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Effect of electromagnetic stirring on microstructure
of large-volume semi-solid slurry of 7A04 aluminum alloy

ZHU Yan-li, ZHAO Jun-wen, LI Wei, ZHU Zhen-yu, DAI Guang-ze, ZHANG Kun

(School of Materials Science and Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: The effect of the electromagnetic stirring (EMS) process parameters on microstructure and radial homogeneity
of large-volume (slurry maker of diameter 180 mm, more than Skg every time) semi-solid slurry of 7A04 aluminum
alloy was studied with temperature-controllable electromagnetic stirrer. The results show that, under the experimental
condition, the slurry microstructure at 1/2 radius location of the slurry maker is better than those at the center and the
edge. As the frequency increases, the microstructure homogeneity of the semi-solid slurry decreases; the primary a(Al)
particles of the semi-solid slurry is finer at higher voltage and slurry temperature. The overall quality of the semi-solid

slurry is the best at EMS voltage of 230 V, slurry temperature of 638 ‘C and EMS frequency of 5 Hz, the average

equivalent diameter is 112 pm.
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Table 1 Chemical composition of 7A04 aluminum alloy
(mass fraction, %)

Zn Mg Cu Cr Mn Fe Si Al
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Fig. 1 Solid fraction—temperature curve of 7A04 aluminum

alloy
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Fig. 2 DTA curve of 7A04 aluminum alloy
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Fig. 3 Sketch of heatable stirring furnace: 1—Heat insulating
material; 2—Resistance wire; 3—Melt; 4—Stainless crucible;
5 — Insulating layer; 6 — Electromagnetic stirring coils;

7—Water jacket
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Table 2 Process parameters used in preparation of semi-solid

slurry of 7A04 aluminum alloy

EMS Slurry
EMS voltage/V 5
frequency/Hz temperature/ C
140 5 632
170 10 635
200 20 638
230 30 641

1(1R)  2(0.5R)  3(0)
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Fig. 4 Schematic diagram of sampling positions in

homogeneity experiment of 7A04 aluminum alloy slurry
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Fig. 5 Microstructures of 7A04 aluminum alloy slurry at different sampling positions: (a), (b) (c) Positions 3, 2, 1 at 5 Hz,
respectively; (d), (e), (f) Position 3, 2, 1 at 10 Hz, respectively; (g), (h), (i) Position 3, 2, 1 at 20 Hz, respectively; (j), (k), (1) Position

3,2, 1 at 30 Hz, respectively
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Fig. 6 Effect of EMS frequency on microstructure of 7A04 aluminum alloy slurry: (a) Average equivalent diameter; (b) Average

shape factor
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Fig. 7 Change of homogeneity difference of 7A04 aluminum alloy slurry with EMS frequency: (a) Average equivalent diameter;

(b) Average shape factor
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Fig. 8 Semi-solid microstructures of 7A04 aluminum alloy slurry at different EMS voltages: (a) 140 V; (b) 170 V; (c) 200 V;

(d)230V
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Fig. 10 Semi-solid microstructures of 7A04 aluminum alloy slurry at different slurry temperature: (a) 641 “C; (b) 638 ‘C; (c) 635

'C; (d) 632 C
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