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Table 2 Test results of basic properties of composite membranes with different scavenger contents
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Fig. 1 SEM of the cross-section of KR-0. 5 composite membrane
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Fig. 3 Polarization curves of membrane electrodes

prepared by different composite membranes
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Table 3 Data of output current-voltage for membrane electrode assemblies fabricated from

different composite membranes

N[5 L i 26 TR X B AR A LR AR/ V

o =)
RERAS 1000 mA/cm’ 1600 mA/cm’ 1 800 mA/cm’ 2 600 mA/cmt
KR-0 0. 689 0. 646 0. 630 0. 566
KR-0. 3 0. 690 0. 646 0. 631 0.563
KR-0. 4 0. 697 0. 639 0.621 0. 547
KR-0. 5 0.701 0. 640 0. 621 0. 543
KR-0. 6 0. 686 0. 630 0.611 0.531
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Fig. 4 Linear sweep voltammetry curves of membrane
electrode assemblies fabricated from different

composite membranes
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Radical scavengers for synergistic enhancement of proton exchange membrane

durability and fuel cell performance

YANG Dawei'*, HAN Min fang', GAO Qixiu*, ZHOU Shouyong®
(1. State Key Laboratory of Power System Operation and Control, Department of Energy and Power
Engineering, Tsinghua University, Beijing 100084,China; 2. Suzhou Thinkre New Materlal Co. , Ltd. ,
Suzhou 215200, China; 3. School of Chemistry and Chemical Engineering,
Huaiyin Normal University, Huaian 223300, China)

Abstract; The durability of proton exchange membranes (PEMs) for fuel cells is typically enhanced by

incorporating radical scavengers that mitigate oxidative degradation caused by highly reactive free radicals.

However, this strategy often compromises the electrical properties of the membrane. This study aims to

determine the optimal loading of radical scavengers in industrial-grade PEMs to achieve a balanced trade-off

between chemical durability and electrochemical performance. Cerium carbonate, employed as a radical

quencher, was directly added to a perfluorosulfonic acid resin solution at concentrations ranging from 0 to

0. 6%. Following dispersion and mixing,

the

solution was

used to impregnate an expanded
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polytetrafluoroethylene ( ePTFE ) microporous membrane and subsequently laminated to fabricate
composite membranes with a uniform thickness of 12 pym. The resulting membranes were systematically
characterized in terms of fundamental physicochemical properties, fuel cell performance, and durability
under accelerated open-circuit voltage (OCV) conditions. Results demonstrated that while higher quencher
loadings led to a progressive decline in electrochemical performance, their impact on the membrane’ s
fundamental properties remained minimal. At a cerium carbonate content of 0. 3%, the composite
membrane exhibited a favorable combination of high fuel cell performance and an extended accelerated
OCV durability of 1 150 hours, representing an optimal balance between durability and electrical output.
The direct incorporation of the radical quencher into the resin solution via mechanical mixing offered a
simple, scalable, and precisely controllable approach for membrane fabrication. This method thus provides
a viable formulation strategy for the industrial production of proton exchange membranes that achieve both
long operational lifetime and high performance.

Key words: fuel cell; proton exchange membrane; radical scavengers; durability; industrial grade
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