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Using the technology developed by the Dnepropetrov Metallurgical Institute together with the Magnezit
and Zaporozhe Refractories Plants, an industrial batch of roof refractories weighing 1100 tons was pre-
pared, using clinker obtained from caustic magnesite.

The clinker was prepared at the Magnezit Factory by the dry method [2] from 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 properties of the materials for producing the articles 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 @ot less than 90% fractions <0.06 mm),

The preparation 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 temperature of 1700-1730°C 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 Cr,03 1810, I Al,O; | CaO ' Fe, 03
Magnesite ~ chromite clinker
(average porosity 12%). o v v v s v 76,1 11,2 | 2,8 2.5 2.3 6,0
Magnesite - chrornite powder . ... | 90,25 — 2,76 0,53 | 2,74 2,63
Chromite OT€. . s a4 c 2220000+ 0] 23,25 48,25 | 5,15 6,32 10,9 12,3
TABLE 2. Properties of the Brick
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TABLE 4. Wear of Experimental and Ordinary Periclase —Spinel Roof
Brick for Three Furnace Campaigns

Furnace No,5 Furnace No,6 Furnace No, 7 Furnace No,11
PShSO PShSO PShSO | PShSO |
Intensity of wear L3 e T L3
B = 5 58
per heat, mm Pope s |BBlr otz is |2glt |2 |3 [&E]1 |23 }ms
SE 3 & S E S8
i
Average 1,04/1,35(1,5011,011,091,10{1,56)1,0{1,4]1,03/1,50/1,1]0,07|1,1 1,4 1,0
Maximum 1,201,5011,75/1,511,27|1,50( 1,8 1,311,6/1,30/2,08/1,2{1,07/1,3/1,8{ 1,2
Minimum 0,9211,20(1,37!0,8/0,86/0,35/ 1,010,6/1,3 0,800,90, 1,00,83/0,9/1,0] 0,7

TABLE 5. Results of Investigations of the Brick after Service

Production brick sone g‘glizzizess Chemical composition of zone, %
technology 2 le | mgo | crio, | sio, | cao | an0, [F558
Clinker Working 6—10 | 38,3117,813,9214,69|5,72| 29,6
Sintered 8—12 161,71 16,7 14,94 | 5,311 3,9 7,41
Least changed 2—~6 66,7 | 16,7 { 4,20 | 2,20 | 3,54 ] 7,0
Periclase - spinel Working 15--30 |49,86| 9,841 3,50 | 6,50 | 3,7 | 36,30
Sintered ) 30—60 |69,9 | 8,88| 5,60 | 7,78 | 3,7 4,20
Periclase = spinel 2025 76,3 |10,7 | 4,05 (1,45 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. 8, 7, and 11 with burdens of 500 tons, The roofs of the furnaces were of the thrust-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
m?/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 Fig.2
Fig.l. Microstructure of periclase—spinel refractory. Without an-
alyzer (x32). Transmitted light.

Fig.2. Microstructure of clinker refractory. Without analyzer (x160),
Transmitted light.

Under the action of slags and dust at elevated temperatures the brick acquired a zoned structure
which is due to the movement through its capillaries of more fusible silicate compounds toward the cooler
side of the roof brick.

Petrographic studies showed that the periclase —spinel refractories are not homogeneous in structure.
Besides the complex spinel Mg (Fe, Al, Cr),0,, they contain coarse grains of periclase measuring from
0.5 to 4 mm in amounts of 30-40% of the whole area of the slide (Fig.1).

The monticellite formed in the refractory and other silicates in the form of fusible phases penetrate
into the slag. The pores are mainly longitudinal channel types, contributing to movement of liquid phases.

During firing both in the clinker and in the experimental roof refractories the chromite and magnesite
incorporated in the batches after combined grinding (finer than 60 1) undergo reactions, with the formation
of more uniformly distributed complex spinel Mg (Al, Fe, Cr),0, (rhombic, triagonal, and irregular crystals
in Fig.2).*

The remaining part of the periclase which is not present in the complex spinel, is uniformly distri-
buted between the complex spinel in the form of fine grains of oval shape impregnated by very fine crystals
of complex spinel.

The forsterite, monticellite, and possibly other fusible compounds are distributed in the form of very
fine films between the complex spinel and the periclase., The pores are fine and rounded in form,

CONCLUSIONS

Roof refractories made using magnesite —chromite clinker obtained from caustic magnesite in the
comparative tests had better factors, and a more homogeneous structure than periclase —spinel, and ordi-
nary magnesite —chromite roof refractories. The wear resistance of the roof refractories (in millimeters
per heat) made by the proposed technology, using clinker, is 25% higher in average experimental campaigns
compared with the three previous campaigns,
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* The surrounding crystals of spinel in the body of the refractory apparently were partly broken up during
preparation of the thin section,
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