N
N

N

HAL

open science

Aerogel-Derived Fe-N-C Catalysts for Oxygen
Electro-Reduction. Linking Their Pore Structure and
PEMFC Performance
Frederic Jaouen, Hongxin Ge, Kavita Kumar, Nicolas Bibent, Frédéric
Maillard, Laetitia Dubau, Sandrine Berthon-Fabry

» To cite this version:

Frederic Jaouen, Hongxin Ge, Kavita Kumar, Nicolas Bibent, Frédéric Maillard, et al..
Derived Fe-N-C Catalysts for Oxygen Electro-Reduction. Linking Their Pore Structure and PEMFC
Performance. 241st ECS meeting, The Electrochemical Society, May 2022, Vancouver, Canada. hal-

03806972

HAL Id: hal-03806972
https://hal.science/hal-03806972
Submitted on 10 Oct 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Aerogel-


https://hal.science/hal-03806972
https://hal.archives-ouvertes.fr

Aerogel-Derived Fe-N-C Catalysts for Oxygen Electro-Reduction. Linking Their Pore Structure
and PEMFC Performance

Frédéric Jaouen, Hongxin Ge, Kavita Kumar, Nicolas Bibent, Frédéric Maillard, Laetitia Dubau
Sandrine Berthon-Fabry,

Abstract :

Iron-based catalysts are intensely investigated for application at the cathode of proton exchange
membrane (PEM) and, more recently, of anion exchange membrane fuel cells (AEMFC). Besides
optimising their kinetic activity toward the oxygen reduction reaction (ORR), the design and control of
their pore structure plays a key role in achieving the highest possible performance in fuel cell. Fe-N-C
catalysts derived from the metal-organic framework ZIF-8 are highly active but also mainly
microporous, which can lead to mass-transport issues. The silica templating approach typically leads
to slightly less active Fe-N-C catalysts, but featuring a combination of micropores and mesopores,
which can facilitate mass-transport. Aerogel methods for the synthesis of Fe-N-C catalysts with a
hierarchical pore size distribution has been hitherto under-investigated. In contrast to the silica
templating method, it is more environmental friendly since no dissolution of a template is needed (no
HF). However, highly active Fe-N-C catalysts prepared by aerogel method have not yet been reported
in PEM system (even if promising results were recently obtained in rotating disk electrode [1-2]), and it
is therefore also unclear if the hierarchical pore size distribution derived from this method is beneficial
for improving the mass-transport properties of Fe-N-C cathodes.

This presentation will first report the synthesis method and the key parameters investigated, such as
the ratio of melamine to resorcinol, the nature and amount of the iron precursor, the addition of an
additional N-rich ligand, on their ORR activity. The materials were characterized for their texture (N2
sorption, Hg porosimetry), Fe coordination (X-ray absorption and Md&ssbauer spectroscopy) and
surface chemistry (XPS) and morphology. The most promising materials were investigated in PEMFC,
for their initial power performance and durability. The results show that, by playing with these
synthesis parameters, the aerogel method can yield highly active ORR catalysts (Figure 1), and can
give a control on their hierarchical porosity, especially in tuning the mesoporous volume and the
average pore width of mesopores. Most catalysts display an atomic dispersion of Fe, explaining their
high ORR activity. The presentation will particularly discuss the link between the pore size distribution
in this set of materials (micro, meso and macropores), and the mass-transport properties in PEMFC,
under pure O2 or air at the cathode. Their durability will also be discussed, from accelerated stress
tests performed in rotating disk electrode and/or PEMFC.
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Figure 1. Effect of melamine/resorcinol ratio on fuel cell performance of Fe-N-C catalysts prepared by
aerogel method.
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