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Modeling of Solid Oxide Fuel Cell Anode Using
Stochastic Reconstruction and Lattice Boltzmann Method

Yoshinori SUZUE*4, Naoki SHIKAZONO and Nobuhide KASAGI

" Department of Mechanical Engineering, The University of Tokyo,
Hongo 7-3-1, Bunkyo-ku, Tokyo 113-8656, Japan

A novel modeling scheme of SOFC anodes based on the stochastic reconstruction technique and
the Lattice Boltzmann method (LBM) is proposed and evaluated for the performance assessment and
optimization of anode microstructures. Cross-sectional microscopy images are processed to obtain
two-dimensional phase maps (i.e., Ni, YSZ and pore), of which two-point correlation functions are
used to reconstruct a three-dimensional model microstructure. Then, the diffusivity, electrical
conductivity and polarization resistance of the reconstructed anode are obtained through the LBM
simulation. The predicted tortuosity factors of Ni phase are slightly larger than the experimental
result. However, the predicted anodic polarization resistance is in good agreement with the literature
data. Thus, the proposed method predicts the anode performance for a given microstructure, and is
considered as a promising tool for designing SOFC anodes.
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Fig. 1 Height image of a 1400 °C-sintered sample measured

by a scanning probe microscope.
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Fig. 2 Original cross-sectional images of sample anodes sintered at (a) 1300 °C, (b) 1350 °C and (c) 1400 °C.
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Fig. 3 Luminance histogram of a 1400 “C-

sintered sample.
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Fig. 4 Phase-distinguished image of a 1400 °C-
sintered sample (Ni: white, YSZ: gray, pore: black).
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Fig. 5 Temperature dependence of two-point

correlation functions of (a) Ni-Ni and (b) YSZ-YSZ.
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Fig. 6 Reconstructed anode microstructures sintered at (a) 1300 °C, (b) 1350 “C and (c) 1400 “C. White: Ni,

gray: YSZ, transparent gray: pore.
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Fig. 7 Two-point correlation functions of original
2D image and reconstructed 3D structure (1400 °C-

sintered sample).
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Fig. 8 Lineal-path functions of original 2D image
and reconstructed 3D structure (1400 °C-sintered

sample).

SFELE L, Chan and Xia'®DZEE A OIRE %
FWNT H, DO B Z BRI iR T=, F7=, FHHTE
N TTIREE I TRk E Uiz, FHRSRME, ROSHRICHW
T E R 1 IR T f;k‘ /\4’ T AER AR L
TRNEREA v B =K AR X B ARSI 0O STk
O L DHHEAT D 120, EDJJIJ EERl iﬁﬁ/&‘g& L7-.

4-2 XEAERX ZE6, Ni, YSZ FFHICRIT SR
FRATRE Hy) OIgoifE, &1, 1488
FEXTHY, ThENLTOETEINS.

1.
V(DVC)= o e Q)
( elecV(Pelec ) Teac (6)
( IOHV¢IOH ) - reac (7)

ZIT, C AT VIR E Imoln’], ¢lXE £ 21T
A A DB E R B RO IFIGAEREEZ T L,
HFEHT- 0 DUSTEIR i 1ZLL T @ Butler-Volmer J75#
Kz kv 5z 550

. 2F F
leac = lOLTPB |:CXp (R_ TI) —exXp (_ E nj:| (8)

—HRAE R
i FEMRA

ZZT, T]in
B2 DR

St (Quee - Pon) THD.
FEVTEEE iy | i EZINB\

Table 1 Simulation condition and physical properties.

Properties Value or expression
Operating temperature 7 [°C] 1000
Pressure p [Pa] 1.013 X 10°
Fuel composition (H,:H,0) [mol%] 97:3
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Fig. 9 Schematic of reaction production at TPB.
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Fig. 10 Grid number dependence of tortuosity factors

(1300 “C-sintered sample).
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