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Abstract

The influence of tapping temperature rise on the wear rate and properties of blast furnace main
trough ML material was investigated.

Compared with the results of the corrosion test carried out at 1500C, the wear rate increased
by about 2.9 times at 1550C and about 5.5 times at 1600C. In addition, once exposed to high
temperatures exceeding 15507, corrosion resistance was found to deteriorate. This is because at
1500C the function of SiC as a Free C antioxidant is retained, but the function of SiC as a Free C
antioxidant is lost when temperatures exceed 1550C. A highly porous structure is also a cause of
corrosion resistance deterioration. SiO: and Free C are dissipated outside the system as SiO(g) and
CO(g) as the heating temperature rises.

In the actual furnace, if there is high-temperature tapping exceeding 1550, the wear rate of the
main trough ML castable becomes very large. The decreased corrosion resistance of part which is
exposed to high temperature once remains, even if the tapping returns to normal temperature.

1. #E 1. Introduction

IR AR X R D PR S A B SEE A LR The main trough of the blast furnace plays
I VERE AT TN EET B0 D TH a role in separating molten iron and slag from
bo EREIZHEE A 2 &P O/ ERIEE A 2 their mixed liquids drained from taphole by
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Table 1 Composition of specimens

Material Content (mass%)
Spinel bb
Alumina 22
SiC 15
Carbon 5
Others 3
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specific gravity difference. It is well-known that
there are two local damages in the vertical
direction”. Therefore, SiC-Al,O;-C castable is
generally used as the main trough castable for
the upper damage position and Al:O;-spinel-
SiC-C castable is used for the lower damage
position in response to the difference of damage
factors in Japanese ironworks.

The wear rate of these main trough castables
increases with molten iron temperature, and
the factors are (U change in the corrosion agent
properties of molten iron and slag such as solu-
bility and diffusion speed, @ change of material
properties such as corrosion resistance.

The average molten iron temperature is
1500C to 1530C, but for individual tapping,
it may be close to 1600C. In that case, it is
expected that the wear rate of the main trough
castable increases significantly. Furthermore, in
the part exposed to high molten iron tempera-
ture tapping and changed material properties,
the wear rate may change even if molten iron
returns to normal temperature.

However, there are few studies and reports on
how much tapping at high temperatures close
to 1600TC specifically affects the wear rate and
material properties.

In this study, therefore, corrosion tests and
various physical property measurements under
different temperature conditions were carried
out on main trough ML castable and we studied
the influence of molten iron temperature change

on wear rate and material properties.
2. Experiment Method

2. 1 Test sample

The test sample composition was based on
Aly,Os-spinel-SiC-C castable which is generally
adopted for main trough ML castable. Table 1
shows the composition of the test samples. These
test samples were mixed with water to exhibit
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appropriate flowability and cast into molds. After

curing at room temperature and drying for 24

hours at 110C, test samples were prepared.

2. 2 Physical properties test, chemical
analysis, XRD analysis

The test samples were heated at 1500TC,
1550C, and 1600C for 3 hours in a coke breeze.
After each heat, the modulus of rupture, appar-
ent porosity, weight change, chemical analysis,
and XRD were measured.

2. 3 Corrosion test

The corrosion test was carried out by high
frequency induction furnace method with
pig iron and blast furnace slag. The slag was
replaced every hour. After the test the maxi-
mum wear thickness of the test samples was
measured and the wear rate was calculated.

The corrosion test was carried out in two
ways.

First, the corrosion tests were carried out at
1500C, 1550, and 1600C, respectively, using
samples dried for 24 hours at 110C. The man-
ner in which both corrosion agent and material
change due to test temperature change affects
wear rate was investigated.

Secondly, a corrosion test was carried out
at 1500C, using test samples which were
preheated at 1500C, 1550C, and 1600C for
3 hours changing their properties. The man-
ner in which material properties change due
to test temperature change affects wear rate
was investigated, excluding the influence of the
corrosion agent property change due to test
temperature change.

3. Results

3. 1 Physical properties

Figs.1 to 3 show the change in physical prop-
erties with the heating temperature change.
The modulus of rupture for the 1550C heating
was almost the same as the 1500C heating, but
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Fig.1 Influence of heating temperature on
modulus of rupture.
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Fig.3 Influence of heating temperature on
weight change rate.
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Fig.b Influence of heating temperature on SiC
content.
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Fig.2 Influence of heating temperature on
apparent porosity.
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decreased in the 1600C heating compared to
1500C heating. The apparent porosity and the
weight reduction rate increased with the heat-
ing temperature rise.

3. 2 Chemical analysis

Figs.4 to 6 show the change of the SiO., SiC,
and Free C contents with the heating tempera-
ture change. The SiO,, SiC, and Free C contents
decreased with the heating temperature rise.
3. 3 XRD analysis

Fig.7 shows the XRD patterns. Spinel peaks
shifted to a higher angle with the heating tem-
perature rise. Fig.8 shows integrated intensity
of the strongest peak of corundum (113). The
integrated intensity of the strongest peak of
corundum decreased with the heating tempera-
ture rise. Other minerals including Al and/or
Mg were not detected.

3. 4 Corrosion test

Fig.9 shows the wear rate under each temper-
ature condition. Compared to the temperature
condition at 1500C, the wear rate increased
significantly by about 2.9 times at 1550C and
about 5.5 times at 1600C.

Fig.10 shows the wear rate at 1500C using
preheated samples. Compared to the sample
preheated at 1500C, the wear rate of the
sample preheated at 1550C increased by about
1.1 times and the sample preheated at 1600T
increased by about 1.2 times.

4. Discussion

From the result of the corrosion test using
preheated samples, corrosion resistance 1is
thought to have deteriorated once exposed to
tapping exceeding 1550C. The reasons for this
corrosion resistance deterioration will be dis-
cussed from the viewpoint of mineral phases,
chemical composition, and structure.

- Mineral phases

As the heating temperature rose, the peak
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of spinel shifted to the higher angle and spinel
seems to have changed to Al:O; rich composi-
tion. In addition, as the heating temperature
rose, the integrated intensity of corundum
decreased. No minerals including Al and/or
Mg, other than corundum and spinel, were
detected. Considering these results, decreased
corundum transferred to secondary spinel
and/or amorphous low melting point material
which is AlI-Mg-Si-Ca-0 system.

In general, the formation of a low melting
point material leads to corrosion resistance
decrease, but Iida et al.” show that the corrosion
resistance of a preheated sample which formed
low melting point material was superior to the
corrosion resistance of a not preheated sample,
in main trough ML castable which is AlLO;-
spinel-SiC-C system. This is because SiO(g),
formed by oxidation of SiC under a CO(g) atmo-
sphere, forms a liquid phase composed of Al.Os,
Ca0O, MgO, and alkali in the voids. Even so, its
presence is local so its influence on corrosion
resistance is small. It is pointed out that densifi-
cation of the matrix by sintering contributes to
the improvement of corrosion resistance.

Based on this report, the low melting point
material in this study is not considered to be the
cause of the corrosion resistance deterioration.

Next, according to Asao et al.”, spinel’s enrich-
ment of Al,O; goes along with an increase in
cation defects, which makes it easier to trap
FeO in slag. Also considering the fact that SiC
oxidation by FeO is an important factor in the
local damage mechanism of the main trough
ML castable”, spinel’s enrichment of Al,Os may
contribute to the improvement of corrosion
resistance. This is not conclusive, but it is sug-
gested that spinel’s enrichment of AlO; is not
the cause of the corrosion resistance deteriora-
tion in this study:.
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- Chemical composition

As the heating temperature increased from
1500C to 1550C and 1600C, SiO., SiC, and
Free C contents decreased, respectively. This is
thought to be due to the following mechanism.
When SiC, C, SiO., O, are present in the system,
the following equilibrium is established.

2C(8) +05(g) = 2C0(g) ++rrerrrrmmmmmseeesees @D
SiC(s)+CO(g) = Si0(g) +2C(s) ---e-oro @
SiO(g) +CO(g) = SiOx(s) +C(g)  wrrerreeeees @

When the heating temperature is 1500TC,
the equilibrium of @), @), 3 moves to the right
side. As a result, although SiC decreases, SiO.
and Free C increase and SiC acts as Free C
antioxidant.

However, according to Yamaguchi®, if the
temperature exceeds 1525C, the equilibrium
of @ and 3 moves to the left from the ther-
modynamic calculation. Then SiC increases but
Si0; and Free C decrease and SiC loses its func-
tion as Free C antioxidant. In this study, the
decrease of Free C content was observed when
the heating temperature rose from 1500C to
1550C and 1600C. This is because the function
of SiC as Free C antioxidant was lost and Free
C is dissipated outside the system as CO(g). On
the other hand, when the temperature exceeds
1525C, it is assumed that the SiC and SiO.
contents are increased, but the result in this
study was rather, that they decreased. This is
considered to be because the amount of Si in
the system decreased as the amount of SiO(g)
dissipation from the system increased with
temperature rise.

Iida et al.” reported that corrosion resistance
improves as the amount of carbon black content
increases in the main trough ML castable. In
the sample of this study, carbon black was
added for the purpose of improving corrosion
resistance as well. So, it is considered that when
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the heating temperature exceeded 1525C and
reached 1550C to 1600C, part of carbon black
disappeared and the corrosion resistance dete-
riorated.

- Structure

The apparent porosity and weight reduction
rate increased as the heating temperature rose
from 1500C to 1550C and 1600C. This is
considered to be because SiO: and Free C dis-
sipated outside the system as SiO(g) and CO(g)
as the heating temperature rose. This increase
in apparent porosity, that is, a highly porous
structure, is also considered to be the cause of
corrosion resistance deterioration.

To summarize, the cause for corrosion resis-
tance deterioration due to heating temperature
rise from 1500C to 1550C and 1600C is the
decrease in carbon black content due to loss of
function of SiC as Free C antioxidant and the
highly porous structure caused by the decrease
in Free C and SiO. contents. As a method of sup-
pressing the decrease in corrosion resistance, it
is conceivable to utilize additives that function
as Free C antioxidant even in temperature
ranges exceeding 1525C, when the function of
SiC as Free C antioxidant is lost. For example,
according to Yamaguchi”, metal Al functions as
Free C antioxidant up to approximately 2000C.
However, metal Al reacts with water during
curing in the cement castable, so it iS necessary
to devise measures to suppress the reaction
with water by surface coating treatment, etc. It
IS a subject to be examined in the future.

From the above, it can be understood that
when the tapping temperature rises, the wear
rate increases during high temperature tapping.
The state of high wear rate is considered to
continue while the decreased corrosion resis-
tance parts once exposed to high temperature
remains, even if tapping returns to normal
temperature.
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b. Summary

The influence of tapping temperature rise on
the wear rate and properties of blast furnace
main trough ML material was investigated.

- The wear rate significantly increased with
the temperature rise by about 2.9 times at
1550C and about 5.5 times at 1600C com-
pared with the wear rate at 1500C.

- The corrosion resistance of the sample pre-
heated at higher temperature decreased when
the preheating temperature was changed to
1500C, 1550, and 1600C. This is because
at 1500C the function of SiC as a Free C
antioxidant is retained, but when tempera-
tures exceed 1525C, the function of SiC as a
Free C antioxidant is lost. The highly porous
structure also causes corrosion resistance
deterioration. SiO; and Free C are dissipated
outside the system as SiO(g) and CO(g) as the
heating temperature rises.

- In an actual furnace, if there is high-tempera-
ture tapping exceeding 1550C, the wear rate
of the main trough ML castable becomes very
large. The decreased corrosion resistance
of parts which have been exposed to high
temperatures once remains. The high wear
rate state will continue even if the tapping
returns to a normal temperature.
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