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Synthesis of iron disilicide single crystal by chemical vapour transport
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Abstract The. [B-FeSi, and o-FeSi, single crystals were synthesized by chemical vapour transport (CVT) using iodine as a
transporting agent from the commercially available FeSi, powder. The FeSi, powder together with iodine were sealed in an
evacuated quartz ampoule and the ampoule then being placed in two-zone electrical furnace for growing crystal. The CVT
of FeSi, with iodine yielded -FeSi, and o-FeSi, single crystals at deposition temperature of 750 and 950°C respectively.
The source temperature was 1050°C in both cases. The crystals of the o-FeSi, phase were typically plate shaped with dimensions
of about 10x10 mm’, whereas the crystals of orthorhombic B-FeSi, phase grew predominantly in the form of thin needle of
about 10 mm in length. The composition of o-FeSi, crystal determined by electron probe microanalysis (EPMA) resulted in
Si-rich FeSi,s. Furthermore, the CVT B-FeSi, crystal was found to be transformed to the high temperature o-FeSi, phase
above 930°C.
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Table 1
Ampoule preparation and the starting material FeSi, and iodine
for CVT growth

Starting material
Transport agent
Ampoule dimension
Evacuated pessure

FeSi, powder, 99.9 %, 100 um
Iodine grain, 99.99 %, 300 pm
quartz 18 mm (inner dia.)x250 mm
~1x10™Torr
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Fig. 1. Equilibrium phase diagram and compounds for Fe-Si
alloy system.
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Fig. 2. (a) SEM and (b) optical micrographs for the needle-like
f-FeSi, single crystal and (c) that of the plate-like o-FeSi, sin-
gle crystal grown by chemical vapour transport.
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Fig. 3. X-ray diffraction patterns of (a) the commercial FeSi,

powder (Kozundo Kagaku, Japan), (b) the plate-like o-FeSi,

single crystal and (c) the needle-like B-FeSi, single crystal by
CVT method.
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The process parameters for CVT growth together with resulting
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CVT growth Ts Tg

Growth time FeSi,: I, Observed

run 0 (O W (® phases
No. 1 1050 750 144 5:1 o+f
No. 2 1050 750 288 4:1 B

24 2 Bade x Uy 47 presi,

2 o-FeSi, 95 <l & 5= YAt

Table 20l= CVT 714378l 28k Fesi, &2
o] Azl _%Zif; LERNATE FoAM RolF Fo] 1.2
8 At 257 47 1050°C 2 750°Cel 9
BRI Ak v)7) 51, 144/{;7L AAAZ] AL
ol o-FeSi, ¥ P-FeSi, 27g0], 458T3} 54
o] H)7} 41, 288A17F AR “?*“ o] [3-Fe812
AXo] dofjFg & & ‘}li‘iﬂr = ode] B-FeSi, 24
< 47 SsiMe dsEET A vyt 401 o]
gs }‘2317 s /\1 LE"P 7148 78A 7=
5 TEAYE oS

Zo] fg
ST7WA AR B

8 25 AAATE E50] 2E ampouleo] ]
= A% BT oA FHA L] 2718 27l
)3 Aow AlgHo),



Synthesis of iron disilicide single crystal by chemical vapour transport 71

Table 3
The composition of CVT single crystals determined by electron
probe microanalysis (EPMA)

CVT growthrun  Observed phases Compositoion Remarks

No. 1 o FeSi, 54 plate-like
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Fig. 4. DTA spectrum for the B-FeSi, single crystal grown by
chemical vapour transport.
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Fig. 5. X-ray diffraction patterns of the B-FeSi, single crystal
heated up to (a) 750°C, and (b) 1000°C in the DTA measure-
ment.
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