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Abstract:

The development of efficient strategies for the fractionation and valorization of lignocellulosic
biomass from agricultural and food industry waste is essential for advancing green
technologies toward the production of biofuels and value-added chemicals. In this work,
cocoa pod husk waste was used as a model feedstock to demonstrate the effectiveness of
sequential acid—alkaline treatment and chemical modification, including phosphorylation,
sulfuration, carboxylation, oxidation, carbonization, and activation, for the preparation of
functional lignocellulosic materials.

The structural features and chemical properties of cellulose and lignin were elucidated using
a complex of physicochemical techniques, including solid-state 3C NMR, FTIR, TPD-MS,
MALDI-TOF MS, SEM, and adsorption—desorption analysis. The isolated lignin was shown to
differ from typical guaiacyl—syringyl lignins due to the presence of additional p-coumaric units.
Pyrolysis studies of raw biomass and fractionated materials revealed distinct thermal
transformation stages of hemicellulose, cellulose, and lignin. Sequential treatment enabled



efficient hemicellulose removal and selective isolation of lignin- and cellulose-rich fractions,
facilitating their targeted valorization. Lignin-derived materials can serve as precursors for
polyphenolic building blocks, advanced polymers, and functional additives, while cellulose-
derived fractions yield furan-based compounds. Carbonized materials and biochar exhibit
potential as sorbents and catalyst supports.

Overall, this study highlights the potential of integrated green processing and catalytic
strategies for the efficient valorization of lignocellulosic waste into high-value chemicals and
functional materials, contributing to the development of sustainable and circular bio-based
technologies.
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Abstract:

Plastic production has increased dramatically over the last decades and now exceeds 400
million tonnes per year, with polyolefins representing the largest share of both produced
plastics and accumulated waste. Despite growing efforts to develop circular solutions, most
post-consumer polyolefins are still incinerated or landfilled, highlighting the limitations of
current recycling technologies. Mechanical recycling often results in materials with
downgraded properties, while chemical recycling typically requires high temperatures or
pressurized hydrogen, leading to energy-intensive processes.! Here we present a
mechanocatalytic strategy for the upcycling of polyethylene that combines mechanical
activation with catalytic transfer hydrogenation. The system employs a commercial Ru/Al,03
catalyst with hydrogen-donor alcohols, enabling polymer depolymerization under ambient
conditions without the use of molecular hydrogen. Among the alcohols investigated, 2-



propanol proved to be the most effective, acting both as hydrogen donor and liquid-assisted
grinding agent. Four mechanochemical platforms, mixer mill, planetary mill, vibratory disc
mill, and resonant acoustic mixer, were systematically evaluated to assess the influence of
mechanical activation. Under optimized conditions, the mixer mill delivered the best
performance, achieving 30% polyethylene conversion after 6 h and producing predominantly
liquid hydrocarbons, with more than 95% of products in the C5-C20 range and negligible gas
formation.? The methodology was successfully extended to ultra-high molecular weight
polyethylene and real post-consumer polyethylene waste.
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Abstract:



This work reports the valorization of coconut shell waste into bifunctional sulfonated carbon
catalysts bearing Lewis and Brgnsted acid sites for the production of high-value furanic
compounds. Catalysts were prepared via ZnCl, activation followed by H,SO4 sulfonation to
enhance acidic site distribution and synergy. Their performance was evaluated in the
conversion of xylose to furfural (FF) and glucose/fructose to 5-HMF under varying reaction
conditions. The ZnCl,-ACso0-S catalyst showed superior activity, achieving 87.3% FF yield from
xylose and up to 98.2% 5-HMF from fructose. The results demonstrate a synergistic interplay
between Lewis sites (isomerization) and Brgnsted sites (dehydration). These findings highlight
coconut shell as a sustainable precursor for efficient, reusable catalysts in biomass upcycling.
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Abstract:

Orange processing generates large amounts of peel waste, highly moist and rapidly
degradable, which can cause odor, greenhouse gas emissions, and disposal costs if
unmanaged. However, these residues contain valuable bioactive compounds and
carbohydrates'. This study proposes a cascade biorefinery approach to convert orange peel
waste into multiple products. Phenolic compounds are first extracted, yielding antioxidant-
rich fractions. The remaining biomass undergoes acid hydrolysis to release fermentable sugars
for biofuels or biobased chemicals?. Hydrolysis residues are treated via anaerobic digestion to
produce biomethane, while the digestate serves as a nutrient-rich soil amendment3. This



integrated process demonstrates a sustainable strategy for valorizing orange peel waste and
supports circular bioeconomy principles.
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Abstract:

The increasing diffusion of spent lithium-ion batteries represents a significant environmental
challenge; however, their active materials offer promising opportunities for catalytic reuse. In
this work, a cobalt-based catalytic material was obtained from LiCoO, cathodes recovered
from end-of-life batteries through a simple mechanical treatment followed by thermal
activation. The thermal treatment was applied to remove residual organic binders and
promote a structural rearrangement of the cobalt oxide framework.

The physicochemical properties of the materials were investigated using several
characterization techniques, showing that the pristine material retains the typical layered
structure of LiCoO,, whereas calcination promotes a partial structural transformation toward
a spinel-type cobalt oxide phase. The catalytic performance of the obtained materials was
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evaluated in the hydrogenation of furfural, an important biomass-derived platform molecule,
both in the presence of molecular hydrogen and under catalytic transfer hydrogenation
conditions. The catalyst exhibits high selectivity toward furfuryl alcohol at short reaction
times, while longer reaction times favour the formation of the secondary hydrogenation
product, tetrahydrofurfuryl alcohol (THFA). Complementary computational calculations
further indicate that spinel-type LiCoO, surfaces provide more favorable adsorption
interactions for furfural compared to the layered structure, providing an atomistic explanation
for the observed catalytic behavior.

Overall, these results demonstrate the potential of materials derived from spent LCO batteries
as sustainable catalysts for biomass valorization processes.
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Abstract:

The ALTEREGO project focuses on the development of innovative valorization strategies for
sodium aluminate waste (SAW), a by-product generated during the alkaline surface treatment
of aluminum profiles. The project aligns with the principles of circular economy and industrial
symbiosis by promoting resource recovery, waste minimization and a consequential reduction
in the environmental impact.

The main objective is the recovery of aluminum from SAW in the form of aluminum hydroxide
(AI(OH)3), which will serve as a precursor for the synthesis of hydrotalcites and layered double
hydroxides (LDHs), including environmentally friendly doped systems such as Fe-containing
materials. A particular attention will be devoted to tuning the acid-base properties and



interlayer anions of the prepared materials with the aim of optimizing their catalytic and
adsorption performances.

The developed materials will be applied in three main areas: heterogeneous catalysis for the
synthesis of cyclic organic carbonates through the cycloaddition of CO2 to epoxides,
adsorption and degradation of surfactants from wastewater via advanced oxidation processes,
including Fenton and photo-Fenton reactions and arsenic removal from drinking water.

To assess the environmental sustainability of the proposed processes, the project will also
include a Life Cycle Assessment (LCA) study aimed at quantifying the benefits associated with
green chemistry approaches and evaluating the potential industrial scale-up of the developed
technologies.
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Abstract:

Zeolite ZSM-5 nano-sheets with a plane morphology were synthesized using DABCO-based
cationic surfactants through a hydrothermal route. The effects of surfactant structure,
synthesis ratios, and phosphorus modification on morphology and catalytic activity were
investigated. The products were characterized using SEM, TEM, XRD, BET, and FTIR analyses.
Chemometric tools (MCR-ALS) were applied to interpret DRIFT spectra and monitor synthesis
evolution. Results revealed that minimizing the SiO2/AI203 ratio while maximizing
template/SiO2 and H20/Si0O2 ratios led to the thinnest layer morphology (=5.5-10 nm). The
phosphorus-modified nano-sheets exhibited enhanced surface acidity and improved catalytic
performance, indicating their potential for petrochemical applications.



Keywords: Zeolite nano-sheets, DABCO surfactant, phosphorus modification, chemometrics,
spectroscopy
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Recent Advances in Palladium lodide Catalyzed Carbonylative
Transformations

Bartolo Gabriele*

University of Calabria,Italy

Abstract:

In this lecture, | will present some recently developed carbonylative transformations leading
to high value-added compounds that make use of the palladium iodide / potassium iodide
catalytic system [1], firstly introduced by my research group in 1992 [2].

[1] B. Gabriele, Palladium iodide catalyzed oxidative carbonylations. Tetrahedron Chem 2024,
12,100107.

[2] B. Gabriele, M. Costa, G. Salerno, G.P. Chiusoli, A new synthesis of trimethyl aconitate by
palladium-catalysed triple carbonylation of propynyl alcohol. J. Chem. Soc., Chem. Commun.
1992, 1007-100
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Calabria. After a post-doc experience at Columbia University (New York) with Prof. Ronald
Breslow (1997-1998), he returned to the University of Calabria, where he was promoted to
Associate Professor in 2002 and to Full Professor of Organic Chemistry in 2006. Prof. Gabriele
has published so far 269 papers in peer-reviewed journals, 21 chapters in international books,
is the co-inventor of 20 patents (12 national, 8 international). In 2022, he edited the book
Carbon Monoxide in Organic Synthesis — Carbonylation Chemistry with Wiley. Prof. Gabriele
received the award in Synthetic Organic Chemistry from the Organic Chemistry Division of the
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Abstract:

Consisting of graphene oxide molecularly entrapped within jamborite nanoparticles, NiGraf
(GO@Ni) is a new metal-organic alloy (MORAL) usable as versatile electrocatalyst for both
hydrogen and oxygen evolution reactions in alkaline water electrolysis. Its reduced form
obtained via reduction of entrapped GO with thiophene (RGO@Ni) is a highly active and stable
hydrogenation catalyst enabling the reduction of nitrobenzene (NB) to aniline at 35 °Cin the
liquid phase using water as an “on-solvent” reaction medium under biphasic conditions. In
this presentation, | will discuss the outcomes of experimental and computational
investigations of both NiGraf and reduced NiGraf explaining the unique catalytic activity and
stability of these new MORALs. Applications range from use of reduced NiGraf in mediating
the nitrobenzene hydrogenation to aniline through successful employment of NiGraf in the
electrocatalytic oxygen evolution reaction (OER), which is usually the most sluggish half-
reaction in alkaline water electrolysis due to the multi-electron transfer process. These results
are practically relevant because MORALs hold great applicative potential as new-generation
solid catalysts, especially when the metal used to entrap organic species consists of low-cost
and earth-abundant nickel. For instance, besides eliminating the need for an organic solvent,
the reduction of NB to aniline at room temperature mediated by reduced NiGraf has
significant practical application potential for the synthesis of a compound produced
worldwide at a rate of 7 million tonnes per year.
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Waste Valorization into Chemicals and Fuels Using Nanocatalysis
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Abstract:

Valorization of plastic waste and non-edible lignocellulosic biomass into chemicals and fuels
is a promising strategy to reduce fossil-fuel dependence and net carbon emissions [1-10]. Both
plastic and biomass consist of rigid carbon-rich polymer structures with strong C—C and C-—
heteroatom bonds, which makes their conversion under mild conditions challenging.
Heterogeneous catalysis using metal and metal oxide nanomaterials offers cost-effective
routes for transforming plastic and biomass into valuable products. Tuning the size and shape
of metal/metal oxide nanoparticles offers highly active surface acid—base and redox
properties, with selective performance. In this talk, | will discuss the fundamentals and
catalytic applications of metal and metal oxide nanocatalysts for (i) valorization of PET plastic
waste into value-added monomers and (ii) converting lignocellulosic biomass-derived furans
into chemicals and fuel precursors.

Keywords: Waste-to-value; plastic waste recycling; biomass conversion; nanocatalysis;
sustainable processes
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Unconventional Solvents: Powerful Reaction Media for Heterocyclization
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Abstract:

Heterocyclization reactions, represent a cornerstone of modern synthetic chemistry, enabling
the efficient construction of heterocycles, a class of structures widely present in
pharmaceuticals, natural products, and functional materials. Among the various
heterocyclization strategies, iodocyclization has emerged as a powerful and versatile method
that exploits the high electrophilicity and leaving-group ability of iodine reagents to promote
intramolecular carbon-heteroatom bond formation. lodocyclization reactions typically
proceed under mild conditions and often provide excellent regio- and stereoselectivity,
making them attractive for the synthesis of oxygen-, nitrogen-, and sulfur-containing rings.
Unconventional solvents, on the other hands, such as ionic liquids (ILs) and deep eutectic
solvents (DESs), are emerging as valuable alternatives to traditional volatile organic solvents.
Their distinctive physicochemical characteristics, including tunable polarity, enhanced thermal
and chemical stability, low vapor pressure, and the ability to form highly structured solvation
environments, offer unique advantages for chemical synthesis, extraction, catalysis, and
materials processing. Unconventional solvents not only improve reaction efficiency and
selectivity but also contribute to the principles of green chemistry by reducing environmental



impact and enabling more sustainable processes. In this communication, | will show as
unconventional solvents can significantly enhance both Metal-catalyzed heterocyclization and
iodocyclization reactions. In Matal-catalyzed heterocyclization processes, these media can
first of all promote intramolecular bond forming steps by facilitating favorable solute-solvent
interactions and then offer the possibility of recycling the metal catalyst several times without
loss of catalytic efficiency. Similarly, in iodocyclization reactions, unconventional solvents can
boost the electrophilicity of iodine-based reagents and support highly controlled cyclization
pathways.
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Abstract:

Oil recovered from pyrolysis of tires is a very attractive product stream due to their
composition that is very close to an engine fuel [1]. Nonetheless, their sulphur content is
generally very high avoiding their for real field applications and requires an upgrading process



to met the fuel regulation requires.Considering the required desulphurization thrust and the
high content of refractory sulfur compounds, the most suitable technique is oxidation. This
technique oxidizes sulphur compounds into sulphons, which are characterized by a more
marked solubility towards polar solvents. We run oxidation a biphasic catalytic system in which
the oxidizing agent (H,0;) performing a quasi-Fenton reaction catalyzed by iron tailored
carbon materials recovered from pyrolysis of tires and coffee [2]. The Fe (lIl) of the catalytic
species is generated by passivation of the Fe nanoparticles deposited through the
carbothermal process. The characterization confirmed the formation of Fe nanoparticles with
a hemispherical configuration whose external layer is composed of Fe oxides. The eccentricity
of the catalytic surface caused a stress on the crystalline lattice of Fe oxide with an electronic
distribution which allowed to obtain a high reactive system. The ICP results confirmed the
reactivity of the system which achieved efficiencies between 35% and 60% under different
operating conditions.
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Designing Ru Catalysts from Atomic to Nanoparticle Scale: Mechanistic
Insights from Multiscale Modeling
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Abstract:

Designing next-generation Ru-based catalysts for mild-condition ammonia conversion can
unleash the potential of ammonia as an efficient renewable energy carrier. Currently, Ru-
based catalysts suffer from high cost and hydrogen poisoning, which is addressed by
controlling the size and dispersion of Ru species. Here, we have employed multiscale
modeling, integrating density functional theory (DFT) calculations with ab initio molecular
dynamics (AIMD) and deep potential molecular dynamics (DPMD) simulations to analyze
catalysts from atomic to nanoparticle scales, providing in-depth mechanistic understanding of



how to optimize Ru-based catalysts for ammonia production and decomposition. Our DFT
calculations revealed that Ru SACs on MgO(111) form multiple Ru-O pairs that facilitate
heterolytic cleavage of hydrogen [1] or ammonia [2] and drive subsequent hydrogen spillover,
suppressing hydrogen poisoning and enhancing catalytic ammonia conversion activity. This
highlights the impact of supports at the atomic scale. When considering Ru8 cluster models,
the importance of Ru B5 site geometry emerges, facilitating enhanced orbital coupling with
and activation of N2.[3] Extending to nanoparticle scales, DPMD simulations show how Ru
nanoparticle morphology changes with size.[4] Moreover, low-coordination sites on Ru
nanoparticles can adsorb multiple hydrogen species, leading to nonlinear scaling between
metal size and hydrogen adsorption capacity.[5] Altogether, these studies provide a fresh big-
picture perspective into the different catalyst behaviors and reaction mechanisms that
dominate at different size scales of Ru catalysts for ammonia conversion. These insights are
expected to guide the future design of Ru-based catalysts for sustainable ammonia production
and decomposition.
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Abstract:



Over the past 15 years, the Catalysis and Oleochemistry Research Group at the Federal
University of Para (UFPA), in the Brazilian Amazon, has advanced a research agenda that
positions the region not only as a source of biodiversity, but as a generator of high-level
scientific knowledge and innovation. This work is driven primarily by researchers born and
trained in the Amazon, combining territorial expertise with an expanding international
scientific presence.

Our research integrates catalysis, green chemistry, and biotechnology to convert regional
biomass—such as agro-industrial residues, mining by-products, vegetable oils, and
lignocellulosic materials—into high-value products, including biofuels, fine chemicals (e.g.,
vanillin), and bioactive compounds such as larvicides. This approach has evolved into a
biorefinery framework, enabling the full valorization of biomass streams and the development
of biomaterials, including bioplastics and biochars, applied in environmental remediation,
energy, and agricultural systems.

More recently, biotechnological strategies involving cyanobacteria have expanded our
capacity to generate sustainable bioproducts. These advances are supported by strong
regional and national collaborations across Brazilian institutions, as well as international
partnerships with Spain, Italy, Mexico, Thailand, Cameroon, Ecuador, Canada, France, and
Australia—this latter contributing to high-impact scientific outputs. Such networks have
significantly increased the depth, robustness, and global reach of our research.

By integrating local knowledge with global collaboration, this work reinforces the Amazon as
a strategic frontier for sustainable technologies and bioeconomy-driven innovation.
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Abstract:

Biocatalysis is playing an increasingly important role in enabling more sustainable chemical
processes. However, engineering enzymes with the performance required for industrial
application remains challenging, particularly when beneficial single mutations must be
combined into higher-order variants with improved activity, selectivity, or stability. In practice,
this often still depends on multiple rounds of library construction and extensive screening.

In this presentation, we will show how Bio-Prodict’s 3DM Engineering platform provides a
faster and more precise route to protein engineering. By combining protein family data
integration, structure-based analysis, and artificial intelligence, 3DM Engineering identifies
productive mutation combinations and designs improved enzyme variants without depending
on large random libraries or lengthy iterative campaigns.

We will present how 3DM Engineering is used today to accelerate protein engineering and
generate higher-order mutants with substantially improved performance. The platform
reveals non-obvious combinations of mutations distributed across the protein structure,
offering solutions that are difficult to derive using conventional rational design alone. Recent
results show that 3DM Engineering can design five-mutation variants that outperform the best
variants identified through conventional high-throughput screening. This illustrates how the
approach can reduce screening effort, shorten development timelines, and increase the
likelihood of identifying high-value variants for industrial biocatalysis.

This Al-driven workflow offers companies a scalable solution to accelerate enzyme
optimization and advance biocatalyst development for sustainable chemistry applications.
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Supported Copper Catalysts for Sustainable C—H Amination and Selective
Reductions Under Microwave and Flow Conditions



Katia Martina* Andrei Paraschiv, and Giancarlo Cravotto.

Department of Drug Science and Technology, University of Turin, Italy

Abstract:

Conventional synthetic protocols are increasingly being replaced by more efficient and
sustainable approaches that employ safer reagents, readily available solvents, improved atom
economy, and effective catalytic systems. In this context, copper and other 3d transition
metals (e.g., Fe, Co, Ni, Mn) have emerged as valuable alternatives to noble metals (Pd, Pt,
Rh), offering comparable catalytic performance alongside advantages such as natural
abundance, low cost, and reduced toxicity.

In this work, two complementary applications of supported copper catalysts are presented: (i)
C2 amination of benzoxazole and (ii) reduction of nitroarenes and alkynes to cis-alkenes. CuCl
and CuCl, were efficiently immobilized on aminated silica and employed in microwave (MW)-
assisted, additive-free amination of benzoxazole, affording excellent yields and broad
applicability. In parallel, copper nanoparticles (CuNPs) supported on Celite were developed as
efficient catalysts for hydride-free reduction of aromatic nitro compounds and
semihydrogenation of alkynes.

Both methodologies demonstrated significant advantages in terms of safety, reaction rate,
and product quality. The CuNP-based system was further adapted to continuous-flow
conditions, where it showed high robustness and operational stability. The protocol is
environmentally benign, avoiding the use of hydrogen gas and precious metals. Long-term
studies confirmed sustained high conversions (>99%) over extended reaction times.

Finally, integration of microwave irradiation with flow processing (MW-Flow) led to a marked
enhancement in productivity and catalytic efficiency, highlighting the potential of these
systems for scalable and green chemical transformations.
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A Zinc-Based Catalyst for the Synthesis and Chemical Recycling of Polyester
Federica Santulli*, Marina Lamberti, Mina Mazzeo
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Abstract:

Aliphatic polyesters have emerged as a highly promising class of bioplastics due to their
renewable origin and inherent biodegradability. However, their end-of-life management
remains a significant challenge: under natural conditions, degradation is often slow, while
industrial composting processes can be energy-intensive and inefficient. For this reason,
catalytic systems that can bridge polymer synthesis and chemical recycling are particularly
appealing.?

In this work, we present a zinc complex bearing phenoxy-imine-pyridine ligand that efficiently
catalyzes the ring-opening polymerization of cyclic esters under conditions relevant to
industrial practice, offering a less toxic alternative to traditional tin-based catalysts.
Remarkably, the same catalyst can also be used for the chemical recycling of aliphatic
polyesters via hydrolysis and alcoholysis, producing the corresponding hydroxycarboxylic acids
and alkyl esters, respectively, under mild conditions.? In addition, under reduced pressure, it
enables direct depolymerization back to the original cyclic monomers, supporting a closed-
loop recycling approach.
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Abstract:

Chitosan derived from insects has gained increasing attention as a sustainable biomaterial
supporting green chemistry, circular economy strategies, and catalytic applications.
Traditionally sourced from crustacean waste, chitosan can be efficiently extracted from insect
biomass such as black soldier flies and mealworms, offering a renewable alternative that
reduces pressure on marine ecosystems. This approach aligns with circular economy
principles by valorizing organic waste streams used in insect farming and converting them
into high-value products. Insect-derived chitosan retains key properties including
biodegradability, biocompatibility, and functional versatility, enabling its use across
environmental, agricultural, and biomedical fields. Notably, its chemical structure, rich in
amino and hydroxyl groups, makes it an excellent support or active component in catalysis.
Chitosan-based catalysts have been applied in heterogeneous catalysis, metal ion
immobilization, and green synthesis reactions, enhancing efficiency while minimizing toxic
byproducts. Additionally, its role in water treatment as both an adsorbent and catalytic
material further highlights its multifunctionality. The integration of insect-derived chitosan
into industrial processes promotes waste reduction, resource efficiency, and the substitution
of non-renewable materials. Overall, it represents a promising pathway toward sustainable
production systems, bridging biotechnology, environmental protection, and green catalytic
innovation in a circular economy framework.

Biography:

Ana Paula Ribeiro holds a degree in Chemistry and a Master’s in Materials from the Faculty of
Sciences, University of Lisbon, a European Master in Computational Simulation and
Theoretical Chemistry from the University of Perugia, and a PhD in Chemistry from FCUL. She
is an Auxiliary Researcher at Centro de Quimica Estrutural and Invited Assistant Professor at
Instituto Superior Técnico. Her research focuses on green chemistry, ionic liquids, and
sustainable catalysis, including mechanochemistry and sonochemistry. She has authored 105
papers, holds 4 patents, contributed 12 book chapters, and delivered over 190 conference
presentations.

Cascade Biorefining of Wet Agro-Industrial Residues into Renewable Energy
Carriers: Integrated Extraction, Ni-Catalyzed Supercritical Water Gasification
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Abstract:

The efficient valorisation of wet agro-industrial residues is a critical challenge due to their high
water content, low energy density and complex composition. Here, a cascade biorefinery
approach is proposed, integrating extraction, supercritical water gasification (SCWG) and
catalytic wet air oxidation (CWAO) for the simultaneous recovery of value-added compounds
and production of renewable energy carriers. Citrus processing residues (pastazzo) and spent
brewery grains were selected as representative feedstocks. A preliminary extraction step,
performed using green solvents and intensified techniques, enables the recovery of high-value
biomolecules while preserving most of the organic carbon for downstream conversion. The
extracted residues are subsequently processed via SCWG using Ni-based catalysts supported
on different oxides and prepared through tailored synthesis routes. The use of non-noble
metal catalysts, combined with structured configurations, allows improved control of product
distribution toward H;- or CHs-rich gas streams under severe conditions, while enhancing
catalyst stability in the presence of inorganic contaminants. The aqueous phase produced
after SCWG is further treated by catalytic wet air oxidation using Mn—Ce based catalysts,
enabling the efficient removal of refractory organic compounds and supporting water reuse
within the process. Advanced physico-chemical characterization, including in situ and
operando spectroscopy combined with advanced electron microscopy, was employed to
establish structure—activity relationships and elucidate the role of metal-support interactions
in governing catalytic performance. Overall, the proposed cascade biorefinery demonstrates
a robust and integrated strategy for the near-zero-waste valorisation of wet agro-industrial
residues, combining chemical recovery, renewable energy carriers production and wastewater
treatment within a circular economy framework.

This research was funded by the programme Ricerca di Sistema PTR25-27 and Fondo Italiano
per la Ricerca through the project SUPERBIO (FISO0002427).
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Abstract:

Plastic waste accumulation represents a major environmental challenge, while current
recycling rates remain insufficient to mitigate its long-term ecological impact. In this work,
microwave-assisted co-pyrolysis (MAP) is proposed as a sustainable route for the upcycling of
plastic waste into energy carriers and carbonaceous products, using residual biomass-derived
biochar as both microwave susceptor and low-cost catalytic material. Biochars were produced
from different feedstocks, including olive prunings, wood prunings, blue crab shells, and the
red seaweed Gracilaria gracilis, and subsequently assessed in terms of physicochemical
properties, structural features, and microwave absorption behaviour.

MAP experiments were carried out in a Pyrowave microwave muffle using plastic samples,
mainly high-density polyethylene, blended with biochar at a 7:3 weight ratio. The mixtures
were processed at temperatures between 400 and 800 °C under different residence times to
evaluate the influence of operating conditions on product distribution. Increasing
temperature promoted gas formation, whereas lower temperatures favoured the production
of solid residues. Particular attention was devoted to hydrogen and methane generation, with
optimized conditions yielding an H,/CH4 molar ratio up to 2.08 at 550 °C after 1 h of residence
time.

FTIR analysis of plastics and biochars supported the interpretation of the main chemical

transformations occurring during co-pyrolysis. The results demonstrate that biochar can

efficiently enhance microwave heating and influence cracking and reforming pathways,
improving the conversion of plastic waste into valuable products. Overall, this study highlights
the potential of biochar-assisted MAP as a circular and energy-efficient strategy for plastic
waste valorisation, clean fuel production, and sustainable waste management.
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Abstract:

Anion exchange membrane water electrolysis (AEMWE) stands out as a promising low
temperature technology for cost-effective and sustainable hydrogen production, due to its
ability to use non-precious metal catalysts, working in alkaline environment, and to produce
high purity hydrogen. Nevertheless, its practical application still encounters considerable
kinetic challenges, relying on electrochemical energy to drive the cathodic hydrogen evolution
reaction (HER) and the anodic oxygen evolution reaction (OER), so leading to poor electrolysis
efficiency. Then, the rational design and development of highly active, durable and eco-
friendly electrocatalysts is a crucial challenge to advancing of this technology. Recently, the
emergence of multi-metallic nanomaterials based on the high-entropy concept has opened a
new paradigm for catalyst design. Unlike conventional low- or medium-entropy oxides, high-
entropy oxides, consisting of five or more principal elements in equimolar or near-equimolar
ratio, dissolved in a single lattice, are endowed with excellent thermodynamic stability and
enhanced catalytic performance. This study focus on the synthesis and characterization of
nanostructured (Cr,Mn,Fe,Co,Ni)-based high-entropy oxides and their testing as
electrocatalysts in a zero gap AEMWE electrolyzer. High-entropy oxides are synthesized via a
sol-gel technique, followed by calcination at different temperatures (400, 500, 600 or 800 °C).
The as-prepared oxide is utilized to fabricate the anode of a zero-gap AEMWE full cell, while
for the fabrication of the cathode the oxide is first reduced in a H,/Ar atmosphere. The effect
of calcination temperature on the electrochemical cell performance, as resulting from the
physicochemical properties of the obtained electrode materials, is investigated.
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Abstract:

Turpentine, a waste product from the forest industry that is underutilized, contains high
amounts of a-pinene which can be used to obtain high-value products. Cis-pinane, for
example, is a valuable intermediate widely used in chemical and pharmaceutical synthesis
which can be obtained through the selective hydrogenation of a-pinene. Here, we propose a
systematic study on the selective conversion of a-pinene to cis-pinane, examining both direct
hydrogenation conditions (1 bar of H, gas) and catalytic transfer hydrogenation (CTH) using
various alcohols as hydrogen donors, with Pt/C and Ru/C catalysts. The hydrogen donors
tested were primary and secondary alcohols. Regardless of the chain length or metal used,
primary alcohols were entirely inactive in CTH. Conversely, secondary alcohols exhibited
complete conversion with Ru/C. Overall, CTH and direct hydrogenation with Ru/C exhibited
higher selectivity towards the cis isomer compared to Pt/C. The activation parameters of the
reaction were determined to rationalize this behavior. Based on the activation parameters of
Ru/C the use of H2 gas does not exclude the possibility of CTH occurring during the reaction.
For this reason, isotope labeling experiments were carried out to gain deeper mechanistic
insights. Using D2 as a hydrogen source we observed a small amount of deuterated products
in the case of Ru/C, confirming that CTH is as fast as direct hydrogenation. Finally, the binding
energies of the different hydrogen donors for the two catalytic systems were calculated using
DFT to elucidate the observed differences in selectivity and activity between the two metals.
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Abstract:

Biomass-derived furfural is a key platform molecule for the sustainable production of furfuryl
alcohol, a critical intermediate for biofuels and green chemicals. While noble metal catalysts
dominate this transformation, earth-abundant cobalt-based oxides have emerged as
promising alternatives, exhibiting strong structure-activity relationships that govern
selectivity between carbonyl hydrogenation and deeper deoxygenation pathways. Oxygen
vacancies and redox-active surfaces have been identified as critical descriptors for H
activation, yet their precise mechanistic role at the atomic scale remains poorly understood.
Here, we present a comprehensive computational investigation of furfural hydrogenation over
two different phases of LiCoO,, the layered R3m and the spinel-like Fd3m benchmarked
against Co304, and Co0. Using density functional theory combined with machine learning
interatomic potentials and well-tempered metadynamics, we map the full free-energy
landscapes of competing reaction pathways and identify the key descriptors governing
catalytic activity and selectivity. Our results reveal that Fd3m LiCoO, dramatically lower the
activation barriers for H, dissociation and carbonyl hydrogenation, with the lowest adsorption
energy, outperforming conventional cobalt oxides in both activity and selectivity toward
furfuryl alcohol. These findings are rationalized through a unified structure-activity framework
and validated against experimental data. This work establishes Fd3m LiCoO, as a high-
performance, waste-derived catalyst for biomass valorization, offering a compelling proof of
concept for integrating battery recycling into circular and sustainable chemical processes.
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Abstract:

Amide bond formation remains a cornerstone transformation in pharmaceutical synthesis,
yet conventional methods rely heavily on stoichiometric activating reagents, hazardous
solvents, and energy-intensive conditions. Here we report a fully integrated bio-
organocatalytic cascade that couples stereoselective w-transaminase (w-TA) transamination
in neat organic solvent with choline chloride (ChCl)-mediated direct amidation under solvent-
free microwave irradiation. This approach enables the efficient synthesis of highly
enantioenriched chiral amides directly from simple prochiral carbonyl compounds and
carboxylic acids, providing a streamlined and sustainable alternative to traditional amide-
forming methodologies. Biocatalytic optimization in MTBE allowed both Cv-wTA and AsR-wTA
to operate with excellent conversions (>99%) and enantiomeric excess (97—>99% ee), even
with sterically demanding substrates. We identified MTBE as the optimal medium, balancing
enzyme flexibility, substrate solubility, and operational practicality. Subsequent solvent
evaporation proved essential to remove acetone generated from the amine donor 2-
propylamine and to enable efficient ChCl coordination in the organocatalytic step. Under
microwave irradiation (80 °C, 18 min), the amidation proceeded smoothly across a broad
range of aliphatic and aromatic carboxylic acids, delivering the target amides in 60-86%
isolated yields. The cascade was successfully applied to the synthesis of key chiral building
blocks of racecadotril and AVR-48, demonstrating its relevance to API intermediate
preparation. Notably, both enantiomers of the amine intermediates were processed without
loss of stereochemical integrity, highlighting the robustness of the method. Overall, The
combination of w-TA catalysis, ChCl-mediated activation, and microwave irradiation
represents a promising platform for sustainable pharmaceutical manufacturing and future
process intensification.
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friendly transformations. His research aims to develop innovative synthetic strategies with
applications in the pharmaceutical and fine chemicals industries.
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Abstract:

Hydrogen is widely regarded as a key energy carrier in the transition toward more sustainable
energy systems. However, hydrogen produced by conventional hydrocarbon reforming
processes typically contains residual carbon monoxide (CO), which prevents its direct use in
proton exchange membrane fuel cells (PEMFCs) due to Pt electrode poisoning. Among the
available purification strategies, the preferential oxidation of CO (PROX) has emerged as a
promising solution, although the development of efficient, selective and low-cost catalysts
remains a major challenge. In this work, a nanocomposite MnCeOx catalyst was investigated
through a combined experimental and computational approach to assess its potential for
PROX applications. The catalyst, synthesized by redox-precipitation, was extensively
characterized, highlighting the key role of surface Mn(IV) species in determining its catalytic
behavior. Catalytic tests revealed high CO oxidation activity at low temperature (293 K)
together with negligible hydrogen oxidation below 373 K, resulting in a favorable PROX
response in the 293-423 K range. To rationalize these results, Density Functional Theory (DFT)
calculations were performed on a Mn408 cluster model. The calculations showed that Mn(IV)
sites interact with CO and H2 through distinct pathways, giving rise to two separate oxidation
cycles with significantly different activation barriers. This energy gap explains the observed
selectivity toward CO oxidation. Experimental and theoretical results were further integrated
into simplified reaction mechanisms and kinetic models capable of describing both CO and H2
oxidation in the 293-533 K range. Overall, this study provides mechanistic insight into MnCeOx
catalysts and offers a rational framework for designing selective mixed-oxide catalysts for
hydrogen purification.

This research was funded by the programme Ricerca di Sistema PTR25-27.
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Abstract:

The selective semi-hydrogenation of alkynes is one of the most important organic
transformations with wide applications.1 The direct application of biomass in transfer
hydrogenation reactions is beneficial because of renewability. Biomass derived hydrocarbons,
such as sugars, cellulose, and starch, are potentially important feedstocks obtained by
photosynthesis in plants from CO2. For instance, glucose is inexpensive, easily obtained from
natural renewable resources, and safe to handle. This method has the advantage of
eliminating the use of pressurized H2 gas and related pressure-accommodating experimental
setups.2

The transfer hydrogenation of alkynes with carbohydrates exhibited a highly selective
saturation pattern, where the cis-alkene was the predominant intermediate and the trans-
alkene a minor product (Figure 1). The formation of the corresponding fully saturated product
was not observed.

We analyzed the carbohydrate after the reaction. In a model reaction, we detected small,
oxidized fragments like lactic acid, still intact six membered sugar molecules and oxidized six
membered sugar rings.

We tested various carbohydrates for the transfer hydrogenation of internal alkynes in a wide
substrate scope. In order to determine the physical chemical parameters of the given reaction,
diphenylacetylene, as model compound was studied. Kinetic analysis revealed initial reaction
rates and activation parameters, including activation energy (Ea), activation enthalpy (AH%),
and activation entropy (AS#).

Monosaccharides, disaccharides and polysaccharides were used successfully as H-donors in
this model reaction. Under optimized conditions 35 differently substituted internal alkynes
were studied, the corresponding cis/trans alkenes were detected with good to excellent
yields.



In order to utilize the sugar residue remaining after the reaction, we followed a protocol for
the synthesis of bio-derived carbon with a high surface area, which can be used as a
supporting material in catalyst synthesis.

1 Kusy R.; Grela, K. Chem. Rev. 2025, 125 (9), 4397-4527

2 Manna S.; Antonchick A. P. ChemSusChem 2019, 13, 3094-3098

Catalytic Pyrolysis of Mixed Plastic Waste in a Two-Stage Fluidized Bed
Reactor

Piotr Trochimczyk®2* and Krzysztof Krawczyk®*

IWarsaw University of Technology, Faculty of Chemistry and 2MARTEX

Abstract:

Global plastic production reached 413.8 million tons in 2023, and only 9% of plastics are
recycled. The complexity of municipal waste streams limits the effectiveness of mechanical
recycling. Our research focuses on chemical recycling as a solution to the surge in mixed plastic
waste. We have designed and tested a two-stage fluidized bed reactor for the catalytic
pyrolysis of a mixed plastic simulating municipal collection (PE, PP, PET, and PS).

The central innovation of this work is the implementation of a two-stage catalytic system that
uses a custom-synthesized Ni/yAl,O3 catalyst in the first stage and an industrial G-0110 nickel
catalyst in the second stage. Our process operates at atmospheric pressure with temperatures
ranging from 400°C to 453°C, which is significantly lower than the usual 800°C required for
non-catalytic thermal pyrolysis. Nickel was selected for its established utility in the
petrochemical sector and its cost-effectiveness.

Reactor demonstrated high efficiency in cracking plastic into hydrocarbons, vyielding
90.33 +/- 1.41 of oil and waxes. Syngas or combustible gases at 2.00 +/- 0.92 yield, and char
carbonaceous residues yielding 7.67 +/- 0.53. GC-MS confirmed that the liquid and wax
fractions contain a rich mixture of aliphatic and aromatic hydrocarbons, including styrene,
toluene, indene, and benzoic acid. Our study provides empirical evidence that a two-stage
catalytic system can overcome the challenges of mixed plastic pyrolysis. As the petrochemical
industry moves toward mandatory recycled-content requirements, our fluidized bed
technology offers a scalable, efficient pathway to transform global waste liability into a
valuable industrial asset.
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Fatty Acid Upgrading to Linear Olefins Over Aminophosphine-Derived Precatalysts
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Abstract:

Fatty acid dehydrative-decarbonylation presents a sustainable route for producing value-
added linear alpha-olefins. Alkenes form the fundamental building blocks for organic synthesis
and industrial applications from fuels, fine chemicals and pharmaceuticals. Traditionally, long-
chain olefins are produced form the oligomerization of ethylene which is sourced from fossil
fuel. Herewith we report the synthesis, characterization and application of phosphino-amine
complexes, PdL, IrL, and Col, as precatalysts in the dehydrative-decarbonylation of Cis fatty
acids. This method reduces the excess phosphine addition typical for in situ generated
catalysts in this process that lead to higher production costs, waste and inhibit industrial
adoption. The reaction pathway and product selectivity are demonstrated to be influenced by
the metal center and coordination environment. The Ir3* complex exhibited the highest
activity (95.9 % conversion) and linear a-olefins selectively (62.7 %), while Pd and Co
complexes primarily yielded aldehydes at 67.3% and 64.5, respectively. We propose the
aldehyde production pathway takes place via the reaction of alkyl radical intermediates and
side-products. Immobilization of the Pd complex onto SBA-15 resulted in a tandem alkene and
ketone generation, demonstrating the tunable selectively of these catalysts. HR-TEM analysis
of the recovered heterogeneous catalyst depicted nanoparticle formation, recognized to favor
decarboxylation over decarbonylation. This work illustrates the capacity of phosphinoamine-
derived complexes as adaptable catalysts in the sustainable deoxygenation of fatty carboxylic
acids.
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