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(54)  Amorphous  metal  alloy  powders  and  bulk  objects  and  synthesis  of  same  by  solid  state  decomposition  reactions. 
  Amorphous  metal  alloy  powders  are  synthesized  by 
solid  state  decomposition  reactions.  At  least  one  precursor 
compound  is  thermally  decomposed  at  a  temperature  below 
the  crystallization  temperature  of  the  amorphous  metal  alloy 
to  be  formed.  The  decomposition  product  comprises  an 
intimate  mixture  of  the  elements  of  the  alloy  and,  after 
heat-treating  if  necessary,  exhibits  amorphous  characteris- 
tics.  Amorphous  metal  alloy  shapes  are  synthesized  by 
providing  an  intimate  mixture  of  the  components  of  the 
amorphous  alloy,  which  mixture  includes  at  least  one  ductile 
component.  The  mixture  may  be  subjected  to  well-known 
forming  techniques  at  a  temperature  below  the  crystalliza- 
tion  temperature  of  the  amorphous  metal  alloy  to  be  formed. 
The  ductile  component  of  the  mixture  acts  as  a  binder  matrix 
to  provide  strength  and  uniform  properties  to  the  formed 
object. 



FIELD  OF  THE  INVENTION 

This  i nven t ion   r e l a t e s   to  amorphous  metal  a l loy   powders  and 

shapes  and  the  novel  p r e p a r a t i o n   of  such  powders  by  so l id   s t a t e  

r e a c t i o n s .   More  s p e c i f i c a l l y ,   th is   i nven t ion   r e l a t e s   to  t h e  

s y n t h e s i s   of  amorphous  metal  a l loy   powders  by  the  t h e r m a l  

decompos i t ion   of  m e t a l - b e a r i n g   compounds  and  the  s y n t h e s i s   o f  

amorphous  metal  a l l oy   shapes  by  sol id   s t a t e   r e a c t i o n s   tha t   u t i l i z e   a 

d u c t i l e   matrix  p r e c u r s o r .  

BACKGROUND  OF  THE  INVENTION 

Amorphous  metal  a l loy   m a t e r i a l s   have  become  of  i n t e r e s t   in  

recen t   years  due  to  t h e i r   unique  combinat ions   of  mechanica l ,   chemica l  

and  e l e c t r i c a l   p r o p e r t i e s   that   are  e s p e c i a l l y   w e l l - s u i t e d   f o r  

newly-emerging  a p p l i c a t i o n s .   Examples  of  amorphous  metal  m a t e r i a l  

p r o p e r t i e s   include  the  f o l l o w i n g :  

-  uniform  e l e c t r o n i c   s t r u c t u r e ,  

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

-  high  hardness  and  s t r e n g t h ,  

-  f l e x i b i l i t y ,  

-  sof t   magnetic  and  f e r r o e l e c t r o n i c   p r o p e r t i e s ,  

-  very  high  r e s i s t a n c e   to  co r ro s ion   and  w e a r ,  

-  unusual  a l loy   compos i t i ons ,   and 

-  high  r e s i s t a n c e   to  r a d i a t i o n   damage. 

These  c h a r a c t e r i s t i c s   are  d e s i r a b l e   for  a p p l i c a t i o n s   such  as  

low  t empera tu re   welding  a l l o y s ,   magnetic  bubble  memories,  high  f i e l d  

s u p e r c o n d u c t i n g   devices  and  soft   magnetic  m a t e r i a l s   for  power 

t r a n s f o r m e r   c o r e s .  

The  unique  combinat ion  of  p r o p e r t i e s   of  amorphous  m e t a l  

a l l oy   m a t e r i a l s   may  be  a t t r i b u t e d   to  the  d i so rde red   atomic  s t r u c t u r e  

of  amorphous  m a t e r i a l s   which  ensures  that   the  ma te r i a l   is  c h e m i c a l l y  

homogeneous  and  free  from  the  extended  d e f e c t s ,   such  as  d i s l o c a t i o n s  



and  g ra in   b o u n d a r i e s ,   tha t   are  known  to  l imi t   the  performance  o f  

c r y s t a l l i n e   m a t e r i a l s .   The  amorphous  s t a t e   is  c h a r a c t e r i z e d  b y   a 

lack  of  long  range  p e r i o d i c i t y ,   whereas  a  c h a r a c t e r i s t i c   of  t h e  

c r y s t a l l i n e   s t a t e   is  i t s   long  range  p e r i o d i c i t y .  

Gene ra l l y ,   the  room  t empera tu re   s t a b i l i t y   of  amorphous 
m a t e r i a l s   depends  on  va r ious   k i n e t i c   b a r r i e r s   to  the  growth  o f  

c r y s t a l   nucle i   and  to  n u c l e a t i o n   b a r r i e r s   tha t   h inder   the  f o r m a t i o n  

of  s t a b l e   c r y s t a l   n u c l e i .   Such  b a r r i e r s   t y p i c a l l y   are  p resen t   if  t h e  

m a t e r i a l   to  be  made  amorphous  is  f i r s t   heated  to  a  molten  s t a t e   t h e n  

r a p i d l y   quenched  or  cooled  through  the  c r y s t a l   n u c l e a t i o n   t e m p e r a t u r e  

range  at  a  ra te   t ha t   is  s u f f i c i e n t l y   f a s t   to  p reven t   s i g n i f i c a n t  

n u c l e a t i o n   to  occur .   Such  cool ing  r a tes   are  on  the  order   o f  
106°C/second .   Rapid  cool ing   d r a m a t i c a l l y   i n c r e a s e s   the  v i s c o s i t y  

of  the  molten  a l l oy   and  qu ick ly   dec reases   the  l ength   over  which  atoms 

can  d i f f u s e .   This  has  the  e f f e c t   of  p r e v e n t i n g   c r y s t a l l i n e   n u c l e i  

from  forming  and  y i e l d s   a  m e t a s t a b l e ,   or  amorphous  phase.   - 
Processes   t h a t   provide  such  coo l ing   r a tes   i n c l u d e  

s p u t t e r i n g ,   vacuum  e v a p o r a t i o n ,   plasma  sp ray ing   and  d i r e c t   quench ing  

from  the  l i q u i d   s t a t e .   It  has  been  found  tha t   a l l o y s   produced  by  one 

method  of ten   cannot  be  s i m i l a r i l y   produced  by  a n o t h e r   method  even  

though  the  pathway  to  format ion   is  in  theory   the  same.  

Direc t   quenching  from  the  l i qu id   s t a t e   has  found  t h e  

g r e a t e s t   commercial  success   s ince  a  v a r i e t y   of  a l l o y s   are  known  t h a t  

can  be  manufac tured   by  th i s   t echnique   in  var ious   forms  such  as  t h i n  

f i l m s ,   r ibbons  and  w i r e s .   United  S t a t e s   pa t en t   number  3 ,856,513  t o  

Chen  et  a l .   d e s c r i b e s   novel  metal  a l l oy   compos i t i ons   ob ta ined   by 

d i r e c t   quenching  from  t h e  m e l t   and  i nc ludes   a  genera l   d i s c u s s i o n   o f  

t h i s   p r o c e s s .   Chen  et  a t .   d e s c r i b e s   magnetic  amorphous  metal  a l l o y s  

formed  by  s u b j e c t i n g   the  a l l oy   composi t ion   to  rapid  coo l ing   from  a 

t e m p e r a t u r e   above  i t s   mel t ing   t e m p e r a t u r e .   A  s t ream  of  the  mo l t en  

metal  is  d i r e c t e d   in to   the  nip  of  r o t a t i n g   double  r o l l s   mainta ined   a t  

room  t e m p e r a t u r e .   The  quenched  metal ,   ob ta ined   in  the  form  of  a 

r ibbon ,   was  s u b s t a n t i a l l y   amorphous  as  i n d i c a t e d   by  x-ray  d i f f r a c t i o n  

measurements ,   was  d u c t i l e ,   and  had  a  t e n s i l e   s t r e n g t h   of  a b o u t  

350,000  p s i .  



United  S t a t e s   pa tent   number  4 ,036,638  to  Ray  et  a l .  

d e s c r i b e s   b inary   amorphous  a l loys   of  iron  or  cobal t   and  boron.  The 

claimed  amorphous  a l loys   were  formed  by  a  vacuum  m e l t - c a s t i n g   p r o c e s s  
wherein  molten  a l l oy   was  e j e c t ed   through  an  o r i f i c e   and  a g a i n s t   a 

r o t a t i n g   c y l i n d e r   in  a  p a r t i a l   vacuum  of  about  100  m i l l i t o r r .   Such 

amorphous  a l loys   were  obtained  as  con t inuous   ribbons  and  a l l  

e x h i b i t e d   high  mechanical  hardness   and  d u c t i l i t y .  

The  t h i c k n e s s e s   of  e s s e n t i a l l y   al l   amorphous  f o i l s   and 

r ibbons  formed  by  rapid  cool ing  from  the  melt  are  l imi ted   by  the  r a t e  

of  heat  t r a n s f e r   through  the  m a t e r i a l .   Genera l ly   the  t h i c k n e s s e s   o f  

such  f i lms  are  less  than  50  m.  The  few  m a t e r i a l s   tha t   can  be 

prepared  in  th i s   manner  inc lude  those  d i s c l o s e d   by  Chen  et  a l .   and 

Ray  et  a l .  

Amorphous  metal  a l loy   m a t e r i a l s   prepared  by 

e l e c t r o d e p o s i t i o n   p rocesses   have  been  repor ted   by  Lashmore  and 

Weinroth  in  P la t ing   and  Surface  F i n i s h i n g ,   72  (August  1982).  These  

m a t e r i a l s   inc lude  Co-P,  Ni-P.  Co-Re  and  Co-W  compos i t ions .   However, 

the  as- formed  a l loys   are  inhomogeneous  and  so  can  be  used  in  only  a 

l imi ted   number  of  a p p l i c a t i o n s .  

The  a b o v e - l i s t e d   p r io r   art   p rocesses   for  producing  amorphous 

metal  a l l oys   depend  upon  c o n t r o l l i n g   the  k i n e t i c s   of  t h e  

s o l i d i f i c a t i o n   process ;   c o n t r o l l i n g   the  formation  of  the  a l l oy   from 

the  l i qu id   (molten)  s t a t e   or  from  the  vapor  s t a t e   by  r a p i d l y   removing 

heat  energy  during  s o l i d i f i c a t i o n .   Host  r e c e n t l y ,   an  amorphous  me ta l  

a l loy   compos i t ion   was  syn thes i zed   wi thout   r e so r t   to  rapid  h e a t  

removal.  Yeh  et  a l .   repor ted   tha t   a  m e t a s t a b l e   c r y s t a l l i n e   compound 

Zr3Rh,  in  the  form  of  a  t h i n - f i l m   could  be  t ransformed  into  a 

t h i n - f i l m ,   amorphous  metal  a l loy   by  the  c o n t r o l l e d   i n t r o d u c t i o n   o f  

hydrogen  gas;  Applied  Physics  Le t t e r   42  (3),   pp.  242-244,  February  1, 

1983.  The  amorphous  metal  a l loy   had  an  approximate  compos i t ion   o f  

Zr3RhH5.5 '  
Yeh  et  al.   s p e c i f i e d   three   requ i rements   as  p r e r e q u i s i t e s   f o r  

the  format ion   of  amorphous  a l loys   by  sol id   s t a t e   r  r e a c t i o n s :   a t  

l ea s t   a  th ree   component  system;  a  large  d i s p a r i t y   in  the  a t o m i c  

d i f f u s i o n   ra tes   of  two  of  the  atomic  spec ie s ;   and  an  absence  of  a 

polymorphic  c r y s t a l l i n e   a l t e r n a t i v e   as  a  f inal   s t a t e .   Thus,  Yeh  e t  



al .   teach  tha t   sol id   s t a t e   r e a c t i o n s   would  have  l imi ted   a p p l i c a t i o n s  

for  the  s y n t h e s i s   of  amorphous  metal  a l loy   m a t e r i a l s .  

The  known  amorphous  metal  a l l oy   and  processes   for  making 

such  a l loys   which  are  d i s cus sed   above  su f f e r   from  the  d i s a d v a n t a g e  
tha t   the  so-formed  amorphous  a l l oy   is  produced  in  a  l im i t ed   form, 

t h a t   is,  as  a  th in   film  such  as  a  r ibbon,   wire  or  p l a t e l e t .   These 

l i m i t e d   shapes  place  severe   r e s t r i c t i o n s   on  the  a p p l i c a t i o n s   f o r  

which  amorphous  metal  m a t e r i a l s   may  be  used .  

To  produce  bulk  amorphous  metal  a l loy   ob j ec t s   the  formed 

amorphous  a l l oy   must  be  m e c h a n i c a l l y   reduced  to  a  powder  as  by 

c h i p p i n g ,   c r u s h i n g ,   g r ind ing   and  bal l   m i l l i n g ,   and  then  recombined  in  

the  de s i r ed   shape.  These  are  d i f f i c u l t   p rocesses   when  i t   is  r e a l i z e d  

t h a t   most  amorphous  metal  a l l o y s   have  high  mechanical  s t r e n g t h s   and 

a l so   pos se s se s   high  h a r d n e s s e s .  

What  is  lacking   in  the  area  of  amorphous  metal  a l l o y  

p r e p a r a t i o n   is  a  simple  process   for  the  d i r e c t   format ion   of  a  l a r g e  

v a r i e t y   of  amorphous  metal  a l l o y s .   E s p e c i a l l y   lacking   is  a  p r o c e s s  

t h a t   would  s y n t h e s i z e   amorphous  metal  a l loy   m a t e r i a l s   d i r e c t l y   a s  

powders  s u i t a b l e   for  forming  bulk  amorphous  metal  a l l o y   s h a p e s .  

Hence,  i t   is  one  ob j ec t   of  the  p resen t   i nven t ion   to  p r o v i d e  

novel  amorphous  metal  a l l oy   c o m p o s i t i o n s .  

It  is  ano ther   ob jec t   of  the  p resen t   inven t ion   to  provide  a 

process   for  the  d i r e c t   p r e p a r a t i o n   of  a  large  v a r i e t y   of  homogeneous 

amorphous  metal  a l loy   c o m p o s i t i o n s .  

It  is  a  f u r t h e r   ob jec t   of  the  p resen t   i n v e n t i o n   to  provide  a 

p rocess   for  the  d i r e c t   p r e p a r a t i o n   of  a  large  v a r i e t y   of  homogeneous 

amorphous  metal  a l l oy   compos i t ions   in  a  powder  form. 

It  is  s t i l l   ano ther   o b j e c t   of  the  p resen t   i n v e n t i o n   t o  

p rovide   a  process   for  the  d i r e c t   p r e p a r a t i o n   of  a  l a rge   v a r i e t y   o f  

homogeneous  amorphous  metal  a l l o y   powders  by  solid  s t a t e   r e a c t i o n .  

It  is  yet  ano ther   o b j e c t   of  th i s   invent ion   to  provide  novel  

bulk  amorphous  metal  a l loy   o b j e c t s .  

It  is  another   ob jec t   of  the  p resen t   i nven t ion   to  provide  a 

process   for  the  s y n t h e s i s   of  bulk  amorphous  metal  a l l o y   o b j e c t s .  

These  and  a d d i t i o n a l   ob j ec t s   of  the  present   i nven t ion   w i l l  

become  apparen t   in  the  d e s c r i p t i o n   of  the  invent ion   and  examples  t h a t  

f o l l o w .  



SUMMARY  OF  THE  INVENTION 

The  p r e sen t   i nven t ion   r e l a t e s   to  a  process  for  the  s y n t h e s i s  

of  a  s u b s t a n t i a l l y   amorphous  metal  a l loy   compris ing  t h e r m a l l y  

decomposing  at  l e a s t   one  p r e c u r s o r   m e t a l - b e a r i n g   compound  at  a 

t empera tu re   below  the  c r y s t a l l i n e   t empera tu re   of  the  amorphous  me ta l  

a l l oy   to  be  formed,  the  at  l e a s t   one  p r e c u r s o r   m e t a l - b e a r i n g   compound 

having  a  decompos i t ion   t empera tu re   below  the  c r y s t a l l i z a t i o n  

t empera tu re   of  the  amorphous  a l loy   to  be  formed  and  con t a in ing   t h e  

metals   which  comprise  the  s u b s t a n t i a l l y   amorphous  metal  a l l o y .  

This  i n v e n t i o n   a lso  r e l a t e s   to  a  process   for  the  s y n t h e s i s  

of  a  s u b s t a n t i a l l y   amorphous  metal  a l loy   compris ing  the  steps  o f :  

a)  decomposing  at  l eas t   one  p r e c u r s o r   m e t a l - b e a r i n g  

compound  at  a  t empera tu re   below  t h e  

c r y s t a l l i z a t i o n   t empera tu re   of  the  amorphous  m e t a l  

a l l o y   to  be  syn thes i zed   so  as  to  form  an  i n t i m a t e  

mixture   o f  t h e   components  of  the  amorphous  m e t a l  

a l l oy   to  be  s y n t h e s i z e d ,   the  at  l e a s t   one 

p r e c u r s o r   m e t a l - b e a r i n g   compound  con t a in ing   t h e  

metals   which  comprise  the  s u b s t a n t i a l l y   amorphous 

a l l o y ;   and 

b)  h e a t - t r e a t i n g   the  i n t ima te   mixture  so  as  to  form 

the  amorphous  metal  a l l o y .  

The  p r e sen t   inven t ion   also  r e l a t e s   to  process  for  t h e  

p roduc t ion   of  s u b s t a n t i a l l y   amorphous  metal  a l loy   ob jec t s   c o m p r i s i n g :  

.  a)  p r e p a r i n g   an  in t imate   mixture  of  the  components  o f  

the  amorphous  metal  a l l oy   by  solid  s t a t e   r e a c t i o n s ,   at  l e a s t   one 

component  of  the  i n t i m a t e   mixture  being  a  d u c t i l e   component;  and 

b)  forming  the  in t imate   mixture  into  an  objec t   at  a 

t empera tu re   below  the  c r y s t a l l i z a t i o n   t empera tu re   of  the  metal  a l l o y  

so  as  to  form  an  amorphous  metal  a l loy   o b j e c t .  

The  p r e s e n t   inven t ion   also  r e l a t e s   to  novel,   s u b s t a n t i a l l y  

amorphous  metal  a l l oy   ob jec t s   syn thes ized   in  accordance  with  t h e  

above-summarized  p r o c e s s .  
DETAILED  DESCRIPTION  OF  THE  INVENTION 

In  accordance   with  this   i nven t ion ,   there  are  provided  novel  

processes   for  the  s y n t h e s i s   of  s u b s t a n t i a l l y   amorphous  metal  a l l o y s .  



There  are  a lso  p rov ided   novel,   s u b s t a n t i a l l y   a m o r p h o u s  m e t a l  a l l o y  

o b j e c t s   and  a  p rocess   for  the  p roduc t ion   of  such  s u b s t a n t i a l l y  

amorphous  metal  a l l o y   o b j e c t s .   The  term  " s u b s t a n t i a l l y "   as  used 

here in   in  r e f e r e n c e   to  the  amorphous  metal  a l l o y   means  tha t   the  me ta l  

a l l o y s   are  at  l e a s t   f i f t y   percent   amorphous.   P r e f e r a b l y   the  meta l  

a l l o y   is  at  l e a s t   e igh ty   percent   amorphous  and most   p r e f e r a b l y   a b o u t  

one  hundred  p e r c e n t   a m o r p h o u s  a s  i n d i c a t e d   by  x-ray  d i f f r a c t i o n  

a n a l y s i s .   The  use  of  the  phrase  "amorphous  metal  a l l oys"   h e r e i n  

r e f e r s   to  amorphous  m e t a l - c o n t a i n i n g   a l l o y s   t h a t   may  also  compr i s e  

n o n - m e t a l l i c   e l e m e n t s .   Amorphous  metal  a l l o y s   may  i n c l u d e  

n o n - m e t a l l i c   e lements   such  as  boron,  carbon,   n i t r o g e n ,   s i l i c o n ,  

phosphorus ,   a r s e n i c ,   germanium  and  a n t i m o n y .  

The  so l i d   s t a t e   p rocesses   d i s c l o s e d   he re in   inc lude  the  s t e p  

of  t h e r m a l l y   decomposing  at  l e a s t   one  m e t a l - b e a r i n g   compound  at  a 

t e m p e r a t u r e   below  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   of  the  amorphous 

metal  a l l o y   to  be  formed.  The  at  l e a s t   one  p r e c u r s o r   m e t a l - b e a r i n g  

compound  is  p r e f e r a b l y   chosen  so  tha t   i t s   decompos i t i on   t e m p e r a t u r e  

is  at  l e a s t   25°C  below  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   of  t h e  

amorphous  metal  a l l o y   to  be  formed  and  most  p r e f e r a b l y   is  at  l e a s t  

100°C  below  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   of  the  amorphous  meta l  

a l l o y   to  be  f o r m e d .  

Typical  p r e c u r s o r   m e t a l - b e a r i n g   compounds  have  d e c o m p o s i t i o n  

t e m p e r a t u r e s   between  about  20°C  and  about  500°C.  A  s u b s t a n t i a l  

number  of  p r e c u r s o r   m e t a l - b e a r i n g   compounds  s u i t a b l e   for  use  in  t h e  

p r o c e s s e s   of  t h i s   i n v e n t i o n   have  decompos i t i on   t e m p e r a t u r e s   be tween 

about   150°C  and  about  400°C.  

The  thermal   decomposi t ion   of  the  at  l e a s t   one  p r e c u r s o r  

m e t a l - b e a r i n g   compound  y ie lds   an  i n t i m a t e   mix ture   of  the  components  

of  the  d e s i r e d   metal  a l l o y .   This  decompos i t i on   step  is  p r e f e r a b l y  

performed  in  a  r e a c t o r   having  c o l l e c t i o n   means  so  tha t   about  a  one 

hundred  pe rcen t   y i e ld   of  ma te r i a l   will   be  r e a l i z e d .   This  may  be 

ach ieved   by  m a i n t a i n i n g   a  cooled  r e a c t o r   p o r t i o n   downstream  of  t h e  

thermal   decompos i t i on   po r t ion   of  the  r e a c t o r   wherein  the  t h e r m a l l y  

decomposed  p roduc t s   wil l   be  d e p o s i t e d .   A l t e r n a t i v e l y   and  most  

p r e f e r a b l y ,   the  decompos i t i on   step  may  be  performed  in  a  s e a l e d  

r e a c t o r   to  p reven t   e v a p o r a t i o n   of  the  metal  a l l o y   components.  Upon 



c e o l i n g  a b o u t   a  one  hundred  percent   y ie ld   of  the  r e ac t i on   p r o d u c t s  

may  b e  r e c o v e r e d   t h e r e f r o m .  

The  decomposi t ion   of  the  p r e c u r s o r   compounds  may  occur  under  

an  atmosphere  s u i t a b l e   for  the  s y n t h e s i s   of  the  des i red   amorphous 

metal  a l l o y .   the  p r e c u r s o r   compounds  may  be  disposed  in  a  s e a l e d  

r e a c t i o n   vessel   tha t   has  been  p a r t i a l l y   or  f u l l y   evacuated  p r i o r   t o  

h e a t i n g .   If  the  amorphous  metal  a l l o y   to  be  syn thes i zed   does  n o t  

con ta in   oxygen,  then  it  is  p r e f e r r e d   t h a t   the  thermal  d e c o m p o s i t i o n  

of  the  p r e c u r s o r   compounds  be  done  under  an  i ne r t   or  r e d u c i n g  

atmosphere  or  in  a  sealed  r e a c t i o n   vesse l   tha t   has  been  p a r t i a l l y   o r  

f u l l y   evacua ted .   If  some  t o l e r a n c e   to  oxygen  is  pos s ib l e   then  an 

i n e r t   or  reducing  atmosphere  or  vacuum  may  not  be  n e c e s s a r y .  

A  p r e c u r s o r   compound  may  a l so   e x i s t   at  room  t empera tu re   in  

the  gaseous  s t a t e   and  may  i t s e l f   p rov ide   the  i n i t i a l   a tmosphere  u n d e r  

which  the  t h e r m a l  d e c o m p o s i t i o n   wil l   be  performed.   In  t h i s   manner,  a 

r e a c t i v e   atmosphere  e x i s t s   for  the  thermal  decomposi t ion   r e a c t i o n .  

Precursor  compounds   may  also  be  used  t h a t  a r e  s o l i d   at  about  20°C, 

but  w h i c h  v a p o r i z e   at  s l i g h t l y   e l e v a t e d  t e m p e r a t u r e s .   These  

compounds  may  be  disposed  in  an  e v a c u a t e d  r e a c t o r   and  upon  h e a t i n g ,  

provide  a  r e a c t i v e   atmosphere  f o r  t h e  d e c o m p o s i t i o n   r e a c t i o n .  

The  p r e c u r s o r   m e t a l - b e a r i n g  c o m p o u n d s  s u i t a b l e   for  use  in  

th i s   i nven t ion   may  include  o r g a n o m e l l i c  c o m p o u n d s   such  as  monomers, 

dimers,   t r imers   and  polymers  having  m e t a l l o - o r g a n i c   l igands   composed 

of  s a t u r a t e d   and/or   unsa tu r a t ed   h y d r o c a r b o n s ,  a r o m a t i c   o r  

h e t e r o a r o m a t i c   l i gands ,   and  may  a lso   inc lude   oxygen,  boron,  c a r b o n ,  

n i t r o g e n ,   phosphorus ,   a r s e n i c ,   germanium,  antimony  a n d / o r  

s i l i c o n - c o n t a i n i n g   l i gands ,   and  combina t ions   t h e r e o f .   P r e c u r s o r  

m e t a l k - b e a r i n g   compounds  may  also  be  halogen  compounds,  o x i d e s ,  

n i t r a t e s ,   n i t r i d e s ,   c a r b i d e s ,   bor ides   or  m e t a l - b e a r i n g   s a l t s ,   w i t h  

the  r e s t r i c t i o n   tha t   the  decompos i t ion   t empera tu re   of  the  p r e c u r s o r  

compound  be  less  than  the  c r y s t a l l i z a t i o n   t empera tu re   of  t h e  

amorphous  metal  a l loy   to  be  s y n t h e s i z e d .  

As  d i s c l o s e d   e a r l i e r ,   p r e c u r s o r   compounds  may  also  be 

provided  that   do  not  conta in   a  metal  but  which  c o n t r i b u t e   a 

n o n - m e t a l l i c   element  to  the  amorphous  a l l oy   c o m p o s i t i o n .  



The  thermal  decompos i t ion   of  p r e c u r s o r   compounds  y ie lds   a 

p roduc t   c o n s i s t i n g   e s s e n t i a l l y   of  the  components  of  the  d e s i r e d  

amorphous  metal  a l l o y .   The  components  are  i n t i m a t e l y   mixed,  t h e  

maximum  s ize   of  the  p a r t i c l e s   in  the  mixture   p r e f e r a b l y   being  f rom 

about   10  Angstroms  to  about  1000  Angstroms,   and  most  p r e f e r a b l y   from 

about  10  Angstroms  to  about  500  Angstroms.   These  d e c o m p o s i t i o n  

p r o d u c t s   may  be  r e p r e s e n t e d   by  the  f o l l owing   empir ica l   f o r m u l a e :  

where in   M  is  at  l e a s t   one  metal  s e l e c t e d   from  the  metals   in  

Groups  VI-B,  VII-B.  VIII ,   I-B,  IIB  and  IIIB  of  t h e  

Pe r iod i c   Table;  and 

X  is  at  l e a s t   one  e lement   s e l e c t e d   from  Groups  I I I - A ,  

IV-A  and  V-A  of  the  P e r i o d i c   Table;  and 

where in   a  ranges  from  about  0.1  to  about  0 . 9 ;  

and 

wherein   N  is  at  l e a s t   one  metal  s e l e c t e d   from  the  metals   i n  

Groups  I I I -B ,   IV-B,  V-B  and  VI-B  of  the  Pe r iod ic   T a b l e ;  

and 

Y  is  s e l e c t e d   from  Groups  VIII .   I-B  and  II-B  of  t h e  

Pe r iod i c   Table;  and 

wherein   b  ranges  from  about  0.2  to  about  0 . 8  

The  thermal  decompos i t ion   of  the  p r e c u r s o r   compounds  may 

occur   at  high  enough  t e m p e r a t u r e s   and  for  a  period  of  time  long  

enough  to  permit   a l l o y i n g   of  the  metal  e lements   c o n c u r r e n t   with  t h e  

d e c o m p o s i t i o n .   Under  such  c i r c u m s t a n c e s   the  product   which  r e s u l t s  

from  the  decompos i t ion   step  is  a  s u b s t a n t i a l l y   amorphous  metal  a l l o y .  

This  product   is  s y n t h e s i z e d   as  a  so l id ,   powder  m a t e r i a l  

having  a  maximum  p a r t i c l e   size  of  from  about  10  Angstroms  to  a b o u t  



1000  Angstroms.  This  powder  is  s u i t a b l e   for  compact ion,   with  o r  

wi thout   a  b inder ,   into  a  so l id   s h a p e .  

If  the  decompos i t ion   t empera tu re   is  not  s u f f i c i e n t l y   h i g h ,  

or  the  period  of  decompos i t ion   is  too  b r i e f ,   to  enable  a l l o y i n g   o f  

the  r eac t an t   p roducts   during  the  decompos i t ion   of  the  p r e c u r s o r  

compounds,  then  the  powder  that   is  ob ta ined   is  an  i n t ima te   m i x t u r e  

compris ing  the  a l l oy   components.  A  subsequent   h e a t - t r e a t i n g   step  a t  

a  t empera ture   below  the  c r y s t a l l i z a t i o n   t empera tu re   of  the  amorphous 

metal  a l loy   will   a l low  d i f f u s i o n   of  at  l e a s t   one  metal  component  so  

as  to  form  an  amorphous  metal  a l loy .   This  h e a t - t r e a t i n g   step  i s  

c a r r i ed   out  under  an  atmosphere  conducive  to  the  format ion  of  t h e  

amorphous  metal  a l l o y .   This  may  occur  under  vacuum  c o n d i t i o n s ,   f rom 

about  0  t o r r .   to  about  500  t o r r . ,   or  in  an  i n e r t ,   reducing  o r  

r e ac t i ve   a t m o s p h e r e .  

Pr ior   to  the  h e a t - t r e a t i n g   s tep ,   the  powder  obta ined  from 

the  decomposi t ion  of  the  p r e c u r s o r   compounds  may  be  pressed   into  a 

shape  so  tha t ,   upon  h e a t - t r e a t i n g ,   a  bulk  amorphous  metal  a l l oy   s h a p e  

is  obta ined.   It  is  also  p o s s i b l e   to  compact  the  h e a t - t r e a t e d  

amorphous  metal  a l l oy   powder  into  a  so l id   s h a p e .  

It  has  a lso   s u r p r i s i n g l y   been  found  that   the  amorphous  m e t a l  

a l loy   products  of  thermal  decomposi t ion   and 

d e c o m p o s i t i o n / h e a t - t r e a t i n g   p rocesses   may  be  mixed  with  a n o t h e r  

p r ecu r so r   m e t a l - b e a r i n g   compound  to  y ie ld   a  new,  enhanced  amorphous 

metal  a l loy  ma te r i a l   which  has  i n c o r p o r a t e d   into  the  p r io r   amorphous 

metal  a l loy  elements  from  the  newly-added  p r e c u r s o r .   This  may  be 

accomplished  by  d i spos ing   the  p r io r   amorphous  metal  a l loy   in  a 

r e a c t o r   with  the  newly-added  p r e c u r s o r   m e t a l - b e a r i n g   compound  and 

h e a t - t r e a t i n g   th is   mixture  at  a  t empera tu re   tha t   wil l   decompose  t h e  

p r ecu r so r   compound  but  that   is  below  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 s  

of  the  pr ior   amorphous  metal  a l loy   and  the  enhanced  amorphous  m e t a l  

a l loy   that   is  to  be  s y n t h e s i z e d .   The  newly-added  p r e c u r s o r   may  be  a 

so l i d ,   l iquid  or  gaseous  ma te r i a l   upon  i n s e r t i o n   into  the  r e a c t i o n  

ves se l .   As  with  the  a b o v e - d i s c u s s i o n ,   the  decomposi t ion   of  t h e  

p recu r so r   ma te r i a l   may  occur  in  a  p a r t i a l   or  full   vacuum,  or  under  an 

i n e r t ,   reducing,   or  r e a c t i v e   a t m o s p h e r e .  



The  so l id   s t a t e   r e a c t i o n   that   occurs  to  a l l y   an  i n t i m a t e  

mix tu re   of  e lements   may  be  viewed  by  examining  the  free  energy  of  t h e  

sys tem.   The  i n t i m a t e   mixture   of  elements  co r r e sponds   to  a  r e l a t i v e l y  

high  f ree   energy  of  the  system.  At  about  room  t e m p e r a t u r e   such 

mix tu r e s   are  g e n e r a l l y   k i n e t i c a l l y   r e s t r i c t e d   to  t h i s   s t a t e .   Adding 

energy  to  t h i s   system,  as  at  the  thermal  decompos i t ion   t empera tu re   o r  

du r ing   subsequen t   h e a t - t r e a t m e n t s ,   allows  the  components  to  begin  t o  

i n t e r - d i f f u s e .   The  free  energy  of  the  system  is  lowered  by  an 

i n c r e a s e   in  the  en t ropy  of  mixing  a  decrease   in  the  e n t h a l p y   due  t o  

the  fo rmat ion   of  h e t e r o p o l a r   bonds.  The  a b s o l u t e   minimum  in  f r e e  

energy  in  these   systems  will   occur  for  the  e q u i l i b r i u m   c r y s t a l l i n e  

a l l o y s .   For  many  a l l oy   combina t ions ,   however,  a  loca l   minimum  in  t h e  

f ree   energy  can  e x i s t   in  an  amorphous  phase.  For  a l l o y   c o m b i n a t i o n s  

such  as  t h e s e ,   the  r e q u i r e m e n t s   for  the  fo rmat ion   of  an  amorphous 

phase  by  a  so l i d   s t a t e   r e a c t i o n   are  tha t   the  i n t i m a t e   mixture   o f  

components  have  a  f ree   energy  h igher   than  tha t   of  the  amorphous  phase  

and  t h a t   the  d i f f u s i o n   process   to  form  the  a l l oy   be  performed  a t  

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

the  fo rmat ion   of  c r y s t a l l i n e   n u c l e i .  

Amorphous  metal  a l l oys   are  g e n e r a l l y   c h a r a c t e r i z e d   a s  h a v i n g  

high  s t r e n g t h s   and  ha rdnesses   and  so  are  qu i te   r e s i s t a n t   t o  

d e f o r m a t i o n .   Typical   amorphous  shapes,   such  as  r ibbons   and  w i r e s ,  

are  formed  s i m u l t a n e o u s l y   with  the  format ion  of  the  amorphous  s t a t e .  

These  shapes  e x h i b i t   the  c h a r a c t e r i s t i c s   of  an  amorphous  m a t e r i a l .  

However,  a t t empt s   to  form  bulk  amorphous  shapes,   t h a t   is,   shapes  

having  s i g n i f i c a n t   t h i c k n e s s e s   in  all   d imens ions ,   have  not  been 

s a t i s f a c t o r y .   These  a t t emp t s   g e n e r a l l y   inc lude   reduc ing   an  amorphous 

metal  a l l o y ,   such  as  a  r ibbon,   to  an  amorphous  powder  by  p h y s i c a l  

means  and  then  compacting  the  powder  into  a  shape.  G e n e r a l l y ,   t h e  

compacted  shape  does  not  r e t a i n   all   the  d e s i r a b l e   t r a i t s   of  t h e  

i n d i v i d u a l   p a r t i c l e s .  

Whereas  the  p rocess   d i s c l o s e d   here in   above  t eaches   t h e  

s y n t h e s i s   of  amorphous  metal  a l loy   powders,  i t   now  becomes  known,  i n  

acco rdance   with  the  i n v e n t i o n   claimed  h e r e i n ,   t h a t   the  i n t i m a t e  

mix ture   ob ta ined   as  an  i n t e r m e d i a t e   in  the  fo rmat ion   of  A p p l i c a n t s '  

amorphous  metal  a l l oy   powders  may  be  e f f e c t i v e l y   formed  into  bu lk  



ob jec t s   when  at  l e a s t   one  component  of  the  i n t ima te   mixture  i s  

d u c t i l e .   By  d u c t i l e   is  meant  a  component  that   is  malable ,   p l i a n t   and 

e a s i l y   molded  wi thou t   c racking   or  f r a c t u r i n g .   A  t yp i ca l   d u c t i l e  

component  will   demons t ra t e   deformat ion   of  at  l e a s t   ten  pe rcen t   u n d e r  

a  moderate  load  of  between  about  1,000  psi  and  5,000  psi .   t h e  

d u c t i l e   component  of  the  in t ima te   mixture  provides   an  i n f r a s t r u c t u r e  

t h a t ,   when  s u b j e c t e d   to  forming  p r o c e s s e s ,   deforms  and  binds  t h e  

o ther   components  of  the  a l loy   wi th in   a  m a t r i x .  

The  d u c t i l e   component  of  the  a l l oy   o r i g i n a t e s   in  a  p r e c u r s o r  

compound  that   is  used  in  the  sol id   s t a t e   r e a c t i o n s   to  form  t h e  

i n t i m a t e   mixture  of  the  a l loy   components.  Examples  of  d u c t i l e  

components  inc lude   pure  metal  e lements ,   such  as  i ron,   n i c k e l ,   c o p p e r ,  
coba l t   and  t an t a lum,   and  metal  so l id   s o l u t i o n s .   P r e f e r b l y   t h e  

d u c t i l e   component  is  a  pure  metal  e l e m e n t .  

To  provide  enhanced  bonding  s t r e n g t h   and  p r o p e r t i e s   to  t h e  

formed  amorphous  metal  a l loy   o b j e c t ,   it  is  p r e f e r r e d   tha t   the  d u c t i l e  

component  comprise  from  about  10   at3mic  pe rcen t   to  about  95  a tomic  

pe rcen t   of  the  amorphous  metal  a l loy   based  on  the  t o t a l   c o m p o s i t i o n  

of  the  amorphous  metal  a l l o y .  

The  i n t i m a t e   mixture  of  the  components  of  the  amorphous 

metal  a l l o y ,   which  has  not  yet  been  h e a t - t r e a t e d   to  induce  t h e  

amorphous  s t a t e   is  sub jec ted   to  a  forming  p rocess .   Forming  p r o c e s s e s  
inc lude   well-known  powder  forming  t echn iques   such  as  c o l d - p r e s s i n g ,  

h o t - p r e s s i n g ,   p r e s s u r e l e s s   s i n t e r i n g ,   s l i p c a s t i n g ,   i n j e c t i o n   mold ing  

and  e x t r u s i o n .   In  accordance   with  th is   i n v e n t i o n ,   the  o n l y  

r e s t r i c t i o n   on  the  forming  process  is  tha t   the  process   be  pe r fo rmed  

at  a  t empera tu re   below  the  c r y s t a l l i z a t i o n   t empera tu re   of  the  me ta l  

a l l o y .  

If  the  forming  process  inc ludes   the  use  of  t empera tu re   above  

ambient  t e m p e r a t u r e ,   then  the  in t imate   mixture  may  be  formed  and  made 

amorphous  s i m u l t a n e o u s l y .   If  the  forming  process   does  not  i n c l u d e  

e l eva t ed   t e m p e r a t u r e s ,   then  a  f u r t h e r   s tep ,   h e a t - t r e a t i n g ,   will   be 

requ i red   to  induce  the  amorphous  s t a t e .  

Many  i n t i m a t e   mixtures   may  be  r e a c t i v e   with  oxygen,  and  s o ,  

may  requ i re   forming  and  h e a t - t r e a t i n g   p roces s ing   which  occurs  in  an 

oxygen- f ree   a tmosphere  such  as  an  i n e r t ,   reducing  or  r e a c t i v e  



atmosphere   or  under  vacuum  c o n d i t i o n s .   A  r e a c t i v e   a tmosphere  may  be 

provided  tha t   r eac t s   with  the  bulk  ob jec t   so  as  to  enhance  t h e  

fo rmat ion   of  the  amorphous  a l l o y .  

Amorphous  metal  a l l oy   shapes  g e n e r a l l y   have  a  d e n s i t y   o f  

from  about  10  percent   to  about  99  pe rcen t   of  t h e o r e t i c a l .   The 

d e n s i t y   may  be  c o n t r o l l e d   by  the  forming  process  so  as  meet  a  v a r i e t y  

of  needs.   Thus,  the  same  amorphous  metal  a l loy   compos i t ion   may  be 

formed  into  an  amorphous  metal  a l l o y   shape  having  a  d e n s i t y   between 

about  10  pe rcen t   and  about  90  pe rcen t   of  t h e o r e t i c a l .   It  has  a l s o  

been  observed  tha t   the  process  of  t h i s   inven t ion   permits   t h e  

a t t a i n m e n t   of  a  d e s i r e d - d e n s i t y   o b j e c t   at  t empera tu res   lower  t h a n  

those   neces sa ry   to  achieve  the  same  s i n t e r e d   s t a t e   when  the  me ta l  

a l l o y   powder  used  to  form  the  o b j e c t   is  der ived  from  the  p h y s i c a l  

r e d u c t i o n   of  a  p r io r   a r t ,   t h i n - f i l m   amorphous  shape  such  as  a  r i b b o n .  

The  forming  process   may  be  used  to  provide  an  amorphous 

metal  a l l o y   in  a  f i n i s h e d   shape  or  in  a  so l id   shape  amenable  t o  

f u r t h e r   machining .   Thus,  b i l l i t s ,   rods,   f l a t p l a t e s   may  be  formed  as  

well  as  c y l i n d r i c a l   shapes,  t o r o i d s   and  o ther   i n t r i c a t e ,   f i n i s h e d  

s h a p e s .  

The  a b o v e - d e s c r i b e d   p roces se s   for  s y n t h e s i z i n g   amorphous 

metal  a l l o y s   a r e - n o t   hindered  by  the  p roces s ing   l i m i t a t i o n s   of  p r i o r  

a r t   p r o c e s s e s .   The  methods  d i s c l o s e d   here in   do  not  depend  on 

ex t r eme ly   high  cool ing  ra tes   or  heat   t r a n s f e r   p r o p e r t i e s ,   nor  is  v e r y  

high  t e m p e r a t u r e   or  very  lo9w  vacuum  equipment  nece s sa ry .   F u r t h e r ,  

the  p roce s se s   of  th is   inven t ion   provide   for  the  s y n t h e s i s   o f  

s u b s t a n t i a l l y   amorphous  metal  a l l oy   powders,  which  amorphous  a l l o y  

powders  may  be  pressed  into  d e s i r e d   shapes  to  form  sol id   amorphous 

a l l o y   shapes .   A l t e r n a t i v e l y ,   the  methods  d i s c l o s e d   here in   provide  an 

i n t i m a t e   mixture   of  elements  t ha t   may  be  formed  into  a  de s i r ed   shape  

and,  upon  subsequen t   h e a t - t r e a t i n g ,   may  be  conver ted  into  a 

s u b s t a n t i a l l y   amorphous  metal  a l l oy   shape.  The  method  d i s c l o s e d  

here in   does  not  depend  on  reducing  an  amorphous  ma te r i a l   to  a  powder 

s t a t e   and  then  recombining  an  amorphous  powder  but  u t i l i z e s   an 

i n t i m a t e   mix ture   of  the  components  of  a  metal  a l loy   into  a  bulk  shape  

and  t h e r e a f t e r ,   or  c o n c u r r e n t l y ,   inducing   the  amorphous  s t a t e   by  h e a t  

t r e a t i n g   at  a  t empera tu re   below  the  c r y s t a l l i z a t i o n   t empera tu re   o f  



the  metal  a l l o y .   These  bulk  amorphous  metal  a l loy   shapes  may  f i n d  

new  and  useful   a p p l i c a t i o n s ,   s ince  such  shapes  have  not  been 

c o n v e n i e n t l y   f a b r i c a t e d   by  any  o ther   t e c h n i q u e s .  

EXAMPLES 

The  fo l lowing  examples  more  thoroughly   i l l u s t r a t e   t h e  

p resen t   i nven t ion   and  are  not  in tended  in  any  way  to  be  l i m i t a t i v e  

t h e r e o f .   Each  of  the  fo l lowing  examples  de sc r ibes   t h e  

co -decompos i t i on   of  o r g a n o m e t a l l i c   compounds  to  yield  amorphous  me ta l  

a l loy   powders .  

Example  1 

This  example  demons t ra t e s   the  format ion  of  an  amorphous 

iron-molybdenum  c o m p o s i t i o n .  

Equimolar  amounts  of  about  2  mmol  each  o f  

c y c l o p e n t a d i e n y l i r o n   d icarbonyl   dimer  [C5H5Fe(CO)2]2and 
cyc lopen tad ieny lmolybdenum  t r i c a r b o n y l   dimer  [C5H5M0(CO3)]2 
were  d isposed  in  a  s t a i n l e s s   s t ee l   bomb  r e a c t o r .   The  r e a c t o r   was 

purged  with  argon  and  sealed  under  an  argon  atmosphere.   the  bomb 

r e a c t o r   was  then  heated  to  a  t e m p e r a t u r e   of  about  300°C  for  about  24 

hours.   The  decomposi t ion  t e m p e r a t u r e   of  c y c l o p e n t a d i e n y l i r o n  

d ica rbonyl   dimer  is  about  195°C,  and  the  decomposi t ion  t empera tu re   o f  

cyc lopen tad ieny lmolybdenum  t r i c a r b o n y l   dimer  is  about  180°C. 

After   cool ing  to  about  20°C,  the  r e a c t o r   was  opened  and  a 

b l a c k - c o l o r e d   so l i d ,   in  powder  form,  was  removed  the re f rom.   The 

powder  was  washed  with  t e t r a h y d r o f u r a n   to  remove  any  o r g a n i c - s o l u b l e  

m a t e r i a l s ,   then  dried  at  a  t e m p e r a t u r e   of  about  60°C  under  vacuum. 

The  powder  was  next  d iv ided   into  four  f r a c t i o n s ,   a  f i r s t  

f r a c t i o n   was  set  aside  for  l a t e r   a n a l y s i s ,   and  the  o ther   t h r e e  

f r a c t i o n s   were  f u r t h e r   t r e a t e d   in  the  fo l lowing  manner;  one  f r a c t i o n  

was  h e a t - t r e a t e d   at  about  270°C  under  vacuum  for  about  168  h o u r s ,  

ano ther   f r a c t i o n   was  h e a t - t r e a t e d   at  about  325°C  under  vacuum  f o r  

about  168  hours,   and  s t i l l   ano the r   f r a c t i o n   was  h e a t - t r e a t e d   at  a b o u t  

800°C  under  vacuum  for  about  10  m i n u t e s .  

X-ray  d i f f r a c t i o n   data  i n d i c a t e d   that   the  powder  removed 

from  the  bomb  r e a c t o r   a f t e r   c o - d e c o m p o s i t i o n   of  the  p r e c u r s o r  

m a t e r i a l s   comprised  an  amorphous  iron-molybdenum  a l loy  having  an 

approximate   composi t ion  of  Fe50Mo50·  The  f r a c t i o n s   of  the  powder 



tha t   were  h e a t - t r e a t e d   at  about  270°C  and  about  325°C  were  a l s o  

found  to  comprise  an  amorphous  iron-molybdenum  a l l o y   of  a p p r o x i m a t e  

compos i t ion   Fe50°50'  as  i n d i c a t e d   by  x-ray  d i f f r a c t i o n ,   but  t h e  

f r a c t i o n   of  the  powder  tha t   was  h e a t - t r e a t e d   at  about  800°C  was 

c r y s t a l l i n e .  

D i f f e r e n t i a l   scanning  c a l o r i m e t r y   was  implemented  t o  

de te rmine   tha t   the  amorphous  a l l o y   powder  f r a c t i o n s   had  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 s   of  about  325°C  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  about  420°C.  Hossbauer  Ef fec t   Spec t ra   of  t h e  

amorphous  powder  f r a c t i o n s   i n d i c a t e d   tha t   these   amorphous 

iron-molybdenum  a l l o y   powders  have  i n t e r n a l   magnetic   f i e l d s   and 

magnetic   moments  s i m i l a r   to  o ther   i r o n - c o n t a i n i n g   amorphous  a l l o y s .  

Amorphous  i ron-molybdenum  a l l oy   compos i t i ons   have  not  been 

r epo r t ed   as  formed  by  any  o ther   method  except   s p u t t e r i n g ,   which 

method  cannot  s y n t h e s i z e   the  amorphous  a l l oy   in  powder  fo rm.  

Example  2 

This  example  demons t r a t e s   the  format ion   of  an  amorphous 

iron-molybdenum  compos i t ion   using  a l t e r n a t i v e   p r e c u r s o r  

o r g a n o m e t a l l i c   compounds.  

Equimolar  amounts  of  iron  pen taca rbony l   (Fe(CO)5)  and 

molybdenum  carbonyl  (Ho(CO) )  could  be  sealed  under  an  i n e r t  
6 

atmosphere  such  as  an  argon  a tmosphere  or  under  a  vacuum  in  a  bomb 

r e a c t o r   and  heated  to  about  270°C  for  about  120  hours  to  t h e r m a l l y  

decompose  about  al l   of  the  p r e c u r s o r   compounds  and  to  a l l oy   t h e  

r e a c t a n t   product   e l emen t s .   the  decompos i t ion   t e m p e r a t u r e   of  i r o n  

pen taca rbony l   is  about   150°C,  and  the  decompos i t ion   t empera tu re   o f  

molybdenum  carbonyl   is  about  150°C.  

The  r e s u l t a n t   s o l i d ,   powder  m a t e r i a l   tha t   is  obta ined  by 

t h i s   decomposi t ion   can  be  confirmed  by  x-ray  d i f f r a c t i o n   to  be 

amorphous  i ron-molybdenum  a l l o y .   The  approximate   composi t ion   will  be 

amorphous  Fe50Ho50· 



Example  3 

This  example  demons t r a t e s   the  formation  of  an  amorphous 

iron-molybdenum  n i t rogen   c o m p o s i t i o n .  

Equimolar  amounts  of  iron  pen tacarbonyl   (Fe(CO)5)  and 

mo91ybdenum  carbonyl  (Ho(CO)6)  may  be  disposed  in  a  r e a c t o r   and 

sealed  under  an  atmosphere  of  ammonia.  The  r e a c t o r   could  then  be 

heated  to  a  t empera ture   above  the  decomposi t ion   t e m p e r a t u r e s   of  i r o n  

pen taca rbony l   and  molybdenum  ca rbony l ,   which  is  above  about  270.C  f o r  

a  period  of  time  that   would  insure   decomposi t ion   of  the  r e a c t a n t  

m a t e r i a l s   and  a l loy ing   of  the  component  e l e m e n t s .  

The  product  tha t   would  be  obta ined  as  a  so l id   powder 

m a t e r i a l   will   be  an  amorphous  i r on -molybdenum-n i t rogen   a l loy   of  

approximate   composi t ion  Fe40Ho40H20'  the  n i t rogen   having  been 

der ived  from  the  ammonia  a tmosphere  under  which  the  so l id   p r o d u c t s  

were  sealed  p r ior   to  h e a t i n g .  

Example  4 

This  example  d e s c r i b e s   the  formation  of  an  amorphous 

iron-chromium-molybdenum  c o m p o s i t i o n .  

The  fol lowing  three   o r g a n o m e t a l l i c   p r e c u r s o r   m a t e r i a l s   c o u l d  

be  d isposed  in  a  bomb  r e a c t o r   in  about  the  fo l lowing  molar  r a t i o s :  

1.0  mol  equ iva l en t   iron  dodecarbonyl   (Fe3(CO)12),  0.5  mol 

e q u i v a l e n t   chromium  carbonyl  (Cr(CO)  6),  and  3  mol  e q u i v a l e n t s  

molybdenum  carbonyl  (Ho(CO)6).  the  decomposi t ion  t empera tu re   o f  

iron  dodecarbonyl   is  about  140°C.  The  decomposi t ion   t empera tu re   o f  

chromium  carbonyl  is  about  200°C.  The  decomposi t ion  t empera ture   o f  

molybdenum  carbonyl  is  about  150°C. 

The  r e a c t o r   may  then  be  sealed  under  an  i ne r t   atmosphere  and 

heated  to  a  t empera ture   above  about  210°C  for  a  period  of  t i m e  

s u f f i c i e n t   to  decompose  the  p r e c u r s o r   compounds  and  to  a l loy   t h e  

elements   of  the  amorphous  c o m p o s i t i o n .  

The  so l id ,   powder  ma te r i a l   tha t   is  obta ined  from  t h i s  

thermal  decomposi t ion  will   be  an  amorphous  i ron-chromium-molybdenum 

m a t e r i a l   of  approximate  composi t ion   Fe3Cr0.5Ho3. 



Example  5 

Example  4  above  could  a lso  have  been  performed  under  an 

a tmosphere   o ther   than  an  i ne r t   a tmosphere   so  as  to  modify  the  p r o d u c t  

amorphous  metal  a l l o y .  

The  i n e r t   a tmosphere  of  Example  4  may  be  rep laced   with  a 

phosphorus   a tmosphere   ob ta ined   by  d i s p o s i n g   so l id   e l e m e n t a l  

phosphorus ,   such  as  red  phosphosus,   in  the  r e a c t o r   with  the  o t h e r  

p r e c u r s o r   compounds  and  s e a l i n g   the  r e a c t o r   under  a  vacuum.  At 

e l e v a t e d   t e m p e r a t u r e s ,   the  phosphorus  would  vapor ize   producing  a 

phosphorus  a tmosphere   during  the  decompos i t i on   of  the  o ther   p r e c u r s o r  

compounds.  The  r e s u l t a n t   amorphous  metal  a l l o y   from  the  t h e r m a l  

decompos i t i on   r e a c t i o n   may  have  an  approx imate   composi t ion   o f  

PFe3Cr0.5Ho3.  
Example  6 

This  example  demons t ra te   the  fo rma t ion   of  an  amorphous 

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

P r e c u r s o r   m a t e r i a l s ,   m e s i t y l e n e   t ungs t en   t r i c a r b o n y l  

(C9H12W(CO)3)  and  b i s ( t r i p h e n y l p h o s p h i n e )   n icke l   d i c a r b o n y l  

[)(C  H )  P]2Ni(CO)2,  may  be  d isposed  in  a  bomb  r e a c t o r   in  a 

molar  r a t i o   of  about  1:2.  The  decompos i t i on   t empera tu re   o f  

m e s i t y l e n e   t ungs t en   t r i c a r b o n y l   is  about  165°C,  and  t h e  d e c o m p o s i t i o n  

t e m p e r a t u r e   of  b i s ( t r i p h e n y l p h o s p h i n e )   n icke l   d i ca rbony l   is  a b o u t  

215°C.  The  r e a c t o r   may  be  sealed  under  an  i n e r t   a tmosphere  such  a s  

an  argon  a tmosphere   and  then  heated  to  a  t e m p e r a t u r e   above  a b o u t  

215°C  for  a  time  long  enough  to  insure   t ha t   the  p r e c u r s o r   compounds 

have  s u b s t a n t i a l l y   decomposed  and  a l l o y e d .  

A  s o l i d ,   powder  m a t e r i a l   would  r e s u l t   tha t   is  an  amorphous 

t u n g s t e n - n i c k e l - c a r b o n - p h o s z p h o r u s   m a t e r i a l   having  an  a p p r o x i m a t e  

compos i t ion   of  WNi2C0.5P. 
Example  7 

The  fo rma t ion   of  an  amorphous  c o b a l t   rhenium  composi t ion   i s  

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

The  f o l l owing   two  o r g a n o m e t a l l i c   p r e c u r s o r   m a t e r i a l s   may  be 

d i sposed   in  a  bomb  r e a c t o r   in  about  the  fo l lowing   molar  r a t i o s :   1 

mol.  rhenium  carbonyl   (Re2(CO)10)  and  2  mols  coba l t   c a r b o n y l  

(CO2(CO)8).  The  r e a c t o r   may  then  be  sealed  under  an  i n e r t  



atmosphere ,   such  as  an  argon  atmosphere  and  heated  to  about  at  l e a s t  

170°C  for  a  time  s u f f i c i e n t   to  t he rma l ly   decompose  the  p r e c u r s o r  

compounds.  the  decomposi t ion   t empera tu re   of  rhenium  carbonyl   i s  

about  170°C.  The  decompos i t ion   t empera tu re   of  cobal t   carbonyl   i s  

about  55°C.  The  r e s u l t a n t   so l i d ,   powder  ma te r i a l   that   is  ob ta ined   by 
th i s   decompos i t ion   will   be  an  amorphous  a l loy   of  cobal t   rhenium.  The 

approximate   composi t ion   will  be  amorphous  Co2Re. 
Example  8 

The  format ion  of  an  amorphous  t u n g s t e n - c o b a l t - i r o n  

composi t ion   is  d e sc r i bed   in  th i s   example .  

The  fo l lowing   o r g a n o m e t a l l i c   p r e c u r s o r   m a t e r i a l s   may  be 

d isposed  in  a  bomb  r e a c t o r   in  about  the  fo l lowing  molar  r a t i o s :   1 

mol  e q u i v a l e n t   t ungs ten   carbonyl  (W(CO)6),  1  mol  e q u i v a l e n t   c o b a l t  

carbonyl  (Co2(CO)8),  and  2  mols  e q u i v a l e n t s   iron  n o n a c r b o n y l  

(Fe2(CO)9).   Tungsten  carbonyl  has  a  decomposi t ion   t e m p e r a t u r e   o f  

about  170°C.  Cobalt  carbonyl  has  a  decomposi t ion   t e m p e r a t u r e   o f  

about  55°C.  Iron  nonacrbonyl  has  a  decomposi t ion   t e m p e r a t u r e   o f  

about  100°C. 

The  r e a c t o r   may  be  sealed  under  an  i ne r t   a tmosphere  and 

heated  to  a  t empera tu re   above  about  270°C  so  as  to  s u b s t a n t i a l l y  

t h e r m a l l y   decompose  the  p r e c u r s o r   compounds  and  to  a l loy   the  p r o d u c t  

e l e m e n t s .  

The  powder  removed  from  the  bomb  r e a c t o r   a f t e r   t h e  

co -decompos i t i on   of  the  p r e c u r s o r   m a t e r i a l s   will  comprise  an 

amorphous  t u n g s t e n - c o b a l t - i r o n   composi t ion   of  a p p r o x i m a t e l y  

WCo2Fe4. E x a m p l e  
Example  9 

This  example  demons t ra tes   the  formation  of  an  amorphous 

c h r o m i u m - i r o n - n i c k e l - b o r o n   composi t ion   syn thes i zed   by  adding  a 

chromium-bear ing   p r e c u r s o r   compound  to  an  amorphous  i r o n - n i c k e l - b o r o n  

a l l o y .  

Chromium  carbonyl  (Cr(CO)6)  was  mixed  with  a  s u b s t a n t i a l l y  

amorphous  metal  a l loy   of  i r o n - n i c k e l - b o r o n ,   having  an  a p p r o x i m a t e  

compos i t ion   Fe2Ni2B,  in  a  molar  r a t i o   of  about  1:2  and  were  t h e n  

d isposed  in  a  bomb  r e a c t o r ,   evacuated  and  sea led .   Chromium  c a r b o n y l  

t h e r m a l l y   decompose  at  about  200°C.  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  



of  the  amorphous  Fe2Ni2B  a l loy   is  abut  410°C,  i ts   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  about  330°C. 

The  sea led   r e a c t o r   was  heated  to  about  250°C  and  m a i n t a i n e d  

t  about  t h a t  t e m p e r a t u r e   for  about  120  h o u r s .   Upon cool ing  and 

opening  the  r e a c t o r   and  examining  i t s  c o m p o n e n t s ,   no  chromium 

carbonyl   was  found  to  be  p r e s e n t .   H o w e v e r ,  x - r a y  d i f f r a c t i o n  
-  

a n a l y s i s   de te rmined   t ha t   t h e  p o w d e r  t h a t  w a s  r e m o v e d  f r o m  t h e   r e a c t o r  

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

compos i t ion   of  Cr0 .5Fe2Ni2B  T h u s ,  t h e   p r o c e s s  d i s c l o s e d  

he re in   may  i nc lude   the  enhancement  o f  a n  a m o r p h o u s  m e t a l   a l l o y   by 

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

p resence   of  an  amorphous  m e t a l  a l l y  w h e r e b y   the  metal  in  t h e  

p r e c u r s o r   compound  is  i n c o r p o r a t e d   into  the  a l l o y ,   and  which  a l l o y  

remains  s u b s t a n t i a l l y   amorphous .  

The  a b o v e - d e s c r i b e d   examples  demons t r a t e   the  format ion   o f  

amorphous  metal  a l l o y   composi t ions   by  decompos i t ion   of  p r e c u r s o r  

m e t a l - b e a r i n g   m a t e r i a l s .   The  format ion  of  such  amorphous  m a t e r i a l s  

could  only  be  o b t a i n e d   p r e v i o u s l y   by  p rocesses   tha t   u t i l i z e   h i g h  

t e m p e r a t u r e ,   energy  i n t e n s i v e   equipment .   In  a d d i t i o n ,   the  nove l  

p r o c e s s e s   d e s c r i b e d   here in   above  produce  amorphous  metal  a l l o y  

powders,   whereas  p r i o r  a r t   p rocesses   y ie ld   the  amorphous  m a t e r i a l  

only  in  a  s o l i d ,   t h i n - f i l m   or  r i b b o n - l i k e   form  which  must  f i r s t   be 

reduced  to  a  powder  if  i t   is  to  be  formed  into  a  sol id  s h a p e .  

This  example  demons t ra tes   the  format ion   of  a  so l id   s h a p e  

having  amorphous  c h a r a c t e r i s t i c s   and  an  approximate   compos i t ion   o f  

Fe2Ni2B. 
Example  10 

In  t h i s   Example,  an  i n t i m a t e   mixture   of  the  components  o f  

the  amorphous  metal  a l l oy   was  ob ta ined   by  a  chemical  r e d u c t i o n  

p r o c e s s .  

Equimolar   amounts  of  iron  c h l o r i d e ,   FeCl2.4H2O,  and 

n icke l   c h l o r i d e ,   NiCl2.6H2O,  were  d i s s o l v e d   in  d i s t i l l e d   water   t o  

form  a  r e a c t i o n   s o l u t i o n .   This  s o l u t i o n   was  degassed  with  argon  so 

as  to  purge  oxygen  from  the  s o l u t i o n .   An  a rgon-degassed   s o l u t i o n   o f  

sodium  b o r o h y d r i d e ,   NaBH4,  was  then  added  dropwise  to  the  r e a c t i o n  



s o l u t i o n .   The  s o l u t i o n   was  s t i r r e d   for  about  s ix teen   hours  to  i n s u r e  

tha t   the  r e ac t i on   had gone  to  c o m p l e t i o n .  

A  black  p r e c i p i t a t e   was  recovered  from  the  so lu t ion   and 

dr ied  at  about  60°C  under  vacuum.  This  p r e c i p i t a t e   was  an  i n t i m a t e  

mixture  of  the  components  of  the  metal  a l l oy   to  be  formed.  The 

in t ima te   mixture  comprised  iron  metal  and  n ickel   bor ide .   The  p u r e  
iron  metal  is  the  d u c t i l e   component  of  the  m i x t u r e .  

This  powder  mixture  was  kept  under  an  argon  atmosphere  t o  

prevent   ox ida t ion   and  compacted  into  a  disc  having  a  d iameter   o f  

about  1  cm  and  a  t h i c k n e s s   of  about  0.1  cm  at  a  p re s su re   of  a b o u t  

10,000  psi  and  at  about  20°C.  The  disc  was  sealed  in  an  e v a c u a t e d  

glass   tube  and  heat  t r e a t e d   at  about  250°C  for  about  312  h o u r s .  

X-ray  d i f f r a c t i o n   a n a l y s i s   r evea led   tha t   the  r e s u l t a n t   d i s c  

was  a  solid  amorphous  metal  a l loy   having  a  compos i t ion   of  a b o u t  

Fe2Ni2B.  This  disc  had  a  d e n s i t y   tha t   was  about  98  percent   o f  

t h e o r e t i c a l .  

The  format ion  of  amorphous  metal  a l l oy   shapes  could  only  be 

formed  p rev ious ly   by  f i r s t   reducing  an  a l r eady-amorphous   m a t e r i a l  

into  a  powder  and  then  compacting  the  powder.  Such  a  process  is  n o t  

d e s i r a b l e   since  it  i n h e r e n t l y   is  energy  i n t e n s i v e   and  cannot  r e l i a b l y  

produce  c o n s i s t e n t ,   homogeneous  amorphous  shapes.   The  d i s a d v a n t a g e s  

of  the  pr ior   art   are  removed  with  the  a b o v e - d e s c r i b e d   p r o c e s s .  

The  s e l e c t i o n   of  p r ecu r so r   m a t e r i a l s ,   d e c o m p o s i t i o n  

t empera tu re s ,   h e a t - t r e a t i n g   t empera tu re s   and  o ther   r e a c t a n t  

cond i t i ons   can  be  de termined  from  the  p receed ing   S p e c i f i c a t i o n  

without   depar t ing   from  the  s p i r i t   of  the  i nven t ion   herein  d i s c l o s e d  

and  desc r ibed .   The  scope  of  the  i nven t ion   is  intended  to  i n c l u d e  

m o d i f i c a t i o n s   and  v a r i a t i o n s   tha t   fa l l   w i th in   the  scope  of  t h e  

appended  c l a i m s .  



1.  A  p r o c e s s   f o r   t h e   s y n t h e s i s   of  a  s u b s t a n t i a l l y  

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

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

t e m p e r a t u r e   b e l o w   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   of  t h e  

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

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

t e m p e r a t u r e   b e l o w   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   o f  

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

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

2.  A  p r o c e s s   as   c l a i m e d   in  c l a i m   1  c h a r a c t e r i s e d   in  t h a t  

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

p o w d e r .  

3.  A  p r o c e s s   as   c l a i m e d   in  c l a i m   2  c h a r a c t e r i s e d   in  t h a t  

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

4.  A  p r o c e s s   as   c l a i m e d   in  c l a i m   1  or  c l a i m   2  c h a r a c -  

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

l e a s t   50  p e r c e n t   a m o r p h o u s .  

5.  A  p r o c e s s   as   c l a i m e d   in  any  of  c l a i m s   1  to   4  

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

u n d e r   an  i n e r t   a t m o s p h e r e .  

6.  A  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s ' 1   to  4  

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

r e a c t i v e   a t m o s p h e r e .  

7.  A  p r o c e s s   as   c l a i m e d  i n   any  of  c l a i m s   1  to   6 

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

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

8.  A  p r o c e s s   f o r   t h e   s y n t h e s i s   of  an  e n h a n c e d   s u b s t a n -  

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

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

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

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

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

a l l o y   to  be  f o r m e d ,   t h e   a t   l e a s t   one   p r e c u r s o r   m e t a l -  

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

i n c o r p o r a t e d   i n t o   t h e   i n i t i a l   m e t a l   a l l o y   so  as  to  f o r m  

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



9.  A  p r o c e s s   f o r   t he   s y n t h e s i s   of  a  s u b s t a n t i a l l y  

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

(a)   d e c o m p o s i n g   a t   l e a s t   one  p r e c u r s o r   m e t a l - b e a r i n g  

c o m p o u n d   a t   a  t e m p e r a t u r e   b e l o w   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   of  t he   a m o r p h o u s   m e t a l   a l l o y   to  be  s y n t h e s i z e d  

so  as  to  form  an  i n t i m a t e   m i x t u r e   of  t he   c o m p o n e n t s   o f  

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

one  p r e c u r s o r   m e t a l - b e a r i n g   compound   c o n t a i n i n g   the   m e t a l s  

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

(b)   h e a t - t r e a t i n g   t h e   i n t i m a t e   m i x t u r e   so  as  to  f o r m  

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

10.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   9  c h a r a c t e r i s e d   in  t h a t  

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

a  p o w d e r .  

11.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   9  or  c l a i m   10  c h a r a c -  

t e r i s e d   in   t h a t   p r i o r   to  s t e p   (b)  s a i d   i n t i m a t e   m i x t u r e  

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

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

12.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   9  or  c l a i m   10  c h a r a c -  

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

of  s t e p   (b)  i s   f o r m e d   i n t o   a  s o l i d   s h a p e .  

13.  A  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s   9  to  12  

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

m e t a l   a l l o y   i s   a t   l e a s t   50  p e r c e n t   a m o r p h o u s .  

14.  A  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s   9  to  13  c h a r a c -  

t e r i s e d   in  t h a t   i t   s y n t h e s i z e s   an  a m o r p h o u s   m e t a l   a l l o y  

c o m p o s i t i o n   i n c l u d i n g   n o n m e t a l l i c   e l e m e n t s .  

15.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   14  c h a r a c t e r i s e d   i n  

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

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

16.  A  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s   9  to  1 3  

c h a r a c t e r i s e d   in  t h a t   s a i d   h e a t - t r e a t i n g   of  t h e   i n t i m a t e  

m i x t u r e   i s   p e r f o r m e d   u n d e r   an  i n e r t   a t m o s p h e r e .  

17.  A   p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s   9  to  13  

c h a r a c t e r i s e d   in  t h a t   s a i d   h e a t - t r e a t i n g   of  t h e   i n t i m a t e  

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

18.  A  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s   9  to  17  c h a r a c -  

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



h a v i n g   a  maximum  p a r t i c l e   s i z e   of  f rom  a b o u t   10  A n g s t r o m s  

to  a b o u t   1000   A n g s t r o m s .  

19.  A  p r o c e s s   f o r   t h e   s y n t h e s i s   of  an  e n h a n c e d   s u b s t a n -  

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

( a )   d e c o m p o s i n g   a t   l e a s t   one  p r e c u r s o r   m e t a l - b e a r i n g  

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

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

m e t a l   a l l o y   to  be  s y n t h e s i z e d   so  as   to  fo rm  an  i n t i m a t e  

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

a l l o y   to   be  s y n t h e s i z e d ;   a n d  

(b)   h e a t - t r e a t i n g   t h e   m i x t u r e   so  as   to  fo rm  a n  

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

20.  A  s u b s t a n t i a l l y   a m o r p h o u s   m e t a l   a l l o y   p o w d e r  

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

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

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

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

a l l o y .  

21.  A  s u b s t a n t i a l l y   a m o r p h o u s   m e t a l   a l l o y   p o w d e r   a s  

c l a i m e d   in   c l a i m   20  c h a r a c t e r i s e d   in   t h a t   t h e   a m o r p h o u s  

m e t a l   a l l o y   p o w d e r   i s   a t   l e a s t   50  p e r c e n t   a m o r p h o u s .  

22.  A  s u b s t a n t i a l l y   a m o r p h o u s   m e t a l   a l l o y   p o w d e r   a s  

c l a i m e d   in   c l a i m   20  or  c l a i m   21  c h a r a c t e r i s e d   in   t h a t  

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

m e t a l l i c   e l e m e n t s .  

23.  A  s u b s t a n t i a l l y   a m o r p h o u s   m e t a l   a l l o y   p o w d e r   a s  

c l a i m e d   in  any  of  c l a i m s   20  to  22  c h a r a c t e r i s e d   in  t h a t  

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

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   c o m p r i s i n g   b o r o n ,   c a r b o n ,  

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

a n t i m o n y .  

24.  A  s u b s t a n t i a l l y   a m o r p h o u s   m e t a l   a l l o y   p o w d e r   a s  

c l a i m e d   in  any  of  c l a i m s   20  to  23  c h a r a c t e r i s e d   in  t h a t  

t he   p o w d e r   has   a  maximum  p a r t i c l e   s i z e   of  f rom  a b o u t   1 0  

A n g s t r o m s   to  a b o u t   1000  A n g s t r o m s .  



25.  A  s u b s t a n t i a l l y   a m o r p h o u s   m e t a l   a l l o y   p o w d e r   a s  

c l a i m e d   in  c l a i m   24  c h a r a c t e r i s e d   in  t h a t   the   m a x i m u m  

p a r t i c l e   s i z e   i s   f rom  a b o u t   10  A n g s t r o m s   to  a b o u t   5 0 0  

A n g s t r o m s .  

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

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

(a)  p r e p a r i n g   an  i n t i m a t e   m i x t u r e   of  t h e   c o m p o n e n t s  

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

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

d u c t i l e   c o m p o n e n t ;   a n d  

(b)  f o r m i n g   t h e   i n t i m a t e   m i x t u r e   i n t o   an  o b j e c t   a t  

a  t e m p e r a t u r e   b e l o w   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   o f  

the   m e t a l   a l l o y   so  as   to  form  an  a m o r p h o u s   m e t a l   a l l o y  

o b j e c t .  

27.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   26  c h a r a c t e r i s e d   i n  

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

maximum  p a r t i c l e   s i z e   of  f rom  a b o u t   10  A n g s t r o m s   to  a b o u t  

1000  A n g s t r o m s .  

28.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   26  or  c l a i m   2 7  

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

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

and  m e t a l   s o l i d   s o l u t i o n s .  

29.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   26  or  c l a i m   2 7  

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

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 m p r i s i n g   i r o n ,   n i c k e l ,  

c o p p e r ,   c o b a l t   and  t a n t a l u m .  

30.  A  n r o c e s s   as  c l a i m e d   in   c l a i m   26  c h a r a c t e r i s e d   i n  

t h a t   t he   d u c t i l e   c o m p o n e n t   c o m p r i s e s   f rom  a b o u t   10  a t o m i c  

p e r c e n t   to  a b o u t   95  a t o m i c   p e r c e n t   of  t h e   a m o r p h o u s   m e t a l  

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

m e t a l   a l l o y .  

31.  A  p r o c e s s   as  c l a i m e d   in  any  of  c l a i m s   26  to  3 0  

c h a r a c t e r i s e d   in  t h a t   s t e p   (b)  c o m p r i s e s   t h e   s t e p   o f  

f o r m i n g   the   i n t i m a t e   m i x t u r e   i n t o   an  o b j e c t   f o l l o w e d   by  

h e a t   t r e a t i n g   the   s o - f o r m e d   o b j e c t   so  as  to  i n d u c e   t h e  

a m o r p h o u s   s t a t e .  
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