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Abstract

This document reports on the progress of the Transnational Access (TA) activities at the
CERN CERN Linear Electron Accelerator for Research (CLEAR) facility and Institute
of Nuclear Chemistry and Technology (INCT) RAPID, conducted within Work Package
3, Task 4 of the EURO-LABS project. The projects carried out at the facility to date
are described, together with their impact on the relevant research domains and selected
highlights of the results obtained. In addition, the ongoing and planned projects foreseen
up to the end of the project in August 2026 are outlined. Finally, an evaluation of the
TA experience within the EURO-LABS framework is presented.
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Executive Summary

Within the EURO-LABS project, Work Package 3 (WP3) provides Transnational Ac-
cess (TA) to key European Research Infrastructures dedicated to accelerator research
and development. Task 3.4 focuses specifically on access to state-of-the-art electron
beam facilities for applications-oriented research, strengthening the integration between
accelerator physics, radiation science, materials research, environmental technologies,
and medical applications.

This deliverable reports on the progress achieved in the implementation of TA activities
at the two participating infrastructures:

the INCT-RAPID facility at the Institute of Nuclear Chemistry and Technology (War-
saw, Poland), and

the CLEAR facility at CERN (Geneva, Switzerland), based on the CERN Linear Elec-
tron Accelerator for Research.

Both facilities have provided reliable, high-quality access to external user teams, de-
livering Access Units (AUs) in line with the commitments defined in the Description
of Action (DoA) and subsequent project milestones. The infrastructures have operated
smoothly, offering not only beam time but also comprehensive scientific, technical, and
dosimetric support, ensuring that users could effectively carry out ambitious experimen-
tal programmes.

At INCT-RAPID, TA activities have demonstrated the versatility and societal relevance
of electron beam technologies. Projects span a broad range of domains, including: ra-
diation chemistry and biochemistry, advanced polymer processing and nanogel design
for drug delivery, sustainable materials and composite development, food safety and
functionalisation, agricultural resilience and mutation breeding, and environmental ap-
plications such as greenhouse gas conversion.

At CERN, the CLEAR facility has provided highly flexible electron beams (up to 200
MeV) and expert support to a wide community of users working at the interface of ac-
celerator physics, detector development, beam instrumentation, medical physics, and
fundamental science. TA projects have addressed: beam diagnostics and monitoring for
next-generation accelerators, electro-optical bunch profile measurements, Cherenkov-
based detection systems, ultra-high dose rate (UHDR) and VHEE FLASH radiotherapy
instrumentation, beam shaping and dual-scattering systems for uniform irradiation, and
exploratory studies in fundamental electron dynamics.

CLEAR’s versatility in beam parameters, rapid reconfiguration capability, and accessi-
ble experimental areas have enabled proof-of-principle demonstrations, prototype vali-
dation under realistic beam conditions, and the first experimental verification of novel
concepts. Several projects have already resulted in peer-reviewed publications and doc-
toral theses, confirming the scientific impact of the access provided.

Overall, the progress achieved within Task 3.4 demonstrates that both participating in-
frastructures are effectively delivering high-quality Transnational Access, fostering cross-
border collaboration, and enabling cutting-edge research with tangible scientific, tech-
nological, and societal impact. The remaining project period will further consolidate
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these results, complete ongoing experiments, and exploit the available Access Units up
to the conclusion of EURO-LABS in August 2026.
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1 Introduction

Within EURO-LABS the Work-Package 3 (WP3) provides Transnational Access (TA)
to Research Infrastructures for Accelerator R&D, with the RI Facilities participating in
Task 3.4 provide state-of-the-art electron beams for R&D and applications, in particular
for novel medical physics. In the task 3.4, there are two facilities providing access to
accelerator infrastructure:

INCT-RAPID - the Centre for Radiation Research and Technologies (RAPID) facility
located at the Institute of Nuclear Chemistry and Technology (INCT) in Warsaw-
PL, and

CERN-CLEAR - the CERN Linear Electron Accelerator for Research (CLEAR) user
facility located at CERN - CH.

INCT-RAPID - Poland

The RAPID infrastructure provides advanced irradiation and radiation-chemistry re-
search capabilities using electron accelerators. TA activites within EURO-LABS in-
cludes projects carried out using: 1) LAE-10 linear electron accelerator with a nanosec-
ond pulse radiolysis UV/VIS detection system, enabling detailed studies of transient
chemical species and reaction kinetics relevant to chemistry and biochemistry; 2) high-
power electron beam accelerators such as the ELEKTRONIKA 10-15 for sterilisation,
polymer modification, and microbial decontamination, 3) ILU-6 accelerator (0.15-2
MeV, up to 20 kW) supporting experimental and demonstration work on gases, liquids,
and solids, including environmental applications. Complementary facilities, gamma ir-
radiation cells, dosimetry laboratory, electron spin resonance spectroscopy, and exten-
sive material characterization equipment, provide comprehensive support for multidis-
ciplinary research and technology development.

CERN-CLEAR - CH

The CERN Linear Electron Accelerator for Research (CLEAR) is an electron test facil-
ity aimed at developing instruments and components for existing and future accelerators,
testing novel concepts as plasma and THz acceleration, investigating medical applica-
tions of electron beams including dosimetry and FLASH radiotherapy, studying radia-
tion hardness of electronics for aerospace and high energy applications, and training the
next generations of accelerator physicists. CLEAR is composed by a versatile 200 MeV
electron linac coupled to a 20 m experimental beamline, and it is operated at CERN as a
multi-purpose user facility.

1.1 Purpose and Scope of the Document

This report provides an overview of the activities carried out to meet the commitments
defined in Description of Action (DoA) and the MS17 [1] document at the beginning
of the project, particularly with regard to the provision of TA to user teams. It summa-
rizes the access opportunities offered, the level of implementation achieved across the
participating facilities, and the support provided to external users. Both facilities partic-
ipating in Task 3.4 have been running smoothly since the start of EURO-LABS deliver-
ing Access Units (AU)s meeting the agreed commitments. The document presents the
progress achieved in fulfilling our TA commitments.
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1.2 Structure of the Document

This document is organised as follows. Section 1, the present section, outlines the con-
tent and structure of the report. Section 2 describes the TA projects carried out at each
facility, including their main highlights, key results, and impact on the field. The de-
liverable concludes with Section 3, which summarizes the main outcomes and perspec-
tives.
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2 TA Activities

This section describes the TA projects conducted at each facility, highlighting their main
results and impact on the field.

2.1 The Institute of Nuclear Chemistry and Technology (INCT) -
RAPID infrastructure

INCT is playing a leading role in demonstrating versatile applications of electron beam
technologies. Within EURO-LABS, a wide range of projects were completed using
the INCT-RAPID e-beam infrastructure. These projects demonstrate the potential of
electron accelerators to support innovation for a better life. The wide range of projects
implemented within EURO-LABS demonstrates the unique flexibility of electron beam
facilities in coping with the most pressing challenges.

Table 1 summarizes the TA projects and AUs delivered in the INCT-RAPDID facility at
the time of writing of this report. In total, 375 AU were delivered out of 600 AU planned
(55%). Note that the project IDs correspond to the submission date of the proposals,
whereas the experiments were conducted later depending on beam availability and the
facility’s overall schedule constraints.

Table 1: INCT-RAPID: summary of completed TA Projects.

Project ID PI origin Title AU
[h]
RAPID-2023-1  Ruder Boskovic Crosslinking of self-assambled 25
Institute, Croatia fatty acids on copper by
electron beam irradiation
RAPID-2023-2  ICP, Univ. Paris One-electron oxida/on of 25
Saclay, France S-adenosyl methionine
RAPID-2023-3  National Centre of Effect of ionizing irradiation 15
Nuclear Sciences on dried fruits

and Technologies
CNSTN, Tunisia

RAPID-2023-4  ICP, Univ. Paris One-electron oxida/on of 15
Saclay, France S-adenosyl methionine

RAPID-2023-5  University of Irradiation engineering of 50
Palermo biopolymer-based formulation

for wound management and
targeted drug delivery devices
RAPID-2023-6  Instituto Superior Bioactivity of irradiated foods 25
Técnico, by low energy e-beam
Universidade de
Lisboa, Portugal
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Project ID PI origin Title AU
RAPID-2023-7  Institute of Influence of 10 MeV 25
Chemical Physics, accelerated electrons on

University of Latvia  structure and properties of
sheep wool fibres as a
potential component for
preparation of polymer-based
composite materials

RAPID-2024-8  Ruder Boskovic Face masks recycling with the 5
Institute, Croatia use of radiation technologies.
RAPID-2024-9  National Centre of =~ Low energy elecytron beam 25
NuclearSciences irradiation of plant based
and Technologies animal feed
CNSTN, Tunisia
RAPID-2025-10 National Centre of ~ Converting carbon dioxide 50
NuclearSciences (CO,) and methane (CHy) into
and Technologies Syngas using Electron beam
CNSTN, Tunisia Irradiation
RAPID-2025-11 University of Electron Beam Irradiation for 50
Palermo Polymer Crosslinking and
Advanced Nanogel Design for
Drug Delivery and
Theranostics approaches
RAPID-2025-12  Center of Enhancing Barley Resilience 50
Biotechnology of to Abiotic Stresses via

Borj Cedria, Tunisia Physical Mutagenesis for
Sustainable Agriculture

RAPID-2025-14 Institute of Electron nuclear double 15
Chemical Physics of resonance spectra
the Faculty of measurements for biphasic
Science and Li14S104-Li2TiO3 ceramics

Technology of the after exposure to 10 MeV
University of Latvia accelerated electrons
(Riga, Latvia)

2.1.1 EURO-LABS-RAPID-2023-01
Project Title: Crosslinking of self-assembled fatty acids on copper by electron beam
irradiation

Aim of the project : The project was focused on studying the conditions for crosslinking
fatty acids on metals using electron beams and grafting vitamin E on the developed
polymer coatings.

Project summary: Polymer nanocoatings based on fatty acids have a great potential for
biomedical applications. Such coatings can slow down the dissolution of metal-based
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implants, and fatty acids are biocompatible since they degrade into low-toxic products
that are not harmful to the human body. Radiation-induced crosslinking is homogeneous,
fast, can be carried out at room temperature without use of solvents, initiators and/or cat-
alysts. If crosslinking is performed using ionizing irradiation the process is clean, and if
the doses used are 25 kGy or higher the coatings are simultaneously crosslinked and ster-
ilized (see Fig. 1). Nevertheless, their crosslinking has been studied and demonstrated
only under gamma irradiation conditions, while for commercial applications crosslink-
ing under electron beam technology could be more suitable due to technological param-
eters such as high dose rate and short irradiation time, or possibility of irradiation at low
temperature.

Figure 1: Copper disc with self-assembled fatty acids layer cross-linked with electron beam -
project EURO-LABS-RAPID-2023-1.

Results: This study investigated how thin organic layers of self-assembled fatty acids
respond to electron irradiation. By inducing crosslinking within these films, researchers
demonstrated new pathways for creating robust, chemically resistant coatings on metal-
lic surfaces. These findings open possibilities for protective layers in biochemistry, mi-
croelectronics, corrosion protection, and catalytic interfaces.

Publications:

+ K. Marusi¢, E. Pezic, H. Bach-Rojecky, U. Gryczka, M. Walo. Optimizing Poly-
mer Coatings for Implants and Drug Delivery: Gamma vs. EBeam Irradiation.
Third International Conference on Applications of Radiation Science and Tech-
nology (ICARST-2025). Book of abstracts. IAEA-CN-332/183

* Bach-Rojecky, Helena; Mirosavljevi¢, Marija; Kralj, Damir; Marusi¢, Katarina, Enhancing
hydrophobicity through radiation crosslinking of stearic acid monolayers on cal-
cium carbonate. 19th European Student Colloid Conference, Bordeaux, France,
24.06.2024-27.06.2024,

Abstracts accepted for the Second International Conference on Accelerators for Re-
search and Innovation 22-26 June 2026, IAEA, Vienna, Austria
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* E. Pezi¢, U. Gryczka, M. Walo, K. Marusi¢, radiation-curing of organic mono-
layers on metals: low- and high-energy electron beams versus gamma irradiation,
oral presentation;

« H. Biljani¢, U. Gryczka, M. Walo, K. Marusi¢. Electron beam-induced surface en-
gineering of calcium carbonate for enhanced performance in polymer composites,
poster presentation

Article submitted for publication:

 H. Biljani¢, M. Mirosavljevi¢, U. Gryczka, M. Walo, D. Kralj, K. Marusi¢, Role of
Oxygen in Radiation Crosslinking of Stearic Acid on Calcium Carbonate for Polymer
Filler Optimization, MDPI Polymers journal (https://www.mdpi.com/journal/pol
ymers)

2.1.2 EURO-LABS-RAPID-2023-02 and EURO-LABS-RAPID-2023-04
Project title: One-Electron Oxidation of S-Adenosyl Methionine (SAM)

Aim of the project: The project aim to elucidate the mechanism of this oxidation of
S-Adenosyl Methionine (SAM)and identify the transients involved.

S adenosyl methionine (SAM) is a very important biological compound resulting of the
addition of a DNA nucleoside, adenosine, and an amino acid, methionine. it is a key
metabolite involved in reactions of transmethylation and transsulfuration. In oxidative
stress, it can be oxidized by reactive oxygen species such as OH radicals, while in the
course of its biological action, it is reduced.

The project is a part of the study on the oxidation of sulfur containing peptides and
identifying the final products.
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Figure 2: Absorption spectra of SAM formed by oxidization by OH radicals - project EURO-
LABSRAPID-2023-4

Results: Performed in two separate project cycles, this fundamental chemistry study ex-
plored how electron-induced oxidation affects the structure and reactivity of SAM—an
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essential biological methyl donor. It was found that, the adenosine moiety of SAM is ox-
idized while methionine moiety remains intact. The rate constant of reactions of OH rad-
ical with methionine is higher than that of adenosine. Understanding these mechanisms
is crucial for radiation biochemistry, radioprotection research, and modeling radiation
effects in living systems (see Fig. 2).

2.1.3 EURO-LABS-RAPID-2023-03
Project title: Effect of ionizing irradiation on dried fruits

Aim of the project: The main objective of the project was the assessment of the effect of
low Energy Electron Beam LEEB (< 350 keV) on naturally occurring microorganisms
in dried tomatoes and red chili pepper and the evaluation of their nutritional proper-
ties.

Several outbreaks occurred after the consumption of contaminated dried tomatoes and
red chili pepper by pathogenic microorganisms. lonizing irradiation was suggested as an
efficient and promising treatment for foodborne pathogens inactivation along with the
preservation of nutritional values and organoleptic properties of these products. For this
purpose, doses ranging between 3 to 10 kGy were applied and the affect on organoleptic
and nutritional properties of dried tomatoes and red chili pepper before and after treat-
ment was also evaluated.

Results: This study examined how low-dose electron irradiation affects microbial load,
quality parameters, and shelf life of dried fruits. It shows that that applications irradiation
of red chili pepper resulted in effective reduction of microbial load (see Fig. 3). Such
applications contribute to safer food supply chains and reduced post-harvest losses—
priorities for global and European food markets.

Figure 3: Chilli pepper used for dose verification for irradiation with electron beam of energy
330 keV - EURO-LABS-RAPID-2023-3

Publications:

» Faten RAHMANI , Habiba KOUKI, Moktar HAMDI, Souhir BOUAZIZI , Mo-
hamed Amine KHAMMASSI, Widad ZERNADIJI, Sylwester BULKA, Urszula
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GRYCZKA, Fatma HMAIED. Implementation of Low energy e beam for dried
vegetable treatment: effect on microbial and physicochemical qualities of dried
red chili pepper (Capsicum annuum L.). Innovative Food Science and Emerging
Technologies, Volume 101, Article number 103954, 2025,

DOI: 10.1016/j.ifset.2025.103954.

2.1.4 EURO-LABS-RAPID-2023-05

Project title: Irradiation engineering of biopolymer-based formulation for wound man-
agement and targeted drug delivery devices

Aim of the project: The project aims to produce new hydrogel formulations for wound
healing and polymeric nanoparticles as substrates for therapeutic and diagnostic (thera-
nostic) nanodevices.

For the new hydrogel wound dressings, a mixture of synthetic polymers and polysaccha-
rides with intrinsic antioxidant/anti-inflammatory properties was developed. Irradiation
plays a key role in this approach, as it can perform several functions: cross-linking of
the synthetic polymer to improve the mechanical performance of the hydrogel films,
partial degradation of the polysaccharide with generation of bioactive oligosaccharides,
and sterilisation of the final product. For the development of therapeutic nanoparti-
cles by irradiating aqueous solutions of biocompatible polymers, irradiation conditions
will be sought that can lead to relatively monodisperse nanoparticles in the 5-50 nm
range. In addition, simultaneous grafting of functional monomers capable of direct-
ing the nanocarrier to target tissues and cells and immobilising radioactive ions will be
sought.

Figure 4: A) Sample before irradiation; B) after one pass under the EB at a dose of 28 kGy; C)
after two days after irradiation - project EURO-LABS-RAPID-2023-5

Results: Electron beams provide a reagent-free method to form nanogels with controlled
size, stability, and drug-loading properties. The properties of the irradiated samples pro-
duced at INCT were assessed through rheological, mechanical, swelling/erosion tests,
thermogravimetric analysis, scanning electron microscopy (SEM) to evaluate their suit-
ability for wound healing applications (see Fig. 4). The results support future devel-
opments in targeted drug delivery and theranostic systems, demonstrating the strategic
value of e-beam processing for next-generation biomedical materials.
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2.1.5 EURO-LABS-RAPID-2023-06
Project title: Bioactivity of irradiated foods by low energy e-beam

Aim of the project: The overall objective of the project was to evaluate the potential
of the low energy e-beam (<350 keV) irradiation treatment on the enhancement of food
bioactivity.

Low energy e-beam irradiation could represent an important in-line processing food
technology, which could contribute to its quality improvement (potential food func-
tionalization) and safety requirements, allowing food irradiation to reach more broad
markets. Previous studies have indicated that the treatment by gamma radiation and
high-energy e-beam is able to preserve or improve the bioactivity of food products,
highlighting irradiation potential as a food functionalization process. The bioactivity
(e.g. antioxidant activity, antimicrobial activity) of the extracts from non-irradiated and
irradiated food products with low energy electron beam was evaluated.

Results: Irradiation of food samples, namely avocados, rosemary and cherry tomatoes
using low energy electron beams (2 - 10 kGy) were performed, followed by the extraction
of bioactive compounds and the assessment of bioactvities. The dosimetric characteris-
tics of the LEEB irradiations were evaluated using B3 Radiochromic film. Researchers
evaluated whether low-energy e-beam treatment alters the nutritional, functional, or an-
tioxidant properties of food products. The findings help refine irradiation protocols to
maintain or enhance food quality while ensuring safety.

2.1.6 EURO-LABS-RAPID-2023-07

Project title: Influence of 10 MeV accelerated electrons on structure and properties of
sheep wool fibres as a potential component for preparation of polymer-based composite
materials

Aim of the project: The project aim to investigate the use of high-energy (10 MeV)
electrons to modify the structure of natural wool fibres, improving their compatibility
with polymer matrices

Sheep wool is a natural, renewable, cheap, easy obtainable, sustainable, and biodegradable
material. Since only sheep wool fibers of defined quality are utilized in the textile indus-
try, unprocessed fibers often regrettably become waste. Therefore, such wool fibers are
a topical problem for sheep breeding industry. Among the possible applications of the
sheep wool fibers is their modification and implementation in composites or filtrating
systems. The ionizing radiation has been used for modification of polymeric materials
and wool therefore, it is proposed to apply it for treatment of wool and wool-polymer
composites.

Results: In the framework of this project, two types of the irradiation were performed.
The first irradiation experiment was dedicated to the sheep wool and sheep wool com-
posite samples, while the second irradiation experiment was focused on measurements of
Electron Paramagnetic Resonance (EPR) spectra of non-irradiated and irradiated sheep
wool fibers (see Fig. 5). Within the frames of the project, the sheep wool samples as well
as sheep wool — polymer composites were irradiated with 10 MeV accelerated electrons
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up to absorbed doses of 25, 50, 100, 250 and 500 kGy. It was observed, that unirradi-
ated wool samples contain low content of free radicals. Irradiation with 10 MeV accel-
erated electrons causes the formation of unstable radicals (28 kGy sample was measured
immediately after irradiation) and stable radicals (50, 100 and 500 kGy samples were
measured approximately one day after irradiation). This work contributes to developing
sustainable composite materials that combine renewable raw materials with advanced
performance characteristics—an approach particularly relevant to European green tech-
nologies and bio-based industries.

9 mW
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Figure 5: EPR spectra of unirradiated and accelerated electron irradiated sheep wool fibers -
project EURO-LABS-RAPID-2023-7

2.1.7 EURO-LABS-RAPID-2024-08
Project title: Face masks recycling with the use of radiation technologies

Aim of the project:The project aimed to investigate the use of electron irradiation to
sterilize and modify the properties of SFMs.

Plastic waste management presents a significant environmental challenge, with an esti-
mated 70% of all plastic becoming waste and only a small fraction being recycled due
to high processing costs and complex separation procedures. This project proposes an
innovative approach to recycling polymer plastic waste, particularly used surgical face
masks (SFM) made of polypropylene, by leveraging radiation technology for steriliza-
tion and material modification. Recent research has shown that incorporating shredded
SFMs into recycled concrete aggregate can enhance the strength and stiffness of road
construction materials, offering a promising solution for reducing plastic waste.

Results: The samples of face masks were irradiated with doses of 25 and 50 kGy, at 3
different dose rates, namely 100, 1000, and 10000 kGy/h. These results will be com-
pared with the results previously obtained in our gamma-irradiation facility. The masks
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were irradiated in order to sterilize them and modify the properties of the polypropylene
fibers which make up the masks. The irradiated masks aimed to be mixed with bitumen,
and the resulting composite material. This approach aims to provide a sustainable, en-
vironmentally friendly method for recycling plastic waste, reducing landfill impact, and
improving road construction materials.

2.1.8 EURO-LABS-RAPID-2023-09
Project title: Low energy electron beam irradiation of plant based animal feed

Aim of the project: The main objective of the project was the assessment of the effect
of low energy electron beam LEEB (< 350 keV) on naturally occurring microorganisms
in different type livestock feed and the evaluation of their nutritional properties.

Animals and zoonotic diseases occurred after the consumption of contaminated products
by pathogenic microorganisms. lonizing irradiation was suggested as an efficient and
promising treatment for foodborne pathogens inactivation along with the preservation of
nutritional values considering animal welfare. For this purpose, doses ranging between
3 to 10 kGy were applied using electron beams of energy below 350 keV selected based
on structure of treated feed type and estimated penetration range of electrons. Microbial
and nutritional properties of concentrated feed for livestock before and after treatment
were evaluated.

Results: The samples tested within the project were: The samples of livestock feed used
in this study are: corn, barley and commercial livestock feed. Microbiological analysis
of irradiated samples was performed in the laboratory of Microbiology and molecular
biology in the CNSTN. Samples were analysed for naturally occurring microorganisms
including Total aerobic plate count, Total coliforms, Fecal coliforms, Clostridium per-
fringens, Staphylococcus spp., yeasts and moulds. Microbial analyses are carried out
before and after ionizing treatment, in accordance with standardized methods to deter-
mine the energy of electrons and dose needed for effective elimination of microbial
contamination.

2.1.9 EURO-LABS-RAPID-2023-10

Project title: Converting carbon dioxide CO, and methane CH, into Syngas using Elec-
tron beam Irradiation

Aim of the project: The project aim to investigate the use of electron beam to mitigate
the emissions of greenhouse gases

Rising greenhouse gas (GHG) levels, particularly CO,, are accelerating climate change,
resulting in severe environmental impacts such as global warming and ocean acidifi-
cation. This project seeks to mitigate these emissions by harnessing ionizing radiation
to facilitate the methane dry reforming (MDR) process, which converts CO, and CH,4
into syngas (CO + H,) a vital industrial feedstockthrough radiolytic reactions. While
gamma-ray irradiation has successfully demonstrated this process at ambient temper-
ature, it faces certain limitations. Electron beam (EB) irradiation, with its higher en-
ergy efficiency over shorter durations, presents a promising alternative. The project
investigated the effects of low-dose EB irradiation on CH4 and CO, mixtures in both
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gaseous and aqueous phases to optimize hydrogen production. Key irradiation parame-
ters such as gas composition, dose, dose rate, catalyst addition, and mixture ratios will
be systematically explored to enhance H, yield. Gas Chromatography (GC) was used as
the primary analytical tool to monitor reaction progress and quantify hydrogen produc-
tion.

Results: The goal of this project was to investigate the effects of EB irradiation on CHy
and CO, mixtures in both gaseous and aqueous phases to optimize hydrogen/Acetic
Acid production. Key irradiation parameters such as gas composition, dose, dose rate,
and mixture ratios will be systematically explored to enhance H,/ CH; COOH yield. The
prepared mixtures were irradiated using the Elektronika 10/10 linear accelerator. Irra-
diation was performed at different dose rates of 5, 10, 20, and 25 kGy/pass, with total
doses ranging from 10 to 100 kGy. For CO,/CH,4 mixture, preliminary GC analysis indi-
cates the formation of H,. For irradiation of liquids the preliminary results indicate that
the CH3COO- concentration increases with the irradiation dose and reaches its highest
value when the gas mixture contains 60% CH,4 and 40% CO,.

2.1.10 EURO-LABS-RAPID-2023-11

Project title: Electron Beam Irradiation for Polymer Crosslinking and Advanced Nanogel
Design for Drug Delivery and Theranostics approaches

Aim of the project: This study seeks to develop novel nanocarrier formulations through
e-beam irradiation of an amphiphilic polymer that forms micelles in water.

The goal was to simultaneously crosslink the hydrophilic chain, which forms the shell,
while degrading the hydrophobic core to obtain a hydrogel micro-/nano-shell. Vari-
ous irradiation parameters were investigated to achieve the desired structural properties,
thereby enhancing the capture volume and colloidal stability of the carriers in aqueous
solutions. Particle size distribution was be tested on site to identify the most promising
irradiation conditions. Another aspect of this study was focused on developing ther-
anostic nanoparticles for nuclear medicine. These nanoparticles were also synthesized
through electron beam irradiation of polymer and advanced monomer aqueous solutions.
This approach aims to create as-born sterile and biocompatible nanogels with functional
groups capable of binding chelating agents and targeting agents, offering sustainable and
customizable solutions for precision medicine.

Results: The interaction of radiation with aqueous polymer solutions allows for precise
control over the formation of polymer networks, enabling tuning of chemical properties
and dimentions by adjusting polymer and monomer concentration, radiation dose, and
medium conditions (e.g., pH). Furthermore, another experiment was carried out that
investigates the formation of hollow hydrogel nanostructures from PVP-PLA diblock
copolymer micelles using dual-effect irradiation, in a process that simultaneously in-
duces crosslinking of the hydrophilic PVP shell and degradation of the hydrophobic PLA
core, in order to determine an increased stability of self-assembled micelles. Ionizing
radiation (e-beam) was used as a clean and effective initiator to induce crosslinking and
polymerization, avoiding the need for chemical initiators. This methodology is essen-
tial for producing biocompatible hydrogels suitable for biomedical and environmental
applications.
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