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Solidification behavior of high-silicon steel based on experimental and 3D—CAFE
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ABSTRACT The as-cast structure of high-silicon steel ingots under different cooling conditions was studied in this paper. It is found
that the as-cast structure of the ingot is formed mainly by coarse columnar crystals especially in the water cooling ingot and the ratio
is reaches as 90% . The dendrite tip growth kinetic coefficients and Gauss distribution parameters for 3D—CAFE simulation were deter—
mined according to the compositions of high-silicon steel and the results of as-east structure. Then the solidification process of high-sil—
icon steel under different cooling conditions was simulated by 3D—CAFE method. The results show that the temperature field under air
cooling is more uniform the mushy zone is broader and it exhibits a transitional solidification pattern however which shows a lay—
ered solidification pattern under water cooling. The flow field under air cooling is more stable than that under water cooling there is a
remarkable suction region within the feeder head of the air cooling ingot and this phenomenon is not observed in the water cooling
one. The CAFE results including both morphology and grain size show a good agreement with the results from experiments. Moreover
the influence of superheat on the solidification structures was researched to find that the ratio and quantity of equiaxed structures in—
crease with the decrease of the superheat and the grain size becomes finer.
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Fig.1 Schematic diagram of the relationship between FE nodes and
CA nodes 1.
2 - (a) i(b) (o) i(d) (e

Fig.2 Actual ingot: ( a) ingots under air cooling and water cooling; (b ¢) morphologies of the cavity in feeder head of the ingots under air cooling

and water cooling respectively; (d e) longitudinal profiles of the cavity under air cooling and water cooling respectively

1 ( )
Table 1 Results of the element composition of raw material and high sil—
icon steel %
Si C Mn P S Cr Ni

3.14 0.0025 0.22 0.009 0.0007 0.020 0.01

6.57 0.0025 0.21 0.009 0.0007 0.019 0.01

. 5%
3 3
40% 3 -(a) ;(b)
10% Fig.3 As-cast structure morphology of the ingots: ( a) air cooling;
2324 ’ ' (b) water cooling
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Fig.4 Macrostructure of the high-silicon steel ingots: ( a) columnar crystals; (b) equiaxed crystals
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Fig.5 Simulation model and size parameters
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Table 2 Calculated parameters of binary Fe-based alloy

/ /
% (1072 m*+s7")
C 0. 0025 -78.00 0. 340 2.0
Si 6. 6100 -26.50 0. 650 2.0
Mn 0. 2100 -3.32 0. 750 2.0
P 0. 0090 -27.10 0. 090 2.0
S 0. 0007 -30. 40 0.024 2.0
Al 0. 9600 -5.00 0. 420 2.8
Cr 0. 0190 -2.61 0. 760 2.0
Ni 0.0100 -1.60 0. 940 2.0
Cu 0.0100 -1.70 0. 960 2.0
AY 0.0100 -6.00 0.230 3.1
3.2
3.2.1
6 7 . 8
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6 (a) (b~d). (a) 99.225s; (b) 204.23s; (c) 274.23s; (d) 339.23s
Fig.6 Simulated solidification process ( a) and temperature field ( b—d) results of the high-silicon steel casting under air cooling condition at differ—

ent time: (a) 99.22s; (b) 204.235s; (c¢) 274.23s; (d) 339.23s

7 (a) (b~d). (a) 99.22s; (b) 204.23s; (c) 274.23s; (d) 339.23s
Fig.7 Simulated solidification process ( a) and temperature field ( b—d) results of the high-silicon steel casting under water cooling condition at dif-

ferent time: (a) 99.22s; (b) 204.23s; (c¢) 274.23s; (d) 339.23s

8 (a) (b) (P1 ~P4)

Fig.8 Simulated cooling curves at different locations ( P1—P4 ) in high-silicon steel casting under air cooling ( a) and water cooling condition ( b)

(e)) : <
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( 9(d) )
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( 10(d) )
9 . (a) 6.75s; (b) 72.22s; (c) 154.63s; (d) 331.23s

Fig.9 Simulated flow field results of the high=silicon steel casting at different time under air cooling condition: (a) 6.75s; (b) 72.22s; (¢)
154.63s; (d) 331.23s

10 . (a) 6.75s; (b) 72.225s; (c) 154.635s; (d) 331.23s
Fig.10 Simulated flow field results of the high-silicon steel casting at different time under water cooling condition: (a) 6.75s; (b) 72.22s; (c)
154.63s; (d) 331.23s
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Fig. 11  Velocity of flow curves of high-silicon steel casting at different locations ( P P2 P3 and P4) under air cooling ( a) and water cooling ( b)
respectively
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Fig.12 Structures of high-silicon steel casting: ( a) experimental results air cooling; ( b) simulated results air cooling; ( ¢) experimental results

water cooling; (d) simulated results water cooling

(2)
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3 K 49.53% 69. 66%
Table 3  Statistics results of solidification structure under different cool— 1. 802 mm 1. 571 mm
ing conditions
1% /mm /mm? .
49.53 2169 1. 802 4.807 ’
11. 12 1303 4.508 9.443
52K 20
13 . (a) 52K; (b) 40K; (ec) 30K; (d) 20K
Fig.13 Simulation results of solidification structure under the different superheats: (a) 52K; (b) 40K; (¢) 30K; (d) 20K
4 (4) CAFE
Table 4  Statistics results of solidification structure under different su— .
perheats
/ .
K 1% /mm /mm?
20 69. 66 2325 1.571 4.312
30 62. 56 2244 1.653 4.525
40 60. 35 2207 1.737 4. 692 1 HeZZ ZhaoY Luo HW. Electrical Sheet. Beijing. Metallurgy
52 49.53 2169 1.802 4.807 Industry Press 2012
(
2012)
4 2 Haiji H Okada K Hiratani T et al. Magnetic properties and
workability of 6. 5% Si steel sheet. J Magn Magn Mater 1996
(1) 160: 109
90% 3 Fang X S Liang Y F Ye I et al. Effect of rolling reduction on
; the texture of 6.5wt% Si electric steel during warm rolling. J
. Funct Mater 2012 43(24) : 3346
( . 6.5% Si
) 2012 43(24): 3346)
( ) 4  Yang]S Xie] X Zhou C. Preparation technology and prospect
of 6. 5% Si steel. J Funct Mater 2003 34(3): 244
“ 7 ; ( . 6.5%Si
“ i . . 2003 34(3): 244)

5  Zheng X Yan B. Properties and preparation techniques of Fe—
6. 5% Si high silicon steel. Mater Rev 2012 26(19) : 392
( . Fe—6.5%Si
2012 26(19) : 392)
6 LinJP YeF Chen G L et al. Fabrication technology micro—
structures and properties of Fe—6.5wt% Si alloy sheets by cold
rolling. Front Sei 2007(2): 13
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