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Research Status of Metal Solidification Based on Magnetic Field
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Abstract: The use of magnetic field to assist metal solidification can not only refine the grains and improve the mechanical properties
of the solidified structure, but also avoid the introduction of defects due to the non-direct contact between the magnetic field and the
molten metal, which has become a research hotspot. Aiming at the characteristics of metal melt nucleation and crystal nucleation
growth under the action of a magnetic field, an in-depth analysis of the metal solidification process is carried out. At the same time,
combing and analyzing the experimental studies of ferromagnetic, paramagnetic and diamagnetic metals under the action of a
magnetic field are carried out respectively. The results show that the Lorentz force, thermo-electromagnetic force, magnetic torque
and magnetic orientation induced by the magnetic field affect the nucleation and nucleation growth of the metal melt, and finally
improve the solidified microstructure and properties; the magnetic field equipment uses permanent magnets or electromagnets to
generate Magnetic field environment; the performance improvement of the three magnetic metals after solidification in the magnetic

field environment is reflected in mechanical properties, electrical conductivity, magnetic properties and so on. Finally, the problems
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existing in the magnetic field-assisted metal solidification process are summarized and the future development trend is prospected.

Keywords: principle of metal solidification; action of a magnetic field; magnetic metal; magnetic field equipment
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Fig. 1 Solidification process of molten metal’
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Table 1 Effect of magnetic field on metal materials

Magnetic field type Magnetic field

Mechanism of action Application

Rotating magnetic field,
alternating magnetic field, DC
magnetic field, pulsed magnetic
field

Lorentz force, thermoelectr-
omagnetic force

Control melt flow

Refinement of grains, uniform
solidification structure

Gradient magnetic field Magnetizing force

Different magnetic components are subject
to different magnetization forces defects

Remove impurities and surface

Strong magnetic field Magnetization energy

Controlling material phase transitions

Phase transition or diffusion
driving force

Magnetic torque, magnetic

Strong magnetic field orientation

Crystal orientation, organization orientation

Directional solidification

Alternating magnetic field,

electromagnetic field Joule heat

Heating the melt and reducing the degree
of subcooling

High frequency induction
heating
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Table 2 Improvement and application of magnetic field to different magnetic metals

Material magnetic Metallic material

Improved performance

Magnetic field type Application

Ferroalloy Magnetic properties
Ferromagnetic material Nickel alloy Mechanical properties
Cobalt alloy Mechanical properties

Strong static magnetic field Permanent magnet material

Static magnetic field Turbine blade materials

Strong static magnetic field Giant magnetoresistive material

Aluminum alloy
Paramagnetic material
Magnesium alloy

Mechanical properties

Mechanical properties

Nuclear power equipment
materials

Pulse magnetic field, strong
static magnetic field
Pulse magnetic field, static

: Aircraft and auto parts material
magnetic field 1rc d auto parts materials

Copper alloy
Diamagnetic material
Silver alloy

Electrical properties,
mechanical properties
Electrical properties,
mechanical properties

Pulsed magnetic field Conductive material

Conductive materials,

Strong static magnetic field biomedical materials
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