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Influence of low frequency electromagnetic field on
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Abstract Microstructures of semtcontinuously cast d100 mm Al alloy ingot at different current intensities and fre-
quencies were studied in details by optical microscope, X-ray diffraction and TEM to investigate the effect of electro-
magnetic field on microstructures of ingot. When current increases from 60 to 100 A at 25 Hz, the grains are gradu-
ally refined; When current is 100 A, the optimum frequency of grain refinement is 25 Hz. In contrast to the as-cast
ingot, with the increase of current, texture produced along [ 311] direction gradually eliminates, and lattice con-
stants at the center and edge of the ingot are more and more close, which shows that the distribution of solute atoms
is more uniform. At current of 100 A and frequency of 25 Hz, width of precipitate-free zones on both sides of grain
boundary becomes narrower and is about 100 nm, the size of precipitates deposited both inside grains and along grain

boundaries becomes smaller, and there exists metastable phase, with basically granular shapes.
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Fig. 1 Evolutions of grain size with current at edge of ingot
(a) —As normal cast; (b) —60 A; (c¢) —80 A; (d) —100 A
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Fig. 2 Evolutions of grain size with current at center of ingot
(a) —As normal cast; (b) —60 A; (c¢) —100 A
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Fig.3 Evolutions of grain size with current frequency
(a)—As normal cast; (b)—15 Hz; (¢)—25 Hz; (d)—35 Hz
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Fig.4 XRD patterns at edge of Fig.5 XRD patterns at center of

cast at different currents cast at different currents

(a)—As normal cast; (b)—60 Aj; (5)—As Biniial abti-thI =80 A
(c)—80 A; (d)—100 A (©)—80 A; (d)—100 A
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Table 1 Point lattice constants of matrix Al at
edee and center of cast at different currents

a/ nm
Specimen
Edge Center
As normal cast 0.404 36 0. 405 32
60 A 0.405 24 0.405 53
80 A 0.405 24 0. 405 40
100 A 0.405 32 0.405 32
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Fig. 6 TEM microstructures of as normal ingot of Al alloy
(a), (b) —Platelet Nand T phases; (c¢) —Spindle N phase; (d) —S phase;

(e) —Dendritic eutectic at triple grain boundaries; (f) —Ilprecipitates along grain boundary
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Fig.7 TEM microstructures of Al alloy cast at 100 A current and 25 Hz frequency
(a) —Angled dislocations; (b) —Fine precipitates along dislocations;
(¢), (d) —Dark field micrograph and diffraction pattern of Tl phase;
(e) —Diffraction pattern of | phase;
(f), (g) —Dark field micrograph and diffraction pattern of T phase;
(h) —TN precipitates along grain boundary
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Fig. 8 Representation of profiles of vacancy
concentration adjacent to a grain boundary in

quenched alloys

(Curves 1 and 2 show distribution of critical

vacancy concentration needed to assist
with nucleation of precipitates near grain
boundaries at the particular temperature, and
of vacancy concentration near grain boundaries under

norr equilibrium condition, respectively.)
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