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Material characterization and pore-scale simulation of PEMFC
gas diffusion layer during its fabrication process
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Abstract: This paper reports the results of an investigation into the effects of fabrication techniques on the
structure and performance of a gas diffusion layer (GDL) for proton exchange membrane fuel cells (PEMFC). In
the experiment, GDLs were fabricated by hot-pressing, carbonization, and graphitization with polyacrylonitrile-
based carbon fiber paper as the precursor and phenolic resin as the adhesive to bind the fibers. The effects of the
mass fraction of phenolic resin solution on the structure and properties of GDL were investigated. The GDL
microstructure was characterized by scanning electron microscopy, mercury intrusion porosimetry, and four-probe
method. The structure of GDL was obtained by X-ray tomography, and pore-scale simulations were performed on
the structure. The results show that GDL performance can be quantified accurately via experimental

characterization and simulations. It is found that for a raw paper impregnated with 15% mass-fraction phenolic
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resin solution, a GDL with 78% porosity and 30% reduced resistivity can be obtained compared with commercial
GDLs.
Keywords: proton exchange membrane fuel cell; gas diffusion layer; fabrication process; material characterization;

pore-scale simulation

TE BRIk, BRI MR, B BEARLHL M (proton exchange membrane fuel cell, PEMFC)
FEHRA w5 [ A DL AR AS , X T IR ABF S R0 45 T2 S5k AR RR DA S CHOCHME . SR #2
(gas diffusion layer, GDL) fEMJXH # (membrane electrode assembly, MEA) " ASHA] /b ag 244, Hihl %
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Table 1 Instruments and equipment used in this experiment

INESE RS AL AR

R DHG-300 - ¥ 5 5 0l
AR AR AL HP-50T AR,

G3 A RF AL204 HEFE g -4 F 2
TR R AL JK-GYJ-100C-250 IR R
(SR Rar: o JE il RS2 AL Tl

1.3 LERE
B 1R S AR . R 5% . 10%. 15%. 18%. 20% A [F) 5t 5 43 55 0% 15 T2 A) S 1 Tk 1 vk
SRR 5 FE BRI B R W E AL, 2RI & 00 [a) B T AL, SR A BRIk, e m Ak A B8k ke 18 i ik 48 1

L
AR HHEEL Bik1 100 C,
MR | DEAI0T, L 1o, 30min, | 2h; AL
BB 10 min 2 MPa 2800 C, 2h

B1 kBiRiEE

Fig.1 Experimental flow chart
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Table 2 Related physical property parameters of GDLs treated with phenolic resin solutions of different mass fraction

A R 7 Yk K % JRAR /g £ BB /g B NR R 7T 20 L% JEEJE /mm S fem?
5 0.5957 0.4572 1531 0.16 10x10
10 0.603 5 0.487 8 19.58 0.16 10x10
15 0.624 6 0.538 3 24.58 0.16 10x10
18 0.609 2 0.624 3 36.57 0.16 10x10
20 0.603 2 0.697 3 43.77 0.16 10x10
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th, 7E400~800 °C I, Py R i 0 7 & 20l & B, X 02 PRI R W R RS A1 S 7 A — Ak . ARk .
Pi . M. HESEE IR A Y, A ) AR B KB T . 7E 1000 °C LUSS B AN I 5T e A I
FEAAE . L, ASBF5E sk #Eme A iR B o 1100 °C, fRIEAF[E] 04 2 by feJ5 78 2 800 °C FiE47 2 h i 41 854k
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Fig. 2 Thermal Analysis of phenolic resin
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Fig.3 SEM images of different GDLs
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Fig.5 Porosities measured by XCT and MIP of GDLs impregnated with phenolic resin solutions of different mass fractions
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Fig. 6 Pore size distribution measured by MIP of GDLs obtained by impregnation of phenolic resin

with different mass fractions
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Fig. 7 Anisotropic gas diffusivity of GDLs impregnated with different mass fractions of

phenolic resin solution calculated by PSM
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Fig. 8 Conduction resistance of GDLs impregnated with different mass fractions of phenolic resin solution

measured by PSM and four-probe method
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