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Influence of structural parameters on ordered cathode

catalyst layer in proton exchange membrane fuel cells

DU Chunyu, CHENG Xinqun, YIN Geping, SHI Pengfei
(Department of Applied Chemistry, Harbin Institute of Technology, Harbin 150001, Heilongjiang, China)

Abstract: A steady-state numerical model was developed for an ordered cathode catalyst layer of proton
exchange membrane fuel cells. The governing equations account for proton and electron transfer, oxygen
diffusion and electrochemical reaction kinetics. The simulation results were consistent with the
experimental data. The dependence of the ordered catalyst layer ( OCL) performance on structural
parameters was investigated. It was revealed that the OCL performance was much sensitive to electrolyte
volume fraction and platinum loading, and there were optimal values above which the performance dropped

quickly. Carbon support with a smaller diameter and thickness is beneficial to the OCL performance.
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Fig. 1 Schematic diagram of ordered

PEMFC cathode catalyst layer
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Table 1 Operating and structural parameters used
in base-case simulation [*]

Symbol Value Symbol Value
A° 112 m? « g ! mlp, 3gem ?
cref 1.2 mol » m™3 R, 4.0X10"% m

Do, . 2.837X10 % m? « s ! T 343 K

Do,m  6.0X10710 m? « 57! a 0.58
F 96485 C » mol ! ex 0. 25
L 1.5X107° m os 72700 S+ m™!

mpp, 0.2 Om 7Sem!
R 8.314 J« K™! « mol™!
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Fig. 2 Effects of catalyst layer thickness

on polarization behavior

2.2 BEEERHZNE

B3 Shy Btk A8 A LA A A J2 A L 0L 8 BE 5
Wi, FEHL AL — B (0.6 V), Bk 1k A
A P U AN BT AR L 50 B SR P 0 /0 ) Al 4 A
AR TR m MR IERE . SR EIAVRE . JP8
ERREA R RN B R, S A A T A
JEVERE . AL )Z PR RE R AR A AR A AL AT IH N
A 7R 2 THT R AR 5 JEJSE RE AR AL . TR A 2R AR
I o R A TR 2 T Y P o IS B2 i A 1 LA 3
Mg (&3, FEEL R TEREREAR.
2.3 HEBRERSENZNE

AT AERAL (0.6 V) TR A2 1Y HL TR B B
W L AR R B B AR A 4 PR . AR, R



FEFR T EF G540 2 B T S R AP ORE FRL Tt B AR A A )2 1 5 « 215 -

91
1.72
° g
A—a, ./ 160 £
‘\A\ o g
1.68f - v 2
? >’\ 40 2
£ o
S ./ A\ é
< o A\A £
164} S — 120 =
A 5
W 3
® lo ™
1.60 - - - -
0 40 80 120 160 200

Ra/nm

B S 0.6 V st T IRAR U LR XY o i
TR e o M L R ) 52 W)
Fig. 3 Dependence of current density at 0. 6 V and

electrolyte film thickness on carbon support radius
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Fig. 4 Effects of electrolyte volume fraction

on current density at 0.6 V
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Fig. 5 Effects of platinum loading on

catalyst layer polarization curves
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