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Developing Advanced Porous Intermetallic Compound for HER Catalysts via Liquid Metal Dealloying
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Developing Advanced Porous Intermetallic Compound
for HER Catalysts via Liquid Metal Dealloying

The “Composite Module and Social Implementation
Research Unit” aims to achieve wide and practical application
of advanced energy materials, which motivates the researchers
to focus on advanced fabrication strategies to satisfy the
application requirements. As one of the unit members,
currently, I’'m focusing on developing advanced intermetallic
compound catalysts for hydrogen evolution reaction (HER)
via liquid metal dealloying, including both the research on
fundamentals of liquid metal dealloying (LMD) process and
application in catalyst area.

Hydrogen will play an increasingly important
role in the coming carbon-neutral era, which requires the
hydrogen supply with low cost for realizing the “hydrogen
society”. Even Pt and its alloys are considered as the
most active HER catalysts, however, the scarcity and high
cost of Pt limit the wide and practical applications for
hydrogen production in water electrolyzers. Developing
low-cost, yet efficient electrocatalysts based on earth-
abundant transition metals, as alternatives to Pt has been the
tendency. Intermetallic compounds of transition metals have
attracted a lot of attention for the highly intrinsic activity
and stability in extreme conditions, in which Ni, Co and Fe
based intermetallic compounds have been developed with
nanostructures to further improve catalytic performance
via increasing the specific surface area. Three-dimensional
bicontinuous nanoporous structures are attractive for the
large specific surface area with rich surface defect, high
electric conductivity and mass transport pathways. While the
fabrication of porous intermetallic compounds with ultra-fine
size is still challengeable for temperature is normally required
to satisfy the competitive process of overcoming energy
barrier for kinetic process and thermodynamic driving force
simultaneously.

Liquid metal dealloying technique provide an
accessible way to construct porous structure from nano

scale to micro scale based on selective dissolution of
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element B from precursor alloy into metal bath C (Figure
la), meanwhile, the high temperature can facilitate the
phase transition of remained composition A'A* (Figure
1b) at appropriate temperature from hundreds to thousands
degree centigrade. In our recent research, porous Co,Mo,
and Fe;Mo, intermetallic compounds sized in ~30 nm were
directly fabricated by LMD via appropriate composition and
temperature design facilitate the disorder-to-order transition,
in which nanoporous Co,Mo, intermetallic compound showed
highly active and stable catalytic performance towards
hydrogen production [Nature communications 13.1 (2022):
5157]. However, the fundamentals of this transition process
are still uncovered, also, further tuning of phase behaviors
can be explored to develop porous intermetallic compound
with application favored morphology and composition.
Next, hierarchical porous intermetallic compounds will
be developed via LMD towards highly active and robust
catalyst for HER based on the above research experience and

considerations.
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Figure Shematic images for (a) Mechanism of liquid metal
dealloying strategy; (b) Composition according with A1-A2
phase diagram.
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