substance: FeSi
property: transport properties

resistivity, Hall effect, thanoelectric power and thewal conductivity of pure and Mn-, Co- and Al-doped
samples: Figs. 1...17.

absolute thermoelectric power in the intrinsic range

S (k/e)[(620/T) — 0.00084] polycrystalline samples, annealed 64W
at1173 KRy <1cn? C1

According to [68B], howeverST) does not follow ar —-law as the mobility ratido depends strongly on
temperature.

mobilities of charge carriers

(see Fig. 18)
Un 0.26 cn?/V's T=300K assuming small polarons in 68B
n-type FeSi
(activation energy of the mobility 0.06 eV)
Hp 2..4cnt/Vs T=300K Up O T 12in the extrinsic range 68B
Hp + Hn 1cn?/Vs T=1210K 69B
mobility ratio
b 0.8 T=600...850 K  from T) (Fig. 7) assuming a simple  64W
2-band semiconductor in the intrinsic
range
0.33 T=1260K (the decomposition temperature 73N
of FeSp)

free-carrier contribution to the theal conductivity: Fig. 16. Doping with Co and Ni produces n-tgyzeerial,
whereas doping with Mn or substitution of a Group Il element for Si leads to p-type material [64W, 73N].

Optimum properties for thenoelectric generators were obtained with Co for n-type doping and Al for p-type
doping [64W].
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Fig. 1.

Fe,_xCoSip and FeSiAly. Resistivity vs. reciprocal temperature [64W]. Samples quenched from the liquid
state and annealed at 1173XKx =y =0,2: x = 0.005,3: x = 0.01,4: x = 0.02,5: x = 0.03,6: x =0.04,7: y =
0.02,8:y =0.04,9: y = 0.08.
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Fig. 2.

Fe;_«CoSip. Conductivity vs. reciprocal temperature [68B]. Samples prepared by sintering at 1453 K and

annealing at 1153 K. All samples n-type. Co concentration (in parenthesegfiont8. 1: x =y = 0,2: x =
0.001,3: x =0.00284: x = 0.005 (1.31)5: x = 0.01 (2.63)6: x = 0.029 (7.6)7: x = 0.060 (15.8).
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Fig. 3.

FeSp_yAly. Conductivity (curvesl, 2, 3) and Hall coefficient (curve’) vs. reciprocal temperature [68B]. Al
samples p-type; prepared by sintering at 1453 K and annealing at 11531'Ky = 0.04 (1.04-18 Al
atoms/crd), 2"y = 0.08 (2.08-1%} Al atoms/cnd), 3: y = 0.08.
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Fig. 4.

Fe;_Mn,Si, and Fg osCop osSip. Resistivity vs. reciprocal temperature [73N]. The heating and cooling
transition directions are indicated by arrodsFeSp (n-type),2: Fey gMng oSz (p-type),3: Fey 9gAMng oeSio
(p-type),4: Fey ofCoy osSky (n-type),5: metastable inhomogeneous phase. The samples were prepared by hot-
pressing at 1423 K and annealing at 1073 K. Cbrweas measured after quenching the samples from 1400 K.
These metastable and inhomogeneous samples were composed of cubic FeSi and tetragg®ial Fe
(incorrectly namedx-FeSp, as if it represented the high-temperature modification of orthorhorfibieS)".
Obviously the transformation back to Fg&irather fast).
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Fig. 5.
Fe;_,Mn,Si,. Resistivity vs. reciprocal temperature in the intrinsic region for hot-pressed annealed samples
[73N]. The solid curves represent the fitted calculated values.
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Fig. 6.

Fe;_«Co,Sip. Hall coefficient and carrier concentration vs. reciprocal temperature [68B]. All samples n-type;
prepared by sintering at 1453 K and annealing at 1153 K.
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Fig. 7.

FeSp. Thermoelectric power vs. reciprocal temperature [64W]. Reference element: platinum. The three samples
differed slightly in impurity content. The samples were prepared by rapidly freezing the melt in 3 mm silica
capillaries (to ensure a fine dispersion of FeSi in the eBeSp eutectic) and annealing at 1173 |Ry| < 1

cmB C-L. Unknown impurity content. Corrected absolute values for the intrinsic region are indicated by a dashed
line.
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Fig. 8.
FeSp. Thermoelectric power vs. reciprocal temperature in the intrinsic and phase transition range for sintered
material [70B].

uv I
S| FeSip

0 TEj l

-50 %

-100 \\\\

o, 150 X

-200
B\

-250

-300
\

350
06 07 08 09 10 11 12 07K 14

VI ——

////
5

A

L

—_—




Fig. 9.

Fe,_xCoSip and FeSiAly. Thermoelectric power vs. temperature for quenched samples annealed at 1173K
[64W]. 1: x =0.0052: x =0.01,3: x =0.02,4: x =0.03,5: x=0.04.6:y = 0.02,7: y = 0.04,8: y = 0.05.
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Fig. 10.

Fe;_«Co,Sip. Thermoelectric power vs. temperature for weakly doped n-type samples [68B]. Samples sintered at
1453 K and annealed at 1153 K.
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Fig. 11.

Fe;_«Co,Sip. Thermoelectric power vs. temperature for heavily doped n-type samples [68B]. Samples sintered at
1453 K and annealed at 1153 K.
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Fig. 12.

FeSp_jAly. Thermoelectric power vs. temperature for p-type samples [68B]. Samples sintered at 1453 K and
annealed at 1153 K. Al loss due to evaporation during melting and sintering unknown.
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Fig. 13.

Fe;_Mn,Si, and Fg g5Coy gsSip. Thermoelectric power vs. temperature for hot-pressed and annealed samples

[73N]. Heating and cooling transition directions are indicated by arfbws= 0 (p-type).2: x = 0.03 (p-type),
3: x = 0.06 (p-type): Fey o5C0p o5Sio (N-type),5: metastable FeSi/EggSip mixture.

400

v 1 T
—K_ N 2 Fe],XTXSIZ
N

M

R

200
\7 \
]mo AN
tastable 5 N [!
52} . metastable — s o
-100 g

N /

-200 Mo, 4 i

iy e —

-300
200 400 600 800 1000 1200 1400 K 1600

[ — -




Fig. 14.

Fe_xCocSip_yAly. Thermal conductivity vs. temperature for sintered samples [73W]. Data of the metastable
inhomogeneous high-temperature phase for comparison (Bur@errvel: x =0,y =0;2: x =0, y = 0.043: X
=0.03,y=04:x=0.06.y =0.
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Fig. 15.
Fe;_«Co,Sip. Thermal conductivity vs. temperature in a doubly-logarithmic scale; sintered samples [73W].
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Fig. 16.

FeSp. Thermal resistivity vs. temperature for sintered samples [73W]. Gumeasuredb calculated with the
formula of Price for the ambipolar pargmpip = (kle)2T{ Ondnt0pdp + (onap/a)(((Eg(O)—BT)/kT)+5n+5p)2},
whered, andd, are scattering parameters. Polar optical scatteringdyithd, = 2.5 was assumed. Sinpg =
Hp in FeSp, o, = 0y in the intrinsic range. Best fit (cuni® with E4(0) = 0.9 eV and3 = 45.164eV KLl c
lattice thermal resistivity. Electrical conductivity is also shown.
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Fig. 17.

FeSp. Thermal conductivity vs. temperature in a doubly-logarithmic scale [73W]. Sintered samplesaCurve
undopedp: 2.1-161 Al atoms/cnd, c: 1.6-161 Co atoms/cr
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Fig. 18.

Fe;_,Mn,Si, and Fg g5Cay osSip. Hall mobility uy = Ry/p vs. reciprocal temperature in a doubly- logarithmic
scale [73N]. Mn-doped samplesy; ,, Co-doped samplgi ,; all samples hot-pressed at 1400 K and annealed
at 1073 K.
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