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LaxMo209-based system is one of the widely investigated oxide ion conductors for its excellent ionic conductivity
at intermediate temperatures. The detailed phase relationships and transition phenomena also attract interests in
combination with oxide ion conduction. In recent years, we found that low-temperature stable phase (p’—phase) with the
quite similar structure with f—phase appears by annealing the supercooled B below 460 °C for the sample x ~ 0.06 of
LaxBixM0209, and the transformation process from  into ’ can be expressed based on Avrami’s equation. In addition,
Ba- or Pb-substituted systems also exhibit the low-temperature 3’ phase through the annealing of supercooled f—phase.
The electron diffraction and thermal hysteresis of conductivity suggested that subtle ordering of oxide ion is related to
the formation of ’—phase. In this article, we show our recent research on the low-temperature phase transition

phenomena on Laz2Mo0209-based oxide ion conductors.
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Fig.1 Crystal structure of cubic LaxMo0209. Black, gray and
white spheres indicate Mo, La and O ions, respectively. Typical
occupancies of O1, 02, O3 are 1.0, 0.76, and 0.46, respectively.
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Fig.2 X-ray diffraction patterns of (a) LazM0209 showing -
phase, (b) supercooled Lai94Bio.osM0209 with B-phase, and (c)
annealed Lai.94Bio.0sM0209 of B’ phase.
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Fig.3 DSC traces of (a) pure LaaM0209 showing o-phase at
room temperature, (b) as-sintered Lai.94Bio.06M0209 of B-phase,
and (c) heat treated Lai94BioosM0209 with B’ phase at room
temperature.
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Fig.4 Schematic diagram of phase relation in terms of free
energy. (a) LazM0209 and (b) Bi-substituted La2Mo020y. Dashed
line: a-, dashed-and-dotted line: -, and dotted line: B’-phases.
Stable region is drawn by thick line. Bold arrow in (b) indicate
the  to B’ phase change.
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Fig.5 Annealing time dependence of the endothermic heat
observed around 470 °C for La2..BixM0209 (x = 0.06). Annealing
has been carried out at 460 °C before the thermal analysis.
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Fig.6 Endothermic heat observed at B’-f transition (~470 °C)
for the sample annealed at various temperatures. Sample:
Laz.BixM0209 (x = 0.06), annealing time: 5 h.
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Fig.7 Arrhenius plots of rate constant K of the transformation
from the supercooled  to the stable B’ phases through the
annealing. o: Ba-, A: Pb- and [1: Bi-substituted La>Mo020o.
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Table 1 Activation energies of § to 8’ phase transformation for
Lai.94A0.06M0209-5 (A = Bi, Ba and Pb).

Bi
1.6

Ba
1.3

Pb

Ea/eV 1.3

5. BHDEE

ATEI Tl BPAOHIE &L TEGEEIZ DWW T, BHIZEGHT
Lo THLNTZM R ZR D, PO AMES B
FH & OFGEX 522 TrE 22wy, X BREYTCIE B A & XBIT
XN 0, WEREY A Ao T8ilR) A—FY v
TEAE LTZ Bms FHE OFEHEN S, BPHHOER{LA A2 D
T T A —F Y TN FET DO TITRN N EE X
776

Fig.l OfEEH D 3 SOBEY A bOEHRIEFE— T
20, FEFETCELNZ B 01,02 B LN 03 D5
HRIIZFNEN 1, 077 BXUN040 THH,0 <1203 1%
£ DEAEET, £7- 02 BL 03 ¥ MI—ALE
T, IEEHMFEFEN AT A—F—b K& <, Lzl
WD RFFIRIR A — ) v TS D AlREME L & 5.
L LA A A8 TR N DY A NEFIFT57-
b, JRRRA—2 ) v 7R BT PR OEERT B IS
ERTETFTT21ETTHD. Pus O  TIEERDIE
JEREIR CHEE R OWEIEREIEZ i L Es, B M D
BHE~DERRE IS 108 T, BAIC 7 - 23kl oEE R
DO ATV A ERAETE, FCIREER T E B

10

DEBROMEE S A LY MIHERTE 5, ThabbEvl
LT M LR 2 RB M TET 5 & p-p B
SETEPHOT—2 13BN, RS LT -7A
BHINZZ2 D &, mAJTATHIE LTH 10 432 o I & iR
T BPFICESE L 72®, @m Al A OB ERORIE
"REE 7B,

Fig.8 T Las.BixM0209 (x=0.06) ~<L v hiEHZ B % 7E
R L72D B, 460 °CT 500 KifHl 7 =—/L L TRAIZ BAEIC
I SE, FRBIOGHG R THE L-EREEETH
%, ARG THE L pPAROEERE, BEJ7H CHlE
L7= B HDEIC LR TRV ME A R LTz, —F, Sk
RED HOREIRD 500 °CLL BT, FRITM & mHITT M
TEERN -T2, ZZTIHRNTROLHTYE pRED
HERNUEINDITEDTHD, 27 =—LLTWVARN
BT, R - BRI ECHEE LS ERIRIE BT
579, Fig8 TRON-E XTF U o A 3HEMNT BAHE B FH
DEWZELDLDEF XD,

t/°Cc

550 500 450

600 400

102

103

\\ \?mm

heating

Conductivity, o / Scm™

-
o
IS

1f3
T/ kK

1.1 1.2 1.4 1.5

Fig.8 Arrhenius plots of conductivity for annealed
La2.BixM0209 (x = 0.06). [J: measured on heating and H: on
cooling.

Fig.9 (a) Electron diffraction pattern projected along <012>*
and (b) high-resolution lattice image of annealed Laz.xBixMo0209
(x=0.00).
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