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ABSTRACT

Our efforts to improve the thermoelectric propertiesEK,BigSe 3 led to systematic
studies of solid solutions of the typEK,BisShSeas The charge transport properties and
thermal conductivities were studied for sedeCtmembers of the series. Lattice thermal
conductivity decreases due to the mass fluctuation generated in the lattice by the mixed
occupation of Sb and Bi atoms. Se excesa dspant was found to increase the figure-of merit
of the solid solutions.

INTRODUCTION

Our investigations of ternary and quatamn compounds of bismuth chalcogenides [1]
have shown that several multinary compositions containing alkali metals show promising
thermoelectric properties. One of these phaseKBigSes; [2], possesses low thermal
conductivity (~1.4 W/mMK) and high power factor. Theom temperature ZT value is 0.3
and can be substantially improved on dopg,BigSes;mainly by raising the power factor [3].

A solid solution series 0EK,BigSe; was prepared in order to study the effects on the general
properties such as electrical trpog and the lattice thermal conductivitf K;BigSe s was
alloyed with its isostructural #SkxSe 3 analog in order to generag&tensive mass fluctuations in
the lattice with the Sb/Bi substitan. The Bi/Sb distribution in the structure was also studied by
single crystal X-ray diffraction analigsof selected crystals of;Rig«ShSea3[4]. The Sb is not
uniformly distributed as would be expectddom a true solid solution but it affects
disproportionally the various metal sites in steucture. We find that the band gaps and the
melting points vary systematically asfunction of x [5]. Various EBis.xShSe ; solid solutions
were prepared with the Bridgman technique [6)rider to grow large oriented ingots samples. In
this work, charge transport properties aneérial conductivity measurements of selected
members of KBigxShSe 3 solid solutions are presented. Dupistudies using excess of Se were
also performed in order to study its influence on the thermoelectric properties.

RESULTS AND DISCUSSION

EK2BigSes and its isostructural Sb solid solutions are anisotropic three-dimensional
monoclinic structures that propagate aldhg b-axis [2,4]. In the structure, Bes-type rods
form layers perpendicular to the c-axis. TheCNgype rods connect the layers to build a 3-D
framework, which creates the needle-like criystarphology along the b-axis, with tunnels filled
with K* cations. The anisotropic structure of #n@saterials also causes strong anisotropy in
their thermoelectric properties [6].



To prepare the 8BisxShSe3; (x=0.8 and 1.6) solid solution#K,BigSe; and KSkkSe 3
were nixed in various proportions at 85C. To prepare the doped.BisxShSeas with Se
excess K, Bi, Sb and Se weréxed at 856C. A modified vertical Bidgman technique [6] was
applied on all saples to obtain well-orientedngots for charge transport and thelm

conductivity neasurerants.

Charge Transport of K;BigxSbSes

Charge transport easurerants were careid out along the needle direction (i.e.
crystallographic b-axis) on well-oriented ingots oBisxShSe s members x=0.8 and 1.6. The
electrical conductivity has a weak negative peraure dependence, which is consistent with a
sem-metal or a narrow-gap seconductor, se&igure 1. The roontenperature values increase
from 55 S/cmfor the member x = 0.8 to 292 S/crfor the member x = 1.6.

Hall effect neasurerants as a function ofigerature showed a negative Hall coefficient
(Ry) for both nembers, indicating electrons asetlrgjor charge carrier (n-type) in agreent
with the observed negative Seebeck coefficigste below). The carrier concentration was
calculated (R = 1/(n-e)) to be ~1.6-2bcm?® for x = 0.8 and ~1.1-2®cm? for x = 1.6 at room
temperature, Figure 2. These values and theakvtenperature dependence indicate that the
sanples were in a relatively high doping stdidegenerate) as prepared. The Hadbbitty
(P. Ry~ Yat roomtenperature was greet for the x = 1.6 saphe (~16 cni/Vs) than for x = 0.8
(~2 cnf/Vs), Figure 3. The relatively low Hall ebilities most certainly indicate the existence of
many defects and other carrier scattering centetha@se ingots. For exaie, a najor source of
such scattering centers is thécrocracks in th ingots due to their polycrystalline naturee W
believe the true intrinsic abilities in the cry&al is much higher and and iproved ingot quality
in the 1ture will help raise the observedhility closer to it.
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Figure 1. Tenperature dependence of the
electrical conductivity for ingot sgptes of
K2BigxShSes solid solutions
with x=0.8 and 1.6.
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Figure 2: Tenperature dependence of carrier
concentration for ingot sgutes of
K2BigxShSes solid solutions
with x=0.8 and 1.6.
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