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Abstract
AC impedance analyses using microstructure-controlled silver cathodes, oxygen isotope exchange, and
time-of-flight secondary-ion mass spectroscopy were used to determine the oxygen pathway in a silver cathode
The oxygen pathway was determined as follows: oxygen
atoms were placed uniformly on the silver cathode surface, diffused along the silver grain boundaries from the
surface to the Ag/electrolyte interface, spread through the entire interface, were ionized, and transferred into the

and rate determining step for solid oxide fuel cells.

electrolyte.
electrolyte from the silver cathode surface.

The rate determining step is oxygen diffusion to the interface of the silver cathode and the
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Fig. 1 Photo images of the ScSZ pellets after the heat
treatment at 500 °C for 100 h in dry O, with the potentials of
=500 mV (cathodic) to 500 mV (anodic) applied to the Ag
working electrode. (ScSZ: Scy;Ceg01Z10 590 95).

Fig. 2 SEM images of the fractured cross sections of the
ScSZ pellet after the heat treatment at 500 °C for 100 h in
dry O, with the anodic potential of 500 mV applied to the Ag
working electrode. ((a) white area near the Ag working
electrode , (b) orange area near the Pt counter electrode)
(SeSZ: Scg.1Ceg.1Z10.890 95).
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Fig. 3 Schematic image of the sputtering equipment and the
target for simultaneously sputtering silver and LSGM
nanoparticles. The number of LSGM pellets was changed
from zero to three for controlling the amount of LSGM

nanoparticles dispersed in the silver thin-film cathode.
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Fig. 4 SEM images of the pure silver thin-film cathode and
the Ag-LSGM composite thin-film cathodes before and after
post annealing at 600 °C in air for 100 h: (upper) before
annealing; (lower) after annealing.
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Fig. 5 SEM image of a fractured cross section of the
composite Ag-LSGM thin film cathode after post annealing
at 600 °C in air for 100 h.
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Fig. 6 The silver grain diameter and the silver grain boundary

Fig. 7 A COMPO image of the cross sec

density which were presumed by assumption of the cubic

shape of the grain change over the number of the LSGM

pellets placed on the silver target during the sputtering.
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tion of the Ag-LSGM

composite thin-film cathode prepared using the cross-section

polisher. The black dots in the Ag-LSGM composite
thin-film cathode were the dispersed LSGM nanoparticles.
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Fig. 8 Cathode resistance of the LSGM-Ag cermet at 500 °C,
600 °C, and 700 °C as a function of the cathode thickness.
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Fig. 9 Cathode conductivity of the LSGM-Ag cermet at
500 °C, 600 °C, and 700 °C as a function of the double phase
boundary (a) and the triple phase boundary (b).
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Fig. 10 Cathode resistance of the LSGM-Ag cermet at 600 °C
as a function of the number of LSGM pellets on the silver
target during sputtering.
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Fig. 11 Schematic image of the reaction process of the silver
cathode at three possible theories.
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Fig. 12 Isotopic oxygen exchange experimental equipment.
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Fig. 13 Relationship between the silver grain boundaries and
the area where '®0 is observed. The color shows the total ion
count obtained in each depth region. The bright area and the
dark area correspond to different signal strengths: bright
color, strong; dark color, weak. Lines trace the dark area of
"7Ag and 1%Ag, indicating concave parts of the silver
electrode surface. The lines have been shifted and
superimposed upon the other images, and these correspond to
the bright regions indicating '*0.
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Fig. 14 TOF-SIMS depth resolution maps of '*’Ag + 'Ag,
80, and GaO near the Ag/LSGM interface. The bright area
and the dark area correspond to different signal strengths:

bright color, strong; dark color, weak.
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