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Abstract

The slide valve (SV) plates for the continuous casting of molten steel are generically made of
burned Al:O;-C materials. In specific, the corrosion resistance is very important when SV plates
are used under arduous conditions such as special steel grade casting and so on. While adding Al
to SV plate improves corrosion resistance, it deteriorates hydration resistance due to ALCs; and
AIN formed during burning. Therefore, high Al content Al:O;-C SV plate is generally unburned.
But, oxidation of unburned SV plate at low temperatures frequently occurs. In this study, the
effect of low temperature burning on each characteristic of high Al content Al.O3;—C SV plate was
investigated experimentally. The new material developed on the basis of the experimental results
showed high durability compared with the unburned material.

1. ¥8 1. Introduction

A5 A4 KNV 7 (LLFSV) 7L — MiX, B The slide valve (SV) plate system is used at
EY VT4 v ARy T v anbE—) many steel plants for flow control of molten steel
NI CHSROGESME TEME LA ST from ladle to tundish or from tundish to mold. SV
Wb, SV L — MR, — #1017 ALO,-CE O plate materials used for the continuous casting
BERR A ST 2. SRR 7 & OB of molten steel are generically made of Al,O;-C
DS RS T, T AR TR0 B 4, materials. In specific, the corrosion resistance is
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very important when SV plates are used under
arduous conditions such as special steel grade
casting and so on. While adding Al to SV plate
improves corrosion resistance, it deteriorates
hydration resistance and spalling resistance. If
SV plate is burned at over 1000 C, the hydra-
tion resistance of the plate is degraded because
ALC; and AIN are formed from Al ALC; and
AIN form AI(OH); by the reaction with mois-
ture in an air atmosphere. This reaction causes
cracking or dusting. Therefore, high Al content
AlLO;-C SV plate is generally unburned.

Kawasaki and Adachi have developed
unburned high Al content Al:O;-C SV plate to
improve corrosion resistance’. The corrosion
rate of the developed material decreased with
the increase in casting number by 3 heats, then,
it became constant. Kawasaki et al. thought
that densification caused by the reaction of
metallic additives after heating improved plate
performance and the densification would be
completed at the third heat. Hence, if SV plate is
burned below 1000 C, below which ALCs is not
formed, in order to densify its microstructure
in advance, further improvement in corrosion
resistance of SV plate will be expected.

On the other hand, abrasion damage at
the sliding surface of unburned SV plate fre-
quently occurs. This is considered attributable
to the bonding system. The bonding system
of unburned SV plate is resin-bonding, which
tends to disappear by oxidation. While Al is
included as an anti-oxidant, it does not melt
at low temperature from 500C to 600C so
that the anti-oxidation effect is not obtained
at this range of temperature. Thus, due to the
oxidation of the resin-bonding substance, mate-
rial strength decreases and abrasion damage
occurs, especially on the sliding surface. Fig. 1
shows an unburned SV plate which is damaged
at sliding surface by oxidation. When oxidation
occurs at the surrounding of the plate at low
temperature, the strength of the sliding surface
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Lower plate

Degradation by oxidation of unburned SV plate.

decreases. Therefore, abrasion damage occurs
in accordance with sliding movement and a gap
develops between the plates. If the gap between
the plates causes air aspiration, the damage
will be promoted. According to the context, it
is considered that burning the SV plate at low
temperature solves this problem because the
bonding system of the SV plate burned at low
temperature is metal-bonding formed from the
molten Al during burning and the metal-bond-
ing can remain even if the material is oxidized.

In this study, therefore, the effect of low tem-
perature burning on each characteristic of high
Al content ALO;-C SV plate was investigated
experimentally. The material burned at low
temperature had excellent corrosion resistance
and compressive strength after oxidation at
600 C compared with the unburned material.
The material burned at low temperature showed
high durability compared with the unburned
material in the actual casting test as well. The
details of these results will be reported.

2. Experimental Method

Test samples with different burning condi-
tions were made to evaluate the effect of low
temperature burning. The test samples con-
tained a mass% of Al. The typical properties of
the test samples are shown in Table 1. The raw
materials were mixed with phenol resin and
pressed using a uniaxial press machine. Then,
the green bodies were dried at a predetermined
temperature. The dried samples were used as
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Table 1 Properties of each sample
Sample No.1 No.2
Heating treatment Unburned ?:QSSQE%V
Apparent porosity / % 4.0 8.0
Bulk density / g=cm® 3.24 3.22
Apparent density / g-cm”® 3.39 3.51
Compressive strength / MPa 90 110
AlOs 84
SiO; 1
Chemm}all’ncaosr;]lzosmon 70 1
C 4
Metal a
Sample

Castable

Fig. 2 Schematic of corrosion test.
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unburned material.

Another dried sample was burned in an inert
gas atmosphere at temperature lower than
1000 C. The burned sample was used as the
material burned at low temperature. These
samples were used for the following experi-
ments.

2. 1 Microstructure and EPMA

The characteristics of the refractories are
derived from the microstructure. Therefore, it
is important to observe the microstructure. The
microstructure of the sample was observed by
reflecting microscope. However, since determina-
tion of compounds formed as a result of chemical
reaction during burning is sometimes difficult,
EPMA observation was also performed.

2. 2 Corrosion test

A corrosion test was carried out investigate
the effect of burning conditions on the corro-
sion resistance of Al,O;-C SV plate. Slag with
35mass% AlOs, 35mass% CaO and 30 mass%
FeO content was prepared. The corrosion test
was carried out by rotary crucible method at
1650 C for 4 hours. Fig. 2 shows a schematic
illustration of the corrosion test. The crucible
was assembled with test samples and castable
that was cast around the crucible by rotary
crucible method. The slag was melted by
heating with a burner, when the corrosion test
was carried out. The assembled crucible was
rotated and test samples were corroded. The
tested samples were cut and the volume of cor-
rosion was measured at 5mm intervals from
the top. The average of the volume of corrosion
and corrosion index was calculated.

2. 3 Hydration test

If the material has low hydration resistance,
the properties of the material deteriorate
before use or at intermittent time. Therefore,
to evaluate the hydration resistance before
use and at intermittent times is also impor-
tant. The hydration test was carried out for
specimens before and after reheating in order
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to simulate the hydration before use and the
hydration between castings (intermittent time).
The reheated sample was obtained by heating
in an Ar atmosphere at 1550C for 1 hour.
Before reheating the sample was weighed and
hydrated at 154 C at 0.51 MPa in a water vapor
atmosphere for 3 hours followed by drying and
weight change measurement. The reheated
sample was hydrated at 80 C in 80 % humidity
atmosphere for 3 hours, which is a milder condi-
tion compared to the non-reheated specimens
since poorer hydration resistance was expected
for the ALCs;-containing reheated specimens.
Subsequent procedure was identical to the
evaluation of the non-reheated specimens.
2. 4 Spalling test

If the plate cracks, further deterioration in
plate damage due to air suction is expectable.
Therefore, evaluating the spalling resistance is
also important. The Spalling test was carried
out with an atmosphere-controllable double
room electric furnace of which two rooms
were stacked vertically. Temperatures of the
rooms could be controlled individually and the
furnace hearth could be reciprocated between
two rooms so as to inflict a thermal shock on
the specimens. The test was carried out in a
N, atmosphere. The sample was put through
four reciprocation cycles alternating between
the high temperature 1400C room for 30
minutes and low temperature 400 C room for
30 minutes. The post-evaluation samples were
cut and the crack statuses were observed.
2. 5 Oxidation test

If the material is oxidized at low temperature
between 500 C and 600 C, the strength of the
material is decreased according to disappear-
ance and/or modification of bonding, resulting
in promotion of abrasion damage at the sliding
surface. Hence, the oxidation depth and the
compressive strength after oxidation were
measured to evaluate the resistance of this
damage. The sample was oxidized at 600 C for
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3 hours in air atmosphere. The post-oxidized
sample was cut and the oxidation depth was
measured at 5mm intervals from the top. An
average of the oxidation depth was calculated.
Then, the compressive strength after oxidation
was measured.

3. Result

3. 1 Microstructure and EPMA

Fig.3 shows the microstructures of the
samples. The microstructure of the material
burned at low temperature is similar to that
of the unburned material. Fig.4 shows EPMA
results. Validation of the formation of AlLCs,

Microstructure

Burned at low temperature

Fig. 3 Microstructure of each sample.

Magnification Unburned

Burned at low temperature

Low

High

Fig. 4 EPMA results of each sample.
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Fig. b Corrosion resistance of each sample.
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AIN and AlLO; from Al during burning was
attempted. While the C derived from AlC; was
not recognized in either sample, N derived from
AIN was recognized in both samples. There was
0.2% of N in the unburned material and 1.0 % in
the material burned at low temperature. A little
AIN was formed in the material burned at low
temperature. Although O derived from ALO;
was not recognized in the unburned material,
9.4 % of O was recognized in the material burned
at low temperature. Thus, it was confirmed that
AlO; was also formed in the material burned
at low temperature.
3. 2 Corrosion test

Fig. 5 shows the corrosion index. A smaller
corrosion index indicates that the corrosion

Before reburning : After reburning
0.25

0.20

0.15

0.10 +——

0.06 +—

Weight change rate / %

Unburned Unburned  Burned at
low

temperature

Burned at
low
temperaturei

Fig. 7 Weight change rate by hydration
resistance test.

Unburned

Burned at low temperature

Before reburning

After reburning

Fig. 6 Each sample after hydration resistance test.
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Unburned Burned at low temperature
Cross
section
? i 4‘11‘01 } I ‘2 ‘?.\ Hdl i '\S‘I‘Ki 8 9
Fig. 8 Cross section after spalling test of each sample.
P Burned atlow resistance is higher. The material burned at low

temperature

Cross section

Oxidation depth

"/ mm 2.6 2.9
Compressive
strength after 57 73

oxidation / MPa

Fig. 9 Oxidation depth and compressive strength
after oxidation of each sample.
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temperature had excellent corrosion resistance
compared with the unburned material.
3. 3 Hydration test

Fig. 6 shows the appearance of the samples
after the hydration test. The samples after
hydration test did not crumble and crack. Fig. 7
shows the weight change rate of the samples
by hydration test. The material burned at low
temperature had a higher weight change rate
before reheating compared with the unburned
material before reheating. But after reheating
the samples showed an inverse tendency.
3. 4 Spalling test

Fig. 8 shows a cross section of the samples
after the spalling test. The white lines indicate
cracks. There are fewer cracks in the material
burned at low temperature than in the unburned
material.
3. b Oxidation test

Fig. 9 shows the result of the oxidation test.
While the oxidation depth of the material
burned at low temperature is similar to that
of the unburned material, the material burned
at low temperature had excellent compressive
strength after oxidation compared with the
unburned material.

4. Discussion

4. 1
In terms of high Al content Al:O;-C material,

Corrosion resistance

the material burned at low temperature had
excellent corrosion resistance compared with
the unburned material. This result is discussed
as follows.
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The material burned at low temperature
had higher apparent porosity compared with
the unburned material. It is considered that
the main factor of this result is vaporization of
phenol resin binder. Densification by burning at
low temperature was unexpected. On the other
hand, the bulk density generically decreases
with an increasing apparent porosity. In this
study, however, the bulk density of the material
burned at low temperature is similar to that
of the unburned material. This indicates that
high density compounds were formed during
burning at low temperature. AIN and ALO;
were formed from Al in the material burned at
low temperature. These compounds were not
formed in the unburned material. Therefore,
high density compounds formed during burning
at low temperature are AIN and ALO;.

These compounds are considered to have
been formed during the corrosion test in the
unburned material, too. Kawasaki et al. and
Yamaguchi showed that the strength of the
material increases as heating progresses'?.
This indicates that a certain time duration is
required for a sufficient reaction of Al AIN
and ALO; were formed from Al during burn-
ing in advance on the material burned at low
temperature, and the effect of these compounds
was effectively exerted. Therefore, the material
burned at low temperature had excellent corro-
sion resistance.

4. 2 Hydration resistance

The material burned at low temperature
showed a higher weight change rate before
reheating compared with the unburned mate-
rial before reheating. However, after reheating
the samples showed inverse tendency.

Although AIN, which influences hydration
resistance, was barely recognized, ALC; was
not detected. According to the thermodynamic
calculation, it was verified that AlLC; can be
formed during burning at low temperature.
The Gibbs free energy of reaction that forms
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Fig. 10 Bore diameter increase of SV plate after
used.
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AlLGC; from Al at low temperature is negative as
shown below. Therefore, it is possible that ALC;
is formed during burning at low temperature.

4Al (l) + 3C<S) = Ath(S)
AG=-1.628 X107 (J/mol) < 0

Thus, it is assumed that minute amount of
AIN and ALC; were formed during burning.
The material burned at low temperature had
low weight change rate after reheating, because
much hydration-resistant Al,O,C was formed
from ALCs.

4. 3 Oxidation resistance

The material burned at low temperature had
excellent compressive strength after oxidation
compared with the unburned material. This
is considered to be the result of the differ-
ence in the bonding system between the low
temperature unburned and burned materials.
The bonding system of the unburned material
was resin-bonding. Hence, the anti-oxidation
effect by Al was not obtained at 600C, and
resin-bonding oxidation took place. Therefore,
the compressive strength after oxidation of the
unburned material was lower than that of the
material burned at low temperature. On the
other hand, the bonding system of the material
burned at low temperature is the metal-bonding,
AlCs;, AIN and AlO; formed during burning.
This bonding system can remain even if the
material is oxidized. Therefore, the compressive
strength after oxidation of the material burned
at low temperature was higher than that of the
unburned material.

5. Result of The Actual Casting Test

The high Al content Al,O;-C material burned
at low temperature was tested as steel ladle
plate. The cast steel was strong corrosiveness
steel grade which contained approximately
60ppm oxygen. Figs. 10 and 11 show the bore
diameter increase and the appearance of the SV
plate after use, respectively. The bore diameter
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Cross section of SV plate after used.

increase was evaluated by calculating the differ-
ence in the bore diameter between before and
after use. The bore diameter increase of Fig. 10
is the average of the upper and lower plates.
The developed plate burned at low temperature
had less bore diameter increase compared
with the unburned conventional plate. This
result was derived from improved corrosion
resistance. The abrasion damage at the sliding
surface after oxidation of the developed plate
was also improved. There were fewer cracks
in the developed plate than in the conventional
plate. As a result, the developed plate burned at
low temperature showed higher durability com-
pared with the unburned conventional plate.

6. Conclusion

The effect of the burning condition on each
characteristic of Al.O;-C SV plate was investi-
gated. The material burned at low temperature
had excellent corrosion resistance and compres-
sive strength after oxidation compared with the
unburned material. The material burned at low
temperature showed higher durability than the
unburned material in the actual casting test.
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