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Preface

The 13th International Conference on Environmental Catalysis (ICEC2025) has been held on June 2-5
(Monday-Thursday), 2025 at "SARACEN SANDS HOTEL & CONGRESS CENTRE" in Isola delle
Femmine (Palermo, Sicily - Italy). The conference follows ICEC2022, which was held at Kansai University
in Osaka, Japan, from July 30 to August 2, 2022. The conference is the major event in environmental
catalysis.

After three decades, in a deep transition period to a new low-carbon economy, ICEC returns to Italy to
discuss the future of environmental catalysis. The conference sub-title was "Addressing the new
challenges", because it aims to redefine the fundamental and applied research on environmental catalysis
to address the 2050 challenges.

The congress is organised by ERIC aisbl (European Research Institute of Catalysis) in collaboration with
the Italian Group of Catalysis (GIC) and the Division of Industrial Chemistry of the Italian Chemical
Society (SCI), and the contribution of the University of Messina (Italy), Politecnico Milano (Italy) and
Forschungszentrum Jiillich GmbH (Germany).

Conference Theme

Fundamental and applied research on environmental catalysis and catalysts to address the 2050 challenges
(a resilient and zero-carbon society). Topics include, but were not limited to:

Automotive and stationary emission control

Air cleaning and combustion

Water treatment

Sustainable and clean energy production and transport

Catalysis to electrify the chemical production

Green chemistry and biomass transformation, renewable resources conversion
Circular economy

CO2 utilisation and recycling

H2 storage and transportation, green H2 production, hydrogen vectors
Photocatalysis and photoelectrocatalytic approaches, solar energy utilisation
Advanced process with electrocatalysis and plasma utilisation

Fundamental advances in understanding catalysis

Multiscale modelling and advanced simulation aspects

More than 400 participants from 40 countries attended the congress, which was organised over four intense
days, featuring three parallel sessions and nearly 300 communications, including plenary and keynote talks,
oral and short oral presentations, and two poster sessions.

ICEC 2025 was a paperless congress that respected the principles of sustainability and promoted cross-
fertilisation in various areas of environmental catalysis.

Chairs

- Prof. Gabriele Centi, ERIC a.i.s.b.l.
- Prof. Enrico Tronconi, Politecnico Milano
- Profsa Siglinda Perathoner, Univ. Messina
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Programme Committee

L. Lietti (Chair, PoliMI), P. Fornasiero (co-chair, UniTS), A. Agostiano (UniBA), A. Arico (CNR ITAE),
S. Albonetti (UniBO), F. Basile (UniBO), P. Barbaro (ICCOM-CNR), S. Bensaid (PoliTO), F. Bella
(PoliTO), M. Bonchio (UniPD), S. Bordiga (UniTO), G. Busca (UniGE), .C Cannilla (CNR ITAE), F.
Cavani (UniBO), P. Ciambelli (UniSA), V. Conte (UniRM), L. Curri (UniBA), C. De Leitenburg (UniUD),
D. Fino (PoliTO), G. Giambastiani (UNIFI-DICUS), G. Giordano (UniCAL), G. Groppi (PoliMi), E.
Groppo (UniTO), M. Marchionna (Saipem), S. Gross (UniPD), M. Guidotto (CNR ISTM), S. Hernandez
(PoliTO), F. Mauriello (UniRC), M. Migliori (UniCAL), R. Millini (Eni), I. Nova (PoliMI), R. Pirrone
(PoliTO), R. Psaro (CNR ISTM), A.M. Raspolli Galletti (UniPI), S.Scir¢ (UniCT), M. Di Serio (UniNA),
M. Signoretto (UniVE), A. Trovarelli (UniUD)

Organising and Local Committees

C. Ampelli (Chair, UniME), A. Beretta (co-chair, PoliMI), T. Merdzhanova (co-chair, Jiilich), S. Abate
(UniME), G. Bonura (CNR ITAE), A.M. Casella (ERIC), D. Di Vivona (ERIC), C. Genovese (UniME), G.
Giorgianni (UniME), C. Italiano (CNR, ITAE), P. Lanzatame (UniME), F. Liotta (CNR ISMN), M. Maestri
(PoliMI), G. Papanikolaou (UniME), R. Passalacqua (UniME), F. Tavella (UniME), S. Vannuzzi (ERIC),
C.G. Visconti (PoliMI)

International Advisory Board

ICEC International Advisory Board, all Board Members, chaired by M. Stockenhuber (Australia),
integrated by renowned scientists in the field: R. Arrigo (Salford Univ., UK), A. Bogaerts (Antwerp Univ,
Belgium), A. Dibenedetto (University of Bari, Italy), V. Hessel (Adelaide Univ, Australia), J. Lercher
(PNNL, US), G. Marin (Gent Univ, Belgium), I.-S. Nam (Pohang Uni S&T, Korea), V.I. Parvulescu (Univ.
Bucharest, Romania), J. Pérez-Ramirez (ETH Zurich, Switzerland), J. Ramon Galan (ICIQ, Spain), E.
Rebrov (Univ. Warwick, UK), A. Quadrelli (Lyon, France), B. Weckhuysen (Utrecht Univ., The
Netherlands), T. Zhang (DICP, China)
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Green syntheses of Ni-Mo-Al catalysts for deoxygenation of vegetable oil into green diesel:
green metrics of syntheses and deoxygenation performances

Andrea DI GIULIANO **, Paola PIETRANGELI !, Stefania LUCANTONIO , Giuseppe DI VITO NOLFI ?,
Katia GALLUCCI %, & Leucio ROSSI 2
1 University of L’Aquila, Department of Industrial and Information Engineering and Economics, Piazzale E.
Pontieri 1, L’Aquila, Italy.
2 University of L’Aquila, Department of Physical and Chemical Sciences., Via Vetoio, L’Aquila, Italy.
* andrea.digiuliano@univagq.it

Significance and Relevance

To make a catalytic process sustainable in its overall life cycle, the synthesis of the needed catalyst
should be as sustainable as possible too. This idea was applied to two new syntheses of Ni-Mo-Al
catalysts for the deoxygenation (DO) of vegetable oils into green diesel, a process of industrial
relevance in the energetic transition. Both methods aimed to fulfil some principles of Green Chemistry
and Green Engineering: in one case, by avoiding the use of any solvent; in the other, by tending to
implement a “one-pot” method. Sustainability performances of catalyst syntheses were evaluated by
some green metrics such as: Effectiveness Ratio (Rer); Reaction Mass Efficiency (RME); Mass
Productivity (MP); Energy Intensity (El). DO catalytic tests were performed too.

Preferred and 2™ choice for the topic:
Green chemistry and biomass transformation, renewable resources conversion
Sustainable and clean energy production and transport (2™ choice)

Preferred presentation: Oral preferred

Introduction and Motivations

The ACS’ twelve Principles of Green Chemistry ! and twelve Principles of Green Engineering 2,
among several recommendations, suggest limiting the usage of solvents or the number of steps in
chemical syntheses to improve the sustainability of related products. This approach can be applied to
the synthesis of catalysts too: the improvement in the sustainability of the catalyst synthesis might be
beneficial to the overall sustainability of the process in which the catalyst is involved.

The heterogeneous catalytic deoxygenation (DO) of fatty biomasses (e.g., vegetable oils) was taken
as a case of study to evaluate this approach. DO converts fatty biomasses and H; into alkanes known
as green diesel (carbon atoms in the alkane molecule from 15 to 18) 3.

A formulation of the DO catalyst in terms of ratios between NiO, MoOs, Al,0; was established, and
two new synthesis methods were developed:

(i) a Solventless synthesis (OM, “Oxides Mixed”) involved calcinations of Ni, Mo, and Al

precursor salts and the mechanical mixing of resulting oxides. (e.g., fulfilling with principle
5 of Green Chemistry “solvents and auxiliaries”); it is under patenting procedure *;
(ii) a One-pot synthesis (OMA = “Oxides Mixed in Aqueous medium”) involved the wet-mixing

of Ni, Mo, and Al precursor salts in an aqueous medium, and one overall calcination. (e.g.,
fulfilling with principle 4 of Green Engineering “maximize efficiency”).

The sustainability performances of these two synthesis methods were compared by estimating green

metrics. The solid catalysts were characterized. The DO catalytic performances were evaluated for the

two OM and OMA catalysts.

Results and Discussion

The XRD (X-Ray Diffraction) characterization of the two catalysts OM and OMA (not shown)
evidenced the formation of different crystalline phases: OM contained Ni, Mo and Al not combined
one to the other; OMA contained some crystalline phases combining Ni-Mo and Al-Mo.

The sustainability of the two syntheses of OM and OMA was evaluated by four green metrics:
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i) Effectiveness Ratio: =

iii)  Mass Productivity: B B=

(
(ii) Reaction Mass Efficiency: =
(
(

iv) Energy Intensity: B B=

Figure 1(a) shows the comparison of the green metrics: as to “mass” green metrics (Blggg, B BB, B B),
only MP was significantly different, i.e., lower in the case of OMA synthesis because of the use of a
solvent; on the other hand, OMA synthesis appeared more energetically advantageous, because of the
use of only one calcination in the place of the three calcinations of OM.

The DO performances of OM and OMA were evaluated by catalytic tests on commercial rapeseed
oil (2 g) in a batch laboratory-scale reactor, at two sets of conditions: {320°C-10% (catalyst/oil mass
ratio)-6 h of reaction} or {280°C-4% (catalyst/oil mass ratio)-2 h of reaction}. The DO liquid product was
characterized by gas-chromatographic techniques °, to estimate:
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Figure 1(b) compares catalytic performances of OM and OMA: both catalysts carried out DO
satisfyingly at {320°C-10% (catalyst/oil mass ratio)-6 h of reaction}, according to @ and in the
literature 3; at the other set of conditions {280°C-4% (catalyst/oil mass ratio)-2 h of reaction}, the OMA
catalyst showed a higher catalytic activity (higher ) and a lower selectivity towards alkanes (similar

) than those expressed by OM.

(i) DO conversion: B = (1 —

(i) DO diesel yield: B g g =
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Figure 1 Comparison between OM and OMA catalysts: (a) Radar Plot to compare mass Green Metrics

and values of El; (b) DO performances

Overall, two new green-syntheses were proposed to produce Ni-Mo-Al catalysts that worked for the
DO of rapeseed oil into green diesel. Some sustainability aspects of these syntheses were evaluated:
the mass green metrics favour OM, whereas energy intensity favour OMA; on the other hand, the
additional mass involved in OM synthesis is water (the best choice among solvents in terms of
sustainability).
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