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Abstract

A new type of sliding gate plate called “ECO plate” has been developed. The ECO plate can be
reused several times by exchanging a small core plate installed at the bore area. In the field trial,
the performance of the ECO plate was the same as that of conventional plates even when reused
twice. ECO plates can contribute to the reduction of the customer’s refractory cost and the amount
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of refractory waste.
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1. Introduction

Sliding gate plates are used for controlling
the flow of molten steel from the ladle to the
tundish or from the tundish to the mold, and
have been widely used for continuous casting.
The precise control of the flow of molten steel is
an important process because it influences not
only the productivity of the steel making plant
but also the steel quality. In order to achieve
high durability and tight air sealing, sliding
gate plates are typically made of high purity
synthetic raw materials and pitch impregnation
after burning is also required. However, the
location of the damage of a used sliding gate
plate is limited to the area around the bore
and the area outside can be reused in many
cases (Fig. 1). In order to minimize industrial
waste and to reduce the customer’s refractory
cost, we have developed a reusable sliding
gate plate called “ECO Plate”. It can be reused
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Fig. 1 Example of typical damage of sliding

gate plate after use.
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Fig. 2 Schematic view of ECO plate.

several times by exchanging a small core plate
installed at the bore area. In the field trial, the
performance of ECO plate was the same as that
of conventional plates even when reused twice,
where it achieved over 20 heats in total.

2. Features of ECO Plate

2. 1 Design features

An ECO plate consists of a main body and a
replaceable core block (Fig. 2). The core block
has a step along the side so that the core block
will not slip out of the main body in use, which
assures the prevention of hot metal penetration
and air aspiration through the area between
the sliding surfaces. The other design feature
of ECO plate is that the surface length of core
block “a” is longer than the bore size “b” so that
the main body and the mortar joint between
the main body and the core block will not be
exposed to molten steel during casting. Since
the damage of the main body is little, the main
body of ECO plates can be reused several
times.
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Table 1 Material properties for ECO plate
Material Al,0s-C MgO-C Zr0;

Apparent Porosity (%) 1.5 10.0 15.6
Bulk Density 3.26 3.00 4.53
Cold Crushing Strength (MPa) 130 70 172
Chemical Composition (mass%)

AlOs 82 -

MgO - 92 -

SiO; 2 - 0.3

ZrQO; 5 - 94

Carbon 5 4 -
Application for ECO plate Core block Core block Core block

Main body

1) Remove old ceramic sheet

v \—I—I—/ \
I o
Old ceramic sheet

2) Remove used core block

==

5) Apply carbon lubricant and ceramic sheet

\

New ceramic sheet

Fig. 3 Recycling procedure for ECO plate.
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2. 2 Materials for ECO plate

ECO plates are typically made of ALOs;-C
material, which is the same as conventional
plates are made of. In the case of ECO plates,
ZrO, or MgO-C materials can be applied to the
core block part for corrosive steel grade cast-
ing such as Ca treatment steel or high oxygen
steel if necessary. Table 1 shows some typical
examples of ECO plate material properties. In
general, it is difficult to apply MgO-C materials
to the whole body of a large ladle plate because
of the increased thermal spalling damages due
to the high thermal expansion of the materials.
Increased raw material costs accompany the
use of ZrO; for the whole body. The variety and
the flexibility of ECO plate material selection
can be broadened in order to satisfy various
customer’s particular operating requirements.
2. 3 Recycling procedure

Fig. 3 shows the recycling procedure for the
ECO plate. First, the used plates are sent back
to our plant. 1) The old ceramic sheet attached
to the back surface is removed. 2) The used
core block is removed from the main body by
pressing. 3) A new core block is installed into
the main body with high alumina mortar. 4)
After the mortar has set, the working surface
of the ECO plate is machined by approximately
5) carbon

0.5mm thickness. After drying,
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Fig. 4 Measurement location of used plate.
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lubricant is coated on the working surface and
a new ceramic sheet will be attached to the
back surface of the plate. After dimensional
inspections, the recycled ECO plate is ready for
shipping for the next use.

3. Result of Field Trial

5 pieces of ECO plates were tested at a steel
making plant for the first evaluation. The oper-
ating conditions of the trial were as follows.

1) The ladle capacity was 330 metric tons.
2) The average casting time was 50 minutes/
heat. 3) The bore size was 82.5mm. 4) The
maximum plate life was 8 heats.

In this trial, 5 pieces of ECO plate were used
as the lower plate. All 5 pieces were reused
for the second use. And 4 pieces out of 5 were
reused again for the third use. Fig. 4 shows the
measurement location of the used plate for the
damage evaluation. Fig. 5 shows a comparison
of the measurements between the conventional
plates and the ECO plates. The damage of the
ECO plates was the same as that of the conven-
tional plates. Fig. 6 shows some photographs of
a used ECO plate which was reused twice and
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Fig. b5 Comparison of damage between conventional plate and ECO plate.
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Fig. 6 Photographs of used ECO plate.

(22 heats in total)
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Fig. 7 Comparison of amount of refractory waste
between conventional plate and ECO plate.

achieved 22 heats in total (=8 heats+6 heats+8
heats). Even though it was reused twice, no sign
of hot metal penetration or air aspiration was
observed on the sliding surfaces.

4. Reduction of Refractory Waste

Since the main body of the ECO plate can be
reused, the amount of refractory waste equal
to the weight of the main body can be reduced
in every reuse. Fig. 7 shows a comparison of
the amount of refractory waste between the
conventional plate and the ECO plate, where
the weight of the conventional plate is 14.3kg
and the weight of the ECO plate is 14.3kg as
well (=10.3kg as the main body and 4.0kg as the
core block). When the ECO plate is reused once,
the amount of refractory waste can be reduced
by 36mass% compared to the conventional plate.
If it is reused twice, the amount of refractory
waste can be reduced by 48mass%. In this way,
the use of ECO plates can contribute to the
reduction of refractory waste, which means the
efficient saving of limited resources.
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5. Conclusion

A new sliding gate plate called “ECO plate”
has been developed. ECO plates are reusable
several times by exchanging a small plate
installed at the bore area. In the field trial, the
performance of the ECO plate was the same as
that of conventional plates even when reused
twice. The amount of refractory waste can be
reduced by the use of ECO plates. The refrac-
tory waste can be reduced by 36mass% when
an ECO plate is reused once and by a half when
it is reused twice.

1) H. Kinoshita, A. Ohshita, S. Takeshita and T. Okamoto : Taikabutsu, 56 [1], 26 (2004)



