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Growth of Cu—doped SnSe Crystal and its Thermoelectric Properties
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Abstract: The Cu-doped SnSe crystal with a standard Pnma space group structure was successfully prepared by the
Bridgman method, with a size of approximately ¢18 mmx55 mmand an even distribution of Cu element in the crystal. The
crystal is a P-type semiconductor material, with a minimum conductivity of 4.53 S -cm” near 600 K and a carrier
concentration of 1.69 cmx1 019 cm at 830 K. The maximum Seebeck coefficient is 739.5 wV -K", appearing near 500 K.
The power factor PF always increases with increasing temperature, and the value is 4.80 W -cm™-K? at 830 K. The
thermoelectric performance ZT reaches the highest value of 0.83 near 800 K, indicating that it is a promising thermoelectric
material at medium temperature.

Key words: SnSe crystal; Cu-doped; Bridgman method; thermoelectric properties

Bl
, , Bi,Te; . PbTe .SiGe 3 Bi,Te,
60% , , @
[l]o ) -
SnSe
, B Tbrahim @ SnSe
. . . , ZT 0.5;Chen [ Ag
@, 0.6 ZT ;Peng ™ SnSe S
ZT JIZT= S0 Tk, S ZT 0.8, SnSe s
Seebeck ,T Nea o , (
:2022-05-06
(52272006) ; ( [2021]25 );
(KF2004) ;
,1982 s s . : . 102138223822, Email: jmaish@aliyun.com
.Cu SnSe [1]. ,2023,44(1): 49-53.

JINM. Growth of Cu-doped SnSe crystal and its thermoelectric properties[J]. Foundry Technology, 2023,44(1): 49-53.

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



. 50 .

Vol.44 No.01

FOUNDRY TECHNOLOGY Jan. 2023
Ag Na Cl.I ) Bl . o 1 SnyesSeCug s
SnSe ) °
, , SnyeSeCugp
VA B , , , X
Cu SnSe (Bruker D8, Germany)
s , SEM EDS (Oxford
° Instruments, Britain) o
8.0 mmx8.0 mmx1.0 mm
1 (ULVAC-RIKO ZEM-3),
o .Seebeck R
99.99% Sn.Se Cu ,  Sn:Se:Cu=
0.98:1.00:0.02 , 68.15g, 2
16 mm , 2(a) ,
102Pa o , SnSe
25 mm , , L1 M SnSe a
o b , c ,
960 C , 10 min 850 K 300 K 3.37%,
10 r/min 30 min, SnSe , 850 K
Cu , Cu ,a b 24% 1.7%,
o , o c 1.0%", ,SnSe ¢
18 mm 25 mm o 2(b) , ,SnSe
. SnSe , o 2(0)
s 3 s XRD ,
, ~30 C/cm , PDF#48-1224 s
, l(a~b) SnSe o s (111)
SngyesSeCugg s XRD (400)
- SnSe 880 C, , SnSe (100)
, 880 C, , (100) X ,
8h 2.0 mm/h SnSe [
, 3(a) Cu
o 600~800 C 12h SnSe , ¢18 mmx55 mm,
1 SnggsSeCugon :(a) .(b)
Fig.1 SnggSeCuyy, crystal growth by the Bridgman method: (a) schematic diagram, (b) temperature profile of the furnace
1 SnySeCuy,
Tab.1 The parameters for Sn,ySeCuy, polycrystal synthesis and crystal growth
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960 C 10 r/min 30 min 880 C 30 C/em 2.0 mm/h
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Fig.2 The quartz ampoule for raw material synthesis, the synthesized SnSe polycrystal and its powder XRD diagram: (a) the quartz
ampoule for raw material synthesis taken out from the rocking furnace, (b) the synthesized SnSe polycrystal with metallic luster,

(c) the powder XRD diagram

.(b)

3 Cu SnSe ,(b)
SEM ,(e) {100} XRD ,(f) EDS
Fig.3 As-grown Cu-doped SnSe crystal by the Bridgman method: (a) macrostructure, (b) exposed surface morphology of the crystal
after peeling, (c) SEM image of the crystal, (d) SEM image of the powder, (¢) XRD diagrams of the powder and {100} plane, (f) EDS
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Fig.4 Temperature dependence of thermoelectric properties of Cu-doped SnSe crystal: (a) electrical conductivity, (b) carrier
concentration, (c) mobility, (d) Seebeck coefficient, (e) power factor PF, (f) figure of merit ZT
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