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Abstract

MgO-C bricks have been used in BOF, RH and electric arc furnaces. In some applications, a

decrease in carbon content is required to improve durability and solve environment problems.

However, the spalling resistance of MgO-C brick is greatly decreased by decreasing the carbon

content. The innovation of thin layers composed of organic compound around magnesia grains

to absorb the thermal expansion of magnesia and the application of special pitch powders have

been studied in order to improve the poor spalling resistance in low carbon MgO-C bricks. As a
result, low carbon MgO-C bricks with the high spalling resistance called “GAIREX" have been
developed. This paper is about the GAIREX series of low carbon MgO-C bricks.
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1. Introduction

Recently, there is concern for environmental
problems such as global warming. However,
MgO-C bricks are not environment-friendly
refractories because they contain carbon. MgO-
C bricks can emit greenhouse effect gases such
as carbon dioxide with the oxidation of carbon,
and they have larger heat loss because of high
thermal conductivity. Because of these environ-
mental drawbacks, demands to decrease the
carbon content of MgO-C bricks will increase
more and more.

However, the decrease of carbon induces
marked deterioration of spalling resistance.
Especially, in the case of BOF, higher carbon
MgO-C bricks with a carbon content of more

than 15mass% are usually applied because
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Fig. 1 Cross section of MgO-C samples after
spalling test.
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bricks for BOF linings are very long and large,
so they are more sensitive to thermal spalling
damage caused by fluctuation of temperature
and may reduce the service life of furnace lin-
ing. The spalling resistance of MgO-C bricks for
BOF linings is more important in comparison
with that for other furnaces such as RH and
ladle lining. This reduces the usefulness of low
carbon MgO-C bricks for BOF linings.
Therefore, improving spalling resistance
i1s essential to developing low carbon MgO-C
bricks. The innovation of a thin coating around
the magnesia grains to absorb the thermal
expansion of magnesia and the application of
special pitch powders have been studied to
solve this problem. GAIREX is a new product
for steel making vessels with good spalling
resistance and a carbon content of less than

12mass%.
2. Characteristics of GAIREX

The most significant characteristic of
GAIREX is good spalling resistance. GAIREX
with 12mass% carbon has the same spalling
resistance as that of ordinary MgO-C with
17mass% carbon. Fig.1 is a cross sections after
the spalling test. Samples burned at 1000C in
a coke breeze were dipped into 1650C molten
iron in an induction furnace. Some cracks were
observed in the ordinary material with 12mass%
carbon, on the other hand, in GAIREX with
12mass% carbon and ordinary material with
17mass% carbon, no cracks were observed.
GAIREX has as good spalling resistance as
ordinary material with 17mass% carbon. The
reasons why the spalling resistance is reduced
in ordinary MgO-C bricks in accordance with
the decrease in carbon content is the increase in

thermal expansion caused by the large thermal
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Fig. 2 Microstructures of MgO-C samples
after drying.
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Fig. 3 Modulus of elasticity of MgO-C samples
after heating at 1000°C or 1500°C in reduc-
ing atmosphere.
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Fig. 4 Thermal expansion rate of samples under
1MPa load in reducing atmosphere.

expansion of magnesia, and the increase in the
modulus of elasticity caused by the sintering
of magnesia grains. In GAIREX, thin layers
composed of organic compound around part of
the magnesia grains, as shown in Fig.2, have
been innovated in order to absorb the thermal
expansion of the magnesia grains. This technol-
ogy has reduced the modulus of elasticity and
thermal expansion. Fig.3 shows the modulus
of elasticity after burning, and Fig.4 shows the
thermal expansion curves under a load of 1MPa.
The modulus of elasticity of GAIREX is lower
than that of ordinary materials, and GAIREX
shows lower thermal expansion under a load
of around 500C compared to that of ordinary
materials.

On the other hand, appropriate strength is
required of MgO-C bricks for the furnace lining.
Special pitch powders are used in GAIREX in
order to increase the hot strength. We found that
these pitch powders were effective in increasing
the hot modulus of rupture in a past study’.
As shown in Fig.5, GAIREX has as much hot
strength as ordinary materials do. Moreover, as
GAIREX has lower thermal conductivity with

its low carbon content, heat loss is reduced and
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Fig. 5 Hot modulus of rupture of MgO-C samples

at 1400°C in reducing atmosphere.

the shell deformation is prevented.
The

follows.

Characteristics of GAIREX are as

(1) The spalling resistance of GAIREX is as
good as well as ordinary MgO-C brick

with 17mass% carbon.

(2) Lower modulus of elasticity and lower

thermal expansion.

(3) Appropriate hot strength which is as good

as ordinary MgO-C brick.

(4) Lower thermal conductivity.

Table 1 shows the typical properties of
GAIREX and ordinary MgO-C bricks.

3. High Corrosion Resistance GAIREX

GAIREX is almost equal to ordinary

Table 1 Typical properties

Ordinary(C=17%) Ordinary(C=12%) GAIREX(C=12%)

Chemical composition/mass%

MgO 77 81 81

C 17 12 12
After drying
Apparent porosity/% 3.5 3.5 3.5
Bulk density/g * cm” 2.98 3.03 3.03
Cold crushing strength/MPa 35 36 30
Hot modulus of rupture/MPa at 1400°C 13 15 13
Thermal conductivity/W « (m + K)" at 600°C 25 20 19
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Fig. 6 Results of corrosion test for MgO-C sample.
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17mass% carbon MgO-C brick in corrosion
resistance. High corrosion resistance GAIREX
is called GAIREX-H and has been developed to
improve durability. Fig.6 shows a cross sections
after the slag test. The slag test was performed
at 1650C for 5hrs in a rotary drum furnace
heated by oxygen-propane. The flux was BOF
slag and replaced every 1lhr. The corrosion
resistance of GAIREX was the same as that of
ordinary 17mass% carbon brick, on the other
hand, the corrosion resistance of GAIREX-H
was much superior to that of ordinary 17mass%
carbon brick. However, the spalling resistance
of GAIREX-H has shown to be inferior to that
of ordinary 17mass% carbon MgO-C brick. We
have been improving the spalling resistance of
GAIREX-H.
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4. Conclusion

The application of GAIREX for BOF lining
will contribute to the conservation of the global
environment on account of characteristics such
as low carbon and low thermal conductivity.
Recently, we have been trying the application
of the GAIREX series to the BOF, it has been
performing with no trouble. The GAIREX
series gives excellent performance while being
environment-friendly as well as the highly
durable.
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