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Abstract

N-type A FeSi: with a nominal composition of Feo sCos 2512 powders has been produced by mechanical

alloying process and consolidated by vacuum hot pressing. As-milled powders were of metastable state and fully trans-

formed to A-FeSi, phase by subsequent isothermal annealing. However, as-consolidated Feq 6Co0 0:51: consisted of

untransformed mixture of e-Fe,Sis and e-FeSi phases. [sothermal annealing has been carried out to induce the trans-

formation to a thermoelectric semiconducting 8- FeSi; phase. The transformation behavior of 8-FeSi; was investigated
by utilizing DTA, a modified TGA under magnetic field, SEM, and XRD analyses. Isothermal annealing at 830C in
vacuum led to the thermoelectric semiconducting 8-FeSi, phase transformation, but some residual metallic @ and ¢

phases were unavoidable even after prolonged annealing. Thermoelectric properties were remarkably improved by iso-

thermal annealing due to the transformation from metallic ¢ and € phases to semiconducting phases.
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Fig. 1. XRD patterns of the annealed n-type Feo ssCoo 02512 pOW-
ders prepared by mechanical alloying; (a) as-mixed, (b) as-
MAed for 120hrs, (c) 830°C/1hr, (d) 830°C/2hrs, (e) 830°C/4hrs,
(f) 830°C/8hrs, (g) 1100°C/1hr.
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Fig. 2. MF-TGA plot; (a) gravity variation as a function of
temperature in as-milled powder, (b) gravity variation as a
function of time in as milled powder and as- VHPed specimen.
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Fig. 3. DTA analysis of the vacuum hot pressed Feo sCoq 02512
compacts, heated with 60°C/min up to 800°C and then heated
with 3°C/min up to 1100 C.
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Fig. 4. XRD patterns of the annealed n-type Feq 0sCoy, :2S1: com-
pacts prepared by vacuum hot pressing(VHP); (a) as- VHPed,
(b) 830°C/4hrs, (c) 830°C/12hrs, (d) 830°C/24hrs, (e) 830°C/
48hrs, (f) 830°C/96hrs, (g) 930°C /24hrs
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Fig. 5. SEM micrograph of n-type Feo sCoo 0251 compacts indi-
cating progressive phase transformation during annealing; (a)
As-VHPed, (b) 830°C/12hrs, (c) 830°C /48hrs

Fig. 6(b)~ ()& 7 29 AgAeF FHBEHANEA
[011] zoneoll X&) B-FeSi, [111] zoneolA19} a-FesSis
2} [110] zonedl A9 e-FeSiE 747 vehiz i}, F34
AArgu) Ao 22 ojuix] 24k X-4 2497) (EDS) &
ARg-8le] A Ao 2HERE <F 20nm 2719 A
Ao 2 71539 on, Fig. 6(a) ] WAool AR X
A8 B-FeSi,% BE EAH o-FeSis 2 CZ EAH &
FeSi A& ¥£A3u}, Si: Feel ¥xinjz} 2z} 68.9:
31.1, 69.9:30.1, 50.4:59.6.0.2 of-¢ A& FA =An)
=2 FHogE FAF8 5 Uk

A A= W3t Ay xe) ool nje} & AolE B
oFx gled, A3x7 10007C, 356 MPas] A|HE A
A% 500 Hv:‘é— BoyF3 ¢len}® 1100C, 60 MPalE
A¥E A3 FHF A% 1100 Hv o9 43 ~3E
A& ‘-JrE}LH-L ek =3k GH |7t w2 njA AR
Wihs Fig. 73 Zo] AlZkel we} $718he 12417 o] %
HeHE 23=5E A & 7 ok ole 540 24EHY

r

i



o %

A 7lAA §F3E A=Y Ny B-FeSio) Azt 2 odd 4 379

Fig. 6. TEM micrograph of the Feg 5Co 0:Si; compacts annealed at 830°Cfor 24 hours: (a) bright
field image, (b) [011] SAD pattern from B-FeSi., (¢) [111] SAD pattern from a-Fe,Si;, and (d)

[011] SAD pattern from e-FeSi.
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Fig. 7. Micro-hardness variation in the Feo Co0 0:S1; compacts
during annealing
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Table 1. Thermoelectric properties of the vacuum hot pressed(VHPed) and the isothermally annealed Feo s6Coo. 0:Siz.

VHPed at 1100°C, 60 MPa for 4 hrs

Parameters
As-VHPed annealed at 830°C for 24 hrs
Electrical conductivity, o( Q2 ~'em™") 327 % 10? 1.7%10
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Thermoelectric power factor # (nW/cmK?) 2.7%x10 4.6x10?
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Fig. 8. Thermoelectric properties of the annealed n-type Fey o
Coo 651, compacts prepared by vacuum hot pressing(VHP: 1100
C/4hrs) (annealing temperature=_8307C). (a) Seebeck coeffi-
cient, (b) Electrical conductivity, (c¢) Thermoelectric power fac-
tor.
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Fig. 9. Electronic transport parameters of the annealed n-type
Feo 0sCoo 0281 compacts prepared by vacuum hot pressing( VHP:
1100°C /4hrs) (annealing temperature=23830°C) ; (a) Hall coeffi-
cient, (b) Electron concentration, (¢) Electron mobility.
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