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@  Iron  group  transition  metal-refractory  metal-boron  glassy  alloys. 

The  invention  deals  with  glassy  alloys  consisting  essen- 
tially  of  about  5  to  12  atom  per  cent  boron,  one  of  the 
members  selected  from  the  group  of  20  to  60  atom  per  cent 
molybdenum  and  about  13  to  40  atom  per  cent  tungsten 
and  the  balance  essentially  one  of  the  group  consisting  of 
cobalt,  iron  and  nickel. 

The  invention  also  relates  to  glassy  alloys  containing 
all  three  iron,  cobalt  and  nickel  plus  molybdenum  and/or 
tungsten,  together  with  low  boron  content.  The  latter  glassy 
alloys  of  the  invention  consist  essentially  of  about  5  to  12 
atom  per  cent  boron,  about  5  to  15  atom  per  cent  molybde- 
num  and/or  tungsten  and  the  balance  essentially  iron, 
cobalt  and  nickel  plus  incidental  impurities.  The  glassy 
alloys  evidence  hardness  values  of  at  least  about  1000  Kg/ 
mm2,  ultimate  tensile  strengths  of  at  least  about  330  Kpsi 
and  crystallization  temperatures  of  at  least  about  445°  C. 



BACKGROUND  OF  THE  INVENTION 
1.  F i e l d   of  the  I n v e n t i o n  

The  i n v e n t i o n   r e l a t e s   to  g l a s s y   a l l o y s   c o n t a i n i n g  
low  boron  c o n t e n t   and  molybdenum  a n d / o r   t u n g s t e n   in  c o n j u n c -  
t i o n   wi th   at  l e a s t   one  o t h e r   me ta l   of  the  g roup  c o b a l t ,   i r o n  

and  n i c k e l .  
2.  D e s c r i p t i o n   of  the  P r i o r   A r t  

Chen  et  a l .   in  U . S . P .   3 , 8 5 6 , 5 1 3 ,   i s s u e d   D e c e m b e r  

24,  1974,   have  d i s c l o s e d   g l a s s y   a l l o y s   c o n s i s t i n g   e s s e n t i -  

a l l y   of  abou t   60  to  90  atom  p e r c e n t   of  at  l e a s t   one  e l e m e n t  
of  i r o n ,   n i c k e l ,   c o b a l t ,   vanad ium  and  chromium,   abou t   10  t o  
30  atom  p e r c e n t   of  at   l e a s t   one  e l e m e n t   of  p h o s p h o r u s ,   b o r o n  
and  c a r b o n   and  abou t   0.1  to  15  atom  p e r c e n t   of  at   l e a s t   o n e  

e l e m e n t   of  a luminum,   s i l i c o n ,   t i n ,   ge rman ium,   i nd ium,   a n t i -  

mony  and  b e r y l l i u m .   Up  to  abou t   o n e - f o u r t h   of  the  me ta l   may 
be  r e p l a c e d   by  e l e m e n t s   which  commonly  a l l o y   wi th   i r on   a n d  

n i c k e l ,   s u c h  a s   molybdenum,  t i t a n i u m ,   m a n g a n e s e ,   t u n g s t e n ,  
z i r c o n i u m ,   h a f n i u m   and  c o p p e r .   Chen  et  a l .   a l s o   d i s c l o s e  

w i r e s   of  g l a s s y   a l l o y s   hav ing   the  g e n e r a l   f o r m u l a   T . X . ,  

where  T  is  a  t r a n s i t i o n   me ta l   and  X  is  an  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  p h o s p h o r u s ,   bo ron ,   c a r b o n ,  
a luminum,   s i l i c o n ,   t i n ,   ge rman ium,   ind ium,   b e r y l l i u m   a n d  

a n t i m o n y ,   and  where  "i"  r a n g e s   from  abou t   70  to  87  a t o m  
p e r c e n t   and  "j"  r a n g e s   from  abou t   13  to  30  atom  p e r c e n t .  

More  r e c e n t l y ,   Masumoto  et  a l .   in  U . S . P .   3 , 9 8 6 , 8 6 7  
i s s u e d   O c t o b e r   19,  1976,  have  d i s c l o s e d   i r o n - c h r o m i u m   g l a s s y  

a l l o y s   c o n s i s t i n g   e s s e n t i a l l y   of  abou t   1  to  40  atom  p e r c e n t  



chromium,   7  to  35  atom  p e r c e n t   of  at  l e a s t   one  of  c a r b o n ,  
bo ron   and  p h o s p h o r u s   and  the  b a l a n c e   i r o n .   Up  to  abou t   40 

atom  p e r c e n t   of  at  l e a s t   one  of  n i c k e l   and  c o b a l t ,   up  to  20 

atom  p e r c e n t   of  at  l e a s t   one  of  molybdenum,   z i r c o n i u m ,  

t i t a n i u m   and  manganese   and  up  to  abou t   10  atom  p e r c e n t   of  a t  

l e a s t   one  of  vanad ium,   n i o b i u m ,   t u n g s t e n ,   t a n t a l u m   a n d  

c o p p e r   may  a l s o   be  e m p l o y e d .   E l e m e n t s   u s e f u l   for   i m p r o v i n g  
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 e   molybdenum,  z i r c o n i u m ,   t i t a -  

nium,  vanad ium,   n i o b i u m ,   t a n t a l u m ,   t u n g s t e n ,   c o p p e r   a n d  

m a n g a n e s e ,   w h i l e   e l e m e n t s   e f f e c t i v e   for   i m p r o v i n g   the  h e a t  

r e s i s t a n c e   i n c l u d e   molybdenum,  z i r c o n i u m ,   t i t a n i u m ,   v a n a -  

dium,  n i o b i u m ,   t a n t a l u m   and  t u n g s t e n .  
E f f o r t s   to  d e v e l o p   new  c o m p o s i t i o n s   which  a r e  

e a s i l y   formed  in  the  g l a s s y   s t a t e   w i th   s u p e r i o r   m e c h a n i c a l  

p r o p e r t i e s   and  which  at  the  same  time  r e t a i n   high  t h e r m a l  

s t a b i l i t y   are   c o n t i n u i n g .   S u b s t a n t i a l   amounts   of  m e t a l l o i d  

e l e m e n t s   ( t y p i c a l l y   15  to  25  atom  p e r c e n t )   are  u s u a l l y   f o u n d  

most   s u i t a b l e   for   p r o d u c i n g   the  g l a s s y   s t a t e   under   r e a s o n -  
a b l e   q u e n c h i n g   c o n d i t i o n s   of  at  l e a s t   abou t   1 0 5 ° C / s e c ,   c o n -  
s i s t e n t   w i th   f o rming   a  d u c t i l e   p r o d u c t .   However,   such  h i g h  
m e t a l l o i d   c o n t e n t   combined  wi th   a  h igh  r e f r a c t o r y   m e t a l   c o n -  
t e n t   a l s o   may  r e s u l t   in  i n c r e a s i n g   b r i t t l e n e s s   of  the  g l a s s y  

a l l o y   in  the  a s - q u e n c h e d   s t a t e .  
SUMMARY  OF  THE  INVENTION 

In  a c c o r d a n c e   wi th   the  i n v e n t i o n ,   s u b s t a n t i a l l y  

t o t a l l y   g l a s s y   a l l o y s   c o n t a i n i n g   a  low  boron   c o n t e n t   as  a  
f i r s t   componen t ,   p lus   molybdenum  or  t u n g s t e n   as  a  s e c o n d  

componen t   in  c o n j u n c t i o n   wi th   one  of  the  m e t a l s   c o b a l t ,   i r o n  

and  n i c k e l   are  p r o v i d e d .   The  g l a s s y   a l l o y s   of  the  i n v e n t i o n  

c o n s i s t   e s s e n t i a l l y   of  abou t   5  to  12  atom  p e r c e n t   bo ron ,   o n e  

on ly   of  the  members  s e l e c t e d   from  the  group  of  20  to  60  p e r -  
c e n t   molybdenum  and  13  to  40  atom  p e r c e n t   t u n g s t e n   and  t h e  

b a l a n c e   e s s e n t i a l l y   one  of  the  group  i r o n ,   c o b a l t   and  n i c k e l .  

In  a  more  s p e c i f i c   embodiment   g l a s s y   a l l o y s   c o n t a n i n g   a l l  

t h r e e   of  the  m e t a l s   c o b a l t ,   i ron   and  n i c k e l   wi th   the  a b o v e  
s p e c i f i e d   boron  and  second   componen t   molybdenum,  t u n g s t e n  
and  m i x t u r e s   t h e r e o f   are  p r o v i d e d   w h e r e i n   each  of  the  m e t a l s  

c o b a l t ,   i ron   and  n i c k e l   is  p r e s e n t   in  an  amount  of  at  l e a s t  



a b o u t   5  atom  p e r c e n t ,   p lus   i n c i d e n t a l   i m p u r i t i e s .   The  

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

a b o u t   1000  Kg/mm3,  u l t i m a t e   t e n s i l e   s t r e n g t h s   of  at  l e a s t  
a b o u t   330  Kpsi  and  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   of  at  l e a s t  

abou t   4 4 5 ° C .  

DETAILED  DESCRIPTION  OF  'rHE  INVENTION 

The  g l a s s y   a l l o y s   of  the  i n v e n t i o n   c o n s i s t   e s s e n -  

t i a l l y   of  (I)  abou t   5  to  12  atom  p e r c e n t   boron  t o g e t h e r   w i t h  

( I I )   one  only   of  the  g roup  c o n s i s t i n g   of  molybdenum  ( a b o u t  
20  to  60  wt%)  and  t u n g s t e n   ( a b o u t   13  to  40  wt%)  w i t h   t h e  

b a l a n c e   be ing   one  of  the  group  i r o n ,   c o b a l t   and  n i c k e l   o r  

( I I I )   g l a s s y   a l l o y s   c o n t a i n i n g   at  l e a s t   5  atom  p e r c e n t   o f  

a l l   t h r e e   m e t a l s ,   c o b a l t ,   i r on   and  n i c k e l   in  amounts   of  a t  
l e a s t   5  atom  p e r c e n t   w h e r e i n   the  amount  of  molybdenum,  t u n g -  
s t e n   or  m i x t u r e s   t h e r e o f ,   is  used  in  l e s s e r   q u a n t i t i e s   o f  

a b o u t   5  to  15  atom  p e r c e n t   t o g e t h e r   wi th   boron  in  s p e c i f i e d  
amounts   of  5  to  12  atom  p e r c e n t .   P r e f e r a b l y   the  boron  i s  

p r e s e n t   in  amounts   of  8  to  10  atom  p e r c e n t   and  the  m o l y b -  
denum  and  t u n g s t e n   as  component   II  in  amounts   of  30  to  50 

atom  p e r c e n t   and  as  componen t   I I I   i n  a m o u n t s   of  8  to  12  a t o m  
p e r c e n t .   Examples   of  g l a s s y   a l l o y s   of  the  i n v e n t i o n   i n c l u d e  

Ni45Mo45B10,   Ni55Mo35B10,  Ni60W30B10,  Ni70W20B10,  
Fe60Mo30B10,  Fe55Mo35B10,  Fe77W15B18,  Fe77W13B10,  
Co50Mo40B10,  Co55Mo35B10,  Co60W30B10,  Co70W20B10, 
Fe45Co20Ni15Mo12B8,   Ni55Co10Fe15Mo12B8,  Co55Fe15Ni10W6Mo6B8.  

I t   is  seen  t h a t   the  g l a s s y   me ta l   a l l o y s   of  t h e  

i n v e n t i o n   c o m p r i s e   t h r e e   c o m p o n e n t s :   the  f i r s t   component   i s  
boron   in  amounts   of  from  abou t   5  to  abou t   12  atom  p e r c e n t ;  
the  second  componen t   is  a  r e f r a c t o r y   me ta l   of  the  g r o u p  
molybdenum  in  amounts   of  20  to  60  atom  p e r c e n t   and  t u n g s t e n  
in  amounts   of  from  abou t   13  to  40  atom  p e r c e n t ;   and  t h e  
t h i r d   componen t   c o m p r i s i n g   the  b a l a n c e   of  the  a l l o y   i s  

s e l e c t e d   from  the  group  c o b a l t ,   i ron   and  n i c k e l .  
The  low  boron   c o n t e n t ,   the  r e f r a c t o r y   me ta l   c o n -  

t e n t   and  the  t h i r d   component   are  i n t e r d e p e n d e n t .   When  t h e  
boron   c o n t e n t   is  l e s s   than  abou t   5  atom  p e r c e n t   and  both  t h e  
r e f r a c t o r y   me ta l   c o n t e n t   and  the  i ron   group  me ta l   c o n t e n t  
l i e   w i t h i n   the  l i m i t s   s p e c i f i e d ,   r a p i d l y   quenched   r i b b o n s  



are   not  t o t a l l y   g l a s s y .   R a t h e r ,   the  r a p i d l y   q u e n c h e d  
r i b b o n s   c o n t a i n   c r y s t a l l i n e   p h a s e s ,   which  may  c o m p r i s e   a 
s u b s t a n t i a l   f r a c t i o n   of  the  m a t e r i a l ,   d e p e n d i n g   on  s p e c i f i c  

c o m p o s i t i o n .   The  r a p i d l y   quenched   r i b b o n s   c o n t a i n i n g   c r y s -  
t a l l i n e   p h a s e s   or  m i x t u r e s   of  both  g l a s s y   and  c r y s t a l l i n e  
p h a s e s   have  i n f e r i o r   m e c h a n i c a l   p r o p e r t i e s ,   i . e . ,   low  t e n -  
s i l e   s t r e n g t h ,   and  are  b r i t t l e .   T y p i c a l l y ,   such  r i b b o n s ,  
h a v i n g   t h i c k n e s s e s   up  to  0 . 0015   i n c h ,   w i l l   f r a c t u r e   if  b e n t  

to  a  r a d i u s   of  c u r v a t u r e   l e s s   than  100  t imes   the  t h i c k n e s s .  
When  the  boron  c o n t e n t   is  g r e a t e r   than  abou t   13 

atom  p e r c e n t   and  both  the  r e f r a c t o r y   me ta l   c o n t e n t   and  t h e  
i r o n   group  me ta l   c o n t e n t   l i e   w i t h i n   the  l i m i t s   s p e c i f i e d ,  
r a p i d l y   quenched   r i b b o n s ,   wh i l e   r e m a i n i n g   f u l l y   g l a s s y   a r e ,  
n e v e r t h e l e s s ,   more  b r i t t l e   than  r i b b o n s   hav ing   c o m p o s i t i o n s  
w i t h i n   the  scope  of  the  i n v e n t i o n .   T y p i c a l l y ,   such  r i b b o n s  

f r a c t u r e   when  ben t   to  a  r a d i u s   of  c u r v a t u r e   l e s s   than   a b o u t  

100  t imes   the  t h i c k n e s s .  

S i m i l a r l y ,   for   r e f r a c t o r y   me ta l   c o n c e n t r a t i o n s  

l e s s   than   than  t hose   l i s t e d   above ,   c o m p o s i t i o n s   c o n t a i n i n g  

such  low  m e t a l l o i d   c o n t e n t   do  not  form  g l a s s y   a l l o y s   at  t h e  
u s u a l   quench   r a t e s .   For  r e f r a c t o r y   me ta l   c o n c e n t r a t i o n s  

g r e a t e r   than  t hose   l i s t e d   above ,   c o m p o s i t i o n s   c o n t a i n i n g  
such  low  m e t a l l o i d   c o n t e n t   form  b r i t t l e   g l a s s y   a l l o y s .   I f  
the  a l l o y s   do  not  c o n t a i n   t h e s e   m e t a l s   in  the  r e s p e c t i v e  
p r o p o r t i o n s   t h e n ,   in  g e n e r a l ,   the  a l l o y s   do  not   form  f u l l y  

g l a s s y   d u c t i l e   r i b b o n s .  

In  c o n t r a s t ,   when  the  boron  c o n t e n t   r a n g e s   f r o m  
a b o u t   5  to  12  t o g e t h e r   wi th   the  s p e c i f i e d   p r o p o r t i o n s   of  t h e  

r e f r a c t o r y   m e t a l ,   molybdenum  a n d / o r   t u n g s t e n ,   second   compo-  
nen t   t o g e t h e r   wi th   the  t h i r d   componen t   of  the  group  i r o n ,  
c o b a l t   and  n i c k e l ,   r a p i d l y   quenched   r i b b o n s   are  s u b s t a n -  

t i a l l y   t o t a l l y   g l a s s y   and  p o s s e s s   s u p e r i o r   m e c h a n i c a l   p r o -  
p e r t i e s ,   i . e . ,   h igh  t e n s i l e   s t r e n g t h   and  d u c t i l i t y .   F o r  
e x a m p l e ,   g l a s s y   r i b b o n s   of  the  i n v e n t i o n   can  be  ben t   w i t h o u t  

f r a c t u r e   to  a  r a d i u s   of  c u r v a t u r e   abou t   10  t i m e s   the  t h i c k -  
n e s s .  

Use  of  r e f r a c t o r y   me ta l   e l e m e n t s   o t h e r   than  m o l y b -  
denum  and  t u n g s t e n   and  use  of  m e t a l l o i d s   o t h e r   than  boron  i n  



the  amounts   g iven   do  not   form  d u c t i l e   g l a s s y   a l l o y s   at  t h e  
u s u a l   quench   r a t e s .   For  e x a m p l e ,   r e p l a c i n g   boron  by  c a r b o n  

or  s i l i c o n   r e s u l t s   in  the  f o r m a t i o n   of  c r y s t a l l i n e ,   r a t h e r  

than   g l a s s y ,   p h a s e s .  
The  p u r i t y   of  a l l   e l e m e n t s   is  t h a t   found  in  n o r m a l  

c o m m e r c i a l   p r a c t i c e .   However ,   i t   is  c o n t e m p l a t e d   t h a t   m i n o r  
a d d i t i o n s   (up  to  a  few  atom  p e r c e n t )   of  o t h e r   a l l o y i n g   e l e -  

ments   may  be  made  w i t h o u t   an  u n a c c e p t a b l e   r e d u c t i o n   of  t h e  

d e s i r e d   p r o p e r t i e s .   Such  a d d i t i o n s   may  be  made,  for   e x a m -  
p l e ,   to  a id   the  g l a s s - f o r m i n g   b e h a v i o r .   Such  a l l o y i n g  
e l e m e n t s   i n c l u d e   the  t r a n s i t i o n   me ta l   e l e m e n t s   (Groups   IB  t o  

VIIB  and  V I I I ,   Rows  4,  5  and   6  of  the  P e r i o d i c   T a b l e ,   o t h e r  
than   the  e l e m e n t s   m e n t i o n e d   above)   and  m e t a l l o i d   e l e m e n t s  

( c a r b o n ,   s i l i c o n ,   a luminum,   and  p h o s p h o r u s ) .  
The  t h e r m a l   s t a b i l i t y   of  a  g l a s s y   a l l o y   is  a n  

i m p o r t a n t   p r o p e r t y   in  c e r t a i n   a p p l i c a t i o n s .   Thermal   s t a b -  

i l i t y   is  c h a r a c t e r i z e d   by  the  t i m e - t e m p e r a t u r e   b e h a v i o r   o f  

an  a l l o y ,   and  may  be  d e t e r m i n e d   in  p a r t   by  d i f f e r e n t i a l  

t h e r m a l   a n a l y s i s   (DTA).  G l a s s y   a l l o y s   wi th   s i m i l a r   c r y s t a l -  
l i z a t i o n   b e h a v i o r   as  o b s e r v e d   by  DTA  may  e x h i b i t   d i f f e r e n t  
e m b r i t t l e m e n t   b e h a v i o r   upon  e x p o s u r e   to  the  same  h e a t   t r e a t -  

ment  c y c l e .   By  DTA  m e a s u r e m e n t ,   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   Tc  can  be  a c c u r a t e l y   d e t e r m i n e d   by  h e a t i n g   a  g l a s s y  
a l l o y   (a t   abou t   20°  to  50°C/min)   and  n o t i n g   w h e t h e r   e x c e s s  
h e a t   is  e v o l v e d   over   a  l i m i t e d   t e m p e r a t u r e   range   ( 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 )   or  w h e t h e r   e x c e s s   h e a t   is  a b s o r b e d  

over   a  p a r t i c u l a r   t e m p e r a t u r e   range   ( g l a s s   t r a n s i t i o n  

t e m p e r a t u r e ) .   In  g e n e r a l ,   the  g l a s s   t r a n s i t i o n   t e m p e r a t u r e  
is  near   the  l o w e s t ,   or  f i r s t ,   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  

Tcl  and,  as  is  c o n v e n t i o n a l ,   is  the  t e m p e r a t u r e   at  which  t h e  

v i s c o s i t y   r a n g e s   from  abou t   1013  to  10 14  p o i s e .  
The  g l a s s y   a l l o y s   of  the  i n v e n t i o n   are  formed  by 

q u e n c h i n g   an  a l l o y   mel t   of  the  a p p r o p r i a t e   c o m p o s i t i o n   at  a  
r a t e   of  at  l e a s t   abou t   1 0 5 ° C / s e c .   A  v a r i e t y   of  t e c h n i q u e s  
are  a v a i l a b l e ,   as  is  w e l l - k n o w n   in  the  a r t ,   for   f a b r i c a t i n g  
r a p i d l y - q u e n c h e d   c o n t i n u o u s   f i l a m e n t .   T y p i c a l l y ,   a  p a r t i c u -  
l a r   c o m p o s i t i o n   is  s e l e c t e d ,   powders   of  the  r e q u i s i t e   e l e -  
ments   (or  of  m a t e r i a l s   t h a t   decompose   to  form  the  e l e m e n t s )  
in  the  d e s i r e d   p r o p o r t i o n s   are  me l t ed   and  h o m o g e n i z e d ,   a n d  



the  mo l t en   a l l o y   is  r a p i d l y   quenched   on  a  c h i l l   s u r f a c e ,  
such  as  a  r a p i d l y   r o t a t i n g   c y l i n d e r .  

The  a l l o y s   of  the  i n v e n t i o n   are   s u b s t a n t i a l l y  

t o t a l l y   g l a s s y ,   as  d e t e r m i n e d   by  X- ray   d i f f r a c t i o n .   The  

term  " g l a s s y " ,   as  used  h e r e i n ,   means  a  s t a t e   of  m a t t e r   i n  
which  the  componen t   atoms  are  a r r a n g e d   in  a  d i s o r d e r l y   .  

a r r a y ;   t h a t   i s ,   t h e r e   is  no  long  r ange   o r d e r .   Such  a  g l a s s y  

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

peaks   when  s u b j e c t e d   to  e l e c t r o m a g n e t i c   r a d i a t i o n   in  t h e  
° 

X-ray  r e g i o n   ( a b o u t   0 .01  to  50  A  w a v e l e n g t h ) .   This   is  i n  

c o n t r a s t   to  c y r s t a l l i n e   m a t e r i a l ,   in  which  the  c o m p o n e n t  
atoms  are   a r r a n g e d   in  an  o r d e r l y   a r r a y ,   g i v i n g   r i s e   to  s h a r p  
d i f f r a c t i o n   p e a k s .   The  term  " s u b s t a n t i a l l y   t o t a l l y   g l a s s y "  
as  used  h e r e i n   means  a  s t a t e   of  m a t t e r   hav ing   c r y s t a l l i n e  
and  amorphous   p h a s e s ,   the  amorphous   phase   c o n s t i t u t i n g   a t  
l e a s t   abou t   80  p e r c e n t   of  the  combined  p h a s e s .   Thermal   s t a -  

b i l i t y   of  the  a l l o y s   improves   as  the  d e g r e e   of  a m o r p h o u s n e s s  
t h e r e o f   a p p r o a c h e s   100%.  A c c o r d i n g l y ,   t o t a l l y   g l a s s y  

a l l o y s ,   p o s s e s s i n g   a  s i n g l e ,   amorphous   phase   c o n s t i t u t i n g  
100%  of  the  componen t   atoms  are   p r e f e r r e d .  

The  g l a s s y   a l l o y s   of  the  i n v e n t i o n   e v i d e n c e   h a r d -  

ness   v a l u e s   of  at  l e a s t   abou t   1000  Kg/mm2,  u l t i m a t e   t e n s i l e  

s t r e n g t h s   of  at  l e a s t   abou t   350  Kpsi  and  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   of  at  l e a s t   abou t   445°C.  P r e f e r r e d   a l l o y   com-  
p o s i t i o n s   c o n s i s t   e s s e n t i a l l y   of  abou t   50  to  65  atom  p e r c e n t  
of  one  of  the  i r on   group  m e t a l s   of  i r o n ,   c o b a l t   and  n i c k e l ,  

a b o u t   13  to  35  atom  p e r c e n t   of  the  r e m a i n i n g   two  i r on   g r o u p  
m e t a l s ,   abou t   8  to  12  atom  p e r c e n t   of  at  l e a s t   one  of  m o l y b -  
denum  and  t u n g s t e n   and  abou t   8  to  10  atom  p e r c e n t   b o r o n .  
The  a l l o y s   h a v i n g   such  p r e f e r r e d   c o m p o s i t i o n s   are   e s p e c i a l l y  
c a p a b l e   of  be ing   f a b r i c a t e d   as  good  q u a l i t y ,   d u c t i l e   r i b b o n s  

e x h i b i t i n g   h igh  t e n s i l e   s t r e n g t h .  
The  high  m e c h a n i c a l   s t r e n g t h   and  high  t h e r m a l  

s t a b i l i t y   of  the  g l a s s y   a l l o y s   of  the  i n v e n t i o n   r e n d e r   them  i 

s u i t a b l e   for   use  as  r e i n f o r c e m e n t   in  c o m p o s i t e s   for   h i g h  
t e m p e r a t u r e   a p p l i c a t i o n s .  

EXAMPLES 

A l l o y s   were  p r e p a r e d   from  c o n s t i t u e n t   e l e m e n t s   o f  



high  p u r i t y   ( 9 9 . 9 % ) .   The  e l e m e n t s   with  a  t o t a l   w e i g h t   o f  
30  g  were  m e l t e d   by  i n d u c t i o n   h e a t e r   in  a  q u a r t z   c r u c i b l e  

under   vacuum  of  1 0   T o r r .   The  m o l t e n   a l l o y   was  held   a t  
150°  to  200°C  above  the  l i q u i d u s   t e m p e r a t u r e   for   10  min  

and  a l l o w e d   to  become  c o m p l e t e l y   homogen ized   b e f o r e   i t   was 

s l o w l y   c o o l e d   to  the  s o l i d   s t a t e   at  room  t e m p e r a t u r e .   The  

a l l o y   was  f r a c t u r e d   and  examined   for  c o m p l e t e   h o m o g e n e i t y .  
About  10  g  of  the  a l l o y s   was  r e m e l t e d   to  150°C 

above  l i q u i d u s   t e m p e r a t u r e s   under   vacuum  of  1 0   Torr   in  a 

q u a r t z   c r u c i b l e   hav ing   an  o r i f i c e   of  0 .010  inch  d i a m e t e r   i n  

the  b o t t o m .   The  c h i l l   s u b s t r a t e   used  in  the  p r e s e n t   work  

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

h a v i n g   m o d e r a t e l y   high  s t r e n g t h   and  t h e r m a l   c o n d u c t i v i t y .  
The  s u b s t r a t e   m a t e r i a l   c o n t a i n e d   0.4  to  0.7  wt%  b e r y l l i u m ,  
2.4  to  2.7  wt%  c o b a l t   and  coppe r   as  b a l a n c e .   The  s u b s t r a t e  

was  kep t   r o t a t i n g   at  a  s u r f a c e   speed  of  4000  f t / m i n .   The  
s u b s t r a t e   and  the  c r u c i b l e   were  c o n t a i n e d   i n s i d e   a  vacuum 
chamber   e v a c u a t e d   to  1 0   T o r r .  

The  mel t   was  spun  as  a  m o l t e n   j e t   by  a p p l y i n g  

a rgon   p r e s s u r e   of  5  p s i   over   the  m e l t .   The  mo l t en   j e t  
imp inged   v e r t i c a l l y   onto   the  i n t e r n a l   s u r f a c e   of  the  r o t a t -  

ing  s u b s t r a t e .   The  c h i l l - c a s t   r i b b o n   was  m a i n t a i n e d   in  g o o d  
c o n t a c t   wi th   the  s u b s t r a t e   by  the  c e n t r i f u g a l   f o r c e   a c t i n g  

on  the  r i b b o n   a g a i n s t   the  s u r f a c e .   The  r i b b o n   was  e j e c t e d  
o f f   the  s u b s t r a t e   by  n i t r o g e n   gas  at  30  p s i ,   t w o - t h i r d s   c i r -  
c u m f e r e n t i a l   l e n g t h   away  from  the  p o i n t   of  j e t   i m p i n g e m e n t .  

Dur ing   the  m e t a l l i c   g l a s s   r i b b o n   c a s t i n g   o p e r a t i o n ,   t h e  

vacuum  chamber   was  m a i n t a i n e d   under   a  dynamic  vacuum  of  20 

T o r r .   The  s u b s t r a t e   s u r f a c e   was  p o l i s h e d   wi th   320  g r i t  

emery  pape r   and  c l e a n e d   and  d r i e d   wi th   a c e t o n e   p r i o r   to  t h e  

s t a r t   of  the  c a s t i n g   o p e r a t i o n .   The  a s - c a s t   r i b b o n s   w e r e  
found  to  have  good  edges   and  s u r f a c e s .   The  r i b b o n s   had  t h e  

f o l l o w i n g   d i m e n s i o n s :   0 .001  to  0 .0012   inch  t h i c k n e s s   and  
0 .015  to  0 .020   inch  w i d t h .  

The  d e g r e e   of  g l a s s i n e s s   was  d e t e r m i n e d   by  X - r a y  
d i f f r a c t i o n .   A  c o o l i n g   r a t e   of  at  l e a s t   abou t   1 0 5 ° C / s e c   was 
a t t a i n e d   by  the  q u e n c h i n g   p r o c e s s .  



H a r d n e s s   was  m e a s u r e d   by  the  d iamond  pyramid   t e c h -  

n i q u e   u s i n g   a  V i c k e r s - t y p e   i n d e n t e r ,   c o n s i s t i n g   of  a  d i a m o n d  
in  the  form  of  a  s q u a r e - b a s e   py ramid   wi th   an  i n c l u d e d   a n g l e  
of  136°  be tween   o p p o s i t e   f a c e s .   Loads  of  100  g  were  a p p l i e d .  

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   was  m e a s u r e d   by  d i f f e r e n t i a l  

t h e r m a l   a n a l y s i s   at  a  scan  r a t e   of  abou t   2 0 ° C / m i n .   U l t i m a t e  

t e n s i l e   s t r e n g t h   was  m e a s u r e d   on  an  I n s t r o n   machine   u s i n g  
r i b b o n s   wi th   u n p o l i s h e d   e d g e s .   The  gauge  l e n g t h   of  t h e  

s p e c i m e n s   was  1  inch  and  the  c r o s s - h e a d   speed  was  0 . 0 2  

i n / m i n .  

The  f o l l o w i n g   v a l u e s   of  h a r d n e s s   in  Kg/mm2,  u l t i -  
mate  t e n s i l e   s t r e n g t h   in  Kpsi  and  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   in  °C,  l i s t e d   in  T a b l e s   I - IV   be low,   were  m e a s u r e d   for   a  
number  of  c o m p o s i t i o n s   f a l l i n g   w i t h i n   the  scope   of  t h e  
i n v e n t i o n .  





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

X-ray   d i f f r a c t i o n   in  c h i l l   c a s t   r i b b o n s   of  t h e s e   c o m p o s i -  
t i o n s   p r e p a r e d   as  above ,   and  the  b r i t t l e n e s s   of  the  r i b b o n s .  





1.  A  s u b s t a n t i a l l y   t o t a l l y   g l a s s y   a l l o y   c o n s i s t -  

ing  e s s e n t i a l l y   of  (I)   a b o u t   5  to  12  atom  p e r c e n t   boron  a n d  

( I I )   a  member  s e l e c t e d   from  the  group  c o n s i s t i n g   of  a b o u t  
20  to  60  atom  p e r c e n t   molybdenum  and  abou t   13  to  40  a t o m  

p e r c e n t   t u n g s t e n   wi th   the  b a l a n c e   be ing   e s s e n t i a l l y   a  m e t a l  
of  the  group  c o n s i s t i n g   of  c o b a l t ,   i r on   and  n i c k e l   or  ( I I I )  

a  member  s e l e c t e d   from  the  g roup  c o n s i s t i n g   of  abou t   5  t o  
15  atom  p e r c e n t   molybdenum,   t u n g s t e n   or  a  m i x t u r e   t h e r e o f  
and  the  b a l a n c e   be ing   e s s e n t i a l l y   i r o n ,   c o b a l t   and  n i c k e l  
w i th   each  be ing   p r e s e n t   in  an  amount  of  at   l e a s t   5  a t o m  

p e r c e n t .  
2.  The  g l a s s y   a l l o y   of  c l a im   1  w h e r e i n   the  b o r o n  

is  p r e s e n t   in  an  amount  of  8-10  atom  p e r c e n t ,   the  m o l y b -  
denum  and  t u n g s t e n   in  member  II   is  p r e s e n t   in  amounts   o f  
30  to  50  atom  p e r c e n t   r e s p e c t i v e l y   and  the  molybdenum  a n d  

t u n g s t e n   in  Member  I I I   is  p r e s e n t   in  amounts   of  8  to  12  

atom  p e r c e n t .  
3.  A  s u b s t a n t i a l l y   t o t a l l y   g l a s s y   a l l o y   c o n s i s t -  

ing  e s s e n t i a l l y   of  abou t   5  to  12  atom  p e r c e n t   b o r o n ,   a  
member  s e l e c t e d   from  the  group  c o n s i s t i n g   of  abou t   30  to  60 

atom  p e r c e n t   molybdenum  and  abou t   20  to  35  atom  p e r c e n t  

t u n g s t e n   and  the  b a l a n c e   e s s e n t i a l l y   n i c k e l   p lus   i n c i d e n t a l  

i m p u r i t i e s .  
4.  The  g l a s s y   a l l o y   of  c l a im   3  h a v i n g   a  c o m p o s i -  

t i o n   s e l e c t e d   from  the  group  c o n s i s t i n g   of  N i 5 7 M o 3 5 B 8 ,  

Ni55Mo35B10,  Ni50Mo40B10,  Ni45Mo45B10,  Ni42Mo50B8,  

Ni70W22B8,  Ni70W20B10  and  N i60W30B10 '  

5.  A  s u b s t a n t i a l l y   t o t a l l y   g l a s s y   a l l o y   c o n s i s t -  

ing  e s s e n t i a l l y   of  abou t   5  to  12  atom  p e r c e n t   bo ron ,   a  

member  s e l e c t e d   from  the  group  c o n s i s t i n g   of  abou t   25  to  40 

atom  p e r c e n t   molybdenum  and  abou t   13  to  25  atom  p e r c e n t  

t u n g s t e n   and  the  b a l a n c e   e s s e n t i a l l y   i ron   p lus   i n c i d e n t a l  

i m p u r i t i e s .  
6.  The  g l a s s y   a l l o y   of  c l a im  5  h a v i n g   a  c o m p o s i -  

t i o n   s e l e c t e d   from  the  group  c o n s i s t i n g   of  Fe60Mo30B10,  
Fe55Mo35B10,  Fe77W15B8  and  Fe77W13B10.  



7.  A  s u b s t a n t i a l l y   t o t a l l y   g l a s s y   a l l o y   c o n s i s t -  

ing  e s s e n t i a l l y   of  about   5  to  12  atom  p e r c e n t   bo ron ,   a  
member  s e l e c t e d   from  the  group  c o n s i s t i n g   of  abou t   20  to  50 

atom  p e r c e n t   molybdenum  and  abou t   15  to  40  atom  p e r c e n t  

t u n g s t e n   and  the  b a l a n c e   e s s e n t i a l l y   c o b a l t   p lus   i n c i d e n t a l  

i m p u r i t i e s .  
8.  The  g l a s s y   a l l o y   of  c l a im  7  hav ing   a  c o m p o s i -  

t i o n   s e l e c t e d   from  the  group  c o n s i s t i n g   of  Co66Mo26B8, 

Co55Mo35B10'  Co50Mo40B10,  Co70W20B10  and  Co60W30B10. 
9.  A  s u b s t a n t i a l l y   t o t a l l y   g l a s s y   a l l o y   c o n s i s t -  

ing  e s s e n t i a l l y   of  abou t   5  to  10  atom  p e r c e n t   boron ,   abou t   5 

to  15  atom  p e r c e n t   of  at  l e a s t   one  of  molybdenum  and  t u n g -  
s t e n   and  the  b a l a n c e   e s s e n t i a l l y   i r o n ,   c o b a l t   and  n i c k e l ,  

each  p r e s e n t   in  an  amount  of  at  l e a s t   abou t   5  atom  p e r c e n t ,  
p lus   i n c i d e n t a l   i m p u r i t i e s .  

10.  The  g l a s s y   a l l o y   of  c l a im  9  c o n s i s t i n g   e s s e n -  

t i a l l y   of  abou t   8  to  10  atom  p e r c e n t   bo ron ,   abou t   8  to  12 

atom  p e r c e n t   of  at  l e a s t   one  of  molybdenum  and  t u n g s t e n ,  
a b o u t   50  to  65  atom  p e r c e n t   of  one  of  the  i ron   group  m e t a l s  

and  abou t   13  to  35  atom  p e r c e n t   of  the  r e m a i n i n g   two  of  t h e  

i ron   group  m e t a l s .  
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