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Abstract: The research working group on solidification was established for researching the control

of crystalline and structural orientation to improve its performance sufficiently by use of

unidirectional solidification in microgravity. In 2009, we report the mechanism of phase selection

and crystalline and structural orientation for iron-rich SmFe, solidified unidirectionally in

microgravity. To elucidate the effect of microgravity for solidification behavior, the unidirectional

solidification of half-Heusler compound, ZrNiSn, was carried out with drop tower experiments

with various duration of microgravity.
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Fig.1. Microstructure of Fe-rich SmFe,
solidified unidirectionally in microgravity.
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Fig. 2. SEM and Sm- and Fe-line profiles of Sm-7Fe
solidified in pg obtained by the drop tower.

The surface parallel to the cooling (solidification)
direction was observed.
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Fig.3. Diagram of sheet dendrite growth in Fe-rich SmFe,
solidified unidirectionally in pg.

Tholz, Fig2lZiZ. Sm & Fe D7 A a7 7 A
NERLTHD, ABEETIZE Sm BAEL<EFENTY
52 EMD SmFe, v — MIRT U RT 4~ BREAE
T, BNELEENTNDEZ EMnD Fe U v T4
Th b, rkkBleL, WptlmE oTE S, RN H
& mA (BEE) FISEATRE O XRD 547 5
2B, Fig3 o L Ko AL NICx L, <111>
IZEEE L72 SmFe, v — MIRT U KT A4 R MIC
ENTWHEDEEZ NS,

Fig.4 278 L7z Sm-Fe X7~ 5. Sm-7Fe #HLA% O il
W75 1% SmyFey; & SmFe; 234 A% L. SmFe, 134K
L7, UL, UNE T Co—JFmERE T,
SmFe, 28 EAHOME LG & U CTAER Lz, U
HOFCHBEsmHES N, 9. &2, 10
Fe M4 2%, Fe 37 Fo A MMEEEZ L 5,
/NEE ) R IR N O SRR 23] K du, I L B
WMBEBEINIEI SN S, Fe T v R4 MBHFHT 5
L. T RTA MEIZAEE L7z Sm By i AMal~ &
HLLON., T RIA4 oMl (55> K7 A MDD
12 Sm & Fe At~ L. SmyFey, 34T 5, f/INE

Atomic Percent Samarium

10 20 30 40 50 80 Y0 80 90 100
. ) ) X RN, T A e B
2Sm-17Fe
1 Sm-7Fe
506 | 1430 Sm-3Fe Sm-2Fe
sa0ech )\ &-Fettiq L
1320°C
o] | yretliq 1260°C
o bl
3 é‘ SmyFed + Liq
g uoodf y-Fe+Smyfe,; % /'WN'Cv
£ & : (18m)
T SmFe, + Liq 4
& 35::11 910°C f---toazee
(ﬁ&ng—-—
.S"\)
a-Fe+Sm,Fe,, SmyFey; Smke, + Lig 7 s liq
+ 7e0°C £ 784°C
7860 f—{aFe) & SmFe; 3
Cl | SmFéx
. * SmFe, + (a-Sm) {etSem)—o
Smfey
o ) ) @ 50 E o & [ 100
Fe Weight Percent Samarium Sm
Fig.4. Phase diagram of Sm-Fe system.
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Fig.5. High performance ideal Laves-phase magnetostrictive material.
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Fig.6. 10m drop tower and unidirectional solidification apparatus.
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Fig.7. Cooling curve of ZrNiSn melt in the first 0.45 seconds microgravity.
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Hydrogenated powder of ZrNiSn prepared by arc-melting
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Fig.8. XRD patterns of hydrogenated powder of ZrNiSn prepared by arc-
melting.
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Fig.9. XRD patterns of surface contact with Cu chill of ZrNiSn solidified in the first various duration pg.
When solidification on the first stage (nucleation) occurs in pg, <111> crystalline orientation appears in the

unidirectional solidification of ZrNiSn.
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