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Table 1 Electrical properties of PbSe at room temperature

»/(GPa) o/ Qs m) S/(pV/K) 08?/[pW/(em + K9]
3.0 9.1 —113.8 14.23
3.5 7.0 —122.0 21.26
4.0 6.6 —139.2 29.36
4.5 5.9 —126.7 27.21
1.8 15. 0 —122.2 9.96
5.0 10. 6 —110.3 11.48

F 1000 75 () FL B R 2 Seebeck 2%, 1153458 PbSe IR 1. BT PhSe # 5l 1 HL B R4 K, 3. 5
~4.5 GPa £ T #1451 PbSe TN HR K T3t 20 pW/(em » K*) . 50 252 AL A i X & Hs A0
KRE PhTe #2351,

PERE T RN TR i 3 MEESY (B RUE J1°h 3. 5.4, 0 F1 4.5 GPa) , #E47T B IR &5 18 F B BH R B See-
beck REMIA ., &l 3 i i e il 45 19 PbSe # il H B %6 J Seebeck A S MR M CHR. AT 0L,
6 I 34 7L Y BT P L PhSe 6 B 4 J S e R L B H BEL SR B 5 3R B O T R K. X 4.5 GPa FE A
T AL PbSe, X4 MR A 536. 3 K A, i B A IK B d5 RAE L 200 26. 9 pQ » m. 5 HLBHREE R AL,
Seebeck R B 26 X F Fif il 3 %) T o= 100 16 <. A6 R [R) I Ui B 45 44 F L 4. 0 GPa R 7 R il £ 1% PbSe #
) Seebeck R B4 XWHE R K.

] FH 045 64 L B % % Seebeck 2%k, 15 2] PbSe B #R A1, W& 4 FT7R . 3.5.4.0 M 4.5 GPa
JE 1R A WA RE S e KSR A28 518 27,0 pW/ (em » K?) (342, 2 K) 129, 7 pW/(em + K?) (304. 5 K)
M 27.3 uW/Cem « K?) (300, 6 K), i @& T Jovovie 25 A ] 4 19 PbSe B &4 ke & 0 o R H 1
(17.5 pW/Cem « K*)) 5 Wang 25 A" F) H L 45 55 7 B 45 (Spark Plasma Sintering , SPS) 15 2] )

| = 35GPa v 1120 I * 35GPa
N e 40GPa o g = \/ s 40GPa
P AN v 45GPa / » {—140 = M 281 v v 45GPa
: 20} D / / 0o T 5 2 | N
g NN 190 S0 LY e,
= N N S =3 ¥ *
2 16} o K 17180 & < 24} N \
1 0 2 5 N\ N N
£ 1) Pt 17200 & 2f TN O
£ | A g 5 .
pris 1220 8 z .
8l =5 AN 2 S 20t .
. . Ay
uf 1—240 s T
300 350 400 450 500 550 300 350 400 450 500 550
Temperature/(K) Temperature/(K)
3 PbSe MHLH# & Seebeck 7 #1556 R Kl 4 PbSe MIIRKE T H5REM LR
Fig.3 Variations of the resistivity and Seebeck Fig.4 Variation of the power factor of

coefficient of PbSe with temperature PbSe with temperature



498 = JiS 7] B 2% i 8271 %

PbSe £ B fil DR K F (24 W/ Cem « KPODAHIE . X FAME PbSe, H Ty # P 7 Fifl 15 B 1) T 1 18 5k
TR, B RS A5 1 PhSe A it 1Y 21 238 A B I B2 04 T v A 9T AT o (EL2 70 D 4 U 32 Y 161 7, PbSe 1Y
YRR FIRAR R T 20 pW/(em « K*), 5 Androulakis % A" iR (W HE #5844 PbSe 45 R0, X T
Tk 15 1 25 79 PhSe s HA 5 19 D 8 R n] A DR T A s A 0 TR . Ovsyannikov 58 AW 058 %
W1, & T PbSe 7l BRI/, KA G B AL AR . D3 8h, Re il 2 i R W1, = R 45 19 PbSe FE dh A7 7E D i
19 Pb A . Pb Al 4 Jy it 32 2% BT L 489 IR i i) 280 - Tk B

4 4 @

I v A B K D 9 S il 2% T FA L M4 B PbSes R I XRDLVSEM BE5E T PbSe 1) 4 A 41 A% K f R
SEF X H R AR R R AT T ST . XRD A1 SEM 3R & BR , =5 78 5 1R 1 45 19 PbSe B 5 b NaCl 2544,
OB R . R A SR e Ll B R AT LA SO ) PhSe 19 HL T R Seebeck R XL TE 3.5
~4.5 GPa JE /I Tl 19 PbSe & TR FiKE] 20 pW/(em » KD LI 1,5 PbTe 45 HA Y, 5L
U ok LR W L 5 TR 451 R ) 45 1 PbSe 3 A il 7 T 25 & f FH B L B4 R,

References:

[1] Disalvo F J. Thermoelectric cooling and power generation [J]. Science,1999,285(5428) :703-706.

[2] Rowe D M. Thermoelectric Conversion and Its Application [M]. Translated by Gao M, Zhang J S. Beijing: Weapon
Industry Press.1996:180. (in Chinese)
Rowe D M. il 22 iU e e HOHL T (M) 5 B0, SISERR L 1. bt TR 4l Tl i AL . 1996 - 180,

[3] Ovsyannikov S V, Shchennikov V V. Pressure-tuned colossal improvement of thermoelectric efficiency of PbTe
[J]. Appl Phys Lett,2007,90(12) :122103.

[4] Jovovic V,Thiagarajan S J, West J,et al. Transport and magnetic properties of dilute rare-earth-PbSe alloys [J]. ]
Appl Phys.2007,102(4) ;043707.

[5] Wang H,Pei Y,LaLonde A D,et al. Heavily doped p-type PbSe with high thermoelectric performance: An alterna-
tive for PbTe [J]. Adv Mater,2011,23(11):1366-1370.

[6] Zhu P,Imai Y,Isoda Y,et al. Electrical transport and thermoelectric properties of PbTe prepared by HPHT []].
Mater Trans,2004,45(11):3102-3105.

[7] Liu X F,Du Z P,Li W M. Principles and Applications of Semiconductor Testing [ M]. Beijing : Metallurgical Indus-
try Press,2007:26. (in Chinese)
XA L 2 R AR B AR R S5 8 (ML 650 4 Tl i WAL, 2007 - 26.

[8] SuT C.,Zhang S G,Li X L,et al. Thermoelectric properties of AgSbTe,-Sh, Te; prepared by high pressure synthe-
sis [J]. Chinese Journal of High Pressure Physics,2011,25(4):317-320. (in Chinese)
T K TR IO, 2 /N L SF. B A R AgSbTe-Shy Te; MMM MEREDFSY [T, W R #2424, 2011, 25(4) 1 317-
320.

[9] Wang S,Zheng G,Luo T,et al. Exploring the doping effects of Ag in p-type PbSe compounds with enhanced ther-
moelectric performance [J].] Phys D,2011.44(47) :475304.

[10] Androulakis J,Lee Y, Todorov I,et al. High-temperature thermoelectric properties of n-type PbSe doped with Ga,

In.and Pb [J]. Phys Rev B,2011,83:195209.



5% 4 W it RHE A v L i T T A  PhSe B H 2 P fE 499

Electrical Transport Properties of PbSe Prepared
by High Pressure and High Temperature

SU Tai-Chao' , XU An-Tao”, LI Hong-Tao®, LI Shang-Sheng',
FAN Hao-Tian' ,MA Hong-An"',JIA Xiao-Peng'"*

(1. Institute o f Materials Science and Engineering ,Cultivating Base for Key Laboratory of
Environment-Friendly Inorganic Materials in University of Henan Province,
Henan Polytechnic University ,Jiaozuo 454003 ,China;
2. Department o f Mathematics,Jiaozuo Teachers College ,Jiaozuo 454000,China;
3. Shanghai Entry-Exit Inspection & Quarantine Bureau sShanghai 200135 ,China;
4. National Laboratory of Superhard Materials,
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Abstract; Consistent with the state of art thermoelectric material PbTe, PbSe belongs to group V-V
semiconductor. And PbSe has the same crystal structure as PbTe. But there are few reports about PbSe
as thermoelectric material. A large number of studies show that the thermoelectric performance of
PbTe is improved effectively under high pressure. In this paper,PbSe was synthesized by high pressure
and high temperature method. The phase compositions and microstructures of PbSe were characterized
by X-ray diffraction (XRD) and scanning electron microscope (SEM). The electrical properties meas-
urement results show that PbSe sample synthesized under high pressure has low electrical resistivity
and high power factor,and therefore it is a promising thermoelectric material applicable to thermoelec-
tric power generation.

Key words: thermoelectric material; high pressure; PbSe;electrical resistivity;power factor
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