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Fig. 1. Sn; o4 ,Mn,Ing g Te(CuyTe)y g5 samples (z = 0-0.17): (a) XRD patterns; (b) enlarged view between 57.5°

meter as a function of z.

—60°; (c) lattice para-

--
.-

A 2

Fig. 2. Scanning electron microscope images of the SngggMny 15Ing g, Te(CuyTe) o5 sample.
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K3 Snygs Mnngg Te(CuyTe)gos(z = 0—0.17) Hi I (a) HL-SFREEIR BRI AE AL, (b) 23T 400 T W BRI B 2 192 1,
(c) Seebeck FEUBENRE LA, (d) BT Seebeck FE 5 2 11 B 5 R LA AR W I BT LU 18] 11173032 (e) 323 T A 25T

XL, (F) DA R R A A2 Ak

Fig. 3. Sn; o4 ,Mn,Inj o Te(CuyTe)ggs (z = 0-0.17) samples: (a) Electrical conductivities as a function of temperature; (b) carrier

concentration and mobility as a function of = at room temperature; (c) Seebeck coefficients as a function of temperature; (d) the re-

lationship between Seebeck coefficient and carrier concentration at room temperature and comparison with the correlation

studies!'17:30-32; (e) effective mass comparison at room temperature; (f) power factor as a function of temperature.
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Fig. 4. Thermoelectric properties of Sny g, Mn,Ing o Te(CuyTe)yos (z = 0-0.17) as a function of temperature: (a) Total thermal

conductivity; (b) Lorenz number; (c) carrier thermal conductivity; (d) lattice thermal conductivity.
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Fig. 5. (a) Experimental and fitting results of lattice
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Abstract

Lead-free chalcogenide SnTe has a similar crystal structure and energy band structure to high performance
thermoelectric material PbTe, which has been widely concerned in recent years. However, due to its low
Seebeck coefficient, high intrinsic Sn vacancy concentration and high thermal conductivity, its intrinsic
thermoelectric performance is poor. In this study, Mn-In-Cu co-doping SnTe-based thermoelectric materials are
prepared by hot pressing sintering at high-temperature and high-pressure. Indium (In) doping brings the
resonant level in SnTe and increases the density of states which greatly improves Seebeck coefficient at room
temperature; the Seebeck coefficient of Sn; g4Ing o Te(CuyTe)g 5 reaches 70 pV-K! at room temperature. With
adding manganese (Mn), the Seebeck coefficient at room temperature is well preserved, indicating that Mn
doping has little effect on the resonant level brought by In doping. In addition, due to the band convergence
brought by Mn doping, the high temperature Seebeck coefficient of the material is improved, the maximum
Seebeck coefficient reaches 215 wV-K'! for the sample with 17% Mn doping amount at 873 K. Owing to the
combination of band convergence and resonant level, the Seebeck coefficient of the whole temperature range of
the material increases, the power factor of the material is also greatly optimized, and all samples have a power
factor of more than 1.0 mW-m K2 at room temperature. On the other hand, the point defects brought by
Mn alloying and the interstitial defects introduced by copper (Cu) enhance the phonon scattering and
effectively reduce the lattice thermal conductivity of the material, the lattice thermal conductivity decreases to
0.68 W-m .K ! at 873 K. The electrical and thermal properties of the materials are optimized simultaneously
under the combination of various strategies, the peak 2T = 1.45 is obtained at 873 K in the p-type
Sng goMny 15Ing o1 Te(CuyTe)g g5 sample and the average zT of 300-873 K reaches 0.76. In the process of multi-
strategy coordinated regulation of SnTe-based thermoelectric materials, the excellent properties of single
strategy can be well maintained, which provides a possibility for further improving the performance of SnTe-

based thermoelectric materials.

Keywords: SnTe, high-temperature and high-pressure, doping, thermoelectric materials
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