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Fig. 1. (a) Schematic of a patterned SOFC electrode; (b),
(¢), (d) computational domain considered in the present
study, including the SCL and bulk area adjacent to the
TPB.

SR HISCHR [19] & R AT AA- 21 o i~ A
W& T E TPB Mhir A= ekt 12, &
Jr Rl e A R T BoA R Wiz st S T T
RN IR T ket T SOFC W H ZrO, 4k |
CeO, HAFH A1 45 FALDI P BEAE A}, H i

128801-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 12 (2021)

128801

FT MyO5 BAHY AO, ALY, H N AR B T 45
FHES 72 R 5 R0 (Pl T s a 5 V ER),
A E RS I (I T SOFC 14Tl i) T A
MBI BH T2 AR B AR AL 1, % AR A AR
REG T AR R PR S: co (2,y) =
b =20k . A, 42 ) F B 4 o R B A R
BHRA NN N

_zVF

Vi = — b 1
¢ c0Er (CV CV) ’ ( )
80\; 2 Z\/FDV

—_— D * 2
ot VV cy + RT \% (va(b) s ( )

R, o KB, PR R, 2 bR
HHH, B TIRIE, 6 5 & S HR K
5 SR LA, DY HGRAR, ¢ I AL A
SR TR L RE, 1 (2) ST
e

F
Vey + Zg—Tv (eyVe) = 0. (3)

RS (TR BE A B 5 H S0 B 1 S R 3R 3 T £,
FLP= A (R L A
F222¢yD
Ve ()
X, S A S — TR e B S B S B R
TR TE gy, S IR W AR B B R L U
Unig:
SCL S0 FEIEIMER. Rgop, (LA T #FR SCL
HLRH) AT o
RscL = Riot — Rpui, (5)
A1, Ry M B SCL &4 it 1 A F BHL, Ry 4
MR S 540 T A% & SCL U8 i pL.
EA ST (5) X4 T SCL ML fH—4E 52
2219200 (B JEE T HA R 513 TPB i —
HeNEDL. S5 hk HORTRY Hp T i AR BE A S U BT
3RO AR ] 2 s ) 4k R B 25 1T, 4 it
AIARLLF Fakat:

1= —FzVDVVcV —

K&

=D (6)

R

(8)

K, oy WHEFHEH ov=23F?cyDy/(RT), Al N
y 5 A — A B R B KB, Azl 27 a4
—ABS R B S, Az TR ooy - B
JELJE .

T

=1 1=2

i=n—1 t=n

2 AR B 4% ]

Fig. 2. Two-dimensional resistance network.
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Table 1. Boundary conditions of the present study.
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Fig. 3. Validation of the present LB model: Potential distri-
butions at the right (z/f = 1) and top (y/l) = 1) boundary.
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Fig. 4. Oxygen vacancy transport adjacent to the TPB under standard case: Potential (a) and oxygen vacancy concentration

(b) distribution; migration (c) and diffusion (d) current density streamline; distributions of potential, potential gradient, oxygen va-

cancy concentration (e), current density and charge density (f) at =/l = 1.
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Abstract

The nanocomposite electrode is a promising technology to improve the electrochemical performance of
intermediate/low temperature solid oxide fuel cells (SOFCs). Within the nanocomposite electrode, the space
charge layer (SCL) effect is likely to alternate the oxygen vacancy transport adjacent to the three phase
boundaries (TPBs), which is one of the key factors to improve the electrochemical performance of the
electrodes. Existing studies usually adopt Poisson-Boltzmann (PB) equation to predict the SCL effect, in which
all the charge carriers are assumed to be in the electrochemical equilibrium state and the net current of the
conductor is nearly zero. Apparently, the PB equation is incapable of predicting the SCL effects under typical
SOFC operating conditions, since the net current is obviously not zero. In this paper, based on the patterned
electrode, we develop a numerical method via coupling the Poisson equation with the mass conservation
equation of charge carriers for the oxygen vacancy transport with considering the SCL effect under SOFC
operating conditions. Our results show that an obvious gradient is observed in the oxygen vacancy
concentration near the TPBs due to the SCL effect, which leads to a remarkable diffusion current that is even
larger than the migration current driven by the potential gradient. The SCL resistance is computed to
quantitatively characterize the influence of the SCL effect on the oxygen vacancy transport. The SCL resistance
shows a decreasing tendency with the increasing of the dimensionless Debye length and dimensionless potential,
but it increases with the increasing of the dimensionless average current density. These results and the
numerical method can be helpful in improving the performance of intermediate/low temperature SOFCs via

rationally designing robust nanocomposite electrodes.
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