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Preparation of high-performance carbon paper and its application in fuel cells

XU Junkai' , CHANG Zhilong** , CHEN Hui®, SHEN Zhigang®, LI Guang™
(1. State Key Laboratory of Advanced Fiber Materials, College of Materials Science and Engineering, Donghua University,
Shanghai 201620, China; 2. SINOPEC Shanghai Research Institute of Petrochemical Technology Co., Ltd., Shanghai
201424, China; 3. Key Laboratory of Carbon Fiber and Functional Polymers, Ministry of Education,
Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Proton exchange membrane fuel cell (PEMFC) is a completely clean energy conversion device that con-
verts chemical energy into electrical energy through redox reaction of hydrogen and oxygen in the air at two elec-
trodes, in which the gas diffusion layer (GDL), as a key component in the PEMFC, has a crucial impact on the cell
performance. Carbon paper is widely used as a substrate material for GDL by virtue of its rich pore structure, excel-
lent electrical conductivity and sufficient mechanical strength. In this paper, high-performance carbon paper was
prepared by wet molding, by using a mixture of two lengths (10 mm and 3 mm) of short-cut carbon fibers and the ef-
fects of different ratios of the two lengths of carbon fibers on the performance of carbon paper were investigated.
The results show that the carbon paper with the addition of 10 mm length carbon fiber at mass fraction 30%—50%
has excellent overall performance, showing high porosity, air permeability, electrical conductivity and mechanical
strength. The membrane electrode assembled by 10 mm length carbon paper with 30% carbon fiber content reaches
a maximum power density of 1 473 mW-cm™ at 60% relative humidity (RH), which is higher than the performance of
the corresponding membrane electrode of commercial carbon paper (Toray). The electrochemical impedance spec-

troscopy (EIS) results indicate that the carbon paper prepared from the appropriate ratio of two lengths of carbon

W BH: 2025-04-27; fEEIAHA: 2025-05-28; SRAEHH: 2025-06-17 ; MEEZATIE: 2025-07-04 14:39:56
& B &Mk : https://doi.org/10.13801/j.cnki.fhclxb.20250704.002
BISMEE: 200, Wi, 202, WA S0, FF58 07 m i B s A2 BE M BERIECOR  E-mail: lig@dhu.edu.cn

SIAR: tRYR, B, PR, AF. w Pk RERRARAY T o XA e i B ], A bhlor41E, 2026, 43(6): 3518-3528.
XU Junkai, CHANG Zhilong, CHEN Hui, et al. Preparation of high-performance carbon paper and its application in fuel cells[J]. Acta Materiae
Compositae Sinica, 2026, 43(6): 3518-3528(in Chinese).


https://doi.org/10.13801/j.cnki.fhclxb.20250704.002
mailto:lig@dhu.edu.cn

WYL kAR aR AR A ) g S AR AR i i T A 1

- 3519 -

fibers has lower mass transfer impedance. It shows that the excellent dispersion of short carbon fibers and the high

pore structure and mechanical properties built by long carbon fibers can achieve a balance between the properties

of the carbon paper preparing process and meet the requirements as a gas diffusion layer material.

Keywords: proton exchange membrane fuel cell; membrane electrode; gas diffusion layer; carbon paper; car-

bon fiber
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Fig.1 Flow chart of carbon paper preparation
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Fig.2 Photographs of the dispersion state of carbon fibers of different

lengths stirred at 500 r/min for 5, 10 and 15 min
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Fig.3 SEM images of carbon paper: Carbon paper with CF10 mass
fraction of 0% (a), 30% (b), 50% (c), 70% (d) and 100% (e), respectively
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Fig.4 Carbon paper resin carbon content (a), density (b) and thickness (c) variation with CF10 mass fraction
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Fig.8 Polarization curves and power density of the lab-made carbon paper at 30% relative humidity (RH) (a), 60% RH (b) and 100% RH (c) humidity

environments versus commercial carbon paper; (d) Peak power density of the lab-made carbon paper versus commercial carbon paper
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Fig. 10

Electrochemical impedance spectra of membrane electrodes with different carbon papers at different relative humidities 30% RH (a) and

60% RH (b); Histograms of the corresponding Ry, R, and Ry, for 30% RH (c) and 60% RH (d) (A single cell was operated at 80°C

with an applied back pressure of 100 kPa and a 2 A-cm™ of current)
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