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T h i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   f o r   r e m o v i n g  

s l a g   f r o m   t h e   s u r f a c e   of  m o l t e n   m e t a l   by  s u c t i o n .  

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

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

by  i n c r e a s i n g   i t s   f l u i d i t y .  

M o l t e n   i r o n   f rom  a  b l a s t   f u r n a c e   i s   f r e e d   o f  

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

s e p a r a t i o n   of  m o l t e n   i r o n   f rom  s l a g   is   o f t e n  

i n c o m p l e t e   and  t he   b l a s t   f u r n a c e   s l a g   f l o a t s   on  t h e  

s u r f a c e   of  t h e   m o l t e n   i r o n   in  t h e   v e s s e l .   P e r f o r m i n g  

v a r i o u s   t y p e s   of  r e f i n i n g   o p e r a t i o n   i n  o n e   v e s s e l   i s  

common  p r a c t i c e   in  m o d e r n   s t e e l m a k i n g   p l a n t s ,   and  i n  

t h i s   c a s e ,   s l a g   i s   f o r m e d   by  r e a c t i o n   of  t he   m o l t e n  

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

f l o a t s   on  t h e   s u r f a c e   of  t he   m e l t .  

C o m p l e t e   s e p a r a t i o n   of  t he   s l a g   f rom  the   m o l t e n  

i r o n   i s   an  i m p o r t a n t   f a c t o r   f o r   a c h i e v i n g   e a s y   t r e a t -  

men t   of  t he   i r o n   in  s u b s e q u e n t   s t e p s .   S e v e r a l  

m e t h o d s   have   been   p r o p o s e d   f o r   s e p a r a t i n g   s l a g   f r o m  

the   m o l t e n   i r o n .   In  one  m e t h o d ,   m o l t e n   s l a g   i s   p o u r e d  

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

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

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

sk immed   m a n u a l l y   or  by  m e c h a n i c a l   f o r c e ,   b u t   t h i s  

m e t h o d   i s  n o t   p r e f e r r e d   f o r   t he   f o l l o w i n g   r e a s o n s :  

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

s i n c e   i t s   s u r f a c e   is   e x p o s e d   to  t he   a t m o s p h e r e ;  

2)  t h e   o p e r a t o r   i s   e x p o s e d   to  v e r y   h i g h   t e m p e r a t u r e s ;  

and  3)  i t   t a k e s   much  t i m e   to  sk im  a l l   t he   s l a g   f r o m  

the   m o l t e n   i r o n .   A  more  e f f e c t i v e   m e t h o d   i s   to   u s e  

a  s l a g   c l e a n e r   t h a t   i s   p o s i t i o n e d   a b o v e   t he   s l a g   a n d  

d r a w s   i t   o f f   by  s u c t i o n .   A  t y p i c a l   s l a g   c l e a n e r   i s  

i l l u s t r a t e d   in  F i g .   1,  w h e r e i n   a  s l a g   c l e a n e r   4  w i t h   a  

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

of  t he   s l a g   3  f l o a t i n g   on  m o l t e n   i r o n   2  in  a  v e s s e l  1 .  



The  s u c t i o n   h e a d   5  i s   c o n n e c t e d   to   a  v a c u u m   pump  o r  

o t h e r   vacuum  s o u r c e ,   and  s l a g   3  i s   d r a w n   t h r o u g h   t h e  

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

c l e a n e r   i s   d e s c r i b e d   in  U . S .   P a t e n t   No.  4 , 1 6 0 , 6 6 2 .  

One  g r e a t   p r o b l e m  w i t h   t he   s l a g   i s   t h a t   i t s  

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

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

and  i t   c o n t a i n s   some  p o r t i o n s   h a v i n g   l o w  f l u i d i t y .  

I t   i s   d i f f i c u l t   t o  d r a w   o f f   l o w - f l u i d i t y   s l a g   by  t h e  

s l a g   c l e a n e r   and  i t   can   o n l y   be  r e m o v e d   by  m e c h a n i c a l  

f o r c e .  

In  d e s i l i c o n i z a t i o n   of  m o l t e n   i r o n ,   s o l i d   o x i d e  

s u c h   as  i r o n   o x i d e   i s   i n j e c t e d   i n t o   t h e   m e l t ,   and  t h e  

r e s u l t i n g  s l a g   has   a  low  t o t a l   Fe  c o n t e n t   and  h e n c e  

a  low  f l u i d i t y .   A f t e r   d e s i l i c o n i z a t i o n   a n d  

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

p h o r i z e d   o r ,   i n s t e a d ,   i t  i s   d e s u l f u r i z e d  a n d   d e p h o s -  

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

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

or  s i m u l t a n e o u s   d e s u l f u r i z a t i o n   and  d e p h o s p h o r i z a t i o n  

i s   a c h i e v e d   by  u s i n g   a  f l u x   m a i n l y   c o m p o s e d   of  CaO 

and  s u p p l y i n g   s o l i d   o x i d e   ( e . g .   i r o n  o x i d e )   or  g a s e o u s  

o x y g e n   or  b o t h .   In  e i t h e r   c a s e ,   t h e   r e s u l t i n g   s l a g  

has   a  h i g h   m e l t i n g   p o i n t   and  h e n c e   l o w  f l u i d i t y .   T h i s  

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

p h o r i z a t i o n   and  d e s u l f u r i z a t i o n   a r e  p e r f o r m e d   s i m u l t a -  

n e o u s l y   b e c a u s e   t he   s l a g   to   be  t r e a t e d   m u s t   have   a  

low  t o t a l   Fe  c o n t e n t .   One  m e t h o d   of  s i m u l t a n e o u s  

d e s u l f u r i z a t i o n   and  d e p h o s p h o r i z a t i o n   a f t e r   d e s i l i c o n -  

i z a t i o n   and  s l a g   d i s c h a r g e   i s   d e s c r i b e d   in  U . S .   P a t e n t  

No.  4 , 2 9 5 , 8 8 2 .   In  t h i s   p a t e n t , d e s i l i c o n i z a t i o n  

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

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

b o t h   and  r e m o v i n g   Si  in  t h e   m e l t   as  S i 0 2 .   T h e ' s l a g  



f o r m e d   has   a  h i g h   SiO2  c o n t e n t .   In  t he   s u b s e q u e n t  

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

p h o r i z a t i o n ,   a  C a O - C a C l 2 / K C I - f l u x   i s   u s e d   a n d  

o x y g e n   is   s u p p l i e d   in  t h e   f o r m   of  g a s e o u s   o x y g e n ,  
s o l i d   o x i d e   or  b o t h .   For  e f f i c i e n t   d e p h o s p h o r i z a t i o n ,  

t h e   s l a g   to  be  t r e a t e d   d e s i r a b l y   has   a  b a s i c i t y   ( 

w e i g h t   r a t i o   of  C a O / S i O 2 )   of  a t   l e a s t   3 . 0   and  a  t o t a l  

Fe  c o n t e n t   of  15  wt  %  or  l e s s .   H o w e v e r ,  t h e   s l a g  

o b t a i n e d  b y   t r e a t i n g   s l a g   h a v i n g  a   f a i r l y   h i g h  

b a s i c i t y   and  low  t o t a l  F e   c o n t e n t   has   a  l o w  

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

c l e a n e r   u n l e s s  m u c h   t i m e   is   s p e n t ,   or  t h e   c l e a n e r  

is   r e p l a c e d   by  l e s s   e f f i c i e n t . m e c h a n i c a l   s k i m m i n g .  

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

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

of  s l a g   on  m o l t e n   m e t a l   so  t h a t   i t   can   b e  e a s i l y  

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

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s  

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

f l u i d i t y   w i t h o u t   c a u s i n g   any  a d v e r s e ' e f f e c t   o n  

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

and  d e s u l f u r i z a t i o n .  

T h e s e   o b j e c t s   of  t he   p r e s e n t   i n v e n t i o n   can  b e  

a c h i e v e d   by  t h e   f o l l o w i n g   m e t h o d s .  

1)  A  m e t h o d   of  r e m o v i n g   s l a g   f r o m   t h e   s u r f a c e   o f  

m o l t e n   m e t a l   by  s u c t i o n   a f t e r   a d d i n g   a  f l u i d i t y   m o d i f i e r  

to  t he   s l a g   to  i n c r e a s e   i t s   f l u i d i t y .  

2)  A  m e t h o d   a c c o r d i n g   to  I t e m  1 )   w h e r e i n   t h e   s l a g  

f l o a t i n g   on  t h e   s u r f a c e   of  t h e   m o l t e n   m e t a l   i s   a  

b l a s t   f u r n a c e   s l a g .  

3)  A  m e t h o d   a c c o r d i n g   to   I t e m   1)  w h e r e i n   t he   s l a g  

f l o a t i n g   on  t he   s u r f a c e   of  t h e   m o l t e n   m e t a l   i s   o n e  

w h i c h   has   b e e n   f o r m e d   by  d e s i l i c o n i z a t i o n   of  t h e  

m o l t e n   m e t a l .  

4)  A  m e t h o d   a c c o r d i n g   to   I t e m   1)  w h e r e i n   t he   s l a g  



f l o a t i n g   on  t h e   s u r f a c e   of  t he   m o l t e n   m e t a l   i s   o n e  

w h i c h   has   been   f o r m e d   by  d e p h o s p h o r i z a t i o n   of  t h e  

m o l t e n   m e t a l .  

5)  A  m e t h o d   a c c o r d i n g   to   I t e m   1)  w h e r e i n   t h e  

s l a g   f l o a t i n g   on  t h e .  s u r f a c e   of  t h e   m o l t e n   m e t a l   i s  

one  w h i c h   has   been   f o r m e d   by  s i m u l t a n e o u s   d e s u l f u r i z a t i o n  

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

6)  A  m e t h o d  a c c o r d i n g   to   any  of  t h e   p r e c e d i n g  

i t e m s   w h e r e i n   t h e   f l u i d i t y   m o d i f i e r  i s   one  or  m o r e  

m a t e r i a l s   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of  C a F 2 ,  
s i n t e r e d   o r e ,   i r o n   o r e ,   g a s e o u s   o x y g e n ,   s l a g   f r o m  

d e s i l i c o n i z a t i o n ,   w a t e r - q u e n c h e d   s l a g   f r o m   d e s i l i c o n -  

i z a t i o n .  

7)  A  m e t h o d   a c c o r d i n g   to   I t e m   6)  w h e r e i n   t h e  

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

8)  A  m e t h o d   a c c o r d i n g   to   I t e m   7)  w h e r e i n   t h e  

f l u i d i t y   m o d i f i e r   i s   a  p a r t i c u l a t e   s l a g   or  p u l v e r i z e d  

s l a g   p r o d u c e d   by  w a t e r - q u e n c h i n g   t he   s l a g   f r o m  

d e s i l i c o n i z a t i o n .  

9)  A  m e t h o d   a c c o r d i n g   to   I t e m   1)  w h e r e i n   t h e  

f l u i d i t y  m o d i f i e r   i s   in  a  s o l i d   f o rm  and  i s  a d d e d  i n  

an  a m o u n t   of  f r o m   50  to   200  kg  p e r   t o n n e   ( 1 0 0 0  k g )  

of  t h e   s l a g .  

. 1 0 )   A  m e t h o d   a c c o r d i n g   to   any  of  I t e m s   1  to   9 ,  

w h e r e i n   t h e   f l u i d i t y   m o d i f i e r   is   a d d e d   to   t he   s l a g  

in  t h e   f i n a l   s t a g e   of  e a c h   r e f i n i n g   o p e r a t i o n .  

11)  A  m e t h o d   a c c o r d i n g   to   any  of  I t e m s   1  t o   9 ,  

w h e r e i n   t he   f l u i d i t y   m o d i f i e r   i s   a d d e d   to   t h e   s l a g  

a f t e r   c o m p l e t i o n   of  e a c h  r e f i n i n g   o p e r a t i o n .  

12)  A  m e t h o d   a c c o r d i n g   to   any  of  I t e m s   1  to  9 ,  

w h e r e i n   t he   a d d i t i o n   of  t h e   f l u i d i t y   m o d i f i e r   s t a r t s  

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

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

R e f e r e n c e   i s   now  made  to   t h e   a c c o m p a n y i n g  

d r a w i n g s ,   i n  w h i c h :  



FIG.   1  i l l u s t r a t e s   how  a  s l a g   c l e a n e r   w i t h   a  
s u c t i o n   h e a d   5  p o s i t i o n e d   a b o v e   s l a g   3  f l o a t i n g   on  t h e  

s u r f a c e   of  m o l t e n   i r o n   in  a  v e s s e l  1   d r a w s   o f f   t h e   s l a g  

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

FIGS.   2  t o   5  a r e   g r a p h s   c o m p a r i n g   t h e  

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

m e t h o d   of  t he   p r e s e n t   i n v e n t i o n   w i t h   t h a t   of  t h e  

c o n v e n t i o n a l   m e t h o d ,  i n   w h i c h :  

FIG.  2  i s   a  g r a p h   s h o w i n g   t he   r e l a t i o n  

b e t w e e n   d r a w i n g   t i m e   and  s l a g   r e m o v a l   e f f i c i e n c y   o b s e r v e d  

when  s e v e r a l   of  t he   f l u i d i t y   m o d i f i e r s   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n   a r e   a d d e d   to  t he   s l a g   f o r m e d   b y  

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

of  m o l t e n   m e t a l   t h a t   f o l l o w s   d e s i l i c o n i z a t i o n   a n d  

s l a g - d i s c h a r g e ;  

FIG.  3  i s   a  g r a p h   s h o w i n g   t he   r e l a t i o n   b e t w e e n  

d r a w i n g   t i m e   a n d  s l a g   r e m o v a l   e f f i c i e n c y   o b s e r v e d . w h e n  

b o t h   g a s e o u s   o x y g e n   and  C a F 2 a r e   a d d e d   t o  b l a s t   f u r n a c e  

s l a g   as  f l u i d i t y   m o d i f i e r s ;   a n d  

FIG.  4  i s   a  g r a p h   s h o w i n g   t he   r e l a t i o n   b e t w e e n  .  

d r a w i n g  t i m e   and  s l a g   r e m o v a l   e f f i c i e n c y   o b s e r v e d  

when  w a t e r - q u e n c h e d   s l a g   f r o m   d e s i l i c o n i z a t i o n   i s  

a d d e d   to   t he   s l a g   f o r m e d   by  d e p h o s p h o r i z a t i o n   o f  

m o l t e n   m e t a l   s u b s e q u e n t   to  d e s i l i c o n i z a t i o n   and  s l a g  

d i s c h a r g e ;   a n d  

FIG.  5  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   b e t w e e n  

d r a w i n g   t i m e   and  s l a g   r e m o v a l   e f f i c i e n c y   o b s e r v e d  

when  w a t e r - q u e n c h e d   s l a g   f r o m   d e s i l i c o n i z a t i o n   i s  

a d d e d   to   t h e   s l a g   f o r m e d   by  s i m u l t a n e o u s   d e s u l f u r i z a t -  

ion   and  d e p h o s p h o r i z a t i o n   of  m o l t e n   m e t a l   t h a t   f o l l o w s  

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

The  p r e s e n t   i n v e n t i o n   a c h i e v e s   e a s y   r e m o v a l  

of  s l a g   by  s u c t i o n   by  means   of  l o w e r i n g   t h e   m e l t i n g  

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

s . l a g s  t o   be  t r e a t e d   by  t h e   m e t h o d   of  t h e  p r e s e n t  

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



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

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

One  of  t h e   p u r i f i c a t i o n   o p e r a t i o n s   t h a t   p r o d u c e   t h e  

s l a g   to   be  t r e a t e d   by  t h e   p r e s e n t   i n v e n t i o n   i s   d e s i l i -  

c o n i z a t i o n .   T h e  o t h e r   p u r i f i c a t i o n s   a r e   d e p h o s p h o r -  

i z a t i o n   and  s i m u l t a n e o u s   d e s u l f u r i z a t i o n   and  d e p h o s p h -  

o r i z a t i o n   t h a t   f o l l o w   d e s i l i c o n i z a t i o n .   In  e i t h e r  

p o s t - t r e a t m e n t ,   t h e  s l a g   to   be  t r e a t e d  d e s i r a b l y   has   a  

h i g h   b a s i c i t y   and  t o t a l   Fe  c o n t e n t   f o r   a c h i e v i n g  

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

t h e n   has   a  low  f l u i d i t y .   T h e r e f o r e ,   t h e   p r i n c i p a l  

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

f l u i d i t y   of  s u c h   s l a g .  

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

i n v e n t i o n   is   p r e f e r a b l y   one  or  more  m a t e r i a l s   s e l e c t e d  

f r o m   t h e   g r o u p   c o n s i s t i n g   of  CaF2 ,   s i n t e r e d   o r e ,   i r o n  

o re   ( f i n e   o r e  i s   p r e f e r r e d ) ,   s l a g   f r o m   d e s i l i c o n i z a t i o n ,  

w a t e r - q u e n c h e d   s l a g   f r o m   d e s i l i c o n i z a t i o n   and  g a s e o u s  

o x y g e n .   S i n t e r e d   o r e   i s   p r e f e r r e d  s i n c e   i t   c o n t a i n s  

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

S i 0 2 .   The  s l a g   f r o m   d e s i l i c o n i z a t i o n   i s   t h e   s l a g  

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

of  s e v e r a l   p u r i f i c a t i o n s  t o   be  p e r f o r m e d   on  t h e   m o l t e n  

m e t a l   f r o m   a  b l a s t   f u r n a c e .   T h i s   s l a g   has   a  v e r y  

h i g h   S i 0 2   c o n t e n t   s i n c e   i t   c o n t a i n s   m e l t - d e r i v e d  

Si  in  t h e   f o r m   of  S i O 2 .  
On  t he   b a s i s   of  t h e   f a c t   t h a t   t h e   f l u i d i t y  

of  s l a g   can   be  i n c r e a s e d   by  r e d u c i n g   i t s   b a s i c i t y ,  

t h e   p r e s e n t   i n v e n t i o n   adds   t h e   h i g h   S iO2  s l a g   to   t h e  

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

or  t he   s l a g   f r o m   s i m u l t a n e o u s   d e s u l f u r i z a t i o n   a n d  

d e p h o s p h o r i z a t i o n ,   to  t h e r e b y   f o r m   a  s l a g   h a v i n g   a  

low  b a s i c i t y   ( s a y ,   l e s s   t h a n   3 . 0 ) ,   and  h e n c e   a  h i g h  

f l u i d i t y .   In  t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n ,  



t h e   s l a g   f o r m e d   by  d e s i l i c o n i z a t i o n   can   be  u s e d   as  a  

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

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

d e s u l f u r i z a t i o n   and  d e p h o s p h o r i z a t i o n .   The  s l a g   u s e d  

as  a  f l u i d i t y   m o d i f i e r   p r e f e r a b l y   has   a  u n i f o r m   a n d  

s m a l l   s i z e   o f ,   s a y ,   2  mm.  To  o b t a i n   s u c h   p a r t i c u l a t e  

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

i z a t i o n  m a y   be  w a t e r - q u e n c h e d   a f t e r   b e i n g   d r a w n   o f f  

by  a  s l a g   c l e a n e r .   Such  s l a g   is  c a l l e d   " w a t e r -  

q u e n c h e d   s l a g   f r o m   d e s i l i c o n i z a t i o n "   and  can   a l s o  

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

i n v e n t i o n .  

To  c o n f i r m   t he   e f f e c t i v e n e s s   of  t h e   p r e s e n t  

i n v e n t i o n ,   t h e   i n v e n t o r s   d e s i l i c o n i z e d   m o l t e n  

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

s i m u l t a n e o u s . d e p h o s p h o r i z a t i o n   and  d e s u l f u r i z a t i o n  

on  t h e   m o l t e n  i r o n   a t   1 3 1 0 - 1 3 2 0 ° C   w i t h   a  C a O  f l u x  

and  o x y g e n ,   a d d e d   200  to   600  kg  of  v a r i o u s   f l u i d i t y  

m o d i f i e r s   to  3  to   4  t o n n e s   ( in   t h i s   s p e c i f i c a t i o n  

" t o n n e "   means   1000  kg)  of  t h e   r e s u l t i n g   s l a g ,   a n d  

d r e w   o f f   t h e   s l a g   b y  s u c t i o n .   FIG.   2  s h o w s  t h e  

r e l a t i o n   b e t w e e n   d r a w i n g   t i m e   and  s l a g   r e m o v a l  

e f f i c i e n c y   o b s e r v e d   in  t h i s   e x p e r i m e n t .   When  t h e  

s l a g   was  d r a w n   by  s u c t i o n   a c c o r d i n g   to  t h e  

c o n v e n t i o n a l   m e t h o d   w i t h o u t   a d d i n g   any  f l u i d i t y  

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

was  d e c r e a s e d   as  t i m e   w e n t   by ,   and  o n l y   a b o u t  4 0 %  

of  t h e   s l a g   c o u l d   be  r e m o v e d   b e c a u s e   of  i t s   l o w  

f l u i d i t y .   On  t h e  o t h e r   h a n d ,   when  s i n t e r e d   o r e   o r  

CaF2  was  a d d e d   as  a  f l u i d   m o d i f i e r ,   t h e   m e l t i n g  

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

i n c r e a s e d ,   and  t he   e f f i c i e n c y   of  s l a g   r e m o v a l   w a s  
i n c r e a s e d   r e m a r k a b l y :   a b o u t   8'0%  when  s i n t e r e d   o re   w a s  

u s e d ,   a b o u t   90%  when  C a F 2  w a s   u s e d ,   and  a l m o s t  a l l  t h e  

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



CaF2  were   u s e d .   When  w a t e r - q u e n c h e d   s l a g   f r o m   d e -  

s i l i c o n i z a t i o n   or  i r o n   o r e   was  u s e d ,   t h e   r e s u l t   w a s  

a l m o s t   t h e   same  as  o b t a i n e d   by  u s i n g   s i n t e r e d   o r e .  

FIG.   3  s h o w s   t h e   r e l a t i o n   b e t w e e n   d r a w i n g   t i m e  

and  s l a g   r e m o v a l   e f f i c i e n c y   o b s e r v e d   when  g a s e o u s  

o x y g e n   was  b lown   f o r   2  to  5  m i n u t e s   o n t o   800  kg  o f  

b l a s t   f u r n a c e   s l a g   f l o a t i n g   on  70  t o n n e s   of  m o l t e n  

i r o n   a t  1 3 6 5 ° C   a f t e r   40  kg  of  CaF2  was  a d d e d   to   i t .  

A l m o s t   a l l   t h e   s l a g   c o u l d   be  r e m o v e d   by  t h e   m e t h o d  

of  t he   p r e s e n t   i n v e n t i o n ,   w h e r e a s   o n l y   60%  o f  

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

s u c t i o n   a l o n e .  

The  f l u i d i t y   m o d i f i e r s   of  t h e   p r e s e n t   i n v e n t i o n  

can   be  a d d e d   to  b l a s t   f u r n a c e   s l a g   a t   any  t i m e ,   b u t   t h i s  

i s   n o t   so  w i t h   t h e   s l a g   f o r m e d   as  a  r e s u l t   of  v a r i o u s  

r e f i n i n g   o p e r a t i o n s ,   and  t h e  t i m i n g   of  a d d i t i o n   i s  

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

a d d e d   in  e i t h e r   t h e   e a r l y   or  m i d d l e   s t a g e   o f  e a c h  

r e f i n i n g   o p e r a t i o n ,   b u t   i n  f a c t ,   v a r i o u s   t r o u b l e s  

o c c u r .   For   i n s t a n c e ,   i f   CaF2  i s   a d d e d   in  t h e   e a r l y  

or  m i d d l e   s t a g e   of  d e s i l i c o n i z a t i o n   of  m o l t e n  

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

d e s i l i c o n i z a t i o n   b e c o m e s   d i f f i c u l t .   I f   CaF2  is   a d d e d  

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

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

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

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

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

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

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

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

o x i d e   o v e r h e a d .   I f   s i n t e r e d   o r e   i s   a d d e d   in  t h e  

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

and  d e s u l f u r i z a t i o n ,   t he   t o t a l   Fe  c o n t e n t   of  t h e  

r e s u l t i n g   s l a g   b e c o m e s   g r e a t e r   t h a n   t h e  v a l u e   (7  t o  



8%)  s u i t a b l e   f o r   d e s u l f u r i z a t i o n ,   and  n o t   o n l y   i s   t h e  

d e s u l f u r i z a t i o n   e f f i c i e n c y   d e c r e a s e d   b u t  a l s o   r e -  

s u l f u r i z a t i o n   o c c u r s .   I f   w a t e r - q u e n c h e d   s l a g   f r o m  

d e s i l i c o n i z a t i o n   is   a d d e d   in  t he   e a r l y   or  m i d d l e  

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

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

t h e   s l a g   b e i n g   t r e a t e d   i s   d e c r e a s e d   to   r e d u c e   t h e  

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

As  a  r e s u l t   of  v a r i o u s   s t u d i e s   on  t he   t i m i n g  

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

t h e   f l u i d i t y   of  s l a g   to  an  e a s i l y   r e m o v a b l e   l e v e l  

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

t he   p r e s e n t   i n v e n t o r s   have   f o u n d   t h a t   t h e   d e s i r e d  

s l a g   can   be  f o r m e d   by  a d d i n g   t h e   f l u i d i t y . m o d i f i e r s  

i n   t h e   l a s t   s t a g e   of  e a c h   r e f i n i n g   o p e r a t i o n ,   a f t e r  

c o m p l e t i o n   of  e a c h   r e f i n i n g   o p e r a t i o n ,   or  b y  

s t a r t i n g   t h e   a d d i t i o n   in  t he   l a s t   s t a g e   of  e a c h  

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

of  e a c h   r e f i n i n g .   The  t e r m   " t h e   l a s t   s t a g e   of  e a c h  

r e f i n i n g   o p e r a t i o n "   m e a n s ,   b u t  i t   i s   n o t   l i m i t e d  

t o ,   l e s s   t h a n   6  m i n u t e s ,   s a y ,   3  to  5  m i n u t e s ,   b e f o r e  

c o m p l e t i o n   of  e a c h   r e f i n i n g   o p e r a t i o n .  

CaF2  is   c a p a b l e   of  i n c r e a s i n g   t h e   f l u i d i t y   o f  

s l a g   in  a  s h o r t   t i m e ,   so  e x c e s s i v e   s l a g   f o a m i n g   can   b e  

a v o i d e d   by  s t o p p i n g   t he   p r o c e s s   of  s l a g   f o r m a t i o n   a s  

soon   as  t h e   d e s i r e d   s l a g   f l u i d i t y   i s   o b t a i n e d .   I f  

s i n t e r e d   o r e   is   a d d e d   in  one  of  t h e   t h r e e   s t a g e s  

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

r e f i n i n g   e f f i c i e n c y   due  to  i n c r e a s e d   t o t a l   Fe  c o n t e n t  

of  t he   s l a g   b e i n g  r e f i n e d .   At  t he   same  t i m e ,   s i n t e r e d  

o re   c o n t a i n s   S i 0 2   w h i c h   d e c r e a s e s   t h e   b a s i c i t y   of  t h e  

s l a g   b e i n g   t r e a t e d ,   b u t   t h e r e   i s   no  p o s s i b i l t y   o f  

r e - s u l f u r i z a t i o n   s i n c e   t he   t i m i n g   of  i t s   a d d i t i o n  

e n a b l e s   r a p i d   s l a g   f o r m a t i o n .   W h e n  t h e   s l a g   f r o m  

d e s i l i c o n i z a t i o n   or  w a t e r - q u e n c h e d   s l a g   f r o m   d e -  



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

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

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

s i m u l t a n e o u s   d e s u l f u r i z a t i o n   and  d e p h o s p h o r i z a t i o n ,  

i i )   in  t h e   l a s t   s t a g e   of  d e p h o s p h o r i z a t i o n   o r  

s i m u l t a n e o u s   d e s u l f u r i z a t i o n   and  d e p h o s p h o r i z a t i o n ,  

or  i i i )   t h e   a d d i t i o n   s t a r t s   in   t he   l a s t   s t a g e   of  t h e  

r e s p e c t i v e   r e f i n i n g   o p e r a t i o n s   a n d  e n d s   a f t e r  

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

By  a d d i n g   t h e   s l a g   (or  w a t e r - q u e n c h e d   s l a g )   f r o m  

d e s i l i c o n i z a t i o n   a f t e r   d e p h o s p h o r i z a t i o n   o r  

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

has   b e e n   p r a c t i c a l l y   or  c o m p l e t e l y   f i n i s h e d ,   t h e  

p o s s i b i l t y   of  r e d u c e d   r e f i n i n g   e f f i c i e n c y   due  to   l o w  

b a s i c i t y   of  t h e   s l a g   b e i n g   r e f i n e d   can  be  e l i m i n a t e d .  

The  a d v a n t a g e s   of  t he   p r e s e n t   i n v e n t i o n   a r e  

now  d e s c r i b e d   in  g r e a t e r   d e t a i l   by  r e f e r e n c e   to  t h e  

f o l l o w i n g   E x a m p l e s   and  c o m p a r a t i v e   E x a m p l e s   w h i c h  

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

by  no  means   i n t e n d e d   to   l i m i t   i t s   s c o p e .  

E x a m p l e   1  ( T r e a t m e n t   of  B l a s t   f u r n a c e   S l a g )  

G a s e o u s   o x y g e n   was  b lown  f o r   4  m i n u t e s   o n t o   t h e  

s u r f a c e   of  800  kg  of  s l a g   f l o a t i n g   on  7 0  t o n n e s   o f  

m o l t e n   i r o n   (0 .40%  S i ,   0 . 1 0 5 % - P ,   0 . 0 2 8 %   S)  a t   1 3 6 5 ° C  

a f t e r   40  kg  of  CaF2  we re   a d d e d   to  t h e   s l a g .   A l m o s t  

a l l   t h e   s l a g   c o u l d   be  d r a w n   o f f   by  s u c k i n g   w i t h   a  s l a g  

c l e a n e r   f o r   3 .5   m i n u t e s .   O n l y   450  kg  of  u n t r e a t e d  

. s l a g   c o u l d   be  r e m o v e d   by  t h e   same  s l a g   c l e a n e r .  

E x a m p l e   2  ( T r e a t m e n t - o f   S l a g s  F o r m e d   in  V a r i o u s   R e f i n i n g  

O p e r a t i o n s )  

The  r e s u l t s   of  t r e a t m e n t   of  s l a g s   f o r m e d   i n  

v a r i o u s   r e f i n i n g   o p e r a t i o n s   a r e   l i s t e d   in  T a b l e   1 

b e l o w .  









N o t e s   to  T a b l e   1 :  

In  E x a m p l e   2 - 1 ,   when  CaF2  was  a d d e d   in  t h e  

e a r l y   s t a g e   of   d e s i l i c o n i z a t i o n   ( c o m p a r a t i v e   r u n ) ,  

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

o p e r a t i o n   had  to   be  s u s p e n d e d   a f t e r   10  m i n u t e s .  

The  f i n a l   Si  c o n t e n t   was  as  h i g h   as  0 . 4 3 % .   When 

CaF2  was  a d d e d   3  m i n u t e s   b e f o r e   t h e   end  of  t h e  

d e s i l i c o n i z a t i o n   ( r u n   of  t h e   p r e s e n t   i n v e n t i o n ) ,  

no  s l a g   f o a m i n g   o c c u r r e d   and  t he   d e s i r e d  

. d e s i l i c o n i z a t i o n   c o u l d   be  a c h i e v e d .   A l l   t he   s l a g  

f o r m e d   c o u l d   be  r e m o v e d   by  e l e v e n  m i n u t e s   o f  

s u c k i n g ' .  

In  E x a m p l e   2 - 2 ,   when  CaF2  was  a d d e d   in  t h e  

e a r l y ' s t a g e   of  s i m u l t a n e o u s   d e p h o s p h o r i z a t i o n   a n d  

d e s u l f u r i z a t i o n   ( c o m p a r a t i v e   r u n ) ,   c o n s i d e r a b l e  

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

had  to   be  s u s p e n d e d   a f t e r   8  m i n u t e s .   The  f i n a l  

P  a n d   S  c o n t e n t s  w e r e   as  h i g h   as  0 .073%  and  0 . 0 2 1 % ,  

r e s p e c t i v e l y .   When  CaF2  was  a d d e d   3  m i n u t e s   b e f o r e  

t he   end  of  t h e   r e f i n i n g   o p e r a t i o n   ( r u n   of  t h e   p r e s e n t  

i n v e n t i o n ) ,   no  s l a g   f o a m i n g   o c c u r r e d   and  t h e   d e s i r e d  

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

be  a c h i e v e d .   N i n e t y   p e r c e n t   of  t he   s l a g   f o r m e d   c o u l d  

b e  r e m o v e d   by  t e n   m i n u t e s   of  s u c k i n g .  

E x a m p l e   3-1   ( D e p h o s p h o r i z a t i o n )  

I r o n   o r e   was  a d d e d   to   100  t o n n e s   of  m o l t e n  

i r o n   ( 0 . 5 5 %  S i ,  0 . 0 1 8 %  S ,   0 . 115%  P )  a t   1340°C   i n  a  

v e s s e l   and  d e s i l i c o n i z e d   f o r   15  m i n u t e s   u n d e r  

a g i t a t i o n   w i t h   gas   w h i l e   o x y g e n   was  b lown  f r o m  

a b o v e .   The  t r e a t e d   i r o n   had  0 .15%  S i ,   0 . 0 1 8 %   S 

and  0 .115%  P.  The  r e s u l t i n g   s l a g   was  w a t e r - q u e n c h e d  

as  i t   was  d r a w n   f r o m   a b o v e   by  a  s l a g   c l e a n e r   of  K u b o t a ,   L t d .  

The  so  t r e a t e d   s l a g ' h a d   a  SiO2  c o n t e n t   of  45%  and  c o m -  

p r i s e d   p a r t i c l e s   l e s s   t h a n   2 mm  in  s i z e .   A f t e r   d i s -  

c h a r g i n g   t h e   s l a g ,   a  CaO  f l u x   was  a d d e d   to  t h e   m o l t e n  



i r o n  i n   t h e   same  v e s s e l ,   and  t h e   i r o n   was  d e p h o s p h o r i z e d  

f o r   15  m i n u t e s   u n d e r   a g i t a t i o n   w i t h   an  i m p e l l e r   w h i l e  

i r o n   o x i d e   was  a d d e d   and  o x y g e n   was  b lown  f rom  a b o v e .  

A f t e r   c o m p l e t i o n   of  t h e   d e p h o s p h o r i z a t i o n ,   300  kg  o f  

the   w a t e r - q u e n c h e d   s l a g   f r o m   d e s i l i c o n i z a t i o n   w a s  

a d d e d .   The  r e s u l t i n g   s l a g   had  a  b a s i c i t y   of  2 .2   a n d  

was  d r a w n   o f f   by  a  s l a g   c l e a n e r  .   The  d e p h o s p h o r i z e d  

i r o n   had  0 .01%  S i ,   0 . 017%  S  a n d   0 .015%  P .  

F I G .  4   c o m p a r e s   t h e   e f f i c i e n c y   of  r e m o v i n g  

t h e   s l a g   f rom  d e p h o s p h o r i z e d   i r o n   in  E x a m p l e   3 - 1  

a c c o r d i n g   to   t he   p r e s e n t   i n v e n t i o n   and  t h a t   o f  

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

q u e n c h e d   s l a g   f r o m   d e s i l i c o n i z a t i o n .   One  can  see   f r o m  

t h i s   f i g u r e   t h a t   t he   s l a g   c o u l d   be  r e m o v e d   in  a  s h o r t  

t i m e   by  t he   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n .   H o w e v e r ,  

in  t h e   c o n v e n t i o n a l   m e t h o d   w h e r e i n   no  w a t e r - q u e n c h e d  

s l a g   f r o m   d e s i l i c o n i z a t i o n   was  a d d e d ,   t he   s l a g   b e c a m e  

i n c r e a s i n g l y   h a r d   ( l e s s   f l u i d )   as  t he   s u r f a c e  

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

o n l y  a b o u t   h a l f   of  t he   s l a g   c o u l d   be  r e m o v e d .  

E x a m p l e   3-2  ( S i m u l t a n e o u s   d e s u l f u r i z a t i o n   a n d ,  

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

M o l t e n  i r o n   was  d e s i l i c o n i z e d   as  in  E x a m p l e   3 - 1 ,  

and  a f t e r   d i s c h a r g i n g   t h e   r e s u l t i n g   s l a g ,   a  C a O / C a C l 2  
f l u x   was  a d d e d   to  t he   m o l t e n   i r o n   in  t h e   same  v e s s e l ,  

and  t h e  i r o n   was  d e s u l f u r i z e d   and  d e p h o s p h o r i z e d  

s i m u l t a n e o u s l y   f o r   20  m i n u t e s   u n d e r   a g i t a t i o n   w i t h   a n  

i m p e l l e r   w h i l e  i r o n   o x i d e   was  a d d e d   and  o x y g e n   w a s  

b lown  f rom  a b o v e .   T h r e e   m i n u t e s   b e f o r e   c o m p l e t i o n  

of  t h e   r e f i n i n g   o p e r a t i o n ,   500  kg  of  w a t e r - q u e n c h e d  

s l a g   f rom  d e s i l i c o n i z a t i o n   p r e p a r e d   as  i n  E x a m p l e  

3-1   were   a d d e d .   The  r e s u l t i n g   s l a g   had  a  b a s i c i t y  

of  2 .5   a t   t he   t i m e   of  c o m p l e t i o n   of  t he   r e f i n i n g  

o p e r a t i o n ,   and  i t   was  d r a w n   o f f   by  a  s l a g   c l e a n e r .  

The  r e f i n e d   i r o n   had  0 .01%  S i ,   0 .009%  S  and  0 .012%  P ,  



and  t h e s e   v a l u e s   were   e x a c t l y   t h e   same  as  i n t e n d e d .  

FIG.   5  shows  t h e   e f f i c i e n c y   of  r e m o v i n g   t h e  

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

s l a g   in  E x a m p l e   3-2  a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n  

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

w a t e r - q u e n c h e d   s l a g   f r o m   d e s i l i c o n i z a t i o n .   One  c a n .  

see   f r o m   t h i s   f i g u r e   t h a t   t h e   s l a g   c o u l d   be  r e m o v e d  

in  a  s h o r t   t i m e   by  t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n ,  

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

w a t e r - q u e n c h e d   s l a g   f r o m   d e s i l i c o n i z a t i o n   as  a  

f l u i d i t y   m o d i f i e r ,   o n l y   a b o u t   30%  of  t h e   s l a g   c o u l d  

be  r e m o v e d .  



1.  A  m e t h o d   of  r e m o v i n g   s l a g   f rom  t he   s u r f a c e   o f  

m o l t e n   m e t a l   by  s u c t i o n   c h a r a c t e r i s e d   in  t h a t   t he   s l a g  
is   r e m o v e d   a f t e r   a d d i n g   a  f l u i d i t y   m o d i f i e r   to   t h e   s l a g  
to  i n c r e a s e   i t s   f l u i d i t y .  

2.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   t h e  

s l a g   f l o a t i n g   on  t h e   s u r f a c e   of  t he   m o l t e n   m e t a l   i s  

a  b l a s t ,  f u r n a c e   s l a g .  

3 . . A   m e t h o d   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   t h e  

s l a g   f l o a t i n g  o n   t h e   s u r f a c e   of  t h e   m o l t e n   m e t a l   i s   o n e  

w h i c h   has   been   f o r m e d   by  d e s i l i c o n i z a t i o n   of  t he   m o l t e n  

. m e t a l .  

4.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   t h e  

s l a g   f l o a t i n g   on  t h e   s u r f a c e   of  t he   m o l t e n   m e t a l   i s  

one  w h i c h   has   been   f o r m e d   by  d e p h o s p h o r i z a t i o n   o f  

t h e   m o l t e n   m e t a l .  

5.  A  m e t h o d   a c c o r d n g   to  c l a i m   1,  w h e r e i n   t h e  

s l a g   f l o a t i n g   on  t h e   s u r f a c e   of  t h e   m o l t e n   m e t a l   i s  

one  w h i c h   has   been   f o r m e d   by  s i m u l t a n e o u s   d e s u l f u r i -  

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

6.  A  m e t h o d   a c c o r d i n g   to  any  of  t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n   t h e   f l u i d i t y   m o d i f i e r   is  one  or  m o r e  

m a t e r i a l s   s e l e c t e d   f r o m   CaF2 ,   s i n t e r e d   o r e ,   i r o n   o r e ,  

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

w a t e r - q u e n c h e d   s l a g   f rom  d e s i l i c o n i z a t i o n .  



7.  A  m e t h o d   a c c o r d i n g   to   c l a i m   6,  w h e r e i n   t h e  

f l u i d i t y   m o d i f i e r   is   in  a  s o l i d   p a r t i c u l a t e   f o r m .  

8.  A  m e t h o d   a c c o r d i n g   t o   c l a i m   7,  w h e r e i n   t h e  

f l u i d i t y   m o d i f i e r   i s   a  p a r t i c u l a t e   s l a g   p r o d u c e d   b y  

w a t e r - q u e n c h i n g   t h e   s l a g   f r o m   d e s i l i c o n i z a t i o n .  

9.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   t h e  

f l u i d i t y  m o d i f i e r   i s   i n  a   s o l i d   f o r m   and  i s  a d d e d   i n  

an  a m o u n t   of  f r o m   50  to   200  kg  p e r   t o n n e   (1000   k g )  

of  t h e   s l a g .  

10.  A  m e t h o d   a c c o r d i n g   to   any  of  c l a i m s   1  to   9 ,  

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

in  t h e   f i n a l   s t a g e   of  e a c h   r e f i n i n g   o p e r a t i o n .  

11.  A  m e t h o d   a c c o r d i n g   to   any  of  c l a i m s   1  to   9 ,  

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

a f t e r   c o m p l e t i o n   of  e a c h   r e f i n i n g   o p e r a t i o n .  

12.  A  m e t h o d   a c c o r d i n g   to   any  of  c l a i m s   1  to  9 ,  

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

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

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