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Abstract: The research team on solidification was organized for researching the control of
crystalline and structural orientation to improve its performance by use of unidirectional
solidification, splat solidification in microgravity and electromagnetic levitation. In 2010, we
report the synthesis of SiGe thermoelectric material with phase selection and structural orientation,
the synthesis of Half-Heusler ZrNiSn with phase selection and crystalline and structural
orientation by unidirectional solidification in microgravity, the synthesis of homogeneous
Chalcopyrite Cu,ZnSnS, by splat-solidification in microgravity, elucidation of activation for
hydrogen storage alloy to improve the amount of hydrogen storage by use of capillary effect in
microgravity, and properties of SiGe thermoelectric material solidified from undercooled melt by
EML.
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Cooling direction

Fig.1 Microstructure of section surface along the solidification direction of Sig,Ge,,
(1 at% P) solidified unidirectionally in 1g and pg.

Table 1. Anisotropy of electrical conductivities of SigyGe,, (1 at% P) at various temperatures.
600K 700K 800K 900K 1000K 1100K

VHE 661 638 625 551 415 235
—Jj 501 487 359 316 288 284
| % 132 1.31 1.74 1.75 144 0.82

Table 2. Thermal properties of Si;,Ges, (1 at%P) solidified unidirectionally in pg.

T
(K) Q/‘A) Iécm\ WV K'Y (103Wm‘K2) (-)

600 4.61 -226 229 0.298
700 4.42 -262 2.69 0.426
800 432 -290 2.58 0.478
900 422 -310 2.76 0.589
1000 34 -330 3.08 0.710
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Fig.2. X-ray diffraction patterns of the surface contacted Cu chill block
of ZrNiSn Half-Heusler alloy solidified unidirectionally in pug and 1g,
and arc melted.

Table 3. Electrical conductivities of ZrNiSn Half-Heusler alloys solidified unidirectionally in pg
and 1g, and anisotropy of ZrNiSn solidified in pg.

500K 600K 700K 300K 900K 000K

o (ngl) 699 362 949 1000 1148 1092
o (ng—) 423 476 601 702 733 808
o (ngl)o(ng—) 165 181 158 142 157 135
o (1g]) 775 885 713 846 844 849

o (ngl) [Sem-1]: Electrical conductivity of sample parallel to the cooling direction in pg.
 (ug—) [Sem-1]: Electrical ivity of sample icular to the cooling direction in pg.
o (1g}) [Sem-1]: Electrical conductivity of sample parallel to the cooling direction in 1g.

T, 2m % FEEZHWT—nEEE %17 -7, Fig.l
IZ SiggGey D ug & lg FTO—HAEEEIZL VS
TR 2R Uiz, Wi 2308 ok R o Flb Bk I si
U » FC, Ge 1 TR+ DFMTH L S vk < 7
15T 5 Z LWy hnole, MRE F TR ORENIZ
EE A TSRS ST, g FOST AR IT R E

o te, Table 112 1g OFRELD | WM GO Edh 5
m) &—JFm CRiStomE Tm) OBEREEE % /R
L7z, Fllh5 12 A 72 O 7 N B SRS 1T R
EhoT, pg OFREFTIEED 10mmx/E X Ilmm T,
Rl mOBERILEEZRECTE o7, R
BEMENRH D EZEZ HIDH, Table 2 1ZiEpg F—FH
BEEE A 1T > 72 P & lat% N — 7Ltsm®w@ﬁﬁ
Bl & R L72,0.46s & B ng BREE F CIT- 72D T,
B OY A X1FE 10mmx0.58mm DT 4 A ZIRT,
BRI L BRI T Table 2 ORIZR LI LD
725 ULMHIE TE o Tz, 1g OFE & [AEEZR
HBEEDR pg ORETLH D & LIS EA, BKRITO
PEREFEXL(ZT)IL 1000K T 1.08 L5 L EZ BN,

3. WUNES T O—JFmEEREIZ X 2 ZiNiSn /~N—7
KA Ay T—EEDERK
bNmnA~7ﬁ415—Aéﬁ$Mﬂi e T
W OBERARIEEBEICHNE S AMEITH D,
—WRIT, T — 7 IERRERE R R L CRERS IR &

S TERINTWD 728, Ok Bl M L7z
Zr-Ni-Sn "N— 7 R A 2 T —EH5 L DEEREMICHOWNT

3.Im 2m Free fall zone

'/ Stage

L (0.6m Braking zone

Fig.3. The 2m-drop tower.

25 =g-level [g]

g-level[g]

-0.5

179.5 180 1805 181 181.5 182

I'ime(s]

Fig. 4. png level of the 2-m drop tower.
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Fig.5. Backscattered electron images and elemental distributions of Cu, Zn, Sn and
S of the section surface parallel to the cooling direction of samples splat-solidified in

ng, 1g and spontaneous cooling.
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Fig. 6. Microstructure of Ti-Cr-V BCC alloy contacted with 20wt% Cu melt in
1g and pg. Ti-Cr-V BCC alloy heated at 1400°C in Ar was activated by dumping
to ice-water.

This document is provided by JAXA.



Superconducting coil

Video
Camera

N\ Pyrometer

u7

Levitation Coil

1
|Vacuum Pumpl

R.F. Generator

Fig. 7. Schematic illustration of a levitation apparatus
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Fig. 8. Microstructures and thermal conductivities of SigyGe,, (5at% B) solidified from various undercooled melts.
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