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Effect of Characteristic Lengths of Electron, Ion and Gas Diffusion
on Electrode Performance and Electrochemical Reaction Area

Akio KONNOT, Hiroshi IWAI", Motohiro SAITO" and Hideo YOSHIDA "

Abstract

A precise evaluation of the active reaction area in the electrodes is important to design an effective solid oxide fuel
cell (SOFC). A scale analysis and 1-D numerical simulations are conducted to obtain a better understanding of the
electrochemical reaction area in SOFC anode. In the scale analysis, the characteristic lengths of the electron, oxide ion
and gas diffusions are evaluated from their conservation equations. Relative comparisons of the characteristic lengths
show that the transport phenomena in the SOFC anode are primarily governed by the oxide ion conduction under
standard operating conditions. The gas diffusion may affect the extent and the location of the active reaction area at high
temperature and/or low reaction gas concentration conditions. 1-D numerical simulations for an anode provided detailed
information such as the electron/ion potential distributions, the gas concentration distribution and local reaction rate. It
is found that the electrochemical reaction actively occurs at the vicinity of the anode-electrolyte interface. The reaction
thickness increases as the characteristic length of the ion conduction is increased resulting in a better power generation
performance. The reaction thickness is also increased when the gas diffusion length is short. The cell performance is,
however, lowered in this case because the low gas diffusivity yields the increase of the ohmic loss of ion conduction as
well as the concentration overpotential.
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Table 1 Electrode materials in scale analysis.
Electrode

Electron con- Jon conducting

ducting material ~ material
Anode Ni YSZ, ScSZ
Cathode LSM YSZ, ScSZ

Table 2 Electronic & ionic conductivities.

Material ~ Conductivity [S/cm] Ref.
Electron  Ni 3.27 x 10* - 10.653T [16, 12]
S5
LSM 42 %10 exp(_lzoo) (7]
T T
-1
Ton YSsz (0.00294 exp ( 10;50 )) [18]
ScSZ 104exp(—2%;9) [19]
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Table 3 Exchange current density for TPB.

Exchange current density for Ref.
TPB i, s [A/m]

Ni-YSZ 0.0344PY;1 PRO) exp (_L;oo) [24]
Ni-YSZ  314PLOPYY exp (—@) 25, 26]
LSM-YSZ  1.10P%S exp (_ﬁTOO) [27]
Table 4 Calculation conditions.
Calculation parameter Value
Temperature 7' 800 °C
Pressure P, 0.1013 MPa
Molar fraction of H, Xy, 0.9
Molar fraction of H,O Xy, 0 0.1
Exchange current density for TPB i, 0.0001 A/m
TPB density 2.5 um/um?
Tortuosity T 3.0
Transfer coefficient 8 0.5
Total overpotential 7, 0.1V
Specific surface of solid phase S/V; 6 % 10° m?/m>
Kozeny constant kg 5

Electrode thickness I, 50 um
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Fig. 1 Calculation model of SOFC electrode.
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Fig.2 Map of characteristic lengths under standard
electrode conditions in SOFC.
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