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Abstract

Various materials are selected for the tundish for continual casting on the basis of the structure
for the facility and the form of damage. The authors have developed some new products for the
tundish, which different from the existing products in that they have high durability and high cost
performance compatibly. Moreover, a lineup to support various construction methods has been

prepared.
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1. Introduction

The tundish is a vessel installed between the
steel ladle and molds in the continual casting
process. It temporarily stores molten steel in
order to float and remove inclusions, in addition,
to regulate molten steel flow, and to distribute
molten steel to the molds.

Tundish in integrated steel mills, which are
large and have multiple strands, are typically
lined with castable refractories. Alumina-silica
materials are mostly adopted because of their
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Table 1(a) Typical properties of newly developed
products (bricks)
Bricks Bricks
Chemical composition Al:Os 65 85
/%  SiO: 3 2
SiC 29 10
Compressive strength
/ MPa 45 50
Bulk density 3.20 3.36
Application for SL for ML
/ bottom
Table 1(b) Typical properties of newly developed
products (unshaped refractories)
Castable | Plastic
Chemical composition  AlOs 63 63
/%  SiO; 5 5
SiC 30 30
Modulus of rupture 110°C 24h 4.0 3.2
/ MPa  1000°C 3h 11.0 —
1500°C 3h 12.4 3.0
Bulk density 110°C 24h 2.67 2.46
1000°C 3h 2.47 —
1500°C 3h 2.53 2.40
Application for for
lining | repairing
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high spalling and slag penetration resistance".
On the other hand, the tundish in the mini mills
are generally smaller so they are constructed
with bricks in most cases. For these tundish,
high alumina and/or zircon materials are used
in consideration of corrosion and slag penetra-
tion resistance.

2. Newly Developed Al:0:;-SiC Tundish
Materials

The newly developed materials for the work-
ing lining of the tundish exhibit high corrosion,
slag penetration and spalling resistance by
adopting SiC raw materials, which have only
been used limitedly in the steel making process.
Application has been optimized to reduce dam-
age in the metal line. The typical properties of
the developed materials are shown in Table 1.
Unburned bricks and castables for the working
lining have been developed. In addition, mortar
for brick construction and patching material for
repair work have been also developed out of the
same sort of materials.

3. Characteristics of Al:O;-SiC Materials
for Tundish

3. 1 Slag resistance of Al,O;-SiC materials
for tundish
The results of the slag test with various
materials for the tundish are shown in Table 2.
The test was carried out by rotary method at
1550C with arc heating for 5 hours. Slag, with

Table 1(c) Typical properties of newly developed
products (mortar)
Mortar
Chemical composition / % Al,Os 69
SiC 30
Grain size composition <7bum / % 70
Application brick joint
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a basicity (Ca0O/Si0.) is 0.98, was used for a
corrosion agent. The amounts of corrosion and
penetration were indicated by indexes with the
results of the high alumina brick sample taken
as L.

Table 2(a) Results of slag test (bricks)
Material type High-Al:Os Zircon Al,0s-Spinel Al:0s-SiC Al0:-SiC
Burned / Unburned Burned Burned Burned Unburned Unburned
Chemical Al:Os 80 7 93 65 85
composition SiO; 14 39 2 3 2
/% MgO — — 5 _ _
Zr0O, — 53 - - -
SiC — - - 29 10

Cross section

Corrosion index 1.00 0.89

0.85 0.49 0.95

Slag penetration index 1.00 0.14 0.42 0.39 0.31
Table 2(b) Results of slag test (castables)
Material type High-Al.Os Al,0s-SiO. Al,0s-MgO AlOs-SiC
(brick)
Chemical Al:Os 80 56 89 63
composition SiO; 14 40 1 5
/ % MgO — - 7 -

SiC - -

Cross section

Corrosion index

30

0.73 0.65

Slag penetration index 1.00 0.24

0.35 0.51
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The developed brick containing 30% SiC
showed higher corrosion resistance than the
zircon and spinel bricks which are the existing
high durability bricks. Although the penetra-
tion of the new brick was not as small as that
of the zircon brick, it was 60% smaller than
that of the high alumina brick. Moreover, the
castable material also showed higher corrosion
resistance than the existing materials.

3. 2 Thermal insulation of ALO;-SiC
materials for tundish

Al,05-SiC materials showed superior durabil-
ity characteristics. However, due to the high
thermal conductivity of these materials, the
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Fig.1 Results of temperature simulation with one-dimensional stationary heat transfer calculation.
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Fig.2 Cross sections of the samples used in SL
of actual tundish (for 53 charges); (a) newly
developed Al,Os-SiC bricks, (b) conventional
zircon bricks.
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high cold face temperature of the lining used in
combination with these materials is a concern
because it is disadvantageous in terms of shell
protection and retaining melt temperature.

The simulation results of temperature gradi-
ent by calculation in a one-dimensional steady
heat conduction model are shown in Fig.l.
In comparison to high alumina brick lining
(Fig.1(a)), the shell temperature of the lining
with the Al,O;-SiC material containing 30% of
SiC (Fig.1 (b)) became higher.

As a countermeasure, the simulation result
when the SiC amount was reduced to 10% is
shown in Figl(c). The decrease in the SiC
addition resulted in reducing the rise in the
shell temperature. Moreover, to reduce the shell
temperature still more, enhancing the thermal
insulation on the backside of the refractory
lining is effective. The simulation results when
the insulator (Isowool BSSR? 1300 board) was
installed are shown in Fig.1l(d), (). As a result
of adopting the insulator, the simulated shell
temperatures were drastically reduced.

Summarizing the above, it is possible to
obtain a tundish lining with a reduction in SL
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Fig.3 Maximum corrosion depth of Al,O;-SiC and
zircon bricks after use in actual tundish (for

53 charges).
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Al203-SiC mortar

Fig.4 Hot faces of Al,0;-SiC bricks in actual
tundish after use for about 30 charges;
(a) installed with alumina mortar, (b)
installed with Al,O;-SiC mortar.
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corrosion, shell temperature, and slag penetra-
tion compatible by applying SiC rich materials
with excellent corrosion resistance to the SL,
and using less-SiC materials in the ML in
combination. Moreover, when the insulation is
insufficient, or it is difficult to apply different
materials together as in the case of monolithic
construction, the shell temperature can be
reduced by adopting an insulator on the back-
side of the refractory lining.
3. 3 Actual use results of Al,O;-SiC
materials for tundish

The cross sections of bricks after use in an
actual tundish for 53 charges are shown in
Fig.2. The hot faces were smooth and no cracks
or peeling were found on either sample. The
residual thicknesses of the samples are shown
in Fig.3. The wear rate of the Al.O;-SiC bricks
was equivalent to that of the burned zircon
bricks, and there was no noticeable slag pen-
etration on any sample. In conclusion, it was
indicated that the Al,O;-SiC materials have
high durability, comparable to that of burned
zircon bricks, which are presently used high
durability materials.

Joint corrosion, which was found in the brick
samples shown in Fig.2, should be significantly
suppressed by adopting the developed ALO;-
SiC mortar in brick construction. The appear-
ances of the actual tundish constructed with
the alumina mortar and the Al:0;-SiC mortar
after operations are shown in Fig4(a) and (b)
respectively. The joints made with the alumina
mortar were deeply corroded. On the other
hand, the corrosion was drastically reduced by
applying the Al,O;-SiC mortar, as a result, the
lining has been operating stably.
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4. Conclusion

New material products for the working lining
of the tundish were developed. Refractories with
superior durability were developed by utilizing
SiC raw materials, which have only been used
limitedly for steel making refractories until

now.
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