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The Solidification Phenomena of Materials under Microgravity-Review
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Abstract The solidification process which inevitably occurs during the fabrication of all metal prod-
ucts shows the macrosegregation structure due to liquid separation, buoyancy, sedimentation and con-
vection induced by gravity. Therefore the experimental results involving eutectic, dendritic and
monotectic solidification that were carried out in order to get the improved and uniform materials in
the long-time microgravity environment by the flight of space shuttle, were analyzed. In addition, the
novel solidification processes on earth to minimize the gravity~driven convection and show the uni-
form microstructure were investigated and the future direction of soldification process under

microgravity was discussed.
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Table 1. The levels of gravity in the various
microgravity experimental methods.

" Drop tube 10 “~10 g
Alircrafts 107*~10 ‘g
Sounding Rocket 107*~10 °g
Space Shuttle 10 "~10 °g

Table 2. The microgravity-relevant research

fields and topics in materials processing.

Field Research Topics
Undercooling Nucleation,Amorphous Phase
Containerless Process
Stability of S/L Interface
Microstructure Eutectics, Dendrites
Pattern Formation
Immiscible Alloys

Phase Ostwald Ripening
Separation Marangoni Convection
Dispersion Hardening
Crystal Semiconductor Single Crystal
Growth Protein & Polymer Crystal
Transport Coefficients
Thermophysical Surface Tension,

Properties Electro-Optical Properties

Calorimetric Properties
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Table 3. A comparison of eutectic spacings in

microgravity with those in unit-gravity.

Lamellar Spacing Comparison Ref.
Al-Cu Alpg)=A(1g) 5, 6
Zn-Sn ACug) = A(lg) 6
Al-Si Alpg) =Allg) 6
Ag-Ge Alpg) = A(1g)

Fe-C Alpg) = Alg)

Rod-like

NaF-NaCl ACug) > Alg) 9

LiF-NaCl Alpg) > A(lg) 10

Al-ALN1 Alpg) > A1) 7

Ni-Ni,AlL Mo AMug) > A(lg) 11

InSb-NiSb Apg) <<A(lg) 12

MnBi-Bi Alpg) <A(lg) 13
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Fig. 1. Cross-sectional micrographs of an Al-26wt% Cu alloy:
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Fig. 3. Micrographs of longitudinal and transverse sections from Pb-20wt% Cu sample(diameter : 5mm) direction-

ally solidified horizontally at a growth velocity, 20am/s and
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Table 4. Cluster and steeple formation results

Z13 AL

for the four alloys.(from ref.34)

W Alloy
System

Pb-Au
Pb-3Pd
Sn-31Pb
Pb-40Sn

| Solute

Density

Heavy
Heavy
Heavy
Light
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Crlustering and

Steepling
Vileg Vileg
Yes No
Yes No
Yes No
No Yes

rotation rate, 0.18rpm.{From ref.36)
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Fig. 4. Liguid 1I distribution on Enamel-coated Cu fi-
bers in Succinonitrile-10wt% Glycerine.(From ref.38)
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