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Abstract

The research into new materials with good thermoelectric properties
has revealed new compounds consisting of metallic elements (Bando Y,
Suemitsu T, Takagi K, Tokushima H, Echizen Y, Katoh K, Umeo K,
Maeda Y and Takabatake T 2000 J. Alloys Compounds 313 1-6, Ghelani N,
Loo S, Chung D, Sportouch S, Nardi S, Kanatzidis M, Hogan T and
Nolas G 2000 Mater. Res. Soc. 626 Z8.6.1). The half-Heusler compound
ZrNiSn, in particular, shows promising thermoelectric properties and has
been studied by many scientists during recent years (Uher C, Hu S, Yang J,
Meisner G P and Morelli D T 1997 Proc. ICT’97: 16th Int. Conf. on
Thermoelectrics pp 485-8, Romaka L P, Stadnyk Yu V, Goryn A M,
Gorelenko Yu K and Skolozdra R V 1997 Proc. ICT’97: 16th Int. Conf. on
Thermoelectrics pp 516—19, Hohl H, Ramirez A P, Goldmann C, Ernst G,
Wolfing B and Bucher E 1998 J. Phys.: Condens. Matter 11 1697-709,
Oestreich J, Kiafer W, Richardt F, Probst U and Bucher E 1999 Proc. 5th
European Workshop on Thermoelectrics pp 192-5). In an effort to find new
thermoelectric materials, the half-Heusler compounds of the groups ScMV'Sb
and YMYIISb (MY = Ni, Pd, Pt) were synthesized by arc melting and the
thermoelectric properties were examined by standard characterization methods.
Doping experiments showed that it is possible to change the electrical properties
of the compounds while retaining the half-Heusler structure. Within the two
groups, YPtSb showed the best thermoelectrical properties. At a temperature
of 400 K the electrical conductivity of YPtSb is 748 Q! cm™! and the
Seebeck coefficient is 116.3 ©V K~!. The thermal conductivity at 400 K
extrapolated using the Wiedemann—Franz law is 2.87 W K~! m~!. This leads
to a dimensionless figure of merit of 0.14.

1. Introduction

This paper is based on research done in order to investigate the thermoelectrical properties
of new half-Heusler compounds [7]. YNiSb has the MgAgAs-type structure with four

0953-8984/03/040635+06$30.00  © 2003 IOP Publishing Ltd  Printed in the UK 635


http://stacks.iop.org/JPhysCM/15/635

636 J Oestreich et al

T T T T T T T T T T T T T
150 ® YNiSb ©O ScNiSb
— A_
A YPdSb & ScPdSb AakA
AT A
® YPtSb O ScPtSb AnL® A
I A AL A
A Aa -
A a®n
A gn"®
A AA_NR
__ 100 - A Adpgnun 7
& N ll"
%_ AA lll OOO [ofe)
= L A a OO i
n AA gl oOO
A O
Aﬁ A.“ DDD
50 | ] pfde -
AN | | DDDDDDDO ...
Z oo 000 .000’..
rom o o ° ]
O o OOOoO [ ]
0D goo%o
0 ()()Ou | | | | | |
100 150 200 250 300 350 400

Temperature [K]

Figure 1. Seebeck coefficient versus temperature.

interpenetrating fcc sublattices [8]. Yttrium, nickel and antimony each occupy one fcc
sublattice, while the fourth sublattice is vacant. This is also known as half-Heusler structure.
To obtain other half-Heusler compounds, one of the three elements was replaced by an
isoelectronic element, i.e. yttrium was replaced by scandium. A very important feature of
ZrNiSn s its wide range of dopability, because this provides a way to improve its thermoelectric
properties. For doping the compounds investigated, a small amount of the element used was
replaced by an element having one valence electron fewer (for p-type doping) or one valence
electron more (n-type doping). (All half-Heusler compounds investigated are listed in table 3.)

2. Experimental details

The groups ScMYSb and YMYISb (MY = Ni, Pd, Pt) were synthesized by melting
stoichiometric mixtures of the elements in an arc furnace. As a result, ingots with an average
diameter of 10 mm and a thickness of 5 mm were obtained. All samples showed the half-
Heusler structure and were annealed for 10-30 days at 1100 K to improve their homogeneity.
The lattice parameters shown in table 1 were determined by powder diffraction measurements.
The compounds YPdSb and YPtSb show the same lattice parameter as ScPdSb and ScPtSb do
within the resolution of our experiments. This can be explained by the similar covalence radii
of palladium and platinum.

The annealed samples were cut into rectangular samples with an average size of
1 x 1 x 10 mm? and were polished. Seebeck measurements were performed in a temperature
range from 90 to 400 K. The samples were contacted with an InGa eutectic. The results are
summarized in figure 1.

The Seebeck coefficient S, for all compounds, is positive in the measurement temperature
range and increases with temperature, except for YPdSb, YPtSb and ScNiSb when n-type
doped. (The Seebeck coefficients of all compounds investigated are shown in table 3.)

To determine the electrical transport properties, the five-point method and the van der Pauw
method were used in the temperature range from 36 to 405 K. Electrical contacts were made
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Figure 2. Conductivity versus temperature.

Table 1. Lattice parameters of some of the compounds investigated.

Lattice parameter A) .
Literature values (A)

Compound ~ Undoped  p-type doped  n-type doped  for the undoped compounds

YNiSb 6.280 — — 6.246 (8], 6.318 [9]
YPdSb 6.533 6.527 6.531 6.527 [13]

YPtSb 6.532 6.535 6.533 6.538 [10]

ScNiSb 6.062 6.067 6.065 6.062 [14], 6.055(2) [15]
ScPdSb 6.312 — — —

ScPtSb 6.312 — — 6.312 [14]

via gold wires fixed to the sample by a silver—epoxy paste. The results of these measurements
are shown in figure 2.

ScPtSb, which exhibits the largest electrical conductivity o, shows the behaviour of a
degenerate semiconductor. All other samples show an activated semiconducting behaviour. In
the high-temperature region an activation above the band gap is expected. The activation energy
of these samples, except ScPtSb, was determined by means of high-temperature resistivity
measurements in a temperature range between 600 and 730 K using the equation

Egap
p X exp(szT).

The resulting values for the corresponding band gaps are shown in table 2. The result for
YNiSb of 0.18 eV obtained from our experiments lies between the theoretical values of Tobola
(0.29eV) [8] and Larson (0.28 eV) [ 11] and the experimental value of Sportouch (0.09 eV) [12].

The thermal conductivity has been measured using a standard steady-state method for a
bar-shaped sample. Figure 3 shows the measured thermal conductivities of some samples.
ScPtSb has been omitted due to its high thermal conductivity as compared to the other samples
(11.63 W K~! m~" at 300 K). The electronic contribution of the thermal conductivity can be
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Figure 3. Thermal conductivity versus temperature.

Table 2. Energy gaps of the compounds investigated.

Compound  Energy gap (eV)

YNiSb 0.18
YPdSb 0.27
YPtSb 0.16
ScNiSb 0.11
ScPdSb 0.23

derived from the experimental data using the Wiedemann—Franz law. For this evaluation the
Lorenz number for metals and degenerate semiconductors was used. YPtSb, the compound
with the best thermoelectric properties among the materials studied, has an overall thermal
conductivity of 2.84 W K~! m~! at 300 K with an electronic contribution of 0.52 W K=! m~".

The lattice thermal conductivity of 2.32 W K~! m~! leaves scope for further reduction,
e.g. by isoelectronic alloying. The thermoelectric properties of all samples investigated are
shown in table 3.

The power factor (defined as S?0), for all compounds investigated, increases with
increasing temperature. YPtSb shows the highest power factor of 1.0 x 1073 W K=2 m™!
at 400 K (electrical conductivity: 748 Q7' cm™!; Seebeck coefficient: 116.3 uV K1).
The thermal conductivity of YPtSb at 400 K can be extrapolated from the experimental
values by using the Wiedemann—Franz law to derive the electrical contribution of the thermal
conductivity. The contribution of the lattice thermal conductivity can be extrapolated by
using the Debye approximation for high temperatures A;,;; ~ T~!. The extrapolated thermal
conductivity at 400 K is 2.87 W K=! m~!. This leads to a dimensionless figure of merit
(defined as S%o k1) of 0.14 for YPtSb.
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Table 3. Thermoelectric properties of the compounds investigated, at 300 K.

Material c(@'em™) SWVKH AWK 'm™) zT
YNiSb 336 +31.7 2.63 0.0039
YPdSb 48.5 +102.8 2.33 0.0066
YPdy 9gRhg 02 Sbo,98Snp,02 339 +32.8 7.45 0.0014
Yo,98Zr0,02PdSbg 98 Tep 02 305 —107.9 1.82 0.0585
YPtSb 709 +97.1 2.84 0.0710
YPty 931rp,02 Sbo,98 Sng 02 615 +22.0 6.39 0.0140
Y0,98Zr0,02 PtSbo 08 Teo, 02 46 —64.2 2.02 0.0028
ScNiSb 745 +65.2 3.89 0.0240
ScNip 98 Cog,02Sbo,98Snp 02 4117 +40.4 7.61 0.0265
SCo’ggTiOYOQNi()yggCuo,oz SboyggTeoy()Q 763 —74.0 3.02 0.0415
ScPdSb 322 +123.2 3.90 0.0376
SCPdSbovggSn(),oz 1965 +40.1 — —
ScPtSb 1959 +43.2 11.63 0.009
SCPtSboygg Sno,02 7081 +33.6 — —

3. Conclusions

The half-Heusler compounds of the groups ScMY™MSb and YMV'Sb (MV" = Ni, Pd, Pt)
were synthesized by arc melting and the thermoelectric properties were examined by various
characterization methods. Band gaps and lattice constants were also determined. All undoped
samples show a positive Seebeck coefficient. YPdSb, YPtSb and ScNiSb were n-type doped by
various substitutions. Among the two groups, YPtSb showed the best thermoelectric properties.
At 400 K the electrical conductivity of YPtSb is 748 Q! ecm~!, the Seebeck coefficient is
116.3 wV K~ and the value of the thermal conductivity derived by the Wiedemann—Franz law
is 2.87 W K=! m~!. This leads to a dimensionless figure of merit of 0.14. The optimization
of YPtSb has not yet been completed. Therefore, the compound is a promising candidate for
further investigation.
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