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Effect of Non-Equilibrium Solidification on Length of Liquid-Solid
Region at Solidifying Front of Concasting Bloom
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University of Science and Technology, Beijing 100083 ; 2 CCTEC Engineering Co Ltd, Beijing 100081)

Abstract The model of finite differential method for solutes micro-segregation during solidification of steel has been
established by analysis on representative regular hexagonal dendrite structure micro-segregation model combined with ap-
plied steel grades. Non-equilibrium solidus lines calculated by established model coincide with the related experimental data
published by Jernkontoret. The application of heat transfer calculating model for 280 mm x 380 mm casting bloom of 0. 20C
steel, 0. 45C steel and U71Mn steel show that the length of liquid-solid region at center of bloom calculated by non-equilib-
rium solidus is longer than that calculated by equilibrium solidus and it increases with increasing carbon content in steel;
and the revised solidification parameters and established model are more precise to reflect the solidification process.
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Fig. 1 Schematic of dendrite structure and mesh for finite differential method: (a) cross section of dendrite; (b) grate of calculated region
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D(T) =D, + exp( - Q/RT) (9)
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Table 1 Chemical composition of test steels /%

w"e Fh C Si Mn P S Cr Ni Cu Mo v
1* 201 0.11 0.12 1.25 0.040 0.018 0.06 0.03 0.07 0.07 -
2% 203 0.18 0.44 1.26 0.016 0.025 0.01 0.02 0.02 0.06 -
3* 209 0.20 0.25 0.90 0.014 0.039 0.81 1.05 0.07 0.06 0.02
4* 211 0.29 0.21 0.62 0.012 0.006 .11 0.15 0.04 0.21 0.04
5* 210 0.27 0.02 0.32 0. 006 0.008 1.66 3.50 0.04 0.42 0.08
6* 212 0.29 0.22 0.52 0.009 0.010 1.02 3.20 0.05 0.25 0.03
7* 213 0.35 0.24 0.67 0.010 0.020 0.92 0.05 0.07 0.19 0.02
8* 214 0.52 0.22 0.85 0.010 0.006 1.07 0.07 0.04 0.07 0.14
9* 215 0.55 0.27 0.50 0.019 0.012 0.99 3.00 0.06 0.31 0.08
10* 206 0.69 0.23 0.72 0.022 0.024 0.02 0.02 0.03 0.01 -
11* 207 1,01 0.25 0.46 0.012 0. 009 0.02 0.03 0.03 0.02 -
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A s ; . . NE/ HERBKER 48 ZHRKE/
B2 WHEEO.S C/s& MMMBLMEMEIRSHE B omin)) (m b TREX (L min-h)
R 20° 0.76 180 5.7 23.73
Fig.2 Comparison between calculated and tested liquidus and 45* 0.70 180 5~7 188.30
solidus of each steel grade, cooling rate 0.5 C/s U71Mn 0.76 180 5~1 166. 37
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Table 3 Thermal parameters of three steel grades
. BARRE/ EHERE/ T HHE/ (] (k- T) '] EHSHRL BEEWE R/
T 5 V& B ik (We(m-C)']  (K-kg™)
20* 1513.0 1485.0 1445.0 740.00 661.975 30.672 274.950
45* 1494.0 1443.0 1397.0 817.00 691.00 29.007 272.00
U71Mn 1464.4 1 383.0 1317.0 829.00 682.00 29.008 270.00
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Fig.3 Comparison between equilibrium and non-equilibrium solidus for temperature at center of bloom and solidification process: (a)

0.2C steel; (b) 0.45C steel; (c) U71Mn steel
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