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Three-dimensional simulation of SOFC anode polarization
based on electrochemical local equilibrium
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The scheme of calculating SOFC anode polarization based on electrochemical local equilibrium is proposed.
The simulation uses three-dimensional structure, which is reconstructed from cross sectional images of
Ni/YSZ cermet anode. The cross-sectional images are obtained by a dual-beam focused ion beam—scanning
electron microscope (FIB-SEM). Gaseous, ionic and electronic transport equations, and the electrochemical
reaction at three-phase boundary (TPB) are solved using the Lattice Boltzmann Method (LBM). In the LBM,
the gas mole fraction, electron and ionic electrochemical potential distributions are considered. Gas transport
is modeled using the Dusty Gas Model (DGM). The numerical simulation is performed under 0.7A/cm?. This
numerical method is considered to be a promising tool for predicting SOFC electrode polarization.
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Fig.1 Cross-sectional images of sample anode.
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Fig.2 Reconstructed anode microstructure (Green: Ni,

Blue: YSZ, Transparent: Pore).

Current collector
layer 0.62pum

Porous anode layer
31(6.2x5)um

Electrolyte layer
1.302pm

Fig.3 Schematic of computational domain.
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Table 1 Conditions of numerical simulation.

Properties Value

Operating temperature 7 [K] 1273

Pressure p [Pa] 1.013x10°

Fuel composition (H,:H,0) .

[mol/%] 98.8:1.2
][Eslifﬁr]?ﬂﬁc Conductivity o, 3.27%101065.3T

3.34x10%xp(-10300/7)
-177.99x10°

Tonic Conductivity Gjq, [Sm'l](ll)

Gibbs free energy AG* [J/mol]

Table 2 Properties of the gases.

Substance M [g/mol] CIA] e/k [K]
H, 2.016 2.93 37
H,0 18.015 2.65 356

Fiz, PP ERETHY, r=075um & L7z, #1127
Rt %, £R21TKHF, KEKIOWEEHE =T,
3.3 WEEFHEFIE

X 4 \Z AT AR E Lz AR E BT 5 RETREE
DR ZERT. $#%ikd 5 LBM #8225, NifHTOE
DESILERT v vl , YSZIHTORILMA A D
BLRALFRT ¥ Vg, KA TOMEOLFERT v
¥ o NELND. RTEEEZRET D L, BRIHAT
EEVEK) NI IASERS

fige =20, + 1o (13)

1 1 5 AT (Reference Electrode: RE) & YEEh##(Working
Electrode: WE) & O ZZ L L CHMI S, kD L H 1Tk
2.
1/~ -

n=Ewgs - Ergs =F(“e',RE/s ‘“e-,WE/s) (14)
ZIT, By ggs IBBBEROBESLFERT vy L,
iy s EAEBIBE ECOBRILERT vy L2 KT, B
FRARE 1 6 K OMEEhRE 1 & EfFERE OBX(LFRT
Uy NEEA— LB T, RAHVTLTO L HIZERT
5.

1/. -
n= F(‘ue- JIyte/RE ~ - ,lyte/WE) * Nohm,RE * Mohm,WE (15)
1/. -
Mohm RE = ;(“e* RE/S ~He- ,lyte/RE) (16)
1/. -
MNohm,WE = ;(“e-Jym/WE —He- ,WE/S) a7

TIT, B ere (XS L BAE R, fe yewe EIEB)
W BREREOESIERT vy Ve T, R
EWRETDHE, RAHTLLTFO LI IcEEND.

1
n= _E(uo,lyle/RE - .uO,lyte/WE)

+ Nohm lyte + Mohm,RE T Mohm, WE

(18)

!/ i 19
Mohmlyte = 5 7 (“02* JyteRE ~ Yo ,lyte/WE) (19)

22T, RA)DAHLF —HNEMLRELETH Y, =4
NETOESF, B A 4 OBEBSIFERT v B &

WE

N |
TPB K Virtual
Electrolyte
(YSZ)

Fig. 4 Local overpotential at TPB.
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Table 3 Total and connected TPB lengths.

Properties Value

TPB length [m] (Total) 1.26x1072
TPB length [m] (Connected) 7.61x107
TPB density [m/m’] (Total) 2.59x10"
TPB density [m/m’] (Connected) 1.56x10"
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Fig. 5 TPB length by centroid method.
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Fig. 6 Electrochemical potential distribution of oxygen ion
Afiy2-in YSZ phase (y = 4.22um).
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Fig. 7 Electrochemical potential distribution of oxygen ion
Afigy>- in YSZ phase (z = 6.21pm).
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