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Si  contained  ferroalloy  addition  as  a  weak  pre-deoxldation  process  in  steel-making. 

  weak  pre-deoxidation  process  (W.P.D.  process)  for 
the  production  of  aluminium-  and  titanium-killed  steel. 

In  this  process  an  adequate  amount  of  a  silicium- 
containing  ferro-alloy  is  added  to  the  molten  steel  during  its 
tapping. 

The  ladle  is  subsequently  transferred  to  an  aluminium 
wire  feeder  or  to  a  ladle-injection  treating  equipment  for 
performing  the  final  stage  deoxidation  process. 



This  i n v e n t i o n   c o n c e r n s   with  Weak  P r e - d e o x i c t a t i o n   p r a c t i c e   i n  

s t e e l m a k i n g .   Adding  Si  c o n t a i n e d   f e r r o a l l o y   d u r i n g   t a p p i n g   s t a g e  
as  weak  p r e - d e o x i d a t i o n   p r a c t i c e ,   t h i s   new  p r a c t i c e   cou ld   a c h i e v e  
lower  p r o d u c t i o n   cos t   and  h igh  q u a l i t y   s t e e l   p r o d u c t s .   For  r immed  
s t e e l   p r o d u c t i o n   very   mino  a d d i t i o n   of  d e o x i d i z e r   r e s u l t s   i n  

h i g h e r   f r eo   oxygen  c o n t a i n   in  mo l t en   rimmed  s t e e l ,   which  w o u l d  
r e a c t   wi th   s o l u t e   e l emen t   in  mo l t en   s t e e l ,   a  s o l i d   s k i n   l a y e r  
a round   the  i ngo t   s u r f a c e   is  fo rmed .   i 
Such  s o l i d   sk in   l a y e r   p o s s e s s i n g   good  s u r f a c e   q u a l i t y   and  s o f t  
c h a r a c t e r i s t i c s   w i l l   improve  cold   h e a d i n g   f o r m a b i l i t y   of  the  s t e e l  

p r o d u c t s   whereas   the  i n n e r   pa r t   of  rimmed  s t e e l   cou ld   not  p r o v i d e d  
for   h i g h e r   g rade   a p p l i c a t i o n   b e c a u s e   of  i t s   poor  c l e a n i n e s s .  

High  f r e e   oxygen  in  rimmed  s t e e l   l i q u i d ,   c o u l d n ' t   be  c a s t e d   b y  
c o n t i n u o u s   c a s t i n g   p r o c e s s ,   c a s t e d   i ngo t   c a u s e s   lower   p r o d u c t i o n  
y i e l d .   Rimmed  s t e e l   c o u l d n ' t   be  p r o v i d e d   for   s p e c i a l   a p p l i c a t i o n  
for  the  r e a s o n s   s t a t e d   as  a b o v e .  

For  f u l l y   k i l l e d   s t e e l ,   the  d e o x i d i z e r   (Al,  Si,  Ti,  Mn)  a d d e d  

d u r i n g   t a p p i n g   p r o c e s s   is  o x i d i z e d   by  the  f r e e   oxygen  in  m o l t e n  

s t e e l .   The  r e a c t i o n   is  shown  b e l o w :  
M:  D e o x i d i z e r ,   such  as  A l ,  

Si,  Ti,  Mn  e t c .  



(C):  f r e e   oxygen  in  
m o l t e n  

s t e e l  

x ,y :   c o e f f i c i e n t  

Because   of  l o w e r   f r e e   oxygen  a f t e r   d e o x i d i z i n g ,   the  f u l l y   k i l l e d  

m o l t e n   s t e e l   c o u l d   be  c a s t e d   c o n t i n u o u s   c a s t i n g   p r o c e s s .  
G e n e r a l l y   s p e a k i n g ,   the  p r o d u c t i o n   y i e l d   and  i n t e r n a l   q u a l i t y   o f  

the  c o n t i n u o u s   c a a t e d   p r o d u c t s   is  s u p e r i o r   than   t h a t   of  i n g o t .  

Lower  r e c o v e r y   r a t e   and  h i g h e r   a d d i t i o n   amount  of  d e o x i d i z e r   f o r  

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

the  r e s i d u a l   of  d e o x i d i z i n g   f o r m a t i o n s   r e m a i n e d   in  s t e e l .   Such  
r e s i d u a l   d e o x i d a t i o n   f o r m a t i o n s   is  h a rmfu l   to  p r o c e s s i n g   f o r m -  

a b i l i t y   w h i l e   the  Weak  P r e - d e o x i d a t i o n   p r o c e s s   cou ld   v a n i s h   t h e  

d e f e c t s   s t a t e d   above   and  p r o v i d e s   lower   c o s t   h i g h e r   c l e n n i n e s s  

and  h i g h e r   q u a l i t y   s t e e l   p r o d u c t s .  
p r o d u c t i n g   s t e e l   f o r   co ld   work ing   or  f o rming   a p p l i c a t i o n s   by  
c o n t i n u o u s   c a s t i n g ,   f u l l y   k i l l e d   s t e e l   is  u s u a l l y   a d o p t e d   t o  
a v o i d   c a s t i n g   i n c i d e n t   and  blow  ho le   f o r m a t i o n   in  s t e e l ,   Al  a n d /  

or  Ti  is  the   m a j o r   d e o x i d i z e r   in  c o n t i n u o u s   c a s t i n g   p r o c e s s .  
K i l l e d   s t e e l   f o r   c o l d   work ing   or  f o rming   a p p l i c a t i o n s   cou ld   b e  
c l a s s i f i e d   i n t o   A l - k i l l e d   and  T i - k i l l e d   s t e e l   a c c o r d i n g   to  t h e  
d e o x i d i z e r   a d o p t e d .   A l - k i l l e d   s t e e l   a s  a n  e x a m p l e ,   i n  o r d e r   t o  
r e d u c e   work  h a r d e n i n g   e f f e c t ,   any  Si  c o n t a i n e d   f e r r o a l l o y   c o u l d  
not  be  p e r m i t t e d   to  add  i n t o   mo l t en   s t e e l   d u r i n g   s t e e l m a k i n g  

p r o c e s s ,   o n l y   Al  is   used  as  d e o x i d i z e r .   Owing  to  the  d e o x i d a t i o n  
r e a c t i o n   of  Al  (2A1 +  3 [ 0 ]  =   Al2O3).   a lumina   c l u s t e r   (A1203)  
forms  in  m o l t e n   s t e e l   and  r ema ins   in  s o l i d   s t e e l   as  i n c l u s i o n ,  
which  c o u l d   not  be  e l o n g a t e d   d u r i n g   d e f o r m a t i o n ,   thus   i n t e r f e r e  
the  co ld   h e a d i n g   or  work ing   f o r m a b i l i t y .   The  o b j e c t i v e   of  t h i s  

new  p r o c e s s   s t a t e d   above  is  to  overcome  the  s h o r t n e s s   of  d e o x i -  

d a t i o n   p r a c t i c e ,   t h a t   is  to  r e d u c e   work  h a r d e n i n g   e f f e c t .   F o r  

c o n v e n t i o n a l   A l - k i l l e d   s t e e l ,   any  Si  c o n t a i n e d   f e r r o a l l o y   c o u l d  

not  be  added  d u r i n g   s t e e l m a k i n g .   Such  d e o x i d a t i o n   c o n c e p t   i s  

m o d i f i e d   by  t h i s   new  d e o x i d a t i o n   p r o c e s s ,   d u r i n g   t a p p i n g   (of  t o p  

b l o w i n g   f u r n a c e ,   b o t t o m   b lowing   f u r n a c e ,   top  and  bo t tom  c o m b i n e d  

b l o w i n g   f u r n a c e   or  e l e c t r i c   arc  f u r n a c e )   a p p r o p r i a t e   amount  o f  

Si  c o n t a i n e d   f e r r o a l l o y   could   be  added  in  the  c o n d i t i o n   of  no  S i  

r e m a i n e d   in  m o l t e n   s t e e l .   Free  oxygen  c o n t e n t   of  the  m o l t e n  

s t e e l   in  l a d l e   cou ld   be  r educed   as  Si  c o n t a i n e d   f e r r o a l l o y   a d d e d  

then  the  l a d l e   is  t r a n s f e r r e d   to  A l - w i r e   f e e d e r   sys tem  or  l a d l e  

i n j e c t i o n   t r e a t i n g   s t a t i o n   to  p roceed   the  f i n a l   s t a g e   d e o x i d a t i o :  

wi th   Al  a n d / o r   Ti  k i l l i n g ,   or  o t h e r   c o m p o s i t i o n   a d j u s t m e n t .  



This  new  p r o c e s s   w i l l   i n c r e a s e   the  r e c o v e r y   r a t e   of  d e o x i d i z e r ,  

d e c r e a s e   the  amount  of  d e o x i d i z e r   and  f e r r o a l l o y   c o n s u m p t i o n   a n d  

save  p r o d u c t i o n   c o s t .   Because   of  l e s s   d e o x i d i z e r   and  a l l o y  

a d d i t i o n ,   d e o x i d i z e d   f o r m a t i o n s   cou ld   be  r e d u c e d   t h a t   w o u l d  

r e m a r k a b l y   improve  the  i n t e r n a l   c l e a n i n e s s   of  the  s t e e l   p r o d u c t s .  
The  major   p r emise   of  t h i s   i n v e n t i o n   is  to  add  Si  c o n t a i n e d   f e r r o -  

a l l o y   as  weak  p r e - d e o x i d a t i o n   p r o c e s s   wi th   the  f u r a n c e   ( such   a s  

top  b lowing   type ,   b o t t o n   b l o w i n g   type ,   top  and  bo t tom  c o m b i n e d  

type  or  e l e c t r i c   arc  f u r n a c e )   or  d u r i n g   t a p p i n g , . t h e n   f o l l o w i n g  

by  f i n a l   s t a g e   d e o x i d a t i o n   p r o c e s s   by  Al  a n d / o r   Ti  a d d i t i o n   A l -  

wire  f e e d e r   sys tem  a n d / o r   l a d l e   i n j e c t i o n   t r e a t i n g   s t a t i o n   a r e  
the  u n d e f i c i e n t   e q u i p m e n t s   for   t h i s   new  d e o x i d a t i o n   p r o c e s s .  
A f t e r   t r e a t i n g   by  Al  a n d / o r   Ti  w i th   t h i s   new  p r o c e s s ,   g o o d  
s h r o u d i n g   sys tem  shou ld   be  a d o p t e d   d u r i n g   c o n t i n u o u s   c a s t i n g   o r  
i ngo t   teemming  p r o c e s s   to  p r o t e c t   the  mo l t en   s t e e l   from  r e o x i -  

d i z i n g   by  the  a t m o s p h e r e .   C o n s e q u e n t l y ,   c l e a n e r   s t e e l   cou ld   b e  

a c q u i r e d   by  t h i s   new  p r o c e s s .   The  e x p l a n a t i o n  o f   t h i s   new 

p r o c e s s   p r o c e e d i n g   wi th   v a r i o u s   i n s t a l l a t i o n   is  d e s c r i b e d   a s  
f o l l o w i n g   flow  c h a r t   ( F i g . 1 ) :  
This  i n v e n t i o n   w i l l   b e  e x p l a i n e d   in  d e t a i l   wi th   some  f i g u r e s   a n d  
t a b l e s   as  f o l l o w i n g :  
F ig .   2  shows  the  r e l a t i o n s h i p   be tween   the  amount  of  Si  c o n t a i n e d  
f e r r o a l l o y   added  and  the  f r e e   oxygen  c o n t e n t   b e f o r e   a d d i n g  
a lumin ium  as  a  d e o x i d i z e r   i n to   the  l i q u i d   s t e e l   (which  has  no 
r e s i d u a l   S i ) .  
In  g e n e r a l ,   in  o r d e r   to  p r e v e n t   the  l i q u i d   s t e e l   from  c o n t a i n i n g  
r e s i d u a l   Si,  no  Si  c o n t a i n e d   f e r r o a l l o y   cou ld   be  p e r m i t t e d   to  a d d  
in to   mo l t en   s t e e l   to  a d j u s t   the  c h e m i c a l   c o m p o s i t i o n   in  p r o d u c i n g  
A l - k i l l e d   s t e e l ,   f e r r o m a n g a n e s e   is  u s u a l l y   added .   But  m a n g a n e s e  
i t s e l f   is  not  a  good  d e o x i d i z e r .   T h e r e f o r e ,   i f   weak  p r e - d e o x i -  
d a t i o n   wi th   Si  c o n t a i n e d   f e r r o a l l o y   is  not  p e r f o r m e d   b e f o r e   Al  
a d d i t i o n   in  p r o d u c i n g   A l - k i l l e d   s t e e l ,   the  r e s i d u a l   f r e e   o x y g e n  
c o n t e n t   in  the  l i q u i d   s t e e l   w i l l   be  ve ry   h igh   and  u n s t a b l e .  

F ig .   2  i n d i c a t e s   t h a t   wi th   a p p r o p r i a t e   amount  of  Si  c o n t a i n e d  

f e r r o a l l o y   a d d i t i o n   the  f r e e   oxygen  c o n t e n t   in  the  l i q u i d   s t e e l  
b e f o r e   Al  d e o x i d a t i o n   can  e v i d e n t l y   be  l o w e r e d .   By  u s i n g   t h i s  

p r o c e s s ,   the  r e c o v e r y   of  d e o x i d i z e r   can  be  improved  and  the  o x i d e s  
r e t a i n e d   in  the  l i q u i d   s t e e l   a f t e r   d e o x i d a t i o n   can  be  r e d u c e d   a s  
we l l ,   thus  the  q u a l i t y   of  bloom,  s l ab   and  i ngo t   can  be  i m p r o v e d .  
Fig.   3(a)   &  3(b)  compare  the  Si  c o n t e n t   in  the  l i q u i d   s t e e l  
be tween   WPD  P r o c e s s   and  non-WFI)  P r o c e s s .   F ig .   3 (a )   shows  t h e  



d i s t r i b u t i o n   of  Si  c o n t e n t s   in  the  f i n a l   m o l t e n   s t e e l   t r e a t e d   by  
weak  p r e - d e o x l d i z i n g   wi th   Si  c o n t a i n e d   f e r r o a l l o y .   F ig .   3 ( b )  

shows  the   d i s t r i b u t i o n   of  Si  c o n t e n t s   in  the  f i n a l  m o l t e n   s t e e l  

w i t h o u t   WPD  t r e a t m e n t .  

F i g .   3 ( a )   &  3 (b )   i n d i c a t e s   the  p e r c e n t   of  the  number  of  h e a t s  
which  c o n t a i n   Si  l e s s   than  0.02%  in  the  l i q u i d   s t e e l   by  u s i n g   WPD 
P r o c e s s   is   96.8%,  w h i l e   t h a t   of  non-WPD  P r o c e s s   is  95.8%.  The  
d a t a   o b v i o u s l y   shows  t h a t   the  p r o p o r t i o n   of  Si  c o n t e n t   b e l o w  0 . 0 2 %  
in  the  l i q u i d   s t e e l   of  WPD  P r o c e s s   is  even  a  l i t t l e   b i t   h i g h e r  
than   t h a t   of  non-WPD  P r o c e s s .   The  Si  c o n t e n t   a n a l y z e d   b y  s p e c t r o -  

scope  is   t o t a l   S i  c o n t e n t   ( i n c l u d i n g   s i l i c a ) ,   thus   c o n f i r m s   t h a t  
Si  c o n t a i n e d   f e r r o a l l o y   w i l l   not  cause   Si  to  be  r e t a i n e d   in  t h e  
l i q u i d   s t e e l .   ( I t   can  a l s o   be  c o n f i r m e d   by  m i c r o s c o p e . )   W h i l e  
Si  c o n t a i n e d   f e r r o a l l o y   is  added  i n t o   l i q u i d   s t e e l ,   Si  w i l l   r e a c t  
w i th   f r e e   oxygen  f i r s t   and  forms  s i l i c o n   d i o x i d e   ( S i 0 2 )   p a r t i c l e s ,  
which  d i s t r i b u t e   in  the  whole  l i q u i d   s t e e l .   Manganese   w i l l   t h e n  
r e a c t s   w i t h   the   oxygen  a round   SiO2  and  forms  S i l i c o n - m a n g a n e s e  
o x i d e s ,   which   can  f l o a t   up  a l m o s t   c o m p l e t e l y   a f t e r   gas  s t i r r i n g .  
T h e r e f o r e ,   i t   is  the  c h a r a c t e r i s t i c s   of  the  p r e s e n t   i n v e n t i o n  
t h a t   by  a d d i n g   a p p r o p r i a t e   amount  o f   S i  c o n t a i n e d   f e r r o a l l o y  
d u r i n g   t a p p i n g   (or   i n t o   f u r n a c e )   the  f r e e   o sygen   c o n t e n t   can  b e  
r e d u c e d   e f f e c t i v e l y   b e f o r e   Al  a n d / o r   Ti  a d d i t i o n ,   w i t h o u t   f e a r i n g  
of  Si  b e i n g   r e t a i n e d .  

F i g .  4   shows  the  c o m p a r i s o n   o f  t h e   r a t e   of  Al  r e c o v e r y   b e t w e e n  

A l - k i l l e d   s t e e l   p r o d u c e d   by  Weak  P r e - D e o x i d a t i o n   P r o c e s s   a n d  

c o n v e n t i o n a l   d e o x i d a t i o n   p r o c e s s .   For  A 1 - w i r e   f e e d e r  s y s t e m ,   t h e  

r a t e   of  Al  r e c o v e r y   was  e v i d e n t l y   i n c r e a s e d   by  t h i s   i n v e n t i o n   a s  
i n d i c a t e d   in  F i g .   4,  t h a t   is  due  to  the  c o n t e n t   of  f r e e   o x y g e n  
in  m o l t e n   s t e e l   is   r e m a r k a b l y   d e c r e a s e d .   Because   of  h i g h e r  

r e c o v e r y   r a t e   of  Al,  c a u s e d   l e s s   Al  a d d i t i o n ,   d e o x i d a t i o n   f o r m -  

a t i o n s   c o u l d   b e  e f f e c t i v e l y   r e d u c e d .   C o n s e q u e n t l y ,   the  i n t e r n a l  
c l e a n i n e s s   and  s u r f a c e   q u a l i t y   of  the  s t e e l   p r o d u c t   was  r e m a r k -  

ab ly   improved   by  t h i s   new  p r o c e s s .  
Table   1  shows   the  c o m p a r i s o n   of  f r e e   oxygen  c o n t e n t   be tween   WPD 

P r o c e s s   and  c o n v e n t i o n a l   d e o x i d a t i o n   p r o c e s s   b e f o r e   a l u m i n u m  
a n d / o r   t i t a n i u m   a d d i t i o n .  

Purpose   of  t h i s   i n v e n t i o n   is  to  lower   down  the  f r e e   oxygen  c o n t e n t  

of  m o l t e n   s t e e l   as  p o s s i b l e   b e f o r e   the  a d d i t i o n   of  d e o x i d i z e r s  

(a luminum  a n d / o r   t i t a n i u m ) .   (The  key  p o i n t   of  t h i s   p r o c e s s   i s  

to  make  su re   t h a t   t h e r e   is  no  s i l i c o n   r e m a i n e d   in  the  mol ten   s t e e l )  

The  da t a   l i s t e d   in  the  t a b l e   o b v i o u s l y   show  t h a t   a f t e r   WPD  P r o c e a s  



t r e a t m e n t   the  f r e e   oxygen  c o n t e n t   can  be  g r e a t l y   d e c r e a s e d   b e f o r e  

the  a d d i t i o n   of  d e o x i d i z e r s .  

The  amount  of  f r e e   oxygen  c o n t e n t   l owered   can  be  c o n t r o l l e d  

d i r e c t l y   by  a d j u s t i n g   the  amount  of  Si  c o n t a i n e d   f e r r o a l l o y  
a d d i t i o n .   Owing  to  the  d e c r e a s e   of  f r e e   oxygen  c o n t e n t ,   r e c o v e r y  
of  a luminum  can  be  improved ,   cos t   can  bo  l o w e r e d ,   and  the  q u a l i t y  
of  s t e e l   p r o d u c t s   can  be  improved  r e m a r k a b l y .  
Table  2  shows  the  c o m p a r i s o n   of  t y p i c a l   c h e m i c a l   c o m p o s i t i o n s  
be tween   the  g e n e r a l   co ld   work ing   A l - k i l l e d   s t e e l   g r a d e   and  t h e  
s t e e l   d e s i g n e d   a c c o r d i n g   to  t h i s   i n v e n t i o n   for   the  same  end  u s e .  
The  main  d i f f e r e n c e   is  t h a t   t y p i c a l   c h e m i c a l   c o m p o s i t i o n   d e s i g n e d  
a c c o r d i n g   to  t h i s   i n v e n t i o n   has  lower   a luminum  c o n t e n t   than   t h a t  
of  c o n v e n t i o n a l   A l - k i l l e d   s t e e l   g r a d e .   The  r e a s o n   fo r   t h i s   com-  
p o s i t i o n   d e s i g n   is  to  d e c r e a s e   the  i n c l u s i o n   f o r m a t i o n   of  d e o x i -  
d a t i o n   to  get   c l e a n e r   mo l t en   s t e e l .   Because   of  more  d e o x i d i z e r s  
are  added,   more  c h a n c e s   to  form  i n c l u s i o n s   would  r e s u l t   and  t h e  
cos t   is  a l s o   h i g h e r .   T h e r e f o r e ,   the  p r i n c i p l e   of  c h e m i c a l   com-  
p o s i t i o n   d e s i g n   by  t h i s   i n v e n t i o n   is  to  l ower   the  a d d i t i o n   o f  
d e o x i d i z e r s   such  as  a luminum  a n d / o r   t i t a n i u m   under   the  c o n d i t i o n  
of  no  poor  d e o x i d a t i o n   and  good  f o r m a b i l i t y .   And  w i th   the  a i d  
of  WPD  P r o c e s s ,   the  amount  of  d e o x i d i z e r s   added  can  be  d e c r e a s e d ,  
c l e a n e r   s t e e l   and  lower   p r o d u c t i o n   cos t   w i l l   be  r e s u l t e d .  

This  d e o x i d a t i o n   method  is  a l s o   s u i t a b l e   fo r   any  o t h e r   kind  o f  

A l - k i l l e d   s t e e l   g r a d e .  
Table  3  shows  the  c o m p a r i s o n   of  e s t i m a t e d   index   of  i n c l u s i o n s  
be tween   d i f f e r e n t   d e o x i d a t i o n   p r o c e s s e s .   In  r e s p e c t   of  q u a l i t y ,  
the  main  p rupose   of  WPD  P r o c e s s   is  to  improve  the  i n t e r n a l   c l e a n -  

i n e s s ,   and  improve  the  q u a l i t y   of  c a s t e d   s t e e l .   The  t a b l e  

o b v i o u s l y   shows  t h a t   under   t h i s   new  p r o c e s s ,   the  e s t i m a t e d   i n d e x  

of  i n c l u s i o n s   is  much  b e t t e r   than  tha t   of  c o n v e n t i o n a l   p r o c e s s .  
It  can  a l s o   be  su red   t h a t   the  WPI)  P r o c e s s   has  much  i m p r o v e m e n t  

on  i n t e r n a l   q u a l i t y   of  c a s t e d   s t e e l .  

Table  4  shows  the  c o m p a r i s o n   of  g r i n d i n g   speed  of  b i l l e t s   b e t w e e n  

d i f f e r e n t   d e o x i d a t i o n   p r o c e s s e s .   In  r e s p e c t   of  q u a l i t y ,   the  WPD 

P r o c e s s   improves   not  only   the  i n t e r n a l   c l e a n i n e s s   of  the  c a s t e d  

s t e e l ,   but  a l s o   i t s   s u r f a c e   q u a l i t y .   Data  l i s t e d   in  the  t a b l e  

r e p r e s e n t   p i e c e s   of  b i l l e t s   to  be  ground  w i t h i n   un i t   t ime  ( p e r  

h o u r ) .  

(The  worse  in  s u r f a c i a l   q u a l i t y ,   the  b i g g e r   in  a rea   and  d e p t h  

should   be  g r i n d i n g ,   so  l e s s   p i e c e s   of  b i l l e t s   cou ld   be  t r e a t e d  

w i t h i n   un i t   time  in  o r d e r   to  get  same  l e v e l   of  s u r f a c i n l   q u a l i t y . )  



This   t a b l e   shows  t h a t   the  g r i n d i n g   speed  of  b i l l e t s   t r e a t e d   by  t h e  
VPD  P r o c e s s   is  f a s t e r   than  t h a t   of  c o n v e n t i o n a l   d e o x i d a t i o n   p r o c e s s .  
T h e r e f o r e ,   the  WPD  P r o c e s s   can  make  much  improvement   on  s u r f a c i a l  

q u a l i t y   of  c a s t e d   s t e e l ,   and  save  much  s u r f a c e   c o n d i t i o n i n g   c o s t .  

[ I I )   C la ims   of  t h i s   p a t e n t   a p p l i c a t i o n :  
1)  This   is  an  i n v e n t i o n   of  d e o x i d a t i o n   p r o c e s s   for   A l - k i l l e d   a n d / o r  

T i - k i l l e d   s t e e l   fo r   Basic   Oxygen  or  E l e c t r i c   Arc  Fu rnace   S t e e l  
making  p r o c e s s e s .   It   i n c l u d e s :  

(1)  A f t e r   b l o w i n g   end  or  d u r i n g   t a p p i n g   of  Basic   Oxygen  o r  

E l e c t r i c   Arc  F u r n a c e   S t e e l   making ,   Si  c o n t a i n e d   f e r r o a l l o y  
is  added  t o  t h e   m o l t e n   s t e e l   as  weak  p r e - d e o x i d a t i o n   a g e n t .  
A f t e r   a d d i n g   o p t i m a l   S i  c o n t a i n e d   f e r r o a l l o y ,   the  f r e e   o x y g e n  
c o n t e n t   of  m o l t e n   s t e e l   can  be  l owered   e f f i c i e n t l y   w h e r e a s  

s i l i c o n   w i l l   not  r ema in   in  m o l t e n   s t e e l .   It  is  t h i s   m e t h o d  
which  not  on ly   i n c r e a s e s   the  r e c o v e r y   of  a luminum  a n d / o r  

t i t a n i u m ,   s a v e s   much  p r o d u c t i o n   c o s t ,   improves   s u r f a c i a l   a n d  
i n t e r n a l   q u a l i t y   of  s t e e l   which  is  good  fo r   f o r m a b i l i t y ,   b u t  
a l s o   keeps   s t e e l m a k i n g   o p e r a t i o n   in  good  s t a b i l i t y .  

(2)  A c c o r d i n g   to  the  s t a t e m e n t s   of  t h i s   p a t e n t   a p p l i c a t i o n   a s  
m e n t i o n e d   in  i tem  1,  the  f e a t u r e   of  the  weak  p r e - d e o x i d a t i o n  

p r o c e s s   is  i t s   type  of  d e o x i d a t i o n   which  is  e x e c u t e d   a f t e r  
b l o w i n g   end  and  b e f o r e   a luminum  a n d / o r   t i t a n i u m   d e o x i d i z e r s  

a d d i t i o n .  

(3)  A c c o r d i n g   to  the  s t a t e m e n t s   of  t h i s   p a t e n t   a p p l i c a t i o n   a s  
m e n t i o n e d   in  i tem  1,  the  weak  p r e - d e o x i d a t i o n   p r o c e s s   i s  

q u i t e   d i f f e r e n t   from  t h a t   of  c o n v e n t i o n a l   p r o c e s s .   ( c o n -  

v e n t i o n a l   p r o c e s s   is  t h a t   Si  c o n t a i n e d   f e r r o a l l o y   c a n ' t   b e  

added  as  d e o x i d i z i n g   a g e n t   in  A l - k i l l e d   a n d / o r   T i - k i l l e d  

s t e e l   to  p r e v e n t   from  s i l i c o n   r e t a i n i n g   in  m o l t e n   s t e e l ) .  

So  a d d i t i o n   of  Si  c o n t a i n e d   f e r r o a l l o y   is  a  f e a t u r e   of  t h i s  

p r o c e s s .  



1.  A  method  fo r   the  d e o x i d a t i o n   of  m o l t e n   s t e e l   p r o d u c e d  
in  a  f u r n a c e   by  a  s t e e l m a k i n g   p r o c e s s ,   which   method  c o m -  
p r i s e s :  

(a)  s u b j e c t i n g   the   p r o d u c e d  m o l t e n   s t e e l   to  a  
p r e - d e o x i d i z i n g   t r e a t m e n t   by  a d d i n g   to  s a i d  
m o l t e n   s t e e l   a  s i l i c o n - c o n t a i n i n g   f e r r o a l l o y  
in  an  amount  e f f e c t i v e   to  p a r t i a l l y  d e o x i d i z e  
s a i d   m o l t e n   s t e e l y   t h e n  

(b)  t r e a t i n g   the  p a r t i a l l y   d e o x i d i z e d   m o l t e n   s t e e l  
wi th   one  or  more  d e o x i d i z e r s   and  o b t a i n i n g   d e -  
o x i d i z e d   s t e e l   w i t h o u t   s u b s t a n t i a l   r e t e n t i o n  
of  s i l i c o n .  

2.  A  method  a c c o r d i n g   to  c l a i m   1,  w h e r e i n   t he   p r o d u c e d  
m o l t e n   s t e e l   i s   s u b j e c t e d   to  the   p r e - d e o x i d i z i n g   t r e a t m e n t  
in  the   f u r n a c e   a f t e r   a  b l o w i n g  s t e p   or  d u r i n g  a   t a p p i n g  
s t e p   of  the   s t e e l m a k i n g   p r o c e s s .  

3.  A  method  according  to  e i the r   of  claims  1  and  2,  wherein  molten  s t e e l  
produced  by  a  basic  oxygen  or  e l e c t r i c   arc  furnace  s t e e l -  
making  p r o c e s s   is  s u b j e c t e d   to  t he   p r e - d e o x i d i z i n g   t r e a t -  
m e n t .  

4.  A  method  according  to  any  one  of  claims  1  to  3,  wherein  t h e  
p a r t i a l l y   deoxidized  molten  s tee l   is  t rea ted   with  a  deoxidizer   con-  
s i s t i n g   of  one  or  bo th   of  Al  or  T i .  

5,  A  method  according  to  any  one  of  claims  1  to  4  wherein  a f te r   t h e  
pre-deoxidiz ing  treatment,   s i l i con   oxides  are  separated  from 
the   p a r t i a l l y   d e o x i d i z e d   m o l t e n - s t e e l .  

6.  A  method  a c c o r d i n g   to  c l a i m   5,  w h e r e i n   t he   s i l i c o n   o x -  
i d e s   a re   s e p a r a t e d   by  gas  s t i r r i n g   or  b u b b l i n g .  

7.  A  method  according  to  e i the r   of  claims  5  or  6  wherein  a f t e r  
separat ion  of  the  s i l i con   oxides,  the  p a r t i a l l y   deoxidized  molten 
s t e e l   is   c o n t a i n e d   in  a  l a d l e   and  is  t r e a t e d   w i th   one  o r  
bo th   of  Al  or  Ti  added  by  use  of  l a d l e   i n j e c t i o n   t r e a t m e n t  
e q u i p m e n t   or  an  Al  wire   or  s h o t   f e e d e r .  



8.  A  mathod  according  to  any  one  of  claims  I  to  7,  wherein  the  f r e e  
oxygen  content.  in  the  p a r t i a l l y   deoxidized  s tee l   is  cont ro l led   by 
a a j u s t i n g   t he   a m o u n t  o f   s i l i c o n - c o n t a i n i n g   f e r r o a l l o y   a d d e d  
d u r i n g   the   p r e - d e o x i d i z i n g   t r e a t m e n t .  

9.  A  mathod according  to  any  one  of  claims  1  to  8,  wherein  the  ob ta ined  
de-oxidized  s t ee l   is  continuously  cast  into  s tee l   p r o d u c t s .  

10.  A  method   f o r   t he   d e o x i d a t i o n   of  m o l t e n   s t e e l   p r o d u c e d  
by  a  b a s i c   oxygen   or  e l e c t r i c   a rc   f u r n a c e   s t e e l m a k i n g   p r o -  
c e s s ,   which   method   c o m p r i s e s :  

(a)  a f t e r   t a p p i n g   t h e   p r o d u o e d   m o l t e n   s t e e l  
i n t o   a  l a d l e ,   s u b j e c t i n g   t h e   p r o d u c e d  
m o l t e n   s t e e l   i n   s a i d   l a d l e   to  a  p r e - d e -  
o x i d i z i n g   t r e a t m e n t   by  a d d i n g   t o   s a i d  
m o l t e n   s t e e l   a  s i l i c o n - c o n t a i n i n g   f e r r o -  
a l l o y   in   an  as tount   e f f e c t i v e   t o   p a r t i a l l y  
d e o x i d i z e   s a i d   m o l t e n   s t e e l y  

(b)  s e p a r a t i n g   s i l i c o n   o x i d e s   f rom  the   p a r -  
t i a l l y   d e o x i d i z e d   m o l t e n   s t e e l   by  g a s  

s t i r r i n g   or  b u b b l i n g   in  the   l a d l e ;  

( c )   t r e a t i n g   the   p a r t i a l l y   d e o x i d i z e d ,   s u b -  
s t a n t i a l l y   s i l i c o n - f r e e   m o l t e n   s t e e l   i n  
a  l a d l e   w i t h   a  d e o x i d i z e r   c o n s i s t i n g   o f  
one  or   b o t h   of   Al  or   Ti  to   o b t a i n   d e o x i -  
d i z e d   m o l t e n   s t e e l .  
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