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ABSTRACT

The maximum dimensionless figure of merit (ZT) of TiNiSn half Heusler
thermoelectric (TE) materials is ~0.3 at 600 — 800 K. However, the ZT of TiNiSn alloy
is still less than that of Bi,Tes—based TE materials, which is a problem for these alloys.
This work presents a theoretical investigation on electronic and thermoelectric
properties of TiNiSn-based half Heusler alloys. This investigation is composed of self-
defects and elements doped at the Ti- and Sn-sites of TiNiSn. The electronic, thermal,
and thermoelectric properties are investigated using density functional theory-based
calculations, Boltzmann transport equation, and quasi-harmonic Debye model. The
results show that self-defects affect the electron concentration and enhanced the TE
performance. Doping transition metals (TM) at the Ti-site modified the structural and
thermal properties, as well as reduced the lattice thermal conductivity. Codoping TM at
the Ti-site and doping group BA elements at the Sn-site significantly improved the
power factor and the ZT increased by 40 — 175%.
Keywords First-principles calculation, half Heusler alloys, Boltzmann transport

equation, thermal properties, thermoelectric materials





