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Synthesis and Thermoelectric Properties of Ag-doped SnSe
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Abstract: SnSe material is one of the most promising state-of-art thermoelectric materials. The polycrystalline
Ag-doped Sn;_,Ag.Se (0.005<x<0.03) bulks were prepared by mechanical alloying and spark plasma sintering tech-
nique, and the composition, microstructure and thermoelectric properties were systematically studied by XRD, SEM
and thermoelectric performance measurement. XRD results show that single-phase orthorhombic SnSe-based com-
pounds can be prepared with small amount of Ag-doping (0.005<x<0.01), but with Ag doping amount increasing,
small quantity of secondary phase, SnAgSe,, can be detected in the matrix. The carrier concentration and overall
electrical properties (power factor) are significantly enhanced as a result of Ag doping. The power factor of
SngosAgoozSe increases up to 0.495x 107 W/(m~K2), which is about 36% higher than that of SnSe material. Although
the thermal conductivity increases slightly, the dimensionless figure of merit, Z7 is still optimized for the Ag-doped
samples. SngosAggo2Se bulk shows optimal ZT value and the highest ZT of 0.82 is obtained at 823 K, which is the
highest value reported for the polycrystalline SnSe-based thermoelectric materials.
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Table 1 Some physical properties of the samples prepared

Hall coeffi- Carrier con-

. Mobility,
Component cient, centration, © 21 ! y] B

Ry/(em®Cy  nlem’ Hl(em™V7sT)
SnSe 14,.95 4.185% 10" 1.370
Sng.995Ag0.005S€ 3.02 2.065x 10" 0.827
Sng.99Agg.01Se 221 2.972X10" 1.121
Sng.ossAgoo1sSe 1.65 3.793% 10" 1.194
Sng osAgo.02S€ 1.19 4.566x 10" 1.251
Sng.97Ag0.035€ 0.88 5.854x 10" 1.376

NN, TR EAR A i 1 T R I Tt
BRIGK, IS Sn R Ag MBS TR AHIE, BA
Ag FERBGINFS TR, s T R AKX .

2) Sn;,AgSe &+ Ag BAE x=0.02 I, 7F

823 K MTsk S KM ZT i, &%) 0.82, LAk
EEME T 14%.

S 3k

(1]

LI JING-FENG, LIU WEI-SHU, ZHAO LI-DONG, et al.
High-performance nanostructured thermoelectric materials. PNG
Asia Materials, 2010, 2(4): 152-158.

BILAR, TRAEEE, B 5. AU REWUR R ST
23R, 2015, 34(1): 1-13.

CHEN LI-DONG, XIONG ZHEN, BAI SHENG-QIANG. Recent

LES

progress of thermoelectric nano-composites. Journal of Inorganic
Materials, 2010, 25(6): 561-568.

LALONDE A D, PEI YAN-ZHONG, SNYDER G J. Revaluation
of PbTe,_I, as high performance n-type thermoelectric material.
Energy and Environmental Science, 2011, 4(6): 2090-2096.
WANG HENG, PEI YANZHONG, LALONDE A D, et al. Heavily
doped p-type PbSe with high thermoelectric performance: an al-
ternative for PbTe. Advanced Materials, 2011, 23(11): 1366—1370.
WANG HENG, SCHECHTEL E, PEI YANZHONG, et al. High
thermoelectric efficiency of n-type PbS. Advanced Energy Materi-
als, 2013, 3(4): 488-495.

LIU SHENG, GUO XIAO-YANG, LI MING-YU, et al. Solution-
phase synthesis and characterization of single-crystalline SnSe
nanowires. Angewandte Chemie, 2011, 50(50): 12050-12053.
SHINDE D V, MIN SUN-KI, SUNG MYUNG-MO, et al. Photo-

9]

[10]

(11]

[12]

[14]

[15]

[18]

[19]

[20]

[21]

voltaic properties of nanocrystalline SnSe-CdS. Materials Letter,
2014, 115: 244-247.

ZHAO LI-DONG, SHIH-HAN LO, ZHANG YONG-SHENG, et al.
Ultralow thermal conductivity and high thermoelectric figure of
merit in SnSe crystals. Nature, 2014, 508: 373-377.
ZHAO LI-DONG, TAN GANG-JIAN, HAO SHIQIANG, et al
Ultrahigh power factor and thermoelectric performance in
hole-doped single-crystal SnSe. Science, 2015, DOI:10.1126/
science.aad3749.

SASSI S, CANDOLFI C, VANEY J B, et al. Assessment of the
thermoelectric performance of polycrystalline p-type SnSe. Ap-
plied Physics Letters, 2014, 104(21): 212105.

JESUS CARRETE, NATALIO MINGO, STEFANO CURTAROLO.
Low thermal conductivity and triaxial phononic anisotropy of SnSe.
Applied Physics Letters, 2014, 105(10): 101907.

CHEN SONG, CAI KE-FENG, ZHAO WEN-YU. The effect of Te
doping on the electronic structure and thermoelectric properties of
SnSe. Physica B, 2012, 407: 4154-4159.

MRRE, RFTE, B4 B SARYEE, TR dba: Dk
HRAL. 2008: 48-49.

REN ZHI, KRIENER M, TASKIN A A, et al. Anomalous metallic
state above the upper critical field of the conventional three-dimen-
sional superconductor AgSnSe, with strong intrinsic disorder.
Physical Review B, 2013, 87(6): 064512.

sk A, SRR, 5K OCM, S ARG AL G S e S
ISR, MBEEZEIR, 2012, 61(4): 047201,

HEREMANS J P, VLADIMIR J, TOBERER E S, et al. Enhance-
ment of thermoelectric efficiency in pbte by distortion of the elec-
tronic density of states. Science, 2008, 321(5888): 554-557.
UEMURA K N I A. Thermoelectric Semiconductors and Their
Applications. Tohyo:Nikkan Kogyo Press, 1988: 145.
PICHANUSAKORN P, BANDARU P. Nanostructured thermoelectrics.
Materials Science and Engineering:R:Reports, 2010, 67:19-63.
JIANG JUN, CHEN LI-DONG, BAI SHENG-QIANG, et al.
Fabrication and thermoelectric performance of textured n-type
Biy(Te,Se); by spark plasma sintering. Materials Science and
Engineering: B, 2005, 117(3): 334—-338.

KANISHKA BISWAS, HE JIA-QING, BLUM I D, et al
High-performance bulk thermoelectrics with all-scale hierarchical

architectures. Nature, 2012, 489: 414-418.



