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Abstract

Standard materials for slide valve plates that have been manufactured by a firing process

sometimes show poor performance when they are used under challenging conditions. Therefore,

Shinagawa has developed a new unfired material with high aluminum content. This new material

shows excellent performance and satisfies various customer requirements in Japan.
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1. Introduction

The slide valve (SV) plate system is being
used at many steel plants for flow control of
molten steel from ladle to tundish or from
tundish to mold. SV plates for ladles often
showed significant damage at the bore edge
and/or working surface when they had been
used under arduous conditions like long hours of
throttling, special grade steel casting, and so on.
The performance of standard fired material for
ladle SV plates under such conditions could not
be improved because the above damages were
often suffered. Therefore, Shinagawa developed
a new unfired SV plate material with high
aluminum content. This new material showed
improved hot modulus of rupture, erosion resis-
tance, and oxidation resistance by utilizing the
heat reaction of aluminum that was added as
aluminum powder during the mixing process.
The performance was improved by 30% under
actual casting conditions as a result of using the
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Fig. 1 Cross-section of conventional SV plate
after used.
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new material.
2. Characteristic of Developed Material

SV plates that had been used for long hours of
throttling or special steel grade casting showed
damage at the bore edge and/or working sur-
face. The bore edge damage was increased by
corrosion and erosion due to steel flow while
throttling as shown in Fig. 1. The working sur-
face was damaged by oxidation and degradation
of texture during special grade steel casting.

By focusing on the microstructure generated
by the heat of the reaction from aluminum
to Al:Os;, Shinagawa has developed a new
SV plate material that has high hot modulus
of rupture, excellent erosion resistance and
greatly improved oxidation resistance. These
benefits are attributable to densification of the
texture of the plate. Standard SV plate materi-
als are manufactured by firing above 1000C
in a reducing atmosphere with coke, followed
by pitch impregnation. The newly developed
material is manufactured by using only heat
treatment under 500C as shown in Fig. 2.

This new material shows 30% better perfor-
mance compared with the conventional mate-
rial. This improvement is due to a reduction in
damage of the bore edge and working surface
in actual use.

[ weighing |— mixing | pressing |— drying |— Fiitdégzgt)ment —| pitch-impregnation F» product |
Developed SV plate
| weighing |—| mixing |—| pressing |— ?i%%é%?tmem :I product |

Fig. 2 Flow-chart of manufacturing process for SV plate.
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Table 1 Typical properties of developed and
conventional SV plate

Conventional| Developed
Chemical composition (mass%)
Al:Os 82 80
SiO:. 1 1
Z2rO; 4 4
C 4 4
Al a 2a
Apparent porosity (%) 4.2 5.2
Bulk density (g/cm’) 3.27 3.24
Cold crushing strength (MPa) 136 145
Hot modulus of rupture (MPa) 41 48
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Fig. 3 Result of corrosion test of SV plate.
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3. Properties and Test Results of Developed
Material

3. 1 Properties

Table 1 shows the properties of the developed
material and conventional unfired material hav-
ing low aluminum content. The hot modulus of
rupture was increased with higher content of
aluminum.

3. 2 Test results

The erosion resistance of the developed mate-
rial was evaluated by rotary slag test. This test
was performed at 1650C, with a 4 hour soak
time at a speed of 4.5 rpm. The test slag that
had been prepared using 50% standard steel and
50% mill scale was replaced every 30 minutes.
Test samples were 114mm in height and 40mm
thick and were assembled in an octagon shape.
The resulting comparison of the eroded area
after rotary slag test showed that the developed
material had 65% better erosion resistance than
conventional material as shown Fig. 3.

The oxidation resistance of the developed
material was examined by oxidation test. This
test was performed at 1200C with a 3 hour
soak time in an electrical furnace with air
atmosphere. The test samples in the form of 40
mm cubes were examined to determine the non-
oxidized area and the cold crushing strength.
The non-oxidized area of the developed mate-
rial is 8% more than the conventional material
while cold crushing strength of the developed
material is 15% higher than the conventional
material as shown in Fig. 4.

4. Results of Actual Casting

This new developed material was used for the
ladle SV plates by customer A in Japan. Fig. 5
shows the typical damage condition (appearance
and cross section) of conventional material and
developed material. Fig. 6 shows the damage
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Fig. 4 Results of oxidation test of SV plate.
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rate of the bore edge and working surface.
Conventional material plates were restricted
to a maximum of 6 heats by the damage of
bore edge and working surface. On the other
hand, the developed material plates can achieve
a maximum of 8 heats due to the reduction of
these damages. The average performance of
the developed material at 6.9 heats was 30%
better than conventional material at 5.4 heats
as shown Fig. 7.

5. Analysis of the Plates after Use

5. 1 Relationship between heat number and
bore edge damage

Shinagawa investigated the damage condition,
physical properties and aluminum condition of
the developed material plate after using for 2,
3, and 5 heats. Fig. 8 shows the relationship
between heat number and bore edge damage
of developed lower plate. Fig. 9 shows the rela-
tionship between heat number and rate of bore
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Fig. b Damage around bore of SV plate after used.
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Fig. 6 Damage rate of SV plate at field trials.
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Fig. 7 Performance of SV plate at field trials.
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Fig. 9 Relationship between heat cycles and edge
damage rate.
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Fig. 8 Relationship between heat cycles and edge

damage of developed lower plate.
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Fig. 10 Relationship between heat cycles and cold
crushing strength of developed SV plate.

edge damage. Most of the bore edge damage
occurs early in the casting sequence, with dam-
age increasing only slowly in the middle and
end of the sequence.
b. 2 Strength of SV plate with increasing
heat cycles
Fig. 10 shows the relationship between heat
cycles and cold crushing strength of developed
material lower plate after use. The cold crushing
strength increases with increasing heat cycles.
Fig. 11 shows cold crushing strength of the
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Fig. 11 Relationship between distance from bore
and cold crushing strength of developed
SV plate.
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developed material lower plate after use at dif-
ference positions in the plate. The sample near
the bore has high strength and this tendency is
most remarkable for long sequences.

From these results, it was evident that the
strength of the developed material increases
according to the amount of heat received dur-
ing long casting sequences.

5. 3 Changing of aluminum with heat
cycles

Fig. 12 shows the microstructure around
the bore of the developed plate after 2, 3, and
6 heats used. Fig. 13 shows the relationship
between heat cycles and mineralogical changes
in the aluminum.

As shown by the microstructure of the plate
after 2 heats, aluminum has melted and dif-
fused into the matrix, but metallic luster is still
remaining. X-ray examination confirmed that Al
remained as the metal. As the microstructure of
the plate after 3 heats reveals, the metallic luster
has disappeared and the matrix is transformed
to a dense texture. The X-ray diffraction peak
of aluminum in the sample taken after more
than 3 heats has fallen sharply.

Fig. 14 shows SEM images of the developed
SV plate after 6 heats and a conventional SV
plate after 5 heats. It was observed that the
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Fig. 12 Microstructures around bore of developed SV plates after used.
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aluminum had diffused evenly into the matrix
and changed to Al:O; in the developed material.
This increase in aluminum is effective in the
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Fig. 13 Relationship between heat cycles and
XRD intensity.

Developed SV plate after 6 heats

Fig. 14 SEM images of SV plate after used.
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(2] 2A1(1) + N2 (g) =2AIN(s)

(3] AlsCs (s) +2N2(g) =4AIN(s) +3C(s)

(4] AlsCs (s) +6CO(g) = 2A120: (s) +9C(s)

[6] 2AIN(s) +3C0O(g) =Al0:(s) +3C(s) +N2(g)

(6] 2AI(D +3C0(g) =Al0s(s) +3C(s)

Fig. 16 Reaction of Al".

before use
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densification of texture.
5. 4 Effect of aluminum

Bore edge damage in the developed SV plate
material progressed in the early stages of the
casting sequence. However, this progression of
bore edge damage was successfully suppressed
in the later stages. Cold crushing strength
after use of the developed SV plate material
increased with increasing heat cycles by
means of densification of the texture through
disappearance of aluminum from the matrix.

Shinagawa believes that the inside of the bore
of SV plate was filled by CO or N. gas during
casting. In this atmosphere, aluminum was
changed to Al,O; via AIN, ALC;, and compound
of Al-O-C-N as shown in Fig. 15.

We presume that the reduction of the bore
edge damage at the middle and end of the
sequence was due to densification of the texture
and strengthening by means of the transforma-
tion of aluminum to ALO; via Al based carbides
or nitrides by heating during casting.

heating

Melting Reinforcement by Al:Osstructure

Fig. 16 Structure change model by heating.
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6. Conclusion

Shinagawa has developed a new unfired slide
valve plate material by using aluminum. The
matrix of the developed material is densified
in service by means of the aluminum changing
to ALOs. The new material shows 30% better
performance in service compared with conven-
tional material, primarily due to reduction in

damage to the bore edge.



