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Effect of Pitch Powder Addition and Improvement of Spalling Resistance
on Low Carbon MgO-C Bricks
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Abstract

MgO-C bricks have been used for BOF, RH and electric arc furnaces. In some applications,
the decrease in carbon content is required to solve durability and environmental problems.
However, the decrease in carbon content induces reduced spalling resisatnce. In this study, a
new pitch powder was examined in order to solve this problem. The effect of this pitch
addition and improvement of spalling resistance were investigated. And low carbon MgO-C
bricks with this new pitch were developed for the RH degasser vessel. This report describes the
fundamental characteristics of the new pitch powder, and improvement of spalling resistance
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by using this new pitch in low carbon MgO-C bricks.
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1. Introduction

MgO-C bricks have been widely applied as
lining materials for BOF, RH, electric arc
furnaces and so on, and also on tap hole
sleeves for BOF. MgO-C bricks were origi-
nally developed for electric arc furnaces in
the early 1970's. Higher carbon containing
materials with phenol resin binder with a
carbon content of more than 15mass% have
been mainly developed in Japan. Usually,
flake graphite is used for the carbon source,
and carbon content differs with application.
Materials containing 15 to 20mass% carbon
for BOF lining, 5 to 15omass% for BOF tap
hole sleeves, 5 to 10mass% carbon for RH
degasser linings and 7 to 15mass% carbon
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Fig. 1 Relationship between graphite content and
crack damage index after thermal spalling
test.
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Table 1 Typical properties of pitch samples

Ordinary New
Pitch sample A B C D
Softening temp./°C 125 220 240 235
Fixed carbon/mass% 60 59 80-85 85

for electric arc furnaces are usually applied.

Higher carbon containing materials have
drawbacks of large stress on the furnace
shell and large heat loss because of high
thermal conductivity. Moreover, in case the
oxidation of carbon determines the wear rate
of the material, low carbon materials might
have good durability in comparison with
higher carbon materials. In the case of BOF
tap hole sleeves and lining materials for RH
and electric arc furnaces, materials contain-
ing less than 10mass% carbon are commonly
used. The problem of low carbon materials is
deterioration of spalling resistance on ac-
count of lower thermal conductivity, higher
thermal expansion and higher modulus of
elasticity. Fig.1 shows the relationship be-
tween graphite content and crack damage
index of MgO-C bricks".

Several techniques have been tried in order
to control the deterioration of spalling

*»%  This report describes the

resistance
effect of pitch powder addition and improve-
ment of spalling resistance on low carbon

MgO-C bricks.

2. Fundamental Characteristics of Several
Pitch Powders

Pitch powders are classified into petroleum
pitch and coal tar pitch by the raw material
source, and into many kinds of pitches by the
softening point and the fixed carbon content.
Four kinds of pitch powders were selected,
and fundamental characteristics of these
pitches were investigated in this study.
Table 1 shows typical properties of four
kinds of pitches. Pitch A, B and C were
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Fig. 2 XRD-pattern of pitch samples after heat-
ing at 1000°C in reducing atmosphere.

Fig. 3 Microstructures of graphite-resin-pitch
system after heating at 800°C in reducing
atmosphere.
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ordinary pitches which have been regularly
used, pitch D was a new type of pitch which
was investigated in this report.

The behavior of crystallization (graphiti-
zation) and the microstructure of a com-
pound of pitch and graphite after heating
were examined. Fig.2 shows the XRD inten-
sity of graphite after each pitch was heated
at 1000°C for 3hrs. The four kinds of pitches
differed in the degree of graphitization, pitch
D is more graphitizable than other pitches.
Samples were made from graphite and pitch
of which the mass ratio was 7 to 3 with
phenol resin in order to observe the behavior
of pitch in a graphite-resin-pitch system. The
microstructure of the specimen after heating
at 800 °C for 3hrs in a coke breeze was
observed. Fig.3 shows the microstructures of
specimens. Pitch powders seem to soften,
impregnates into graphite and graphite
interlayer, and form into the carbon bond
through the heating process. Four kinds of
pitches differed in the degree of impregna-
tion. Pitch D seems to have larger impregna-
tion into graphite and graphite interlayer in
comparison with other pitches.

In the next experiment, five MgO-C brick
samples were made in order to investigate
the effect of each pitch addition. The five
compositions shown in Table 2 were mixed
with phenol resin, pressed and then dried.
Fig.4 shows the hot modulus of rupture of
each sample at 1400°C in N, atmosphere,

Table 2 Compositions of MgO-C samples

Sample Pitch-free| A B C D
Fused magnesia 87 87 87 87 87
Graphite 13 13 13 13 13
Pitch A - (Ex)1 -

Pitch B - - (Ex)1 -

Pitch C - - - (Ex)1 -
Pitch D - - - - (Ex)1
Antioxidant (Ex)1 |(Ex)1 [(Ex)1 |(Ex)1 [(Ex)1
Phenol resin  [(Ex.)2.4|(Ex.)2.4|(Ex.)2.4|(Ex.)2.4|(Ex.)2.4
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Fig. 4 Hot modulus of rupture of MgO-C samples
with different pitch additions at 1400°C in
N, atmosphere.
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Fig.5 shows the ratio index of modulus of
rupture/modulus of elasticity(MOR/MOE)
standardized on occasion when the value of
the pitch free sample was 100. The hot
modulus of rupture of every sample with
pitch powder was higher than that of the
pitch free sample, and those of samples A
and D were remarkably higher. On the other
hand, every pitch powder addition effected on
the increase in MOR/MOE ratio.
From the above experiments, pitch D was
found to have the following characteristics.
» Basy graphitization after heating
* Large impregnation into graphite and
graphite interlayer
* Large effect on increasing hot modulus of
rupture
* Increase of MOR/MOE ratio after heating
as well as other pitches
It is presumed that the effect of increasing
strength is influenced by characteristics of
pitch D to impregnate into graphite and
graphite Interlayer and to be easy
graphitizable. On the other hand, the ratio of
MOR/MOE which is a spalling resistance
index 1is increased by pitch D addition.
Therefore, increased material strength with-
deterioration of

out serious spalling

resistance 1s expected by pitch D addition.
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Fig. 5 M.O.R/M.O.E index of MgO-C samples
with different pitch additions after heating
at 1000°C in reducing atmosphere.
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Table 3 Compositions of MgO-C samples
Sample 1 2 3 4 5 6
Fused magnesia 90 90 90 95 95 95
Graphite 10 10 10 5 5 )
Pitch D - (Ex.)0.5 (Ex)1 - (Ex.)0.5 (Ex)1
Antioxidant (Ex)1 (Ex)1 (Ex1 (Ex)1 (Ex1 (Ex)1
Phenol resin (Ex)2.4 | (Ex)24 | (Ex)2.4 | (Ex)24 | (Ex)24 | (Ex)24
© =1000°C o =1000°C
% 01500°C % 01500°C
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Fig. 6 Modulus of elasticity of MgO-C samples Fig. 7 Modulus of rupture of MgO-C samples

after heating at 1000°C or 1500°C in reduc-
ing atmosphere.
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after heating at 1000°C or 1500°C in reduc-
ing atmosphere.

Also, pitch A has the same effect, however
pitch A generates voids more than 100 4 m
after heating because of the shape and size of
the pitch powders. Therefore, the corrosion
resistance might be reduced by the deteriora-
tion of matrix texture with over addition of
pitch A.

3. Effect of Pitch D Addition on Low
Carbon MgO-C Brick

Six kinds of test samples shown in Table 3
were prepared by mixing, pressing and dry-
ing to investigate the effect of pitch D addi-
tion on low carbon MgO-C bricks of which
the carbon content was not more than
10mass%. The MOR and MOE of each sam-
ple type after heating at 1000°C and 1500°C
for 3hrs in the coke breeze were measured.
The hot modulus of rupture of each sample
at 1400°C in a N, atmosphere was measured.
Fig.6 shows the MOE of each sample after
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at 1400°C in N, atmosphere.
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heating, and Fig.7 shows the MOR of each
sample after heating. The MOR and MOE of
the samples with 10mass% carbon were not
decreased by adding pitch D. On the other
hand, the MOR and MOE of samples with
bmass% carbon were decreased by adding
pitch D.

Fig.8 shows the hot modulus of rupture of
each sample at 1400°C. The hot modulus of
rupture of samples with 10mass% carbon
was increased by adding pitch D, but that of
samples with 5mass% carbon was not in-
creased clearly.

The different effect of pitch D addition
depending on carbon content is presumed to
be as follows. The mechanical strength of the
sample is increased by forming a carbon
bond originating from the pitch D that im-
pregnates into the graphite and graphite
interlayer and then is graphitized through
the heating process. On the other hand, small
volds originating from pitch powders are
formed through the heating process. These
voids might have the effect of decreasing the
MOR and MOE of the sample. The more
dominant of the above two effects determines
the different mechanical properties depend-
ing on the carbon content.

The effect of pitch D addition differs de-
pending on carbon content, pitch D addition
in the MgO-C brick with 10mass% carbon is
effective in improving strength, on the other
hand, that in the MgO-C brick with bmass%
carbon is effective in improving the spalling
resistance by reason of decreasing the MOE.

4. Application of Pitch D to MgO-C Brick
for RH Degasser.

Magnesia-chrome bricks have been mainly
applied as lining materials for the RH
degasser vessel. MgO-C bricks were consid-
ered to be unsuitable for the RH lining be-
cause magnesia is easily reduced by carbon
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Table 4 Compositions and properties of MgO-C

samples

Sample Ordinary Developed
Fused magnesia 89 89
Graphite 7 7
Pitch A O @)
Pitch D - O
Apparent porosity (%) 46 5.0
Bulk density (g/cm®) 3.13 3.06
Cold crushing strength (MPa) 29.7 24.6
H.M.O.R (MPa) at 1400°C 9.8 12.6
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(MgO-C reaction) under the conditions of the
high temperature and low pressure, more-
over, carbon pick up could be obstacle in
ultra low carbon steel refining. However,
application of MgO-C bricks without any
trouble was confirmed in the RH lower vessel
in the middle of 1980's*’. Presently, MgO-C
bricks have been used as the main materials
for RH lining together with magnesia-
chrome bricks. In MgO-C bricks for the RH,
the oxidation of carbon must be the main
cause of damage because the oxygen blowing
operation 1s commonly carried out in the
recent RH degasser. In addition, low carbon
materials with less than 10mass% carbon are
often applied from the viewpoint of the car-
bon pick up. As mentioned above, low carbon
materials with pitch D have been developed,
because decreasing the carbon content in-
duces the deterioration of thermal spalling
resistance.

Table 4 shows the typical properties of the
ordinary and newly developed MgO-C bricks
for the RH degasser. The carbon content of
both materials was 7mass%, and pitch D
added to only the newly developed one. The
hot modulus of rupture of the newly devel-
oped material showed a high value by the
effect of pitch D addition compared with the
ordinary one. A spalling test was carried out
in order to estimate the spalling resistance of
the newly developed material. Samples
burned at 1000°C in a coke breeze before the
test were dipped into molten iron of 1650°C
for 60 sec, and then cooled for 15 sec in
water. Fig.9 shows the cross sections of the
samples after the spalling test. The amount
of cracks in the newly developed material
greatly decreased, and the improved spalling
resistance of the newly developed material
was confirmed. Now, the developed materials
are being used for the sidewall lining in the
RH lower vessel with good performance, and
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Ordinary Developed

Fig. 9 Cross section of MgO-C bricks for RH
degasser vessel after spalling test.
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expansive application of the newly developed
materials 1s expected.

5. Conclusion

More than 35 years have passed since MgO
-C bricks appeared for the first time and they
still occupy the main position of steel making
refractories. MgO-C bricks have almost come
to maturity through various kinds of im-
provements in the past. However, making an
efforts to improve the performance of low
carbon MgO-C bricks has still continued for
particular applications.

We are working on improving the spalling
resistance of the low carbon MgO-C bricks
by adding the new pitch introduced in this
report.

Now, there is concern for environmental
problems such as global warming. However,
MgO-C bricks are not necessarily environ-
ment-friendly refractories in the aspect of
larger heat loss with the high thermal con-
ductivity caused by containing carbon.
Probably, demands to decrease carbon con-
tent of MgO-C bricks will increase more and
more. The development of low carbon MgO-C
bricks adapted to various kinds of usages is
expected in the future.
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