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Simulation of carbon segregation in billet

DONG Zhicheng, ZHANG Jiongming, MA Haitao
(State Key Laboratory of Advanced Metallurgy, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Based on Fluent software, a three —dimensional model of 150 mmx150 mm mold was built. The

variation in flow field, temperature field and solute distribution in the mold were calculated and the macro—

segregation in the secondary cooling zone was simulated. It was found that the solute at the corner of the mold

solidified faster than that on the surface as heat transfer of the former is two—dimensional not one—dimensional.

The molten steel at the corner of the mold recirculated, and that at the meniscus of the mold refluxed slightly.

Under the influence of recirculation and solidification, carbon was redistributed in the mold so that there

appeared positive carbon segregation at the upper part of the mold and negative one in the recirculation

channel. It was also found that there was annular negative carbon segregation during the entire cooling of the

casting billet as a result of the difference in solid-liquid phase diffusion coefficient.
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Fig. 1 Geometric model and meshing
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Table 1 The length of each section of the cold

zone and the cooling water flow

BHX JEAR X —IX ZX =X
MK /(Lemin™) 65.24 70.88  37.48 2477
BHXKE /m 0.304 2450 2401 1.502
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Table 2 C element content, liquidus slope and

partition coefficient

TR C,i 1% m;(=) k(=)

C 0.33 -78.0 0.34

x3 EBEREFCHTHRY
Table 3 Diffusion coefficient of C in solid-liquid phase

JLE D,; /(cm?-s™) Dy /(cm?+s™)

C 0.0761exp(—134557.44/RT) 0.0052exp(-11700/RT)
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Table 4 Physical properties of steel

E I (p=p=p1) 7 400 kg/m*

AR L3 (C,) 650 J/(kg-K)

DEIRIRE (T) 1783 K (1510 °C)

WA (ky) 33.5 W /(m-K)

W AR TR (k) 247 W /(m-K)
FHE () 0.004 61 Pa-s
WA (L) 231 637 J/kg

AL A I (T)) 1808 K (1535 C)
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Fig. 2 Slab low organization and comparison of calculation results

WA SE BRSO AY 03, th R 14 (Z=0.4 m) B PRI 23 ™ E 5 0 B R Y SO

A A ARG ] O T HAR AL, T W IR R 2.3 SARIBREES

e e SRR, BB A % ok AR R AT R 1D DX I £ S5 b e it R R R B R B T A — A SCBE I R
U ST 8/ WA N R R [ VA< O e € e B 4 JIT 7R g 45 e N I E 2 TR 2 i 28, iy ] 4
F AL 38 258 i — Be/INAY 1AL 3 2 36t JI0 VR T I8¢ 51 F1 R LA D B o B R AT A A O

3 ARFANBEREREERE
Fig. 3 Flow and velocity cloud diagram of molten steel in the mould
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Fig. 4 Temperature cloud and temperature curve in the mould
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Fig. 5 Liquid fraction fraction in the mould
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Fig. 6 C concentration curve in the mould
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Fig. 7 C element distribution map in the mould
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Fig. 8 Distribution of element C in cross section of slab
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