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Abstract: As a key energy conversion device, fuel cells hold a significant position in the future
energy system. The membrane electrode assembly (MEA), serving as the core reaction site,
relies critically on the efficient and selective transport of protons (H™ ) or hydroxide ions (OH ™)
within its structure. Conventional MEAs predominantly depend on ion-conductive polymers to
facilitate ion transport, yet they generally face bottlenecks such as a limited operational
temperature range, high cost., and insufficient chemical stability. In recent years., novel two-
dimensional (2D) nanomaterials, exemplified by exfoliated clay and two-dimensional covalent
organic frameworks (2D-COFs), have emerged as promising alternatives for constructing high-

performance ion transport pathways, owing to their notable conductivity of H" /OH , abundant
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raw material sources, and high chemical stability. Firstly, the research progress of the authors’

group regarding the ion (H" /OH ) conduction mechanisms in 2D nanomaterials is systematically

introduced, with emphasis on strategies for constructing efficient and stable ion-selective transport

pathways through precise control of the microstructures of 2D nanomaterials, such as interlayer

spacing, surface functional groups, and stacking modes. Subsequently, through specific research

case studies, their innovative applications in key MEA components are demonstrated, including

the construction of high-performance proton exchange membranes (PEMs) using exfoliated clay,

the fabrication of anion exchange membranes (AEMs) using exfoliated layered double hydroxides

(2D-LLDHs), and the establishment of efficient proton transport networks within catalyst layers

based on 2D-COFs. Finally, the potential and challenges for the deeper application of 2D nanomaterials

in future high-performance hydrogen fuel cell membrane electrodes are summarized and prospected.

Keywords: fuel cell; membrane electrode assembly; two-dimensional material; ion transport
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Fig. 1 Schematic diagram of a PEMFC and an AEMFC'™
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Fig. 2 Basic structure and operating principle of DMFC
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Fig. 3 Proton transport behavior under the influence of different pore diameters
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Fig. 4 Proton conduction process under the influence of multiple factors
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