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Abstract P-type S-FeSi; with a nominal composition of FepgoMngsSiz powders has been produced by
mechanical alloying process. As-milled powders were spray dried and consclidated by atmospheric plasma
thermal spraying as a rapid sintering process. As-milled powders were of metastable state and fully
transformed to B-FeSi, phase by subsequent isothermal annealing. However, as-thermal sprayed FeggMng 0zSis
consisted of untransformed mixture of o-FeySi; and ¢-FeSi phases. Isothermal annealing has been carried out
to induce transformation to the thermoelectric semiconducting 3-FeSi; phase. Isothermal annealing at 845°C
in vacuum gradually led to the thermoelectric semiconducting S-FeSi; phase transformation, but some residual
metallic o and ¢ phases were unavoidable even after prolonged annealing. Thermoelectric properties of f-FeSiy
materials before and after isothermal annealing were evaluated. Seebeck coefficient increased and electric
conductivity decreased with increasing annealing time due to the phase transition from metallic phases to
semiconducting phases. Thermoelectric properties showed gradual increment, but overall properties appeared
to be inferior to those of vacuum hot pressed specimens.
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Table 1. Process control parameters for plasma thermal
spraying.

Control parameters

Setting values

Arc gas pressure (Ar) 6.2 kg/cm®

Aux gas pressure (H,) 4.5 kg/em?

Carrier gas pressure (Ar) 4.3 kg/em?

Voltage and ampere 500 A, 55V

Powder feed rate 1.5 kg/hr

Spray distance 65 mm

Arc gas(Ar) flow rate 50~130 scfh

Aux gas(H,) flow rate 6~100 scth

Carrier gas(Ar) flow rate 21~40 scth

Spray angle(degree) 905
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Fig. 1. XRD patterns of the p-type Fegg,MngsSi; powders
during mechanical alloying process; (a) O h, (b) 10 h, (c) 24 h,
(d) 36 h, (e)48h, (f) 72 h, (g) 120 h.
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Fig. 2. XRD patterns of the p-type FeggMngesSi, compacts
prepared by vacuum hot pressing (VHP) ; (a) As MA for
100 h, (b) As-hot presses at 1100°C/4 h, (c) annealed at 845°C/
48 h,
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Fig. 3. SEM micrograph of sprayed dried p-type
Feg0oMng gsSiz powders prepared by mechanical alloying.
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Fig. 4. SEM micrograph of plasma thermal sprayed p-type
Feo9:MnggsSi, after mechanical alloying and spray drying.
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Fig. 5. XRD patterns of the annealed n-type FegosMng02Sis
thick films prepared by plasma thermal spraying; (a) as-thermal
sprayed, (b) 845°C/24 h, (c) 845°C/48 h, (d) 845°C/72h, (e)
845°C/96 h, () 845°C/150 h, (g) 845°C/200 h.
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Fig. 6. Thermoelectric properties as a function of temperature
in the annealed n-type Fejg:Mng¢sSi, prepared by thermal
spraying or vacuum hot pressing ; (a) Seebeck coefficient, (b)
electrical conductivity, (c) thermoelectric power factor.
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