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Control of Initial Solidification of Steel by Application of
High Frequency Magnetic Field

Masayuki Nakapa, Shin-ichi Nisuioka, Takashi Osako, Kentaro Mori, Toshio Saro and Shin-ichi Okimmoro

Synopsis : This research work was conducted to find the possibility of controlling the initial solidification in the continuous casting
processes with the triple point by appling high frequency electromagnetic field. Some continuous casting processes
such as the horizontal continuous casting have the triple point defined as the intersection of a refractory, a mold and

molten steel. Since the triple point has a role of initiating solidification shell, proper initiation of solidification at the point
is required. The imposition of high frequency electromagnetic field on the triple point was investigated to achieve the

appropriate solidification control.

First of all, numerical calculations were done to estimate the magnetic pressure and the joule heat. Then, bench scale
experiments and plant tests with the horizontal continuous caster in Keihin Works were carried out. An induction coil
was installed around the triple point and driven at 3kHz in both cases. For the bench scale experiments, 250kg of plain
carbon steel was cast into a round billet with 65mm in diameter, and for the plant tests 50t of high carbon steel was
cast into billets with 330mm in diameter. The cast surface appearance and subsurface solidification structure were

examined. Without electromagnetic field, the triple point defects such as rough surface and irregular subsurface
solidification structure appeared on the cast. On the other hand, almost no such defects were observed.
Better bonding between the shell tip and the molten metal near the triple point was supposed to be promoted by the

electromagnetic field.
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Fig. 3. Calculated magnetic pressure onto melt sur-
face in the vicinity of the triple point.
(Coil current : 3kA, Frequency : 3kHz)
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Table 1. Chemical composition of melt and charac-

teristics of high frequency current genera-
tor for triple point simulator.

C Si Mn P S Sol.Al
Chemical composition of moiten steel

020 (025 | 0.64 [0.026 ]0.021 0.034

0.24% |0.26% | 0.65% |0.028% |0.02% | 0.037%

Amount of molten steel 250kg
High frequency power supply 30kW, 3kHz
Coil current Max 4500 A

Table 2. Casting conditions of triple point

simulator.

Low head High head
Ferro static height 60mm 120mm
Casting speed 0.35m/min 0.75m/min

Fig. 5

Witviwwal mothod P Intormitioni(60opm)
Superheat in tundish 25 ~ 35° C
Billet diameter 65 mm

Image of initial solidification"
control with high- frequency
electromagnetic field in hori-
zontal continuous caster.
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Table 3. Test conditions for horizontal continuous
casting.

C Si Mn | P S |Sol.Al

Chemical composition of molten steel
0.40 (0.31 |0.54 |0.021 |0.025 }0.031

% % % % % %

Amount of molten steel 50 ton
Diameter of billet 330 mm
Casting speed 0.9m/min
‘ Cycle of itermittent withdrawal 65 or 85 cpm
High frequency power supply 260kW, 3kHz
Superheat in tundish 45~ 49" C
.
; rans. High freq.
¢ Coil generator
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Fig. 6. Cast surface appearance by low head casting
with the triple point simulator.
(Casting speed : 0.35m/min, Coil current Ic :
0A, 4000A, Ferro static helght 60mm)
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Fig. 7. Solidification structure in longitudinal sec-
tion by low head casting with the trlple point
simulator.

(Casting speed : 0.35m/min, Coil current Ic : 0
A, 4000A, Ferro static height : 60mm)
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Fig. 8. Relation between coil current and thickness
of irregular solidification structure.
(Casting speed : 0.35m/min, Ferro static height :
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Fig. 9. Cast surface appearance by
high head casting with the
triple point simulator.
(Casting speed : 0.75m/min,
Withdrawal cycle : 60cpm,
Ferro static height : 120mm)

Fig. 10. Solidification structure in longi-
tudinal section by high head
casting.

{Casting speed : 0.75m/min, With-
drawal cycle: 60cpm, Ferro static
height : 120mm)

in subsurface area in
longitudinal section by
high head casting.
(Casting speed : 0.75m/
min, Withdrawal cycle
: 60cpm, Ferro static
height : 120mm)
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Fig. 12. Surface appearance of the cast billet with
the horizontal continuous caster.

(Casting speed : 0.90m/min, Withdrawal cycle

: 85cpm, Power of generator : 0kW, 260k W)
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Fig. 13. Solidification structure in the subsurface
area in the billet with the horizontal contin-
uous casting.

(Casting speed : 0.90m/min, Withdrawal cycle
: 85cpm, Power of generator : 0kW, 260k W)
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Fig. 14. The effect of the high frequency magnetic field
on the size of the micro porosities beneath
the cold shut mark.

(Casting speed : 0.90m/min, Withdrawal cycle
: 85cpm, Power of generator : 0kW, 260k W)
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Fig. 15. The microstructures after rolling test in long-
itudinal section and rolled surface.

(Casting speed : 0.90m/min, Withdrawal cycle
: 85cpm, Power of generator : 0kW, 260k W)
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Fig. 16. Image of the mechanizm concerning impro-
vement of initial solidification by applica-
tion of high frequency magnetic field in the
triple point area.
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