AAERHARE 5 79% 5 11 5(2015)597-606
R TAEMHROH R~ L ORI St~

Pr,_,Sr,MnO; (0.1=x=0.3) &
La;_,Sr,.FeO; (0.1=x=0.3) ® P BU=E4H4

Rl % M 1E fg2*

S N N2 B e U
e RV N2 N2 R e o]
S| A LA S B LR

T 1,%1

J. Japan Inst. Met. Mater. Vol. 79, No. 11 (2015), pp. 597-606

e Sy

Special Issue on Progresses in the Development of Thermoelectric Materials: New Analyses and New Materials

© 2015 The Japan Institute of Metals and Materials

P-Type Thermoelectric Properties of Pr;_,Sr.MnO; (0.1=x=0.3) and

La;_,Sr,FeO; (0.1=x=0.3)

Hiroshi Nakatsugawal-*!, Masaki Kubota%™? and Miwa Saito3

LGraduate School of Engineering, Yokohama National University, Yokohama 204-8501
2Graduate School of Engineering, Yokohama National University, Yokohama 204-8501
3Department of Materials and Life Chemistry, Faculty of Engineering, Kanagawa University, Yokohama 221-8686

In this study, polycrystalline samples of Pr;_,Sr,MnO; (0.1=x=0.3) and La;_,Sr,FeO; (0.1=x=0.3) were synthesized
using a conventional solid—state reaction method. We investigated crystal structure, magnetic susceptibility (x), and P-type
thermoelectric properties, such as electrical resistivity (p), Seebeck coefficient (S), and thermal conductivity (x), as a function of
temperature (7)) or Sr content (x). The perovskite structure at room temperature showed orthorhombic Pbnm phases for all sam-
ples. The samples for Pr;_,Sr,MnO; (0.1=x=0.3) showed the ferromagnetic-like ground state below Curie temperature.
Conversely, the samples for La; _,Sr,FeO3; (0.1=x=0.3) showed the antiferromagnetic-like ground state below Néel tempera-
ture. Although the samples for Pr;_,Sr,MnO; (x=0.1 and 0.2) showed a large positive S below room temperature, the carrier
type changed from hole-like to electron-like behavior above 1000 K and 500 K, respectively. On the other hand, the samples for
La; _,Sr,FeO; (0.1=x=0.3) showed a large positive S over the whole temperature range. The largest dimensionless figure of
merit (ZT) in the specimen for Lag ;Sro3FeQ3; was attaining a maximum value of 0.14 at 1000 K, by a decrease in both p and «,
and an increase in S. Recently, the coefficient of linear thermal expansion of La; - ,Sr,FeO3 has achieved the value which is equiva-
lent to that of N-type CaMnO;. We expect that Lag ;Sro3FeOj; is one of the candidate P-type materials for the oxide thermoelec-

tric elements consisting of the same type of crystal structure.
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Fig. 1 X-ray diffraction patterns of (a) Pr;_,Sr,MnO; (0.1=x
=0.3) and (b) La;_,Sr,FeO; (0.1=x=0.3) at room tempera-
ture.
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Table 1 Crystal structure parameters of Pr;_,Sr,MnO; (0.1=x=0.3) and La;_,Sr,FeO; (0.1=x=0.3) at room temperature.

Samples Pry_,Sr,MnO; La,_,Sr,FeO;
Composition, x 0.1 0.2 0.3 0.1 0.2 0.3

Space group Pbnm Pbnm Pbnm Pbnm Pbnm Pbnm R3¢
Goldschmidt tolerance factor 0.885 0.895 0.905 0.893 0.899 0.905
Orthorhombicity factor: b/a 1.016 1.002 0.995 0.999 1.005 1.010 —
a (A) 5.4692(4) 5.4781(3) 5.4797(2) 5.537(9) 5.48(1) 5.85(2) 5.5404(2)
b (A) 5.5541(4) 5.4914(3) 5.4550(2) 5.529(9) 5.51(1) 5.91(2) 5.5404(2)
¢ (A 7.6872(5) 7.7336(4) 7.7113(3) 7.81(1) 7.76(2) 8.29(2) 13.441(5)
V (A3) 233.51(3) 232.64(2) 230.50(1) 239.3(7) 234(1) 262(1) 357.31(2)
Pr/Sr, La/Sr X —0.007(0) —0.006(0) —0.002(0) 0.9952(5) 1.001(1) 1.002(2) 0.000

¥ 0.039(0) 0.030(0) 0.019(0) 0.0240(2) 0.0147(2) 0.0024(9) 0.000

z 0.250 0.250 0.250 0.250 0.250 0.250 0.250

B (A2 0.500 0.500 0.500 0.500 0.500 0.500 0.500

g 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Mn, Fe x 0.500 0.500 0.500 0.000 0.000 0.000 0.000

¥ 0.000 0.000 0.000 0.500 0.500 0.500 0.000

z 0.000 0.000 0.000 0.000 0.000 0.000 0.000

B (A2 0.500 0.500 0.500 0.500 0.500 0.500 0.500

g 1.000 1.000 1.000 1.000 1.000 1.000 1.000
01 X 0.073(1) 0.057(3) 0.063(2) 0.083(5) 0.041(4) 0.03(1) 0.460(1)

¥ 0.494(1) 0.492(2) 0.501(2) 0.506(2) 0.519(2) 0.551(6) 0.000

z 0.250 0.250 0.250 0.250 0.250 0.250 0.250

B (A2 1.000 1.000 1.000 1.000 1.000 1.000 1.000

g 1.000 1.000 1.000 1.000 1.000 1.000 1.000
02 x 0.718(1) 0.731(3) 0.718(2) 0.722(3) 0.750(7) 0.757(8) —

¥ 0.291(1) 0.298(2) 0.277(2) 0.268(4) 0.242(4) 0.241(4) —

z 0.034(0) 0.035(1) 0.034(1) 0.025(3) 0.035(2) 0.027(5) —

B (A2 1.000 1.000 1.000 1.000 1.000 1.000 —

g 1.000 1.000 1.000 1.000 1.000 1.000 —
Ry, (%) 11.841 6.851 6.778 13.861 14.408 25.012 15.890
Rp (%) 8.812 5.300 5.075 9.534 10.823 18.663 11.576
Ry (%) 12.004 19.290 15.183 12.914 17.687 31.203 19.394
R. (%) 5.367 4.443 4.572 8.920 9.462 8.970 8.988
Ry (%) 2.768 5.247 3.925 6.748 9.255 10.435 9.111
Re (%) 1.871 6.238 5.019 5.190 6.200 9.483 6.109
(Mn, Fe)-01 (A) x2 (Pbum), x6 (R3c) 1.964(2) 1.959(3) 1.959(2) 2.008(7) 1.956(6) 2.03(1) 1.9645(9)
(Mn, Fe)-02 (A)  x2 (Pbnm) 1.942(8) 1.86(1) 1.94(1) 1.93(2) 1.93(3) 2.02(3) —
(Mn, Fe)-02 (A)  x2 (Pbnm) 2.032(8) 2.09(1) 1.97(1) 2.00(2) 1.99(3) 2.05(3) —
(Mn, Fe)-01-(Mn, Fe) (deg.) 156.1(6) 161(1) 159.4(8) 153(1) 165(1) 161(4) 167.3(4)
(Mn, Fe)-02-(Mn, Fe) (deg.) 157.3(3) 157.8(6) 159.4(5) 164(1) 163.7(2) 163.7(1) —
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TREICBIT AT MR I NS, —T, Fig. 3(b) 12
Fig. 2(b) C& 73 L 7= &4 Mtk La; ,Sr,FeO; (0.1=x=0.3)
D p OREREME AT L2, F—IRE Ty Al sNn 5
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RIRERAEARL TBY, *—IVRE Ty M A5
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Fig. 4 (a) IZ & # sk Pry_,Sr,MnO; (0.1=x=0.3) D
Y=y 7 EH S O EREE %R L7z, x=0.11% 200K
TA50uVK- L L WO EW P ROV =Ny 7 /AR
WEME R I W TR E OGN & & & ICHEE A 8 L 1000
KU ETENRICZ(LL TS, x=0.2 1% Tc=168 K f+i7
T 100 pV K- OfAfEZ LD B HREOE\ P ROBE
WaRdp, WEOHMIE & LITHEHER A L 500K L
FETNEIZELL TW5b. x=0.3 Tid Te=271 K R T
TR PHOY—XNy 7HREDHERIN TS0, TcHE
THNMIZZE(L TS, Chid, e BT OEEENENA
TR —5 BV REICBIT L CTREE ARWICER LS h
L7 ThHEEZOLNS. PNHENE L2022V RER L /2R
(6)% Pry_,Sr,MnO; (0.1=x=0.3)IC#H L TEEMmIE T
DY =Ny 7R Se # REL S &, BALY Y Mn3* (g3=
10) LAY Mottt (g=4) DRAR TR IS L TR
(6)#HAL, =01, 2x=02BXUx=03 TZxNZNn S
=110pVK L40uVK 1B LU —-6uVKL & BEEd Hh
L. LL7%R5, Fig 4(a) DKBE % SR THIFET S
L, TNEN So=-51uVKL, =35uyVK 1 &L —-26
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Fig. 2 (a) Temperature dependence of magnetic susceptibili-
ty x—xo and inverse magnetic susceptibility (x—yxo) ~! for
Pr;_,Sr,MnO; (0.1=x=0.3). Arrows show the Curie tempera-
tures T¢. (b) Temperature dependence of magnetic susceptibil-
ity x — xo and electric resistivity p for La;_,Sr,FeO; (0.1=x=
0.3) . Arrows show the Néel temperatures TY.

PV K- &7 ) G E & EBRE & ORI —F8 4L T
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10) DR AR FiREICT L TR (6) @A L, x=0.1, x=
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Fig. 3 Temperature dependence of electric resistivity p for
(a) Pry_,Sr,MnO; (0.1=x=0.3) and (b) La; _,Sr,FeO; (0.1=x
=0.3).
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fE Uk Pry_,Sr,MnO; (0.1=x=<0.3)DF+ U 7T EE n I
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TEE 0 L UBEREEE 0 OBGGEREN R SN D5,
x=01,02 85X 03DF VU TEEn OIEHIT RV
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L, BREER o O T VF— E; 32N %ZHh 0.18,
0.11 3 LU 0.05eV Th-72. FOMETHHETL—
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Fig. 4 Temperature dependence of Seebeck coefficient S for
(a) Pr;_,Sr,MnO; (0.1=x=0.3) and (b) La; _,Sr,FeO; (0.1=x
=0.3).
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Fig. 5 Arrhenius relations between carrier density # and in-
verse temperature 1/7 above 250 K and between electric con-
ductivity ¢ and 1/ T above 200 K for (a) Pr;_,Sr,MnO; (0.1=x
=0.3) and (b) La;_,Sr,FeO; (0.1=x=0.3). The straight lines
represent linear portions in the Arrhenius plots.
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Fig. 6 Arrhenius relations between Hall mobility x4 and
inverse temperature 1/ 7 above 250 K and between ¢ T and 1/ T
above 200K for (a) Pr;_,Sr,MnO; (0.1=x=0.3) and (b)
La;_,Sr,FeO; (0.1=x=0.3). The straight lines represent linear
portions in the Arrhenius plots.
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Fig. 7 Temperature dependence of total thermal conductivity
KL+ K. above 500 K for (a) Pr;_,Sr,MnO; (0.1=x=0.3) and
(b) La;_,Sr,FeO; (0.1=x=0.3).
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Fig. 8 Temperature dependence of dimensionless figure of
merit ZT for (a) Pr;_,Sr,MnO; (0.1=x=0.3) and (b)
La,_,Sr,FeO;3 (0.1=x=0.3).
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