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Flow Control of Molten Steel in Mold with Superconducting Magnets

Tetsuo MOCHIDA, Yasuo KISHIMOTO, Toshio Y AMADA, Hiroaki 1IIMA,
Seiko NARA and Shuji TAKEUCHI

Synopsis : In order to improve the cleanliness of steel slabs cast at high speeds, the application of an intense static magnetic field in the continuous cast-

er mold using superconducting magnets was examined for the first time in the world.
Pilot scale experiments using a 5 ton steel melt were carried out. The maximum magnetic field intensity was 1.0 T. To clarify the possibili-

ty of high speed casting with a superconducting magnetic brake, casts were made at a maximum speed of 3.0 m/min. Surface and internal in-
clusions were remarkably reduced by application of the magnetic field. The results showed that the slab quality at a casting speed of 3.0
m/min with a static magnetic field of 1.0 T is better than that in conventional casting at 1.2 m/min without magnetic field control. Thus, these

experiments confirmed the possibility of high speed casting of steel using superconducting magnets.
A numerical analysis clarified the effect of the intensity of the magnetic field on the downward velocity of the molten steel in the mold.

The calculated results were in good agreement with experimental data. The reduction in internal inclusions by the application

of a strong

magnetic field can be convincingly explained by the reduction in the downward velocity obtained in this simulation.
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Fig. 1. Schematic illustration of pilot scale continuous
caster with superconducting magnets.
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Fig. 3. Distribution of magnetic flux density at thickness
center of mold in casting direction.

Table 1. Experimental conditions.

Steel grade C/0.05% Al-killed steel
Mold size thickness : 110mm
width : 400mm
Magnetic field, B 0,03,1.0T
Casting speed, V¢ 1.2m/min 3.0 m/min
Mold Osciliation 7.8 mm 7.8 mm
92.3 cpm 172 cpm
MD flux Break point 1140 °C 1030 °C
Viscosity 2.0 poise 0.7 poise
Ca0/sio2 1.0 1.0
SEN (2 ports type) 20° downward| 60° downward

Coil supports Coil case Thermal shield

Super
conducting
coil

Cryostat

Fig. 2. Schematic illustration of superconducting magnet apparatus.
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Fig. 4. Effect of magnetic flux density on hook depth at casting speeds of (a) 1.2 m/min and (b) 3.0 m/min.
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Fig. 5. Effect of magnetic flux density on temperature
change of molten steel at meniscus in mold.
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Fig. 6. Distribution of alumina clusters (2100 um) in slab thickness direction.
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Fig. 7. Relationship between magnetic flux density and
number of alumina clusters (=100 um) in slabs
from surface to 1/4 thickness.
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Fig. 8. Weight of inclusions in slab from surface to 1/4

thickness measured by SLIME method.

Table 2. Numerical conditions.

Mesh number 78 x 30 x 101
Nozzle angle 60 degree at 3.0 m/min
20 degree at 1.2 m/min
Molten steel Density 7000 kg/m >
Viscosity 0.006 kg/m/s
Electric conductivity 7.14x10° S/m

Boundary
conditions

Fluid dynamics

K Meniscus
analysis

Wall / Immersion nozzle

fixed surface / free slip

wall function

Magnetic analysis
Wall

Meniscus / Immersion nozzle

Electric conductivity of wall

insulated
conductive
7.14x10°

S/m
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Fig. 9. Calculated molten steel flow pattern at center of mold thickness with casting speed of 3.0 m/min.
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Fig. 11. Calculated downward flow distribution at mold exit with cast-
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