Ag‘t G
LSEVIER

Journal of Alloys and Compounds 390 (2005) 250-254

Journal of

ALLOYS
AND COMPOUNDS

www.elsevier.com/locate/jallcom

Thermoelectric properties of A-site doped perovskites
(Sro.6Ba0.4)1-xMxPbQ; (M =La, K)

Masahiro Yasukaw?, Satoru ItoR, Toshio Kon®

a Department of Materials Science and Engineering, Kochi National College of Technology, 200-1 Monobe, Nankoku 783-8508, Japan
b Kochi Prefectural Industrial Technology Center, 3992-3 Nunoshida, Kochi 781-5101, Japan

Received 8 July 2004; accepted 23 July 2004

Abstract

La- and K-doped perovskite-type ceramics ogBag 4)1 xLaxPbO; with x=0.0-0.1 and (S§e¢Bay.4)1_xKxPbO; with x=0.00-0.15, were
prepared to modify thermoelectric properties of semi-metalligB 4PbO; via the doping of electrons and holes, respectively. The elec-
trical conductivityo and Seebeck coefficie®for the ceramics were measured at temperatures of 373-1073K in air. With the La doping,
electron carriers were successively doped and the material changed from a semi-metal for the und®aedPB0; to a metal for the
(Srh.6Bag.4)o.0Lan 1PbG;. With the K doping, the thermoelectric properties were essentially unchanged probably due to the carrier compensa-
tion effect by the generation of oxygen deficiencies. The thermoelectric power 8etaas maximized to a value of 31 104 Wm1 K2

at 773 K for the undoped §gBay 4PbO; ceramic.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Since electroconductive oxides having high stability at

polycrystalline oxides having highT values applicable to
the power generators have not been reported yet. Therefore,
extensive investigation on the thermoelectric properties for

high temperatures in air are applicable to thermoelectric the polycrystalline oxides has been needed.

power generators, which convert waste heat from inciner-

We previously reported thermoelectric properties of

ators and combustion engines to electricity, thermoelectric perovskite-type solid solutions SiBaxPbQ; with x=0-1
properties have been investigated for many electroconduc-and that the power factofc and the figure of merit

tive oxideg[1]. Thermoelectric figure of mer# is expressed
by an equationZ=S’o/k, whereS, o, « are the Seebeck
coefficient, electrical conductivity, and thermal conductivity,
respectively. The criterion for the practical use of a material
isZT> 1, whereT is the absolute temperature ariflis the
dimensionless figure of merit, so that the high valuefSpf
ando, that is, the high power fact@o, and the low value

Z were maximized to 4.3x 10*Wm~1K=2 at 773K
and 2.0x 107*K~! at 673K, respectively, for a mate-
rial of Srp.eBag.4PbGs [4,5]. This result indicated that the
Siy.6Bag.4PbGs was a promising candidate of thermoelectric
oxide, but it remains some room to perform chemical modifi-
cation for this material to improve the thermoelectric perfor-
mance. The thermoelectric properties of thg gBag 4PbO;

must be simultaneously realized for the material. In recent revealed that the material was a semi-metal having an overlap
years, single crystals of double oxides having cobalt cations, in energy between the conduction band (CB) and the valence

(Ca, Sr, Bi}Co,05 [2] and NaCoO,_; [3], were reported
to be p-type thermoelectric oxides showidi@> 1, but no

* Corresponding author. Tel.: +81 88 864 5563; fax: +81 88 864 5561.
E-mail addressyasukawa@ms.kochi-ct.ac.jp (M. Yasukawa).

0925-8388/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.jallcom.2004.07.061

band (VB)[4,5]. The schematic picture of the band struc-
ture is shown inFig. 1L The CB and VB are composed of

Pb6s-O2p anti-bonding orbitals and O2p non-bonding or-
bitals, respectively, and the overlap of the CB and VB is
due to the large energy dispersion of the CB originated from
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Conduction band (Pb6s — O2p G* orbitals) formed by the solid-state reaction among the raw materi-
als. Reagents of SIGOBaCQ;, K2COs, PbO were weighed
stoichiometrically and mixed with ethanol in a mortar. The
mixed powder was calcined at 750 for 10h in air. The
calcined powder was ground, molded in a disk, and heated at
900°C for 10 h in air. For the samples wik+ 0.10, 0.15, and

holes
\/ Ep 0.30, the ground and molded disks were additionally heated
Energy clectrons at 900°C for 20 h in air with an intermittent grinding. After
. . the heating, there existed impurity phase in the sample with
Valence band (02 bond bital ) .
alence band (O2p nonbonding orbitals) x=0.30, suggesting that the= 0.30 was beyond the solubil-
K (wave vector) ity limit of K atoms in the perovskite. The powdered samples

with x=0.00-0.15 were pressed into pellets at a pressure of
Fig. 1. Schematic picture of energy band structure for semi-metalic 200 MPa using CIP and sintered at 9@for 3 h in air to
Sio.6Ba0.4PhCs. form sintered ceramics.

X-ray powder diffraction (XRD) patterns were measured
the large overlap between the Pb6s and O2p orbitals. Thiswith Cu Ka radiation (45 kV, 40 mA). Electrical conductiv-
band structure is similar to that of a semi-metallic BaBbO ity and Seebeck coefficient were measured at temperatures
[6,7]. The control of the Fermi level by electron doping or of 373-1073K in air. The conductivity was measured by dc
electron extraction is a possible way to modify the thermo- four-probe method. The Seebeck coefficient was evaluated
electric properties. It is worth investigating whether the dop- by correcting the linear gradient &fV/ AT for thermopower
ing of electrons or holes into the Bap 4PbQs is effective  of platinum[8], whereAV andAT are the thermoelectromo-
to improve the thermoelectric performance, especially the tive force and temperature difference between both ends of a
power factorS?o. A possible way to dope electrons or holes sample measured with Pt leads and Pt/Pt—Rh thermocouples,
is substitution of A-site randomly occupied by bivalent Sr respectively.
and Ba cations with trivalent La or monovalent K, respec-
tively. In this study, La- and K-doped perovskite-type ceram-
ics of (Sp.eBap.4)1-xLaxPbQs and (Sp.eBao.4)1-xKxPbOs 3. Results and discussion
were prepared and the electrical conductivity and Seebeck
coefficient were measured at high temperatures. The changes.1. Characterization and thermoelectric properties of
in the thermoelectric power fact®o as well as the elec-  (Sry gBag.4)1_xLaxPbOs
tronic transport properties by the A-site doping is reported.

X-ray powder diffraction (XRD) patterns of sintered sam-

ples (Sg.6Bao.4)1-xLaxPbGs with x=0.000, 0.005, 0.020,
2. Experimental and 0.100 were indexed with orthorhombic cell, indicating

that all the samples were single phases of perovskite-type

La-doped perovskite-type ceramics of {§Bag.4)1-x (Sr.6Bap.4)1-xLaxPbQ; after the final sintering at 90 for

LaxPbQ; with x=0.000, 0.005, 0.020, and 0.100 were pre- 3h. The cell lengths and cell volume weae 5.9566(9)&,
pared by oxalate co-precipitation method. Sr—Ba—La—Pb b:8.425(1)&, c:5.9566(9)&, V:298.94(6)&3 for the un-
oxalate was co-precipitated from mixed solution of Sr doped SgeBap.4PbG; anda= 5.9707(9)&, b= 8.442(1)&, c
(NO3)2, Ba(NGs)2, Pb(NG)2, and LaCg-7H20. The re- :5.9702(9)&, V= 300.94(6)5\3 for the (Sp.eBag.4)o.0lag.1
agents were weighed with molar ratios of {$Bag.4)/ PbGs, showing the increase in the cell parameters with the
La/Pb=1.000/0.000/1.000, 0.995/0.005/1.000, 0.980/0.020/La doping. Since the splits of the diffraction peaks reflect-
1.000, 0.900/0.100/1.000, and dissolved in deionized wa- ing the orthorhombic cell were very small, the crystal lattice
ter. Concentration of P ion in the solution was fixed to  was close to pseudo-cubic celf2a ~ b ~ +/2¢). The sub-
0.1 mol 1. An excess amount of ammonium oxalate solu- stitution of A-site with La atoms will lead to the electron
tion was added into the mixed solution, and white precipitate doping into the CB, which is composed of the Pb62p
was formed. Then, the pH of the solution was adjusted to 8.0 anti-bonding orbitals. This will weaken the Pb&32p bonds
with ammonium water to complete the co-precipitation. The and lead tothe extension of the-Rbdistances irrespective of
co-precipitate was filtered, dried at 80 in air, and heated  the ionic radius of L& (1.36,&) smaller than those of 3f
at 700°C for 6 h in air with an intermittent grinding to form (1.44,&) and B&* (1.61,&) [9]. The relative density of the
fine powder of oxides. The oxide powder was pressed into asintered ceramic for the theoretical density was 88%, 89%,
pellet at a pressure of 200 MPa using a cold isostatic press76%, 79% forx=0.000, 0.005, 0.020, 0.100, respectively.

(CIP) and sintered at 90 for 3 h in air to form a sintered Temperature dependence of electrical conductivijafd
ceramic. Seebeck coefficienty for the (Sp.eBag.4)1-xLaxPbQ; ce-
Preparation of K-doped ceramics of ¢(3Bap.4)1-x ramics is shown irFigs. 2 and 3respectively. The signs of

KxPbQ; with x=0.00, 0.05, 0.10, 0.15, and 0.30 were per- the Seebeck coefficient were negative for all the samples, in-
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