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Fig. 1. (a) XRD patterns and (b) lattice constants of Ti-
NiCo,Sn samples.
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Co 2= /EF F 19 TiNiSn AH 4 46 B A B B o 5
FRAEE D,
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&l 2 TiNiCo,Sn FEf I FFHSE  (a) 2 = 0; (b) 2= 0.01;
(¢) z=10.03; (d) = 0.05

Fig. 2. Backscattering images of TiNiCo,Sn samples: (a) z =
0; (b) = 0.01; (c) z = 0.03; (d) z = 0.05.
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% 3  TiNiCo,Sn #f7) SEM ¥l (a) TiNiSn f#W/&l; (b) Ti-
NiSn Jay# i A ; (c) TiNiCogg3Sn WL ; (d) TiNiCoy o590
oKty ONES

Fig. 3. SEM images of TiNiCo,Sn ribbons: (a) Microscopic
image of TiNiSn; (b) local enlarged image of TiNiSn ribbon;
(¢) microscopic image of TiNiCojy3Sn; (d) local enlarged
image of TiNiCoy 3Sn ribbon.
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M (b) TiNiSn J& # i K 5 (c) TiNiCog gsSn 1 X ] ;
(d) TiNiCoy3Sn J& ¥R K&

Fig. 4. EPMA diagrams of TiNiCo,Sn block section: (a) Mi-
croscopic image of TiNiSn; (b) local enlarged image of TiN-
iSn sample; (c) microscopic image of TiNiCog3Sn; (d) loc-

al enlarged image of TiNiCo 43Sn sample.
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Fig. 5. Variation of TiNiCo,Sn samples parameters with temperature and the doping amount z: (a), (b) Seebeck coefficients;

(¢), (d) conductivities; (e), (f) power factors.
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Fig. 6. Relation of weighted mobility u, with temperature (a) and doping amount z (b) of TiNiCo,Sn samples.
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Fig. 7. Hall carrier concentrations (nyg) and carrier mobilit-
ies (uy) of TiNiCo,Sn samples.
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Abstract

Although TiNiSn-based half-Heusler thermoelectric materials obtain high power factors, their high lattice
thermal conductivity greatly hinders the improvement of thermoelectric properties. In this work, TiNiCo,Sn
(z = 0-0.05) samples are prepared by melt spinning combined with spark plasma sintering method, and their
phase, microstructure and thermoelectric properties are studied. The XRD results show that the main phase of
all samples is TiNiSn phase, and no any other impurity phases are found, indicating that the high purity single
phase can be prepared by rapid quenching process combined with SPS process. In the solidification process, the
large cooling rate (10°-10° K/s) is conducive to obtaining the uniform nanocrystalline structure. The grains are
closely packed, with grain sizes in a range of 200-600 nm. The grain sizes decrease to 50-400 nm for the Co-
doping samples, which indicates that Co doping can reduce the grain size. For the z = 0 sample, the thermal
conductivity of the rapid quenching sample is significantly lower than that of bulk sample, with an average
decrease of about 17.8%. Compared with the TiNiSn matrix, the Co-doping sample has the thermal
conductivity that decreases significantly, and the maximum decrease can reach about 38.9%. The minimum
value of lattice thermal conductivity of TiNiCo,Sn samples is 3.19 W/(m-K). Therefore, Co doping can
significantly reduce the k| values of TiNiCo,Sn (z = 0.01-0.05) samples. With the increase of Co doping amount
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z, n/p transition is observed in the TiNiCo,Sn samples, resulting in gradually reducing the conductivity and the
power factor, and finally deteriorating the electrical transport performance, of which, the TiNiSn sample obtains
the highest power factor of 29.56 W/(m-K?) at 700 K. The ZT value decreases with the Co doping amount z
increasing, and the maximum Z7T value of TiNiSn sample at 900 K is 0.48. This work shows that the thermal
conductivity of TiNiSn can be effectively reduced by using the melt spinning process and magnetic Co doping.
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Keywords: TiNiSn, thermoelectric materials, melt spinning, half-Heusler
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