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Effect of high longitudinal magnetic field on interface stability and
morphology of directionally solidified Al-0.85% Cu alloy

LI Mao, REN Wei-li, REN Zhong-ming, LI Xi, ZHONG Yun-bo, DENG Kang

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

Abstract: The effect of steady high longitudinal magnetic field on the interface stability and cellular morphology of
Al-0.85%Cu (mass fraction) alloys was studied. The results show that the degree of interface stability changes from high
to low and then to high again, at last from high to low with increasing the magnetic field intensity. When the strength of
the magnetic field is 1 T, the instable interface is the most obvious. With increasing the strength of the magnetic field, the
cellular spacing decreases firstly, reaches its least value at 4 T magnetic field, and then increases. At the same time, the
cellular morphology changes to irregular. The experimental phenomena were analyzed according to competition of
convection damping effect and thermo-electromagnetic convection effect with the magnetic field.
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Fig.1 Longitudinal microstructures near solid-liquid interface of directionally solidification Al-0.85%Cu alloy at different magnetic
fields and growing rates: (a) 0 T, 0.5 um/s; (b) 0 T, 1 um/s; (c) 0.4 T, 0.5 pm/s; (d) 0.4 T, 1 um/s; (e) 1 T, 0.5 umy/s; () 1 T, 1 pm/s;
(2)4T,05um/s; (h) 4T, 1 um/s; (1) 10 T, 0.5 um/s; ) 10 T, 1 pm/s
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Fig.2 Transverse microstructures in solid-
liquid interface of directionally solidification
Al-0.85%Cu alloy at growing rate of 1 um/s
with different magnetic fields: (a) 0 T;
®04T;,(c) I T;(d)4T;(e) 10T
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Fig.3 Longitudinal microstructures near solid-liquid interface of directional solidification Al-0.85%Cu alloy at growing rate of
2 pum/s with various magnetic fields: (a) 0 T; (b) L T; ()4 T; (d) 6 T; () 8 T; () 10 T
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Fig.4 Transverse microstructures in solid-liquid interface of directionally solidification Al-0.85%Cu alloy at growing rate of 2 um/s
with various magnetic fields: (2) 0 T; (b) 1 T; (¢) 4 T;(d) 6 T; () 8 T; () 10 T
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Table 1 Physical parameters of Al-Cu alloy

Parameter Value
Melting temperature, 7;,/K 934.2
Diffusion coefficient, Dy/(m’s ') 3%107°
Liquidus slope, m/% -2 600
Solute distribution coefficient, & 0.14
Gibbs-Thomson coefficient, /7km 0.9x107
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Fig.7 Change trend of cellular morphology and spacing as

magnetic field strength increasing
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