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©  Process  for  producing  alloy  steel  powder. 

  A  process  for  producing  alloy  steel  powder,  particularly, 
low-oxygen,  low-carbon  alloy  steel  powder  is  disclosed.  The 
process  comprises:  preparing  molten  steel  which  contains  at 
least  one  easily  oxidizable  element  selected  from  the  group 
consisting  of  chromium,  manganese,  vanadium,  niobium, 
boron  and  silicon;  atomizing  said  molten  steel  by  means  of 
an  atomizing  agent  containing  a  non-oxidizing  medium  to 
provide  as-atomized  alloy  steel  powder  containing  0.2%  by 
weight  or  less  of  oxygen  and  0.1%  by  weight  or  more  of 
carbon;  decarburizing  the  resulting  powder  by  maintaining  it 
in  an  atmosphere  containing  at  least  H2  and  H20  gases  under 
specified  conditions;  and  cooling  the  thus  decarburized  alloy 
steel  powder  to  room  temperature  in  an  inert  or  reducing 
atmosphere. 



B a c k g r o u n d   of  t he   I n v e n t i o n  

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

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

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

of  e a s i l y   o x i d i z a b l e   e l e m e n t s ,   s u c h   as  c h r o m i u m ,   m a n g a n e s e ,  

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

C o n v e n t i o n a l   p r o c e s s e s   fo r   p r o d u c i n g   s t e e l   p o w d e r   i n c l u d e  

w a t e r   a t o m i z a t i o n ,   g a s   a t o m i z a t i o n   and  o i l   a t o m i z a t i o n .   T h e y  

a r e   a l l   w e l l   known  in  t h e   a r t .   H o w e v e r ,   t h e y   a l l   p r e s e n t  

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

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

e l e m e n t s   s u c h   as  m e n t i o n e d   a b o v e :  

W a t e r   A t o m i z a t i o n :  

T h i s   p r o c e s s   e m p l o y s   w a t e r   as  an  a t o m i z i n g   a g e n t .  

T h e r e f o r e ,   t h e   c o n t a m i n a t i o n   of  t he   r e s u l t i n g   p o w d e r   w i t h   o x i d e s  

i s  i n e v i t a b l e   d u r i n g   a t o m i z a t i o n .   The  f o r m a t i o n   of  o x i d e s   i s  

so  g r e a t   t h a t   t h e   a d d i t i o n   of  e a s i l y   o x i d i z a b l e   e l e m e n t s   to  a n  

a l l o y   s y s t e m   s h o u l d   be  r e s t r i c t e d .   T h u s ,   in   d e s i g n i n g   t h e  

a l l o y ,   t h e   a d d i t i o n   of  e a s i l y   o x i d i z a b l e   e l e m e n t s   i s   l i m i t e d .  

More  p a r t i c u l a r l y ,   when  m o l t e n   s t e e l   c o n t a i n i n g   e a s i l y  
o x i d i z a b l e   e l e m e n t s   s u c h   as  ch romium  ( C r ) ,   m a n g a n e s e   ( M n ) ,  

v a n a d i u m   (V),   n i o b i u m   (Nb) ,   b o r o n   (B),   s i l i c o n   ( S i ) ,   e t c .   i s  

s u b j e c t e d   to   w a t e r   a t o m i z a t i o n ,   t h e s e   e l e m e n t s   a r e   o x i d i z e d ,  

and  r e d u c t i o n   of  t h e   t h u s   o x i d i z e d   s t e e l   p o w d e r   w i l l   have   t o  

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

of  t h e   p o w d e r .   H o w e v e r ,   i t   is  e x t r e m e l y   d i f f i c u l t   to  r e d u c e  

the   p r o p o r t i o n   of  o x y g e n   in  s t e e l   to  a  p r a c t i c a l   l e v e l ,   and  i t  



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

For   e x a m p l e ,   i f ,   by  s p e c i f i c a l l y   a d j u s t i n g   t h e   a t o m i z i n g  

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

p o w d e r   i s   made  as  low  as  0.5%  by  w e i g h t ,   i t   i s   n e c e s s a r y   t o  

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

1 1 5 0 ° C   f o r   f i v e   h o u r s   or   l o n g e r   so  as  to   o b t a i n   powder   h a v i n g  

a  p r a c t i c a l   l e v e l   of  o x y g e n .   H o w e v e r ,   a f t e r   such   l o n g   t i m e  

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

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

d i s i n t e g r a t i o n   s t e p .   And,  when  s u c h   a  s t r o n g   d i s i n t e g r a t i o n  

p r o c e s s   i s   a p p l i e d   to   t h e   p o w d e r ,   t h e   s h a p e   and  s i z e   of  t h e  

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

of  t h e   a s - a t o m i z e d   p o w d e r ,   and  t h e i r   c o m p r e s s i b i l i t y ,   c o m p a c t i -  

b i l i t y   and  s i n t e r i n g   a p p l i c a b i l i t y   w i l l   be  i m p a i r e d .  

A n o t h e r   m e t h o d   of  d e o x i d i z a t i o n   of  a t o m i z e d   p o w d e r   h a s  

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

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

a t o m i z a t i o n .   In  t h i s   m e t h o d   t h e   r e s u l t i n g   a t o m i z e d   p o w d e r  

c o n t a i n s   a  r e l a t i v e l y   l a r g e   a m o u n t   of  c a r b o n   as  a  r e d u c i n g  

a g e n t ,   w h i c h   s e r v e s   to   r e m o v e   t h e   o x y g e n   c o n t a i n e d   in  t h e  

a t o m i z e d   p o w d e r   i n  a c c o r d a n c e   w i t h   t h e   r e a c t i o n   shown  by  t h e  

f o r m u l a :   C  +  O  @  C O   upon   h e a t i n g   a t   a  h i g h   t e m p e r a t u r e   i n  

v a c u o .   H o w e v e r ,   t h i s   m e t h o d   a l s o   r e q u i r e s   h e a t i n g   of  t h e   p o w d e r  
a t   a  t e m p e r a t u r e   h i g h e r   t h a n   1100°C   f o r   a  l o n g   p e r i o d   of  t i m e  

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

p r o b l e m s   as  m e n t i o n e d   i n  t h e   a b o v e .   In  a d d i t i o n ,   s i n c e   t h i s  

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

t h e r e f o r   become  v e r y   c o m p l i c a t e d   m a k i n g   t h i s   m e t h o d   l e s s   p r a c -  
t i c a l .  

Gas  A t o m i z a t i o n :  .  

T h i s   i s   a  p r o c e s s  f o r   p r o d u c i n g   s t e e l   p o w d e r   by  u t i l i z i n g  

an  i n e r t   gas   s u c h   as  N2,  Ar ,   e t c .  a s   an  a t o m i z i n g   a g e n t .   T h i s  

m e t h o d   r e s u l t s   in  l e s s   c o n t a m i n a t i o n  w i t h   o x i d e s .   H o w e v e r ,  

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

s m a l l ,   and  the   r e s u l t i n g   p a r t i c l e s   t e n d   to   become  r o u n d .   R o u n d  

p a r t i c l e s   a r e   d i f f i c u l t   to   c o m p a c t .   I t   i s ,   t h e r e f o r e ,   n e c e s s a r y  

to   c o m p a c t   such   p o w d e r   by  means   of  c a n n i n g   c o m p a c t i o n   t e c h n i q u e  



t h r o u g h   c o l d   (or  h o t )   i s o s t a t i c   p r e s s i n g   e t c .   H o w e v e r ,   t h e  

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

t h i s   m e t h o d   i s   no t   o f t e n   u s e d .  

F u r t h e r m o r e ,   w i t h   g a s   a t o m i z a t i o n   a  l a r g e   v o l u m e   of  g a s  

is   r e q u i r e d ,   so  the   o p e r a t i n g   c o s t   of  t h i s   m e t h o d   i s   10  t i m e s  

t h a t   of  t h e   w a t e r   a t o m i z a t i o n   p r o c e s s .  

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

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

p o w d e r   to   be  s i n t e r e d   o r   s i n t e r e d - f o r g e d ,   w h i c h   i s   t he   m a j o r  

a p p l i c a t i o n   in  t he   f i e l d   of   p o w d e r   m e t a l l u r g i c a l   t e c h n o l o g y .  

O i l   A t o m i z a t i o n :  

In  t h i s   p r o c e s s   f o r   p r o d u c i n g   s t e e l   p o w d e r   o i l   i s   u s e d  

as  t h e   a t o m i z i n g ,  a g e n t .   T h i s   p r o c e s s   is   s u p e r i o r   to   w a t e r  

a t o m i z a t i o n   in  t h a t   t h e   o x i d a t i o n   of  s t e e l   p o w d e r   d o e s   n o t   o c c u r ,  
i . e .   t h e   o x i d a t i o n   of  a l l o y i n g   e l e m e n t s   d o e s   n o t   o c c u r .   How-  

e v e r ,   c a r b u r i z a t i o n   of   t h e   r e s u l t i n g   p o w d e r ,  i . e .   d i f f u s i o n   o f  

c a r b o n   f rom  t h e   o i l   to   t h e   p o w d e r   o c c u r s   d u r i n g   a t o m i z a t i o n ,  

and  d e c a r b u r i z a t i o n   has   to   be  c a r r i e d   o u t   a t   a  s u c c e e d i n g   s t e p .  

I f   t h e   a l l o y   s t e e l   p o w d e r   c o n t a i n s   e a s i l y   o x i d i z a b l e  

e l e m e n t s   s u c h   as  Cr,   Mn,  V,  Nb,  B,  S i ,   e t c . ,   i t   i s   e a s i e r   t o  

c a r r y   o u t   d e c a r b u r i z a t i o n   t h a n   to  c a r r y   ou t   r e d u c t i o n   on  o n c e  

o x i d i z e d   s t e e l   p o w d e r .   H o w e v e r ,   up  to  now  t o  p r o c e s s   has   b e e n  

p r o p o s e d   f o r   c a r r y i n g   o u t   d e c a r b u r i z a t i o n   in  an  e f f i c i e n t   a n d  

c o n t i n u o u s   m a n n e r .  

As  a  d e c a r b u r i z i n g   gas   H2,  H201  CO-CO2,  e t c .   a r e   k n o w n  

in  t h e   a r t .   Of  them  H2  g a s   i s   n o t   p r a c t i c a l ,   b e c a u s e   t h e  

d e c a r b u r i z i n g   r a t e   w i t h   H2  gas   i s   v e r y   low.  On  t h e   o t h e r  

h a n d ,   a l t h o u g h   a  d e c a r b u r i z i n g   gas   w h i c h   c o n t a i n s   an  o x i d i z i n g  

g a s ,   s u c h   as  H20,  CO2,  e t c .   can  r e m a r k a b l y   a c c e l e r a t e   t he   d e -  

c a r b u r i z a t i o n ,   t he   o x i d a t i o n   of  an  e l e m e n t ,   s u c h   as  Cr,   Mn,  V, 

Nb,  B ,   S i ,   e t c .   i s   i n e v i t a b l e   u n d e r   t he   d e c a r b u r i z i n g   t e m p e r a t u r e  

and  a t m o s p h e r i c   c o n d i t i o n s   u n d e r   wh ich   the   d e c a r b u r i z a t i o n  

p r o c e e d s ,   b e c a u s e   s u c h   c o n d i t i o n s   pu t   t h e s e   e l e m e n t s   in  an  o x i d i z -  

ing  r e g i o n   d e f i n e d   by  t h e r m o - d y n a m i c   e q u i l i b r i u m   c o n d i t i o n s .  

T h e r e f o r e ,   s p e c i a l   c a r e   i s   n e c e s s a r y   to  c o n t r o l   t h e   d e c a r b u r i z i n g  

c o n d i t i o n s .  

For   t he   above   r e a s o n s   d e c a r b u r i z a t i o n   of  o i l   a t o m i z e d   a l l o y  
s t e e l   p o w d e r   has  not   y e t   b e e n   w o r k e d   o u t .  



The  i n v e n t o r s   of  t h i s   i n v e n t i o n   have   b e e n   u n a b l e   to   f i n d   a n y  

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

Cr,   Mn,  V,  Nb,  B,  S i ,   e t c . ,   w h i c h   a r e   t h o u g h t   to  be  e a s i l y  
o x i d i z e d   in  v i e w   of  t h e i r   e q u i l i b r i u m   c o n d i t i o n s ,   and  b e i n g  

c o m p r i s e d   of  f i n e l y   d i v i d e d   p a r t i c l e s   w h i c h   a r e   v e r y   e a s i l y  
o x i d i z e d   b e c a u s e   of  i t s   p a r t i c u l a t e   f o r m .  

O b j e c t s  o f  t h i s   I n v e n t i o n  

T h e r e f o r e ,   one  of  t h e   o b j e c t s   o f   t h i s   i n v e n t i o n   i s   t o  

p r o v i d e   a  p r o c e s s   f o r   p r o d u c i n g   l o w - o x y g e n ,   l o w - c a r b o n   a l l o y  

s t e e l   p o w d e r   by  u t i l i z i n g   o i l - a t o m i z a t i o n ,   in   w h i c h   the   o x i d a -  

t i o n   of   e a s i l y   o x i d i z a b l e   e l e m e n t s   s u c h   as  Cr ,   Mn,  V,  Nb,  B ,  

S i ,   e t c .   i s   e f f e c t i v e l y   s u p p r e s s e d   d u r i n g   d e c a r b u r i z a t i o n .  

A n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   i s   to   p r o v i d e   a  p r o c e s s  
f o r   p r o d u c i n g   a l l o y   s t e e l   p o w d e r   c o n t a i n i n g   one  or  more  of   t h e .  

e a s i l y   o x i d i z a b l e   e l e m e n t s   of  Cr ,   Mn,  V ,  N b ,   B  a n d   S i ,   w h i c h  

c o n t a i n s   c a r b o n   in   a n  a m o u n t   of  0.1%  b y  w e i g h t   or  l e s s   a n d  

o x y g e n   in   an  a m o u n t   of  0.2%  by  w e i g h t   or   l e s s .  

S t i l l  a n o t h e r   o b j e c t   of   t h i s   i n v e n t i o n   i s   to  p r o v i d e   a  

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

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

t i n u o u s   m a n n e r .  

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

In   t h e   d r a w i n g s :  

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

d e c a r b u r i z i n g   t e m p e r a t u r e   and  c h a n g e s   i n   c a r b o n   and  o x y g e n  

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

t i m e ;  

F i g s .   2  -   7  a r e   g r a p h s   s h o w i n g   t h e   r e l a t i o n s h i p   b e t w e e n  

t h e   PH2/PH2O  r a t i o   of   t h e   a t m o s p h e r e   and  t h e   t r e a t i n g   t i m e   a t  

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

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

F i g .   8  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n s h i p   b e t w e e n   t h e  

t e m p e r a t u r e   a n d   t h e   a d h e s i v e n e s s   of   p a r t i c l e s ;   a n d  

F i g .   9  i s   a  d i a g r a m m a t i c a l   v i e w   in  s e c t i o n   of  a  d e -  

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

i n v e n t i o n .  

Summary  of  t h e   I n v e n t i o n  

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



to  p r o d u c e   l o w - o x y g e n ,   l o w - c a r b o n   a l l o y   s t e e l   p o w d e r   by  o b t a i n -  

ing  a s - a t o m i z e d   a l l o y  s t e e l   powder   c o n t a i n i n g   o x y g e n   in  a n  

a m o u n t   as  s m a l l   as  0.2%  by  w e i g h t   or   l e s s   and  a  r e l a t i v e l y   l a r g e  

a m o u n t   of  c a r b o n   t h r o u g h   o i l - a t o m i z a t i o n ,   and  t h e n   f i n i s h i n g  

t h e   s u c c e e d i n g   d e c a r b u r i z a t i o n   b e f o r e   o x i d a t i o n   of   t h e   a b o v e  

m e n t i o n e d   e a s i l y   o x i d i z a b l e   e l e m e n t s   i s   i n i t i a t e d .  

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

d e c a r b u r i z a t i o n   can   e f f e c t i v e l y   be  c a r r i e d   o u t   when  s p e c i f i c  

d e c a r b u r i z i n g   c o n d i t i o n s   a re   s e t   u n d e r   w h i c h   t he   o x i d a t i o n   o f  

e a s i l y   o x i d i z a b l e   e l e m e n t s   is   k e p t   to   as  l o w  a   d e g r e e   as  p o s s i b l e ,  

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

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

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

s t e p s   o f :  

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

o x i d i z a b l e   e l e m e n t  s e l e c t e d   from  t h e   g r o u p   c o n s i s t i n g   of   c h r o m i u m ,  

m a n g a n e s e ,   v a n a d i u m ,   n i o b i u m ,   b o r o n   and  s i l i c o n ;  

a t o m i z i n g   s a i d   m o l t e n   s t e e l   by  means   of  an  a t o m i z i n g   a g e n t  

c o n t a i n i n g   a  n o n - o x i d i z i n g  m e d i u m ,   p r e f e r a b l y   a  n o n - o x i d i z i n g  

medium  s e l e c t e d   f rom  m i n e r a l   o i l s ,   a n i m a l   o i l s   o r  v e g e t a b l e   o i l s  

to  p r o v i d e   a s - a t o m i z e d   a l l o y   s t e e l   p o w d e r   c o n t a i n i n g   0.2%  b y  

w e i g h t   or  l e s s   of  o x y g e n   and  0.1%  by  w e i g h t   o r  m o r e   of   c a r b o n ;  

a d j u s t i n g   t h e   amoun t   of  c a r b o n   of  s a i d   a s - a t o m i z e d   s t e e l  

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

H2  and  H20  g a s e s   u n d e r   e i t h e r   of  t h e   b e l o w - d e f i n e d   c o n d i t i o n s  

(A)  or  (B);   a n d  

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

t e m p e r a t u r e   in  an  i ne r t   or  r e d u c i n g   a t m o s p h e r e .  

C o n d i t i o n   ( A ) :  

T r e a t i n g   Time  (8  m i n u t e ) :  

C o n d i t i o n   ( B ) :  



T r e a t i n g   Time  (8  m i n u t e ) :  

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

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

s t e p s   o f :  

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

o x i d i z a b l e   e l e m e n t   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  c h r o m i u m ,  

m a n g a n e s e ,   v a n a d i u m ,   n i o b i u m ,   b o r o n   and  s i l i c o n ;  

a t o m i z i n g   s a i d   m o l t e n   s t e e l   by  means   of   an  a t o m i z i n g  

a g e n t   c o n t a i n i n g  a   n o n - o x i d i z i n g   medium  to  p r o v i d e   a s - a t o m i z e d  

a l l o y   s t e e l   p o w d e r   c o n t a i n i n g   0.2%  by  w e i g h t   or  l e s s   of  o x y g e n  
and  0.1%  by  w e i g h t   or  m o r e   of  c a r b o n ;  

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

t h r o u g h   an  a t m o s p h e r e   c o n t a i n i n g   a t   l e a s t   H2  and  H2O  g a s e s   u n d e r  

e i t h e r   of   t h e   a b o v e - d e f i n e d   c o n d i t i o n s   (A)  or   (B)  to   a d j u s t   t h e  

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

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

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

T h u s ,   in  one  a s p e c t ,   t h i s   i n v e n t i o n   i s   c h a r a c t e r i z e d   i n  

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

c a r b o n - a d j u s t i n g   s t e p   i n   an  a t m o s p h e r e   c o n t a i n i n g   H20  and  H2 

g a s e s   u n d e r   e i t h e r   of  s a i d   c o n d i t i o n s   (A)  or  (B) ,   and  t h e n   i s  

c o o l e d   to   room  t e m p e r a t u r e   in   an  i n e r t   or  r e d u c i n g   a t m o s p h e r e .  

The  "PH2"  means   a  p a r t i a l   p r e s s u r e   of  h y d r o g e n   gas   and  t h e  

"PH2O"  means   t h a t   of   s t e a m .  

D e t a i l e d   D e s c r i p t i o n   o f   P r e f e r r e d   E m b o d i m e n t s  

The  r e a s o n s   f o r   d e f i n i n g   t h e   p r o c e s s   s t e p s   of   t h i s   i n v e n -  

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

R e g a r d i n g   t h e   s t e p   of  p r e p a r i n g   m o l t e n   s t e e l ,   t h e   p r e p a r a -  
. t i o n   of  m o l t e n   s t e e l   may  be  c a r r i e d   o u t   in  any  c o n v e n t i o n a l  

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

s t e e l   of  t h i s   i n v e n t i o n   p r o c e s s   c o n t a i n s   a t   l e a s t   one  e a s i l y  
o x i d i z a b l e   e l e m e n t   s e l e c t e d   f rom  Cr,   Mn,  V,  Nb,  B  a n d   S i ,   t h e  

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

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

t h o r o u g h l y   as  p o s s i b l e .  



In  t h e   a t o m i z i n g   s t e p   of  t h i s   i n v e n t i o n ,   as   in  t h e  

c o n v e n t i o n a l   o i l   a t o m i z a t i o n ,   an  a t o m i z i n g   a g e n t   w h i c h   p r e f e r a b l y  

c o n t a i n s   a  medium  s e l e c t e d   f rom  m i n e r a l   o i l s ,   a n i m a l   o i l s ,  

v e g e t a b l e   o i l s   a n d  m i x t u r e s   t h e r e o f   may  be  e m p l o y e d .   P r e f e r a b l y ,  

a c c o r d i n g   to  t h i s   i n v e n t i o n   a  n o n - o x i d i z i n g   med ium  c o m p r i s e d  

of  an  o i l   s e l e c t e d   f rom  t h e   a b o v e - m e n t i o n e d   o i l s   may  be  e m p l o y e d  

as  an  a t o m i z i n g   a g e n t .   An  o x i d i z i n g   a g e n t   such   as   w a t e r   m a y  
be  i n c o r p o r a t e d   in  t h e   a t o m i z i n g   a g e n t   so  l o n g   as  t h e   r e s u l t i n g  

medium  i s   n o n - o x i d i z i n g   in  n a t u r e   as  a  w h o l e .  

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

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

e t c .  

The  o x y g e n   c o n t e n t   of   the   a t o m i z e d   s t e e l   p o w d e r   o b t a i n e d  

in  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n   i s   r e s t r i c t e d   to   0.2%  b y  

w e i g h t   or   l e s s . . I t   may  be  0.1%  by  w e i g h t   or  l e s s ,   p r e f e r a b l y  

0.05%  by  w e i g h t   or  l e s s .   T h i s   i s   b e c a u s e   s u b s t a n t i a l l y   a l l   t h e  

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

p o w d e r ,  t h o u g h   d e o x i d i z a t i o n   to  some  e x t e n t   can  be  e f f e c t e d  

d u r i n g   t h e   f o l l o w i n g   d e c a r b u r i z a t i o n   s t e p .   The  l o w e r   t h e   o x y g e n  
c o n t e n t   t h e   b e t t e r .   I t   i s   to  be  n o t e d   t h a t   i t   i s   p o s s i b l e   t o  

r e d u c e   t h e   amoun t   of  o x y g e n   s i g n i f i c a n t l y   by  e f f e c t i n g   t h e   d e -  

o x i d i z a t i o n   of  m o l t e n   s t e e l   p r i o r   to  a t o m i z a t i o n ,   and  by  p r e -  

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

of  t h e   m o l t e n   s t e e l   as  w e l l   as  a t o m i z e d   p o w d e r   d u r i n g  a t o m i z a t i o n .  

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

is   0.1%  by  w e i g h t   or   m o r e .   Such  a  l a r g e   a m o u n t   of   c a r b o n   c o m e s  

f rom  c a r b u r i z a t i o n   of   t h e   a t o m i z i n g   a g e n t .  

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

p a s s e d   to   t h e   d e c a r b u r i z a t i o n   s t e p   of  t h i s   i n v e n t i o n ,   w h e r e   i t  

is   s u b j e c t e d   to  d e c a r b u r i z i n g   c o n d i t i o n s   d e f i n e d   by  e i t h e r   o f  

C o n d i t i o n s   (A)  or  (B) ,   w h i c h   w i l l   be  d e t a i l e d   h e r e i n a f t e r .  

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

0.1%  by  w e i g h t   or  more  of   c a r b o n   can  d e c a r b u r i z e d   to  a  l e v e l   o f  

l e s s   t h a n   0.1%  by  w e i g h t   w i l l   be  c o n s i d e r e d .   I t   w i l l   e a s i l y  

be  t h o u g h t   of  to  add  as  l a r g e   an  amount   of  H20  gas   as  p o s s i b l e ,  

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

e f f e c t  t h e   d e c a r b u r i z a t i o n   of  t h e   a l l o y   s t e e l   p o w d e r .   H o w e v e r ,  

the   a d d i t i o n   of  a  l a r g e   a m o u n t   of  o x i d i z i n g   gas   r e s u l t s   in  t h e  



o x i d a t i o n   of   such   e a s i l y   o x i d i z a b l e   e l e m e n t s   s u c h   as  Cr ,   Mn,  V,  

Nb,  B,  S i ,   e t c . ,   w h i c h   r e a c t   more   e a s i l y   w i t h   o x y g e n   t h a n   F e .  

On  t h e   o t h e r   h a n d ,   w i t h o u t   t h e   a d d i t i o n   of  s u c h   o x i d i z i n g  

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

l o n g   p e r i o d   of  t i m e   w i l l   be  r e q u i r e d   f o r   p r o c e s s i n g   t h e   p o w d e r .  

The  i n v e n t o r s   of  t h i s   i n v e n t i o n   n o t e d   t h a t   t h o u g h   d r y  

h y d r o g e n   g a s   d o e s   n o t   e x h i b i t   d e c a r b u r i z i n g   e f f e c t ,   t h e   a d d i t i o n  

of  m o i s t u r e   a c c e l e r a t e s   t h e   d e c a r b u r i z i n g   r e a c t i o n .   H o w e v e r ,  

as  m e n t i o n e d   h e r e i n b e f o r e ,   s t e a m   i t s e l f   i s   o x i d a t i v e   of  t h e s e  

o x i d i z a b l e   e l e m e n t s ,   so  mere   a d d i t i o n   of   s t e a m   means   t h a t   d e -  

c a r b u r i z a t i o n   as  w e l l   as  o x i d a t i o n   w i l l   o c c u r .  

The  i n v e n t o r s   of  t h i s   i n v e n t i o n   f o u n d   t h a t   when  t h e   r a t i o  

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

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

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

s u b s t a n t i a l   o x i d a t i o n   of  t h e   b e f o r e - m e n t i o n e d   e a s i l y   o x i d i z a b l e  

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

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

a t   t h i s   i n v e n t i o n .  

F i g .   1  i s   a  g r a p h   s u m m a r i z i n g   t he   e x p e r i m e n t a l   d a t a   o f  

a  s e r i e s   of   d e c a r b u r i z i n g  t e s t s  w i t h   r e s p e c t   to  d e c a r b u r i z i n g  

t e m p e r a t u r e .   In   t h i s   s e r i e s   o f   t e s t s ,   Cr-Mn  low  a l l o y   s t e e l  

p o w d e r   (Cr :   1.0%  b y  w e i g h t ;   Mn:  1.5%  by  w e i g h t ;   C:  0.6%  b y  

w e i g h t ;   o x y g e n :   0.09%  by  w e i g h t ) ,   w h i c h   was  o b t a i n e d   by  t h e  

c o n v e n t i o n a l   o i l - a t o m i z a t i o n ,  w a s   p a c k e d   i n t o   a  s t a i n l e s s  

s t e e l   b o a t   t o  a   d e p t h   of  3  mm.  The  a t m o s p h e r e   c o m p r i s e d   H 2 ,  

H2O  and  N2,  t h e   r a t i o   of  PH2/PH2O  was  3 3 . 3   and  PH2  was  70% 

of   t h e   t o t a l   p r e s s u r e   of  t h e   a t m o s p h e r e .   The  b o a t   was  h e a t e d  

u n d e r   t h e   a t m o s p h e r e   to   e f f e c t   d e c a r b u r i z a t i o n .   C h a n g e s   in  t h e  

a m o u n t s   of   c a r b o n   in  p o w d e r e d   s t e e l  ( C )   and  o x y g e n   in   p o w d e r e d  

s t e e l   (0)  we re   d e t e r m i n e d   w i t h   r e s p e c t   to   t r e a t i n g   p e r i o d  o f  

t i m e   a t   t h e   i n d i c a t e d   t e m p e r a t u r e .  

F r o m   t h e   d a t a   shown  in   F i g .   1,  i t   i s   a p p a r e n t   t h a t  

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

t h e   a t m o s p h e r e   g o e s  u p .   I t   i s   to  be  n o t e d ,   h o w e v e r ,   t h a t  

o x i d a t i o n   a l s o   t a k e s   p l a c e .   N a m e l y ,   a c c o r d i n g   to   t h e   t e s t  

r e s u l t s   shown  in  F i g .   1,  i t   may  be  s a i d   t h a t   i t   i s   p o s s i b l e   t o  

r e d u c e   t h e   p r o p o r t i o n   of  c a r b o n   to  0.1%  by  w e i g h t   or  l e s s   i n  

a  s h o r t   p e r i o d   of  t r e a t i n g   t i m e .   No  s i g n i f i c a n t   d e g r e e   o f  



o x i d a t i o n   o c c u r s .   In  a d d i t i o n ,   d e c a r b u r i z a t i o n   p r o c e e d s  

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

o x i d a t i o n   d o e s   n o t   p r o c e e d s   so  q u i c k l y   as  d e c a r b u r i z a t i o n .  

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

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

N e x t ,   s a m p l e   s t e e l   powder   t h e   s t e e l   c o m p o s i t i o n   a n d  

p a r t i c l e   s i z e   d i s t r i b u t i o n   of  w h i c h   a r e   shown  in  T a b l e   1  w a s  

p a c k e d   i n t o   a  s t a i n l e s s   s t e e l   b o a t   to   a  d e p t h   of  20  mm,  t h e n  

h e a t e d   and  m a i n t a i n e d   a t   t he   i n d i c a t e d   t e m p e r a t u r e s   u n d e r   p r e -  

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

p o w d e r   was  t h e n   c o o l e d   to   room  t e m p e r a t u r e   in  a  d r y   h y d r o g e n  

a t m o s p h e r e .  

The  t e s t   r e s u l t s   of  t he   s e r i e s   of  e x p e r i m e n t s   a r e  

s u m m a r i z e d   in  g r a p h   in   F i g s .   2  -   7  a t   t h e   i n d i c a t e d   t e m p e r a t u r e s  

r e s p e c t i v e l y .  

The  n u m b e r s   on  t h e   a b s c i s s a   i n d i c a t e   t h e   PH2/PH20  r a t i o ,  

and  t h e   t r e a t i n g   t i m e   i s   on  t he   v e r t i c a l   a x i s .   The  s y m b o l   " 0 "  

i n d i c a t e s   the   c a s e   in  w h i c h   the   c a r b o n   c o n t e n t   has   been   r e d u c e d  

to  0.1%  by  w e i g h t   or  l e s s   a n d  t h e   o x y g e n   c o n t e n t   to   0.2%  b y  

w e i g h t   or  l e s s .   The  s y m b o l   "X"  shows  t h e   c a s e   w h e r e . t h e   t a r g e t  

v a l u e s   of  c a r b o n   or  o x y g e n   c o n t e n t   were   n o t   a t t a i n e d .   Zone  ( I )  

shows   t h e   a r e a   w h e r e   t h e   o x i d a t i o n   o c c u r s ,   Zone  ( I I )   shows  t h e  

a r e a   of  t h i s   i n v e n t i o n   and  Zone  ( I I I )   shows  t h e   a r e a   w h e r e  d e -  

c a r b u r i z a t i o n   i s   i n s u f f i c i e n t .  

As  i s   a p p a r e n t   f rom  the   s e r i e s   of  g r a p h s   shown  in  F i g s .  

2  -   7,  t h e   r a t i o   of  PH2/PH2O,   t e m p e r a t u r e   and  t r e a t i n g   t i m e  

h a v e   t h e i r   own  c r i t i c a l i t y .  

The  c r i t i c a l   r a n g e   of  each   of  t h e s e   p r o c e s s i n g   f a c t o r s :  

PH2 /PH20   r a t i o ,   t e m p e r a t u r e   ( t°C)  and  t r e a t i n g   t i m e   (6  m i n )  

can   be  d e r i v e d   on  t h e   b a s i s   of  the   d a t a   g i v e n   in  F i g s .   2  -   7  a s  
f o l l o w s   ( w h e r e i n   t he   t r e a t i n g   t i m e ,   @,  is   a  f u n c t i o n   of  PH2/  PH2O): 

The  minimum  t r e a t i n g  t i m e   r e q u i r e d   to   r e d u c e   the   c a r b o n  

c o n t e n t   to  0.1%  by  w e i g h t   or  l e s s   a t   a  t e m p e r a t u r e   of  6 0 0  -  

950°C  can   be  g i v e n   b y :  

The  maximum  t r e a t i n g   t ime   r e q u i r e d   to  s u p p r e s s   t h e  



o x i d a t i o n   of   t h e   p o w d e r   to  0.2%  by  w e i g h t   or  l e s s   can   be  g i v e n  

b y :  

R e g a r d i n g   t h e   r a t i o   of  P H 2 / P H 2 0 ,   as  i s   a p p a r e n t   f r o m  

t h e   g r a p h s   shown  in  F i g s .   2  -   7,  s a t i s f a c t o r y   r e s u l t s   a r e   n o t  

o b t a i n e d   as  l o n g   as  t h e   r a t i o   i s   s m a l l e r   t h a n   0 . 5 .   On  t h e   o t h e r  

h a n d ,   when  t h e   r a t i o   i s   o v e r   1000 ,   d e c a r b u r i z a t i o n   to   a  s a t i s -  

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

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

r a i s e d .   T h u s ,   t h e   p u r p o s e   of  t h i s   i n v e n t i o n   c a n n o t   be  a c h i e v e d .  

T h e r e f o r e ,   one   of  t he   c r i t i c a l   c o n d i t i o n s   of  t h i s   i n v e n -  

t i o n   can   be  shown  as  f o l l o w s :  

C o n d i t i o n s   ( A ) :  

T r e a t i n g   Time  (8  m i n ) :  

In  c a s e   w h e r e   t h e   t e m p e r a t u r e   i s   o v e r   950°C ,   t h e   f o l l o w -  

ing   c r i t i c a l   c o n d i t i o n s   can  be  d e r i v e d :  

T r e a t i n g   t i m e   (  6  m i n ) :  

H o w e v e r ,   when  t h e   t e m p e r a t u r e   i s   e x c e s s i v e l y   h i g h ,  

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

be  l i m i t e d  t o   w i t h i n   a  c e r t a i n   r a n g e .  

F i g .   8  s h o w s   t he   r e a l t i o n s h i p   b e t w e e n   the   t e m p e r a t u r e  
and  t h e   a d h e s i v e n e s s   of  e ach   p a r t i c l e .   As  i s   a p p a r e n t   f rom  t h e  

g r a p h ,   when  t h e   t e m p e r a t u r e   goes   up  b e y o n d   1 2 5 0 ° C ,  t h e   a d h e s i v e  

f o r c e   b e t w e e n   p a r t i c l e s   r a p i d l y   i n c r e a s e s ,   r e s u l t i n g   in  w e l d e d  

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

r e q u i r e d   in  a  s t e p   f o l l o w i n g   d e c a r b u r i z a t i o n .  

T h u s ,   t h e   f o l l o w i n g   c r i t i c a l   c o n d i t i o n s   can   be  d e f i n e d  



at   a  t e m p e r a t u r e   r a n g e   of  h i g h e r   t han   950°C  in  a c c o r d a n c e   w i t h  

t h i s   i n v e n t i o n :  

T r e a t i n g   Time  (8  m i n )  :  

In  g e n e r a l ,   in   a  p r e f e r r e d   e m b o d i m e n t   of  t h i s   i n v e n t i o n  

t h e   t r e a t i n g   t i m e   of  d e c a r b u r i z a t i o n   may  be  r e s t r i c t e d   to  l e s s  

t h a n  s e v e r a l   h o u r s ,   d e s i r a b l y   l e s s   t h a n   a p p r o x i m a t e l y   one  h o u r  

f rom  a  p r a c t i c a l   v i e w p o i n t .  

The  t h u s   d e c a r b u r i z e d   s t e e l   p o w d e r   i s   t h e n   c o o l e d   t o  

room  t e m p e r a t u r e   in  an  i n e r t   or  r e d u c i n g   a t m o s p h e r e .   The  t y p e  

of  a t m o s p h e r e   i s   n o t   l i m i t e d   to  a  s p e c i f i c   one  so  l o n g   as  t h e  

r e o x i d a t i o n   can  be  p r e v e n t e d ,   b u t   i t   i s   p r e f e r a b l e   to  e m p l o y  

a  d r y   h y d r o g e n   a t m o s p h e r e .  

T h u s ,   a c c o r d i n g   to   t h e   p r o c e s s   of  t h i s  i n v e n t i o n ,   l o w -  

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

and  in   a  c o n t i n u o u s   m a n n e r .   The  a l l o y   s t e e l   of  t h i s   i n v e n t i o n  

i n c l u d e s   h i g h   a l l o y   s t e e l   as  w e l l   as  low  a l l o y   s t e e l ,   as  d i s c l o s e d  

in  t h e   w o r k i n g   e x a m p l e s   h e r e i n a f t e r   d e s c r i b e d .  

I t   i s   h e r e i n   to  be  n o t e d   t h a t   a c c o r d i n g   to  t h e   p r o c e s s  
of  t h i s   i n v e n t i o n   t h e   p r o c e s s i n g   c o n d i t i o n   r a n g e   w h e r e   t h e   p u r p o s e  
of  t h i s   i n v e n t i o n   has   b e e n   a c h i e v e d ,   e . g .   Z o n e s   ( I I )   in   F i g s .   2  -  

7  r e g a r d i n g   d e c a r b u r i z i n g   t e m p e r a t u r e ,   P H 2 / P H 2 0   r a t i o   and  t r e a t -  

ing   t i m e   i s   w i d e .   T h e r e f o r e ,   a c c o r d i n g   to   t h i s   i n v e n t i o n   i t   i s  

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

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

o p e r a t i o n .   Th i s   means   t h a t   a  p r a c t i c a l   p r o c e s s   f o r   c o n t i n u o u s l y  

p r o d u c i n g   d e c a r b u r i z e d   a l l o y   s t e e l   powder   on  an  i n d u s t r i a l   s c a l e  

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





The  a p p a r a t u s   w h i c h   is   s u c c e s s f u l l y   e m p l o y e d   f o r  

c o n t i n u o u s l y   c a r r y i n g   ou t   t he   d e c a r b u r i z a t i o n   p r o c e s s   of  t h i s  

i n v e n t i o n   w i l l   be  d e s c r i b e d   h e r e i n a f t e r  

F i g .   9  shows  a  d i a g r a m m a t i c a l   v i e w   of  a  d e c a r b u r i z i n g  

a p p a r a t u s   f o r   c a r r y i n g   o u t   t h i s   i n v e n t i o n   p r o c e s s ,   in  w h i c h   t h e  

s t e e l   p o w d e r   1  p r o d u c e d   in  the   o i l - a t o m i z i n g   s t e p   i s   f i r s t   p l a c e d  

in  a  h o p p e r   2  and  t h e n   i s   c o n t i n u o u s l y   c h a r g e d   o n t o   t h e   s t e e l  

b e l t   3  a c t u a t e d   by  means   of  r o l l e r s   4.  The  s t e e l   b e l t   3  i s  

s u c c e s s i v e l y   p a s s e d   t h r o u g h   a  d e c a r b u r i z i n g   a p p a r a t u s   5  w h i c h  

c o m p r i s e s   a  p r e - h e a t i n g   c h a m b e r   6,  a  d e c a r b u r i z i n g   c h a m b e r   7 

and  a  c o o l i n g   c h a m b e r   8.  Whi le   t h e   p o w d e r   p a s s e s   t h r o u g h   t h e  

a p p a r a t u s ,   t h e   s t e e l   p o w d e r   1  i s   p r e - h e a t e d ,   d e c a r b u r i z e d   a n d  

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

t he   d e c a r b u r i z e d   s t e e l   powder   9  i s   d i s c h a r g e d   o u t   of  t h e   d i s -  

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

A  n o n - o x i d i z i n g   gas  (H2  g a s ,   f o r   e x a m p l e )   i s   s u p p l i e d  

to  t h e   p r e - h e a t i n g   c h a m b e r   6  and  t h e   c o o l i n g   c h a m b e r   8  to   k e e p  

the   a t m o s p h e r e   n o n - o x i d i z i n g .   The  d o t t e d   l i n e s   in  t h e   d r a w i n g  

show  t h e   s u p p l y   s y s t e m   of  the   n o n - o x i d i z i n g   g a s .  

G a s e s   (H20  and  H2)  a r e   s u p p l i e d   to   t h e   d e c a r b u r i z i n g  

c h a m b e r   7  to   a d j u s t   t he   a t m o s p h e r e .   I f   n e c e s s a r y   N2  gas   may  a l s o  

be  s u p p l i e d   to  the   c h a m b e r   t h r o u g h   l i n e s   11._  T h e s e   g a s e s ,   e a c h  

s u p p l i e d   t h r o u g h   i t s   r e s p e c t i v e   s u p p l y   s y s t e m   ( n o t   s h o w n ) ,   w i l l  

be  c o m b i n e d   in   a  g a s - m i x i n g   t a n k   ( n o t   shown)  to  a d j u s t   t h e   g a s  

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

d i s c h a r g e d   o u t   of  the   c h a m b e r   t h r o u g h   l i n e   12  i s   c o l l e c t e d   i n  

a  d u s t   s e p a r a t o r   13  where   s o l i d s   e n t r a i n e d   w i t h   t h e   gas   i s  

s e p a r a t e d .   C a r b o n   o x i d e s   fo rmed   d u r i n g   d e c a r b u r i z a t i o n   i s   r e m o v e d  

ou t   of  a  g a s - s e p a r a t o r   14  t h r o u g h   l i n e   15.  The  r e c o v e r e d   gas   i s  

t h e n   s u p p l i e d   to  t he   d e c a r b u r i z i n g   c h a m b e r   t h r o u g h   l i n e   1 1 .  

F u r t h e r   e x p l a n a t i o n   on  t h i s   gas  s u p p l y   s y s t e m   w i l l   be  e l i m i n a t e d  

s i n c e   t h e   a b o v e ' e x p l a n a t i o n   w i l l   be  e n o u g h   to  t h e   p e r s o n   s k i l l e d  

in  t he   a r t .  

T h u s ,   in  a n o t h e r   p r e f e r r e d   e m b o d i m e n t   of  t h i s   i n v e n t i o n ,  

the   a s - a t o m i z e d   a l l o y   s t e e l   powder   of  t h i s   i n v e n t i o n   may  b e  

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

c o m p r i s e d   of  t he   d e c a r b u r i z i n g   a p p a r a t u s   5  whe re   t h e   a s - a t o m i z e d  

p o w d e r   i s   c o n t i n u o u s l y   d e c a r b u r i z e d   to  a  l e v e l   of  0.1%  by  w e i g h t  



or  l e s s   of  c a r b o n .   The  d e c a r b u r i z i n g   zone   may  c o m p r i s e   a  p r e -  

h e a t i n g   s e c t i o n ,   a  d e c a r b u r i z i n g   s e c t i o n   and  a  c o o l i n g   s e c t i o n .  

The  p r e - h e a t i n g   and  c o o l i n g   s e c t i o n s   a r e   k e p t   in  an  i n e r t   o r  

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

T h i s   i n v e n t i o n   w i l l   f u r t h e r   be  d e s c r i b e d   in  c o n j u n c t i o n  

w i t h   some  w o r k i n g   e x a m p l e s ,   w h i c h   a r e   p r e s e n t e d   m e r e l y   f o r   t h e  

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

a l l .  

E x a m p l e   1  

In  t h i s   e x a m p l e ,   Cr-Mn  low  a l l o y   s t e e l   p o w d e r ,   w h i c h   w a s  

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

a g e n t ,   was  s u b j e c t e d   to   d e c a r b u r i z a t i o n   u s i n g   t h e   d e c a r b u r i z a t i o n  

a p p a r a t u s   shown  in  F i g .   9.  The  c h e m i c a l   c o m p o s i t i o n   and  p a r t i c l e  

s i z e   d i s t r i b u t i o n  o f   t h e   as  a t o m i z e d   s t e e l   p o w d e r   a r e   shown  i n  

T a b l e   2 .  

D e c a r b u r i z i n g   c o n d i t i o n s   a r e   s u m m a r i z e d   in   T a b l e   3  a n d  

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

t h u s   d e c a r b u r i z e d   s t e e l   powder   a r e ' s h o w n   in  T a b l e   4 .  

As  i s   a p p a r e n t   f rom  t h e   d a t a   shown  in  T a b l e   4,  a c c o r d i n g  

t o  t h e   p r o c e s s   of  t h i s   i n v e n t i o n   i t   i s   p o s s i b l e   to  d e c a r b u r i z e  

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

0.5%  by  w e i g h t   to   0.02%  by  w e i g h t   i n  a   v e r y   s h o r t   p e r i o d  o f   t i m e  

w i t h o u t   r e s u l t i n g   in  s u b s t a n t i a l   i n c r e a s e   in  o x y g e n   c o n t e n t   o f  

t h e   s t e e l   p o w d e r .  









E x a m p l e   2 

T h i s   e x a m p l e   t r e a t s   a  low  a l l o y   s t e e l   p o w d e r   w h i c h   c o n t a i n s  

n o t   o n l y   Cr  and  Mn,  b u t   a l s o   o t h e r   e a s i l y   o x i d i z a b l e   e l e m e n t s   s u c h  

as  V,  Nb,  B  a n d   S i ,   e t c .   The  s t e e l   p o w d e r   h a v i n g   a  c h e m i c a l   c o m -  

p o s i t i o n   and  p a r t i c l e   s i z e   d i s t r i b u t i o n   shown  in  T a b l e   5  w a s  

t r e a t e d   w i t h   t h e   d e c a r b u r i z i n g   a p p a r a t u s   shown  in  F i g .   9 .  

D e c a r b u r i z i n g   c o n d i t i o n s   a r e   s u m m a r i z e d   in  T a b l e   6,  a n d  

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

t h u s   d e c a r b u r i z e d   s t e e l   p o w d e r   a r e   shown  in  T a b l e   7 .  

As  i s   a p p a r e n t   f rom  t h e   d a t a   shown  in  T a b l e   7,  a c c o r d i n g  

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

s t e e l   p o w d e r ,   i . e .   to   r e d u c e   t h e   c a r b o n   c o n t e n t   to   0.1%  or  l e s s ,  

w h i l e   k e e p i n g   t h e   o x y g e n   c o n t e n t   a t   a  s u b s t a n t i a l l y   c o n s t a n t  

l e v e l   of  l e s s   t h a n   0.1%  by  w e i g h t   w i t h o u t - a d v e r s e l y   a f f e c t i n g  

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

d i s t r i b u t i o n .   The  a t o m i z e d   p o w d e r   e m p l o y e d   in   t h i s   e x a m p l e   w a s  

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









E x a m p l e   3 

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

c o m p o s i t i o n   and  p a r t i c l e   s i z e   d i s t r i b u t i o n   as  shown  in  T a b l e   8 

was  s u b j e c t e d   to   d e c a r b u r i z a t i o n   u s i n g   t h e   d e c a r b u r i z i n g   a p p a r a t u s  

shown  in  F i g .   9 .  

The  a t o m i z e d   s t e e l   p o w d e r   e m p l o y e d   in   t h i s   e x a m p l e   w a s  

p r o d u c e d   by  u s i n g   m i n e r a l   o i l   c o n t a i n i n g   5%  by  w e i g h t   of   w a t e r  

as  an  a t o m i z i n g   a g e n t ,   and  was  c h a r a c t e r i z e d   in  t h a t   t h e   c a r b o n  

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

E x a m p l e s   1  a n d   2 .  

D e c a r b u r i z i n g   c o n d i t i o n s   a r e   s u m m a r i z e d   in  T a b l e   9  a n d  

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

t h u s   d e c a r b u r i z e d   s t a i n l e s s   s t e e l   p o w d e r   a r e   shown  in  T a b l e   1 0 .  

As  i s   a p p a r e n t   f rom  t h e   d a t a   shown  in  T a b l e   10,  a c c o r d i n g  

to  t h i s   i n v e n t i o n  i t   i s   p o s s i b l e   to  o b t a i n   s t a i n l e s s   s t e e l  

p o w d e r   t h e   c a r b o n   c o n t e n t   of  w h i c h   has   b e e n   r e d u c e d   to  0.1%  b y  

w e i g h t   w h i l e   h o l d i n g   t h e   o x y g e n   c o n t e n t   a t   a  l e v e l   of  0.2%  b y  

w e i g h t   or  l e s s .  









The  p r i n c i p l e s ,   p r e f e r r e d   e m b o d i m e n t s   and  modes  o f  

o p e r a t i o n   of  t h i s   i n v e n t i o n   have   b e e n   d e s c r i b e d   in  the   f o r e g o i n g  

s p e c i f i c a t i o n .   H o w e v e r ,   t h e   i n v e n t i o n   w h i c h   i s   i n t e n d e d   to  b e  

p r o t e c t e d   i s   no t   to   be  c o n s t r u e d   as  l i m i t e d   to  t h e   p a r t i c u l a r  

e m b o d i m e n t s   d i s c l o s e d .   The  e m b o d i m e n t s   a r e   i l l u s t r a t i v e ,   n o t  

r e s t r i c t i v e .   V a r i a t i o n s   and  c h a n g e s   may  be  made  by  o t h e r s   w i t h -  

o u t   d e p a r t i n g   from  t he   s p i r i t   of  t h i s   i n v e n t i o n .   A c c o r d i n g l y ,  

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

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

t h e   c l a i m s   a r e   to  be  e m b r a c e d   t h e r e b y .  



1.  A  p rocess   for  p roduc ing   low-oxygen,  low-carbon  a l loy  s t e e l   powder ,  

which  comprises  the  s t ep s   o f :  

p r e p a r i n g   molten  s t e e l   which  c o n t a i n s   at  l e a s t   one  e a s i l y  

o x i d i z a b l e   element  s e l e c t e d   from  the  group  c o n s i s t i n g   of  chromium, 

manganese,  vanadium,  niobium,  boron  and  s i l i c o n ;  

a tomiz ing   sa id   molten  s t e e l   by  means  of  an  a tomizing  a g e n t  

c o n t a i n i n g   a  n o n - o x i d i z i n g   medium  to  p rov ide   a s - a t a n i z e d   a l loy   s t e e l  

powder  c o n t a i n i n g   0.2%  by  weight  or  l e s s   of  oxygen  and  0.1%  by  w e i g h t  

or  more  of  c a r b o n ;  

a d j u s t i n g   the  amount  of  carbon  of  s a i d   a s - a t o m i z e d   a l loy   s t e e l  

powder  by  m a i n t a i n i n g   i t   in  an  atmosphere  c o n t a i n i n g   at  l e a s t   H2  a n d  

H2O  gases  under  e i t h e r   of  the  b e l o w - d e f i n e d   c o n d i t i o n s   (A)  or  (B);  and  

cool ing   the  thus  ob ta ined   a l loy   s t e e l   powder  to  roan  t e m p e r a t u r e  

in  an  i n e r t   or  r educ ing   a tmosphe re .  

Condi t ion   (A) :  

T r e a t i n g   Time  (@  m i n u t e )  :  

Condi t ion   ( B ) :  

T r e a t i n g   Time  (@  m i n u t e )  :  



2.  A  p roce s s   a c c o r d i n g   to  claim  1  in  which  the  a s - a t c m i z e d   s t e e l  

powder  is   c o n t i n u o u s l y   passed   through  the  a tmosphere  c o n t a i n i n g   H2  and 

H20. 

3.  A  p roce s s   acco rd ing   to  e i t h e r   of  c laims  1  and  2  in  which  s a i d  

n o n - o x i d i z i n g   medium  is  s e l e c t e d   from  mine ra l   o i l s ,   animal  o i l s ,  

v e g e t a b l e   o i l s   or  m ix tu re s   t h e r e o f .  

4.  A  p roce s s   acco rd ing   to  any one  of  claims  1  to  3  in  which  s a i d  

a tmosphere   is  comprised  of  H2  and  H2O  g a s e s .  

5.  A  p r o c e s s   a cco rd ing   to  any one  of  claims  1  to  3  in  which  s a i d  

a tmosphere   is  comprised  of  H2,  H2O  and  N2  g a s e s .  

6.  A  p r o c e s s   acco rd ing   to  any one  of  claims  1  to  5  in  which  t h e  

oxygen  c o n t e n t   of  s a id   a s - a t o m i z e d   a l l oy   s t e e l   powder  i s   0.1%  b y  

weight   or  l e s s .  

7.  A  p r o c e s s   accord ing   t o  c l a i m   5  i n  w h i c h   the  oxygen  c o n t e n t   o f  

s a i d   a s - a t o m i z e d   a l l oy   s t e e l   powder  is  0.05%  by  weight   or  l e s s .  

8.  A  p roce s s   acco rd ing   to  any one  of  claims  2  to  7  in   which  s a i d  

a s - a t o m i z e d   a l loy   s t e e l   powder  is  c o n t i n u o u s l y   passed   th rough   a  

d e c a r b u r i z i n g   zone  comprised  of  a  p r e - h e a t i n g   s e c t i o n ,   a  d e c a r b u r i z i n g  

s e c t i o n   and  a  coo l ing   s e c t i o n ,   sa id   p r e - h e a t i n g  a n d   c o o l i n g   s e c t i o n s  

be ing   kept   in  an  i n e r t   or  r educ ing   a t m o s p h e r e .  

9.  A  p roce s s   accord ing   to  any one  of  claims  1  to  8  in  which  t h e  

oxygen  c o n t e n t   of  sa id   a s - a t o m i z e d   a l l oy   s t e e l   powder  is   0.1%  b y  

weight   or  l e s s .  

10.  A  p roce s s   accord ing   to  claim  9  in  which  the  oxygen  c o n t e n t   o f  

sa id   a s - a t o m i z e d   a l loy   s t e e l   powder  is  0.05%  by  weight   or  l e s s .  
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