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Shortcomings in the water management of polymer electrolyte fuel cells (PEFC) need to be overcome for
successful market penetration. Proper membrane humidification relies on ionomer hydration, which in turn
affects the performance. In contrast, excess water retention in the pores results in blockage of the gas diffusion
to the active sites of the electrochemical reaction, thus reducing performance and efficiency.
Various measurement techniques suitable with the length scale of PEFC components have been explored to
address the PEFC water management challenge. For the gas diffusion layer (GDL), technological advances
have permitted operando water saturation quantification and its mechanism with X-ray tomography with
few microns resolution (1-4). Furthermore, sub-voxel information contained in the X-ray tomography data
has demonstrated accurate water quantification in the nanoporous microporous layer (MPL) (5). However,
in the nanoscale regime of the catalyst layer, the quantification of water and the pore-wetting mechanism
remains nontrivial. Studies involving imaging techniques dedicated to understand the water management in
the catalyst layer have been carried out albeit with limited spatial resolution (6).
Small angle X-ray scattering (SAXS) is proposed as suitable candidate for a diagnostic tool to investigate
the catalyst layer saturation under operating conditions. SAXS is well suited for diagnosing the presence of
liquid water during operando experiments because of its sensitivity to electron density contrast, nanoscale
observation window, high temporal resolution and adequate spatial resolution to distinguish the components
in PEFCs. SAXS intensity profiles measured at the cSAXS beamline of the Swiss Light Source at the Paul
Scherrer Institut with a recently developed SAXS-compatible operando PEFC (Figure 1 middle and right) are
interpreted using representative morphology models and assuming different water filling mechanisms (Figure
1 middle and left). The presentation will summarize the structure morphology fitting approaches and provide
insights on the actual pore filling mechanism.

Acceptance of the Terms & Conditions
Click here to agree

MDPI Energies Student Poster Award
Yes, I would like to submit this presentation into the student poster award.

Country
Switzerland

References



(1) Xu, H.; Buhrer, M.; Marone, F.; Schmidt, T. J.; Buchi, F. N.; Eller, J. Effects of Gas Diffusion Layer Substrates
on PEFC Water Management: Part I. Operando Liquid Water Saturation and Gas Diffusion Properties. J Elec-
trochem Soc 2021, 168 (7), 074505.
(2) Eller, J.; Rosen, T.; Marone, F.; Stampanoni, M.; Wokaun, A.; Buchi, F. N. Progress in In Situ X-Ray To-
mographic Microscopy of Liquid Water in Gas Diffusion Layers of PEFC. J Electrochem Soc 2011, 158 (8),
B963-B970.
(3) Mularczyk, A.; Lin, Q. Y.; Niblett, D.; Vasile, A.; Blunt, M. J.; Niasar, V.; Marone, F.; Schmidt, T. J.; Buchi,
F. N.; Eller, J. Operando Liquid Pressure Determination in Polymer Electrolyte Fuel Cells. ACS Appl Mater
Interfaces 2021, 13 (29), 34003-34011.
(4) Sabharwal, M.; Buchi, F. N.; Nagashima, S.; Marone, F.; Eller, J. Investigation of the transient freeze start
behavior of polymer electrolyte fuel cells. J Power Sources 2021, 489, 229447.
(5) Chen, Y. C.; Berger, A.; De Angelis, S.; Schuler, T.; Bozzetti, M.; Eller, J.; Tileli, V.; Schmidt, T. J.; Buchi, F.
N. A Method for Spatial Quantification of Water in Microporous Layers of Polymer Electrolyte Fuel Cells by
X-ray Tomographic Microscopy. ACS Appl Mater Interfaces 2021, 13 (14), 16227-16237.
(6) Babu, S. K.; Spernjak, D.; Mukundan, R.; Hussey, D. S.; Jacobson, D. L.; Chung, H. T.; Wu, G.; Steinbach,
A. J.; Litster, S.; Borup, R. L.; Zelenay, P. Understanding water management in platinum group metal-free
electrodes using neutron imaging. J Power Sources 2020, 472, 228442.

Time Block Preference
Time Block A (09:00-12:00 CET)

Participation
Unsure

Primary author: ALIYAH, Kinanti Hantiyana (Paul Scherrer Institut)

Co-authors: DrAPPEL, Christian (Paul Scherrer Institut); Dr PREHAL, Christian (ETHZürich); DrGUIZAR-SI-
CAIROS, Manuel (Paul Scherrer Institut); Dr GUBLER, Lorenz (Paul Scherrer Institut); Dr ELLER, Jens (Paul Scher-
rer Institut)

Presenter: ALIYAH, Kinanti Hantiyana (Paul Scherrer Institut)

Session Classification: MS13

Track Classification: (MS13) Fluids in Nanoporous Media


