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Effect of electromagnetically continuous casting on structure and
mechanical properties of magnesium alloy AZ31
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Abstract: A test of electromagnetically continuous casting (EMC) was used to cast AZ31 alloy to study the effect of
electromagnetic field on the billets, in which the solidification structure and mechanical properties of the billets cast with
or without electromagnetic field were examined. The result shows that the optimum distribution of magnetic induction
intensity is obtained at the apparent direct current of 40—50 A, and the grain size obtained by EMC is fine and uniform,
the dendritic crystal are fragmentated. The mechanical properties of the billet casted by EMC are improved obviously
compared with those casted by the traditional casting, and the tensile strength, yield strength and elongation are increased
by about 17%, 50% and 81%, respectively. AZ31 magnesium alloy casted by EMC usually shows flexible fracture.

Key words: AZ31 magnesium alloy; electromagnetically continuous casting; solidification structure; mechanical
property
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Fig.1 Photo of electromagnetic continuous casting (EMC) of
magnesium alloys: (a) Photo of experimental facility; (b)
Schematic diagram of EMC process
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Table 1 Chemical composition of magnesium alloy AZ31

(mass fraction, %)

Al Zn Mn Fe, Si
2.5-3.5 0.7-1.3 0.3-0.5 <0.002
Cu Ni Ca Mg

<0.002 <0.001 <0.002 Bal.
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Fig.3 Microstructures of AZ31 alloy billet cast in EMC at 30 A: (a) 40 mm from billet center; (b) Billet center
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Fig.4 Microstructures of AZ31 alloy billet cast in EMC at 40 A: (a) 40 mm from billet center; (b) Billet center

[ElS  HLIS0 AR HEERF AZ3 1 R EE LN S T
Fig.5 Microstructures of AZ31 alloy billet cast in EMC at 50 A: (a) 40 mm from billet center; (b) Billet center
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Fig.6 Macrostructures of AZ31 alloy billet cast under different technological conditions: (a) Normal DC; (b) EMC with 30 A; (c)

EMC with 40 A; (d) EMC with 50 A
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Fig.7 Mechanical properties of billets in different conditions
of EMC: (a) Relationship between tensile strength and current;
(b) Relationship between yield strength and current; (c)
Relationship between elongation and current
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Table 2 Mechanical properties variation of billets under
different conditions of EMC

Current/  Tensile strength ~ Yield strength ~ Elongation
A increase/% increase/ %6 increase/ %6
0 Criterion Criterion Criterion
30 10 11 29
40 15 40 67
50 17 50 81
60 4 - 71
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Fig.8 Fractographs of sample after tensile test: (a) Normal
DC; (b) EMC (40 A)
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