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Migratory behaviors of primary crystal silicon in
hypereutectic Al-Si alloy under high magnetic field

JIN Fang-wei, REN Zhong-ming, REN Wei-li, DENG Kang, ZHONG Yun-bo, YU Jian-bo

(School of Materials Science and Engineering, Shanghai University, Shanghai 200072, China)

Abstract: The migration behaviors of the primary Si grains during solidification of Al-18Si alloy from mushy zone was
investigated under various magnetic flux density and gradient. The effects of magnetic flux on the migration were
investigated when the magnetic field gradient was set at 25 T/m, the effects of the field gradient was investigated when
the flux density was set at 5 T. The results show that the migration behaviors of the primary Si grains do not take place
until the magnetic flux density is over 2.3 T. The primary Si grains tend to migrate and form a remarkable Si-rich layer at
magnetic flux of 6.6 T. The thickness of Si-rich layer is almost unchanged with further increase of magnetic flux density.
The amount of segregated primary silicon grains increases with increasing magnetic gradient, whereas the grain size
decreases. The mechanism of influence of the magnetic flux density on the migratory behavior was discussed.
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Fig.1 Macrostructures of Al-188Si alloy solidified at 650 °‘C under different magnetic flux densities: (a) 0 T, 0 T/m; (b) 1.1 T, 24.4
T/m; (c) 2.3 T, 25.2 T/m; (d) 6.6 T, 25.4 T/m; (e) 7.7 T, 24.4 T/m; (£) 9.9 T, 24.0 T/m
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Fig.2 Microstructures of samples quenched under different experimental conditions: (a) Quenched from 650 ‘C without magnetic

field; (b) Quenched at 650 °‘C under magnetic field condition of 9.9 T and 24.0 T/m



316 T A R R

2007 £ 2 H

3 AFMEZBE T Al-18Si A4 AN 650 “C HE[R () 7 ML TE ] 21 21
Fig.3 Macrostructures of Al-18Si alloy solidified from 650 °C under various gradient of magnetic fields: (a) 5.0 T, 12.4 T/m; (b)

5.1T,27.5T/m; (c) 5.2 T, 38.0 T/m; (d) 5.0 T, 44.7 T/m
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Fig.4 Microstructures of layer segregated of primary crystal silicon in hypereutectic Al-Si alloy under different magnetic field
conditions: (a) 0 T; (b) 6.6 T, 25.4 T/m; (c) 7.7 T, 24.4 T/m; (d) 9.9 T, 24.0 T/m; (e) 9.9 T, 24.0 T/m, quenched from mushy state; (f)

Quenching from mushy state without magnetic field ((a)—(f): Microstructures correspond to arrow place of A—E in Fig.1(a), (d), (e),

() and Fig.2(a), (b))
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Fig.5 Schematic diagram of effect of magnetic field on resistance force: (a) Movement of grain in melt results in induced current

under magnetic field; (b) Magnetic viscosity resistance force caused by Lorenz force
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