p s   (A) ,   ( B ) ,   ( C ) ,  

(D)  and  (E)  and  t h e   t o t a l   v a l u e   of   β'  i s   n o t  

more   t h a n   40,   a '   i s   40  to  92,   y'  i s   5  to  20  a n d  

t h e   sum  of   β'  and  y'  i s   n o t   l e s s   t h a n   8,  p r o v i d e d  

t h a t   when  a t   l e a s t   one  e l e m e n t   i s   s e l e c t e d   f r o m  

e a c h   of   t he   g r o u p s   (C)  and  (D) ,   t h e   sum  of  t h e s e  

e l e m e n t s   i s   l e s s   t h a n   13  a t o m i c % .  

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

w h i c h   c o n t a i n   a  s m a l l   a m o u n t   of   8  to  20  a t o m i c %   of  Zr  a s  

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

a l l o y s   of  i r o n   g r o u p   e l e m e n t s   of   Fe ,   Co  and  Ni ,   s c a r c e l y  

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

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

c o r r o s i o n   r e s i s t a n c e   and  h e a t   r e s i s t a n c e   and  do  n o t  

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

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

i n v e n t i o n .  

B r i e f   D e s c r i p t i o n   of   t h e   D r a w i n g s  

F i g .   1  i s   a  g r a p h   s h o w i n g   r e l a t i o n   b e t w e e n  

a g e i n g   t e m p e r a t u r e   and  f r a c t u r e   s t r a i n   ε f   of   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   and  w e l l   known  m e t a l -  

m e t a l l o i d   a m o r p h o u s   a l l o y s ;  

F i g s .   2 ( a )   and  (b)  a r e   s c h e m a t i c   v i e w s   o f  

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



F i g .   3  i s   a  g r a p h   s h o w i n g   r e l a t i o n   b e t w e e n  

an  a m o u n t   of   VA  Group   e l e m e n t s   a d d e d   and  t h e   c r y s t a l l i z a t i o n  

t e m p e r a t u r e .  

B e s t   Mode  of  C a r r y i n g   Out  t he   I n v e n t i o n  

A  m a j o r   p a r t   of  a m o r p h o u s   a l l o y s   of  t he   p r e s e n t  

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

t h a t   t h e s e   a l l o y s   can  m a i n t a i n   t he   d u c t i l i t y   and  t o u g h n e s s  

even   a t   t e m p e r a t u r e   c l o s e   to  t he   c r y s t a l l i z a t i o n   t e m p e r a t u r e  

as  shown  in  F i g .   1  and  t h a t   even   a t   a  h i g h e r   t e m p e r a t u r e  

t h a n   the   c r y s t a l l i z a t i o n   t e m p e r a t u r e ,   t he   e x t e n t   of  e m b r i t t l e -  

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

a  l a r g e   amoun t   of  m e t a l l o i d .  

In  g e n e r a l ,   t he   e m b r i t t l e m e n t   of  a m o r p h o u s  

a l l o y s   has  b e e n   e s t i m a t e d   by  t he   p r o c e s s   w h e r e i n   an  a m o r p h o u s  

a l l o y   r i b b o n   is   p u t   b e t w e e n   two  p a r a l l e l   p l a t e s   and  t h e  

d i s t a n c e   L  b e t w e e n   t he   p a r a l l e l   p l a t e s   i s   m e a s u r e d   a n d  

a  v a l u e   L  when  t he   s a m p l e   r i b b o n   is   f r a c t u r e d   by  b e n d i n g ,  

i s   d e t e r m i n e d   and  t he   f r a c t u r e   s t r a i n   i s   d e f i n e d   by  t h e  

f o l l o w i n g   f o r m u l a  

w h e r e i n   t  is   t he   t h i c k n e s s   of  t he   r i b b o n .   The  i n v e n t o r s  

have   m e a s u r e d   t he   f r a c t u r e   s t r a i n   s f   w i t h   r e s p e c t   to  t h e  

s a m p l e s   m a i n t a i n e d   a t   e a c h   t e m p e r a t u r e   f o r   100  m i n u t e s   f o r  

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



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

t h i s   m e t h o d .   The  a b o v e   d e s c r i b e d   F i g .   1  shows   t h a t   e v e n  

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

l o w e r   in  t h e   c r y s t a l l i z a t i o n   t e m p e r a t u r e   Tx  t h a n  

( C o 9 4 F e 6 ) 0 . 7 5 S i 1 5 B 1 0   a l l o y   w h i c h   i s   r e l a t i v e l y   s t r o n g  

a g a i n s t   t h e   e m b r i t t l e m e n t   among  t h e   m e t a l - m e t a l l o i d   a m o r p h o u s  

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

i s   100°C   h i g h e r   and  t h i s   shows  t h a t   t h e   e m b r i t t l e m e n t   i s  

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

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

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

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

a r e   u s e d   f o r   t o o l s ,   s u c h   as  b l a d e s ,   s a w s ,   e t c . ,   f o r   h a r d  

w i r e s ,   s u c h   as  t i r e   c o r d s ,   w i r e   r o p e s ,   e t c . ,   and  f o r  

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

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

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

p r o c e s s e s   h a v e   b e e n   p r o p o s e d .   For   e x a m p l e ,   t h e   p r o c e s s  

w h e r e i n   a  m o l t e n   m e t a l   i s   c o n t i n u o u s l y   e j e c t e d   on  an  o u t e r  

c i r c u m f e r e n t i a l   s u r f a c e   of   a  d i s c   ( F i g .   2 ( a ) )   r o t a t i n g   a t  

a  h i g h   s p e e d   or   b e t w e e n   two  r o l l s   ( F i g .   2 ( b ) )   r e v e r s e l y  

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

t h e   m o l t e n   m e t a l   on  the   s u r f a c e   of  t h e   r o t a r y   d i s c   or   b o t h  

r o l l s   a t   a  c o o l i n g   r a t e   of   a b o u t   105  to  1 0 6 ° C / s e e   and  t o  

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

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



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

d e v e l o p e d   by  one  of  t he   i n v e n t o r s   ( J a p a n e s e   P a t e n t   L a i d - O p e n  

A p p l i c a t i o n   No.  1 2 5 , 2 2 8 / 7 8 ,   No.  1 2 5 , 2 2 9 / 7 8   may  be  u s e d .  

The  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  

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

m e t a l   and  by  t h e   a b o v e   d e s c r i b e d   v a r i o u s   p r o c e s s e s   w i r e -  

s h a p e d   or  s h e e t - s h a p e d   a m o r p h o u s   a l l o y s   of   t he   p r e s e n t  

i n v e n t i o n   can  be  p r o d u c e d .   F u r t h e r m o r e ,   a m o r p h o u s   a l l o y  

p o w d e r s   f rom  a b o u t   s e v e r a l   pm  to  10  pm  can  be  p r o d u c e d   b y  

b l o w i n g   t he   m o l t e n   m e t a l   to  a  c o o l i n g   c o p p e r   p l a t e   u s i n g  

a  h i g h   p r e s s u r e   gas   ( n i t r o g e n ,   a r g o n   gas  and  t he   l i k e )   t o  

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

e x a m p l e ,   by  an  a t o m i z i n g   p r o c e s s .   A c c o r d i n g l y ,   p o w d e r s ,  

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

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

can  be  p r o d u c e d   in  c o m m e r c i a l   s c a l e .  

In  t h e   a l l o y s   of  t he   p r e s e n t   i n v e n t i o n ,   even   i f  

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

s t a r t i n g   m a t e r i a l s ,   of  i m p u r i t i e s ,   f o r   e x a m p l e ,   Hf,   0,  S ,  

e t c .   is   c o n t a i n e d ,   t he   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   c a n  

be  a c c o m p l i s h e d .  

P a r t i c u l a r l y ,   Hf  i s   g e n e r a l l y   c o n t a i n e d   i n  

an  amoun t   of   1  to  3%  in  raw  o r e   of   Zr  to  be  u s e d   as  o n e  

c o m p o n e n t   of  t he   a l l o y s   of  t he   p r e s e n t   i n v e n t i o n   and  Hf  i s  

v e r y   s i m i l a r   to  Zr  in  the   p h y s i c a l   and  c h e m i c a l   p r o p e r t i e s ,  

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



and  r e f i n e   Zr  by  u s u a l   r e f i n i n g   p r o c e s s .   In  t he   p r e s e n t  

i n v e n t i o n ,   e v e n   i f   a b o u t   2%  of   Hf  i s   c o n t a i n e d ,   t h e   o b j e c t  

o f   t he   p r e s e n t   i n v e n t i o n   can   be  a t t a i n e d .  

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

o f   t he   p r e s e n t   i n v e n t i o n   i s   shown  in  t h e   f o l l o w i n g   T a b l e   1 

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

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



In  t he   a l l o y s   of  t h e   f i r s t   a s p e c t   of   t he   p r e s e n t  

i n v e n t i o n ,   Zr  has   t h e   e f f e c t   to  a c t   as  an  a m o r p h o u s   f o r m i n g  

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

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



g r o u p   e l e m e n t s   and  Zr  a r e   c o m b i n e d ,   a t   l e a s t   8  a t o m i c %   o f  

Zr  i s   n e c e s s a r y   f o r   a m o r p h o u s   f o r m a t i o n   and  when  Zr  i s  

l e s s   t h a n   8  a t o m i c % ,   e v e n   i f   t h e   m o l t e n   m e t a l   i s   r a p i d l y  

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

C o 9 5 Z r 5   or  F e 9 4 Z r 6 ,   a  c o m p l e t e   c r y s t a l l i n e   s t a t e   i s   f o r m e d  

and  in   t he   c o m p o s i t i o n   of   C o 9 3 Z r 7 ,   t he   r a t i o   o f   t h e  

a m o r p h o u s   s t r u c t u r e   i s   a b o u t   50%  in   t h e   w h o l e   s t r u c t u r e .  

In  t h e   a l l o y s   c o n t a i n i n g   more  t h a n   20  a t o m i c %   o f  

Zr ,   t he   m e l t i n g   p o i n t   i s   h i g h e r   t h a n   2 , 0 0 0 ° C   and  t h e  

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

a d d e d   m u s t   be  f rom  8  to  20  a t o m i c % .  

An  e x p l a n a t i o n   w i l l   be  made  w i t h   r e s p e c t   to  t h e  

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

(A)  When  Cr ,   Mo  or   W  b e l o n g i n g   to  VIB  Group   i s   a d d e d  

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

is   r a i s e d   as  shown  in  F i g .   3  and  t h e r m a l   s t a b i l i t y   i s  

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

h i g h   in  W. 

Cr  and  Mo  h a v e   t h e   e f f e c t   f o r   i m p r o v i n g   t h e  

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

when  a t   l e a s t   one  e l e m e n t   of   Cr ,   Mo  and  W  is   a d d e d   i n  

t he   t o t a l   a m o u n t   of   more   t h a n   40  a t o m i c % ,   the   e m b r i t -  

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

d i f f i c u l t ,   so  t h a t   t h e   u p p e r   l i m i t   i s   40  a t o m i c % .  

By  t h e   s y n e r g i s t i c   e f f e c t   of   Zr  and  t he   a b o v e  

d e s c r i b e d   VIB  Group   e l e m e n t s ,   e v e n   i f   t h e   a m o u n t   o f  



Zr  i s   l e s s   t h a n   8  a t o m i c %   of   t h e   l o w e r   l i m i t   of  Zr  o f  

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

the   a m o r p h o u s   f o r m a t i o n   of  i r o n   g r o u p   e l e m e n t s   can   b e  

a t t a i n e d .   H o w e v e r ,   when  t he   a m o u n t   of   Zr  i s   l e s s  

t h a n   5  a t o m i c %   or  more  t h a n   20  a t o m i c % ,   t he   a m o r p h o u s  

f o r m a t i o n   c a n n o t   be  a t t a i n e d ,   so  t h a t   Zr  mus t   be  5  t o  

20  a t o m i c % .   F u r t h e r m o r e ,   when  t he   sum  of  t he   a b o v e  

d e s c r i b e d   VIB  Group   e l e m e n t s   and  Zr  i s   l e s s   t h a n  

8  a t o m i c % ,   t he   a m o r p h o u s   f o r m a t i o n   i s   d i f f i c u l t ,   s o  

t h a t   s a i d   sum  m u s t   be  n o t   l e s s   t h a n   8  a t o m i c % .  

In  a l l o y s   h a v i n g   the   c o m p o s i t i o n   shown  by  t h e  

f o r m u l a   ( F e l - x  C o x ) - Y - Z r ,   when  x  i s   more   t h a n   0 . 5 ,  

t h a t   i s   in  t h e   c o m p o s i t i o n   w h e r e i n   Co  i s   a l o n e   or  t h e  

n u m b e r   of  Co  a tom  i s   l a r g e r   t h a n   t h e   n u m b e r   of  F e  

a t o m ,   Mo  has   t h e   l a r g e   e f f e c t   f o r   r e d u c i n g   the   a m o u n t  

of  Zr  n e c e s s a r y   f o r   t h e   a m o r p h o u s   f o r m a t i o n ,   and  w h e n  

x  i s   l e s s   t h a n   0 . 5 ,   t h a t   i s ,   in  t he   c o m p o s i t i o n  

w h e r e i n   Fe  i s   a l o n e   or   t h e   n u m b e r   of   Fe  a tom  i s  

l a r g e r   t h a n   t h e   n u m b e r   of  Co  a t o m ,   Cr  has   t he   l a r g e  

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

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

Cr  has   p a r t i c u l a r l y   a  l a r g e   e f f e c t   f o r   i m p r o v i n g  

t he   m a g n e t i c   p r o p e r t y   b u t   in  any  c a s e   of  Cr ,   Mo  a n d  

W,  when  the   a m o u n t   of   t h e s e   e l e m e n t s   e x c e e d s   20  a t o m i c % ,  

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

l o s t   or  t he   m a g n e t i c   i n d u c t i o n   i s   c o n s i d e r a b l y   r e d u c e d ,  



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

n o t   more   t h a n   20  a t o m i c %   i s   p r e f e r a b l e .  

(B)  T i ,   V,  Nb,  Ta,   Cu  and  Mn  a r e   a d d e d   in   o r d e r   t o  

make  t he   p r o d u c t i o n   o f   t h e   a l l o y s   more   e a s y ,   i n c r e a s e  

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

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

In  p a r t i c u l a r ,   among  T i ,   V,  Nb,  Ta,   Cu  and  Mn,  V  h a s  

t h e   n o t i c e a b l y   e f f e c t   f o r   r a i s i n g   t h e   c r y s t a l l i z a t i o n  

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

e a s y ,   T i ,   Nb  and  Ta  h a v e   the   n o t i c e a b l e   e f f e c t   f o r  

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

t h e   t h e r m a l   s t a b i l i t y ,   Cu  and  Mn  h a v e   t h e   e f f e c t   f o r  

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

e f f e c t i v e   f o r   i m p r o v i n g   the   c o r r o s i o n   r e s i s t a n c e .  

H o w e v e r   t h e   a d d i t i o n   of   more  t h a n   35  a t o m i c %   of   a n y  

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

d i f f i c u l t ,   so  t h a t   t h e   u p p e r   l i m i t   m u s t   be  35  a t o m i c % .  

C o n c e r n i n g   e a c h   e l e m e n t   of   V,  Nb  and  Ta  b e l o n g i n g   t o  

VB  G r o u p ,   t h e   a d d i t i o n   of   more  t h a n   20  a t o m i c %   i n c r e a s e s  

t h e   e m b r i t t l e m e n t   of   t he   a m o r p h o u s   a l l o y s ,   so  t h a t  

s a i d   a m o u n t   i s   p r e f e r r e d   to  be  n o t   more   t h a n   20  a t o m i c % .  

Zr  can   fo rm  a m o r p h o u s   a l l o y s   o f   i r o n   g r o u p  

e l e m e n t s   by  t he   s y n e r g i s t i c   e f f e c t   w i t h   t he   a b o v e  

d e s c r i b e d   e l e m e n t s ,   even   i f   t he   a m o u n t   of   Zr  i s   l e s s  

t h a n   8  a t o m i c %   of   t he   l o w e r   l i m i t   of   Zr  in   t h e   a l l o y s  

of  t h e   f i r s t   a s p e c t   of   t he   p r e s e n t   i n v e n t i o n .   H o w e v e r ,  



i f   s a i d   a m o u n t   i s   l e s s   t h a n   5  a t o m i c %   or   more   t h a n  

20  a t o m i c % ,   t h e   a m o r p h o u s   f o r m a t i o n   i s   i n f e a s i b l e ,   s o  

t h a t   t he   a m o u n t   of  Zr  mus t   be  5  to  20  a t o m i c % .  

F u r t h e r m o r e ,   when  t he   sum  of   Zr  and  a t   l e a s t   one  o f  

V,  Nb,  Ta,   Cu,  Mn,  and  Ti  is   l e s s   t h a n   8  a t o m i c % ,   t h e  

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

sum  mus t   be  n o t   l e s s   t h a n   8  a t o m i c % .  

(C)  At  l e a s t   one  e l e m e n t   of  Be,  B,  Al  and  Si  b e l o n g -  

ing   to  I I A ,   I I I A   or  IVA  Group  a i d s   t he   a m o r p h o u s  

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

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

and  t he   c o r r o s i o n   r e s i s t a n c e .  

H o w e v e r ,   when  more  t h a n   13  a t o m i c %   is   a d d e d ,   t h e  

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

t h e r m a l   s t a b i l i t y   w h i c h   i s   one  g r e a t   c h a r a c t e r i s t i c  

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

d e t e r i o r a t e d ,   so  t h a t   t h e   a m o u n t   of   l e s s   t h a n  

13  a t o m i c % ,   p r e f e r a b l y   l e s s   t h a n   10  a t o m i c %   is   p r e f e r r e d .  

F u r t h e r m o r e ,   Zr  can   form  t he   a m o r p h o u s   a l l o y s   of  i r o n  

g r o u p   e l e m e n t s  b y   t h e   s y n e r g i s t i c   e f f e c t   w i t h   Be,  B ,  

AQ  or  S i ,   e v e n   i f   t he   a m o u n t   i s   l e s s   t h a n   8  a t o m i c %  

of  the   l o w e r   l i m i t   of  Zr  in  t h e   a l l o y s   of  t h e   f i r s t  

a s p e c t   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 ,   i f   t h e  

amount   i s   l e s s   t h a n   3  a t o m i c %   or  more   t h a n   20  a t o m i c % ,  

the   a m o r p h o u s   f o r m a t i o n   i s   i n f e a s i b l e ,   so  t h a t   Z r  

mus t   be  3  to  20  a t o m i c % .   When  t h e   sum  of  Zr  and  a t  



l e a s t   one  of   Be,  B,  A-e  and  Si  i s   l e s s   t h a n   8  a t o m i c % ,  

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

t he   sum  m u s t   be  n o t   l e s s   t h a n   8  a t o m i c % .  

(D)  At  l e a s t   one  e l e m e n t   of   C,  N,  P,  Ge,  I n ,   Sn,  As  

and  Sb  b e l o n g i n g   to  I I I A ,   IVA  or   VA  Group   a i d s   t h e  

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

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

P  i m p r o v e s   t h e   c o r r o s i o n   r e s i s t a n c e   in   c o e x i s t e n c e   o f  

Cr  b u t   when  t h e   a m o u n t   e x c e e d s   10  a t o m i c % ,   t h e   a l l o y s  

a r e   e m b r i t t l e d ,   so  t h a t   s a i d   a m o u n t   m u s t   be  n o t   m o r e  

t h a n   10  a t o m i c % .   F u r t h e r m o r e ,   Zr  can   form  t h e   a m o r p h o u s  

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

e f f e c t   w i t h   C,  N,  P,  Ge,  I n ,   Sn,  As  or   Sb,  e v e n   w h e n  

t h e   a m o u n t   of  Zr  i s   l e s s   t h a n   8  a t o m i c %   of   t h e   l o w e r  

l i m i t   of   Zr  in   t h e   a l l o y s   of   t h e   f i r s t   a s p e c t   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 ,   when  Zr  i s   l e s s   t h a n  

5  a t o m i c %   or   more   t h a n   20  a t o m i c % ,   t h e   a m o r p h o u s  

f o r m a t i o n   i s   i m p o s s i b l e ,   so  t h a t   Zr  m u s t   be  5  t o  

20  a t o m i c % .   When  t h e   sum  of   t h e   a b o v e   d e s c r i b e d  

e l e m e n t s   and  Zr  i s   l e s s   t h a n   8  a t o m i c % ,   t h e   a m o r p h o u s  

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

n o t   l e s s   t h a n   8  a t o m i c % .  

(E)  The  a d d i t i o n   of  l a n t h a n u m   g r o u p   e l e m e n t s   f a c i l i -  

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

a d d i t i o n   o f   more   t h a n   10  a t o m i c %   of   l a n t h a n u m   g r o u p  

e l e m e n t s   c o n s i d e r a b l y   e m b r i t t l e s   t he   a l l o y s ,   so  t h a t  



t he   a m o u n t   of  a d d i t i o n   mus t   be  n o t   more   t h a n   10  a t o m i c % .  

When  Zr  i s   l e s s   t h a n   8  a t o m i c %   or  more   t h a n   20  a t o m i c % ,  

t he   a m o r p h o u s   f o r m a t i o n   is   i m p o s s i b l e ,   so  t h a t   Z r  

mus t   be  8  to  20  a t o m i c % .   When  the   sum  of   t he   a b o v e  

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

t h a n   8  a t o m i c % ,   t h e   a m o r p h o u s   f o r m a t i o n   b e c o m e s  

d i f f i c u l t ,   so  t h a t   s a i d   sum  mus t   be  n o t   l e s s   t h a n  

8  a t o m i c % .  

(F)  When  the   t o t a l   a m o u n t   of  the   t h i r d   e l e m e n t   g r o u p  

as  m e n t i o n e d   in  t h e   a b o v e   g r o u p s   ( A ) - ( E )   e x c e e d s  

40  a t o m i c % ,   t he   e m b r i t t l e m e n t   o c c u r s   and  t he   p r o d u c -  

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

n o t   more  t h a n   40  a t o m i c %   b u t   in  t h i s   c a s e ,   when  t h e  

sum  of  e l e m e n t s   s e l e c t e d   from  e a c h   of   t he   g r o u p  

c o n s i s t i n g   of   Be,  B,  Ak  and  Si  and  t he   g r o u p   c o n s i s t -  

ing   of  C,  N,  P,  I n ,   Sn,  As  and  Sb  e x c e e d s   13  a t o m i c % ,  

t he   t h e r m a l   s t a b i l i t y   i s   d e t e r i o r a t e d   or   t he   a l l o y s  

a r e   e m b r i t t l e d ,   so  t h a t   t he   sum  m u s t   be  l e s s   t h a n  

13  a t o m i c % .  

Zr  can  form  t h e   a m o r p h o u s   a l l o y s   of  i r o n   g r o u p  

e l e m e n t s   by  the   s y n e r g i s t i c   e f f e c t   w i t h   t he   t h i r d  

e l e m e n t s   m e n t i o n e d   in  t he   above   d e s c r i b e d   g r o u p s  

( A ) - ( E ) ,   even   i f   t he   a m o u n t   is   l e s s   t h a n   8  a t o m i c %   o f  

the   l o w e r   l i m i t   of   Zr  in  the   f i r s t   a s p e c t   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 ,   when  s a i d   a m o u n t   is   l e s s  

t h a n   5  a t o m i c %   or   more   t h a n   20  a t o m i c % ,   t h e   a m o r p h o u s  



f o r m a t i o n   i s   i m p o s s i b l e ,   so  t h a t   Zr  m u s t   be  5  t o  

20  a t o m i c % .   F u r t h e r m o r e ,   when  t h e   sum  of   t h e   a b o v e  

d e s c r i b e d   e l e m e n t s   and  Zr  i s   l e s s   t h a n   8  a t o m i c % ,   t h e  

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

a b o v e   d e s c r i b e d   sum  m u s t   be  n o t   l e s s   t h a n   8  a t o m i c % .  

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

c o r r o s i o n   r e s i s t a n c 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   a r e   shown  in  t he   f o l l o w i n g   E x a m p l e s .  

E x a m p l e   1 

By  u s i n g   an  a p p a r a t u s   as  shown  in   F i g .   2 a ,  

v a r i o u s   a m o r p h o u s   a l l o y   r i b b o n s   h a v i n g   a  w i d t h   of   2  mm  a n d  

a  t h i c k n e s s   of   25  pm  a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n  

w e r e   p r o d u c e d .   The  f o l l o w i n g   T a b l e   2  shows   t h e   c o m p o n e n t  

c o m p o s i t i o n   o f   t he   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   and  t h e  

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

The  a l l o y s   o f   t he   p r e s e n t   i n v e n t i o n   h a v e   t h e   c r y s t a l l i z a t i o n  

t e m p e r a t u r e   h i g h e r   t h a n   a b o u t   410°C  and  p a r t i c u l a r l y   s a i d  

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

r e a c h e s   a b o u t   600°C  and  t h e   V i c k e r s   h a r d n e s s   i s   more   t h a n  

500  and  t h e   a l l o y s   a r e   v e r y   h a r d .  







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

t he   p r e s e n t   i n v e n t i o n   a r e   shown  in  t he   f o l l o w i n g   T a b l e   3 .  



In  t h e   a l l o y s   in   T a b l e   3  e x c e p t   f o r   t h e   a l l o y s  

c o n t a i n i n g   B,  t he   m a g n e t i c   i n d u c t i o n   i s   h i g h   as  7 , 0 0 0   t o  

1 5 , 8 0 0   and  t h e   c o e r c i v e   f o r c e   i s   r e l a t i v e l y   low,   and  t h e  

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

The  g r e a t e s t   c h a r a c t e r i s t i c   of   t h e s e   a l l o y s   i s  

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

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

m a g n e t i c   p r o p e r t i e s   of  t he   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 ,  

t h e   a m o r p h o u s   a l l o y   h a v i n g   t h e   c o m p o s i t i o n   of   F e 4 5 C o 3 6 C r 9 Z r 1 0  

in  T a b l e   3  was  h e a t e d   a t   465°C  f o r   10  m i n u t e s   to  r e m o v e  

t h e   s t r a i n ,   and  t h e n   h e a t e d   a t   100°C  f o r   1 , 0 0 0   m i n u t e s .  



The  c o e r c i v e   f o r c e   was  0 . 0 3   Oe  and  no  v a r i a t i o n   was  f o u n d .  

T h i s   shows  t h a t   t he   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   m o r e  

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

a l l o y ,   f o r   e x a m p l e ,   F e 5 C o 7 0 S i 1 5 B 1 0 .   When  the   a l l o y  

F e 5 C o 7 0 S i 1 5 B 1 0   was  h e a t e d   a t   100°C  f o r   1 , 0 0 0   m i n u t e s ,   t h e  

c o e r c i v e   f o r c e   v a r i e d   f rom  0 . 0 1   Oe  to  0 . 0 6   O e .  

E x a m p l e   2 

R i b b o n - f o r m e d   s a m p l e s   of  the   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   were   i m m e r s e d   in  a q u e o u s   s o l u t i o n s   o f  

1N-H2SO4,   1N-HCl  and  1N-NaCl   a t   30°C  f o r   one  week  to  c a r r y  

ou t   a  c o r r o s i o n   t e s t .   The  o b t a i n e d   r e s u l t s   a r e   shown  i n  

the   f o l l o w i n g   T a b l e   4  t o g e t h e r   w i t h   t he   r e s u l t s   of   s t a i n l e s s  

s t e e l s .  



T h i s   t a b l e   shows  t h a t   t h e   a m o r p h o u s   a l l o y s  

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

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

i s   e q u a l   to  or   h i g h e r   t h a n   t h a t   o f   s t a i n l e s s   s t e e l s .   T h a t  

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

and  Zr ,   f o r   e x a m p l e ,   F e 5 4 C o 3 6 Z r 1 0   a r e   i n f e r i o r   to  13%  C r  

s t e e l   in  t h e   c o r r o s i o n   r e s i s t a n c e   a g a i n s t   H2SO4  and  H C l  

b u t   p o s s e s s   40  t i m e s   h i g h e r   c o r r o s i o n   r e s i s t a n c e   a g a i n s t  

NaCl  t h a n   13%  Cr  s t e e l .   F u r t h e r m o r e ,   when  Cr  and  Mo  a r e  

a d d e d ,   s u c h   a l l o y s   h a v e   more  e x c e l l e n t   p r o p e r t i e s   t h a n   3 0 4  

s t e e l   and  316  L  s t e e l .  



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

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

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

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

d i f f e r e n t   f rom  t he   p r e v i o u s l y   known  m e t a l - m e t a l l o i d  

a m o r p h o u s   a l l o y s   and  a l s o   m e t a l - m e t a l   a m o r p h o u s   a l l o y s .  

Among  them,   t he   a l l o y s   w h e r e i n   Fe  a n d / o r   Co  i s  

r i c h ,   a r e   h i g h   in  t he   m a g n e t i c   i n d u c t i o n   and  r e l a t i v e l y  

low  in  t he   c o e r c i v e   f o r c e   and  a r e   v e r y   e x c e l l e n t   in  t h e  

t h e r m a l   s t a b i l i t y ,   so  t h a t   t h e s e   a l l o y s   a l s o   h a v e   t h e  

c h a r a c t e r i s t i c s   t h a t   t he   m a g n e t i c   and  m e c h a n i c a l   p r o p e r t i e s  

a r e   t h e r m a l l y   s t a b l e .  

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

Cr,   Mo,  e t c . ,   t he   c r y s t a l l i z i n g   t e m p e r a t u r e   i s   r a i s e d ,   t h e  

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

can  be  n o t i c e a b l y   i m p r o v e d .  

I n d u s t r i a l   A p p l i c a b i l i t y  

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

can  g r e a t l y   i m p r o v e   the   t h e r m a l   s t a b i l i t y ,   w h i c h   has   n o t  

b e e n   s a t i s f i e d   in  the   w e l l   known  m e t a l - m e t a l l o i d   a m o r p h o u s  

a l l o y s   and  h a v e   the   h i g h   s t r e n g t h   and  t o u g h n e s s   w h i c h   a r e  

the   u n i q u e   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 .   A c c o r d i n g l y ,  

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

u t i l i z e   e f f e c t i v e l y   t h e s e   p r o p e r t i e s ,   f o r   e x a m p l e ,   m a t e r i a l s  

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

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



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

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 .  



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

and  z i r c o n i u m   and  h a v i n g   t he   c o m p o s i t i o n   d e f i n e d   by  t h e  

f o l l o w i n g   f o r m u l a  

w h e r e i n   X  shows  t h a t   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f r o m  
a  

t he   g r o u p   c o n s i s t i n g   of   Fe ,   Co  and  Ni  i s   c o n t a i n e d   i n  

an  a m o u n t   of   a  a t o m i c % ,   Zy  shows  t h a t   Zr  i s   c o n t a i n e d   i n  

an  a m o u n t   o f  y   a t o m i c % ,   the   sum  of  a  and  y  i s   100  and  a  i s  

80  to  92  and  y  i s   8  to  2 0 .  

2.  A r t i c l e s   c o n s i s t i n g   of  p o w d e r   and  i t s   m o l d i n g s ,  

w i r e s   or  p l a t e s   made  of   t he   a l l o y s   as  c l a i m e d   in  c l a i m   1 .  



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

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

f o l l o w i n g   f o r m u l a  

w h e r e i n   X ,   shows   t h a t   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f r o m  

t h e   g r o u p   c o n s i s t i n g   of   Fe ,   Co  and  Ni  i s   c o n t a i n e d   i n  

an  a m o u n t   of   a '   a t o m i c % ,  

Yβ,  shows  t h a t   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of   Cr,   Mo,  W,  T i ,   V,  Nb,  Ta,   Mn,  Cu,  B e ,  

B,  A l ,   S i ,   I n ,   C,  Ge,  Sn,  N,  P,  As,  Sb  and  l a n t h a n u m   g r o u p  

e l e m e n t s   i s   c o n t a i n e d   in  an  a m o u n t   of   β'  a t o m i c % ,   a n d  

Zγ,  shows  t h a t   Zr  i s   c o n t a i n e d   in  an  a m o u n t   o f  

y '   a t o m i c % ,   t he   sum  of   a ' ,   β'  and  y'  i s   100  and  e a c h   v a l u e  

o f   a ' ,   β'  and  y'  i s   shown  in  t h e   f o l l o w i n g   (A) ,   (B ) ,   ( C ) ,  

(D) ,   (E)  and  ( F ) ,  

(A)  when  Y  i s   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of   Cr ,   Mo  and  W,  a '   i s   40  to  9 2 ,  

β'  i s   n o t   more   t h a n   40  and  y'   i s   5  to   20,   p r o v i d e d  

t h a t   t h e   sum  of   β'  and  y'  i s   n o t   l e s s   t h a n   8 ,  

(B)  when  Y  i s   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of   T i ,   V,  Nb,  Ta,   Cu  and  Mn,  a '   i s  

45  to  92,   β'  i s   n o t   more   t h a n   35,   y'  i s   5  to  2 0 ,  

p r o v i d e d   t h a t   t h e   sum  of   P'  and  y'  i s   n o t   l e s s   t h a n   8 ,  

(C)  when  Y  i s   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of   Be,  B,  Al  and  S i ,   a '   i s   67  to  9 2 ,  



β'  i s   l e s s   t h a n   13  and  y'  i s   3  to  20 ,   p r o v i d e d   t h a t  

t he   sum  of   β'  and  y'  i s   n o t   l e s s   t h a n   8 ,  

(D)  when  Y  i s   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of   C,  N,  P,  Ge,  I n ,   Sn,  As  and  S b ,  

a '   i s   70  to  92,   β'  i s   n o t   more  t h a n   10  and  y'  i s   5  t o  

20,  p r o v i d e d   t h a t   t he   sum  of  β'  and  y'  i s   n o t   l e s s  

t h a n   8 ,  

(E)  when  Y  is   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  l a n t h a n u m  

g r o u p   e l e m e n t s ,   a '   i s   70  to  92,  β'  i s   n o t   more  t h a n  

10  and  y'  i s   8  to  20,  p r o v i d e d   t h a t   t h e   sum  of  β'  a n d  

y'  i s   n o t   l e s s   t h a n   8,  a n d  

(F)  when  e l e m e n t s   of  a t   l e a s t   two  g r o u p s   s e l e c t e d   f r o m  

the   a b o v e   d e s c r i b e d   g r o u p s   (A) ,   ( B ) ,   ( C ) ,   (D)  and  ( E )  

a r e   c o m b i n e d ,   β'  i s   w i t h i n   the   r a n g e   of   β'  v a l u e   i n  

e a c h   of  t he   g r o u p s   (A) ,   (B) ,   (C ) ,   (D)  and  (E)  and  t h e  

t o t a l   v a l u e   of  β'  i s   n o t   more  t h a n   40 ,   a '   i s   40  t o  

9 2 ,  y '   i s   5  to  20  and  t he   sum  of   β'  and  y'  i s   n o t  

l e s s   t h a n   8,  p r o v i d e d   t h a t   when  a t   l e a s t   one  e l e m e n t  

i s   s e l e c t e d   f rom  e a c h   of  the   g r o u p s   (C)  and  (D) ,   t h e  

sum  of   t h e s e   e l e m e n t s   is   l e s s   t h a n   13  a t o m i c % .  

4.  A r t i c l e s   c o n s i s t i n g   of  p o w d e r   and  i t s   m o l d i n g s ,  

w i r e s   or  p l a t e s   made  of  t he   a l l o y s   as  c l a i m e d   in  c l a i m   3 .  



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

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

f o l l o w i n g   f o r m u l a  

w h e r e i n   X@  shows   t h a t   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f r o m  

t h e   g r o u p   c o n s i s t i n g   of   Fe ,   Co  and  Ni  i s   c o n t a i n e d   i n  

an  a m o u n t   of   a  a t o m i c % ,   Zy  shows   t h a t   Zr  i s   c o n t a i n e d   i n  

an  a m o u n t   o f   y  a t o m i c % ,   t h e   sum  of   a  and  y  i s   100  and  a  i s  

80  to   92  and  y  i s   8  to  2 0 .  

( A m e n d e d )  

2.  A r t i c l e s   c o n s i s t i n g   o f   p o w d e r   and   i t s   m o l d i n g s ,  

w i r e s   or   p l a t e s   made  of   t h e   a l l o y s   as  c l a i m e d   in   c l a i m   1 .  



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

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

f o l l o w i n g   f o r m u l a  

w h e r e i n   X@,  shows   t h a t   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f r o m  

the   g r o u p   c o n s i s t i n g   of   Fe,   Co  and  Ni  i s   c o n t a i n e d   i n  

an  a m o u n t   of   a '   a t o m i c % ,  

Yβ,  shows  t h a t   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of   Cr ,   Mo,  W,  T i ,   V,  Nb,  Ta ,   Mn,  Cu,  B e ,  

B,  A l ,   S i ,   I n ,   C,  Ge,  Sn,  N,  P,  As,  Sb  and  l a n t h a n u m   g r o u p  

e l e m e n t s   is   c o n t a i n e d   in  an  a m o u n t   of   β'  a t o m i c % ,   a n d  

Z  ,   shows  t h a t   Zr  i s   c o n t a i n e d   in  an  a m o u n t   o f  

y'  a t o m i c % ,   t he   sum  of   a ' ,   β'  and  y'  i s   100  and  e a c h   v a l u e  

of   a ' ,   β'  and  y'  i s   shown  in  t he   f o l l o w i n g   (A) ,   ( B ) ,   ( C ) ,  

(D) ,   (E)  ( F ) ,   (G) ,   (H) ,   ( I )   and  ( J ) ,  

(A)  when  Y  is   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of   Cr ,   Mo  and  W,  a '   i s   40  to  9 2 ,  

β'  i s   n o t   more   t h a n   40  and  y'  i s   5  to  20,   p r o v i d e d  

t h a t   t he   sum  of   β'  and  y'  i s   n o t   l e s s   t h a n   8 ,  

(B)  when  Y  is  a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of   T i ,   V,  Nb,  Ta,   Cu  and  Mn,  a '   i s  

45  to  92,  β'  i s   n o t   more  t h a n   35,   y'  i s   5  to  2 0 ,  

p r o v i d e d   t h a t   t he   sum  of   β'  and  y'  i s   n o t   l e s s   t h a n   8 ,  

(C)  when  Y  is   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e  



g r o u p   c o n s i s t i n g   of   Be,  B,  Al  and  S i ,   a '   i s   67  to  9 0 ,  

β'  i s  l e s s   t h a n   13  and  y'   i s   more  t h a n   10  and  l e s s  

t h a n   20,   p r o v i d e d   t h a t   t h e   sum  of   β'  and  y'   e x c e e d s   1 0 ,  

(D)  when  Y  i s   a t   l e a s t   one   e l e m e n t   s e l e c t e d   f r o m  t h e  

g r o u p   c o n s i s t i n g   of   C,  N,  P,  Ge,  I n ,   Sn,   As  and  S b ,  

a '   i s   70  to  90,   β'  i s   n o t   more   t h a n   10  and  y'  i s   m o r e  

t h a n   10  and  l e s s   t h a n   20,   p r o v i d e d   t h a t   t he   sum  of   β '  

and  y'  e x c e e d s   1 0 ,  

(E)  when  Y  i s   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  l a n t h a n u m  

g r o u p   e l e m e n t s ,   a '   i s   70  to  92,   β'  i s   n o t   more   t h a n  

10  and  y'  i s   8  to  20 ,   p r o v i d e d   t h a t   t h e   sum  of   β'  a n d  

y'  i s   n o t   l e s s   t h a n   8 ,  

(F)  when  Y  i s   a t   l e a s t   one   e l e m e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of   Be,  Al  and  S i ,   a '   i s   77  to  9 2 ,  

β'  i s   l e s s   t h a n   13,   y'  i s   3  to  10,   p r o v i d e d   t h a t   t h e  

sum  of   P'  and  y'  i s   n o t   l e s s   t h a n   8 ,  

(G)  when  Y  i s   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   o f   N,  Ge,  I n ,   Sn,  As  and  Sb,  a '   i s  

80  to  92,   β'  i s   n o t   more   t h a n   10  and  y'  i s   5  to  1 0 ,  

p r o v i d e d   t h a t   t h e   sum  o f   β'  and  y'   i s   n o t   l e s s   t h a n   8 ,  

(H)  when  Y  i s   B,  a '   i s   83  to  92,   β'  i s   l e s s   t h a n   7  a n d  

y'  i s   3  to  10,   p r o v i d e d   t h a t   t h e   sum  of   β'  and  y'  i s  

n o t   l e s s   t h a n   8 ,  

( I )   when  Y  i s   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of   C  and  P,  a '   i s   83  to  92,  β'  i s  

l e s s   t h a n   7  and  y'  i s   5  to  10,   p r o v i d e d   t h a t   t h e   s u m  



of   β'  and  y'  i s   n o t   l e s s   t h a n   8,  a n d  

( J )   when  e l e m e n t s   of   a t   l e a s t   two  g r o u p s   s e l e c t e d   f r o m  

the   a b o v e   d e s c r i b e d   g r o u p s   (A) ,   (B ) ,   ( C ) ,   (D)  and  ( E )  

a r e   c o m b i n e d ,   β'  i s   w i t h i n   t h e   r a n g e   of   β'  v a l u e   i n  

e a c h   of  t he   g r o u p s   (A) ,   ( B ) ,   ( C ) ,   (D)  and  (E)  and  t h e  

t o t a l   v a l u e   of   β'  i s   n o t   more  t h a n   40,   a '   i s   40  t o  

92,   y'  i s   5  to  20  and  t h e   sum  of  β'  and  y'  i s   n o t  

l e s s   t h a n   8,  p r o v i d e d   t h a t   when  y'  i s   more  t h a n   1 0  

and  l e s s   t h a n   20,  t h e   e l e m e n t s   a r e   c o m b i n a t i o n   o f  

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

g r o u p s   (A) ,   ( B ) ,   ( E ) ,   (C)  and  (D)  b u t   t h e   sum  of   t h e  

e l e m e n t s   s e l e c t e d   f rom  the   g r o u p s   (C)  and  (D)  i s   l e s s  

t h a n   13,  when  y'  i s   5  to  10,   t he   e l e m e n t s   a r e   c o m b i n a -  

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

the   g r o u p s   (A) ,   ( B ) ,   ( E ) ,   ( F ) ,   (G) ,   (H)  and  ( I ) ,   b u t  

t h e   sum  of  t he   e l e m e n t s   s e l e c t e d   f rom  t h e   g r o u p s   ( F )  

and  (G)  i s   l e s s   t h a n   13,   t he   sum  of   t h e   e l e m e n t s  

s e l e c t e d   f rom  t h e   g r o u p s   (H)  and  ( I )   i s   l e s s   t h a n   7 ,  

and  t he   sum  of  t he   e l e m e n t s   s e l e c t e d   f rom  t h e   g r o u p  

(F)  or  t he   g r o u p   (G)  and  t h e   e l e m e n t s   s e l e c t e d   f r o m  

t h e   g r o u p   (H)  or  t he   g r o u p   ( I )   i s   l e s s   t h a n   1 3 .  

( A m e n d e d )  

4.  A r t i c l e s   c o n s i s t i n g   of   p o w d e r   and  i t s   m o l d i n g s ,  

w i r e s   or  p l a t e s   made  of   t h e   a l l o y s   as  c l a i m e d   in  c l a i m   3 .  
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