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C-SiC Bricks for Industrial Furnaces Operating under Reducing Atmosphere
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Abstract

Although MgO-C bricks are widely used in the electric arc furnace for steelmaking, submerged
arc furnaces (SAF) for ferroalloy-making are generally lined with carbon blocks. In the case of
electric resistance furnaces (ERF) for ash-melting, which are based on SAF technology, C-SiC
bricks are used. Because both SAF and ERF continuously operate under a reducing atmosphere,
non-oxide refractories (carbon blocks, C-SiC bricks) perform well without oxidation.

C-SiC bricks are characterized by high corrosion resistance to slag and high thermal conductivity.
In addition, C-SiC bricks have better oxidation resistance than carbon blocks. C-SiC bricks can be

substituted for carbon blocks in various types of industrial furnaces operating under a reducing
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atmosphere.
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1. Introduction

The Electric arc furnace (EAF), developed
by Paul Heroult in 1899, has been widely used
for melting or smelting various materials includ-
ing steel. EAF for steelmaking have electrodes
located above the charged raw materials of
scrap iron or reduced iron. In this open type of
EAF, an arc forms between the electrodes and
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Electric arc furnace

Submerged arc furnace

Fig. 1 Structures of electric arc furnaces.
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melts the raw materials. In addition, oxygen is
blown to scrap iron from lance to accelerate the
scrap meltdown.

While the steelmaking EAF is used for
melting, the EAF used for ferroalloys or
carbides production is aimed at performing
smelting or creating a reduction reaction of
raw materials at high temperatures”. This type
of EAF is known as a submerged arc furnace
(SAF) because the electrode tips are buried in
the charged materials or formed slag (Fig. 1). In
view of the heating mechanism, the SAF can be
classified as an electric resistance furnace. This
IS because a charge forms the electrical resis-
tance to generate the heat required, although
arching also occurs through the slag. However,
the design of the SAF resembles the steelmak-
ing EAF rather than general electric-resistance
furnaces. Hence this type of furnace is gener-
ally called a submerged “arc” furnace. Recently,
SAF technology has been applied to ash melt-
ing furnaces, which are generally called electric
resistance furnaces (ERF)?"?

In view of the refractory lining, carbon-con-
taining oxide bricks, especially MgO-C bricks,
are widely used in the steelmaking EAF. On
the other hand, carbon blocks are mainly used
in the ferroalloy-producing SAF”, and C-SiC
bricks are used in the ash-melting ERF®. Unlike
the steelmaking EAF, both the SAF and ERF
are operated on a continuous, rather than batch,
basis. As a result, the refractory lining is kept
under reducing atmosphere during long-term
operation. Hence non-oxide refractory materi-
als, carbon or C-SiC, perform well without
atmospheric oxidation in the SAF and ERF.

We are manufacturing C-SiC bricks mainly
for the ash-melting ERF. In technical history,
C-SiC bricks were the developed for bottom
lining of iron-making blast furnaces to pre-

vent penetration of pig iron into refractories®.
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Table 1 Properties of C-SiC bricks
CBC-20AG-3|CBC-15AG-3

Apparent Porosity (%) 21.0 19.0
Bulk density (g/cm?) 1.8b 1.80
Cold crushing strength (MPa) 25 25
Modulus of rupture (MPa) 8 8
at room temperature.
Thermal expansion (%)

at 1000°C 0.4 04
Thermal conductivity(W/mK)

at 1000°C 26.5 28.0
Chemical composition (mass%)

Al:Os 7 4

SiC+C 88 90
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However, similar to carbon block, C-SiC bricks
are also characterized by high corrosion resis-
tance to slag and high thermal conductivity
which is advantageous for a refractory cooling
system. In addition, C-SiC bricks have better
oxidation resistance than carbon blocks. Hence
they came to be used for the slagline of the ash-
melting ERF. In the case of the bottom lining of
the blast furnace, both carbon blocks and C-SiC
bricks are similarly used. Even in other type
of industrial furnaces operating under reducing
atmospheres, C-SiC bricks have the possibility
of being used as substitutes for carbon blocks.

2. Properties of C-SiC Bricks

C-SiC bricks are fired bricks comprised
of carbon and silicon carbide. Their typical
properties are shown in Table 1. Although
the apparent porosities are at a relatively high
level (about 20%) among refractory bricks, the
pores are characterized by small size due to
the formation of SiC whisker within the pores
during firing (Fig. 2). Hence C-SiC bricks
have superior resistance against penetration
of molten-metal or fumes of volatile materials.
In addition, C-SiC bricks are characterized by

Fig. 2 Photograph of SiC whiskers generated
within the pores.
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high thermal-conductivity and low thermal-
expansion, resulting in superior thermal-spall-
ing resistance.

3. Crucible Test with Slag

In order to demonstrate some characteristics,
we performed a crucible test with slag for C-SiC
brick, together with carbon block, Al:O;-MgO-C
brick, and MgO-C brick, as shown in Fig. 3. Only
the carbon-block specimen had a smaller outer
diameter than the other specimens because it
was cut from a carbon-rod electrode. As for
the bore, all specimens had a common inner
diameter (20mm). Low basicity (CaO/SiO,=0.4)
slag containing FeO and MnO, slag had a low
melting point, was filled into the crucible bores.
Then the specimens with the slag were heated
for 3 hours at 1500C under an air atmosphere
in an electric furnace.

As shown in the cut sections (Fig. 3), carbon
block shows thinning of its wall by air oxida-
tion, and part of the wall disappeared. MgO-C
brick shows formation of a decarburization

Carbon C-SiC

Al,0:-MgO-C MgO-C
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Fig. 3 Cut sections of specimens after crucible test.
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Fig. 4 EPMA observations of residual slag after crucible test.
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layer with more than b5mm thickness from
its outer surface. Also in Al:O;-MgO-C brick,
a decarburized layer with several millimeter
thicknesses was formed from its outer surface.
In the case of the C-SiC brick, although there
is a porous outer layer formed by air oxidation,
the layer was not vulnerable and remained in
its original shape. As for slag volume remain-
ing within the crucibles, both carbon block and
C-SiC brick retained their original slag volumes
without penetration into the refractory. Carbon-
containing oxide bricks (MgO-C, Al:O;-MgO-C)
showed a decreased slag volume because some
of the slag penetrated the decarburized layer.
EPMA of the
slag are shown in Fig. 4. In the case of the

observations remaining

carbon-containing oxide bricks, the chemical
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compositions of the remaining slag were largely
changed by dissolution of oxide components into
the refractories, as shown by their crystallized
texture. On the other hand, the slag composi-
tions were hardly affected by the refractory
material in both the carbon block and C-SiC
brick.

These crucible test results show that C-SiC
brick is more resistant to air oxidation than car-
bon block and that C-SiC brick is more resistant
to slag corrosion than carbon-containing oxide
bricks.

4. Summary

Although C-SiC bricks are used in a reduc-
ing atmosphere similar to carbon blocks, C-SiC
bricks are an easier to use refractory against
atmosphere fluctuation because of improved
oxidation resistance. We expect C-SiC bricks to
gain a wider range of applications as substitutes
for carbon blocks in various types of industrial
furnaces operating under reducing atmosphere.
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