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Abstract

A corrosion test for evaluating the influences of SiO. content and preheating history on the
corrosion rate of SiIC-Al:0;-C castable refractory for main trough in blast furnace was carried
out. It was clarified that, in accordance with an increase of SiO. content, the corrosion rate of the
castable refractory specimen was accelerated with a tendency, preheating for such reduction in the
corrosion resistance to become more prominent. It was also understood through chemical analysis
that the C content in a specimen is lowered by firing with marked dependency on the coexisting
SiO: content. The reduction of the C content caused by firing can be attributed to oxidization of C
by SiO; component, which is expressed with the following chemical equation.

Si0:(s) + C(s) = SiO(g) + CO(g)
By combining the above two experiment results, it is inferred that the accelerated corrosion
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of castable refractory specimens with a preheating history was caused by the reduction of the

C component of which the existence is effective for securing corrosion resistance. Taking into

account the time-series wearing situation of the main trough castable refractories in an actual

blast furnace operation that, after gradual wear-off of the hot face refractories over a relatively

lengthy time period, the back portion of refractory is exposed to molten metal and slag as the hot

face. It can be predicted that, due to oxidation of the C component by SiO. until surfacing at the

hot face, the corrosion resistance of newly surfaced refractory has been reduced to some extent.

It was concluded that minimizing the SiO. content in castable refractories is important to improve

or stabilize the corrosion rate.
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1. Introduction

Molten pig iron and molten slag tapped from
the blast furnace are separated by utilizing the
difference in their specific gravities in the main
trough. This led to hot metal runner and slag
runner, respectively. The blast furnace main
trough into which molten pig iron and slag are
simultaneously tapped is generally designed to
be “hot metal storage” type so as to hold hot
metal. Since the main trough is characterized
by its maximum trough size and severely dam-
aged portion of relined refractories, securing its
refractory service life is essential for minimiz-
ing blast furnace refractory consumption.

The service life of main trough refractories
is regulated by localized wear at the metal-slag
interface (hereinafter referred to as ML) and
at the slag-atmosphere interface (hereinafter
referred to as SL) induced by chemical corro-
sion*?. Due to this reason, as shown in Fig. 1,
zoned lining method in which two kinds of
refractories, each of which is designated to be

ML Castable
Al203-Spinel-SiC-C

ALHETBEE|,Ry

Fig. 1

Zoned lining of blast furnace main trough with ML and SL castable refractory.
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durable to a corresponding corrosion mecha-
nism, are generally applied in the blast furnace
trough. At the SL region where relined refrac-
tories do not directly contact with hot metal,
SiC-Al:O;-C castable refractories containing a
large amount of SiC, which are characterized by
superior slag corrosion resistance, are applied.

Similar to SiC, C component is effective for
securing and Improving corrosion resistance.
When the C content in castable refractories
is lowered because of oxidation, corrosion
resistance is accordingly reduced®’. For the
purposes of securing fluidity of castable refrac-
tories during relining work, densification of the
relined structure and/or promotion of sintering
reaction, fine silica particles, such as silica fume
(hereinafter referred to as SF) are added to cast-
able refractories. It is generally acknowledged,
however, that corrosion resistance of castable
refractories is deteriorated by silica addition. In
addition, oxidation of C component by SiO, was
reported”, however, its influence on corrosion
resistance has not been evaluated in detail.

In actual operation at the blast furnace,
the hot face of main trough refractory is
always exposed to molten metal/slag at high
temperatures during hot metal tapping and
holding. This influencies the back end of the
relined refractories with providing thermal
energy for heating up. Trough refractory
wear progresses, the newly surfaced hot face
is exposed to hot temperature conditions. This

Table 1 Compositions of samples used for investigation in mass%
Raw materials Grain size A B C D
Silicon carbide +1 mm 47 47 47 47
Silicon carbide 1 mm-75 um 22 22 22 22
Silicon carbide =75 um 16 16 16 16
Calcined alumina 9 8 6 4
Silica fume 0 1 3 5
Carbon raw materials 4 4 4 4
Alumina cement 2 2 2 2
Additives 0.17 0.17 0.17 0.17
Mixing water 5.2 5.2 5.2 5.2
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results in unintentional lengthy preheating
time. Average hot metal tapping temperature
ranged from 1500 C to 1530 C with sporadic
exceptions of roughly 1600 C. Therefore, it is
important to evaluate the characteristics of
castable refractories with prospect that the
newly surfaced hot face of trough castable
refractories has experienced various preheat-
ing conditions. Investigations on the influence
of altered castable refractory characteristics
induced by preheating on the corrosion rate of
ML castable refractories have been reported®.
However, similar investigations on SL castable
refractories have not been conducted. The influ-
ences of SiO. content, preheating history and
reaction temperature on the corrosion rate of
SL castable refractories are evaluated in this
investigation work.

2. Experiments

2. 1 Preparation of samples

The compositions of 4 types of SL castable
refractory samples are summarized in Table 1.
Sample A is low cement castable which is com-
posed of mainly coarse and fine SiC particles
combined with fine powdery raw material of
SiC, calcined alumina, C and, as binder, alumina
cement. In samples B, C and D, 1, 3 and 5 mass%
SEF was substituted for part of the calcined
alumina, respectively. Because the prepared
samples were used only for experiments in the
laboratory, neither an antioxidant nor explosion

Arc heating

e

Fig. 2 Schematic drawing of rotary drum corrosion test.
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preventing agent was added.

Each sample was mixed with a universal
mixer for 3 minutes, followed by casting into a
designated mold. After curing at room tempera-
ture for 24 hours, the demolded samples were
dried at 110 C for 24 hours. It should be noted
that every sample was mixed with 5.2 mass%
of constant water content so as to avoid any
influences of added amount of water on the
corrosion rate of the samples. After drying, the
sample specimens packed in a coke breeze were
fired at 1500 C or 1600 C for a specified time
period in an electric furnace.

2. 2 Analysis of C content in fired
specimens

The C content is quantitatively analyzed,
using crushed specimen of each fired sample.
2. 3 Corrosion test

Corrosion resistance was evaluated with a
rotary drum corrosion test with arc heating
for 5 hours, which is schematically illustrated
in Fig. 2. 1.2 kg of blast furnace slag was added
as the corrosion agent and it was exchanged
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every one hour. The corrosion resistance of the
sample was evaluated with corrosion rate which
was calculated by the remaining thickness of
the specimen after the corrosion test.

A series of corrosion tests were conducted
with the five (5) simulative conditions illustrated
in Fig. 3. Hot metal tapping operation with nor-
mal and high tapping temperatures was simu-
lated with 1500 C and 1600 C of corrosion test
temperature, respectively. Preheating history at
normal and high temperature condition for the
newly surfaced trough refractory was simulated
with 1500 C and 1600 C of firing temperature
for the sample specimens. In the corrosion test
under simulative condition (D and @), the influ-
ences of corrosion test temperature and SiO,
content on the corrosion rate of the sample
with no preheating history were evaluated. In
the corrosion test under simulative condition
3, @ and &), the influences of corrosion test
temperature and SiO. content on corrosion rate
of samples which had a preheating history at
1500 C or 1600 C were evaluated. Simulative
conditions 3, @ and (% indicate normal tapping
temperature operation with trough refractories
having a preheating history at normal tempera-
ture, normal tapping temperature operation of
trough refractories with preheating history at
high temperature and high tapping temperature
operation of trough refractory with preheating
history at high temperature, respectively.

3. Results of Experiments

3. 1 Analysis of C content in fired
specimens

Fig. 4 shows the relation between initial SF
content and C content in samples which were
fired at 1500 C or 1600 C. In accordance with
the increase of initial SF content, the C content
was lowered. Sample specimens fired at 1600 C
exhibits more marked tendency of C content
reduction.
3. 2 Corrosion test

Fig. 5 shows the corrosion test results under
@, ® and @ simulative conditions, all con-
ducted at 1500 C corrosion test temperature.
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Regardless of preheating history or temperature
in preheating history, all the sample specimens
exhibited almost equivalent corrosion rates
with a tendency that, in accordance with the
increase of initial SF content, the corrosion rate
slightly worsened.

The corrosion test results under simulative
conditions @ and & (at 1600 C of corrosion
test temperature) are shown in Fig. 6, overlap-
ping the corrosion test results under simulative
conditions @ and @ (at 1500 T of corrosion
test temperature). Comparison of corrosion test
results under simulative conditions D and @), in
which the sample specimens with no preheat-
ing history were evaluated, indicates that the
corrosion rate under corrosion test temperature
1600 C was bigger than that under 1500 C
of corrosion test temperature with similar
dependency on corrosion rate incrementation of
initial SF content. Comparison of corrosion test
results under simulative conditions @ and (),
in which the samples with a preheating history
at 1600 C were evaluated, indicates that the
corrosion rate under 1600 C of corrosion test
temperature was much bigger than that under
1500 T of corrosion test temperature with
more prominent influence of initial SF content
on corrosion rate incrementation.

4. Discussion

4. 1 Analysis of C content in fired
specimens

The conclusion derived from Fig. 4 is that, in
accordance with an increase of initial SF con-
tent, the C content in the sample specimen is
lower after firing. This can be explained by the
oxidation of C component by SiO.. The chemical
equation is expressed with equation (1).

SiO.(s) + C (s) = SiO (g) + CO(g)

It is known that, under the circumstance in
which the three elements Si, C and O solely
take part in the oxidation of carbon under
ambient pressure, the reaction expressed with
equation (1) makes progress toward the right-
hand side over 1520 C *. Reduction of C content
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by firing even at 1500 T can be explained with
inference that, since various elements contained
in SL castable refractories, such as Ca, take
part in the reaction, C oxidation temperature
is lowered to some extent. It is inferred that,
because of a general tendency for the reaction
to become more active in proportional to the
reaction temperature, the influence of the initial
SE content on reduction of C content becomes
more marked. It is safe to conclude that, since
the sample specimens packed in a coke breeze
were fired under ambient pressure, CO gas
generated by equation (1) were volatilized out
of the system.

4. 2 Corrosion test

The experimented result was that, as is eas-
ily concluded with Fig. 6, the corrosion rate in
the corrosion test at 1600 C is bigger than that
observed in corrosion test at 1500 C “*. This
can be explained by more active reactivity, or
a higher overall reaction rate caused by tem-
perature rise. Influence of the initial SF content
on corrosion rate of the fired sample specimens
can be attributed to reduction of their corrosion
resistance caused by oxidation of C by SiO.
rather than negative influence of the contained
Si0O; on corrosion resistance.

As per Fig. 7, Yasuo et al. reported the rela-
tionship between the C content in 76% SiC con-
taining low cement castable and the corrosion
rate”. According to their report, in proportion
to lowering the C content, the difference in the
corrosion rate between 1500 C and 1600 C of
corrosion test temperature becomes bhigger. The
corrosion rate of samples simply dried at 110 C
in corrosion test under simulative conditions (1
and @ as well as the corrosion rate of samples
fired at 1600 C under simulative conditions 4
and & are plotted in Fig. 8 as a function of C
content of the samples. The test results under
simulative conditions @ and (), in which the C
content analyzed on fired specimen is used, are
similar to the relationship reported by Yasuo et
al. The corrosion rates of the not fired samples
in the corrosion test under simulative condi-
tions D and @ are plotted at 4 % of the initial
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C content in Fig. 8. It is obvious in Fig. 8, that
the negative influence of C content on corrosion
resistance is more prominent than that of SiO.
content.

As shown in Fig. 5, marked influence of
preheating history on the corrosion rate is not
observable in corrosion test at 1500 C. It is
inferred that, because of small overall reaction
rate at low corrosion test temperatures, the
difference in corrosion resistance between the
samples is not tangibly actualized.

With the possibility that main the trough
refractories could be damaged more severely
during high temperature hot metal tapping with
the nature of fluctuating tapping temperature in
blast furnace operation, it became clear in this
investigation that the corrosion behavior of the
main trough refractory needs to be evaluated
considering not only the corrosion reaction rate
but also the deteriorated corrosion resistance
caused by preheating history. It was also clari-
fied that it is necessary for design work on SL
castable refractory to add appropriate amount
of C component so as to ensure corrosion resis-
tance as well as to minimize the added amount
of SiO. which, during unavoidable preheating
period in campaign life, could deteriorate corro-
sion resistance by oxidizing the C component.

5. Conclusions

Through a rotary drum corrosion test
on SiC-AlLO;-C castable refractory sample
specimens for investigating the influences of the
SiO. content, preheating history and reaction
temperature on the corrosion rate of SL cast-
able refractories applied to the blast furnace
main trough, the following conclusions were
obtained.

1) By firing SL castable refractory sample
specimens in a coke breeze, the C content
was lowered in proportion to the initial
SF content with a prominent tendency
that, in accordance with the rise in firing
temperature, the reduction of C content
becomes bigger. The reduction in C content
can be attributed to the oxidation of the C
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component by SiO..

In the corrosion test at 1600 C, the cor-
rosion rate increased in proportion to the
initial SF content. Especially, sample speci-
mens with preheating history exhibited a
bigger corrosion rate. It is inferred that the
higher corrosion rate of sample specimen
with preheating history is caused by the
deterioration of corrosion resistance induced
by the lowering of C content resulting from
oxidation by SiO..

In the corrosion test at 1500 C, marked
influence of preheating history on corro-
sion rate was not observable. It is inferred
that, because of the small overall reaction
rate at low corrosion test temperature, the
difference in corrosion resistance between
the sample specimens was not tangibly
actualized.

When studying corrosion behaviors of
trough refractories in actual blast furnace
operation, it IS necessary to consider not
only the reaction temperature but also the
altered corrosion resistance of the newly
surfaced refractories which might have
been deteriorated by preheating history.
In order to develope SL castable refractories
with sufficient durability for high tapping
temperature operation, it is essential to add
the appropriated amount of C component
as well as to minimize the SiO, content.
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