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Synthesis of B-FeSi, Powder by Mechanical Alloying Process
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Abstract The semiconducting B-FeSi, compound has been recognized as a thermoelectric material with excel-
lent oxidation resistance and stable characteristics at elevated temperature. In the present work, we applied
mechanical alloying(MA) technique to produce f3-FeSi, compound using a mixture of elemental iron and silicon
powders. The mechanical alloying was carried out using a Fritsch P-5 planetary mill under Ar gas atmosphere.
The MA powders were characterized by the X-ray diffraction with Cu-Ke radiation, thermal analysis and scan-
ning electron microscopy. The single B-FeSi, phase has been obtained by mechanical alloying of Fe,3Sig; mixture
powders for 120 hrs or for 70 hrs coupled with the subsequent heat treatment up to 700°C. The grain size of
B-FeSi, powders analyzed by Hall plot method was 44 nm.
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Fig. 1. Equilibrium phase diagram for Fe-Si alloy system.
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Fig. 2. XRD spectra of Fe;3Si; powders as a function of
total milling time.
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Fig. 3. Scanning electron micrographs for (a), (b) a mixture of pure Fe and Si powders and (c)(d) Fe,;Sig; powders mechan-

ically-alloyed for 120 h.

ehfigic} 4714 MA 02179 A B8] 7% 3
el ZA=E /3R epligieh. T34 HeF
So] ¥]AA Z7|GAd MA 20A1712] 79l A
25 Ao] IAFA kot Si A W 3AYET} Fe
o) ujsle] Ael ez =4 7443k & 4 Sl ¢l
742 Fig. 39] SEMIE ZAARFEE o F e
Hlel o] Si Fze] Feoll w3l mlAsle FAd<l
AL 7 Aol 71918k} =3 Fe W Sio] 1A
A B3 Fo] YA ZEr) ase] LA
o oJsiM ZAFe =77} zelRlst FAlo B4y
W8 (strain)e] F718ES & 4 Ueh139

g3 50417 F MAE #spH B-FeSi, ¥
o-FeSipAte] #AE7] Ajzksted MA 120471 =i
= 22kl B-FeSi, Ea82e] YAPL & 4 3l
o old) AHE pFesi el 384 F2 ohs gl
AR o] vl Mg STl A= Lo
Al B-FeSi,2l AFAXRY 2712 245V $lsl 3]
ZA ) =10) v E(FWHM)S: ©]83le] Hall plots

Journal of Korean Powder Metallurgy Institute

ARNEE A3} 44 nmE 2n|H] AAYHY FEELEE
o 5 Y=Y

MA 02171] E'82)8.9F MA 120417F] B -FeSi,
Al Wjsle] FARAAIER|H (SEM) #3 H7HE- Fig. 3
o epfsich MA 0A1zFe] 7% &= Fe @ & Si
9] E2)H]l IR, Fee U7 150 pmel3}
o) vl =AY T o] RS o 5 Uk
w3} Si FeXol ulMisle 7439 I eidE £
= odet. g 120412F =S g 2Ee) A
HAFU7ol 2um A= v$- wAEk ket 10 pm
Axe] glatz. FAE] glow, Fejeal 2 Ak
w9 2k qlxe] AJALE & = YA

Fig. 4% FeySig; 2439 MA a8l dis}
of d¥M3} AFAE veplidet. 2ol & 5 3l
E uie} 7o)l MA 20A17k2] 739 450°Ce] jlelgt
ey 939} 650°CE FASE W2 Uduks =
7} AR o714 ddnbgel] o3t NS AL
37] $isted gkl dojuie Ao 2E7A|



7144 dgabdel] 23t B-FeSi,

MA 20h

MA 50h

V\
o

1 | | | i
100 200 300 400 500 600 700

Temperature("C )

Heat Flow(arb.units) exo.

Fig. 4. DSC spectra of Fe;;Sig; powders as a function of
total milling time.
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Fig. 5. XRD spectra of Fe3;Si¢; powders after mechanical
alloying for 20 h and heated up to various temperatures in
the DSC measurement.
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Fig. 6. XRD spectra of Fe;3Sic; MA powders after DSC
measurement.
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Fig. 7. XRD spectra of Fe3;Sig; powders prepared by MA
and by ingot melting.
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Fig. 8. XRD spectra of Fe;3Sig; powders after mechanical
alloying for 70 h and heated up to various temperatures in
the DTA measurement.
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