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TRANSMIT COST ACTION -ANETWORK FOR CARBON CAPTURE AND
STORAGE AND DIRECT AIR CAPTURE TECHNO-ECONOMIC ANALYSIS

Skorek-Osikowska A.’

ISilesian University of Technology, Akademicka 24, 44-100 Gliwice, Poland
Abstract

The main aim of this paper is to present the main goals and challenges of the Techno-economic
analysis of carbon mitigation technologies (TrANsMIT), Cost Action number CA21127, as well
as its achievements after two years of duration. TrANSMIT relates to the techno-economic
analysis (TEA) of the overall, integrated CO, Capture, Utilisation, and Storage (CCUS) value
chain. It aims to bring together academia, research institutes and industry into a cutting-edge,
pan-European knowledge network. The Action advances the research frontier of CCUS TEA
from partially unharmonized and disciplinary research to harmonized, holistic pan-European,
coordinated research on the full CCUS system, facilitating development of the most
technologically, economically and commercially feasible CCUS technologies and systems. It will
be achieved by harmonizing and coordinating the methods and tools used for CCUS TEA in
Europe, leveraging the knowledge created by our partners in national or international research
projects. The project focuses most on holistic assessment of the CCUS chain, and on those areas
where most development is needed (e.g. CO2 capture from air, CO2 utilization). The created
science will be an essential means to steer CCUS R&D and deployment in a direction that allows
reaching climate targets on-time and in a cost-effective manner, while harnessing the
competitiveness of European industry. TTANsSMIT will have a strong focus on knowledge sharing
and career development, tackling existing disparities in knowledge distribution and career
opportunities. It will foster strong collaboration between the more and the less research intensive
countries in Europe, improving the access of the latter to State-of-the-Art science and new
research projects. It will put into leadership roles early-career researchers and minorities, helping
to fast-track their career development. TrANsMIT will lead to top-tier techno-economic analysis
of CCUS systems across European countries.

Keywords: CO; capture, utilization and storage; DACs, NETs, Process modelling, Techno-economic
analysis
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CO2 SEQUESTRATION USING INNOVATIVE SOLVENTS BASED ON THE
USE OF METAL OXIDE NANOPARTICLES

Chille A

! Sapienza University of Rome, Dept. of Chemical Engineering Materials Environment, via Eudossiana
18, 00184, Rome, Italy

Abstract

The increase in CO, emissions represents one of the greatest environmental challenges of our
time. Carbon capture technologies are evolving to improve process efficiency and reduce
associated energy costs. Among the most promising solutions, the use of nanofluids has proven
particularly interesting due to their unique properties in enhancing mass and heat transfer.
Nanofluids, consisting of nanoparticles dispersed in a base fluid, offer superior CO, absorption
potential compared to traditional fluids, thanks to mechanisms such as the shuttle effect,
hydrodynamic improvement, and the reduction of gas bubble coalescence.

This study explores the main mechanisms of CO, absorption in nanofluids, with a particular
focus on the use of metal oxide nanoparticles. The advantages in absorption efficiency and the
challenges related to the stability and viscosity of nanofluids are examined. The results show that
the application of nanofluids could represent a breakthrough in CO, capture, significantly
improving the performance of current systems and opening new pathways for greenhouse gas
emission mitigation.

Experimental results demonstrate that the addition of metal oxide nanoparticles, such as TiO,,
can significantly improve CO, absorption, with performance increases due to the larger surface
area available for mass transfer, along with enhanced transport properties, particularly diffusivity.
The capture efficiency increases with the nanoparticle mass fraction, but it is necessary to find a
balance to avoid the negative effects of agglomeration and increased viscosity.

Keywords: Nanofluids, carbon capture, nanoparticles, innovative solvents
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HYDROGEN PRODUCTION VIA METHANE DECOMPOSITION CHEMICAL
LOOPING: HARNESSING CO; CAPTURE WITH ADVANCED NI-BASED
CATALYSTS

La Greca E.2?, La Parola V.., Fiorenza R.%, Pantaleo G.', Consentino L.', Scire S.%, Liotta L. F.!

!Institute for the Study of Nanostructured Materials (ISMN), National Research Council (CNR), Via Ugo
La Malfa 153, 90146 Palermo, Italy
’Department of Chemical Science, University of Catania, Viale A. Doria 6, Catania, Italy

Abstract

Methane decomposition chemical looping (CLD) is a highly promising and innovative method
for producing high-purity hydrogen (H2) while minimizing greenhouse gas emissions. This
process not only avoids direct emissions of air pollutants or greenhouse gases but also enhances
its sustainability by utilizing CO. during the oxidation step, which can be sourced from carbon
capture. By integrating CO, capture and reuse, CLD offers an eco-friendly and efficient solution
for hydrogen production. In this context, supported nickel-based catalysts show great potential
due to their catalytic activity and stability in reforming processes. The preparation methods of
these catalysts are crucial for tailoring their structure, directly impacting their performance in
CLD applications. This study focuses on the performance of Ni and Ru-Ni catalysts supported on
LaMnQO;, synthesized via precipitation assisted by microwave irradiation and sol-gel citrate
methods. The redox stability of the catalysts was evaluated through multiple redox cycles during
chemical looping experiments conducted isothermally, with alternating gas compositions every
10 minutes from 15 vol% of CH, in N, (reduction) to 15 vol% of CO, in N, (oxidation), with CO,
being potentially recycled in the process. CLD temperatures were selected for each sample based
on temperature-programmed reduction tests with methane, choosing the temperature of maximum
reduction for each sample. A comprehensive analysis of the structural, morphological, and
catalytic properties enabled the study of the impact of synthesis techniques on the performance of
these catalysts in hydrogen production via CLD. This research aims to provide valuable insights
for developing efficient and sustainable processes to meet the rising demand for clean energy
solutions in the modern era.

Keywords: Hydrogen, methane, CO; capture, chemical looping
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BIO-ELECTROCHEMICAL CONVERSION OF BIOGENIC CO; INTO
SINGLE CELL PROTEIN

Pezzuto M.', Lo Coco R.,' Frison N.!

'Department of Biotechnology, University of Verona, Strada Le Grazie 15, 37134 Verona, Italy
Abstract

Recently, the REPowerEU plan announced the Biomethane Industrial Partnership, which aims to increase
biomethane production by 2030 to 35 bcm. In this context, the revamping of anaerobic digester with
biogas upgrading facilities represents one of the main strategies to produce more biomethane. At the same
time, the availability of biogenic CO; will increase, which accounts for 40% of anaerobic digesters' mass
balance. A competitive and sustainable technology for the valorisation of the CO, derived from biogas
upgrading is represented by bio-electrochemical systems (BES) integrated with purple photoautotrophic
bacteria (PPB). In particular, the PPB’s electroactive capacity permit them to incorporate electrons from a
cathode, used for their metabolism to produce high-added value products. The aim of this work is to
cultivate PPB in a BES by using CO, and recycled nitrogen sourced from anaerobic digestate, under
photoautotrophic conditions through their electroactive capacity. Specifically, the CO, derived from
biogas upgrading is captured and used as a sole carbon source for the PPB growth and to produce single
cell protein (SCP). PPB were cultivated in a SBR-BES poised at +200mV with HRT of 10d, equipped
with artificial light where Fe(ll) is used as an electron donor. The presence of Fe(ll) was guaranteed by the
electrodeposition of Fe(lll)-polynuclear complex (Prussian Blue-PB) in the graphite cathode. Electron
uptake experiments with PPB were carried out in a jacketed three-electrode single chamber
electrochemical system. Specifically, an electrodeposition of Prussian blue was conducted to investigate
the effect on PPB growth and current consumption. Then, a cyclic voltammetry was carried out to
characterize the electrochemical activity and the reversibility of the PB modified graphite cathode. The
reversibility of the PB represents a key characteristic for using it as a redox mediator for growing
photoautotrophically R. palustris in order to fix the CO,. The reversibility was evaluated by measuring the
anodic and cathodic peak current ratio which was of 1.07+0.09 for the redox peak potentials centered at
0.42V. A value close to 1 of this ratio indicates that the PB-cathode demonstrates an electrochemical
redox reaction that is reversible at the graphite electrode surface. Chronoamperometry on graphite
electrodes modified with PB, confirms that PPB are able to accept electrons from an electrode. The
average current uptake by R. palustris was 2,20+1,2uA/cm?. Moreover, to reach the long-term stability of
the process, the PB-cathode was replaced every three days to avoid the aging of the Prussian Blue coating.
In fact, the trend of the current consumed could be and indicator of the aging of the PB-coating. In
conclusion, electrodes modified with Prussian blue improved electron transfer and CO; uptake to PPB for
their photoelectroautotrophic metabolism. The poised PB-biocathode with PB acts as an electron shuttle
for biomass growth, due to the reversible redox nature of the PB. This process permit using BES to
convert the biogenic CO; in the presence of recycled nitrogen from anaerobic digestate into protein-rich
microbial biomass (SCP) suitable for aquaculture feeding. The protein content of the produced biomass
was of 55% as a dry cell, and a carotenoid content of 1,75¢/L. Biogenic CO, derived from biogas
upgrading can be valorized by purple phototrophic bacteria using BES, as well as generating marketable
and valuable products like single cell protein to use as alternative protein in aquaculture.

Keywords: Biological CO; conversion, Purple Phototrophic Bacteria, Bio-electrochemical systems.
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CONTINUOUS CARBON CAPTURE AND UTILIZATION IN THE TAYLOR-
COUETTE DISC CONTACTOR

Rudelstorfer G.., Schwarz A%, Vogi M.’ Greil R, Lux S.!

!Institute of Chemical Engineering and Environmental Technology, Inffeldgasse 25C. 8010 Graz, Austria

Abstract

Carbon capture and utilization (CCU) technologies are becoming increasingly vital in the battle
against climate change, as they aim to lower greenhouse gas emissions by capturing carbon
dioxide (CO,) from industrial sources and the atmosphere. Captured CO, can then be transformed
into valuable products, such as chemicals, fuels, and building materials, making CCU a
promising approach for enhancing environmental sustainability and driving economic growth.

Process intensification of CCU technologies significantly boost their efficiency. Therefore, the
Taylor-Couette Disc Contactor (TCDC), a unique multiphase reactor that utilizes the intense
mixing of Taylor-Couette flow, shows a high potential being used in CCU processes. To explore
the potential of this technology, two reactive carbon capture systems were studied, using sodium
hydroxide (NaOH) and monoethanolamine (MEA) for the reactive chemisorption of CO, from
flue gas. For the experiments a gas mixture containing 30% CO, and 70% N, was used in a
TCDC column featuring an inner diameter of 50 mm and an active height of 1 meter. The
hydraulic performance of both systems was examined, focusing on how gas and liquid flow rates,
along with temperature, influenced dispersed gas phase holdup, residence time distribution, and
mass transfer. To optimize gas-liquid contact, the rotor disc design was refined. In sodium
hydroxide experiments, 0.9 L/min of CO, was absorbed in 0.42 L/min 0.1 molar NaOH solution.
For the MEA experiments, a 5% MEA solution facilitated the absorption of up to 1.8 L/min of
CO; with a liquid flow rate of 0.08 L/min. Additionally, the captured CO, was utilized through a
continuous heterogeneous lithium carbonate precipitation process, integrated into the TCDC. The
gaseous CO, phase was continuously introduced at the bottom of the column, while an alkaline
lithium solution was added at the top. The precipitation of lithium carbonate was induced, with
solid particles growing based on the rotational speed. At the column’s bottom, these solid lithium
carbonate particles agglomerated and could be continuously discharged.

This integrated approach combining carbon capture via chemisorption and the direct utilization of
CO, through continuous lithium carbonate precipitation in one single column type reactor
demonstrates the potential of process intensification for CCU processes, offering a cost-effective
and sustainable solution by applying the unique benefits of a flexible gas/liquid Taylor-Couette
Disc Contactor design.

Keywords: Taylor-Couette Disc Contactor, carbon capture, multiphase flow, continuous precipitation
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ECO-FRIENDLY PHOSPHATE-FUNCTIONAL CELLULOSE FOR CO;
CAPTURE AND CONVERSION

Sehaqui H. ', Hadid M.", Kassab Z.', El Jaouhari A.", Lamnini S.", Ghamouss F.', Jacquemin J.",
Ahsaine H.%, El Kadib A.

'Materials Science, Energy and Nanoengineering Department, Mohammed VI Polytechnic University
(UMGP), Lot 660 — Hay Moulay Rachid, 43150 Benguerir, Morocco
Laboratoire de chimie appliquée des matériaux, faculté des sciences, Mohammed V University in Rabat,
Morocco
'Euromed Research Center, Engineering Division, Euro-Med University of Fes (UEMF), Route de
Meknes, Rond-point de Bensouda, 30070, Fes, Morocco

Abstract

Owing to its renewable, abundant, and biodegradable characters, lignocellulosic biomass is
considered as an important resource for eco-friendly materials development. Yet, enhancing the
properties of lignocellulosics is necessary for their efficient utilization in sectors such as
environment, energy, catalysis and beyond. In particular, phosphorylation is a green
functionalization route for the introduction of phosphate groups into the structure of cellulose
biopolymer conferring it with various properties such as the capacity to adsorb metal ions and to
capture CO, from the atmosphere. Metal nanoparticles decorating fibrous materials offer an
attractive material for catalysis, e.g. for the transformation of CO: into sustainable fuel. This
presentation exemplify the use of locally abundant resources and green processes to address an
issue of great importance in the current era, that is the CO> capture and conversion.

Keywords: Cellulose, Phosphorylation, Metal nanoparticles, CO: capture, CO; conversion.
Corresponding author email: houssine.sehaqui@umop.ma
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SUSTAINABLE AGROCHEMICAL PRODUCTION VIA
MECHANOCHEMISTRY

Andrea Casagrande,l’ZAllan Niidu,’ Evelina Colacino’

! Institut Charles Gerhardt (ICGM), University of Montpellier, Montpellier, France
? Virumaa College, Tallinn University of Technology, Tallinn, Estonia

The herein presented work aims to illustrate alternative, greener protocols, that can represent an
alternative to deliver the synthesis of industry valuable agrochemicals using mechanochemical
protocols. The necessity of greener protocols to deliver this reaction stems from the necessity of
reduce the environmental impact in targets that have high production volumes, also addressing
hazard concerns to the operators, by developing routes that have also simplified setups and less
hazardous chemicals.

Various protocols were explored to provide a more sustainable alternative to classical solution-
based methodologies as mechanochemistry makes use of transmission of mechanical energy in a
solvent-less environment, resulting mainly in less waste production, resource use and energy
efficiency, in compliance with green chemistry principles.i*!

Reactions were performed by milling in a vibrating ball mill (VBM) or planetary mill (PBM) for
upscale purposes, exploring the effects that different jar and ball material have on the product
output. The reactions were performed either completely solventless or with catalytic amounts of
solvents, by taking advantage of a technique called liquid assisted grinding (LAG).1?!

Moreover, a greenness assessment was made with the use of toolkits useful to confront green
metrics and to assess the adherence to green chemistry principles, that show quantitatively and
semi-quantitatively the overall better performance and greenness of the mechanochemical
methods against the solution-based commercial routes.!

In conclusion, it was shown that greener possibilities to perform alternative solid-state syntheses
to already established solution-based protocols are possible, and grace to the simple setup and
workup procedures, along with the repurposing of already in-use instruments in the industry (e.g.
ball millers), the proposed protocol can be readily implemented in real world industrial scenarios.

Keywords: Mechanochemistry, Ball-milling, Green Chemistry Metrics, Agrochemicals, Solvent-free.
Corresponding author email: evelina.colacino@umontpellie.fr
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SUSTAINABLE PREPARATION OF A WHO ESSENTIAL MEDICINE BY
RESONANT ACOUSTIC MIXING

Chatzigiannis C.", Colacino E.’
'ICGM, Univ Montpellier, CNRS, ENSCM, Montpellier, France
Abstract

This study investigates a novel synthetic approach to prepare a World Health Organization
essential medicine through Resonant Acoustic Mixing (RAM). Operating at low frequency
acoustic energy (60 Hz), RAM facilitates solid-state chemical transformations via intensive
mixing. The mechanically activated synthesis is based on mechanochemical rearrangement!
which involves a cascade reaction sequence. The RAM approach demonstrates advantages over
traditional methods by enhancing sustainability and minimizing solvent usage. The process was
assessed by green chemistry metrics?> demonstrating that RAM technology was outperforming
compared to the corresponding solution-based methods, representing an environmentally friendly
alternative to conventional approaches in organic synthesis and for the preparation of
pharmaceuticals in a more sustainable way.

Keywords: Mechanochemistry, Resonant Acoustic Mixing (RAM), Rearrangement, Active Pharmaceutical
Ingredients (APls), Green chemistry metrics.
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A SILENT HYDROGEN GENERATOR FOR CONTINUOUS OPERATION
ON SUBMARINE AND AUTOMOTIVE APPLICATIONS

Ines Belhaj, Bruno Domingues,
Biljana Sljuki¢, Marta Martins, Diogo M. F. Santos

Centre of Physics and Engineering of Advanced Materials, Laboratory for Physics of Materials and
Emerging Technologies, Chemical Engineering Department, Instituto Superior Técnico, Universidade de
Lisboa, 1049-001 Lisbon, Portugal

Abstract

This project explores cutting-edge energy storage technologies through the development of a
stainless-steel reactor designed for backup power generation in automotive and submarine
applications. At the heart of the innovation lies the use of sodium borohydride (NaBH4) as the
primary hydrogen storage material. NaBH4 was chosen due to its unique attributes: non-toxicity,
high hydrogen content, non-combustibility, stability in alkaline solutions, and ability to generate
hydrogen on demand.

Hydrogen production is achieved via catalytic hydrolysis, employing a novel and cost-effective
catalyst synthesized by the dynamic hydrogen bubble template (DHBT) technique. This advanced
electrodeposition method generates porous, 3D foam-like films with a highly connected pore
network, significantly enhancing hydrolysis efficiency. This improvement is critical for ensuring
the safe and efficient operation of hydrogen-based backup power generators. The selection of
mono-metallic foam materials as catalysts plays a pivotal role in optimizing hydrogen production
and storage within the reactor.

This initiative was undertaken as part of a competition sponsored by Instituto Superior Técnico
and GALP, challenging teams to devise innovative energy solutions within a constrained budget.
The portable hydrogen generator developed represents a leap forward in sustainable energy
systems. The project’s innovation lies in its creation of cost-effective catalysts for NaBH4
hydrolysis, enabling compact and efficient hydrogen generation suitable for submarines, personal
vehicles, and other applications.

This work highlights NaBH4's transformative potential in energy storage and sets the stage for
future advancements in sustainable backup power technologies.

Keywords: sodium borohydride, borohydride hydrolysis, dynamic hydrogen bubble template (DHBT),
metallic foams, heterogenous catalysis, submarine and automotive applications, sustainable energy,
backup power.
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SYNTHESIS OF NEW ARYL-SUBSTITUTED AURONES VIA SUZUKI-
MIYAURA REACTION AND BIOACTIVITY ASSESSMENT

Kakokefalou V.., Heotis C.., Katopodi Al Tzani A.), Detsi A.

'Laboratory of Organic Chemistry, School of Chemical Engineering, NTUA, Iroon Polytechneiou 9,
Zografou 157 80, Athens, Greece

Abstract

In recent years, Deep Eutectic Solvents (DES) have found a widespread application in a variety
of processes, as they are greener and more environmentally friendly than conventional organic
solvents. In case the ingredients used for their preparation are of natural origin, the resulting
mixtures are called Natural Deep Eutectic Solvents (NADES).

The Suzuki - Miyaura reaction is a metal (usually Pd) catalysed C-C bond formation reaction
between a boronic acid or borate ester and an aryl-halide under basic conditions. It is used to
produce coupled systems of alkenes, styrenes or di-aryl compounds, which are precursors for the
preparation of products with a variety of industrial and pharmaceutical applications.

Aurones are natural products, which belong to the family of minor flavonoids, and possess a wide
array of bioactivities. In the present work, the application of the methodology developed in the
Laboratory of Organic Chemistry of NTUA for the Suzuki - Miyaura reaction for the synthesis of
new aryl-substituted aurones using task-specifically designed NADES as solvents is studied. The
new molecules were obtained in high purity and satisfactory yields (41-88%), and the NADES
were recycled and reused at least up to 2 times (Figure 1).

Pd catalyst, NADES
Base

Aurone Aryl-substituted aurone

Figure 1. Methodology for the synthesis of the selected molecules.

The new molecules were evaluated for their antioxidant activity through the inhibition of lipid
peroxidation of linoleic acid induced by the free radical producer AAPH, as well as for their
ability to interact with ctDNA. The majority of the compounds showed satisfactory ability to
inhibit lipid peroxidation (35 to 90%), while destabilization of the DNA double helix was
achieved (binding energy -10.1 kcal/mol), revealing a possible anti-cancer activity of the new
molecules.

Keywords: Aurones, Suzuki — Miyaura Coupling, Bioactivity, NADES, Green Chemistry
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ALKALINE EARTH METAL SUPERALKALIS FOR CARBON DIOXIDE AND
NITROGEN MOLECULES ACTIVATION: A HYBRID QM-QSPR APPROACH

Wiszowska N.', Rogoza N.., Sikorska C. *?

! Faculty of Chemistry, University of Gdansk,
Fahrenheit Union of Universities in Gdansk, 80-308 Gdansk, Poland
? Department of Physics, The University of Auckland

38 Princes Street, Auckland 1010, New Zealand
Abstract

Superalkalis are clusters of atoms that have low ionization energy. This contribution aims at
designing superalkalis for redox applications and as building blocks for cluster-assembled
materials. According to our recent results, a superalkali with smaller ionization energy should
more easily transfer an electron to counterpart molecules (e.g., CO2 or N2) compared to one with
a larger ionization energy. We used a hybrid approach that combines ab initio computational
techniques of quantum chemistry and a machine learning strategy to design and investigate BAes
(Ae=Be, Mg, Ca, Sr, Ba) molecular clusters with strong reducing abilities. The studied molecular
clusters feature low ionization energies and highly delocalized singly occupied molecular orbital.
The BBas has the lowest IE here (3.59 eV), which is smaller than that of any alkali [3.89 eV
(cesium atom)]. Moreover, we developed a mathematical model describing the dependence of
ionization energy of superalkalis on their composition. The developed quantitative structure-
property relationship (QSPR) model predicts the reducing ability of a superalkali, where a
suitable alkaline earth metal decreases the ionization energy of the resulting superalkali cluster.
Finally, we demonstrated that the BAesz electron donors can be used in the reduction of
counterpart systems with low electron affinity (such as the carbon dioxide or nitrogen molecules).
Our results emphasize how the structure and stability of the BAes/Y systems (Y = CO2, N2) can
be tuned upon single atom substitution and can be used to bond and remove toxic molecules from
the environment.

Keywords: superatom, ionization energy, computational chemistry, reducing agents, OSPR modeling
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DEVELOPMENT OF NI/CAO-AL;O3; CATALYST PELLET FOR HYDROGEN
PRODUCTION FROM TREATED BIOGAS VIA SORPTION-ENHANCED
STEAM REFORMING REACTION

Nantapong P.', Wongsakulphasatch S.%, Assabumrungratt S.", Cheng C. K.

! Bio-Circular-Green-Economy Technology & Engineering Center (BCGeTEC), Department of Chemical
Engineering, Faculty of Engineering, Chulalongkorn University, Bangkok 10330, Thailand

? Centre of Excellence on Catalysts and Membrane Technology for Energy and Environment, Department

of Chemical Engineering, Faculty of Engineering, King Mongkut's University of Technology North
Bangkok, Bangkok 10800, Thailand
3 Center for Catalysis and Separation (CeCaS), Department of Chemical Engineering, College of
Engineering, Khalifa University of Science and Technology, P.O. Box 127788, Abu Dhabi, United Arab
Emirates

Abstract

Multifunctional Ni/CaO-Al20s-based catalyst was developed for hydrogen (Hz) production via
sorption-enhanced steam reforming (SE-SR) of treated biogas. Parametric effects including
reforming temperature (400-900 °C), CO2 concentration in the treated biogas (0-80 %v/v), steam
to carbon molar ratio (S/C=1-4), and type of promoter (Ce vs. Mg) were studied. The influence of
parametric effects was firstly determined using Aspen plus V11 software to find suitable
operating condition for experiments. The results showed that at atmospheric pressure, reforming
temperature of 650 °C, and S/C = 3 is suitable for the production of Hz. The Ni/CaO-Al203 pellet
catalyst was developed for practical application. The effect of preparation method on material
performances were tested for Hz production at CO2 concentration 40% v/v. The results showed
the developed catalyst Ni/CaO-Al203 provided 81% v/v for 30 mins. The addition of CeO2 can
produce similar amount of Hz purity with lower S/C = 2. The result is due to the CeO2 promote
dry reforming reaction.

Keywords: Hydrogen production, CO; capture, multifunctional material.
Corresponding author email:Suwimol. w@eng.kmutnb.ac.th
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PHYSIOCHEMICAL INSIGHTS INTO ADSORPTION AND THERMAL
DEGRADATION OF SHORT- AND LONG-CHAIN PFAS BY REGENERABLE
WASTE DERIVED BIOCHAR

Christensen C.S.0. ', Bai L.\, Wei Z. "

!Centre for Water Technology & Department of Biological and Chemical Engineering, Aarhus University,
Ole Worms Allé 3, 8000 Aarhus C, Denmark

Abstract

The widespread presence of toxic per- and polyfluoroalkyl substances (PFAS) throughout the
water cycle will increase the demand for active treatment of water resources as regulation is
implemented in the coming years. Sustainable biochar adsorbents are promising alternatives to
granular activated carbon (GAC) for PFAS removal, yet they are challenged by poor short-chain
PFAS capture and low regeneration potential. To determine the key biochar property controlling
PFAS removal mechanisms, we comprehensively investigated seventeen biochar of varying
physiochemical characteristics for their adsorption of two legacy long-chain PFAS and two
emerging short-chain PFAS. While batch adsorption tests confirmed the importance of
hydrophobic/electrostatic interactions, cation bridging of PFAS anions is also found essential.
Likewise, micropore filling played a larger role in the adsorption of short-chain PFAS, which
were prone to displacement by long-chain PFAS. Finally, spent wheat straw biochar could be
effectively reactivated through 900 °C N2 thermolysis with complete PFAS degradation, which
surprisingly enhanced the adsorption of short-chain PFAS in three cycles due to micropore
formation. The findings from this study could aid in the future design and engineering of biochar
adsorbents selective towards both short- and long-chain PFAS.

Keywords: Keyword 1, Keyword 2, Keyword: Biochar; PFAS; Adsorption;, Water Treatment;
Remediation; Reactivation; Thermolysis.
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UNVEILING STRUCTURE-ACTIVITY CORRELATIONS IN NI-LA
CATALYSTS FOR EFFICIENT CO; METHANATION

Consentino L.", Gonzilez-Castaiio M.°, Bobadilla L.F.°, Gruttadauria M.%, Liotta L.F.", Odriozola
JA°

" ISMN-CNR, Via U. La Malfa 153, 900146 Palermo, Italy
2 STEBICEF Department Ed. 17, University of Palermo, Viale delle Scienze, 90128 Palermo, Italy
3 Department of Inorganic Chemistry, University of Seville (ICMS-CSIC), C/Americo Vespucio 49, 41092
Seville, Spain

Abstract

In response to global initiatives for carbon neutrality, particularly the European Union's goal of
achieving carbon neutrality by 2050, CO> methanation presents a promising route for
synthesizing synthetic natural gas (SNG) within the power-to-gas (PtG) framework. This process,
based on the Sabatier reaction (CO2 + 4H2 — CHs + 2H20), offers a sustainable method for
converting carbon dioxide, a greenhouse gas, into valuable hydrocarbon fuels. However, despite
its thermodynamic favourability, the CO, methanation reaction is kinetically limited and requires
efficient catalysts to enhance conversion rates. This study explores the structure-activity
relationship of Ni-supported systems and perovskite-based catalysts for improving catalytic
activity and durability in CO2 methanation. Ni metal is highlighted for its cost-effectiveness and
wide availability, making it a key active phase in these reactions. The role of oxygen vacancies,
critical for CO> adsorption and methane production, is emphasized, particularly within perovskite
structures that exhibit excellent oxygen mobility and resistance to coking. Ni-La perovskites
demonstrate remarkable stability and performance, influenced by synthesis methods that optimize
the Ni phase distribution and enhance catalytic properties. The research compares lanthanum
nickelate prepared via one-pot synthesis with Ni-impregnated lanthanum oxide, investigating
how these structures influence catalytic efficiency. Microwave radiation-assisted synthesis
techniques was used to improve Ni dispersion and phase homogeneity. This study establishes
meaningful correlations between catalyst structure and function, focusing on surface species
generation and CO. methanation rates. Additionally, it highlights the critical role of partial or
complete catalyst reduction in enhancing reaction performance. These findings contribute
valuable insights into the design of advanced catalysts for CO conversion processes, supporting
environmental sustainability and promoting the transition to post-fossil fuel energy solutions.

Keywords: CO; methanation, catalyst structure, Ni-La perovskite, in situ DRIFTS-MS
Corresponding author email: lucaconsentino@cnr.it

Acknowledgements: The Projects “NEST - Network 4 Energy Sustainable Transition” (CUP
B53C22004060006), “Capitale Naturale e Risorse per il Futuro dell’ltalia (FOE 2020) (CUP
B85F21002120005), and PNRR AdP ENEA-CNR (CUP B93C22000630006) are acknowledged for
financial support.

7. Innovative green reactions: synthesis and catalysis

167



Book of Abstracts 34 Greenering International Conference, 12"-14" February 2025, Abu Dhabi, UAE

ENZYME-FUNCTIONALIZED BIOCHAR FOR THE ENHANCED
TREATMENT OF WATER CONTAMINATED WITH DICLOFENAC AND
AMOXICILLIN

Peleja A.", Rocha H.", Calisto V.", Almeida A7
'Department of Chemistry and CESAM, University of Aveiro, 3810-193, Aveiro, Portugal

Abstract

The occurrence of pharmaceuticals in the aquatic environment is a result of the ineffectiveness of
conventional wastewater treatment methods, leading to their accumulation in the ecosystems. The use of
porous carbonaceous materials has been identified as a potential strategy for the advanced treatment of
effluents. However, the application of these adsorbents has disadvantages, such as the difficulty of reusing
them after saturation. In contrast, enzymatic degradation is an environmentally friendly approach.
Oxidoreductases, such as laccase and peroxidase, have been shown to play an important role in the
biotransformation of phenolic and non-phenolic compounds, and have been applied to the removal of
contaminants from water, such as pharmaceuticals and pesticides. The use of enzymes presents some
challenges, mainly in terms of their loss of activity/denaturation associated with the conditions of the
medium. This issue can be overcome by immobilizing them on a support, providing “protection” against
external changes while maintaining their integrity. Hence, this work aims to produce a modified biochar
through the enzymatic immobilization of laccase (Lac, from fungi) or peroxidase (HRP, from
horseradish). The biochar was produced by microwave pyrolysis of spent brewery grains (solid residue
from the brewery industry). The modified biochar was applied to remove pharmaceuticals from water
through the possible synergy between the processes of adsorption and enzymatic degradation. For this
purpose, diclofenac (DCF, a non-steroidal anti-inflammatory) and amoxicillin (AMX, an antibiotic)
degradation tests were carried out, firstly, by dissolving each enzyme and substrate (0.1 mM hydrogen
peroxide, only for HRP) at a known concentration of 0.1 and 0.01 mg/mL in a 5 mg/L pharmaceutical
solution, at pH 5 and pH 7 for Lac and HRP, respectively, at a controlled temperature (40 °C and 25 °C),
for 24 h at 350 rpm. Later, the adsorption/degradation performance of the waste-based biochar (500
mg/L), functionalized with commercial Lac and HRP, towards DCF and AMX, was evaluated, in batch
systems, at varying contact times, under the same conditions as the tests described above for the free
enzyme. After incubation, the samples were filtered and analyzed through High Performance Liquid
Chromatography (HPLC) or Micellar Electrokinetic Chromatography (MEKC). Overall, in free form, Lac
proved to be efficient in the biotransformation of DCF, while HRP degraded AMX in aqueous matrices. In
addition, the biochar-enzyme composite has the potential to remove the tested pharmaceuticals through
adsorption combined with enzymatic degradation when compared to non-functionalized biochar. These
results show that enzymatic modification of adsorbents is a good strategy to promote their
regeneration/reuse in wastewater treatment, focusing resource on circularity.

Keywords: green catalysts, biotransformation, wastewater treatment, adsorption, waste-based biochar
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SYNTHESIS AND CHARACTERIZATION OF WO3/TiO:
NANOCOMPOSITES DECORATED WITH Ag NPs FOR
PHOTOREDUCTION OF HIGHLY TOXIC Cr (VI) AND ANTICANCER
POTENTIAL

Aldirham S. H. ', Hadi M., Helal A.%, Elbehairi S. E. I.°, Shawaf J.!, Alghtani N.', Alkhaloofa F.",
Aljaloud K. B.", Shkir M., Ali A. M."

'Department of Physics, Faculty of Science, King Khalid University, P.O.Box. 9004, Abha, Saudi Arabia
? Nanostructured Materials and Nanotechnology Department, Advanced Materials Institute, Central
Metallurgical R&D Institute (CMRDI), P.O. Box 87 Helwan, Cairo 11421, Egypt.
*Department of biology, Faculty of Science, King Khalid University, Abha, Saudi Arabia

Abstract

In the recent past, there has been a huge demand for multifunctional materials that can be used in
dual applications. Hence, herein the Ag-doped 5%WOs3/TiO2 nanocomposite with various
contents of Ag nanoparticles (NPs) was prepared using the sol-gel method for photocatalyst and
biomedical applications. X-ray diffraction (XRD), FT-Raman, SEM, TEM, EDX, DRS-UV/Vis,
PL spectroscopic, BET surface area analysis, LCR meter, and the sulphorhodamine B (SRB)
assay were used to characterize the prepared samples. XRD results showed that the crystallite
size slightly increased with increasing the Ag NPs content. EDX analysis confirmed the presence
of Ti, O, W, and Ag in the prepared nanocomposites. According to Tauce’s plot, the band gap
decreased from 3.00 to 2.59 eV owing to the formation of localized states during the colligation
of tungsten oxide and titania corresponding well with particle size values obtained from XRD and
SEM. The photocatalytic activity revealed that the 4%Ag@WO3/TiO2 NP was able to do the
photoreduction of the high toxicity of Cr(VI) to nontoxic Cr(l1l). This enhancement is attributed
to the surface plasmon resonance (SPR) and the inhibition of charge carrier recombination[1,2],
as confirmed by PL results. The anticancer efficiency of Ag@%WOs/TiO2 was studied using
three human cancer cell lines: human breast carcinoma (MCF-7), human prostatic
adenocarcinoma (PC-3), and human colorectal adenocarcinoma (HT-29). The present work
showed that Ag@WOz3/TiO2 NPs were successfully prepared and controlled the growth of all
types of cancer cells. These outcomes indicate that the prepared nanocomposite will be highly
useful in multifunctional devices.

Keywords:  Ag@%WO3/TiO; nanocomposite, XRD, optical properties, anticancer activities,
photoreduction.
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TAILORING THE STRUCTURAL, MORPHOLOGICAL, OPTICAL
PHOTOLUMINESCENCE, DIELECTRIC, AND ELECTRICAL
PROPERTIES OF NiO NPs: AN EFFECT OF SDS CONCENTRATIONS

Aljaloud K., Aldirham S. H., Shawaf J., Alkhaloofa F., Alghtani N., Shkir M., Ali A. M., AlFaify S.
Department of Physics, College of Science, King Khalid University, Abha 61413, Saudi Arabia.
Abstract

Metal oxide nanoparticles are of great importance for several applications in transparent
conducting oxides, optoelectronics, solar cells, supercapacitors, etc., among several metal oxides,
nickel oxide (NiO) has been found to have fascinating multifunctional properties and applications.
Hence, in this work, Nickel oxide (NiO) nanoparticles (NPs) were synthesized using a sol-gel
chemical route with different concentrations of sodium dodecyl sulfate (SDS) ranging from 0 to 5
grams. The synthesized NPs were characterized using several techniques, including X-ray
diffractometer (XRD), Fourier-transform Raman (FT-Raman) spectroscopy, scanning electron
microscopy/energy dispersive X-ray spectroscopy (SEM/EDS), diffused reflectance spectroscopy
(DRS)  impedance  spectroscopy to  investigate  their  structural, vibrational,
morphological/compositional, optical properties, electrical and dielectric properties, respectively.
XRD study showed that the NiO NPs exhibited good crystallinity, with crystallite size decreasing
from 15 nm for pure NiO to 4 nm for 5 g SDS-NIO, as SDS concentration increased. The estimated
optical band gaps were found to be enhanced from 3.55 eV for pure NiO to 3.77 eV for the 5 g-
SDS NiO sample. The dielectric constant and electrical conductivity have been systematically
enhanced with increasing content of SDS in the synthesis of NiO NPs. These outcomes show that
the structural, vibrational, compositional/morphological, optical, dielectric, and electrical
properties of NiO are significantly enhanced by reducing the particle size with the concentration
of SDS in NiO. Hence, these NPs may be useful in multifunctional devices.

Keywords: NiO nanosynthesis, Structural properties, Optical properties, Photoluminescence, Dielectric
properties.
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A LOW-COST-G-C3Ns@PblI; NCs SYNTHESIS, STRUCTURAL,
VIBRATIONAL, OPTICAL, PHOTOLUMINESCENCE, AND
ELECTRICAL STUDIES: A NOVEL MATERIAL FOR
OPTOELECTRONIC DEVICES

Alkhaloofa F., Shawaf J., Aldirham S. H., Alqhtani N., Aljaloud K., Ali A. M.,
AlFaify S., Shkir M.

Department of Physics, College of Science, King Khalid University, Abha 61413, Saudi Arabia.
Abstract

In the current scenario, graphitic carbon nitride (g-CsN4)- based nanocomposites (NCs) are in
great demand owing to their versatile applications in a wide range of devices, such as
gas/radiation detection, photodetection, environmental, fuel cell, etc. . In view of the above-
mentioned applications, the authors aim to prepare Pbl2-decorated g-CsN4 NCs to improve their
key characteristics. Hence, we have synthesized the Pbl2 decorated g-CsNs NCs by
coprecipitation route and studied their photo-physical properties. In this work, we report a cost-
effective synthesis of Pbl2@g-CsN4 NCs with 0, 0.10, 0.25, 0.50, 0.75, and 1.00g of g-C3N4
concentrations. X-ray diffraction and FT-Raman studies confirm the synthesis of Pbl.@g-C3N4
NCs. The intensity of XRD peaks and calculated size of crystallites (59-75 nm) reveal the good
crystalline nature of the NCs. Raman spectral studies reveal that in Pbl2@g-C3sNa4 NCs, the
lifetime of the LO phonon is reduced through the bottleneck effect. Subsequently, there is a
rise in the phonon energy as the g-CsNs concentration increases, suggesting a significant
increase in electron-phonon coupling and higher crystal quality, which means there is a
corresponding increase in non-radiative losses. The vibrational study reveals that the Pbl2
decorated g-CsNa4 nanosheets are much more significant for hot carrier solar cell devices.
EDX/SEM e-mapping analyses confirm the uniform distribution of C, N, Pb, and I throughout
the specimens. The hexagonal nanocrystals/nanoplates and Pbl2 decorated g-CsN4 nanosheet-
like morphologies were detected in SEM and HR-TEM images for pure and g-CsNs@Pbl2 NCs.
A diffused reflectance study was performed, and the optical band gap of NCs was obtained
from K-M-Tauc’s plots and found to be in the range of 2.35-2.38 eV. Furthermore, the
photoluminescence (PL) emission spectra were recorded at 360 nm excitation wavelength, and
the two emission peaks were observed at 440 nm (blue) and 530 nm (green), these emission
peaks suggest that the prepared nanostructures can be used to develop blue and green LEDs.
The 1-V electrical properties of NCs were studied under dark and illumination conditions. The
observed results show that the prepared g-CsNs@Pbl. NCs are good contenders for
optoelectronic applications.

Keywords: Pbl,@g-C3:Ny nanocomposites, SDS assisted chemical synthesis, structural properties,
vibrational analysis, morphology and compositional study, optical properties
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DEVELOPMENT OF g-C3;N4s@CeO> NANOSTRUCTURES FOR
MULTIFUNCTIONAL APPLICATIONS

Alghtani N., Hadi M., Alkhaloofa F., Aldirham S., Shawaf J., Aljaloud K., Shkir M., Ali A. M.

Department of Physics, College of Science, Faculty of Science, King Khalid University, Abha,
61413, P.O. Box 9004, Saudi Arabia

Abstract

Graphite carbon nitrite loaded cerium oxide (g-C3N4/CeO2) composite is a semiconductor
material that has received much attention in the field of research due to its great importance
in solving environmental and water problems closely related to our daily lives. So, in this
work, a low-cost route is employed to synthesize the g-C3N4/CeO> and characterize using
state-of-the-art experimental techniques. X-ray diffraction (XRD) and Raman scattering
(RS) and are used to examine the sample's structural attributes. Diffuse reflectance
spectroscopy (DRS) is used to investigate the optical properties, and the band gap
evaluation was done. The elemental composition of the synthesized composite was
performed using EDX analysis, and the morphology was investigated using scanning
electron microscopy (SEM) as well as transmission electron microscopy (TEM). As aresult
of working on the optical properties, we found that by increasing the concentration of the
graphite carbon nitrite doping cerium oxide composite, the bandgap energy decreases, and
the recombination rate is inhibited. In future work, the g-C3N4/CeO2 composites will be
developed with different concentrations to make them suitable for several applications,
such as environmental and anti-cancer treatments.

Keywords: doping cerium oxide, characterizations, structural attributes, optical properties,
morphological characteristics, concentrations, and recombination.
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EFFECTS OF REDUCTION CONDITIONS DURING SUPERCRITICAL
DEPOSITION ON PROPERTIES OF Pt/C ELECTROCATALYSTS FOR PEM
FUEL CELLS
Alsubhile. A. %, Erkey C."?

! Department of Chemical and Biological Engineering, Ko¢ University, Rumeli Feneri Yolu,34450
Saryer, Istanbul, Turkey
? Kog¢ University Hydrogen Technologies Center, Rumeli Feneri Yolu, 34450 Sariyer, Istanbul, Turkey

Abstract

Green technologies play a crucial role in achieving sustainable energy systems. Among these, green
hydrogen has emerged as a promising energy carrier due to its remarkable gravimetric energy
density (142 MJ/kg, upper heating value) and zero carbon dioxide emissions. Polymer electrolyte
membrane (PEM) fuel cells utilize green hydrogen to generate electricity through an
electrochemical reaction with oxygen, offering a promising pathway for clean energy. However,
PEM fuel cells are currently considered an expensive technology, primarily due to the high cost of
Pt-based electrocatalysts. Developing innovative Pt-based electrocatalysts through sustainable
synthesis methods is essential to overcome cost barriers and to make PEM fuel cell technology
more widespread. Supercritical deposition (SCD) is a green synthesis method that provides precise
control over Pt loading, nanoparticle size, and dispersion, making it highly suitable for preparation
of Pt/C electrocatalysts. In SCD, a platinum precursor such as Pt(cod)(CH3)2, is adsorbed onto the
surface of the carbon support in the presence of scCO2. Subsequently, the adsorbed Pt precursor is
reduced to Pt nanoparticles using a wide variety of techniques. In this study, two reduction routes
—chemical in-situ and ex-situ reduction—were investigated for depositing Pt onto a commercial
support, carbon black (Vulcan-XC-72). In the in-situ route, the Pt precursor was reduced in a
supercritical CO, (SC-CO,) and H, mixture (1.5 mol% H2) at 27.6 MPa and 80°C. For the ex-situ
route, the Pt precursor was reduced under pure H, flow at 80°C. Both routes yielded electrocatalysts
with approximately 26 wt% Pt loading. The average sizes of the Pt nanoparticles were determined
as4.1 nmand 4.7 nm, respectively, as calculated from XRD data and confirmed by STEM analysis.
XPS analysis revealed a significant improvement in the atomic percentage of metallic Pt , reaching
85% in both synthesized electrocatalysts compared to 70% in the commercial Pt-C (30 wt%)
electrocatalyst. This enhancement indicated that the chemical reduction routes contribute to a
higher metallic Pt content, which is critical for optimizing oxygen reduction reaction (ORR)
activity. The ORR activity and stability of the synthesized electrocatalysts were measured and
compared to the commercial Pt-C 30 wt% electrocatalyst.

Keywords: Supercritical deposition (SCD), Oxygen reduction reaction (ORR), PEM fuel cell,
Electrocatalyst
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DESIGN OF TITANIUM DIOXIDE NANOMATERIALS AND THEIR USE AS
PHOTOCATALYSTS FOR SUSTAINABLE APPLICATIONS

Calabrese C.', Maertens A.>, Piras A.°, Marci G.°, Garcia E. L.*, Aprile C.°, Liotta L. F.!

!Institute for the Study of Nanostructured Materials (ISMN)-CNR, via Ugo La Malfa, 153, 90146
Palermo, Italy
2 Unit of Nanomaterials Chemistry, Department of Chemistry, University of Namur, NISM, Rue de
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3 University of Palermo, Department of Engineering, Viale delle Scienze Ed. 6, 90128 Palermo, Italy
4 University of Palermo, STEBICEF, Viale delle Scienze Ed. 16, 90128 Palermo, Italy

Abstract

The design of nanomaterials for environmental remediation is an ongoing challenge aimed at
promoting a more sustainable and circular economy. In this context, the development of
heterogeneous photocatalysts has been considered one of the strategies to face these issues.

Herein, a novel sol-gel synthesis was investigated and developed as a suitable method to prepare
TiO2> nanomaterials with photocatalytic activity. The synthetic method has been designed by
changing some reaction parameters, such as the type of solvent, the addition of the swelling
agent, the stirring speed, and the calcination conditions. The textural properties of the obtained
materials were analysed by N> physisorption measurements, whereas the morphology of the
solids was investigated via transmission electron microscopy. X-ray diffraction analysis was
carried out on both dried powders and calcined materials to examine their crystalline structure. It
was found that the different phase compositions of the materials are related to the specific
synthesis medium. The use of ethanol, as the reaction solvent, allowed anatase TiO>
nanomaterials with a higher specific surface area, pore volume, and crystallinity than the
analogous solids prepared in water instead of ethanol. An inhomogeneous morphology, which
evolved into a rutile phase, was observed when TiO> powders were synthesized in water without
using ethanol. Selected TiO, samples were tested as heterogeneous catalysts choosing the
photodegradation of Rhodamine B, under UV-A light irradiation, as a target reaction. The
potential versatility of TiO2> nanopowders was also investigated in the H> production by UV-
assisted photoreforming of hydroalcoholic solutions. In all the catalytic tests, the anatase phase
materials, prepared in ethanol, showed better photocatalytic performance than those prepared in
water.

Keywords: TiO;, porous nanoparticles, sol-gel synthesis, photocatalysis, photoreforming.
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MODIFICATION OF COCOA BEAN SHELL WITH HIGH VOLTAGE
ELECTRICAL DISCHARGE

Barisi¢ V., Corkovi¢ L, Flanjak L., Jozinovié¢ A., Babié J., Loncarié A., Subarié D., Ackar D.
Faculty of Food Technology Osijek, Franje Kuhaca 18, 31000 Osijek, Croatia
Abstract

The chocolate industry generates huge amounts of waste which represents an environmental
problem because of pollution. Cocoa bean shell is one of the wastes generated during cocoa
processing which is rich in fibers and bioactive components. Researchers have been trying in the
last few years to find cocoa shell applications in different industries. Some of the most important
uses of cocoa shell are as an adsorbent, in the production of biofuels, as a feedstuff, in food
production, etc. This research aimed to determine the degree of modification of cocoa shell with
high voltage electrical discharge (HVED). HVED is a nonthermal method that is used for the
extraction of bioactive components, disinfection, modification, etc. In this research, cocoa shell
was milled and HVED treated at a concentration of 10%. Treatments were carried out during 5
minutes at 20, 40, 60, and 80 Hz. Also, the treatments were carried out with the flow of air
through the discharge needle. After the treatments samples were centrifuged, dried at 50 °C, and
milled through the sieve of 1 mm. Methods that were used to determine the degree of
modification were oil binding capacity (OBC) and Fourier Transform Infrared Spectroscopy
(FTIR). Qil binding capacity increased for all treated samples compared to untreated cocoa shell
while the highest OBC was in the sample that was treated at 60 Hz. FTIR analysis showed some
shifts of the bands after the treatment which shows that there are reactions of cocoa
lignocellulosic material with species formed during HVED treatment.

Keywords: cocoa bean shell, HVED, fibers, FTIR
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Zn-Al/Cr/Fe MIXED OXIDES AS PHOTOCATALYSTS FOR DYE REMOVAL

Hadnadev-Kosti¢ M., Vulié¢ T.", Karanovi¢ D.!

"University of Novi Sad, Faculty of Technology Novi Sad, Bulevar cara Lazara 1, 21000 Novi Sad, Serbia

Abstract

Environmental pollution and its negative influence on human health and eco-systems represent a
significant challenge nowadays. Considering that new, persistent and toxic pollutants are
constantly emerging, there is an ongoing quest for eco-friendly materials that could be used for
environmental remediation. Azo dyes, such as brilliant cresyl blue (BCB) and methylene blue
(MB), highly contribute to the global increase of water pollution due to their extensive use in the
modern chemical industry. Compared to other purification processes, photocatalysis has emerged
as eco-friendly, straightforward and simple approach to wastewater treatment. Mixed oxides,
derived from layered double hydroxides, have been recently used as promising photocatalytic
materials for water treatment. ZnAl, ZnCr and ZnFe layered double hydroxides were synthesized
by low supersaturation coprecipitation method with the Zn?* molar ratio of 0.7 and M** (AI**,
Cr¥* or Fe**) molar ratio of 0.3. The precipitates were dried (100 , 12h) and thermally
treated/activated at 500 in order to obtain mixed oxides. An in-depth analysis of structural
(XRD and FTIR analysis) and textural (low temperature nitrogen adsorption) properties of
obtained materials was conducted. The results indicated that the variation of trivalent ion
significantly influenced the mixed oxide phase composition and structure, as well as their textural
properties. Photocatalytic degradation of test pollutants (BCB and MB) revealed exceptional
efficiency of ZnAl mixed oxide for complete decolourization of both solutions after 5h, whereas
ZnCr 500 degraded 45% of MB dye and 82% of BCB dye, while ZnFe 500 successfully degraded
77% of MB dye and 62% of BCB dye. The difference in photocatalytic behaviour among studied
ZnAl, ZnCr and ZnFe mixed oxides could be explained with the difference in the formation of
photocatalytic active phases, especially ZnO and Zn-mixed oxide phases, during thermal
activation. Besides that, during thermal treatment smaller mesopores and larger surface area,
desirable for photocatalytic application, were formed when Al was used as trivalent constituent
cation. The results indicate that careful selection of photocatalyst composition and thermal
treatment enable the development of novel, enhanced and efficient photocatalytic materials that
would contribute to greener future.

Keywords: photocatalytic degradation, azo-dyes, semiconductors, wastewater treatment
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ENERGY-EFFICIENT SYNTHESIS OF MAGNETIC MATERIALS BY
PROCESSING IRON-CONTAINING LIQUID WASTE

Kochetov G., Samchenko D.

Kyiv National University of Construction and Architecture,
Povitryanikh Sil ave., 31, 03037 Kyiv, Ukraine

Abstract

The traditional technologies for production of magnetic materials consume substantial amount of
energy and resources. The hydrophase ferritization is a promising cost-efficient methods of
synthesis, as it allows to obtain magnetic materials by processing of iron-containing liquid waste.
Industrial enterprises generate substantial amount of toxic exhausted high-concentration etching
solutions. Energy-efficient magnetic fields activation was used to initiate the ferritization
processing of those high-concentration solutions at ambient temperatures instead of thermal one.
It enables a cost-efficient consumption of energy and water at an industrial plant.

The aim of the study is based on the results of qualitative and quantitative composition of the
ferritization sediments and grain size of their iron-containing particles, to explore the possibilities
of further utilization of the sediments. Variable study parameters of ferritization process were:
initial pH values of the solutions, initial concentrations of total iron ions and duration of the
aeration treatment of the reaction mixture. The XRD indicated that the formed sediments
contained phases of y-FeOOH, 6-FeOOH, Fe304, and y-Fe203. Granulometry analysis showed
that these sediments were highly dispersed and heterogeneous. Chemically stable phase of
magnetite was obtained in the composition of sediments with initial concentration of iron ions in
the reaction mixture of 16.6 g/dm?, pH value of 11.5 and the process duration of 15 min. The
study results demonstrated feasibility of further possible use of such materials with a high
magnetite content for production of environmentally friendly ferromagnetic sorbents. The
sediment powder was tested for sorbtion of zinc ions. In addition, a tuff-based sorbent modified
with sediment powder was obtained. A high degree of removal of zinc ions from wastewater (up
to 99.8%) using the obtained materials was achieved. The resulting sorbents are easily separated
from the liquid phase on magnetic filters. Besides that, introduction of 15% by mass. either of
wastewater treatment sediments or the spent sorbents in the composition of protective powder
paints do not impair the main mechanical properties of the coatings. Moreover, obtained coatings
increase shielding of electromagnetic radiation in the megahertz range by 4 times compared to
standard ones.

Application of exhausted etching solutions as a production input allows to obtain marketable
products from industrial waste and at the same time can help to prevent environmental pollution.

Keywords: Keywords: energy-efficient synthesis, magnetic materials, sorbents, ferritization
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GLYCEROL AS A GREEN SOLVENT FOR COPPER(I)-CATALYZED 1,3-
DIPOLAR CYCLOADDITION: SYNTHESIS OF NOVEL 1,2,3-TRIAZOLE
FRAMEWORKS BASED ON OUINOLINONE, QUINAZOLINONE AND
COUMARIN CORE

Komar M., Garcia-Alvarez J.%, Jakovljevi¢ Kovaé M.', Molnar M.’

! Josip Juraj Strossmayer University of Osijek, Faculty of Food Technology Osijek, Franje Kuhaca 18,
31000 Osijek
Laboratorio de Quimica Sintética Sostenible (QuimSinSos), Departamento de Quimica Orgdnica e
Inorganica, Instituto Universitario de Quimica Organometalica "Enrigue Moles" (IUQOEM), Facultad
de Quimica, Universidad de Oviedo, E-33071 Oviedo, Spain

Abstract

Developing an environmentally friendly reaction medium in organic synthesis has gained
significant attention in recent years. Glycerol, a byproduct of biodiesel production, has emerged
as a versatile and benign solvent in the synthesis of heterocycles. Its unique chemical and
physical properties, including being non-toxic, biodegradable, and polar, make it an acceptable
alternative to traditional organic solvents. The most well-known reaction of click chemistry is the
copper(l)-catalyzed alkyne-azide cycloaddition (CuAAC) which represents 1,3-diploar
cycloaddition of terminal alkyne and an azide to form 1,2,3-triazole. CUAAC is highly
regioselective due to the copper(l) catalyst, which directs the reaction to form the 1,4-
disubstituted triazole with high selectivity.

In this study, we explore glycerol as a green alternative for conducting the copper(l)-catalyzed
1,3-dipolar cycloaddition of alkynes and azides based on quinolinone, quinazolinone, and
coumarin cores. This approach facilitates the efficient synthesis of 15 novel 1,2,3-triazole
frameworks and highlights the synergistic effect of glycerol and copper(l) iodide as a catalyst in
click chemistry, offering an eco-friendly and efficient route to access a diverse library of
bioactive heterocycles with potential pharmacological properties.

Keywords: 1,3-dipolar cycloaddition, 1,2,3-triazole, glycerol, copper(l) iodide, heterocycles
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IMPACT OF CA CONCENTRATIONS ON THE SYNTHESIS AND
PHYSICAL PROPERTIES OF ZNFE:O04 MAGNETIC
NANOPARTICLES

Sdran N.A., Shkir M., Ali H.E.

Department of Physics, College of Science, King Khalid University, P.O. Box 9004, Abha, Saudi
Arabia.

Abstract

In the recent past, ferrites are highly applicable in various applications such as switches
used in refrigerators for heat sensing, ACs (air conditioners), electronic ovens,
MRI/hyperthermia, optoelectronics, etc. Hence, herein we have facilely synthesized the
ZnFe»04 nanoparticles (ZF NPs) in the presence of citric acid (CA) as fuel/medium at
different temperatures as well as at a constant optimized temperature with varying CA
concentrations. The properties of the obtained ZF NPs like phase purity, particle size,
surface area, and agglomeration are primarily influenced by the heat generated during
synthesis. The obtained NPs were characterized using various techniques to investigate the
impact of CA concentrations on the physical properties of ZF NPs. Hence, it was noticed
that all the XRD parameters depend on CA fuel concentrations. The calculated crystallite
size decreases from 25 to 15 nm, and the surface area increases from 42 to 72 m?/g as fuel
concentrations increase from 0.25 to 5.0 g. FT-Raman Spectroscopy gave good matching
of vibrational modes in the final product with the previous studies. Scanning electron
microscopy shows that the average grain size decreased from 36 to 23 nm with increasing
CA concentrations. EDX/SEM e-mapping analysis confirms the synthesis of ZF NPs with
good homogeneity. Optical band gap energy showed an increase with increasing CA
concentrations, from 2.05 to 2.32 eV as fuel concentrations increase from 0.25 to 5.0 g.
Furthermore, we have studied the dielectric and electrical properties of the synthesized ZF
NPs which will be discussed. Results indicate that the fuel concentrations is playing a key
role in inhibiting the growth of nanoparticles which keeps them of low dimension and
enhance the other physical properties.

Keywords: ZF NPs; combustion synthesis,; structural properties, optical properties, dielectric and
electrical properties.
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SYNTHESIS OF METAL TUNGSTATE FOR ENVVIRONMENTAL
REMEDIATION APPLICATIONS

Shawaf J., Hadi M., Alkhaloofa F., Aldirham S., Alghtani N., Aljaloud K., Shkir M., Ali A. M.

Department of Physics, College of Science, Faculty of Science, King Khalid University, Abha, 61413, P.O.
Box 9004, Saudi Arabia

Abstract

Metal tungstate has gained significant interest due to its distinctive structural, optical,
photoluminescent, magnetic, and photocatalytic features, chemical stability, tunable band
structures, and resilience. Among several metal tungstate, barium tungstate is found to be one of
the best materials from an application point of view. Hence, in the present work, a series of
barium tungstate/graphitic carbon nitride (BaWOa4/g-C3N4) nanocomposites were prepared
using different amounts of g-CsN4 (0.1, 0.25, 0.5. 0.75, and 1 gm) using a low-cost co-
precipitation technique. The structural properties of the synthesized nanoscale BaWO4/g-C3Na
nanocomposites were investigated by using X-ray diffraction and FT-Raman spectroscopy
techniques. The elemental composition of these nanoscale materials was analyzed through
Energy-dispersive X-ray spectroscopy/scanning electron microscope elemental mapping and X-
ray photoelectron spectroscopy analysis. The morphology was examined by using field emission
scanning electron microscopy and transmission electron microscopy. The optical properties were
assessed by diffused reflectance spectroscopy. Furthermore, the impact of g-C3N4 concentrations
on photocatalytic and bioactivities of BaWO4 was studied. The outcomes reveal that the prepared
BaWO4/g-C3Ns nanocomposites are highly applicable for biomedical and environmental
remediation applications.

Keywords: BaWO4/g-C3N4 nanocomposites, structural properties, morphological/compositional study,
optical properties antimicrobial and photocatalysis
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