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Abstract : For improving the performance of protonic ceramic fuel cell (PCFC), the decrease of voltage loss at the
cathode is one of the challenges. In this work, we aimed to understand the reaction mechanism of PCFC cathode
and to establish the design concepts for high performance cathode. For this purpose, we applied patterned thin
film model electrodes, which simplified the structure of porous electrodes, and performed operando micro X-ray
absorption spectroscopy (u-XAS) measurements. As results, in the case of La,Sr,,Co0;.; (LSC64) electrode
on BaZr,sYb,,0;, (BZYb) electrolyte, it was found that the electrode reaction mechanism differed depending on
the presence of the triple phase boundary (TPB). In the presence of TPB, it was suggested that a TPB reaction
process accompanied by oxygen potential distribution is present and contributes to the total electrode reaction. It
can be one of the reasons for high performance of LSC64 as a PCFC cathode, although protonic conduction is not
expected.

Key Words : Protonic ceramic fuel cell (PCFC), Cathodic reaction, Patterned thin film model electrodes, Operando
micro X-ray absorption spectroscopy
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Fig. 1 Cathodic reaction in protonic ceramic fuel cell.
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Fig. 2 Schematic illustration (cross section) of modeling
process for PCFC cathode: (a) porous electrode, (b)
columnar electrode, and patterned thin film model
electrodes (c-1) without and (c-2) with triple phase
boundary.
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Fig. 3 Schematic illustration of patterned thin film model
electrodes (Top view): (a) without and (b) with triple
phase boundary.
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Fig. 4 Co K-edge XANES spectra of La;Sr;,Cos_5. Anneal-
ing temperature:1073 K, p (O,): 10'-10° bar?".
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Fig. 5 (a) Schematic illustration of the three-terminal electro-
chemical cell used for operando u—-XAS measurement.
(b) Operando n-XAS measurement setup at BL37XU,
SPring-8.
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Fig. 6 XRD pattern of LaysSr,,Co05.; (LSC64) /BaZrysYb,,05. 5
(BZYb) patterned thin film model electrode.
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Table 1 Results of EDX elemental composition analysis
of the La,sSr,4,C00; 5 (LSC64) /BaZrysYb,,03.5
(BZYb) patterned thin film model electrode surface.

La (L-edge) Sr (L-edge) Co (K-edge)

28.8atm% 22.0atm% 49.2atm%

K7 LSC64/BZYb N4 —BZEEBOEE/EHE IR
EOMESEME : () TPBD A WWNEZ — U BHEEE. (b)
TPBD & % /N4 — U BEEER

Fig. 7 SEM images of the cross-section of La;sSr;,C00;.5

(LSC64) /BaZrysYby,035.5 (BZYb) patterned thin film
model electrodes : (a) without and (b) with TPB.
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Fig. 8 Distribution of Co K-edge X-ray absorbance in

LageSr,4C005.5 (610nm) /BZYb patterned thin film
model electrode with TPB under cathodic overpotential
and OCV. Temperature: 873 K, p(0,): 1bar, p (H,0):
0.02bar, overpotential : -170mV.

873 K, p(O,) = 1 bar, Cathodic 170 mV
O LSC64 (500 nm)/BZYb without TPB
® LSC64 (610 nm)/BZYb with  TPB
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Fig. 9 Ratio of X-ray absorbance under polarization/open
circuit conditions in LaySr,,Co00;_ ;5 patterned thin
film model electrodes with/without TPB. Open circle:
LSC64 (500nm)/BZYb without TPB, Filled circle:
LSC64 (610nm)/BZYb with TPB, Gray curve: LSC64
(500nm) /GDC with TPB. Temperature: 873K, p
(0,): 1bar,p (H,0): 0.02bar, overpotential: ~170mV.
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