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Solidification Morphology and Microstructure of the Si Particles with Fe, Nd and Gd
Additions Formed using a Short-Drop Tube Process

Tadaharu KAWAMURA and Katsuhisa NAGAYAMA

Abstract

Using a drop tube process, single crystal formation of Si particles has been reported by K. Kuribayashi et al. However, the
solidification morphology and microstructure of Si with Fe, Nd, and Gd additions has yet to be explained. In this study, we
have prepared Si particles with Fe, Nd, and Gd additions using a short-drop tube apparatus with a freefall length of 2.5 m.
In addition, we have investigated the effect of the additional elements upon the solidification morphology and microstructure
of Si. The binary Si particles with Fe additions formed o-FeSis. The binary Si particles with Nd or Gd additions formed
eutectic structures comprising Si and NdSiis or Si and GdSi: silicide compound. The ternary Si particles with added Fe and
Nd or Gd formed eutectic structures comprising o-FeSiz and NdSiis or a-FeSiz and GdSiz silicide compounds.
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Table 1 Ratio of Type 1 and Type 2 samples

Sample Typel Type2
(a) SigeFe: 82% 18%
(b) SigoFeio 85% 15%
(c) SigeNd: 94% 6%
(d) SigoNdio 90% 10%
(e) SigeGdi 95% 5%
(f) SisoGdio 88% 12%
(g) SigeFeosNdos 96% 4%
(h) SigoFesNds, 91% 9%
() SigeGdo.sFeos 97% 3%
(G) SigoGdsFes 90% 10%
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Fig.1 Powder X-ray diffraction spectra of the
solidified SigssFe1 (a) sample and SigoFeio (b)
sample.
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Fig. 2 Surface structure of the solidified SigoFe; (a),
(2) sample and SigoFeio (b), (b) sample by
FE-SEM.
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Fig. 3 Microstructure of the solidified SiggFe: (a), (a)
sample and SigoFeio (b), (b) sample by
FE-SEM.

Figure 3 |2 Fig. 2(a) , (@), (), O)icxhisd 2k
T#ELD SEM (T L A s Bz AE 2 3. 3k a),
@), ), GNE 4 AB & bIEHEaEEZ T~ L=, XRD
& EDS O3 b, + 8T Ok 7-3EHIRIER & ik
L, Flfe LT Singat L, B IZa -FeSiz fAO AR H
R bz, iz, A, @), O (Fig 8 A
FREAMNE) (Xo -FeSiz#HTH 5 Z & MFE I LT,

3.3 Nd &0 2 JT Si AT D EEE S RE & MHEE

Figure 4 |2 SigoNdi(c) & SigoNdio (D)2 JEfehi -3 DRy
K XRD HIEERERT. malke), D& biz, SiMme
NdSi1s FHOEHT#R D S 4, 2 JIRERIE Y O 2 FHIEAF
WA R U7, F72, NAIRIMEDOHEII EYY, NdSivsfH
DO EIPTRATREE 1T K LTz,

Figure 5 |Z SigoNdi(c), (¢) & SigoNdio (d), (d)2 Jickr
T#ED SEM I X 2 REEEELEERZ =T, 30,
(Dix Type 1 %, 3EHE), (@)L Type 2 2737 L7, 30EHe)
1% Fe B8N 2 Skl & 13887 2 Sl 72 28 AN iR D b7z,
Thuzxt L, BBHOTFEHOIZEMEl L 7= 25 Ak & R L,
BT, St oEEENMZ Sz, F, HEHDIER
£He), (@)DZERERIZESEL U 7=k Ak 2~ L, Fe Ik
N2 ek & 1T < B A RER A R Lz, s L,
FRBHAN BB E R D K A SRR 2 R L 7z

Figure 6 |2 Fig. 5(c), (¢), (d), (@IZkHIET 20k 17
B> SEM 12 L 2 s L4 ~7. XRD & EDS
DX, 3B ORI & 28k 1% Si & NdSivsFHD
HBHRIC E VRSN TV B Z ERBO L. Thic
R, BEHIE, FEHOIZHE R TH R Sifkic LY
FER SN TR D, BIAEBIZE U< Si & NdSis fH oo bkl

(c) SiseNd1 CuKa
Q O Si
O NdSiis
o
2
g o
- fo] o
dlo L7 o T
SigoNd:
‘E @ igoNduo
3
A o
0
O ol
u] 0 o
" [e] [m] Og ©no O

200 30 40° 50° 60°  70° 80°
20/°
Fig.4 Powder X-ray diffraction spectra of the

solidified SigoNd: (c) sample and SisoNdio (d)
sample.
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Fig. 5 Surface structure of the solidified SigeNd: (c),
(¢) sample and SigoNdio (d), (d) sample by
FE-SEM.
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Fig. 6 Microstructure of the solidified SigoNd (c), (c¢)
sample and SigNdio (d), (d) sample by
FE-SEM.
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Fig. 7 Powder X-ray diffraction spectra of the

solidified SigeGdi (e) sample and SigoGdio ()
sample.

100um

Fig. 8 Surface structure of the solidified SigeGdi (e),
() sample and SieGdio (), (f) sample by
FE-SEM.
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Fig. 9 Microstructure of the solidified SigeGdi (e), (e)
sample and SigoGdio (), () sample by

FE-SEM.
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Fig. 10 Powder X-ray diffraction spectra of the
sample and

solidified  SigsFeosNdos (g)
SigoFesNds (h) sample by FE-SEM.
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Fig. 11 Surface structure of the solidified SisoFeo5Gdo.5
(g), (g) sample and SisoFesGds (h), (h) sample
by FE-SEM.
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Fig. 12 Microstructure of the solidified SigeFeosNdo.s
(g), (g) sample and SigoFesNds (h), (h) sample
by FE-SEM.
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Fig. 13 Powder X-ray diffraction spectra of the
solidified SigoFeosGdos () sample and
SigoFesGds (j) sample by FE-SEM.
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Fig. 14 Surface  structure of the  solidified
SigeFeo5Gdos (1), @) sample and SigoFesGds (),
() sample by FE-SEM.
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