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Abstract; In the solidification process of alloys, forced convection produced by time-varying electromagnetic fields can

effectively control the redistribution process of alloy solute. The application of electromagnetic field in the solidification and growth

process of materials can be conductive to the research of its thermophysical properties, phase equilibrium, metastable state,

microstructure formation, component undercooling and nucleation. The solidification process of alloy in the gravitational

environment has been studied in details. The electromagnetic field method has been used to intervene the solidification front

effectively and some results have been obtained in the crystal structure and segregation. Microgravity condition provides a

technique for obtaining semiconductors or alloys with more uniform composition at both macroscopic and microscopic scales.

The current research shows that the solidification characteristics of alloys under the microgravity environment are different

from that under the gravitational condition. In this paper, the effects of forced convection on the macro-segregation, micro-

segregation, crystal morphology and the growth pattern and spatial distribution of intermetallic compounds in the process of

crystal growth under both microgravity and gravitational condition, are discussed in terms of the theoretical and experimental

perspectives.
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Fig. 1 A quasi-2D experimental benchmark demonstrating the evolution

of heat and mass transfer during a binary Sn-3wt% Pb alloy
solidification process: (a) measurement result of the temperature
field implying the action of natural convection, (b) morphology of
the grain contour, (c¢) post-Mortem X-ray of the solidified ingot
showing lead segregation (in white) , with freckles visible in the

right; Lorentz force acting upon the solidification process (d)!'
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K2 Al3.5wi% Ni gAHIZL, ERBLMEE 10 /s,
RSN 3 K/mm: (a) 847 TMF, (b) A7 TMF!
Fig. 2 Representative metallographes of refined Al-3. 5wt% Ni

solidified with v=10 mm/s and G= 3 K/mm: (a) without
TMF, (b) with TMF!'2!
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3 Pb-10% Sn TEBIRFFIRES FBRIMBTIIBHILE R : (a)p=4 s;
(b)p=12's; ()p=32s; (d)p=128 s(p HELAJHH])

Fig. 3 Simulated Pb-10% Sn channel segregation of the situation with
TMF: (a) p=4s; (b) p=12's; (¢) p=32s; (d) p=128 5"

without RMF

with RMF
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Fig. 4 Longitudinal (left) and cross-section (right) microstructure of

Al-7wt% Si-0. 6wt% Mg samples solidified without (top) and
under the influence (bottom) of a rotating magnetic field (G=
3 K/mm, » = 0.015 mm/s, B=3 mT, f = 50 Hz). The sample

solidified with RMF shows a strong Si segregation at its center 2]
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Fig. 5 Schematic of the apparatus for electro-magnetic levitation 2
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Fig. 6  Experimental set-up of a rotating magnetic field device: three

pairs of Helmholtz coils are driven by a three phase current

similar to an asynchronous motor'2¢)
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Fig. 7 Striation patterns of Si: Sb crystals growed with different
conditions, the plots of the center column show the intensity of
the interference contrast microscopy images. The most significant
change in the intensity of the dopant non-uniformities was found
between 2.5 and 3. 75 mT/50 Hz or corresponding Taylor
numbers Ta=9. 4x10* | and Ta=2. 1x10*, respectively!?'’
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Fig. 8 Cross section of a AlSi sample: (a) solidified with a velocity of

v = 0.06 mm/s and a gradient of G=4 K/mm, without RMF;
(a) solidified with a velocity of v = 0. 06 mm/s and a gradient
of G=4 K/mm, with RMF[3*)
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Fig. 9 Secondary dendrite arm spacing A, versus solidification time
i of Al-6wt% Si as measured in the laboratory (squares) and
in microgravity (stars) using the same solidification conditions

without and with a magnetic induction of 6 mT at 50 Hz[%)
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Fig. 10 Binarized image (left), all B8-Al5FeSi phases longer than

200 pm (middle) and all B-AlsFeSi phases longer than
400 pm (right) of sample MICASTI#4. The top images

represent diffusive growth conditions and bottom images are

results of solidification with forced melt flow!*”]
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