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Mechanism of grain refinement of aluminum alloy achieved by
low frequency electromagnetic casting process

ZUO Yu-bo, ZHAO Zhi-hao, ZHU Qing-feng, CUI Jian-zhong
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Northeastern University, Shenyang 110819, China)

Abstract: In order to understand the mechanism of grain refinement achieved by electromagnetic field, ingots of an
Al-Zn-Mg-Cu-Zr alloy with diameter of 200 mm were cast and the temperature field was measured during the casting
process. The results show that the electromagnetic field can induce the forced convection, leading to a quite uniform
temperature field and a low temperature (6 ‘C bellow the liquidus). Therefore, the thermal history of the melt from
pouring to being solidified is changed obviously, resulting in an enhanced heterogeneous nucleation and remarkable
decrease of the remelting of the formed nuclei and the formation of fine and uniform spherical equiaxed microstructure.
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Fig. 1 Schematic diagram of LFEC process and measurement
of temperature field: T1—Thermocouple near wall of mould;
T2—Thermocouple in centre of mould; T3—Movable thermo-
couple in center of mould and/or ingot; T4—Thermocouple in

furnace
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Fig. 2 Microstructures of aluminium alloy billets processed

by conventional DC casting (a) and LFEC process (b)
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Fig. 3 Measured temperature curves of aluminum alloy melt
by thermocouples T1, T2 and T4 during conventional DC
casting (a) and LFEC process (b)
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Fig. 4 Measured temperature curves of aluminum alloy melt
by thermocouple T3 during conventional DC casting and LFEC
process: (a) Whole curves; (b) Magnification of indicated

rectangular area in Fig. 4(a)
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Fig. 5 Schematic diagram of cooling curves in conventional

DC casting process and LFEC process
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