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The Effect of Adding Expansion Materials on Alumina-Silica Castable

o Akt
Makoto NAMBA

1l Hh s 2
Hiroyuki YAMAJI

e = K A HB§Y

Hisaharu SASAKI
e Ji JBs

Masaru TAKIKAWA

Abstract

Alumina-silica castables are the standard tundish lining materials. It is important for the

development of tundish lining materials to suppress cracking and peeling. In actual tundishes,

cracks occur after drying and grow. Therefore, it is important to suppress cracking after drying.

Reducing the amount of mixing water is generally required to suppress cracking during drying.

Because the highest drying temperatures are from 800°C to 1200°C, this report considers

suppression of cracking after drying by use of expansion material from the viewpoint of

suppressing shrinkage after heating to 1000°C and we study the effect on quality and other

properties.
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1. Introduction

Alumina-silica castables are the standard tundish
lining materials. The following are four typical
kinds of damage, Dcollapse of the wall caused by
leaking molten steel from cracks, @peeling of the
wall when the skull breaks away, @ coating mate-
rial sticking, and @erosion of the slag line. Since
tundish lining castables are usually used with a
coating material, the life of the tundish is deter-
mined by cracking, collapse of the wall, and peeling-
off. Therefore, it is important to develop tundish
lining materials which suppress cracking and peel-
ing.

Peeling-off is suppressed by decreasing slag
penetration and strength differencials.””” On the
other hand, cracking is suppressed by increasing
spalling resistance such as addition of expansion
materials and changing particle size composition

4)

and so on.”* However, in an actual tundish,
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Table 1 Properties of base mixture

Base

Mixing water / mass% 6.5
Maximum grain size/mm 6
Chemical composition /mass%

AlLOs 63

SiO, 33
Permanent linear change/ %

105°C-24h —0.02

1000°C-3h —0.24

1500°C-3h +0.20
Cold crushing strength /MPa

105°C-24h 58.7

1000°C-3h 94.0

1500°C-3h 101.0
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cracking occurs after drying and then the cracks
grow. Therefore, it is important to suppress crack-
ing during drying. In general, reducing the amount
of mixing water is required to suppress cracking
during drying. Because the highest drying tempera-
tures are from 800°C to 1200°C, this report considers
suppressing cracking after drying by use of expan-
sion material from the viewpoint of suppressing
shrinkage after heating to 1000°C and we studied
the effect on quality and other properties.

2. Experimental Procedures

2. 1 Test samples

Table 1 shows the properties of a base castable.
The amount of alumina in the base sample is
63mass%. Silica-alumina expansion materials were
substituted in the base sample to create test sam-
ples. The amount of the expansion material was «
mass% and 2 @ mass%. There were three kinds of
expansion materials - A, B, and C. The ratio of
alumina in the expansion material is indicated by

“A<B<C.
2. 2 Experimental method
(O Permanent linear change and compressive
strength.

40 X 40 X 160mm samples were dried at 105°C for 24
hours. Then, they were heated at 1000°C or 1500°C
for 3 hours, and the permanent linear change and
compressive strength were measured.

@Thermal expansion

15X 20 X 85mm samples were dried at 105°C for 24
hours. The thermal expansion was measured by
heating to 1500°C at a speed of 4°C/min and holding
for 30 minutes at 1500°C, cooling at a speed of 4°C/
min.

(®Measurement of the amount of creep

@ 40 X 40mm samples were dried at 105 °C for 24
hours. The amount of creep were measured by
heating to 1500 °C at a speed of 5°C/min and holding
for 5 hours at 1500°C under the load of 0.2MPa.
@Spalling test

230X 114 X 65mm samples were dried at 200°C for
24 hours. Using an electric furnace, the spalling test
was performed by repeatedly heating and cooling
[1500 °C -45min. < room temperature-15min.] 10
times. The spalling resistance was evaluated by the
occurrence of cracking on the cross section of tested
sample.
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Fig. 1 Effects of expansion material on permanent
linear change.
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Fig. 2 Effects of expansion material on permanent
linear change.

3. Test Results

3. 1 Effect on the permanent linear change

Fig.1 shows the results for permanent linear
change of the test samples compared to the base
sample after heating at 1000°C for 3 hours.
Similarly, Fig.2 shows the results after heating at
1500 °C for 3 hours.

The permanent linear change increased in propor-
tion to the amount of expansion materials.
Therefore, the permanent linear change is controlla-
ble by the amount of expansion materials. The
increase in the rate of linear expansion change after
heating at 1000 °C for 3 hours corresponds to the
three expansion material addition samples. On the
other hand, the amount of the residual expansion
after heating at 1500 °C for 3 hours was recognized
as C>B>A.

3. 2 Effect on the permanent linear change after
repeated heating

Fig.3 shows the results for the permanent linear
change after repeated heating with 1 cycle of heat-
ing at 1000°C for 3 hours. Similarly, Fig.4 shows the
results for the permanent linear change after re-
peated heating with 1 cycle of heating at 1500°C for
3 hours.

When the amount of expansion materials added
was a mass%, the permanent linear change after
repeated heating to 1000°C was almost the same as
the rate heated only once for all three kinds of
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Fig. 3 Effects of silica material on permanent linear change after repeated 1000°C-3h heating cycles.
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Fig. 4 Effects of silica material on permanent linear change after repeated 1500°C-3h heating cycles.
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expansion materials. So it is guessed that the ex-
pansion material expanded relatively quickly. And
the same tendency was confirmed when the amount
of expansion material addition was 2 @ mass%.

On the other hand, after repeated heating to
1500°C, samples tended to expand after each heat-
ing. It was confirmed that residual expansions of
three samples were different after first heating but
tended to converge almost the same way for each
heating. Similarly, when the amount of expansion
material added was 2 @ mass%, the same tendency
with amass% was confirmed.

3. 3 Effect on compressive strength
Fig.5 shows the index of compressive strength
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strength.
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strength.

compared to the base sample after heating at 1000
°C for 3 hours. The compressive strength after
heating at 1000°C for 3 hours is shown as the coeffi-
clent, with the compressive strength of the BASE is
100. Similarly, Fig.6 shows the index of the com-
pressive strength compared base sample after heat-
ing at 1500°C for 3 hours.

After heating to 1000°C, it was confirmed that the
compressive strength tended to decrease as the
amount of expansion material addition increased.
The compressive strength of samples with expan-
sion material C tended to decrease when compared
to the expansion materials A and B. And similar to
after heating to 1500°C, the compressive strength
showed a tendency to decrease with the increase in
expansion material addition. It was confirmed that
the compressive strength of sample with a expan-
sion material C after heating to 1500°C was much
lower than those with expansion materials A and B.
On the behavior of permanent linear change after
repeated heating to 1500°C, it is thought that many
micro-cracks caused strength to deteriorate with
expansion material C addition samples.

3. 4 Effect on the thermal expansion

Fig.7 shows the thermal expansion rate at 1000
C and 1500°C. The test was performed with
amass% expansion material.

Expansion material B addition samples showed
the highest thermal expansion result at 1000°C. And
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shrinkage (Expansion material : amass%).
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the difference in thermal expansion between 1000°C
and 1500°C for the sample with expansion material
A 1s the least of the three, and the thermal expan-
sion at 1500°C was almost same as that of the base
samples. On the other hand, The difference in
thermal expansion of expansion material C addi-
tional samples between 1000°Cand 1500°C was the
biggest of the three. And it is presumed that the
small cracks initiated by violent expansion will lead
to deterioration of strength after heating to 1500°C.

Fig.8 shows the amount of cooling shrinkage
compared to the base samples. The test was per-
formed with amass% expansion material.

The amount of cooling shrinkage was calculated
by the difference in the rate of thermal expansion
from 1500°C to 50°C, using the following equation:
(amount of cooling shrinkage) = (rate of thermal
expansion after holding at 1500°C) — (rate of ther-
mal expansion after cooling to 50°C)

For Tundishes, less cooling shrinkage is desirable,
because cracking tends to occur easier during cool-
ing down than heating up. All of the three expan-
sion material addition samples show the same
tendency for the cooling shrinkage to be less than
the base samples. So it is thought that adding
expansion material is useful for suppressing crack-
ing not only after drying but also during operation.
3. b Effect on spalling resistance

Because the cooling shrinkage tends to decrease
with the addition of expansion materials, we inves-
tigated the effect on spalling resistance by a
spalling test.

Fig.9 shows cross sections of samples after the
spalling test. The test was performed with @ mass%
expansion material.

Parallel cracks were confirmed in the face of the
base sample. No parallel cracks were confirmed in
the samples containing expansion materials A and
B. On the other hand, parallel cracks similar to the
base samples were confirmed in the expansion
material C sample.

Adding expansion materials A and B was found
to be effective for increasing spalling resistance.
And all of the samples including the base sample
had a well structured back face. The expansion
materials were not found to have any effect on the
deterioration of texture in the cold face.

3. 6 Effect on creep property
Tundish lining materials require volume stability
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at high temperature, because they are constrained
by a shell. Volume stability is related to the creep
property under load. If the tundish lining materials
have a very small creep property, it has been con-
firmed that the wall of the tundish lining tends to
be push out in actual tundishes because the tundish
lining materials can't absorb their own expansion.

Fig.10 shows the creep result after holding at
1500°C for 5 hours under 0.2MPa. The test was
performed with a mass% expansion material.
Compared to the base sample, it was confirmed that
the amount of creep tended to become slightly
smaller by adding expansion materials. The same
behavior in all of the three expansion materials
addition samples was confirmed.

4. Actual Use Results

We applied a lining material containing the
expansion material to actual tundish lining, and we
checked for cracks after drying. Fig.11 shows the
actual use results for cracks after drying on a long
tundish wall. The crack development of the material
which contained a mass% expansion material B
was compared to the conventional. Compared to the
conventional, the diameters of the crack after
drying were found to be very small and the number
was almost half. So reduced cracking after drying
was confirmed.
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Fig.11 Actual use results for cracks after drying.

The development of cracking and crack growing
tended to be slow. It performed better than the
conventional one.

5. Conclusion

We discussed the suppression of shrinkage after
heating to 1000°C by adding three kinds of expan-
sion materials in an effort to suppress cracking
after use. We studied the effect on properties.

We found that the permanent liner change after
heating to 1000°C and 1500°C increases in proportion
to the amount of expansion material. The expansion
properties of the samples containing different
expansion materials were almost same but the
compressive strength of a sample containing expan-
sion material C after heating to 1500°C tended to
decrease greatly.

Spalling resistances of samples with expansion
material A and B tended to increase. We found the
expansion materials to be useful for suppressing
cracking not only after drying but also in use. But
1t 1s necessary to determine the amount of expan-
sion materials in view of the effect on expansion
properties and strength.
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