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Abstract In an attempt to enhance phase transformation and homogenization of Mn-doped FeSi;, mechanical
alloying of elemental powders was applied. Cold pressing and sintering in vacuum were carried out to produce
a dense microstructure, and then isothermal annealing was employed to induce a phase transformation to the
B-FeSi, semiconductor. Phase transitions in this alloy system during the process were investigated by using
XRD, EDS and SEM. As-milled powders after 100 h of milling were shown to be metastable state. As-sintered
iron silicides consisted of untransformed mixture of o-Fe.Sis and &-FeSi phases. 3-FeSi; phase transformation
was induced by subsequent isothermal annealing at 830°C, and near single phase of 3-FeSi, was obtained after
24 h of annealing. Thermoelectric properties in terms of Seebeck coefficient, and electrical conductivity were
evaluated and correlated with phase transformations. Seebeck coefficient electrical resistivity and hardness
increased with increasing annealing time due to f phase transformation.
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Fig. 1. SEM micrographs of the mechanically alloyed Feog,MngosSi; powders: (a) 10h, (b) 36 h, (c) 48 h, (d) 100 h.
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Fig. 2. XRD patterns of the FepgMnggsSiz powders fabricated
by mechanical alloying process: (a) Ohr, (b) 12h, (¢) 24 h, (d)
36 h, (e) 48h, (f) 72h, (g) 100h.
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Fig. 3. SEM micrographs of the annealed Fego;MngsSia
compacts: (a) 1100°C/4 h, (b) 1150°C/4 h.
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Fig. 4. XRD patterns of the Fep0:MnggeSiy compacts: (a) as-
sintered at 1150°C/4 h, (b) annealed at 830°C/4 h, (¢) 830°C/
8 h, (d) 830°C/12h, (e) 830°C/24 h.
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Fig. 5. SEM micrographs of the FeqoMng 551, compacts indicating progressive phase transformation during annealing: (a) 830°C/

4h, (b) 830°C/8 h, (c) 830°C/12h, (d) 830°C/24 h.

¢
i)

Ax W37} dZ5]0) Rockwell B scale® BEA
3to] Fig. 69 VFERAQITE @Al Alzbel] g st
=7 2718l e, 12417} o] $ e E3EHE A
ot ol F&Ado] AEEe H}‘:f‘ﬂ Az
o] pAoE WEshe AR HAHT ¢

o A=A F GERHA ﬁk) waa

u2

o o & u¥ 1o
oN. o«
it

~3

‘GOM &@‘01 A 3R] °‘°} rﬂ-‘%‘——‘:’c
oz pAF e AL Wt
830°C ol 24717+ Bt I AlHoR &S 7HE
Agolx o] AP AL
2a Aqgeaphezs A doe A

tilo
i
o,
=
UM<}

120 |-

100 -

60 |-

Hardness (Hgg)

0 1 L ) 1 1 L
0 5 10 15 20 25

Annealing time (hrs)

Fig. 6. Rockwell hardness variation of the FeggoMnggeSiy
compacts with annealing time.

Fig. 7. Shapes around Hgp indents in the annealed
Feo.02Mnp osSia compacts: (a) 830°C/4 h, (b) 830°C/24 h.
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Fig. 8. Electrical conductivity of the p-type Fegg,MngsSi,
compacts sintered at 1150°C/4 h and annealed at 830°C.
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Fig. 9. Seebeck coefficient of the p-type Fego,MngsSi,
compacts sintered at 1150°C/4 h and annealed at 830°C.
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