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Extended Abstract
Polymer electrolyte membrane fuel cells (PEMFCs) are promising candidates for portable devices such as drones and

vehicles owing to their low operating temperature and high efficiency [1]. However, PEMFCs face commercialization
challenges, because oxygen reduction reaction (ORR)-related losses account for 51% of the total performance loss at the
cathode [2]. To address these challenges, numerous studies have focused on enhancing ORR performance by improving
catalytic activity [3], membrane [4], and flow channel structures [5]. Despite these efforts, there are still limitations in ORR
performance improvement. Therefore, it is necessary to apply novel methods to overcome these bottlenecks.

In this study, we propose a method to enhance the ORR performance of PEMFCs by applying magnetic fields (MFs).
The performance of MF-applied PEMFCs (MF-PEMFCs) was compared to that of PEMFCs under various operating
conditions. The experiment was conducted with a unit cell consisting of an active area of 9 cm² and membrane electrode
assemblies (MEAs) fabricated by the catalyst coating method. The Pt loading on the anode and cathode was 0.2 mgpt cm–2.
The polymer membrane and gas diffusion layer were Nafion 211 and Sigracet 39BB, respectively. Permanent magnets were
placed on the end plate, parallel to the surface of the MEAs. For 0.7 V, the current increase of MF-PEMFCs compared to
PEMFCs was performed at MF densities ranging from 0 to 260 mT, cell temperatures (Tcell) of 40 and 80 ℃, and relative
humidity (RH) ranging from 40 to 80%. The results showed that the ORR-related performance of MF-PEMFCs was
significantly improved compared with that of PEMFCs. The current increase was 11.3% at a MF density of 260 mT, Tcell of
40 ℃, and RH of 80%. This was because the oxygen concentration rate at the surface of the triple-phase boundary increased
with enhanced kinetics of oxygen resulting from the magneto-aerodynamic effects of MF densities. Additionally, the
humidification of membrane surfaces in MF-PEMFCs was more uniform than that in PEMFCs owing to the improved
mobility of humidified oxygen. Moreover, the current increase in MF-PEMFCs compared to PEMFCs at Tcell of 40 ℃ was
more substantial than that at Tcell of 80 ℃, because the MF-alignment in the permanent magnets became more uniform at
lower temperatures. Therefore, it is recommended to operate under low-temperature and high-humidity conditions to achieve
maximum performance of MF-PEMFCs.

References
[1] Y. Wang, K. S. Chen, J. Mishler, S. C. Cho, and X. C. Adroher, “A review of polymer electrolyte membrane fuel cells:

Technology, applications, and needs on fundamental research,” Applied Energy, vol. 88, pp. 981–1007, 2011.
[2] F. Barbir, PEM fuel cells: theory and practice. Elsevier Academic Press, 2013.
[3] D. Lee, G. Yun, G. Doo, S. Yuk, H. Guim, Y. Kim, W. Jung, H. Jung, and H. Kim, “Hierarchical wrinkle-structured

catalyst layer/membrane interface for ultralow Pt-loading polymer electrolyte membrane fuel cells (PEMFCs),” Nano
Letters, vol. 22, pp. 1174–1182, 2022.

[4] Z. Zhou, Z. Zhao, X. Yang, H. Zhai, L. Ai, J. Chen, and S. Holmes, “Improving the performance and long-term durability
of high-temperature PEMFCs: A polyvinylpyrrolidone grafting modification strategy of polybenzimidazole membrane,”
Journal of Membrane Science, vol. 710, p. 123135, 2024.

[5] T. Wilberforce, Z. E. Hassan, E. Ogungbemi, O. Ijaodola, F.N. Khatib, A. Durrant, J. Thompson, A. Baroutaji, and A.G.
Olabi, “A comprehensive study of the effect of bipolar plate (BP) geometry design on the performance of proton
exchange membrane (PEM) fuel cells,” Renewable and Sustainable Energy Reviews, vol. 111, pp. 236–260, 2019.


	Bookmarks
	Title_2


