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Us ing  the c r u c i b l e  method ,  in  the A l l - U n i o n  Ins t i tu te  of R e f r a c t o r i e s  we have i nves t i ga t ed  the s lag r e -  
s i s t a n c e  of bas i c  c o n v e r t e r  r e f r a c t o r i e s .  As the r e a g e n t  we used  the m o s t  a g g r e s s i v e ,  p r i m a r y  c o n v e r t e r  
s lag with a b a s i c i t y  of 1.25 of the fol lowing c h e m i c a l  compos i t ion ,  %: SiO 2 24.10, TiO 2 + A120 3 7.86, Fe20 3 
3.27, FeO 17.57, CaO 28.32, MgO 2.22, 1VInO 15.6, Na20 + K20 0.81, P205 0.48, Cr20 3 0.15. The f r a c t o r i n e s s  
of the slag was 1230~ 

To make  c o n v e r t e r  r e f r a c t o r i e s  we used  r o a s t e d  do lomi te  of the Styl' deposi t ,  MI-88 m a g n e s i t e  powder ,  
and NDPK-75  m a g n e s i t e  powder  (Table  1). In the p r e p a r a t i o n  of the m a s s e s ,  as  b i n d e r  we used p r e p a r e d  coal  
t a r  with a v i s c o s i t y  C1~ = 43 sec and a coking value  of 39~/o. The amount  of coa l  t a r  added to the c ompos i t i on  
of the m a s s e s  was 5.5%. 

F o r  th is  i nves t i ga t i on  we p r e s s e d  c r u c i b l e s  55 m m  in d i a m e t e r  and 60 m m  in  height;  they were  sub jec ted  
to v a r i o u s  f o r m s  of heat  t r e a t m e n t :  c a r b o n i z a t i o n  in  a cover ing  of coke at 800~ hea t  t r e a t m e n t  in  a p ro t ec t ive  
m e d i u m  of evolved g a s e s  at  400~ and annea l ing  at 16500C; f u r t h e r m o r e ,  some  of the annea l ed  c r u c i b l e s  were  
i m p r e g n a t e d  with m o l t e n  pi tch.  The c r u c i b l e  c h a r a c t e r i s t i c s  a r e  g iven  in  Tab le  2. 

The  c r u c i b l e s ,  con ta in ing  c y l i n d e r s  p r e c o m p a c t e d  f r o m  f ine ly  g round  c o n v e r t e r  s lag,  we re  p laced  in  a 
cold fu rnace .  T e s t s  on the s lag r e s i s t a n c e  were  p e r f o r m e d  in  a k ryp to l  fu rnace  at 1600~ for 2 h. 

Af te r  the fu rnace  had cooled the c r u c i b l e s  were  e x t r a c t e d  and sawn in to  half;  the a r e a  of i m p r e g n a t i o n  
or c o r r o s i o n  of the r e f r a c t o r y  by the s lag was m e a s u r e d  with a p l a n i m e t e r .  As a m e a s u r e  of the slag r e s i s -  

t ance  we took the degree  of i m p r e g n a t i o n  or c o r r o s i o n  of the r e f r a c t o r y  by the s lag (K), def ined as the r a t io  

TABLE 1. C h a r a c t e r i s t i c s  of the In i t i a l  M a t e r i a l s  

Material 

Roasted dolomite* 
MI-88 magnesite powder 
MDPK-75 magnesite powder 

Chemical composition, % 

~176 ~176 1,41 0,69 1,O ~ 54,98 39,43 
2,90 0,73 1,6 ] 2,68 92,09 
0,40 1,20 2,3 I 5,96 86,07 

* C a l c i n a t i o n  loss  1.76%. 

Appar- 
ent den- 
sity, 
g/cm s 

Open 
porosity, 

% 

6,57 
16,63 
15,0 

TABLE 2. C r u c i b l e  C h a r a c t e r i s t i c s  be fore  T e s t  for  Slag R e s i s t a n c e  

Indices 

Chemical composition, %: 
SiO2 
Fe2Oa 
AI20a 
CaO 
MgO . . . . . . . . .  
C . . . . . . . . . .  

Gas permeability, /lm 2 
Apparent density, g/era 3 
Open porosity, % 

2,8C 
1,55 
0,7G 
2,58 
{9,0C 
3,2C 
),034 
2,54 
24,9 

carbonized 

0,3c~ 1,66 
2,26 1,2~ 
1,16 0,6S 

7,0~ ~6,75 
~7,04 ~6,26 
2,86 3,42 
),102 ),52r 
2,55 2,54 
24,9 22,5 

,-ff- 

1,38 2,78 
0,8s 1,54 
0,68 0,71 
i3,8C 2,57 
~8,9C 38,5C 
3,1C 4,0C 
1,455 ),027 
2,55 2,65 
24,0 22,4 

Values of indices for 
1eat-treated 

0,39 1,64 
2,26 1,22 
1,16 0,70 
6,97 )6,3G 
~5,50 i5,3C 
4,10 3,8C 
),051 ),234 
2,56 2,73 
22,1 17,8 

YS- 

1,38 2,90 
1,09 1,6C 
0,68 0,73 

53,60 2,68 
39,55 92,09 
3,85 

0,362 0,~5 
2,65 2,70 
19,3 20,2 

:rucibles* 

annealed 
rD~ 

0,41 1,72 
2,34 1,28 
1,20 0,71 
7,25 ~8,09 

89,6C i7,44 

2,64 2,90 
21,4 14,9 

TD ~ ~ TDIv 

1,44 2,72 0,37 1,68 
1,12 1,56 2,20 1,22 
0,70 0,68 1,13 0,68 
16,00 2,52 6,72 36,70 
~0,05 ~7,30 83,00 55,60 

5,8C 7,40 3,20 
i,~7 ),255 0,336 9,729 
2,92 2,82 2,79 2,94 
13,3 16,5 16,9 9,90 

impregnat-i~ 

TD 

1,36 
1,05 
0,67 

53,00 
38,70 
5,43 

1,831 
2,96 
10,0 

* TM, t a r - m a g n e s i t e  based  on MI-88 powder ;  TM-75 ,  t a r - m a g n e s i t e  based  on MDPK-75  powder ;  TDM, t a r -  
d o l o m i t e - - m a g n e s i t e ;  TD, t a r - d o l o m i t e .  
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TABLE 3. Results  of Determination 
of Degree  of Impregnation of Re-  
fractories  by Slag 

Refractory 

TM . . . 
T M - 7 5  - �9 
T D M  " �9 

T D .  - �9 

Degree  of i m p r e g n a t i o n  of 
crucibles*by slag, % 

,car-  "heat- an- 
bon- treated neale 
i zed  

9,0 4,2 9,1 
8,9 5(~3 13,3 
6,0 8,1 
2,1 0 3,0 

annealed 
and i m -  
p regna ted  

3,0 
3,8 
1,4 
0 

* M e a n  of the results  of investigation 
of two crucibles .  

of the area of impregnation or corros ion  of the crucible (Si or 82) to the total c r o s s - s e c t i o n a l  area of the 
crucible (St): 

K = S I / S t  . 100. (1) 

During the tests  we established that corros ion of the crucibles  by the slag was absent; therefore,  we 
determined only their degree of impregnation (Table 3). 

The data indicate that the presence  of carbon in the mater ia l  reduces  i ts  capacity to be impregnated by 
slag. In all case s  the degree of impregnation of the annealed specimens  is  higher than that of the others 
(carbonized, heat-treated,  or annealed and impregnated with pitch). The open porosity of the refractory 
exerts  a marked influence on the degree of impregnation. Carbonized refractories ,  with a higher porosity 
than the other carbon-containing ones (heat-treated and impregnated), are more  strongly impregnated by the 
slag. These refractories  are located in the following order with respect  to the degree of increase  in impregna- 
tion: TD--TDM--TM--TM-75. 

TABLE 4. Chemical  Analysis  of ReactiOn Zone of Crucibles 
after Tes t s  for Slag Resistance 

Oxides 

SiO2 . . . . . . . .  
Fe2Oa . . . . . . .  

Al2Oa . . . . . . .  

CaO . . . . . . . .  

MgO . . . . . . .  

TiO2 . . . . . . . .  

MnO . . . . . . .  

FeO . . . . . . . .  

Mass fraction of oxides  (%) in reaction Zone of crucibles 
carbonized heat -treated 

TM T M - q ~ T D M  TD TM ~ M - q 5 1 T D M  TD 

2,44 

3,77 

0,38 

5,9l 

84,67 

2,30 

3,30 

4,56 

0,72 

11,85 

76,87 

0,13 

2,50 

3,38 

3,72 

0,14 

34,90 

57,00 

0,95 

0,44 

3,54 

3,85 

0,38 

48,00 

42,50 

1,53 

0,45 

2881 2,93[ 235 
4,33 ] 7,90 3,60 

0,46 I 1,04 I 0,88 

5,76 6,77] 30,16 

84,95 78,86 ] 59,94 

- I ~ - ,r51 1,80 ] 3,35 

I 

Mass fraction of oxides (%) in reaction zone of crucibles 
Oxides 

SiO2 . . . . .  
Fe203 . . . .  

Al203 . . . .  

CaO . . . .  

t4gO 

Ti02 . . . .  

MnO . �9 

FeO . . . .  

2,06 

4,14 

0,22 

49,30 

41,30 

2,73 

annealed 

TM T M - 7 5  TDM 

3,07 3,15 3,31 

5,84 5,71 2,74 

0,29 0,39 0,75 

6,56 5,92 34,90 

82,22 81 ,72  55,85 
- -  0,10 0,05 

1,50 1,75 1,39 

0,50 0,13 0,27 

annealed and impregnated 
TD T M  i T M < 5  I T D M  TD 

2,03 

2,00 

0,20 

54,40 

41,00 

1,49 

0,27 

2,39 

2,77 

1,15 

2,88 

89,08 

0,10 

1,00 

0,24 

3,80 
3,73 
1,08 
8,39 

80,98 
0,10 
1,25 
0,24 

2,71 
3,18 
0,65 

33,20 
57,80 
0,12 
1,65 
0,26 

2,35 

2,46 

0,39 

53,60 

40,08 

1,48 

0,29 
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TABLE 5. Chemical  Composition of Slag, % 

Slag from Cal~i,. AI20~ + Fe2Os + 
crucible nation sio2 MnO lOSS + TiO2 + FeO 

TM 0,6t 28,30 1,35 0,25 2,75 
TM~q5 0,52 29,25 1,50 --  2,84 
TDM 0,80 28,50 1,25 0,95 2,34 
TD 0,44 25,38 1,60 0,76 2,80 

CoO MgO P205 

54,95 9,30 2,28 
55,84 8,29 2,05 
56,65 7,04 2,25 
53,43 12,96 2,40 

The degree of increase  in impregnation of the r e f r ac to ry  with slag inc reases  with its magnesium oxide 
content. In magnesi te  r e f r ac to r i e s  the impregnation with slag dec reases  with an increase  in the purity of the 
mater ia l .  

Chemical  analysis  of the react ion zone of the crucibles  af ter  the test  for slag res is tance  (Table 4) indi- 
cates  an increase  in the content of i ron and manganese oxides in this zone; this is due to penetrat ion of the 
slag' s low-melting components into the re f rac tory .  Confirmation of this assumption is provided by the resul ts  
of chemical  analysis  of slag beads left in the carbonized crucibles  after  the tes ts  (Table 5). 

Table 5 shows that the content of oxides in the low-melting phases  of the slag (FeO, Fe203, MnO) was 
sharply reduced in compar ison with that in the initial slag. 

A microscopic  investigation of specimens of the crucibles* in polished sections and immers ion  p repa ra -  
tions revealed that the react ion zone of the magnesi te  r e f r ac to r i e s  displays recrys ta l l iza t ion  of the per ic lase  
grains ,  accompanied by their  enlargement  and an increase  in the porosi ty  of the zone. The increase  In the 
porosi ty  promotes  g r ea t e r  saturation of the contact  zone with the fused slag. In the deeper layers  of the 
react ion zone, adjoining the carbon-containing zone of the crucibles ,  i ron and manganese oxides are  reduced 
to the metal .  In the subzone of the react ion zone of magnesi te  r e f rac to r i es ,  in contact  with the slag, the 
per ic lase  gra ins  are  saturated with magnes iofer r i te ;  calcium fe r r i t e  occupies the in te rs t ices  between them. 

In dolomite r e f r ac to r i e s  no significant changes in the large gra ins  of lime are  observed; calc ium and 
magnesium fe r r i t e s  are  located between the lime grains.  It is  cha rac te r i s t i c  that in all cases  calcium sil icates 
are  concentrated in the deeper layers  of the react ion zone, adjoining the carbon-containing unaltered zone. 

Phase chemical  analysis  of the react ion zone of t a r -magnes i t e  and ta r -do lomi te - -magnes i te  r e f r ac to r i e s  
(Table 6) shows that the m o u n t  of magnes iofer r i te  in the magnesi te  r e f r ac to ry  is near ly  double that in the 
do lomi te -magnes i te  r e f rac to ry ,  their  dicalcium fer r i te  contents being approximately the same. The increase  
in the calcium silicate content of the magnesi te  r e f r ac to ry  is due to its g r e a t e r  saturation with the fused slag. 

Thus, the resu l t s  of static determination of the slag res i s tance  of conver te r  r e f rac to r i e s  of var ious  
types have shown that magnesi te  r e f r ac to r i e s  are  more  strongly impregnated with slag than dolomite r e f r ac -  
tories .  This is due to recrys taUizat ion  of the per ic lase  gra ins  in the presence  of a liquid phase, accompanied 
by growth of the gra ins  and by their  saturat ion with magnes iofer r i te ;  this can induce distention of the reaction 
zone of the r e f r ac to ry  and its spallation at the service  tempera tures .  

* Pe r fo rmed  by N. A. Sheveleva. 

TABLE 6. Mass Frac t ion  of Cam-  
pounds Fo rmed  in Reaction Zone of 
the Refractor ies .  

Dical 
ciurn 

Refractory ferrit, 

Tar-dolomite 0,93 
Tar- dolomite- 
magnesite 1,07 

Dicalcium 
Ma~- and trical- 
neslo- eium sill- 
fertile icates, recal- 

':culated to 
2CaO. SiC~ 

6,52 4,59 

3,47 3,58 

* According to resul ts  of phase chemi-  
cal analysis.  
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Dolomite r e f r ac to r i e s  are less  strongly impregnated with slag. They decompose principal ly at the 
binder, which as a resul t  of i ts react ion with the low-melt ing components of the slag, gradually becomes 
s imi lar  to it in phase composit ion; as a consequence eros ion of the react ion zone of the r e f r ac to ry  during 
serv ice  is  possible.  The question of the advantage of use of a par t i cu la r  type of ar t i fact  can be definitely 
solved by investigating the disintegration kinetics of t a r -do lomi te  and t a r -magnes i t e  r e f r ac to r i e s .  

CONCLUSIONS 

Converter slags based on a tar binder are located in the following order with respect to the increase in 
the degree of impregnation with slag: dolomite-* dolomite--magnesite ~magnesite. The greater degree of 

impregnation of magnesite refractories is due to recrystallization of the periclase grains, accompanied by an 
increase in their size, by saturation with magnesioferrite, and by dilatation of the reaction zone of the re- 
fractory. 

The degree of impregnation of the refractory with slag increases with the open porosity of the material 
and its impurity content. 

The presence of a coke residue in tar-bound and pitch-impregnated roasted refractories reduces their 
impregnation by fused slag. 

Converter refractories are located in the following order with respect to the degree of influence of 
preliminary heat treatment on the increase in the penetrability by slag: roasted, pitch-impregnated--*heat- 
treated-* carbonized-* roasted. 

COMPOSITIONS OF MAGNFSITF ARTICLES AND THE 

ANALYSIS OF PHASE EQUILIBRIA IN THE 

CaO--MgO--SiO 2 SYSTEM 

M. N. Kaibicheva and L. V. Ovsyannikava UDC 666.762.3.001.5 

The reduction of mult icomponent sys tems  to a t e rnary  sys tem is well known and is included in textbooks 
on the physical  chemis t ry  of si l icates [1, 2]. However,  this principle is not sufficiently used. It is only in 
recent  y e a r s  that a few papers  have been published in which it is repor ted  that the composit ions of the initial 
r e f r ac to ry  mate r ia l s  and also of local samples  after  service  [3, 4] have been reducedto  t e rna ry  composit ions.  

The difficulty lies in the co r r ec t  calculation of the coefficients which demand a knowledge of the final 
phases.  This is par t icu lar ly  important  in the case of sil icate sys tems  where it is necessa ry  to reduce 
severa l  individual oxides, e .g . ,  A1203, Fe203, to SIO2, which is allowed on c rys t a l - chemica l  considerat ions  

GOST 4689--74 
GOST 4689--74 
GOST 10360--63 
TU of Magnesite 
combine 

TABLE 1. Norms  in Accordance 
with State Standards (GOST) and 
Technical  Specifications (TU) for 
the Chemical  Composition of 
Magnesite Ref rac tor ies  

---C~onc., %~ 
Documentation MgO, CoO, SiO~, 

91 3 3 
89 4 3 
90,5 2,5 3,5 

88 4 4 

* Here and henceforth,  mass  f r ac -  
tions are  given. 

S. M. Kirov Ural  Polytechnic Institute. Transla ted from Ogneupory, No. 12, pp. 34-39, December ,  1980. 

0034-3102/80/1112-  0645507.50 �9 1981 Plenum Publishing Corporat ion 645 


