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Simulation for Progress of Solid-Liquid Coexisting Zone in Continuous

Casting of Carbon Steels
Tadayoshi TAKAHASHI, Ken-ichi OHSASA and Noriyuki KATAYAMA

Synopsis :

The solid-liquid coexisting zone of a solidifying alloy was classified into three zones of g3, q; and p by
the fluidity of the interdendritic liquid. In the q, zone, primary crystals and liquid can flow concurrently,
whereas in the q; zone only the interdendritic liquid can flow between the dendrites, and in the p zone the
liquid is entrapped by the solids and cannot flow.

In the present study, the progress of solid-liquid coexisting zones in continuous casting of carbon steels
was investigated by numerical computation. Two dimensional heat transfer in a bloom continuous casting
having 400 mm X 400 mm cross section was calculated by using finite difference method. The effect of
" electromagnetic stirring on the extent of the solid-liquid coexisting zones was estimated by considering
effective thermal conductivity in the liquid, q; and q, zones. Results obtained were considered to be
effective for predicting the location of segregations, extent of equiaxed crystal zone and optimum timing
for soft reduction technique in continuous casting process.

Key words : continuous casting ; solidification; carbon steel; solid-liquid coexisting zone ; heat transfer;

finite difference method ; electromagnetic stirring.
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S : Solid region p : Semisolid region

qi : Region in which the interdendritic liquid can flow

q2 : Semiliquid region

L : Liquid region
Fig. 1. Schematic illustration of solid-liquid coex-
isting zones during the solidification of an alloy.
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Fig. 2. Mesh of the bloom cross section used in
the numerical calculation.

Table 1. Casting conditions and physical prop-
erties of steel used in the analysis.
Super heat of molten steel 20 (K)
Casting speed 0.015 (m/s)
Mold length 0.9 (m)
Length of secondary cooling zone 19 (m)
Temperature of cooling water 303 (K)

Heat transfer coefficient of mold/bloom interface | 975 (W/(m?-K))
Heat transfer coefficient in spray cooling zone 2667 (W/(m?-K))
Heat transfer coefficient in radiant cooling zone 50 (W/{m%-K))
Emissivity of bloom surface 0.79

Thermal conductivity of steel 28.5 (W/(m°K))
Specific heat of steel 0.65 (kJ/(kgK))
Density of steel 7000 (kg/m3)
Latent heat of steel 268 (kJ/kg)
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Fig. 3. Solidification path and final solidification
temperature for a Fe-C binary alloy with non-
equilibrium peritectic transformation (Model T ).
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Fig. 4. Solidification path and final solidification
temperature for a Fe-C binary alloy with non-
equilibrium peritectic transformation (Model 1 ).
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Fig. 5. The progress of solid-liquid coexisting
zones in continuous casting blooms for a Fe-0.23
mass%C binary alloy. The fraction solid of the
boundary between the q, and q; zones was taken as
0.05 for the columnar morphology.
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Table 2. Chemical compositions of steels used in
the calculation (mass% ).

C Si Mn P S
0.15 0.010 0.380 0.014 0.012
0.23 0.010 0.380 0.014 0.012

Table 3. Temperature lowering coefficients of
elements used in the calculation (K/mass% ).

C Si Mn P S
J - 69.0 16.9 7.2 37.0 47.0
Y 82.0 | 16.9 7.2 37.0 47.0

Table 4. Equilibrium distribution coefficients and
solidification parameters used in the calculation.
C Si Mn P S
50.20 50.23 50.06
ko 0.84 0.80
70.39 70.13 y0.02
a 0.47 0.0028 0.0014 0.0108 | 0.073
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Fig. 6. The progress of solid-liquid coexisting
zones in continuous casting blooms for commercial
carbon steels.
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K, : Effective thermal conductivity in molten steel

Ks : Thermal conductivity in solid steel

Fig. 7. Change in the solid-liquid coexisting
zones in continuous casting bloom for a 0.23
mass%C carbon steel by the number of electro-
magnetic stirring.
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Fig. 8. Effect of the electromagnetic stirring
force on the progress of the solid-liquid coexisting
zones in continuous casting bloom for a 0.23
mass%C carbon steel.
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Fig. 9. The progress of solid-liquid coexisting
zones in continuous casting bloom for a 0.23

mass%C carbon steel. The fraction solid of the
boundary between the q» and q; zones was taken as
0.40 for the equiaxed morphology.
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