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©  Mn  based  alloy  of  nonequilibrium  austenite  phase. 
A  Mn-based  alloy  is  disclosed.  The  alloy  is  comprised  of 

4  to  30  atomic  %  of  at  least  one  element  selected  from  the 
group  consisting  of  AI,  Ni,  and  Cr;  1  to  15  atomic  %  of  C,  30 
atomic  %  or  less  of  at  least  one  element  selected  from  the 
group  consisting  of  Co,  Mo,  W,  Ta,  Nb,  V,  Ti,  and  Zr;  and  the 
balance  of  alloy  making  up  100  atomic  %  being  comprised 
substantially  of  Mn.  The  alloy  has  a  nonequilibrium  austenite 
phase.  The  alloy  disclosed  has  high  ductility  and  workability. 
The  alloy  is  capable  of  being  cold  worked  and  has  excellent 
tensile  strength.  The  Mn-based  alloy  can  be  pioduced  at 
substantially  the  same  cost  as  any  Fe-based  alloy.  The 
disclosed  alloy  is  a  nonmagnetic  alloy  which  has  been  found 
to  be  very  useful  for  nonmagnetic  electromagnetic  parts  and 
composite  materials. 



FIELD  OF  THE  INVENTION 

This  i n v e n t i o n   r e l a t e s   to  a  Mn-based   a l l o y   o f  

n o n e q u i l i b r i u m   a u s t e n i t e   phase   which  p o s s e s s e s   e x c e l l e n t  

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

BACKGROUND  OF  THE  INVENTION 

C o n v e n t i o n a l   Mn-based  a l l o y   assumes  an  A - 1 2  t y p e  

a-Mn  s t r u c t u r e   c o n t a i n i n g   58  atoms  in  the  u n i t   c e l l   at  room 

t e m p e r a t u r e .   T h e r e f o r e ,   the  a l l o y   is  too  b r i t t l e   to  be  

n o r m a l l y   worked  or  f o r m e d .   T h e r e f o r e ,   an  i n e x p e n s i v e   Mn-Al 

powder  a l l o y   has  been  found  to  have  a  smal l   amount  of  u t i l i t y  

as  a  m a t e r i a l   for   a . m a g n e t .   None  o f  t h e   Mn-based  a l l o y s  

e x i s t i n g   today  p o s s e s s   any  a p p r e c i a b l e   degree   of  s t r e n g t h ,  

e l o n g a t i o n   and  high  d u c t i l i t y .  

SUMMARY  OF  THE  INVENTION 

An  o b j e c t   of  t h i s   i n v e n t i o n   is  to  p r o v i d e   a  Mn- 

based   a l l o y   which  is  very  r i c h   in  d u c t i l i t y   and  w o r k a b i l i t y ,  

c a p a b l e   of  being  cold   worked,   and  e x c e l l e n t   in  m e c h a n i c a l  

p r o p e r t i e s   i n c l u d i n g   t e n s i l e   s t r e n g t h .   Ano the r   o b j e c t   o f  

t h i s   i n v e n t i o n , i s   to  p r o v i d e   a  Mn-based  a l l o y   which  is  u s e f u l  

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

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

As  a  r e s u l t   of  d i l i g e n t   e f f o r t s   to  meet  the  o b j e c t s  

. d e s c r i b e d   above,  the  p r e s e n t   i n v e n t o r s   have  found  t ha t   a  Mn- 



based   a l l o y   of  a  s p e c i f i c   c o m p o s i t i o n ,   when  s o l i d i f i e d   by 

q u e n c h i n g ,   r e t a i n s   i n t a c t   (even  at  room  t e m p e r a t u r e )   an  

a u s t e n i t e   phase   which  is  s t a b l e   only  at  e l e v a t e d   t e m p e r a t u r e s .  

The  Mn-based   a l l o y   hav ing   a  n o n e q u i l i b r i u m   a u s t e n i t e   p h a s e  

at  room  t e m p e r a t u r e   is  very  r i c h   in  d u c t i l i t y   and  w o r k a b i l i t y  

and  c a p a b l e   of  b e i n g   cold   w o r k e d .  

More  s p e c i f i c a l l y ,   the  i n v e n t i o n   is  d i r e c t e d   t o  

p r o v i d i n g   a  Mn-based   a l l o y   hav ing   a  n o n e q u i l i b r i u m   a u s t e n i t e  

p h a s e .   The  a l l o y   is  p r o d u c e d   by  s o l i d i f y i n g   by  quench ing   an  

a l l o y   c o m p r i s i n g  4   to  30  a tomic   %  of  at  l e a s t   one  e l e m e n t  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  Al,  Ni,  and  Cr,  1  t o  

15  a t o m i c   % of  C,  not   more  than  30  a tomic   %  of  at  l e a s t   o n e  

e l e m e n t   s e l e c t e d   from  the  group  c o n s i s t i n g   of  Co,  Mo,  W,  Ta ,  

Nb,  V,  Ti,  and  Zr.  The  b a l a n c e   of  the  a l l o y   making  up  100 

a t o m i c   % is  c o m p r i s e d   s u b s t a n t i a l l y   of  Mn.  The  M n - b a s e d  

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

i n v e n t i o n   is  ve ry   r i c h   in  d u c t i l i t y   and  w o r k a b i l i t y .  

F u r t h e r m o r e ,   the  a l l o y   is  c a p a b l e   of  be ing   cold  w o r k e d ,  

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

i n e x p e n s i v e   and,  t h e r e f o r e ,   is  h i g h l y   u s e f u l   in  n o n m a g n e t i c  

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

e t c .  

DETAILED  DESCRIPTION  OF  PREFERRED  EIMBODIMENT 

The  Mn-based   a l l o y   of  a  n o n e q u i l i b r i u m   a u s t e n i t e  

phase   a c c o r d i n g   to  t h i s   i n v e n t i o n   is  o b t a i n e d   by  q u e n c h i n g  



and  s o l i d i f y i n g   a  mol ten   a l l o y   which  c o m p r i s e s   4  to  30  a t o m i c  

%  of  at  l e a s t   one  e l emen t   s e l e c t e d   from  the  group  c o n s i s t i n g  

of  Al,  Ni,  and  Cr,  1  to  15  a tomic   %  of  C,  not  more  than  30 

a tomic   %  of  at  l e a s t   one  e l e m e n t   s e l e c t e d   from  the  g r o u p  

c o n s i s t i n g   of  Co,  Mo,  W,  Ta,  Nb,  V,  Ti,  and  Zr,  and  t h e  

b a l a n c e   to  make  up  100  a tomic   %  being  c o m p r i s e d   s u b s t a n t i a l l y  

of  Mn. 

The  Mn-based  a l l o y   of  t h i s   i n v e n t i o n   w i l l   now  be  

d e s c r i b e d .   It  c o n t a i n s   at  l e a s t   one  e l ement   s e l e c t e d   f r o m  

the  group  c o n s i s t i n g   of  Al,  Ni,  and  Cr  in  a  c o n c e n t r a t i o n   o f  

4  to  3 0  a t o m i c   %.  The  e l e m e n t s   and  p e r c e n t a g e   a m o u n t s  

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

amounts  which  are  e s s e n t i a l   for   the  pu rpose   of  e n a b l i n g   a 

Mn-a l l oy   in  a  mo l t en   s t a t e   to  be  s o l i d i f i e d   by  q u e n c h i n g   i n t o  

a  tough  Mn-based  a l l o y ,   whereby  the  a u s t e n i t e   phase   which  i s  

s t a b l e   only  at  e l e v a t e d   t e m p e r a t u r e s   is  s u p e r c o o l e d   i n t a c t  

to  room  t e m p e r a t u r e .   If   the  a tomic   %  amount  of  t h e s e  

e l emen t s   is  l e s s   than  4  a tomic   %,  the  a l l o y   p r o d u c e d   w i l l  

have  very  high  b r i t t l e n e s s   b e c a u s e   i t   can  no  l o n g e r   be  

e x p e c t e d   to  en joy   the  e f f e c t   d e s c r i b e d   above  and  f u r t h e r  

because   the  a l l o y   s u f f e r s   p r e c i p i t a t i o n   of  an  @-Mn  p h a s e .  

An  a l l o y   which  does  not  c o n t a i n   the  i n d i c a t e d   a t o m i c  

%  amounts  of  m e t a l s   cannot   be  used  to  p roduce   c o n t i n u o u s  

r i bbons   and  t h in   wi res   of  f i x e d   s h a p e s .   If  the  c o n c e n t r a t i o n  

exceeds   30  a tomic  %,  the  a l l o y   to  be  p roduced   is  r i g i d   and  



b r i t t l e   due  to  the  p r e c i p i t a t i o n   of  an  i n t e r m e t a l l i c   compound 

MnX  (X  d e n o t i n g   Ni,  A1,  or  Cr) .   Thus,  the  a l l o y   l a c k s  

p r a c t i c a b i l i t y .   The  e l o n g a t i o n   of  the  a l l o y   m a t e r i a l   i s  

e f f e c t e d   by  the  amounts  of  A1,  Ni  a n d / o r   Cr  to  b e  p r e s e n t .  

As  the  amount  of  t h e s e   componen t s   i n c r e a s e s ,   the  e l o n g a t i o n  

of  the  a l l o y   d e c r e a s e s .   The  t e n s i l e   s t r e n g t h   is  not  a f f e c t e d  

much  by  the  c o n t e n t   of  Al  and  is  l i a b l e   to  i n c r e a s e   wi th   t h e  

c o n t e n t   of  Ni  a n d / o r   Cr.  The  Mn-based  a l l o y   of  t h i s   i n v e n -  

t i o n   f u r t h e r   c o n t a i n s   C  in  a  c o n c e n t r a t i o n   in  the  range  o f  

1  to  15  a tomic   %.  The  ca rbon   must  be  p r e s e n t   in  t h i s   a m o u n t  

to  e n a b l e   the  a u s t e n i t e   phase   to  be  c o o l e d   down  i n t a c t   t o  

room  t e m p e r a t u r e   when  the  m o l t e n   Mn-based  a l l o y   is  s o l i d i f i e d  

by  q u e n c h i n g .   If   the  c o n c e n t r a t i o n   is  l e s s   than  1  a tomic   %, 

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

phase   a t   room  t e m p e r a t u r e   w i th   d i f f i c u l t y   and  shows  very  h i g h  

b r i t t l e n e s s   b e c a u s e   the  q u e n c h i n g   does  not  e a s i l y   m a n i f e s t  

i t s   e f f e c t .   If   the  c o n c e n t r a t i o n   exceeds   15  atomic  %,  t h e  

p r o d u c e d   a l l o y   is  b r i t t l e   d u e  t o   the  p r e c i p i t a t i o n   of  a  

c a r b i d e   Mn23C6. 

When  at  l e a s t   one  e l e m e n t   s e l e c t e d   from  the  g r o u p  

c o n s i s t i n g   of  Co,  Mo,  W,  Ta,  Nb,  V,  Ti,  and  Zr  is  c o n t a i n e d  

in  a  c o n c e n t r a t i o n   of  not   more  than  30  a tomic   %,  the   Mn  i n  

the  a u s t e n i t e   phase   which  is  s t a b l e   only  at  e l e v a t e d   t e m p e r a -  

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

as  t e n s i l e   s t r e n g t h .   This  improvement   is  b rough t   a b o u t  



w i t h o u t   impeding  the  c o n v e r s i o n   of  the  a u s t e n i t e   phase ,   by 

q u e n c h i n g ,   in to   the  n o n e q u i l i b r i u m   a u s t e n i t e   phase   which  i s  

s t a b l e   even  at  room  t e m p e r a t u r e .   However,  i f   the  c o n c e n t r a -  

t i o n   of  the  e l e m e n t s   exceeds   30  a tomic  %,  the  Mn-based  a l l o y  

w i l l   be  too  b r i t t l e   to  be  u s e f u l   due  to  the  p r e c i p i t a t i o n   o f  

a  MnY  (Y  d e n o t i n g  C o ,   Mo,  W,  Ta,  Nb,  V,  Ti,  a n d / o r   Zr)  t y p e  

compound.  P a r t i c u l a r l y   in  the  a f o r e m e n t i o n e d   a l l o y   c o m p o s i -  

t i o n ,   an  a l l o y   composed  of  7  to  26  a tomic   %  of  at  l e a s t   one  

e l emen t   s e l e c t e d   from  the  group  c o n s i s t i n g   of  Al,  Ni  and  Cr ,  

3  to  10  a tomic  % of  C,  not  more  than  30  a tomic   %  of  at  l e a s t  

one  e l emen t   s e l e c t e d   from  the  group  c o n s i s t i n g   of  Co,  Mo,  W, 

Ta,  Nb,  V,  Ti  and  Zr  ( p r o v i d i n g   t h a t   Co  have  c o n c e n t r a t i o n  

not   e x c e e d i n g   30  a tomic   %,  Mo  a n d / o r   W  have  c o n c e n t r a t i o n   n o t  

e x c e e d i n g   20  a tomic   %  and  the  at  l e a s t   one  e l emen t   s e l e c t e d  

from  the  group  c o n s i s t i n g   of  Ta,  Nb,  V,  Ti  and  Er  h a v e  

c o n c e n t r a t i o n   not  e x c e e d i n g   10  a tomic  %),  and  the  b a l a n c e   t o  

make  up  100  a tomic   % being  c o m p r i s e d   s u b s t a n t i a l l y   of  Mn 

( e . g . ,   25  to  95  a tomic   %  of  Mn),  when  c o n v e r t e d   from  i t s  

mol t en   s t a t e   by  q u e n c h i n g   i n to   a  s o l i d   s t a t e ,   assumes  a 

h i g h l y   tough  a u s t e n i t e   p h a s e .  

The  Mn-based  a l l o y   of  the  p r e s e n t   i n v e n t i o n   i s  

h i g h l y   d e s i r a b l e   b e c a u s e   un i fo rm  r i bbons   or  t h i n  w i r e s   of  a 

c i r c u l a r   c ross   s e c t i o n   can  be  m a n u f a c t u r e d   from  t h i s   a l l o y .  

Moreover ,   the  Mn-based  a l l o y   of  t h i s   c o m p o s i t i o n   is  c a p a b l e  

of  being  cold  r o l l e d   or  cold  drawn.  P a r t i c u l a r l y   with  r e s p e c t  



to  wire   d rawing ,   i t   s h o u l d   be  no t ed   t h a t   the  w o r k a b i l i t y   s u c h  

as  co ld   drawing  of  t h i s   a l l o y   can  be  e f f e c t e d   to  more  t h a n  

90%  of  r e d u c t i o n   of  a r e a .   The  a l l o y   is  a d v a n t a g e o u s   in  t h a t  

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

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

The  a l l o y   has  been  found  to  be  h i g h l y   s u i t a b l e   for   e c o n o m i c  

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

f i b e r s   hav ing   d i a m e t e r s   not  e x c e e d i n g   abou t   150  u m , p r e f e r a b l y  

50  um  or  more.  The  r e d u c t i o n   r a t i o   of  a r e a   is  r e p r e s e n t e d  

by  the  f o l l o w i n g   e q u a t i o n :  

w h e r e i n   D  is  a  d i a m e t e r   of  wire  b e f o r e   the  wi re   drawing  a n d  

d  is  a  d i a m e t e r   of  the  t h i n   wire   a f t e r   r e p e a t e d l y   w i r e  

d r a w i n g .   That  i s ,   i t   shows  the  r e d u c t i o n   r a t i o   of  the  c r o s s  

s e c t i o n   of  th in   wire   to  be  r e d u c e d   in  a c c o r d a n c e   wi th   s u b -  

j e c t i n g   to  the  d rawing   w o r k a b i l i t y .  

An  a l l o y   of  the  p r e s e n t   i n v e n t i o n   may  i n c l u d e  

a d d i t i o n a l   e l e m e n t s   such  as  Si,  B,  P,  Ge,  Cu,  and  Hf  i n  

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

in  t h a t   t he se   a d d i t i o n a l   e l e m e n t s   are  on ly   p r e s e n t   w i t h i n   a  

range   in  which  the  o b j e c t s   and  e f f e c t s   of  t h i s   i n v e n t i o n   a r e  

not  i m p a i r e d   by  t h e i r   p r e s e n c e .  

The  p a r t i c l e   d i a m e t e r   of  m i c r o c r y s t a l s   in  t h e  

n o n e q u i l i b r i u m   a u s t e n i t e   phase  varys   w i th   the  a l l o y   c o m p o s i -  



t i o n   and  c o o l i n g   speed .   However,   i t   s h o u l d   be  p o i n t e d   o u t  

t h a t   i t   is  the  s u c c e s s f u l   f o r m a t i o n   of  the  a u s t e n i t e   p h a s e  

and  not  the  magn i tude   of  the  p a r t i c l e   d i a m e t e r   of  the  c r y s t a l s  

which  is  i m p o r t a n t .  

The  a l l o y   of  t h i s   i n v e n t i o n   is  p r o d u c e d   by  p r e p a r i n g  

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

t h i s   mol ten   a l l o y .   V a r i o u s   methods  are  a v a i l a b l e   for   e f f e c t -  

ing  t h i s   q u e n c h i n g .   For  example ,   the  s i n g l e   r o l l   method,   t h e  

doub le   r o l l   method,  and  the  submerged   r o t a r y   s p i n n i n g   m e t h o d  

which  are  l i q u i d   q u e n c h i n g   methods  are  p a r t i c u l a r l y   e f f e c t i v e .  

P l a t e s   of  the  a l l o y   may  be  p r o d u c e d   by  the  p i s t o n - a n v i l   m e t h o d ,  

the  s p l a t   e t c h i n g   method,   e tc . .   The  a f o r e m e n t i o n e d   l i q u i d  

q u e n c h i n g   methods  ( s i n g l e   r o l l   method,   doub le   room  m e t h o d ,  

or  submerged   r o t a r y   s p i n n i n g   method)  have  a  c o o l i n g   speed  i n  

the  r a n g e  o f   about  104  to  1 0 5 ° C / s e c . ,   wh i l e   the  p i s t o n - a n v i l  

method  or  the  s p l a t   e t c h i n g   method  has  a  c o o l i n g   speed  i n  

the  range  of  about  1 0   to  1 0 6 ° C / s e c .   By  u s i n g   some  of  t h e s e  

q u e n c h i n g   methods ,   t h e r e f o r e ,   the  q u e n c h i n g   of  the  m o l t e n  

a l l o y   can  be  e f f i c i e n t l y   c a r r i e d   out .   The  term  " s u b m e r g e d  

r o t a r y   s p i n n i n g   method"  r e f e r s   to  a  method  as  d i s c l o s e d   i n  

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   (OPI)  No.  64948/80   (The 

term  "OPI"  as  used  h e r e i n   r e f e r s   to  a  " p u b l i s h e d   u n e x a m i 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 . ) .   The  " s u b m e r g e d   r o t a r y   s p i n -  

ning  method  is  a  method  for   o b t a i n i n g   a  t h i n   wire  of  a 

c i r c u l a r   cross   s e c t i o n   by  p l a c i n g   wa te r   in  a  r o t a r y   drum  i n  



motion  t h e r e b y   c e n t r i f u g a l l y   forming  a  f i lm  of  wa te r   on  t h e  

i n n e r   w a l l   s u r f a c e   of  the  drum  and  e x t r u d i n g   mol t en   a l l o y  

t h r o u g h   a  s p i n n i n g   n o z z l e   i n to   the  w a t e r   f i l m .   To  p r o d u c e  

a  c o n t i n u o u s   t h i n   w i re   u n i f o r m l y   by  t h i s   method,   the  p e r i p h e r a l  

speed   of  the  r o t a r y   drum  is  p r e f e r a b l y   equa l   to  or  g r e a t e r  

than  the  speed   of  the  f low  of  mo l t en   a l l o y   b e i n g  t h r o w n   o u t  

of  the  s p i n n i n g   n o z z l e .   P a r t i c u l a r l y ,   the  p e r i p h e r a l   s p e e d  

of  the  r o t a r y   drum  is  p r e f e r a b l y   5  to  30%  h igh   than  t h e  s p e e d  

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

n o z z l e .   The  a n g l e   formed  be tween   the  flow  of  mo l t en   m e t a l  

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

formed  on  the  i n n e r   wa l l   s u r f a c e   of  the  r o t a r y   drum  is  p r e f e r -  

ab ly   g r e a t e r   than   2 0 ° .  

The  Mn-based   a l l o y   of  t h i s   i n v e n t i o n   has  a  w i d e r  

range   of  e q u i l i b r i u m   a u s t e n i t e   phase  at  e l e v a t e d   t e m p e r a t u r e s  

than  the  F e - b a s e d   a l l o y .   I t ,   t h e r e f o r e ,   a c q u i r e s   the  n o n -  

e q u i l i b r i u m   a u s t e n i t e   phase   at  room  t e m p e r a t u r e   over   a  w i d e  

range   of  a l l o y   c o m p o s i t i o n s .   At  the  same  t ime ,   i t   e n j o y s  

s t a b i l i t y   b e c a u s e   i t   is  c a p a b l e   of  k e e p i n g   the  a u s t e n i t e  

phase   from  c o n v e r t i n g   i n to   m a r t e n s i t e .   P a r t i c u l a r l y ,   t h e  

a l l o y   a c q u i r e s - a   l a r g e   t h i c k   a u s t e n i t e   phase   as  compared  w i t h  

the  Fe-X-C  (X  d e n o t i n g   Cr,  Mo,  W,  or  Al)  a l l o y . . T h i s   f a c t   i s  

p r o f o u n d l y   s i g n i f i c a n t   from  the  i n d u s t r i a l   p o i n t   of  v i e w .  

When  the  Mn-based   a l l o y   i n c o r p o r a t e s   Cr,  among  o t h e r   e l e m e n t s  

of  the  same  g roup ,   i t   becomes  h i g h l y   r e s i s t a n t   to  c o r r o s i o n .  



T h e r e f o r e ,   the  a l l o y   may  be  used  in  n o n m a g n e t i c   c o r r o s i o n -  

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

Moreove r ,   the  Mn-based  a l l o y   of  t h i s   i n v e n t i o n   i s  

c a p a b l e   of  be ing   cold   worked  c o n t i n u o u s l y .   For  the  p r o d u c -  

t i o n   of  t h in   w i r e s ,   for   example,   t h i s   Mn-based   a l l o y   can  b e  

cold   drawn  to  e c o n o m i c a l l y   form  w i r e s   of  h igh   t e n s i l e   s t r e n g t h  

hav ing   d i a m e t e r s   in  the  range  of  1  to  200  um.  It  is  n o t e -  

wor thy   t h a t   the  t e n s i l e   s t r e n g t h   of  the  Mn-based   a l l o y   c a n  

be  improved  to  even  more  than  150  kg/mm2.  Such  s t r e n g t h   h a s  

not  been  p r e v i o u s l y   a t t a i n e d   us ing   any  of  the  n o n f e r r o u s  

m a t e r i a l s   d e v e l o p e d   to  d a t e .  

Because   the  Mn-based  a l l o y   of  t h i s   n v e n t i o n  h a s  

the  q u a l i t y   and  s t r u c t u r e   d e s c r i b e d   above ,   i t   can  be  r e a d i l y  

used  in  the  p r o d u c t i o n   of  a  v a r i e t y   of  p r o d u c t s   i n c l u d i n g ,  

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

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

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

c o m p o s i t e   m a t e r i a l s ,   and  k n i t   and  woven  f a b r i c s   such  as  f i n e  

mesh  f i l t e r s .  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   more  

s p e c i f i c a l l y   below  wi th   r e f e r e n c e   to  work ing   e x a m p l e s .  

However,  the  p r e s e n t   i n v e n t i o n   is  not   l i m i t e d   to  be  f o l l o w i n g  

e x a m p l e s .  

Example  1 

An  a l l o y   composed  of  85  a tomic   % of  Mn,  10  a tomic  % 



of  A1,  and  5  a t o m i c   %  of  C  and  p r e p a r e d   in  a  mo l t en   s t a t e  

was  e x t r u d e d ,   unde r   a rgon   gas  p r e s s u r e   of  2.5  kg/mm2,  t h r o u g h  

a  s p i n n i n g   n o z z l e   of  a  v a r y i n g   d i a m e t e r   of  0.1  to  1  mm.  The 

e x t r u s i o n   was  made  onto  the  s u r f a c e   of  a  s t e e l   r o l l   h a v i n g  

a  d i a m e t e r   of  20  cm,  r o t a t i n g   at  a  v a r y i n g   speed   of  1000  t o  

5000  rpm,  c o o l e d   and  s o l i d i f i e d   to  p r o d u c e   r i b b o n s   of  10  t o  

500  µm  in  t h i c k n e s s .  

The  r i b b o n s   thus   o b t a i n e d   were  n o t e d   to  t r e n d   t o w a r d  

g r a d u a l   l o s s   of  t o u g h n e s s   in  p r o p o r t i o n   to  g rowth   in  t h i c k n e s s .  

Up  to  abou t   500  µm  of  t h i c k n e s s ,   however ,   the  r i b b o n s   w e r e  

c a p a b l e   of  be ing   ben t   by  180°  and  f o l d e d   f a s t   over  t h e m s e l v e s  

w i t h o u t   f r a c t u r e .   When  the  r i b b o n s   were  t e s t e d   for   t e x t u r e  

by  o b s e r v a t i o n   t h r o u g h   an  o p t i c a l   m i c r o s c o p e ,   an  X - r a y  

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

they   were  found  to  b e - c o m p o s e d   of  m i c r o c r y s t a l s   of  n o n -  

e q u i l i b r i u m   a u s t e n i t e   phase   in  the  s t r u c t u r e   of  a  f a c e  

c e n t e r e d   c u b i c   l a t t i c e .   The  c r y s t a l s   m e a s u r e d   about   1  to  5 

µm.  The  c r y s t a l s   showed  a  t r e n d   toward   g r a d u a l   growth  i n  

p a r t i c l e   d i a m e t e r   in  p r o p o r t i o n   to  g rowth   in  r i b b o n   t h i c k n e s s .  

The  tough   a l l o y   r i bbon   hav ing   a  n o n e q u i l i b r i u m  

a u s t e n i t e   phase   and  m e a s u r i n g   200  µm  in  t h i c k n e s s   was  t e s t e d  

for   t e n s i l e   s t r e n g t h   by  an  I n s t r o n   t e n s i o n   t e s t e r   over  a  t e s t  

d i s t a n c e   of  2.0  cm  at  a  s t r a i n   r a t e   of  4.17  x  1 0 - 4 / s e c .  

The  r i b b o n   was  found  to  be  a  very  tough  m a t e r i a l   h a v i n g  

t e n s i l e   s t rength  of  35kg/mm2,  yield  s trength  of  15  kg/mm2,  a n d  



e l o n g a t i o n   of  22%. 

Example  2 

An  a l l o y   composed  of  75  a tomic   %  of  Mn,  18  a t o m i c  

%  of  A1,  and  7  a tomic   %  of  C  was  m e l t e d .   The  mol ten   a l l o y  

was  e x t r u d e d ,   under   a rgon  gas  p r e s s u r e   of  3.0  kg / cm ,   t h r o u g h  

a  s p i n n i n g   n o z z l e   150  µm  in  o r i f i c e   d i a m e t e r   i n to   a  c o o l i n g  

wate r   bath  2.5  cm  in  dep th   formed  c e n t r i f u g a l l y   (350  r p m ) '  

w i t h i n   a  r o t a r y   c y l i n d e r   50  cm in  d i a m e t e r ,   t h e r e   to  be  c o o l e d  

and  s o l i d i f i e d   wi th   the  r o t a t i n g   body  of  c o o l i n g   w a t e r .   As 

the  t h in   wire  of  a l l o y   of  a  c i r c u l a r   c ross   s e c t i o n   was  c o o l e d  

and  s o l i d i f i e d ,   i t   was  c o n t i n u o u s l y   wound  up  on  the  i n n e r  

wal l   of  the  r o t a r y   c y l i n d e r .   (At  t h i s   t ime ,   the  speed  o f  

the  c o o l i n g   wa te r   (VW)  i n s i d e   the  r o t a r y   c y l i n d e r   and  t h e  

speed  of  the  flow  of  mo l t en   a l l o y   (VJ)  e x t r u d e d   t h r o u g h   t h e  

s p i n n i n g   n o z z l e   were  a d j u s t e d ,   thus  VW/VJ  =  1 . 1 5 . )  

This  o p e r a t i o n   p r o d u c e d   a  c o n t i n u o u s   t h in   wire  o f  

a  s u b s t a n t i a l l y   c i r c u l a r   c ross   s e c t i o n   hav ing   a  un i fo rm  d i a -  

meter   of  130  um. 

When  t h i s   t h i n   wire   was  t e s t e d   for  t e x t u r e   in  t h e  

same  way  as  in  Example  1,  i t   was  found  to  have  a  n o n e q u i l i b r i u m  

a u s t e n i t e   phase   in  the  s t r u c t u r e   of  a  fcc.   The  p a r t i c l e   d i a -  

meter   of  the  c r y s t a l s   was  about   3  um. 

This  t h in   wire   was  found  to  be  a  h i g h l y   t o u g h  

m a t e r i a l   having  t e n s i l e   s t r e n g t h   of  40  kg/mm2,  y i e l d   s t r e n g t h  

of  25  kg/mm2  and  e l o n g a t i o n   of  4%. 



This  t h i n   wire   was  cold  drawn,  w i t h o u t   any  p r o c e s s  

a n n e a l i n g ,   t h r o u g h   a  c o m m e r c i a l l y   a v a i l a b l e   diamond  die  up  t o  

79%  of  r e d u c t i o n   of  a r e a .   During  the  co ld   d rawing ,   the  w i r e  

s u s t a i n e d   no  damage  of  any  s o r t .   Thus,  the   co ld   d r a w i n g  

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

t e n s i l e   s t r e n g t h   of  160  kg/mm2,  a  y i e l d   s t r e n g t h   of  135  k g /  

mm2,  and  an  e l o n g a t i o n   of  1 .1%.  

Example  3 

By  f o l l o w i n g   the  p r o c e d u r e   of  Example  2,  a  v e r y  

tough  c o n t i n u o u s   t h i n   wire   having  a  c i r c u l a r   c ros s   s e c t i o n  

130  µm  in  d i a m e t e r   was  o b t a i n e d   from  an  a l l o y   composed  o f  

62  a tomic   %  of  Mn,  18  a tomic   %  of  Al,  8  a tomic   %  of  Cr,  7 

a tomic   %  of  C,  and  5  a tomic   %  of  Ta .  

When  t h i s   t h i n   wire  was  t e s t e d   fo r   t e x t u r e   by 

o b s e r v a t i o n   t h r o u g h   an  X-ray  d i f f r a c t i o n   me te r   and  a  t r a n s -  

m i s s i o n   e l e c t r o n   m i c r o s c o p e ,   i t   was  found  to  have  a  n o n -  

e q u i l i b r i u m   a u s t e n i t e   phase   of  c r y s t a l s   Z  to  3  µm  i n  

p a r t i c l e   d i a m e t e r .   The  t h i n   wire  had  t e n s i l e   s t r e n g t h  o f   50 

kg/mm2,  yield  s t rength  of  30  kg /mm2,  and   e l o n g a t i o n   of  3 .8%.  

These  t e s t   r e s u l t s   i n d i c a t e   t h a t   the  a d d i t i o n   of  Cr  and  Ta 

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

improved   t e n s i l e   s t r e n g t h .  

This  t h i n   wire   was  cold  drawn,  w i t h o u t ' a n y   p r o c e s s  

a n n e a l i n g ,   t h r o u g h   a  c o m m e r c i a l l y   a v a i l a b l e   diamond  die  t o  

79%  of  r e d u c t i o n   of  a r e a .   When  the  co ld   drawn  wire  was 



t e s t e d   for   t e n s i l e   s t r e n g t h   under   the  same  c o n d i t i o n s ,   i t  

was  found  to  be  a  h e a v y - d u t y   wire   hav ing   t e n s i l e   s t r e n g t h  o f  

190  kg/mm2,  yield  strength  of  140  k g / m m 2 ,  a n d   e l o n g a t i o n   of  0.8  %. 

While  the  i n v e n t i o n   has  been  d e s c r i b e d   in  d e t a i l  

a n d . w i t h   r e f e r e n c e   to  s p e c i f i c   embodiments   t h e r e o f ,   i t   w i l l  

be  a p p a r e n t   to  one  s k i l l e d   in  the  a r t   t h a t   v a r i o u s   c h a n g e s  

and  m o d i f i c a t i o n s   can  be  made  t h e r e i n   w i t h o u t   d e p a r t i n g   f r o m  

the  s p i r i t   and  scope  t h e r e o f .  



1.  An  Mn-based  a l l o y ,   c o m p r i s i n g :  

4  to  30  a tomic   %  of  at  l e a s t   one  e l e m e n t   s e l e c t e d  

from  the  group  c o n s i s t i n g   of  Al,  Ni,  and  C r ;  

1  to  15  a t omic   %  of  C; 

30  a tomic   %  or  l e s s   of  at  l e a s t   one  e l e m e n t   s e l e c t e d  

from  the  group  c o n s i s t i n g   of  Co,  Mo,  W,  Ta,  Nb,  V,  Ti,  and  

Zr;  a n d  

the  b a l a n c e   of  the  a l l o y   to  make  up  100  a tomic   % 

be ing   c o m p r i s e d   s u b s t a n t i a l l y   of  Mn,  the  a l l o y   hav ing   a  n o n -  

e q u i l i b r i u m  a u s t e n i t e   p h a s e .  

2.  An  Mn-based  a l l o y   as  c l a i m e d   in  Claim  1,  w h e r e i n  

the  a l l o y   is  c o m p r i s e d   of  from  25  to  95  a tomic   % of  Mn. 

3 .  A n   Mn-based  a l l o y   as  c l a imed   in  Claim  1,  w h e r e i n  

the  a l l o y   is  c o m p r i s e d   of  from  7  to  26  a tomic   %  of  at  l e a s t  

one  e l e m e n t   s e l e c t e d   from  the  group  c o n s i s t i n g   of  Al,  Ni  a n d  

C r .  

4.  An  Mn-based  a l l o y   as  c l a imed   in  Claim  1,  w h e r e i n  

the  a l l o y   is  c o m p r i s e d   of  from  3  to  10  a tomic   %  of  C. 

5 .  A n   Mn-based  a l l o y   as  c l a imed   in  Claim  1,  w h e r e i n  

the  a l l o y   is  c o m p r i s e d   of  30  a tomic   %  or  l e s s   of  at  l e a s t  

one  elemen-t  s e l e c t e d   from  the  group  c o n s i s t i n g   of  Co,  Mo,  W, 

Ta,  Nb,  V,  Ti,  a n d ' Z r .  

6 .  A n   Mn-based  a l l o y   as  c l a i m e d   in  Claim  5,  w h e r e i n  

the  a l l o y  i s   c o m p r i s e d   of  20  a tomic  %  or  l e s s   of  at  l e a s t  



one  e l ement   s e l e c t e d   from  the  group  c o n s i s t i n g   of  Mo  and  W. 

7.  An  Mn-based   a l l o y   as  c l a i m e d   in  Claim  5,  w h e r e i n  

the  a l l o y   is  c o m p r i s e d   of  10  a tomic   %  or  l e s s   of  at  l e a s t  

one  e l emen t   s e l e c t e d   from  the  group  c o n s i s t i n g   of  Ta,  Nb,  V, 

Ti  and  Z r .  
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