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Abstract

We focused our research on several different particle sizes of carbon black. As a result, we

developed castables using two kinds of carbon black with high corrosion resistance and spalling

resistance, while retaining workability. In actual use, the wear rate was significantly reduced.

Cracks, which sometimes occurred in the ordinary castables after use, were reduced by using the

newly developed castables.
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1. Introduction

For many years, blast furnace trough castables
have been mainly composed of alumina, spinel,
silicon carbide and carbon. Above all, carbon is
a particularly important raw material.

Recently, some new techniques”™ have been
proposed for higher performance trough mate-
rials. This was achieved mainly by increasing
the total carbon while not changing the water
content.

After many investigations, we focused our
research on several different particle sizes of
carbon black. As a result, we developed cast-
ables with high corrosion resistance and spalling
resistance while retaining workability. In this
report, we describe the characteristics and the
results in actual use of the newly developed
castables.

2. Characteristic Features of Newly
Developed Castable

As shown in Fig. 1, we often find by micro-
scopic observation that the matrix is damaged
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Fig. 1 Microstructure of conventional castable
for metal line after use.
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Fig. 3 Result for corrosion test of sample with
aggregate and matrix.
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Fig. 2 Result of corrosion test of sample
composed of only matrix.

much more than the aggregate on hot face of
trough castables after use at the metal line.
Based on this damage situation, we studied
the method to improve corrosion resistance of
matrix. Fig. 2 shows the results of the corrosion
test of samples composed of only matrix which
is based on typical trough castable formulation,
but contains only fine raw materials of less
than 75 um. The type and quantity of carbon
materials were changed in these samples. A
pitch, a carbon black A and a carbon black B
are used as carbon materials. Carbon black A is
larger than carbon black B in particle size. The
pitch did not improve corrosion resistance at
all. On the other hand, carbon blacks improved
corrosion resistance significantly and this
effect seems to appear only one carbon black
was added with large amount. Carbon black
B, which has smaller particle size than carbon
black A, improved corrosion resistance with a
smaller amount than carbon black A.

Fig. 3 shows the results of the corrosion test of
samples with aggregates and matrix. The type
and quantity of carbon black were changed in
these samples. The corrosion resistance became
higher with more amounts of carbon blacks
These results denoted the same tendency of the
corrosion test of the samples with a matrix.

Table 1 shows the results for the properties
of the samples of which the corrosion resistance
had been improved to about 30 percent better
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Table 1 Properties of tested samples
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Ordinary

materials Sample 1 Sample 2 Sample 3
Carbon black A content / mass% 2 8 4
[-75 um carbon black A content / mass%] (6] [24] (123
Carbon black B content / mass% . 4 1
[-75 um carbon black B content / mass%] (123 (3]
Corrosion index / - 100 68 69 72
MOR after heating 15600°C / MPa 5.0 2.7 0.9 3.2
Apparent porosity / % 16.4 17.8 24.2 17.2
Limit temp. of explosive spalling / °C 600 500 700 600
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than ordinary materials. Sample 1 which con-
tained a lot of carbon black A decreased the
explosion resistance. Sample 2 which contained
a lot of carbon black B exhibited high poros-
ity and low-strength. The risk of explosion in
actual use rises when the explosion resistance
decreases. If the materials have a high porosity
and the low-strength, they will be damaged
easily by abrasion of metal and oxidation.

However, sample 3 which contained two kinds
of carbon black had high corrosion resistance,
and solved the problems of decreasing the explo-
sion resistance, high porosity and low-strength.
These results suggest that the improvement
of characteristics of these materials does not
depend only on the amount of carbon black, but
also on the strategy combining two or more
carbon blacks.

3. Actual Use Results

Table 2 shows actual use results of the newly
developed castable which contains two kinds of
carbon black. The wear rate was significantly
reduced by applying the newly developed cast-
able. Cracks, which sometimes occurred in the
ordinary castables after use, were reduced by
using the newly developed castables. (Fig.4).
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Crack
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Developed castable

Fig. 4 Photographs of trough after use.

Table 2 Actual use results

Metal zone

Ordinary

(Low carbon] Development

Maximum wear
rate (mm/kt)

3.9 2.9

Note

Less cracking

(1)

(2)

(4)
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4.

Conclusion

We carried out research in order to develop
high performance castables and got the follow
results.

@)

(2)

(3)

4)

The corrosion resistance of samples with a
matrix became higher when carbon black
was added in large quantities.

The corrosion resistance of samples with
aggregates and matrix improved when car-
bon black was added in larger quantities.
These results denoted the same tendency
of the corrosion test of the samples with a
matrix.

When a single carbon black was used in
large amounts, the characteristics other
than corrosion resistance became worse.
But these problems could be solved by add-
ing two kinds of carbon black to sample.
As a result of actual use of the newly devel-
oped castable. The wear rate was signifi-
cantly reduced, such as cracks and peeling
compared to the ordinary castables.
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