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Abstract

Sliding surface damage of the SV plate severely affects its durability. The main cause of sliding

surface damage is considered to be the abrasion or peeling of the decabonized layer which is formed

by dissolution of carbon in molten steel. In this report, a new plate material with low carbon

content which has both high abrasion resistance and high spalling resistance was described. The

newly developed SV plate material was used in an actual ladle and sliding surface damage was

suppressed.
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1. Introduction

A slide valve gate (SV) system is generally used to
control molten steel flow from a ladle to a tundish,
or from a tundish to molds. There are various forms
of Sliding surface damage (e.g. corrosion, abrasion,
peeling by spalling and peeling by sticking skull). In
many cases, Sliding surface damage affects the
durability of the SV plate.

We have improved the SV plate properties from
various viewpoints and extended the plate perform-
ance." Recently, we have developed a new SV plate
material with low carbon content which suppresses
sliding surface damage in order to prolong SV plate
life. The newly developed plate material was used in
an actual ladle with good result. We introduce the

newly developed SV plate material below.

2. Characteristics of the Newly Developed SV
Plate Material

When plate material is exposed to molten steel
flow, it is generally supposed the carbon on the hot

surface dissolves in molten steel and a decarbonized
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Table 1 Typical properties of newly developed and
conventional SV plates

Conventional Developed
Chemical composition (mass%)
Al,Os 77 79
SiO, 1 1
ZrO;, " "
C 7 5
Apparent porosity (%) 4.0 4.0
Bulk density (g/cni) 3.36 3.43
Cold crushing strength (MPa) 240 240
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layer is formed at the surface. This decarbonized
layer causes sliding surface damage (e.g. abrasion,
peeling by sticking skull and so on) because the pore
space made by decabonization contributes to the
deterioration of the texture. So we considered
strengthening the texture of the decarbonized layer
to suppress the sliding surface damage and devel-
oped the new plate material with low carbon content
which has a dense decarbonized layer in order to
suppress the deterioration of texture.

Plate material with low carbon content is thought
to have lower spalling resistance and is damaged by
cracking. We improved the spalling resistance of the
new plate material by examining grain size distri-

bution.

3. Properties of the Newly Developed SV Plate

Material and Results of Evaluation Tests

3.1 Properties

Table 1 shows typical properties of the newly
developed SV plate material.
3. 2 Evaluation of the deterioration of

decarbonized layer

The deterioration of the decarbonized layer was
evaluated by the hot abrasion test. The conventional
plate material (C=7%) and newly developed SV
plate material (C=5%) were tested and their prop-
erties are shown in Table 1. Samples were sprayed
with granular alumina (grain size = 0.5 ~ 1.5mm)
under oxidation conditions at 900°C, and we meas-
ured the abraded volume of samples. Fig.1 shows
the appearance of the samples after the hot abrasion
test, and Fig.2 shows the comparison of index

numbers of the abraded volumes of both samples.

Conventional

Developed

Fig. 1 Samples after hot abrasion test.
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Fig. 2 Result of hot abrasion test.
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Developed

Conventional

Fig. 3 Cut section of samples after spalling resistance
test.

On the surface of the conventional SV plate mate-
rial, the decarbonized layer was abraded and
unoxidized black material appeared. On the other
hand, the decarbonized layer remained on the newly
developed SV plate material is indicating that it was
strengthened. A comparison of the abraded volume
of the samples also shows that the newly developed
SV plate material has good abrasion resistance.

3. 3 Evaluation of spalling resistance

Spalling resistance was evaluated by dipping a
sample into molten iron. The sample was dipped
into molten iron at 1550°C for 1 minute. The
spalling resistance was evaluated by observing the
cracks in the cut section.

The cut sections of the tested samples are shown
in Fig.3. The number and opening width of the
cracks of the newly developed SV plate material
were the same as the conventional SV plate material
with high carbon content. Deterioration around the
cracks of the newly developed SV plate material was
suppressed. While damage of texture around the

cracks appeared with the conventional SV plate

Conventional

Developed

Fig. 4 Sliding surface damage of conventional and newly developed plates after used.
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Fig. 5 Comparison of sliding surface damage between
conventional and newly developed plates.
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material. This result confirms that the newly devel-
oped SV plate material with low carbon content has
better spalling resistance than conventional SV

plate material.
4. Results of Actual Use

The results of field trial of the newly developed
material in a 270t ladle SV plate will be described
below. Fig.4 shows the representative damage forms
of the newly developed and conventional plate
materials. Sliding surface damage by peeling of
decarbonized layer is seen on conventional plate
material but little sliding surface damage is seen on
the newly developed plate material. It is supposed
that the dense texture of the decarbonized layer
created by decreasing carbon content made it possi-
ble to suppress sliding surface damage. Fig.5 shows
a comparison of sliding surface damage indexes
between the newly developed and conventional SV
plate material. Sliding surface damage of the newly

developed SV plate material was improved.
5. Conclusion

In this paper, we reported that the newly devel-
oped plate material suppresses both sliding surface
damage and spalling damage. Plate damage depends
not only on materials but also on operating condi-
tions. So observing the damage forms of the plate
material and developing a plate material suitable
for the operating conditions is very important. We
will develop new plate materials which contribute to
the user’s cost reduction and productivity improve-

ment.
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