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Using the ASEA-SKF equipment for out-of-furnace refining and vacuum t rea tment  of steel with the 
"furnace-- ladle"  type, the long dwell t ime of the metal  in the ladle (4-5 h, somet imes  up to 8 h), e lec t ro -  
magnetic mixing, and vacuum all c rea te  enhanced wear in the ladle lining, even in the metal  zone. In the 
Soviet Union' s f i rs t  plant of this type, sa t i s fac tory  res i s tance  in this zone (8-10 heats /campaign)  was shown 
by high-alumina ar t ic les  grade MKO-72 with a weight proport ion of A1203 of at least  72%, which have begun 
to be used instead of imported goods [1]. 

Operation of the plant showed that MKO-72 goods are ra ther  deeply penetrated by metal  (to 20-25 mm). 
As shown by calculations,  the amount of meta l  absorbed by the lining of the ladle with such penetrat ion reaches  
800-900 kg. This adverse ly  affects the out -of - furnace  working of the steel; there is a reduction in the in- 
tensity of e lect romagnet ic  mixing; the metal  penetrating the r e f r ac to ry  is oxidized during cooling of the ladle 
between heats,  and with subsequent t rea tment  of the new melting is an additional source of oxygen. 

In order  to fur ther  increase  the res i s tance  of the working layer  of the lining in the metal  zone and reduce 
the depth of penetration, tes ts  were made of high-alumina r e f r ac to r i e s  grade MKT produced by the Semiluksk 
plant, having a higher A1203 content (83%) and lower porosity.  

The batch of MKT ar t ic les  amounting to 27 tons was prepared  at the Semiluksk factory using the usual 
technology [2]. The ar t ic les  were molded on the P-459 p re s s  and fired in a tunnel kiln at 1600~ with a soak 
of 6 h. The proper t i es  are  shown in Table 1. The table also shows proper t ies  of MKO-72 goods with which 
we compared  MKT ar t ic les  tested in service  conditions. 

According to ra ic ros t ruc tu ra l  analysis,  MKT (Fig. 1) is composed of fi l ler  and bond. The fi l ler  is 
chamotte gra in  (0.2-.2.0 ram) mainly of corundum--mull i te  composition. The corundum--mull i te  chamotte 
gra ins  consis t  of corundum (0.01-0.3 mm), of i r r egu la r  i somet r i c  shape, ar ranged in poorly c rys ta l l ized  

TABLE i. Prope r t i e s  of Mull i te--Corun-  
dum Ref rac tory  

Property 

Open porosity, % 
Compressive strength, 

IV12' a 

Refractoriness under load 
of 0.2 MPa, ~C 

Thermal-shock resistance 

(1300~C - water), heat cycles 

Gas permeability, gm z 
Thermal conductivity at 

900~ C, W/(m "K) 
Weight of Oxides, % 

SlID 2 . . . . . . . .  
AI~O~ . . . . . . . .  
Fe203 . . . . . . .  
TiO 2 . . . . . . . .  
CaO . . . . . . . .  
M g O  . . . . . . . .  

Values for: 

MKO-~ MKT 

22,4 20,6 

80 54 

150( 1620 

8 19 

0,5 0,43 

1,4~ 1,53 

22,1 12,4 
73,5 84,3 

1,3 0,6 
0,7 0,7 
0,8 0,4 
0,3 0,3 
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Fig. 1 Fig. 2 

Fig. I. Microstructure of MKT: I) corundum--mullite ehamotte; 2) co- 
rtmdum; 3) g l a s s y - m u l l i t e  chamot te ;  4) p o r e s ,  x 63. Ref lec ted  light. 

Fig.  2. R e f r a c t o r i e s  MKT (a) and MKO-72 (b) af ter  s e r v i c e  in the l ining 
of the ladle  wal ls  (16 heats) .  

g l a s s y - m u l l i t e  body. The bond cons i s t s  of g r a i n s  of corundum (0.01-0.1 ram) of i r r e g u l a r  shape and smal l  
amounts of chamot te  gra in ,  of both co rundum--mul l i t e  and g l a s s - - m u l l i t e  composi t ion.  

Compar i son  of the m i c r o s t r u c t u r e  of MKT r e f r a c t o r i e s  and those studied e a r l i e r  (MKO-72) [1] shows 
that  the fea ture  of lVlNT is  the h igher  corundum concen t ra t ion  and the lower  amount of g l a s s y - m u l l i t e  phase;  
f u r t h e r m o r e ,  in MKT the p o r e s  a re  gene ra l l y  fine (0.01-0.1 ram) and mainly  i so la ted .  

The MKT a r t i c l e s  were  tes ted  in the working l a y e r  of the lining of the bottom and wai ls  of the l ad les  
in the m e t a l  zone. 

In the working l a y e r  of the lining of the wai ls  we t e s ted  MKT for two campaigns .  In one ladle  af ter  13 
hea ts  (the total  dura t ion of the heat  was 67 h 45 rain) the r e s idua l  th ickness  of the a r t i c l e s  was 95-110 mm 
(or iginal  th ickness  150 mm),  i . e . ,  the wear  was equal to 27-37%. The ave rage  ra te  of wear  in the r e f r a c t o r y  
was 0.7 m m / h  during the hot t ime.  In the second lad le  a f te r  16 hea t s  (total p r o c e s s  t ime  73 h 53 min) the 
r e s i d u a l  th ickness  of the a r t i c l e s  was 100-110 mm, the ave rage  r a t e  of wear  0.6 mm pe r  hot hour. In one of 
these  lad ies  the th ree  upper c o u r s e s  of the lining in the me ta l  zone was buil t  of MKO-72 a r t i c l e s .  Compar i son  
showed that in iden t ica l  condi t ions of s e r v i c e  the average  ra te  of wear  for MKO-72 was twice as high, and 
equaled 1.2 mm pe r  hot hour. F u r t h e r m o r e ,  the working zone of MKT was impregna ted  with me ta l  to a depth 
of not more  than 10 mm,  while in MKO-72 produc ts  the depth of pene t ra t ion  reached  20 mm (Fig. 2). 

The MKT b r i ck  was t e s ted  in the working l a y e r  of the l ining bottom for th ree  campaigns .  In two l ad ies  
the bottom was comple te ly  l ined with MKT. In the f i r s t  ladle  the bottom fai led ix s e r v i c e  a f te r  8 hea ts  

Fig .  3. M i c r o s t r u c t u r e  of MKT af ter  s e rv i ce :  a) t r ans i t i on  zone, b) reac t ion  zone, e) slag skin; 1) 
corundum, 2) g l a s s y - m u l l i t e  phase ,  3) p o r e s ,  4) ~-a lumina ,  5) me ta l ,  6) spinel ,  a, b) x 100, c) x 200. 

Ref lec ted  light. 
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(working  t i m e  36 h 20 min) ,  and in  the  s e c o n d  a f t e r  6 h e a t s  ( p r o c e s s  t i m e  23 h). The  r e s i d u a l  t h i c k n e s s  of 
the  a r t i c l e s  was ,  r e s p e c t i v e l y ,  90-95 and 95-100 m m ,  with an o r i g i n a l  t h i c k n e s s  in  the  l in ing  of 150 mm.  
The  m a i n  c a u s e  of the  w e a r  was  the  f o r m a t i o n  of c r a c k s  and sca l ing .  

In the  t h i r d  l a d l e ,  for  c o m p a r i s o n ,  ha l f  of the  l in ing  of the b o t t o m  was  bu i l t  of MKO-72  b r i c k .  In 
c o m p a r a t i v e  t e s t i n g  we e s t a b l i s h e d  tha t  the  MKO-72  a r t i c l e s  have  much  l e s s  w e a r  than MKT. A f t e r  n ine  
h e a t s  ( p r o c e s s  t i m e  41 h 40 rain)  the  bo t t om l in ing  of the l a d l e  f a i l e d  a s  a r e s u l t  of w e a r  in MKT b r i c k  on 
accoun t  of s c a l i n g .  The  r e s i d u a l  t h i c k n e s s  of the  MKO-72  was  115 m m ,  MKT 80-90  m m ,  the r a t e  of w e a r  
was  equa l ,  r e s p e c t i v e l y ,  to 0.84 and 1.5 m m  dur ing  the hot  hour .  

The  MKT a f t e r  s e r v i c e  in  the  m e t a l  zone was  s u b j e c t e d  to d e t a i l e d  m i c r o s t r u c t u r a l  a n a l y s i s .  The  s p e c i -  
m e n  e x h i b i t e d  t h r e e  c l e a r  zones :  t r a n s i t i o n ,  r e a c t i o n ,  and s l a g - s k i n .  The  t r a n s i t i o n  zone (Fig .  3a) i s  25-27  
m m  t h i c k  and i s  d i s t i n g u i s h e d  in s t r u c t u r e  f r o m  the  o r i g i n a l  s p e c i m e n s  ( see  F ig .  1) due to the  a b s e n c e  of a 
c l e a r  b o u n d a r y  be tween  the g r a i n s  of f i l l e r  and the  bond. We no te  an edging  of c r y s t a l s  of c o r u n d u m ;  in  the 
c h a m o t t e  g r a i n s  they  a c q u i r e  m a i n l y  a p r i s m a t i c  f o r m  ( length  0 .02-0 .05  mm) ;  i n t h e  bond ,  C r y s t a l l i z a t i o n  i s  
w o r s e ,  and in the  m a i n  i s  p r e s e r v e d  as  i r r e g u l a r  f o r m s .  T o w a r d  the b o u n d a r y  with  the  r e a c t i o n  zone  we note  
an i m p r o v e m e n t  in the  c r y s t a l l i n i t y  of the  m u l l i t e  and c o r u n d u m .  The  p o r e s  in the  t r a n s i t i o n  zone a r e  m a i n l y  
i s o l a t e d ,  i s o m e t r i c  (0 .01-0 .1  mm) .  In the  m i d d l e  of t h i s  zone (20-22 m m  f r o m  the work ing  s u r f a c e )  we note  
m e t a l  bu t tons  (0 .1 -0 .5  m m ) .  

The  r e a c t i o n  zone 5-8 m m  th ick  (Fig .  3b) i s  c h a r a c t e r i z e d  by fus ion  of the  f i l l e r  and the bond,  even  m o r e  
so than  in  the  t r a n s i t i o n  zone ,  by c r y s t a l l i z a t i o n  of the  c o r u n d u m  and m u l l i t e ,  and by a l a r g e  amoun t  of i n -  
c l u s i o n s  of m e t a l  of r ounded  and i r r e g u l a r  f o r m  (0 .01-1 .0  mm)  and a l s o  by a s i g n i f i c a n t  amoun t  of g l a s s  in 
which  we o b s e r v e  l o c a l l y  n u m e r o u s  e x t e n d e d  d e n d r i t i c  i n c l u s i o n s  of m a g n e t i t e .  We  a l so  note  a subzone  1-2  
m m  t h i c k  c o n s i s t i n g  of r a d i a n t  g r o w t h s  of p r i s m a t i c  ( length 0 .1 -0 .3  mm)  c r y s t a l s  of the  w e l l - k n o w n  ~ - a l u m i n a .  
The  p o r o s i t y  of the  r e a c t i o n  zone i s  l e s s  than  the t r a n s i t i o n  zone ,  the  p o r e s  a r e  m a i n l y  i s o l a t e d  (0.01-0.(}3 
ram). 

The s l ag  sk in  1-2 m m  th i ck  (F ig .  3c )~cons i s t s  of m u l l i t e ,  g l a s s ,  and n u m e r o u s  w e l l - c r y s t a l l i z e d  g r a i n s  
of c o l o r l e s s  s p i n e l  (0 .01-0 .05  m m ,  s o m e t i m e s  up to 0.1 mm) .  The  p o r e s  a r e  i s o l a t e d ,  c o m p a r a t i v e l y  l a r g e  
(0 .1 -0 .4  m m ) ,  and i r r e g u l a r  in shape .  

Thus ,  a s  a r e s u l t  of t e s t i n g  MKT r e f r a c t o r i e s  in  the  m e t a l  zone of the  l a d l e s  fo r  A S E A - S K F  equ ipmen t ,  

we found tha t  in  the  l in ing  of the  w a l l s  t h e s e  b r i c k s  a r e  worn  out only ha l f  a s  m u c h  as  MKO-72  b r i c k .  The  
l in ing  of the  w a l l s  of the l a d l e  m a d e  of MKT a f t e r  13 and 16 h e a t s  was  p r e m a t u r e l y  s c r a p p e d  due to c a u s e s  not  
depend ing  on the  w e a r  of the  b r i c k s ,  and in th i s  c a s e ,  t h e i r  r e s i d u a l  t h i c k n e s s  was  t w o - t h i r d s  of the  o r ig ina l .  
It shou ld  be e x p e c t e d  tha t  the  r e s i s t a n c e  of the  wa l l  m a d e  of MKT can  r e a c h  20 h e a t s  with a p e r m i t t e d  w e a r  of 

50%. 

In the  l in ing  of the  l a d l e  bo t t om for  MKT b r i c k ,  we d e m o n s t r a t e d  a w o r s e  r e s i s t a n c e  than the a r t i c l e s  
MKO-72 .  The  s tudy  of the  s e r v i c e  of r e f r a c t o r i e s  MKT in the  bo t t om n e e d s  to be con t inued  to  e xp l a in  the  
c a u s e s  of the l o w e r  r e s i s t a n c e  c o m p a r e d  with  MKO-72  b r i c k .  

The  MKT a r t i c l e s  have  been  a c c e p t e d  for  i n t r o d u c t i o n  fo r  l in ing  the w a l l s  of l a d l e s  used  with  A S E A - A S F  
in the  m e t a l  zone.  T h e i r  u se  wi l l  s i g n i f i c a n t l y  i n c r e a s e  the  e c o n o m i c  f a c t o r s  fo r  the  o p e r a t i o n  of the  i n -  
s t a l l a t i o n  on accoun t  of the  r e d u c t i o n  in the  c o n s u m p t i o n  of r e f r a c t o r i e s  and an i n c r e a s e  in the  m e t a l  qua l i ty .  
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