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Research Progress on Interfacial Stability of Directionally Solidified Metal
Materials in High Magnetic Field
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110819, China; 2. School of Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: Directional solidification in high magnetic field is a new solidification method, which has unique advantages in
the processing and modification of materials. Lorentz force, thermoelectric magnetic force and magnetization force can
affect the melt flow, change the solute distribution at the interface, and cause constitutional supercooling, thus affecting the
interface stability. The interfacial stability can be affected by changing the interfacial energy through the thermoelectric
magnetic force and magnetic dipole interaction. In this paper, the current research status of interfacial stability of
directionally solidified metal materials in high magnetic field is reviewed, mainly dealing with the stability of solid-liquid
interface. The effects of magnetic field on the solute gradient and interface energy at the interface front are emphatically
introduced, and the magnetic field mechanisms such as Lorentz force, magnetization force and magnetic dipole interaction
are summarized. At present, two main problems are pointed out: quantitative experiment and coupling of multiple effects,
and the prospect of future research is put forward.
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Fig.1 Longitudinal microstructure of quenched interface of Al-0.85%Cu(mass fraction) alloy™*
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Fig.2 Relationship between cellular crystal spacing and magnetic field intensity and its changing trend"
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Fig.3 Undercooling of Cu-Co alloy and schematic diagram of the mechanism of melt flow!!
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Fig.4 EBSD results of a phase in Cu-20%Sn(mass fraction) alloy under different conditions
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Fig.5 Schematic diagrams of distributions of primary Mn and BiMn in various high-gradient magnetic fields®¥
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Fig.6 Microstructure in the longitudinal section and schematics of atomic migration of Fe for the directionally solidified Al-8%Fe(mass
fraction) alloy grown at 30 wm/s under various applied magnetic fields ¥
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Fig.7 Microstructure of directional solidification of Al-1.9%Fe(mass fraction) under different magnetic fields at 100 pm/s™*"
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Fig.8 The mechanism of HMFG (High magnetic field gradients) affecting directional solidification of Al-Fe eutectic alloy™”
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Fig.9 Determination of solute distribution by different detection methods!**
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Fig.10 3D reconstruction images of the non-equilibrium eutectics of directional solidified Al-10%Cu(mass fraction) under different
magnetic fields and statistical chart of non-equilibrium eutectic numbert!

11 Sn-10%Pb(J5t it 73 80) & 4 X 52k I b F03A 50 0 A 5 b T

Fig.11 X-ray photograph of Sn-10%Pb(mass fraction) alloy and digital processing of solute distribution"
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Fig.13 Representation of magnetic dipole-dipole interactions in the liquid metal bulk and at the interfaces®™"
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