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The Effect of Particle Size and Additives
on the Thermoelectric Properties of P-type FeSi,
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Abstract Although Fe-Si based alloy has lower figure of merit than Si-Ge alloy applied for space probe, its low
cost related to abundant raw material, rather simple processing, high temperature resistance and reliability up to 800C
made it one of the most promising middle temperature thermoelectric generation materials. The effect of particle size
and additive on the thermoelectric properties of p-FeSi, prepared by a RF inductive furnace was investigated. The
electrical conductivity increased slightly with decreasing particle size and hence better grain-to-grain connectivity due
to the increase of density. The Seebeck coefficient exhibited the maximum value at about 600 ~800K and decreased
slightly with increasing particle size. This must be due to the amount of residual metallic phase e-FeSi. Fe;O3 and/or
Fe;04-doped specimens showed the higher electrical conductivity and the lower Seebeck coefficient due to increase
of the metallic phase and Si-vacancy. On the other hand, SiO,-doped specimen showed the higher electrical
conductivity and the higher Seebeck coefficients.
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[Table 1] Preparation Conditions and Characteristics of Specimens

Sintering Annealing
; .. XRF(wt%) i o
Sample Composition P.amcle Additive condition Density condition
name size(um) (g/cm)
T(C) | Time(h) Fe Si Mn T(C)| Time(h)
P1 Feo_ggMno_mSiz 49.74 49.81 0.45 4.338
P2 Fe.01Mng 09Si> >10 48.09 | 47.90 | 4.01 4.586
P3 Feo.9sMno 05Siz - 4.487
P4 Feo.0sMno 05Siz >40 48.60 | 49.22 | 2.18 3.733
- 1200 7 830 100
P5 Feo.0sMng 05Siz >2 4.589
P6 Feo.0sMng 05Siz SiO, 48.56 | 49.27 | 2.17 4.804
P7 Feo_gsMno_ossiz >10 Fezos 48.69 49.15 2.16 4.853
P8 Feo.0sMng 05Siz Fes04 48.71 | 49.12 | 2.17 4.839
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[Fig. 3] Schematic diagram of the apparatus for electrical
conductivity and Seebeck coefficient measurement
(1)specimen (2)silicon rubber (3)voltmeter (4)DC
current source (5)thermocouples (6)alumina tube
(7)gas inlet (8)gas outlet (9)air inlet (10)air outlet
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[Fig. 4] SEM photographs for the specimens
(a) P3(sintered) (b) P3(annealed)
(c) P4(annealed) (d) P5(annealed)
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[Fig. 5] XRD patterns for the specimens
(a) P3(sintered) (b) P3(annealed)
(c) P4(annealed) (d) P5(annealed)
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[Fig. 6] Temperature dependence of the electrical conductivity
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