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Abstract : Research and development of intermediate-temperature solid oxide fuel cell (IT-SOFC) is vital
owning to expectation for wider selection of consisting materials and longer durability than high temperature type
SOFC. Mixed oxide ion and electron conduction is required for cathode materials in IT-SOFC, and, in particular,
improvement of oxide ion conductivity is regarded as a key factor for the development of IT-SOFC. Perovskite-
type LagSry4Cop.Feqs05-; (LSCF6428) is one of the candidate materials for cathode due to high conductivity
and excellent thermal properties. First-principles calculations based on density functional theory (DFT) is
expected to offer variable inputs for materials design through electronic/atomistic level analyses. However, rather
complicated composition of LSCF 6428 prevent from obtaining macroscopic properties, which also prevent from

comparing with experimental results. To overcome, we demonstrate in this study multiscale calculation by using
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combined first-principles DFT and kinetic Monte Carlo (kMC) techniques. The parameters of kMC is extracted

from DFT results using partial least square (PLS) method. In addition, genetic algorithm (GA) is used to find the

best cation arrangement that show the highest ionic conductivity.
Key Words : Solid Oxide Fuel Cell (SOFC), Perovskite, Density Functional Theory (DFT), Multivariate analysis,

Genetic Algorithm (GA)
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Fig. 1 Schematic figure of charge-transfer reaction at cathode.
(a) the reaction occurs at the triple phase boundary
(TPB), consisting of gas, cathode, and solid electro-
lyte phase, for LaMnO,-type cathode, whereas (b) the
reaction proceeds at the contact area between cathode
and solid electrolytes due to volumetric mixed electron
and oxide ion conduction.
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Table 1 Comparison of total energies among 6 LSCF6428

structure models those cationic arrangements are
randomly assigned.

Index# Eowa-Emin/PEr ABO; [eV]

01 0.000
02 0.006
03 0.012
04 0.004
05 0.004
06 0.013
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Table 2 Oxygen vacancy formation energy and corresponding

coordination number of oxygen vacancy with 1° to 4"
nearest neighbor (NN) cations (Co/Sr).

Coordination # of oxygen
vacancy
Co Sr
1NN [ 2™ NN | 3" NN | 4" NN

Index # E.. [eV]

2.994
3.011
2.954
2.773
3.031
.857
.047
113
.967
.983
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.789
.009
.125
.952
.020
77
773
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Fig. 2 Cation arrangement around oxide ion.
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Fig. 3 Diagnosis plots between PLS-fitted and DFT derived
oxygen vacancy formation energies.
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Fig. 4 Schematic figure of oxygen migration trajectory and
surrounding cation arrangement in perovskite oxides.
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Fig. 5 Diagnosis plots between PLS-fitted and DFT-NEB
derived oxygen vacancy migration energies.

DFT-NEB derived vacancy migration energy /eV
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Fig. 6 Arrhenius plots for diffusion coefficient of oxygen
vacancy in LSCF6428 by using kinetc Monte Carlo
approach.
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Fig. 7 Optimization of oxygen vacancy diffusion by using
genetic algorithm (GA).
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Table 3 Relationship between gene-type (cation arrangement)
and mean coordination number of Co ion with Sr ions.

Gene-type Mean coordination number
Best-genes 1.8
Worst-genes 0.4
Random-gene 1.0
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Fig. 8 One of the GA derived LSCF6428 structure that shows
the highest oxygen vacancy diffusion coefficient.
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