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Fig. 1. Crystal structure of Cu,SnSey.

PR RE S CuyM,SnSe (M = Cu) J&18 i1 & fig
BREE (Mixer/Mill 8000 M) 45 & it H1 %5 5§ 1 e 4
(spark plasma sintering, SPS, LABOX-325GH-C1)
fil &1 3. 78 Ar KSR TEM T, ikt
L] CuyM,SnSe (M = Cu), FrHEAECA Cu ki
(99.99 %). Sn % (99.999 %) . Se Bt (99.999 %), 7
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Fig. 2. (a) XRD patterns, (b) cell parameter and (¢) SEM images and EDS mappings of the Cuy,,SnSe, samples (z = 0, 0.2, 0.4,

0.6, 0.8, 1) at room temperature.
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Fig. 3. Temperature dependence of (a) electrical conductivity, (b) the small polaron hopping model fitting, (¢c) Seebeck coefficient
and (d) power factor (PF) for the samples of Cuy,,SnSe, (z = 0, 0.2, 0.4, 0.6, 0.8, 1). Re. represents the results of Ref [30].
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Fig. 4. (a) Electrical conductivity and activation energy for
the sample of Cuy,,SnSe, (z = 0, 0.035%, 0.06/%%, 0.16%, 0.2,
0.4, 0.6, 0.8, 1) at 323 K; (b) carrier concentration and car-

rier mobility of Cuy,,SnSe; at room temperature.
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Fig. 5. Temperature dependence of total thermal conductiv-
ity for the sample of Cuy,,SnSe, (z =0, 0.2, 0.4, 0.6, 0.8, 1).
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Fig. 6. Temperature dependence of the figure of merit for
the sample of Cuy,,SnSe, (z =0, 0.2, 0.4, 0.6, 0.8, 1).
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Abstract

CuySnSe,; compound, as a non-toxic inexpensive thermoelectric material, has low thermal conductivity and
adjustable conductivity, which promises to have a high-efficiency thermoelectric application in a medium-
temperature range. The Cu-doped bulk samples of Cu,,,SnSe; (0 < z < 1) compounds are synthesized by a
fast method, i.e. by combining high energy ball milling with spark plasma sintering. In this work, the
thermoelectric properties of Cu-doped Cu,SnSe; compound are investigated. The experimental results reveal
that the intrinsic vacancy at Cu/Sn site of Cu,SnSe, can be completely filled by Cu (i.e. z = 1 in Cu,y,,SnSey).
The crystal structures of all Cu,, ,SnSe, samples have the same space group F3m as that of the undoped
Cu,ySnSey. The electrical conductivity of Cuy, ,SnSe, increases rapidly with the content of Cu doped at intrinsic
vacancy increasing, concretely, it increases by two orders of magnitude and reaches a maximum value at z =
0.8. The increase in electrical conductivity results in the significant improvement in power factor. The observed
results display that the increase in electrical conductivity is a nonlinear relationship with Cu-doping content in
a range of 0 < z < 0.1, but is linearly related to the Cu-doping content in a range of 0.1 < z < 0.8. Meanwhile,
the carrier (hole) concentration is observed to reach a maximum value at z = 0.2 and then slightly decreases at
x = 0.8. The rapid increase in electrical conductivity with Cu-doping content increasing may be attributed to
the intensifying of Cu-Se bond network that plays a dominant role in controlling hole transport in CuySnSey.
The carrier mobility also increases with the Cu-doping content increasing in the range of 0 < z < 0.8, which is
in contrast to the common scenarios in thermoelectric materials that the carrier mobility decreases with the
increase in the carrier concentration. Furthermore, the carrier transport mechanism of Cu,,,SnSe; sample is
revealed to be able to be described by the small polaron hopping model, which means the strong coupling
between electron and phonon. The analysis of thermal conductivities of the Cuy,,SnSe, samples reveals that the
relationship between the electronic thermal conductivity and the electrical conductivity cannot be described by
the classical Wiedemanmn-Franz law, which may be attributed to the formation of electron-phonon coupled
small polaron. Therefore, the coupling between electron and phonon inside the Cu,,,SnSe, structure strongly

influences the behaviors of carrier transmission and thermal conductivity.

Keywords: Cu,SnSe,, thermoelectric properties, small-polaron transition
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