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Fig.1  Schematic of semi-continuous casting for the AZ31 billets 

in different electromagnetic casting conditions 
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Fig.2  Microstructures of AZ31 billets in different electroma- 

gnetic casting conditions: (a) conventional DC casting 

edge, (b) conventional DC casting center, (c) LFEC 

edge, (d) LFEC center, (e) LFEVC edge, and (f) LFEVC 

center 
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Fig.3  Morphologies of β-Mg
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 in the AZ31 billets in 

different electromagnetic casting conditions: (a) con- 

ventional DC casting, (b) LFEC, and (c) LFEVC 

a b 

c 

d 

e 

200 µm 

f 

a 

b c 

100 µm 

Upper coil 

Pole 

Meniscus 

Electromagnetic 

vibration 

Hop-top 

Lower coil 

Water 

Forced convection 

Graphite ring 

Mold 

Billet 



� 8�                        $%&»?01DEFGHVJKLMNQR�STYZe\]^_`                    °1469° 

% &''()*+,-./0123456789:'

Table 1  Average grain size of Φ200mm AZ31 billets in diffe- 

rent electromagnetic casting conditions (µm) 

Method Edge Center 

DC 290 370 

LFEC 190 230 

LFEVC 200 210 
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Fig.4  Al (a) and Zn (b) concentration profile of the AZ31 billets 

in different casting conditions 
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Table 2  Mechanical properties of AZ31 billets in different 

casting conditions 

Method σ

b
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/MPa δ /% HV/MPa 
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Fig.5  Principle of low frequency electromagnetic vibration 
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Effect of Different Electromagnetic Field Application Ways on Microstructures and 

Mechanical Properties of Semi-Continuous Cast Magnesium Alloy Billets 

 

Zhang Zhiqiang, Le Qichi, Cui Jianzhong 

(The Key Laboratory of Electromagnetic Processing of Materials, Ministry of Education, 

Northeastern University, Shenyang 110004, China) 

 

Abstract: Using different electromagnetic fields application ways, AZ31 magnesium alloy was semi-continuously cast into billets with 

diameter of 200 mm. The effects of the different electromagnetic fields application ways on the microstructures and mechanical properties 

of AZ31 billets were investigated. The results show that compared with the conventional direct-chill semi-continuous cast billets, the 

microstructures in the entire cross section of the AZ31 billets cast in the single alternating magnetic field or the combination of alternating 

magnetic field and stationary magnetic field are significantly refined, the β-Mg

17

Al

12 

phases become fine and dispersive, the difference of 

the grain size between the border and center of the billet is reduced, and the difference of the microstructures in the billet cast in the 

combination of alternating magnetic field and stationary magnetic field is smaller than that of the single alternating magnetic field casting. 

The two electromagnetic field application ways are all beneficial to the homogeneous distributing of the alloy main elements in the cast 

billets, to great suppressing of macro-segregation and to improving of the mechanical properties of the billets. Compared with the 

properties of the conventional cast billets, the yield strength and the ultimate tensile strength of the billet cast in the electromagnetic field 

are increased by 50~60 MPa and 40~50 MPa, respectively, and the elongation is doubled. 

Key words: magnesium alloy; electromagnetic field; microstructure; mechanical properties 
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