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The refractory bricks structure impact on such operational properties as slag resistance and heat resistance is con-
sidered. Chamotte brick used in the RK metallurgical plants and refractory brick made according to the new technol-
ogy with the use of non-stationary pressure have been used as samples. The products porosity has been studied. It 
has been shown that porosity, slag resistance and heat resistance of products manufactured using non-stationary 
pressure is higher than those of the reference.
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INTRODUCTION

The  performance properties of refractory bricks 
used as the lining determine largely not only the pro-
ductivity of metallurgical units (melting furnaces and 
furnaces for heat treatment, ladles, baths, etc.), but also 
the quality of the finished products. The destruction of 
the lining made of refractory bricks leads:

-  firstly, to the forced downtime of metallurgical ag-
gregates caused by repair work, which negatively 
affects the production cost;

-  secondly, to the clogging of the smelted metal with 
nonmetallic inclusions of both exogenous and en-
dogenous origin, mechanical impurities, etc.

Thus, the properties of refractory bricks used in met-
allurgical aggregates as the lining determine both the 
quality and the cost of finished metallurgical products.

Therefore, all activities aimed at improving the op-
erational properties of refractory bricks are relevant.

One of the main operational properties of refractory 
bricks used as the lining of smelting furnaces is their 
slag resistance and heat resistance. In this case slag re-
sistance means the depth of slag penetration into the lin-
ing; heat resistance means the number of the refractory 
immersions into the melt without destroying it. Both 
indicators depend on the chemical composition of the 
melt (slag) and the structure and composition of the re-
fractory itself [1].

It is obvious that the optimal refractory structure in 
terms of these properties is its dense structure that will 
prevent the melt from penetrating into the lining body 
and thereby reduce the risk of destruction. On the oth-
er hand, a completely non-porous article has a signifi-
cant mass, which is also undesirable. Consequently, 
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the ideal structure of the refractory for ensuring the 
optimum performance properties will be the closed 
type porous structure that, on the one hand, provides 
the minimum mass of the product, on the other hand, it 
prevents the melt penetration and prevents its destruc-
tion.

Previous studies of the effect of the pressing and 
sintering mode made it possible to determine the mode 
[2] that provides the structure that is close enough to 
ideal. It is proposed to use alternating pressure as the 
pressing mode, which makes it possible to form a fair-
ly homogeneous structure that, with a properly select-
ed sintering mode, provides the closed type porosity. 
Based on the results of the studies, the parameters of 
the technology for manufacturing refractory chamotte 
bricks with optimal porosity and high thermal stability 
have been determined. The composition of the non-
pressurized mass is as follows: fractions 2,5 - 3 mm 
chamotte: 55 %, fractions 0,1 - 0,3 mm chamotte: 5,5 %, 
clay suspension: 39,5 %. The moisture content of the 
mass is 3 - 4 %. Pressing should be performed within 
12 seconds, the basic (initial) pressure is 22 MPa, after 
7 - 8 seconds it increases to 27 MPa. Sintering is car-
ried out at the temperature 1 250-1 270 °С within 12 
hours.

Studying the porous structure of refractories have 
been carried out by the method of mercury porosimetry 
on porosimeter of the PascalPoreMaster 60 system. The 
results of the studies are shown in Figure 1.

EXPERIMENTAL STUDIES

Equipment and tools

The comparison of the porous structure of the refrac-
tory used at present (reference) and the structure of the 
refractory obtained according to the proposed compress-
ing and sintering mode speaks in favor of the latter.
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Figure 1 shows that the nature of the pore distribu-
tion varies depending on the nature of the applied load. 
With a variable load the pore size distribution curve 
shifts towards smaller pores. The studies have shown 
that the largest pore volume when a variable load is ap-
plied is in the range of 0,1-0,3 μm, while for the refer-
ence this value is 0,7-1,0 μm. It is obvious that decreas-
ing the average pore size and redistributing the pore 
volume towards the fine pores is a favorable factor, 
since it will help reducing the flow of slag into the pores 
and thereby increasing the refractory slag resistance.

The obtained test samples and the reference have 
been used for preparing samples to  determine slag re-
sistance. For this purpose cylindrical holes with the 15 mm 
diameter and 35 mm depth have been made in the sam-
ples. These holes have been filled with slag after smelt-
ing 35HMFL grade steel in the arc steel furnace. For 
comparison the same operation has been done with the 
reference. Then the samples have been placed in the Na-
berthermLHT furnace and kept at the temperature of 
1 550 °C (the slag has been in the molten state) within 4 
hours. After complete cooling the samples have been 

cut with the cross section (010) and the depth of pene-
tration of the slag has been studied with magnification 
X50. The slag penetration has been determined at five 
points, the data of the studies are given in Table 1. The 
points for determining the penetration depth have been 
located radially around the central point.

Table 1 – Determining the depth of slag penetration / mm

No. point 1
(center)

point 2
(10 cm 
from 
the 

center)

point  3
(10 cm 
from 
the 

center)

point  4
(10 cm 
from 
the 

center)

point  5
(10 cm 
from 
the 

center)

aver-
age 

num-
ber

Reference 4, 14 3, 87 3,98 3,81 3, 76 3,91
Experimen-
tal sample

2, 26 2, 19 2,16 2,17 2,17 2,19

The data in Table 1 show that the depth of the slag 
penetration in the reference sample is higher and aver-
ages 3,91 mm. For the experiment this value is reduced 
and makes 2,19 mm. Thus, this indicator is improved by 
almost 40 %.

The principal difference between the reference and 
the experiment is also the nature of  changing the brick 
slag resistance depending on the site of sampling. For the 
reference the difference between the depth of penetration 
in the center and the periphery is about 9 %; at the same 
time for the experiment this value is only 4 % (Figure 2).

Such a difference in the depth of penetration in the 
center of the sample and at the periphery is due to the 
uneven structure of the brick. For the reference (ob-
tained at constant compression pressure) non-uniform 
distribution of density and pore volume is characteris-
tic, while in the test sample the difference in density and 
porosity between the center and periphery is leveled by 
the use of non-stationary pressure.

The same tendency has been observed when the slag 
produced during the melting of cast iron of the GCI25 
grade has been used as the penetrating melt. For the ref-
erence the slag average penetration depth into the sam-
ple was 1,14 mm, for the test sample 0,95 mm. And for 

Figure 1  Pore distribution in chamotte bricks obtained using: 
а) a usual mode (reference); b) a variable load

а)

b)

Figure 2  Diagram of changing slag resistance depending on 
the site of sampling
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the reference the difference in the depth of penetration 
between the center and the periphery has been about 8 %, 
for the experiment 3 %.

The carried out studies of slag resistance and poros-
ity have shown that reference samples made at constant 
pressure contain on the surface significantly larger 
pores than the test sample. This leads to easier and 
deeper penetration of the slag. Consequently, the use of 
a variable load during pressing helps reducing the size 
and the amount of open pores, which in turn leads to 
increasing slag resistance.

It is known [3, 4] that the thermal stability of the lin-
ing is affected not only by the quality of the lining itself, 
but also by the nature of the melt. In this connection ex-
periments have been carried out to study the effect of the 
melt composition on heat resistance of bricks made using 
non-stationary pressure. For this the samples have been 
immersed in melts of various compositions (Table 2).

The test samples have been cylinders 80 mm in 
height and 30 mm in diameter (Figure 4). The samples 
have been formed in special sleeves using non-station-
ary pressure in accordance with the above-mentioned 
mode, then sintered at the temperature of 1 250 °C. The 
temperature resistance of the samples has been deter-
mined by the number of immersions into the melt at the 
temperature of 1 450 °C without destroying the integri-
ty of the sample. The sample has been kept in the melt 

within 15 minutes, after which the sample has been re-
moved. After cooling to the room temperature the sam-
ple has been again immersed in the melt. Separation of 
bricks into its components has meant the limit of heat 
resistance. Table 3 gives the data of the test sample heat 
resistance depending on the nature of the melt.

Table 3  Sample heat resistance depending on the melt nature 

Sample No. Melt grade Number of immersions
1 GCI25 26
2 40 or carbon steel 21
3 35HМFL 18

The data of Table 3 show that the sample that is im-
mersed in the melt No. 3 has the least heat resistance. It 
should be noted that at the experimental temperature the 
melts under study have different fluidity. It is obvious 
that fluidity has a great impact on heat resistance, be-
cause high fluidity promotes the melt flowing into the 
pores of the lining. Therefore, probably when we speak 
of the melt composition effect on heat resistance, in fact 
we speak of the fluidity impact.

CONCLUSION

Using non-stationary pressure during the proposed 
pressing and sintering mode in the process of manufac-

а)

b)

Figure 3  A sample after testing for slag resistance: а – sample 
surface, b – slag penetration into depth

Table 2  Chemical composition of the melts used for 

determining brick slag resistance

No. 1 2 3
Grade GCI25 40 35HMFL

С 3,2-3,4 0,36-  0,44 0,3- 0,4
Si 1,4-2,2 0,17- 0,37 0,2- 0,4

Mn 0,7-1,0 0,5-0,8 0,4- 0,9
S 0,15 0,035 0,04
P 0,2 0,035 0,03

Fe rem. rem. rem.
Ni - 0,2 0,3
Cr - 0,8-  1,1 0,8-1,1
Cu - 0,3 0,2
Mo - - 0,08- 0,12
V - - 0,06-  0,12

Figure 4 A sample after several immersions
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turing refractory bricks used for lining of smelting fur-
naces allows obtaining a uniform porous structure of 
closed type, a uniform density that increases the product 
slag resistance.

At this stage of the study it can be stated that at the 
same temperature the melt of the alloyed steel has a less 
negative effect on the refractory heat resistance than 
cast iron or carbon steel. The question which of the fac-
tors, composition or fluidity, has a greater impact on the 
refractory heat resistance is the subject of further re-
search.
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