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“Advances in sustainable catalysis: from
materials to energy and environmental
applications” is a comprehensive themed
collection comprising more than 100
contributions published in both journal of
Materials Chemistry A and Materials
Advances. This collection brings together
recent advances in sustainable catalysis,
which stand as a multidisciplinary
approach that seeks to integrate environ-
mental and economic dimensions to
design catalytic processes viable in the long
term. It focuses on the development of
catalysts that enhance reaction efficiency
and selectivity while minimizing environ-
mental impact through environmentally

friendly synthesis strategies, waste
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valorisation into high-value products, and
the use of waste-derived materials. It also
encompasses the optimization of catalytic
processes to address key environmental
challenges and reduce energy consumption
through more efficient and synergistic use
of energy. Several review articles are
included in this collection, covering topics
such as tribocatalysis, CO, reduction,
carbon-based materials, single-atom catal-
ysis, high-entropy alloys, and engineered
heterostructures systems."™® Given the
breadth of the collection, and without
intending to discuss each contribution in
detail, the following sections highlight
overarching research themes
addressed throughout the collection, citing
some papers as representative examples.

several

Innovation in advanced
materials design

A major theme across the collection is the
design of advanced material architectures
as the foundation for sustainable catalytic
processes. Significant progress has been
achieved in the development of covalent
organic frameworks (COF-based) and
metal-organic frameworks (MOF-based),
exploiting their high surface areas and
tunable structures through strategies such
as solvent-free synthesis, donor-acceptor
architectures for enhanced photocatalytic
hydrogen peroxide production, and two-
dimensional MOF nanosheets with highly
exposed active sites for improved catalytic

performance.”*? Carbon nitride*®*® and
oxide/sulfide-based  materials*?*  also
receive considerable attention for the
sustainable thermo-, photo- and electro-
catalytic process for energy conversion
and environmental remediation. High-
entropy alloys (HEAs), single-atom cata-
lysts, and carbon-based structures (e.g.
carbon nanotubes) can be mentioned as
novel materials included in this collec-
tion.'*'>14163738 Their complex electronic
structures enable tunable multisite catal-
ysis for key reactions, including oxygen
reduction, hydrogen (H,) evolution, and
the electrocatalytic reforming of plastic-
derived feedstocks, among other catalytic
applications.

The hydrogen economy
and energy conversion

Another major theme of the collection is
the advancement of the H, economy
through the development of efficient
catalytic technologies for H, production
and management.*>***" Considerable
efforts are devoted to water splitting,
including the design of innovative cata-
lysts such as hollow nickel ferrite nano-
fibers templated from waste expanded
polystyrene for the H, evolution reaction,
as well as piezocatalytic systems incor-
porating aromatic carbon rings to
enhance charge separation.®*** Beyond
conventional water electrolysis, alterna-
tive H, production routes are explored,
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including hydrazine oxidation over
carbon-based catalysts as a low-energy
pathway and the optimization of transi-
tion metal oxides for selective
photoelectrochemical seawater split-
ting.">** The collection also addresses H,
management through advanced mate-
rials for efficient H, isotope separation,*
highlighting the role of hydrophobic
mesoporous silica catalysts in nuclear
and industrial applications.

Atmospheric pollution
mitigation and
environmental
remediation

The collection also highlights the central
role of sustainable catalysis in addressing
environmental  challenges  through
greenhouse gas utilization, air pollution
control, and wastewater remediation.
Significant advances are reported in
catalytic CO, conversion, including the
hydrogenation of CO, to light olefins and
the development of solid oxide electrol-
ysis systems that couple renewable
energy storage with CO, utilization.*>*¢
Air purification is another major focus,
with innovative catalytic systems for the
integrated removal of NO, and CO
oxidation catalysts.®”®** In parallel,
numerous contributions demonstrate the
potential of catalytic technologies for
water treatment,*®*® particularly through
dual-functional photocatalytic systems
that simultaneously produce H, and
degrade organic contaminants,*® as well
as advanced oxidation processes capable
of rapidly removing antibiotics and
dyeS.SO,Sl

Valorisation of waste and
biomass

The valorisation of waste and biomass
represents another major research direc-
tion within the collection, reflecting the
growing importance of circular economy
strategies in sustainable catalysis. Some
contributions demonstrate the conver-
sion of waste streams into valuable
chemical feedstocks, including the cata-
lytic upcycling of plastic waste through
the selective production of p-xylene from
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PET using modified cobalt phyllosilicate
catalysts,> as well as the electrocatalytic
reforming of polylactic acid (PLA) into
value-added  chemicals.””  Biomass
conversion is also extensively explored,
with sustainable catalytic routes for the
production of platform molecules such as
limonene from renewable 1,8-cineole,>®
the upgrading of bioethanol into useful
bulk chemicals,* and the hydrogenation
of dimethyl oxalate to obtain oxygenated
chemicals.” The collection highlights the
potential of renewable feedstocks to
replace fossil-derived resources in the
chemical industry.

Conclusions

This themed collection demonstrates the
strong and growing interest in sustain-
able catalysis as a central field for
addressing global energy and environ-
mental challenges. It highlights that the
future of catalysis is rooted in the inte-
gration of advanced material design with
sustainable process engineering. By
combining innovations in catalyst devel-
opment with considerations of material
availability, operational stability, scal-
ability, and end-of-life management, the
studies compiled here outline a coherent
pathway toward more sustainable and
circular chemical technologies. Across
the different contributions, it becomes
evident that progress in catalysis is
increasingly driven not only by activity
and selectivity, but also by the design of
systems that are efficient, durable, and
compatible with environmental
constraints. Collectively, these advances
underscore how rational catalyst design,
resource efficiency, and environmental
responsibility converge to support a more
resilient, low-impact, and truly sustain-
able chemical industry, reflecting the
high relevance and interdisciplinary
interest of the topics covered.
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