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Effects of electromagnetic stirring on microstructure and
properties of Mg-Zn-Ca-Zr alloy before and after
equal channel angular pressing
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Abstract: Mg-2.0Zn-0.7Zr-0.5Ca alloy ingots with and without electromagnetic stirring were fabricated separately by
controlling the application of the magnetic field in the casting process, and then were processed by the equal channel
angular pressing (ECAP) technology. The effects of electromagnetic stirring on the microstructure and properties of the
alloys before and after ECAP were studied. The results show that the microstructure and mechanical properties of the
alloy with electromagnetic stirring are improved greatly compared with those of the alloy without electromagnetic stirring.
Because electromagnetic stirring can refine the initial grain of the as-cast alloy, the grain refinement is obviously better
than that of the as-cast alloy without electromagnetic stirring after 1 pass and 2 passes of ECAP. After 4 passes of ECAP,
the grain size of the alloy with electromagnetic stirring becomes very small and uniform. At this time, the alloy has the
best mechanical properties, and the microhardness, yield strength and elongation of the alloy reach 56.3HV, 276 MPa and
18.3%, respectively.
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Fig. 1 Schematic diagram of electromagnetic stirring
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Fig. 2
alloys: (a) Without magnetic field; (b) With magnetic field

Microstructures of as-cast Mg-2.0Zn-0.7Zr-0.5Ca

525 Mg-2.0Zn-0.7Zr-0.5Ca £ 4: ¥ XRD #5413
Jis. HTRINK&EEITRR D, GekELl o-Mg
A, BEREMB IS NG &HER



1424 A G A R

201446 H

Ca,MgeZn; AHAT Mg,Ca AH, M INIEA 1953564
CaMgeZny FHHIATHI U 2K, AAFAEMR D5 Mg,Ca
IRTET I . B0 5 55 (0.5%~0.7%, s/ B0 M6 4
e FE P R S I IR S CaaMgeZng A, H45EAE
S FYA HI R T T REAE AR RO AR, eI I A AT
5 NEEAA T LA MgyCa B AHTE AT, Wit fe
LT, FE CaaMgeZng MR, T LASLATSY
WA 2

*—a-Mg
= — Mg,Ca
4 — Ca,Mg¢Zn;

@ | s : l 57.\:? o

® Ll

20 30 40 50 60 70 80 90
20/(°)

3 B4 Mg-2.0Zn-0.7Zr-0.5Ca & 4] XRD i
Fig. 3 XRD patterns of as-cast Mg-2.0Zn-0.7Zr-0.5Ca alloys:
(a) Without magnetic field; (b) With magnetic field
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Fig. 4 Microstructures of Mg-2.0Zn-0.7Zr-0.5Ca alloys prepared under different conditions: (a) Without magnetic field, 1 pass
ECAP; (b) With magnetic field, 1 pass ECAP; (c) Without magnetic field, 2 passes ECAP; (d) With magnetic field, 2 passes ECAP;
(e) Without magnetic field, 4 passes ECAP; (f) With magnetic field, 4 passes ECAP
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Fig. 5 Hardness of as-cast alloy and alloy after 4 passes
ECAP: (a) Without magnetic field, as-cast; (b) With magnetic
field, as-cast; (c) Without magnetic field, 4 passes ECAP; (d)
With magnetic field, 4 passes ECAP
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Fig. 6 Stress—strain curves of alloys at room temperature
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Table 1 Mechanical properties of alloys under different
conditions
Condition oy/MPa  o¢y,/MPa 0/%
As-cast 193 76 3.8
As-cast + magnetic field 206 92 4.4
As-cast + 4 passes ECAP 261 226 17.5
Aveas ;a‘:SiinEetclgeld T 30 276 183
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Fig. 7 Fracture morphologies of alloys before and after ECAP: (a) Without magnetic field, as-cast; (b) With magnetic field, as-cast;
(c) Without magnetic field, 4 passes ECAP; (d) With magnetic field, 4 passes ECAP
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