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Abstract : Proton-conducting ceramics have several potential applications such as protonic ceramic fuel cells
(PCFCs). The general strategy to improve the proton conductivity is the acceptor doping into an oxide without
oxygen vacancies. However, the major problem of the acceptor doping is proton trapping by the acceptor, resulting
in low proton conductivity at low and intermediate temperatures. In contrast, the donor doping into an oxide with
intrinsic oxygen vacancies is a novel strategy to reduce the proton trapping, leading to high proton conductivity at
low and intermediate temperatures. However, the material exploration by the donor doping into oxides with intrin-
sic oxygen vacancies is insufficient. In this FCDIC (Fuel Cell Development Information Center) Award Commemo-
rative Paper, we report high proton conductivity (e.g, 10mS em™ at 325°C) of a novel material, cubic perovskite-
type BaSci-:M0,03 54 3-),2(0H), (=BaSc 775 M0 205 05 8375-,,2(0H), = 22.5mol% MoO;-doped BaScO,5; x = 45/200
= (0.225) prepared by the donor doping into the BaScO, ; oxide with intrinsic oxygen vacancies where the x and y
are the Mo and proton concentrations, respectively.
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Fig. 1 Cu Ka XRD pattern of as-prepared BSM22.5. The hk/
for each peak denotes the reflection index of the primi-
tive cubic lattice.
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Fig. 2 Lattice parameter of as-prepared BaSc;,Mo0,0,5,-
@y 2(0OH), versus x at room temperature. Red circle
denotes the data of BSM22.5. Black circles represent
the data of BaSc,sMo0,,0,5.,,,(OH), (BSM20)® and
BaSc,7sM0 250275,,2(OH), (BSM25)’. Error bars repre-
sent the standard deviations.
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Fig. 3 Complex impedance plots of BSM22.5 recorded at 47 °C

in wet air and the equivalent circuit model used in the
analysis. R, CPE, and gb denote the resistance, con-
stant phase element, and grain boundary, respectively.
The number of each blue closed circle denotes the
frequency. The red solid line represents the fitting curve,
which shows two semi-circles due to bulk and grain
boundary responses.
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Fig. 4 Arrhenius plots of bulk conductivity of BSM22.5,
BaSc(gM0;,0,5.,,2(OH), (BSMZO)Q)» BaScg75M0g.2502675--
,2(OH), (BSM25)%, BaZrysY,,0,4.,,2(0OH), (BZY)*, and
BaCeysY10265,,2(0H), (BCY) 7,

FrBEEZRL (M5.6), ZHEXTTAAA4 NS
O N MmEARICIR Z K AT O 2B T D, BSM22.5 D
7u bk Vi y (51213 100C T 0.21, 400°CT0.19) i,
RO T 0 b AMREERT T XA 4 b BZY (Bl
1£400C<0.17) & BCY (B 213 100°C T 0.08) & V) f4 -
72 (05), BSM22.5» 70 b VA BZY & BCY £ 0

BEIEM Vol.23 No.4d 2024 75



IAREMIL__Paper

1000
g 100.0} 800 g
5 99.5¢ 600 B
[} o
E £
2 99.0F 400 g
g- -
Q

© L. 200 <
o 98.5 Dry Wet

1 1 1 40

0 500 1000

Time (min)

5 TGRIEICLURANZEBEEZRFICH T 2BaScy75M0g s

0248375—y/2(0H)y (BSM225)®*®HR U ﬁ&
Fig. 5 Water uptake of BaSc775M0 22505 8375-,2(OH), (BSM22.5)
in wet air, which was investigated by TG measurements.
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Table 1 Hydration enthalpy and entropy of BSM22.5,
BaSc,sM0,0,5.,,2(0H), (BSM20)’, and BaSc,s-
M00,2502,375_,/2(OH)Y(BSM25)9). The hydration enthalpy
and entropy of BSM22.5 were estimated using the van 't
Hoff plots. The equilibrium constant was calculated
using the equation in the literature ®.

Composition AH (kdmol™) AS° (K ' mol™)
BaSc.77sM0g 225 0.g375,/2(0H), -119(1) -139(1)
BaSc,.sM0o 202 6.,/2(0H), -115(4) -130(4)
BaSc, 75M0g 2505 g75.,/2(0H), -127(5) -145(5)
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Fig. 7 Arrhenius plots of bulk proton diffusion coefficient D of

BaScy775M00 22502 8375-,,2(OH), (BSM22.5), BaSc,sM0o, 05 -
y2(OH), (BSMZO)Q), BaSc;75M0g2502752(0H), (BSM25)9),
BaZry5Y2026.,,2(0OH), (BZY)S)s and BaCegY,10295-,2(0OH),
(BCY)®.
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