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Overpotential prediction of LSCF cathode by 3D numerical analysis
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The overpotential in a three-dimensional La,.Sr,Co;.Fe,0;.4 (LSCF) cathode structure obtained by a
dual-beam focused ion beam-scanning electron microscope is predicted by the lattice Boltzmann method.
Gaseous, ionic and electronic transport equations with electrochemical reaction at LSCF/pore boundary are
solved with an assumption of local equilibrium in the solid oxide. The gas transport is modeled by a so-called
dusty gas model. The numerical simulation is performed under the current density conditions of 0.01, 0.05,
0.1 and 0.2 A/cm”. The cathode overpotentials predicted by this method agreed well with the experimental
results. Three-dimensional chemical potential distributions inside a cathode microstructure are presented. The
proposed method can be used for predicting polarization in mixed ionic electronic conductor electrode.
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Fig. 1 Computational domain



—0.1814
QD:LB3{?k)

— (7
I

txREhsd. XKO), DITBTAHTRIERC ¢ 1%, M
HILERE OB B OBIZ TN T NAINTY), FHEFHY TS
21z, KMRICBT 2 ERER 1WRT. £z, RDITBT
5 or ITEBHERETH Y, AW TIE Maximum Sphere
Inscription method (MSI) © % Fi&i T& b= ZRocHEiEic
WAL, MSI TIX, KM THDERT Bz HLICERE
I 5 EHEAAHNERNICE TN LR E RFTEREE L
TERHELTWL. £, ZACEVELNZERRNOK
FARZBAD D BEROPLERI D /NS 72 FFTEREEFOR
TEMTONTIE, RFTEREBEEZERORICEEMRZ D, Z
DOFETH LN RFTERE & HEIRN O ZERAR 7 B TF

WERDZ LWL RTERZEEZFEL, r=89mm & L7z,

LSCF 2MRAEEER, EBENERNETEENR, EMR
BRI A A BERE TN T S L, EEEM
(LSCF, #%Em) , Bkt 4 EEM (LSCF, ERE)
OXEFERIL, ThENET, B 4 OB R
ATRIND.

v| e v ] 8
S =
7 VA reac (®)

Coo .

V[zFV,uO2 J =i )
IIT, A L RENENET LBImA A oBRlL
FRT VRN, o ko IXTNENEREE, BILY
A F AR E A2 FT. LSCF6428 (2B 5 ET, Mk
A ABEEIZOW TRk 2 BT —Z B d D08, Aok
TIHRE R L ORI E R A% 5 8 L 72 Bouwmeester, et
Al KD EREND 74 v T 4TIk 5.
L, SFIEEEIIRATOMBERT L ¥ MUEHFET 57290,
R 2R E L, KT,

Hyo =20+ pq (10)

1
Ho =5 RTIn p,, (11)

R(3), OB LTVOIZEBWTHBIZHN D KISEH ireac
i, HERZEAMICTENT 6 mD H RIS S EMREE
ALE I T HAL IR 8 72 W IS BUG T 2 BEART 5 reqe 2pp D FRFN T
RIND. drgenps [ FHIGEER LY LLTF O Butler-Volmer
A REAO®TEH 2 7=

. . 0.F o.F
lrcac,2PB = ZOAZPB €Xp ﬁnacl —CXp| — ﬁnacl (12)

ZZT, F, R, T, dApg IXZNTNT 7 7T —E%, &KIK
ES, R, MIEC/KIERmHFE A KT . F72 nae 1 FTEHEAL
WEIE, i FEERERD Y OZBMEBREEELERT. K
W22 TiT iy 12R(13)PTHE %2, 0,=1.2, 6.=1.0"2% L7-.

io=]J47X105~p0f2~exp(—19%%zj (13)
FFTC B D IEEACBEE 0 1377/ — RMJ5 1 & 1TE
&L, BRINIZEBT D RET Ay, & KABIZEBT 5 RPT po 925

RFTEA (RA10) Z2EL THE SR EFOTHEER
fbERT v L B 0T EYRAH)TEE L.

Table 1 Coefficient for gas diffusion.

Substance M [kg/mol] {TA] elk [K]
0, 31.9988x1073 3.54 88
N, 28.0314x1073 3.68 91.5
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Fig. 2 Schematic of total cathode overpotential.
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Table 2 Numerical conditions.

Properties Value

Operating temperature 7 [K] 973, 1023, 1073
Total pressure P [Pa] 1.013x10°

Gas composition (O, : N,) [mol%] 100 : 0, 50 : 50, 20 : 80
Current density [A/mz] 100, 500, 1000, 2000
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Fig. 3 Comparison of cathode overpotentials,
(a) temperature dependence, (b) O, fraction dependence.
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Fig. 4 Chemical potential distribution in LSCF cathode,
(a) three-dimensional, (b) cross-sectional distributions

Fig. 5 Three-dimensional current distribution in LSCF cathode.
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Fig. 6 Chemical potential distribution in LSCF cathode,
(a) current density dependence, (b) temperature dependence,
(c) O, fraction dependence.
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Fig. 7 Current density distribution in LSCF cathode,
(a) current density dependence, (b) temperature dependence,
(c) O, fraction dependence.
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