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Using the technology developed by the Dnepropetrov Metallurgical institute together with the Magnezit 
and Zaporozhe Refractor ies  Plants,  an industrial batch of roof re f rac tor ies  weighing 1100 tons was p re -  
pared, using clinker obtained f rom caustic magnesite.  

The clinker was prepared at the Magnezit Factory by the dry method [2] f rom 20-25% chromite  and 
75-80% caustic magnesite with contained 2-3% more magnesium oxide than the magnesite powder used for 
producing PShSO products.  In addition the caustic magnesite was more homogeneous in its composition. 
The proper t ies  of the mater ia ls  for producing the ar t ic les  are  given in Table 1. 

The composition of the batch was 35-40% clinker fractions 3-1 mm, 30-25% clinker fractions 1-0 mm, 
35% finely milled mixture based on 60% chromite and 40% magnesite (not Iess than 90% fractions <0.06 mm). 

The preparat ion of the bodies, pressing,  and drying of the goods was done with the cycles used at the 
Zaporozhe Plant. The products were fired in a tunnel kiln at a maximum tempera ture  of 1700-1730~ with 
a soak of 4 h. The bricks were 460 mm and 520 mm long. 

TABLE 1. Chemical Composition of the Starting Materials ,  % 

Material MgO I CrzOs SiO z A1203 CaO Fe203 

i 

/ 

Magnesite- chromite clinker t 
(average porosity 12%) . . . . . . . .  76, I [ 11,2 2,8 2,5 2,3 6,0 

Magnesite - chromite powder . . . .  90,25 2,76 O, 53 2,74 2,63 
Chromite ore . . . . . . . . . . . . . . .  23,25 48~-25 5,15 6, 32 O, 96 12,3 

TABLE 2. Pro  

Roof brick 

Experimental . . . .  
Ordinary periclase 

- s p i n e l . . . . . .  

3erties of the Brick 

t '~' 

t~ v 

~~ l e =  

~ o l  O 

1618 i 5 
1565 6 

I~ Chemical composition, % 

16,5' I 464 /74,0511!,6s/4,82 

/ 
2,40 3,94 / 5,74 

Not deter-I 
2,25 mined | 5,43 

Dnepropetrovsk Metallurgical Institute. Zaporozhe Refractor ies  Plant. Zaporozhe Steel Factory.  
Gisogneupor. Ministry of Fer rous  Metallurgy of the Ukrainian SSR. Translated f rom Ogneupory, No. 5, pp. 
23-27, May, 1971. 

O 1971 Consultants Bureau, a division of Plenum Publishing Corporation: 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available [rom the publisher for $15.00. 
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TABLE 4. Wear of Experimental and Ordinary Perielase-Spinel Roof 
Brick for Three Furnace Campaigns 

- Furnace~No.5 Furnace No.6 Furnace No.? Furnace No.ll 
~--V J ps-gfffd-F I Ps--ffd-F-l~-F- 

p e r  h e a t ,  m m  1 2 3 ~ 1 2 3 t~ o I 2 3 1 2 3 

Maximum ]1,201 501 75[1,511,271,50 1,8 1,3 1,6 1,302,08 1,2 1,0711,3]1 91 1,2 
Minimum 10,9211:20[1:37 0,810,860,35 1 0,0,6 1,3 0,800,90 1,0/0,830,9 1:0 0,7 

TABLE 5. 

Production 
technology 

Clinker 

Periclase - spinel 

Resu l t s  of Inves t iga t ions  of  the B r i c k  a f t e r  S e r v i c e  

Brick zone 
Thicknesst Chemical composition of zone, % 
of  zone,  ~ o  c a" ~ jFo,o, 
m m  M g  r~O~ SiO2 CaO l~u~ H-FeO 

Working 
Sintered 
Least changed 

Working 
Sintered 
Periclase - spinel 

I 
6--10 38,3 t 17,8 
8--12 61,7 I 16,7 
2--6 , 66,7 16,7 

15--30 49,8q 9 84] 
30--60 69,9 8,88 I 
20--25 76,3 ! 10,7 

3,92 4,69 
4,94 5,31 
4,20 2,20 

3,50 6,50 
5,60 7,78 
4,05 1,45 

5,72 I 29,6 3,90 7,41 
3,54 7,0 

3,7 I 36,30 3,7 4,20 
3,05 4,35 

The properties of the experimental roof refractories made by using clinker and also periclase-spinel 
refractories produced by the Zaporozhe Plant are given in Table 2. The clinker products have the better 
properties. 

Service of Roof Refractories in Open Hearth Furnaces. The experimental brick was used to make the 
roofs of four open-hearth furnaces at the Zaporozhe Steel Factory: furnace No.4 with a burden of 250 tons, 
and furnaces Nos. 6, 7, and ii with burdens of 500 tons. The roofs of the furnaces were of the thrnst-sus- 
pension type with a ribbed construction with suspensions of the Ukrainian Institute system. The furnaces 
were operated by the scrap-ore process using about 60% liquid iron in the batch. The oxygen was fed into 
the flame and through the roof lances into the bath. 

During the operation of the open-hearth furnaces with the experimental roofs certain technical fea- 
tures were noted in each of them. 

Furnace No. 4. During the campaign with the experimental roof, the intensity of feeding oxygen into 
the bath was 50% greater than usual, the last 49 heats of the campaign were blown with oxygen feed of 3470 
m3/h, which in terms of intensification of steel melting approximated to the working cycle of furnace No. 5. 
The time of the heat was greatly reduced and equaled 5.99 h. Usually the duration of the heat without blow- 
ing oxygen in the tank is 7.74 h. 

Furnace No. 6. After 194 heats was stopped in connection with the emergency demolition of the "joint" 
from the surface of the right vertical channel. After the second breakout it was stopped for cold repairs 
although the state of the main roof permitted continuation of the campaign. 

Furnace No. 7. Subjected to guncreting with magnesite-chromite body; the roof of the experimental 
brick was worn by scaling, and after 197 heats it was necessary to replace 37 rings of the central zone. 

The working factors for the operation of the furnaces in the comparable periods are given in Table 3. 
After completion of the campaign during cold repairs measurements were made of the residual thickness 
of the roof, and the wear intensity of the refractories determined in millimeters per heat. Comparative 
results for the wear per heat of the experimental clinker refractory and the periclase-spinel refractory 
in terms of the campaigns for each furnace are given in Table 4. 

On average for the entire experimental roof system the wear per heat of refractories using clinker 
is 25% less than that of periclase-spinel refractories for the three previous campaigns. 

Investigation of Refractories after Service. In the worked roof brick both the experimental, using 
clinker, and the usual pericalse-spinel composition, measurements were made of the thickness of the zones, 
and samples taken from each zone for petrographic and chemical-mineralogical study (Table 5). 
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Fig. 1. Mic ros t ruc tu re  of p e r i c l a s e - s p i n e l  r e f r a c t o r y .  Without an-  
a lyze r  (x32). T ransmi t t ed  light. 

F ig .2 .  Mic ros t ruc tu re  of c l inker  r e f r a c t o r y .  Without ana lyze r  (x160). 
T ransmi t t ed  light. 

Under the action of s lags  and dust at e levated t e m p e r a t u r e s  the b r i ck  acquired  a zoned s t ruc tu re  
which is due to the movement  through its cap i l l a r i e s  of m o r e  fusible s i l ica te  compounds toward the coo le r  
side of the roof  br ick .  

Pe t rograph ic  studies showed that the p e r i c l a s e - s p i n e l  r e f r a c t o r i e s  a re  not homogeneous in s t ruc tu re .  
Bes ides  the complex spinel Mg (Fe, A1, Cr)204, they contain c o a r s e  gra ins  of p e r i c l a s e  measu r ing  f r o m  
0.5 to 4 m m  in amounts of 30-40% of the whole a r e a  of the sl ide (Fig. 1). 

The monticel l i te  fo rmed  in the r e f r a c t o r y  and other  s i l i ca tes  in the f o r m  of fusible phases  pene t ra te  
into the s lag.  The pores  a re  mainly longitudinal channel types ,  contr ibuting to movement  of liquid phases .  

During f i r ing both in the c l inker  and in the exper imen ta l  roof  r e f r a c t o r i e s  the ch romi te  and magnes i te  
incorpora ted  in the batches  a f t e r  combined grinding (finer than 60 #) undergo reac t ions ,  with the fo rmat ion  
of more  uni formly  dis t r ibuted complex spinel  Mg (A1, Fe, Cr)204 (rhombic,  t r iagonal ,  and i r r e g u l a r  c r y s t a l s  
in Fig. 2).* 

The remain ing  pa r t  of the p e r i c l a s e  which is not p resen t  in the complex spinel ,  is un i formly  d i s t r i -  
buted between the complex spinel  in the f o r m  of fine gra ins  of oval shape impregna ted  by ve ry  fine c ry s t a l s  
of complex spinel .  

The fo r s t e r i t e ,  monticel l i te ,  and poss ib ly  other  fusible compounds a re  d is t r ibuted in the fo rm of ve ry  
fine f i lms between the complex spinel  and the pe r i c l a se .  The pores  a re  fine and rounded in fo rm.  

C O N C L U S I O N S  

Roof r e f r a c t o r i e s  made using m a g n e s i t e - c h r o m i t e  c l inker  obtained f r o m  caust ic  magnes i te  in the 
compara t i ve  tes t s  had be t t e r  f ac to r s ,  and a more  homogeneous s t ruc tu re  than p e r i c l a s e - s p i n e l ,  and o rd i -  
na ry  m a g n e s i t e - c h r o m i t e  roof  r e f r a c t o r i e s .  The wea r  r e s i s t ance  of the roof  r e f r a c t o r i e s  (in m i l l i m e t e r s  
p e r  heat) made by the proposed  technology, using c l inker ,  is 25% higher  in ave rage  expe r imen ta l  campaigns  
compared  with the th ree  previous  campaigns .  

1. 
2. 
3. 
4. 
5. 
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* The surrounding c r y s t a l s  of spinel  in the body of the r e f r a c t o r y  apparent ly  we re  pa r t ly  b roken  up during 
p repa ra t ion  of the thin sect ion.  
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