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@  Method  of  minimizing  slag  carryover. 
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he  method  relates  to  minimizing  slag  carryover  when 
draining  molten  metal  from  a  furnace.  A  polyhedral-shaped 
body  (22)  having  density  intermediate  that  of  the  slag  (20)  and 
metal  (18)  is  thrown  onto  the  surface  of  the  slag  within  a 
restricted  area  over  the  furnace  taphole  (14).  The  body  will 
float  at  the  slag-metal  interface,  and  tend  to  lodge  with  one  of 
its  corners  projecting  into  the  taphole  as  the  final  portion  of 
remaining  metal  drains  out  of  the  furnace.  The  shape  of  the 
body  and  its  dimensions  are  selected  so  as  to  only  partially 
block  the  taphole  opening,  causing  flaring  of  the  stream  so  as 
to  signal  a  furnace  operator  of  the  impending  flow  of  slag  from 
the  furnace.  The  operator  then  shuts  off  flow  to  prevent 
carryover  of  slag  onto  the  molten  metal  already  tapped.  Since 
only  the  edges  of  the  body  contact  the  taphole,  of  the  body 
does  not  become  welded  to  the  wall  of  the  taphole  and 
therefore  is  easily  dislodged  without  loss  of  time  between 
heats. 



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

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

m e t a l   f r o m   a  f u r n a c e .  

I t   i s   d e s i r a b l e   in   o r d e r   to   i m p r o v e   l a d l e  

a d d i t i o n   r e c o v e r i e s   and  d e o x i d a t i o n   c o n t r o l   i n  

s t e e l m a k i n g   t o   m i n i m i z e   c a r r y o v e r   o f   s l a g   w i t h   t h e  

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

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

i n g   t h e   t a p h o l e   of   BOP  and  Q-BOP  f u r n a c e s   t o   p r e v e n t  

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

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

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

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

m e t a l   in   a  v o r t e x   w h i c h   f o r m s   a t   t h e   t a p h o l e   e n -  

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

t h e   f u r n a c e .  

Two  d i f f e r e n t   a p p r o a c h e s   h a v e   b e e n   m a d e  

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

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

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

b e g i n s   to   f l o w   o u t   of   t h e   t a p h o l e .   A  s e c o n d  

a p p r o a c h   h a s   b e e n   t o   i n s e r t   i n t o   t h e   f u r n a c e   a  



f l o a t a b l e   s t o p p e r   w h i c h   f l o a t s   a t   t h e   s l a g - m e t a l  

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

H o w e v e r ,   t h e s e   f l o a t a b l e   s t o p p e r s   h a v e   t h e  

d i s a d v a n t a g e   t h a t   t h e y   t e n d   to   w e l d   to   t h e   w a l l   o f  

t h e   t a p h o l e   and  a r e   d i f f i c u l t   to   d i s l o d g e ,   r e q u i r i n g  

b u r n i n g   w i t h   an  o x y g e n   l a n c e .   T h i s  a l s o   i n c r e a s e s  

w e a r   in   t h e   t a p h o l e   i t s e l f .   E x a m p l e s   of   p r i o r  

f l o a t a b l e   s t o p p e r s   a r e   shown  i n  S t a h l   Und  E i s e n ,  

Vo lume   90,   p a g e s   2 5 7 - 2 6 3   and  J a p a n e s e   P a t e n t  

A p p l i c a t i o n   4 7 - 2 0 8 0 3 .  

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 ,   t h e r e  

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

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

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

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

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

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

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

d i m e n s i o n   g r e a t e r   t h a n   t h e   maximum  d i m e n s i o n   of   t h e  

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

d r a i n i n g   m o l t e n   m e t a l   f r om  t h e   f u r n a c e   t h r o u g h   t h e  

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

s a i d   t a p h o l e   so  as   to   p r e v e n t   c a r r y o v e r   of   s l a g   o n t o  

t h e   m o l t e n   m e t a l   a l r e a d y   t a p p e d   f r o m   t h e   f u r n a c e ,  

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

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



a r e   a d a p t e d   t o   l o d g e   in   t h e   t a p h o l e   so  t h a t   s a i d  

b o d y   b l o c k s   20  to   80  p e r c e n t   of   t h e   t a p h o l e   o p e n i n g  

when  s a i d   b o d y   b e c o m e s   l o d g e d   in   s a i d   t a p h o l e  

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

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

so  as   t o   o b t a i n   an  i n d i c a t i o n   of   f l a r i n g   o f   s a i d  

s t r e a m   when  s a i d  b o d y   l o d g e s   in   t h e   t a p h o l e .  

For   u s e   in   s t e e l m a k i n g   a  b o d y   h a v i n g   a  

d e n s i t y   of   .12  t o   .22   p o u n d s   p e r   c u b i c   i n c h   ( 3 3 2 0   t o  

6090   k g / m 3 )   i s   p r e f e r r e d .   The  b o d y   i s   o f   a  

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

m e t a l   and   s l a g .  

The  b o d y   p r e f e r a b l y   h a s   a  maximum  d i m e n s i o n  

in   any   d i r e c t i o n   o f   f i v e   to   t w e l v e   i n c h e s   (13  t o  

30cm)  and   i s   a d a p t e d   to   b l o c k   20  and   80  p e r c e n t   of   a  

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

t e n   i n c h e s   (10  t o   2 5 c m . )   when  an  i n t e r s e c t i o n   o f   t h e  

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

T h u s ,   when   t h e   f i n a l   p o r t i o n   o f   m e t a l   s t a r t s   t o   f l o w  

o u t   of   t h e   f u r n a c e ,   t h e   b o d y   w i l l   t e n d   t o   l o d g e   i n  

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

h o l e   i s   o n l y   p a r t i a l l y   b l o c k e d .   The  f l a r i n g   s t r e a m  

a c t s   as   a  s i g n a l   to   a  f u r n a c e   o p e r a t o r   t h a t   s l a g  

w i l l   s t a r t   to   f l o w   s o o n .   T h u s ,   t h e   o p e r a t o r   m a y  

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

m e t a l   in   t h e   l a d l e .   A  p r i m a r y   a d v a n t a g e   o f   t h e  



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

p e r m a n e n t l y   l o d g e d   in   t h e   t a p h o l e   and  d o e s   n o t  

r e q u i r e   b u r n i n g   w i t h   an  o x y g e n   l a n c e   in   o r d e r   t o  

r e m o v e   i t   f rom  t h e   t a p h o l e .  

The  b o d y   may  h a v e   f a c e s   a l l   o f   t h e   s a m e  

s h a p e   and  s i z e .   A  c u b o i d   s h a p e   i s   p r e f e r r e d .   T h e  

b o d y   may  be  of   r e f r a c t o r y   m a t e r i a l   h a v i n g   s o l i d  

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

d e n s i t y .   The  m e t a l   p a r t i c l e s   may  be  s h o t   o r   f i b e r s  

or   b o t h ,   t h e   l a t t e r   s e r v i n g   to   i n c r e a s e   c o h e s i v e n e s s  

of   t h e   b o d y .   P r e f e r a b l y ,   c a r b o n   s t e e l   s h o t   i s   u s e d  

w h e r e a s   t h e   f i b e r s   a r e   of   s t a i n l e s s   s t e e l  

c o m p o s i t i o n .  

The  i n v e n t i o n   i s   f u r t h e r   d e s c r i b e d ,   by  w a y  

of   e x a m p l e ,   w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g  

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

F i g u r e   1  i s   a  c r o s s - s e c t i o n   o f   a  f u r n a c e  

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

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

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

F i g u r e   2  i s   a  s c h e m a t i c   i l l u s t r a t i o n   of   h o w  

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

R e f e r r i n g   to   F i g u r e   1,  a  s t e e l m a k i n g  

c o n v e r t e r   10  i s   shown  h a v i n g   a  r e f r a c t o r y   l i n i n g   1 2  

and  a  t a p h o l e   14  l o c a t e d   n e a r   t h e   m o u t h   16  o f   t h e  

c o n v e r t e r   v e s s e l .   The  v e s s e l   i s   shown  t i l t e d  



d o w n w a r d l y   f r o m   i t s   n o r m a l   u p r i g h t   p o s i t i o n ,   so  t h a t  

m o l t e n   m e t a l   18  and  s l a g   20  w i l l   d r a i n   t h e r e f r o m .  

A  c u b e   2 2 ,   h a v i n g   b e e n   d r o p p e d   i n t o   t h e   f u r n a c e   c o n t e n t s  

a b o v e   t h e   t a p h o l e ,   i s   shown   f l o a t i n g   a t   t h e   s l a g - m e t a l  

i n t e r f a c e   d u r i n g   t h e   t a p   and  b e f o r e   b e i n g   d r a w n   i n t o  

d o t t e d   p o s i t i o n   24  by  v o r t e x   a c t i o n   t o w a r d s   t h e   e n d  

of   t h e   t a p .   R e f e r r i n g   t o   F i g u r e   2,   w h i c h   i s   a n  

e n l a r g e d   s e c t i o n   t a k e n   a l o n g   t h e   l i n e   I I - I I   of  F i g u r e   1 ,  

t h e   c u b e   22  i s   s h o w n   l o d g e d   i n   t h e   t a p h o l e   14  a n d  

o n l y   p a r t i a l l y   b l o c k i n g   t h e   t a p h o l e   o p e n i n g .   F o r   a  

s i x - i n c h   ( 1 5 c m . )  d i a m e t e r   t a p h o l e ,   a  c u b e  7   or   8  

i n c h e s   ( 1 8   or   2 0 c m . )   on  e a c h   f a c e   h a s   b e e n   f o u n d   t o  

w o r k   s a t i s f a c t o r i l y .   A  s e v e n   i n c h   ( 1 8 c m . )   c u b e   i s  

p r e f e r r e d .   I t   w i l l   b l o c k   a b o u t   40  p e r c e n t   of   t h e  

c r o s s - s e c t i o n   of  a  s i x - i n c h   ( 1 5 c m . )   d i a m e t e r   t a p h o l e .  

The  c u b e   may  be  of  any   r e f r a c t o r y   m a t e r i a l   r e s i s t a n t  

t o   d i s s o l u t i o n   i n   t h e   m e t a l   and   s l a g ,   a t   l e a s t  

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

n e c e s s a r y   f o r   l o d g i n g   i n   t h e   t a p h o l e .   C a s t a b l e   r e f r a c t o r y  

i s   p r e f e r r e d .   S e v e n - i n c h   ( 1 8 c m . )   c u b e s   h a v i n g   a  d e n s i t y  

of   f r o m   0 . 1 5   t o   0 . 1 7   l b s / i n . 3 ,   ( 4 1 5 0   t o   4 7 1 0   k g / m 3 )  

h a v e   b e e n   u s e d   a l t h o u g h   any   d e n s i t y   b e t w e e n   t h a t   of  t h e  

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

s t e e l   h a s   a  d e n s i t y   of   a b o u t   0 . 2 5   l b s / i n . 3   ( 6 9 2 0   k g / m 3 ) ,  

w h e r e a s   s t e e l m a k i n g   s l a g s   h a v e   d e n s i t y   of   a b o u t   0 . 1 0  
1 b s / i n . 3   ( 2 7 7 0   k g / m 3 ) .   Shown  b e l o w   a r e   e x a m p l e s   o f  

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



The  s t e e l   s h o t   i s   of   a  t y p e   r e a d i l y   a v a i l -  

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

c u b e .   I r o n   o r e   i s   u s e d   s i n c e   i t   r e a c t s   w i t h   c a r b o n  

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

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

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

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



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

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

t h e   c u b e s   t o   c r a c k   and   b r e a k .  

I t   i s   i m p o r t a n t   t h a t   t h e   c u b e   be  d r o p p e d  

i n t o   a  r e s t r i c t e d   a r e a   o v e r   t h e   t a p h o l e   so  a s  t o  

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

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

t a p h o l e   so  t h a t   i t   w i l l   l o d g e   t h e r e i n .   I t   h a s   b e e n  

f o u n d   t h a t   t h e   a n g l e   o f   d o w n w a r d   t i l t   o f   BOP  o r  

Q-BOP  f u r n a c e   a t   t h e   end   of   t a p ,   i f   t i l t e d   so  as  t o  

o b t a i n   t h e   maximum  r a t e   of   d r a i n i n g   m e t a l ,   v a r i e s  

f r o m   a b o u t   88°   t o   1 0 3 °   f rom  v e r t i c a l .   T h e  

r a n g e   of   a n g l e s   i s   due   to   v a r i o u s   f a c t o r s   s u c h   a s  

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

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

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

t h e   t a p h o l e   can   be  made  by  c a l c u l a t i n g   t h e  

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

- t r u n n i o n s   f o r   v a r i o u s   a n g l e s   o f   t i l t   of   t h e  

f u r n a c e .   The  l o c a t i o n   of   t h e   t a p h o l e   f rom  t h e  

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

f o u r   f e e t   ( 1 . 2 m ) .   Thus   i t   h a s   b e e n   f o u n d   b e s t   t o  

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

f o u r - f o o t   ( 1 . 2 m )   d i s t a n c e .   T h i s   c a n   be  a c c o m p l i s h e d  

by  v a r i o u s   m e a n s   f rom  f l o o r   l e v e l   a t   a  l o c a t i o n  

a d j a c e n t   t h e   f u r n a c e   m o u t h .  



The  c u b e   s h o u l d   a l s o   be  i n s e r t e d   i n t o   t h e  

f u r n a c e   j u s t   b e f o r e   a  v o r t e x   f o r m s   as  t h e   f i n a l  

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

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

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

t a p h o l e   in   r e l a t i o n   to   m e t a l   b a t h   so  as   t o   a r r i v e   a t  

a - c r i t i c a l   t o n n a g e  o f   m e t a l   l e f t   i n   t h e   f u r n a c e   w h e n  

v o r t e x i n g   w i l l   b e g i n   to   o c c u r .   T h i s   c r i t i c a l  

t o n n a g e   may  be  c a l c u l a t e d   f o r   c o n v e n t i o n a l  

s t e e l m a k i n g   BOP  or   Q-BOP  v e s s e l s   f r o m   a  f o r m u l a .  

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

c a l c u l a t e d   t i m e   of   one   to   two  m i n u t e s   b e f o r e   a l l   o f  

t h e   m e t a l   h a s   d r a i n e d   f rom  t h e   f u r n a c e .  



1.  A  m e t h o d   of   m i n i m i z i n g   s l a g   c a r r y o v e r  

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

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

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

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

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

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

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

maximum  d i m e n s i o n   of   t h e   c r o s s - s e c t i o n   of  t h e  

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

t h e   f u r n a c e   t h r o u g h   t h e   t a p h o l e   o p e n i n g ,   and  t h e n  

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

p r e v e n t   c a r r y o v e r   of   s l a g   o n t o   t h e   m o l t e n   m e t a l  

a l r e a d y   t a p p e d   f rom  t h e   f u r n a c e ,   c h a r a c t e r i z e d   i n  

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

f a c e s ,   t h e   i n t e r s e c t i o n s   of   w h i c h   a r e   a d a p t e d   t o  

l o d g e   in   t h e   t a p h o l e   so  t h a t   s a i d   b o d y   b l o c k s   20  t o  

-80  p e r c e n t   o f   t h e   t a p h o l e   o p e n i n g   when  s a i d   b o d y  

b e c o m e s   l o d g e d   in   s a i d   t a p h o l e   o p e n i n g ,   and   t h e  

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

s t r e a m   e m e r g i n g   f rom  s a i d   t a p h o l e   so  as  to   o b t a i n   a n  

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

l o d g e s   in   t h e   t a p h o l e .  

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

c h a r a c t e r i z e d   in   t h a t   s a i d   b o d y   i s   p o l y h e d r a l .  



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

c h a r a c t e r i z e d   in   t h a t   s a i d   b o d y   i s   c u b o i d a l .  

4.  A  m e t h o d   as   c l a i m e d   in   c l a i m   3 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   b o d y   i s   a  c u b e .  
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