55 10 2006 10
1000-3290/2006/55 10 /5539-06

ACTA PHYSICA SINICA

Vol.55 No.10 October 2006
©2006 Chin. Phys. Soc.

Zn B-Zn,Sb,

¥

2006 1 6 2006
B-Zn, Sh;
Seebeck
. Zn
Seebeck 7n
7T 1.10.
[3-Zn,Sh, Seebeck
PACC 8120 8630M 7215
1.
e (3-Zn, Shy
7Zn, Sh, a B Y 263 K
263—765 K 765 K 78
B-Zn,Sh; p R3C
66
0.65W m " K™ 670 K VAN 1.3
° . B-Zn,Sh, 20
60 10—12 30
13 14 . 15 B'
7n,Sb, 7n;; Sby,
/n
1997  Caillat ’

7T B-Zn, Sh

Zn

* 50310353
T .E-mail tangxf@ mail . whut. edu. cn

*
430070
3 2
Zn  (-Zn,Shy 300—700K
(3-Ziny Shy 7/n
(3-Zn, Shy Zn
Zn 2at% 700K
B-Zn, Sh;
B-Zl’l4 Sb3 9 16—19
/n
20 21
[-Zn, Sh; . 2001
Izard z
B-Zn4 Sb;
2325
Cd In B-Zn, Sh,
B-Zn, Sb;
B-Zn,Sh,

/n

/n /n

2.

/n 99.999 % Sb
99.99% Zn Oat %0—9at %
50372049



55

5540
107 Pa . (3-Zn, Sh, Zn
2h 1023 K 2h XRD /n /n
. 2 7Zn 4%
X SEM . 2 /n
XRD SEM [3-Zn, Sh, 7/n
Cp A
TC-7000 K k = CAd d
Seebeck "
ZEM-1 - Zn T% excess
Seebeck §
AE a = AE/AT —g
N Zn 4% excess
300—700 K % -
E [ ]
&
3.
3.1. 26/(°)(CuKq)
1 7n 0% 4% T% 1 Zn 0% 4% 7%
XRD XRD
stb'z
XZOE 190nm @279 JSM-S616LY
2 7n 4at% SEM
30, -Zn, Sh, /n 9%
B-Zn,Sby 4
3 /n 0—9% B_st})3
3 300—700 K 00K Zn 9%
B-Zn, Sbs 6.00 x 10" S m™"' B-Zn,Shy
1.7
4.01
x10'S m™' 600 K 3.38x10"'S m™'
Caillat on
f3-Zn,Shy
7n 21 p




10

Zn  B-Zn,Shy 5541
2.1x10° 220.0
Lex10°F " B-Zn,Sb; = (-Zn,Sbs
. ® B-Zn,Sb3+2% Zn PR 4 o B-Zn,Sb3+2% Zn
1. 5%10° F 4 B-Zn,Sby+4% Zn ot ¢ 200.0 F 4 B-Zn,Sb3+4% Zn wnt
v B-Zn,Sb3+7% Zn *® v B-Zn,Sb3+7% Zn . -"..:A
1.2x10° | * P-ZnsSby+9%Zn ge* - * B-Zn,Sbs+9% Zn _ e “hy
- o* M 180.0 " VO
[ 3 : " { ]
g o > ] POV MRS 4
& 9.0x10* | "0’ yvY g o v o K
w‘igr R A0 & 160.0 ettt vt
op o v’ W et v
v’ N » 2" e A voe*
£ 60x1o4-/ aanst ; UL MV AR
: aAAA B140.0 F  o0° AT vV ee*
aaadst & RO AR ¢
M eeo®® o ° At v‘v 0
o0 ATV
/“........ a = 120.0 vVVVQOQ.
anun® wn " 04
L L
3.0x10* L ' ' ' 100. 0 L L L L L
1.5 2.0 2.5 3.0 3.5 300 400 500 600 700
T71/107°K™ HBET/K
3 7Zn 0—9% 4 7n 0—9% Seebeck
3.0x107°
/n = Zn,Sby
® Zn,Sb3+2% Zn
Zn 4 Zn,Sby+4% Zn
7 -1 _ s 2.4x107% L v Zn,Sbs+7% Zn
1.92x10°S m B3-Zn,Sh, Y o Zn.Sbo+9% Zn
500 7/n '
B
5 1.8x107°F
3
7/n *
2 E&
B 1.2x1073}
Inoy = Vilnog + Vilnoy 1
Op Og Op
Ve Vi 6.0%x107 1 L L L L
300 400 500 600 700
/n WET/K
/n
In 5 7n 0—9%
/n
7n 9%
/n /n
7/n /n
.Zn 9%
’ 2.05% 107 W m™"- K2
4 7n 0—9% Seebeck
4 B-Zn,Shy 2.5 700 K
Seebeck b 1.82x107° W m " K2 B-Zn,Sh, 1.3
Seebeck . 3.3
7n Seebeck
6 Zn 0—9%
5 Zn 0—9% B~Zn, Sb,
-1 -1
5 7n 0.96 W m - K
-1 -1 .
7n 0—7% 700 K 0.93 W m K Caillat




5542 55
9
B~Zn, Sb, 1.20
—a— REHEFER
—o— BRTHTE o
7n 7n 1.00
2% 4% Zn ;
& 0.80 |
7% Zn g .
. \-\
9% B-Zn, Sh, 1.5 2 0.60 F -
; °
M_ /
2.00 o i . .
. B-Zn,Sbe % 040 /
® B-Zn,Sb3+2% Zn P
L.80F 4 B-Zn,Sby+4% Zn 020k *
v B-Zn,Sbs+7% Zn ’
- ¢ B-Zn,Sb3+9% Zn
¢ 1.60F 0.00 L— " L L L
TE PO 0. 00 0.02 0.04 0. 06 0.08 0.10
E Laof A * seeeeee Azl iR
»
H
%bi 1.20F  YYVYYYVYYVYYVVYVYVYVYVVVVVVVVYVVY 7 7n
10O  AAMAdaasssssssnsssaadddddddadsddds
==lllli-l--lll----..--------lllll
0. 80 L ZT = o*oT/x Zn 0—9%
250 350 450 550 650 750 JT 8. 8 JT
RET/K
B—Zn4 Sb3
o 7 oo ZT 700K  1.09 Zn 2% 4%
ZT 1.10 1.01 Zn
K /T /n
K. Ky
K = K.+ K, 2 Zn
K. K, Zn
k. = LoT /n 9%
K, = 13 Cupdy 4 2T
L c T
C, Vi d,
L ’ 1.2
m (-Zn,Sby
Zn o B-Zn,Sby+2% Zn 'y
7 Lol 4 B-ZnsSby+4% Zn gta
v B-Zn,Sby+7% Zn l}tv'
7n 7n & B-Zn,Sb3+9% Zn .l v .
# vv *
7n 0.8 F N
AA‘.l v ,’
Zn 9% N R LR AR
A '3" ",0
0.6 [ AAA "! VR4
4
2 Zn .’.Q:""
0.4 ¢ amt
: e
x"‘.‘
Zn :!
0. 2 1 1 1 1 1 1 1 1 1
250 350 450 550 650 750
RET/K
3.4. T
8 7Zn 0—9% T

Seebeck



10 Zn  B-Zn,Shy 5543
B-Zn,Sh, Zn
4.
2 Zn B3-Zn, S,
- Seebeck . 7Zn
B-Zn, Sh; Zn Seebeck
2at%—9at%  [3-7Zn,Sh, 3 7n
-Zn, Sh, Zn Zn
B-Zn, Sby 7n 2at% 700 K 7T
1.10.
1 Zn Zn
1 Tang X F Chen LD Goto T et al 2000 Acta Phys. Sin. 49 2437 12 Ugai Y A Marshakova T A Shevchenko V'Y Demina N P 1969
in Chinese 2000 49 Inorg . Mater 5 1180
2437 13 Mayer HW Mikhail I Schubert K 1978 J. Less- Common Me: . 59
2 Tang X F Chen LD Goto T et al 2000 Acta Phys. Sin. 49 1120 43
in Chinese 2000 49 14 Seong-Gon K Mazin Il Singh D J 1998 Phys. Rev. B 57 6199
1120 15 Snyder G J Christensen M Nishibori E et al 2004 Nature materials
3 Tang X F Chen LD Goto T et al 2002 Acta Phys. Sin. 51 2823 3 458
in Chinese 2002 51 16 Ueno K Yamamoto A Noguchi T et al 2004 J. Alloys Compd 384
2823 254
4 Zhang Y Lee PL Nolas G S Wilkinson A P 2002 Appl. Phys. 17 Zhang LT Tsutsumi M lio K et al 2003 J. Alloys Compd 358 252
Lett . 80 2931 18 UrS Nash P Kim 12003 J. Alloys Compd. 361 84
5 Kuznetsov V L Kuznetsova L A Kaliazin A E et al 2000 J. Appl. 19 UrS Nash P Kim 12003 J. Mater. Sci. 38 3553
Phys 87 7871 20  Izard V. Record M C Tedenac J C 2002 J. Alloys Compd. 345
6 Chen G Dresselhaus M S Dresselhaus G et al 2003 International 257
Meterials Review 48 45 21 UrS Nash P Kim 12003 J. Alloys Compd . 361 84
7 Mayer HW Mikhail I Schubert K 1978 J. Less Common Metals 22 Veronique I Marie C R 2001 Calphad 25 567
59 43 23 Tsutsui M Zhang LT TIto K et al 2004 Intermetallics 12 809
8 Tapiero M Tarabichi S Gies J G et al 1985 Solar Energy Mater 12 24 Kumetsov VL Rowe D M 2004 J. Alloys Compd . 372 103
257 25  Go N K Takeshi S Masasuke Y et al. 2004 J. Alloys Compd .
9 Caillat T Fleurial J P Borahchevsky A 1997 J. Phy. Chem Solids 377 59
58 7 1119 26 Guan ZD ZhangZ T Jiao J S 1992 Physical properties of inorganic

10 Ugai Y A Averbakh E A Lavrov V V 1963 Sov. Phys. Solid

State 4 2393
11 Psarev VI Kostur N L 1967 Izv. Vyssh. Uchebn .
34

ZaVed . Fiz .10

material Beijing Tsinghua University Press p265
1992
265



5544 55

Effects of excessive Zn on the thermoelectric
properties of B-Zn,Sb; *

Qi Qiong Tang Xin-Feng" Xiong Cong Zhao Wen-Yu Zhang Qing-Jie
State Key Laboratory of Advanced Technology for Materials Synthesis and Processing
Wuhan University of Technology ~Wuhan 430070 China
Received 6 January 2006 revised manuscript received 26 March 2006

Abstract
Single-phase [3-Zn, Sh; bulk sample and several samples based on (3-Zn, Sh; with different amounts of Zn were produced by
melting in an evacuated quartz ampoule followed by slow cooling and their thermoelectric properties were investigated at 300 to
700K. The distribution of Zn in the samples was observed and the effects of excess of Zn on thermoelectric properties of 3-Zn, Shy
compound were investigated systematically. With the amount of Zn increasing electrical and thermal conductivities of the sample
increase and the Seebeck coefficient declines. The excess of Zn leads to an obvious improvement to the power factor of the 3-

7Zn, Shy based materials. The ZT,,, of the sample is 1.10 at 700K when the amount of excessive Zn is 2at% .
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