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Abstract

In the steel making process, the reduction of heat loss caused by heat being absorbed and

stored in refractories is highly effective for lowering molten steel temperature drop. We studied

to make ladle castables with low heat capacity and lightweight. Hollow alumina aggregate is used

in alumina magnesia castables in order to reduce weight. Application of the hollow alumina to

alumina magnesia castable was examined, and an appropriate additive amount and grain size were

found. The effect of the heat loss reduction attained by the new lightweight castable was calculated

with an actual ladle model.
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1. Introduction

Countermeasures for global warming are
being taken now. Environmental technology is
very important. Heat loss in various furnaces
was examined. Demands for controling molten
steel temperature drop in the ladle are strong.
Fig. 1 shows the rate of heat loss from molten
steel in the ladle. It is thought that the ratio
of heat loss by heat stored in the ladle wall is
higher than heat loss by conduction to shell.
Reducing the rate of heat loss by heat stored
in refractories is highly effective for controlling
molten steel temperature drop.

We carried out research in order to make
ladle wall material with low thermal conductiv-
ity and lightweight. Hollow alumina aggregate
was used for the alumina magnesia castable as

a technique of weight reduction. There have
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Thermal analysis of ladle.”

been reports of applying hollow alumina for
alumina-spinel castable in the past, and having
confirmed the effect of controlling molten steel
temperature drop and the decreasing build-up
on the ladle wall. There have been no articles
however, about applying hollow alumina to alu-
mina magnesia castable, which is an important
ladle material.

If lightweight castable is adapted to actual
furnaces, many merits will be had such as low
thermal conductivity to control molten steel
temperature drop, and weight reduction will
reduce casting requirements. But it is feared
that reducing the flow ability will cause separa-
tion of alumina aggregates, which will reduce
strength, and reducing corrosion resistance.

Applying hollow alumina to alumina magnesia
castable was examined. The expected problems
were confirmed. And appropriate additive
amounts and grain sizes were examined. After
that, a ladle model was assumed. And the effect

of the heat loss decrease was verified.
2. Experimental Procedures

2. 1 Test sample
We used ladle castable (MgO=7%, Si0,=1%)
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Table 1 Properties of castables
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for this study. Sintered alumina (bulk den-
sity=3.75) was applied to the base sample
(sample No.l) as an aggregate. Hollow alumina
was applied to the other samples as an aggre-
gate, and we changed the amount and grain
size of the hollow alumina. Hollow alumina(bulk
density: —5mm=0.9, —3mm=1.1) has a much
lower bulk density than sintered alumina, so
that the additive amount was studied by using
vol%, and we substituted hollow alumina of the
same grain size sintered alumina. Table 1 shows
the properties of the test sample.
2. 2 Experiment item

We examined the influence of applying the
hollow alumina to alumina magnesia castable
on each property.
2. 2. 1 Installation properties

To confirm the installation properties, we
measured the amount of water addition when
flow ability was set to V5 flow value=190—~
210mm. 115%x114X65mm samples were made to
confirm the dispersibility of hollow alumina, and
we added vibration for 60 seconds. After that,
we observed the cut surface, and we confirmed
the Decentralization of hollow alumina.
2. 2. 2 Properties

Each property of the samples was mea-
sured (Modulus of rupture and cold crushing
strength in compliance with JIS R 2553, Bulk
density and apparent porosity in compliance
with JIS R2205. 40x40x160mm samples were
made to measure Modulus of rupture, and
40x40x40mm samples were made to measure
the cold crushing strength, Bulk density and
apparent porosity. We measured each samples
after drying at 105°C-24h, after heating 1000C-
3h and 1500C-3h.
2. 2. 3 Corrosion resistance

A rotary drum corrosion test was performed

to confirm the corrosion resistance of each
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Fig. 2 Relation of hollow alumina content, Vb
flow value and water content.
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sample. The heat source was an electric-arc ele-
ment, the examination temperature was 1650C-
3h, and converter slag (C/S=3, FeO=25%) was
used.
2. 2. 4 Thermal spalling resistance

To evaluate the thermal spalling resistance of
each sample, the following test was performed
using on electric furnace.
Sample size: 230%x114x65mm (standard brick)
Heat method: One side heating cooling
Heat temperature, time, and frequency: (1500C-
45min © 20C-15min) X 3Stimes.
2. 2. 5 Thermal conductivity

The thermal conductivity was measured
by hot wire method. Sample No.l,2,34 were
measured, and we made 115X114X65mm
samples and used those samples after heating
at 1000C-3h.

3. Results

3. 1 Installation properties
3. 1. 1 Flow ability

Fig. 2 shows the relation among amount of
the hollow alumina content, V5 flow value and
water content (mass %).

When the water content was adjusted and
mixed so that the V5 flow value might become
190~210mm, the water content showed some
increasing tendencies with increased hollow
alumina (—bmm, —3mm) contents.

3. 1. 2 Hollow alumina dispersibility

Cut surface pictures of each samples are
shown in Fig. 3. In addition, big grain size hol-
low alumina aggregate is circled.

From the appearance of the cut surfaces, it
was confirmed that hollow alumina aggregate
didn't separate, and had been dispersed. It is
thought that the separation was controlled by

the viscosity of the matrix.
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Fig. 4 Bulk density after 1000°C-3h.
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Fig. b Apparent porosity after 1000°C-3h.

3. 2 Properties
3. 2. 1 Bulk density and apparent porosity
Fig. 4 and Fig. 5 show the relation between
the hollow alumina content, bulk density and
apparent porosity after 1000C-3h heating.
The Bulk density decreased with the increase
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Fig. 6 Modulus of rupture after 1000°C-3h.
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Fig. 7 Crushing strength after 1000°C-3h.

in hollow alumina content. And the apparent

porosity increased with the increase in hollow

alumina content. There was no difference caused

by the hollow alumina grain size.

3. 2. 2 Modulus of rupture and cold
crushing strength

Fig. 6 and Fig. 7 show the relation between
modulus of rupture, cold crushing strength and
hollow alumina content after 1000C-3h heat-
ing.

The Modulus of rupture decreased with the
increase in hollow alumina content. When a
hollow alumina content of 20vol% was added,
the modulus of rupture decreased from 10MPa
to 8MPa. Similarly, the cold crushing strength
decreased from 40MPa to 30MPa. However, the
—5mm hollow alumina sample had a tendency
to have higher strength than the —3mm hollow
alumina used sample.

3. 3 Rotary drum corrosion test results

The cut surface pictures of each sample after
the rotary drum corrosion test are in Fig. 8.
Fig. 9 shows the relation between the hollow
alumina content, and the corrosion depth and

slag penetration depth.
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Corrosion resistance decreased with the
increase in hollow alumina content. However,
Slag penetration resistance was thought to have
been influenced by corrosion, and the tendency
was indistinct.

About the influence of the hollow alumina
grain size, the —3mm hollow alumina sample
had superior corrosion resistance compared
with the —5mm hollow alumina sample up to
an addition of 15vol%. Though, the corrosion
depth of the —3mm hollow alumina sample
grew suddenly when the hollow alumina addi-
tion was increased from 15vol% to 20vol%.

3. 4 Thermal spalling test results

Fig. 10 shows the thermal spalling test
results.

No decrease in thermal spalling resistance
because of hollow alumina addition was seen.
3. 5 Thermal conductivity

Fig. 11 shows the thermal conductivities of
the samples.

Thermal conductivity decreased with the
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Fig. 10 Results of thermal spalling test.
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increase in hollow alumina content. No.4 con-

ductivity was about 27% lower than No.l when

the samples were heated at 1000TC.

3. 6 Conclusion of test results

- Water content increased 1.2% in the light-

weight product (hollow alumina=20vol%) with
increased hollow alumina content compared
with the ordinary product.
But it was confirmed that the hollow alumina
aggregate didn't separate, and had been
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dispersed. It is thought that lightweight
products can be cast on the actual furnace
by using —bmm and —3mm aggregate, if the
additive amount is about 20vol% or less.

- The Modulus of rupture decreased with the
increase in hollow alumina content.
But with a hollow alumina addition of 20vol%,
the Modulus of rupture was 8MPa and cold
crushing strength was 30MPa. It is thought
by past results that lightweight products can
be cast on the actual furnace if the addition
is about 20vol% or less.

- Corrosion resistance decreased with the
increase in hollow alumina content.

- No decrease in thermal spalling resistance
because of hollow alumina addition was seen.

- When —5mm and —3mm aggregate additions
were compared. Installation properties, bulk
density, heated strength and heat spalling

resistance were almost same.

From these results, it is thought that light-
weight products can be cast on an actual furnace
lining, if the additive amount is about 20vol% or
less. But corrosion resistance decreased. So it is

necessary to examine the actual ladle condition
beforehand.

4. Consideration (steady heat transfer

calculations)

4. 1 Set up of actual ladle model

The actual ladle model was made to verify
the weight reducing effect when the lightweight
ladle castable was adapted for an actual ladle.
The actual ladle model is shown in Fig. 12.
4. 2 Result of steady heat transfer

calculations

Steady heat transfer was calculated with the
lade model shown in Fig. 12. Sample No.l and
sample No.4 (hollow Alumina=20vol%) were
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used to calculate. The results are shown at
Fig. 13.

The following effects were seen in sample
No.4 (hollow Alumina=20vol%) compared with
sample No.l.

The decrease in thermal conductivity made
the thermal gradients become steep in the work-
ing lining, and the back surface temperature
decreased to 107C (No.1=979TC, No.4=8727).
the shell temperature also decreased to 33C
(No.1=364C, No0.4=3317C) by these effects.

The heating range (It is assumed that a reac-
tion occurs at 1500C, The line is drawn) in which
slag reacts with material moved to the working
side as thermal gradients grow steep. It was
understood that the 1500C temperature region
moved to the working side by 7.5mm. This will
have the effect of reducing the slag penetration
depth in an actual ladle. The Difference of ther-
mal gradient is seen more markedly in actual

ladles than in the corrosion test sample.
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Table 2 The effect of the actual furnace

application
Sample No.1 | Sample No.4
Heat flux
W,/m? 9516 8040
Molten steel temperature drop . 146
C/h .

4. 3 Controlling molten steel temperature
drop

Heat flux and the effect of controlling molten
steel temperature drop are shown in Table 2.

The result of sample No.l and Sample No.4
were compared.

From the calculation results, Heat flux
decreased 1476 W/m?*(No.1=9516 W/m?, No.4=
8040 W/m®).

From those results, it was understood that
the effect of controlling molten steel tempera-
ture drop is -1.46C/h in sample No.4 (hollow

alumina=20vol%).
5. Conclusion

We examined the use of hollow alumina in
alumina magnesia castable in order to make a
ladle wall material with low heat capacity and
lightweight. The following were clarified.

(DThe influence of hollow alumina aggregate
addition on Installation properties is little.
It is thought that lightweight products can
be cast on the actual furnace if the additive
amount is about 20vol% or less.

(@The corrosion resistance and after heating
strength have a tendency to be decreased by
adding hollow alumina aggregate.

(®The bulk density decreases by 11.1% when
hollow alumina is added in 20vol%, and the
effect of a decrease in thermal conductivity

was achieved. There were no differences in



Shinagawa Technical Report

@HZET IV I FEM OB & o TR O
BRI T 9 A A H S,

@HFZET IV 3 F F20vol%R N 5 & b E A
TL1%MEH L, BmEEOE TR R S N7z,
IR D X 2 BRI RO EIT RS
Lol

@HZ27 v 3 F & % 20vol%is AN L 741 ¥ % 4
TIAPELE R L C, BEF VIS & 2 R R
AR ZITo 728 2ABRRIREITHIZCTIKR T35
WRER o7,

OEFEHAGTE/RE LY, WEARIEIIRD,
AT 7 ERIGT AR E A E5) 5 5
A7 RN RS TE 5 2 L0395
725

References

Vol. 54 2011

the effect of weight reduction by the differ-
ence of the aggregate addition grain size.

@From the results of heat transfer calcula-
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temperature was reduced by 33C, compared
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