51 12 2002 12
1000-3290/2002/51 12 /2823-06

Vol.51 No.12 December 2002

ACTA PHYSICA SINICA (©2002 Chin. Phys. Soc.

n BaNi Co,_,Sb),

1

2002 5
Ba Ni
.n Ba,/Ni,Co,_,Shy,
Ni x=0.05
Ba Ni
Coy o5 Shy, 1.2
n
PACC 7215 6590 6166
1.
p n
b CoSh;,
M, Fe Co,_,Sh, M=Ce La Yb
P P=d’c
2-20
p
1.1
41418
n
2-23
Ba Ba, Co, Shy,
Ba
Ba Sb 20
0.44.
Yb 3462425 TI Sp2-2
Co Ni
Ni

2

n

Ba

Ce

ZT.

*
3 1
430070
200050
980 - 8577
7 4
Ba, Ni,Co,_.Shp x=0—0.1 y=0—0.4
Ba 0.3
Ni .
Ba Ni . Bay 5 Nig o5
Ba Ni
n
2.
Ba 9.99% Sb
99. 9999% Ni 99. 9% Co
99.99% . Ba Sb Co
Ba, Ni, Co,_, Shy,
. Sb  Ba
903K 96h Sb, Ba Ni Co
Sh Ar 973K 72h
Ni, Co,_,Sb, . Sh; Ba
Ni, Co,_,Sh, Sb Ba Ni+Co Sb
=y.:4:12 973K 72h.
Ba, ke, Co,_, Sby,
Sodic Co. Ltd PAS-V-
K 97% — 98 %

X RAD-C

12750591



2824 51
CuKa
ICPES Ry van der I n Ba,CoShy,
Pauw Ry/em®C™! N,/m™3
p=1Rye p e 1 Bag 53 CosShy, -6.44%1072 9.07 x 107
. o Ar 2 Bag 39 CouShiy -8.16x 107} 7.60 x 107
0—10K AT 3 Bay.35 Coy Sy -5.01x107° 1.25x 107
AE a AE-AT
C, A
TC-7000 10
K C, A d K ° 0_)2/3
= C,\d o 038
3 TE o Wooooooooo o ©
2 Eginiiiaa s o 0
o
3.1. Ba P00 o, L
1 Ba, Co,Shy,
Ry n. Ba 0015 20 25 30 35
Y 0-1 T71/107°K"!
Ba, Co,Sb,, n .n Ba,Co,Sh),
Ba I Ba y T n Ba CosShy
Ba 0.23 0.35 9. ;
07 x 10® 1.25 x 10" m™>. 1
Ba, Co, Shy, c Ba 2 Ba Ba, Co, Shy,
Ba a .Ba, Co,Sby,
Ba 0.23 0.35 ] Ba
8.5x 10* 19.3x 10'Sm™". 0.3  Bay;Co,Shy,
Co, Sh,,
Co p Ba’* m
Co,Sb;, Sb 20 4 Ce, Fe Co,_, Shy,
2 Ba Co, Shy, Ce * n
Ba
Ba, Co, Sy, Ba, Co,Sby, a
Ba, Co,Shy, n m” ¥
Ba Ba =0.23 0.3 2.7m,
Ba, »; Co, Shy, 5.8m, Ba,;Co,Sh,,
300 - 900K
3.1x 10" 8.5x%10°Sm™"
3 Ba Ba, Co,Shy,
Ba K 40K
Ba 0.35 Bay;5C0,Sby, Ba
40K  Bay o Co,Sbhy,



12 n  Ba,Ni,Co,_,Shy, 2825
0 200
y y
o 023 4004
50t A 030 - 8 0%
o, o 035 150, 4 ’
oo A
%, A 2
- 100 00 Oooo T 2 ‘A
1 - [ O
§ A Azo oo, o _':34 ﬁ;
1 %3¢ g 100,
N AXO ) Z o 3“
¥ -150 ¢ SN < 8 |
AA 00 ® A
AA 000 A
AAAAOOOO 5.0 8 A A
-200 | AAAAOOOO : RBRRAAANAR
. -
Aap CeosCo4Sby,
-250 L L L . . - . 0.0 . -
200 300 400 500 600 700 800 900 1000 0 300 600 900
T/K T/K
2 Ba y T n  Ba, CoShy 3 Ba ¥ I m Ba,CoyShy
« K
17Wm 'K~ Ba, o Co,Shy,
TWm~ K- > 700K
800K Ni 0.05 Ba), NlY C04, ¥
Ba Sh, Ni Ni
Ba, Co,Shy, 0.08 Ni
Sh 20 Ba Ni n
21 22 Ba, Ni, Co,_,Sb,
Ba Sb Co K.
Ba Sb 20 Ni 0.08
Ni
Ba Ba, Co,Shy, Ba
6.0
. Ba X, y
2 0.00, 0.3
Ba, Co,Sby, ©0.02, 03
€0.05, 03
Ce = (.08, 0.3
50k Pay
Ce, Co, Sby, » 7 O g
» A *oSn
Ba, Co,Sby, 'y .00 .éz "
Ni Co Ni E *o42eiatn
: ¥ g0f .::.eAAAZZ-.-...III
Ba,Ni, Co,_,Shy, . 00.....éAAAAAAAA
’.".....
00000,
3.2. Ni ‘00
B 0.3 3.0 . . . . . . .
a 200 300 400 500 600 700 800 900 1000
Baw, C04 SblZ
’ T/K
Ba
0.3 Ni Ni : 4 N o« T n  Ba,Ni,Cos,Shy
4 Ni n Ba, Ni, Co,_, .
Sby, K . <
Ni

700K



2826

51
Ni
6.0 .
. 60 +4 Ni 4
b 50 300K .
50t TE 4.0 Ni
A B 30
Aa, 220 - 6 n
T 40 ° AAAA T T Ba, Ni, Co,_,Sb, Ni
¥ *e Blap, o mERy 0.02 Ni
‘e 30f  e.%% 2N '
£ . M .Q’ o AAAA
E . l.O’ ®es ° REaVAVA
® | ] L4 .
2.0} "a o, See, o Bay 5 Nig o5 Cos 5
x, y "a ‘e ®oee
20.00, 03 "agtes, Shy, 3.3 x
1of €002 03 -I..’Q.’ PR .
' +0.05, 03 L ML 2 10°Sm™ .n  Ba,Ni, Co,_, Sh;,
= (.08, 0.3 "y .
9 a Ni Ni Bay ;
200 300 400 500 600 700 800 900 1000
C04 Sbu
T/K )
Ni
n ]33y 1\11t C04_ x Sb12
5 Ni x T n  Ba/Ni,Cos_,Shp, ;
KL

Wiedemann-Franz k,=LoT L
o T
* 2 x
107 *V*/K? .Ba,Ni, Co,_, Shy,
Ky K
K. .5 Ba
0.3  Bay;Ni, Co,_,Shy, Kl
Ni . Ba Ky,
5 Ki
Ni Co
Ni
Ni Ba, ; Co,Sb,, Ni
0.02  Bay; Nij g, Cos 05 Shy,
k. 4.6 3.7Wm 'K,
14 Co Fe
Ce, Fe, Co,_,Shy, Fe
5%
Ce, Fe, Co,_,Shy, CeFe,Sb,,
[ 1Co,Sh,, []
.Ni  Co
Fe Fe .
Ba 0.1

Ba, Ni, Co,_,Sb;, n . Ni

10¢
X, y
20.00, 0.3
00.02, 0.3
¢0.05, 0.3
=008, 03 .
L L : > ¢
::::::00""‘ *
- e o
IE .........O [ ]
<l ®
s 10°F %
DAMAAAD A A A & D B

1.0 L5 2.0 25 3.0 35
T-1/1073K!

6 Ni x T n Ba/NiCos_,Sh,

3.3. T
o @
K ZT =’ 6Tk n  Ba/Ni Co,_, Shy,
ZT. 7T
.7 300—900K
n  Ba/Ni Co, ,Sh,
ZT  Ba Ni . Ni
Ba, Co,Sby, Ba, ; Co,Sby,
Ni n
Ba, Ni, Co,_,Shy, Ni 0.05 Ba, ;



12 n  Ba,Ni,Coj_,Shy 2827
Nig_ 5 Cos o5 Sby, 4
900K 1.2. 0.05 Ni :
Bay 3 Nig g5 Cos o5 Shy Ba Ni n
20 1. Ba 0.1 Ba, Co,Sb,
. 00’(;’ 0)23 n .n Ba Co,Sh,, Ba
2 0.00, 0.30 Ba
15F ©0.00, 035
* 0,02, 0.30 0.3 Ba Sb 20
©0.05, 0.30 o** Ba
= 0.08, 0.30 ot anm
~ 10} ot mee2
N LIS
ot me® 2500
’.'==ZAA<>O Ce, Co,Sby,
&_N
s R I 2.n  Bay;Ni,Co, ,Shy, Ni
I Sgle AT O
"3325,3&000 200 0.05 Ni
‘g a22 ° 000 .
g AR 00 ©00° Ni
0 300%\00000000 .
200 300 400 500 600 700 800 900 1000 Ni
T/K Co Ni n
Ba, Ni, Co,_,Sb,
7 Ba y Ni x n  Ba,Ni,Cos_,Shy,
2T 3. n  Ba/Ni Co,_,Sby,

Bay 5 Nij o5 Cos o5 Sby,

ZT ZT 900K 1.2.
1 Rowe D M 1995 CRC Handbook of Thermoelectrics New York CRC 13 Tang X F Chen L D Goto T and Hirai T 1999 J. Japan Inst .
Press 19 Metals 63 1412
2 Morelli D T and Meisner G P 1995 J. Appl. Phys. 80 3777 14 Tang X F Chen L D Goto T and Hirai T 2001 J. Mat. Res. 16
3 Sales B C Mandrus D and Willams R K 1996 Science 272 1325 837
4 Sales B C Mandrus D Chakoumakos B C Keppens V and Thomp- 15  Sales B C  Chakoumakos B C and Mandrus D 2000 Phys. Rev. B
son J R 1997 Phys. Rev. B 56 15081. 61 2475
5 Chakoumakos B C Sales B C  Mandrus D and Keppens V 1999 Ac- 16 Amo H Nagamoto Y Ashida K Taniguchi E Koyanagi T and
ta Cryst. B 55 341 Matsubana K 2000 in Proc. 19th Inter. conf. on Thermoelectrics
6 Chen BX XuJH Uher C Morelli DT Meisner G P Fleurial J IEEE 2000  in press
P Caillat T and Borshchevsky A 1997 Phys. Rev. B 55 1476 17 Tang X F Chen L D Goto T Hirai T and Yuan R Z 2000 Acta
7 Morelli D' T Meisner G P Chen B X Xu J H and Uher C 1997 Phys. Sin. 49 2437 in Chinese
Phys. Rev. B 56 7376 2000 49 2437
8 Nolas G S Cohn J L and Slack G A 1998 Phys. Rev. B 58 164 18  Tang X F Chen L D Goto T Hirai T and Yuan R Z 2000 Acta
9 Singh D J Mazin I 11997 Phys. Rev. B 56 R1650 Phys . Sin. 49 2460 in Chinese
10 Gajewski D A Dilley N R Bauer E D Freeman E J Chau R 2000 49 2460
Maple M B Mandrus D Sales B C and Lacerda A H 1998 J. 19 Tang X F Chen L D Goto T Hirai T and Yuan R Z 2001 Acta
Phys . Condens. Maiter 10 6973 Phys. Sin. 50 965 in Chinese
11 Meisner GP Morelli DT Hu'S YangJ and Uher C 1998 Phys. 2001 50 965
Rev. Lett. 16 3551 20 Sales B C Chakoumakos B C Mandrus D and Sharp ] W 1999 J.
12 Feldman J I Singh DJ Mazin IT Mandrus D and Sales B C 2000 Solid State Chem . 146 528

Phys. Rev. B 61 R9209



2828

51

21

22

23

24

25

Chen L D Tang X F Goto T and Hirai T 2000 J. Mat. Res. 15
2276
Tang X F' Chen L D Goto T Hirai T and Yuan R Z 2000 Acta
Phys. Sin. 49 2196 in Chinese

2000 49 2196
Chen L D Kawahara T Tang X F Goto T Hirai T Dyck J S
Chen W and Uher C 2001 J. Appl. Phys. 90 1864
Fleurial J P Caillat T and Borshchevsky A 1997 In Proc. 16th In-
ter. conf. on Thermoelectrics 1EEE Piscataway Nj pl
Dilley NR Baure E D Maple M B Dordevic S Basov D N

26

27

28

29

Freibert ¥ Darling T W Migliori A Chakoumakos B C and Sales B
C 2000 Phys. Rev. B 61 4608

Dilley N R Baure E D Maple M B and Sales B C 2000 J. Appl .
Phys . 88 1948

Nolas G S Kaeser M Littleton R T and Tritt T M 2000 J. Appl.
Phys . Lett. 77 1855

Nolas G S Takizawa H Endo T Sellinschegg H and Johnson D C
2000 J. Appl. Phys. Letwt. 77 52

Tang X F 2000 Thesis Ph D Tohoku University Japan pl110

Thermoelectric properties of n-type Ba,Ni,Co,_ ,Sby, "

Tang Xin-Feng'  Chen Li-Dong’

Wuhan University of Technology

2

Shanghai Institute of Ceramics
3

T Goto®

Institute for Materials Research ~ Tohoku University — Sendai

T Hirai®  Yang Ren-Zhang'

State Key Laboratory of Advanced Technology for Materials Synthesis and Processing
Wuhan 430070  China

State Key Laboratory of High Performance Ceramics and Superfine Structure
Chinese Academy of Sciences

Shanghai 200050  China
980 — 8577  Japan

Received 14 May 2002 revised manuscript received 4 July 2002

Abstract

Effects of Ba filling fraction and Ni content on the thermoelectric properties of n-type Ba, Ni, Co,_,Sh;, x =0—0.1

y:

0—0.4 were investigated. Thermal conductivity decreased with increasing Ba filling fraction and temperature. When y was

fixed at 0.3

the thermal conductivity decreased with increasing Ni content and reached a minimum value at about x =0.05.

Lattice thermal conductivity decreased with increasing Ni content monotonically y<0.1 . Electron concentration and electri-

cal conductivity increased with increasing Ba filling fraction and Ni content. Seebeck coefficient decreased with increasing Ba fill-

ing fraction and Ni content. The maximum ZT value of 1.2 was obtained at about 900 K for n-type Bay 3 Nij o5 Coz 95 Shys .
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