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Abstract

In this paper, in order to clarify the effect of the grain size composition of MgO on microstructure
deterioration, MgO of 1.0 mm or less was screened to prepare samples in which the grain size
compositions were changed, and the evaluation was carried out. As the surface area of MgO
increased, the weight reduction rate increased, and deterioration of the microstructure was
observed accompanied by a reaction. On the other hand, when the permeability was about the
same, the weight reduction rate of the samples having a large surface area increased, and it was
revealed that the MgO-C reaction had a direct effect on the surface area. It was also suggested
that resistance to diffusion of gas out of the brick greatly influenced the healthiness of the brick
structure, and the increase in large pores of 6 um or more had influence.

1. #E 1. Introduction
MgO-CILADNE, FEME L TERBLE2DOE The MgO-C brick is a refractory material
HEEA T 710 LERIEE 2RO~ 7 A v obtained by combining magnesia, which has a
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hot face.
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high melting point and excellent corrosion resis-
tance to high basicity slag as a main aggregate,
and graphite, which has high thermal conductiv-
ity and a low thermal expansion coefficient and
IS resistant to slag wetting. It's also widely used
as a refractory for refining. For example, there
are bricks for basic oxygen furnaces (BOF) and
electric arc furnaces (EAF), tuyere bricks used
for the furnace bottom, and tap hole bricks.
Recently, our MgO-C products have been
developed from the aspect of microstructural
engineering”. The damage factors of MgO-C
brick are dissolution, oxidization, and spalling.
In particular, the damage of the MgO-C brick
used in the barrel of the BOF is mainly due
to dissolution. Development has been promoted
from the viewpoint of inhibiting microstructure
deterioration as well as raw material purity.
A microstructure photograph of the MgO-C
brick hot face used in a BOF barrel is shown
in Fig. 1. In the hot face layer of the brick, the
fine MgO particles, which constitute the matrix
part together with the graphite, disappear, and
a microstructure deterioration layer is formed.
The formation of this fragile layer has been
reported to involve the elution of MgO into
the slag, liquid phase oxidation of graphite by
iron oxide in the slag, and a MgO-C reaction
in which the MgO particles and graphite com-
posing the brick react at high temperature®®.
Hino et al. conducted tests using unreacted
nuclear models in which MgO-C reactions
proceed homogeneously in the paper, and cited
MgO-particle size as a major factor influencing
the reaction rate”. On the other hand, Fig.2
shows that MgO-C brick, heat-treated at high
temperatures, has lower corrosion resistance
as the porosity increases”. As for the effect of
brick porosity on the MgO-C reaction, it has
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been reported by Doi et al. that the MgO-C
reaction proceeds by diffusing Mg gas and
CO gas from the surface of the sample, and
that the reaction rate increases as the porosity
increases®”. In order to suppress the wear of
MgO-C brick, densification of the structure and
suppression of microstructure deterioration are
essential. In this paper, in order to clarify the
influence of the grain size distribution of MgO
on microstructure deterioration, a sample in
which the matrix was composed with a grain
size distribution that was changed by screening
MgO to 1.0 mm or less was produced. The brick
properties such as porosity, permeability and so
on were measured when the surface area of
MgO was changed, and the effect of grain size
composition on microstructure deterioration

was investigated
2. Experiment

2. 1 Sample

MgO, flake graphite, various trace additives
and phenolic resin were used as raw materi-
als. The chemical composition was MgO:C =
83:15. MgO raw material of 1.0 mm or less was
screened into three particle sizes of a, b, and ¢
@>b>c¢,10mm >a>b>01mm > c). The
difference in the particle size composition of the
prepared samples is shown in Fig. 3. Numbers
in parentheses indicate the surface area as an
index when No. 1 is 100. The surface area index
was calculated by calculating each average
particle diameter of a, b, and ¢ from the particle
size distribution and calculating the surface
area of particles of 1.0 mm or less of each blend
based on the blending ratio. That is, it is shown
that sample No. 1 has the smallest surface area
and sample No. 9 has the largest surface area.
All the sample preparation conditions other
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than the particle size structure of MgO, such
as molding conditions and drying conditions,
were unified.
2. 2 Evaluation
- General Property Evaluation

As general properties, the dynamic elastic
modulus, modulus of rupture, crushing strength,
apparent porosity, and bulk density were mea-
sured after drying and after firing at 1600 C.
The test temperature of firing was 1600 C
assuming the situation at the time of actual
operation. After the dynamic elastic modulus
was determined, modulus of rupture, crushing
strength, apparent porosity and bulk density
using Archimedes method were measured.
- Permeability

The
heat-treated at 1500 C in a coke breeze, and

MgO-C bricks was processed and

then the permeability was measured using the
permeability measuring device.
- Pore Size Distribution

The pore size distributions of MgO-C bricks
heat-treated at 1500 C in a coke breeze were
measured by mercury injection method.
- MgO-C Reaction Test

The MgO-C reaction test was conducted using
the atmosphere-controllable furnace shown in
Fig. 4. Furthermore, the weight reduction rate
obtained in the MgO-C reaction test was used
as an index of microstructure deterioration. The
samples were processed into cylinders and used
after preheat treatment at 1500 C in a coke
breeze. The surface of the brick is covered with
slag scattered by strong agitation during BOF
operation. Therefore, the test was conducted
under conditions in which the diffusion of the
generated gas out of the system was moder-
ate, as the reaction rate was considered to be

excessive under the experimental conditions
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in which the reaction was directly exposed to
the Ar gas. A sample was placed in a graphite
crucible on which light weight lid was putted,
heated to 1650 C at a temperature rising rate
of 10 C and min™, held for 120 minutes, and air
cooled to room temperature. During the test,
the interior of the reactor was replaced with Ar
gas at a flow rate of 1 liter and min™. Since the
sample was in the crucible, it was not in direct
contact with the Ar gas stream, the gas gener-
ated by the reaction was gradually leaked from
the tiny gap between lid and the crucible, and
the weight reduction rate after being heated
was evaluated as a change due to the MgO-C
reaction.
* Microstructure Observation

The microstructure of the dried sample and
the cut section of the sample after the MgO-C

test was observed.
3. Result

3. 1 General properties

The results of the general quality evaluations are
shown in Fig. 5-9. The horizontal axis of each
graph represents a value obtained by chang-
ing the particle size composition and indexing
the surface area. The vertical axis represents
the modulus of elasticity, modulus of rupture, a
crushing strength, an apparent porosity and a
bulk density. A linear approximation line was
drawn in each graph to calculate a correlation
coefficient. From the measurement results of the
surface area, the modulus of elasticity, modulus
of rupture, and compressive strength of MgO of
1.0 mm or less the measurement results of the
sample after firing at 1600 C showed a high
correlation coefficient and showed a tendency
to increase as the MgO surface area increased.
When the apparent porosity and bulk density
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were compared, the samples after drying
showed a high correlation with the MgO sur-
face area, the apparent porosity was high, and
the bulk density tended to be low. The apparent
porosity of the samples after firing at 1600 C
tended to increase and the bulk density showed
an almost constant value regardless of the MgO
surface area.
3. 2 Permeability, pore size distribution
Microstructure deterioration progresses from
the sample surfaces, and it has been reported
that the ease of diffusing gases generated by
various reactions that cause deterioration affects
microstructure deterioration*”. The measure-
ment result of the permeability is shown in
Fig. 10. Based on the measurement of the pore
size distribution, the pore volume ratio, which
i1s divided into three different pore sizes of 6
um or more, 0.3-6 um, and 0.3 um or less, is
shown in Fig. 11. The permeability decreased
with an increase in the surface area of MgO
of approximately 1.0 mm or less. Jozuka et al.
also explained that the permeability of MgO-C
bricks can be roughly explained by using the
Kozeny-Carman equation based on the relation-
ship between the particle size and the pressure
loss®. In addition, the relationship between
the particle diameter, pressure loss and pore
volume ratio showed that the pore volume of
the whole sample tended to increase slightly
with the increase of the MgO surface area, and
the volume ratio was different. Regardless of
the MgO surface area, the volume of the pores
of 0.3-6 um didn't change, while the volume
of the relatively large pores of 6 ym or more
decreased, and the volume of the small pores
of 0.3 um or less increased. Therefore, it was
revealed that by increasing the proportion of
fine particle size MgO the overall permeability
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of bricks decreased, and the volume of the small
pores increased as the volume of the large pores
decreased.
3. 3 MgO-C reaction test

The weight reduction rate after the MgO-C
reaction test is shown in Fig.12. The weight
reduction rate tended to increase with the
increase of the fine MgO ratio. However, No.
1, 8 and 9 don't apply to this tendency. No. 2
exhibited the lowest weight reduction rate after
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the test. This is the sample that didn't contain
MgO, had the finest particle size ¢, and the
surface area was the second smallest next to
No. 1 of the standard sample.

ﬁ Reaction layer

Reaction layer

Reaction layer

Fig. 13 Microstructure of each sample after MgO-C reaction test.
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3. 4 Microstructure observation

The microstructure photograph of a typical
sample after the MgO-C reaction test is shown
in Fig. 13. The upper side of the photograph
corresponds to the surface of the sample. On
the surface of the sample, voids as indicated
by arrows in the figure were formed at the
grain boundaries between the fused MgO
and the graphite, and a decarburization layer
was formed from the surface of the sample to
the inside. Comparing the structure of No. 2,
which had a small MgO surface area and a
small weight reduction rate after the MgO-C
reaction test, and No. 7, which had a large MgO
surface area and a large weight reduction rate,
the decarburization layer is thicker in No. 7. On
the other hand, in No.7 and No. 8, with large
MgO surface area, the thickness of the decar-
burization layer was thinner in No. 8, which
was consistent with the result of the weight
reduction rate.

4. Discussion

When the weight reduction rate after the
MgO-C reaction test and the surface of the
sample after the test were observed, the weight
reduction rate increased as the surface area of
MgO increased, and microstructure deteriora-
tion accompanying the reaction was observed.
However, samples with a large surface area
had a small weight reduction rate before and
after the test, and showed little microstructure
deterioration due to the reaction. Therefore, the
effects of bricks on microstructure deteriora-
tion can't be sorted out with MgO surface area
alone. Not only MgO surface area but also other
factors are also considered to be related to
microstructure deterioration. The relationship
of the MgO surface area, the permeability, and
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pore volume ratio.
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the pore diameter was rearranged again. The
MgO surface area, and weight reduction rate
after the MgO-C reaction test are shown in
Fig. 14. And parentheses in the figure is shown
permeability of sample. Looking at the relation-
ship between the MgO surface area and the
weight reduction rate, the weight reduction
rate increased in the samples having a larger
surface area as long as the permeability was
about the same. It was indicated that the MgO-
C reactions had a direct effect on the surface
area. On the other hand, the sample with
little microstructure deterioration had a large
MgO surface area but a little permeability.
This is considered to be largely related to the
permeability of the brick and microstructure
deterioration, and to the resistance to diffusion
of gas out of the brick to the outside of the
system. The relationship between the perme-
ability and pore volume ratio have been divided
into three pore diameter ranges is shown in
Fig. 15. Comparisons by size of pore size in the
bricks revealed a correlation of relatively large
pores of 6 um or more. The increase of these
large pores is considered to be most affected
by the change in permeability caused by the
particle size structure. In other words, it is con-
sidered that the use of a grain size distribution
capable of reducing the MgO surface area and
suppressing the permeability is considered to
be effective as a microstructure deterioration

countermeasure for MgO-C bricks.
b, Use Results in the Actual BOF

Based on the results of the above investiga-
tion, MgO-C bricks with increased porosity
diameters in areas where MgO-C reactions
are suppressed and air permeability is impeded
were tested in a BOF at steel mill A. An index
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Fig. 16 Comparison of wear rate index of MHPs
used in steel mill A.
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of the test result is shown in Fig. 16. Numbers
in the vertical axis indicate wear rate. The wear
rate was improved by about 6 % compared to
the ordinary. In other words, the reduction of
permeability is considered to be effective for
improving the durability of the actual con-

verter.
6. Conclusion

In order to clarify the influence of the grain
size distribution of MgO on microstructure
deterioration, samples in which the grain size
distribution was changed by screening MgO of
1.0 mm or less were prepared and evaluated. As
a result, from the weight reduction rate after
the MgO-C reaction test and the observed
results of the sample surface after the test, it
was understood that the weight reduction rate
increased as the surface area of MgO increased,
and microstructure deterioration accompanying
the reaction was observed. On the other hand,
even in the samples having a large surface
area, the weight reduction rate after the test
was small, and the microstructure deterioration
due to the reaction was small in some samples.
When the relation between the MgO surface
area, the permeability, and pore diameter was
sorted out, it was indicated that the weight
reduction rate increased in the sample having a
larger surface area if the permeability was about
the same, and that the MgO-C reactions had a
direct effect on the surface area. In addition,
it was found that the permeability itself was
small in the sample having small microstruc-
ture deterioration even if the MgO surface area
was large. It was inferred that the permeability
also greatly contributed to brick microstructure
deterioration, and that the resistance when the
gas diffused out of the brick greatly influenced
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I ADYLES BB OEPEDIRE S HEL T b brick microstructure deterioration. In addition,
bR INT, T2, HRFEL 3 ODOKIE a cordo relation was found among the perme-
#HPHIZ X9 L 72 AL IR OBR2 5, 6 umbL ability and the pore volume ratios that were
FORBIRE % [ALOERE &l AR AR divided into three pore diameter ranges the
DO, RERBES AT T EAEREOEICE, 2 increased volume of large pores of 6 um or more
NS6umbl O RKILOBE A I b B L Tw had influence on the change of the permeability
LbDEEZ LN, caused by the particle size structure.
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