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WELCOME

The Organizing Committee of the “Oth International Seminar on Modern Polymeric Materials
for Environmental Applications” (MPM2026), with the special session titled “Plastics in the
Circular Economy,” would like to extend a warm welcome to all participants and greet you in

Krakow.

The general aim of this conference is to provide a forum for meeting and discussing new
developments in the field of advanced environmentally friendly polymeric materials,
including their synthesis, modification, characterization, and processing routes. This Book of
Abstracts includes summaries of selected contributions to the MPM2026 conference devoted
to homopolymers, copolymers, blends, hybrids, and (nano)composites that are either

biodegradable (biocompatible) or may have a positive impact on the environment.

We hope that this Seminar will serve as an effective platform for the exchange of scientific
ideas and an opportunity to meet other researchers active in the growing field of

environmentally benign polymeric materials. We wish you a pleasant stay in Krakow!

MPM2026 Organizing Committee
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APPROACHES TO FLAME RETARDATION OF BIO-BASED POLYURETHANE
ELASTOMERS WITH HYBRID POLYOLS

Asmaa Alkassfarity!, Paulina Parcheta-Szwindowska', Janusz Datta'
!Gdansk University of Technology, Narutowicza 11/12, 80-233 Gdansk, Poland

Abstract

The flammability of polyurethane elastomers is a well-recognized challenge in polymer
science. Conventional flame retardants, such as halogenated compounds, traditional
phosphorus-based additives, or inorganic fillers like aluminium hydroxide (ATH) and
magnesium hydroxide (MDH), are widely used to mitigate fire risk. However, halogenated
flame retardants are increasingly restricted due to environmental and health concerns, while
conventional additives are typically incorporated as external components rather than being
part of the polymer network. This study explores a novel approach by using hybrid polyols as
reactive components that become chemically integrated into the elastomer structure. The
research focuses on formulation strategies and preliminary assessments of thermal stability
and resistance to ignition. Reactive phosphorus-containing polyols, such as Exolit-type
compounds, are investigated as potential structural alternatives to conventional flame
retardants. By embedding the flame-retardant functionality directly into the polymer
backbone, hybrid polyols offer the potential to improve fire resistance while maintaining
desirable mechanical properties. These investigations aim to provide new insights into the
development of safer, more sustainable, and halogen-free polyurethane elastomers.

Keywords: Elastomers, bio-based polyurethanes, hybrid poliols, flammability reduction,
sustainable materials

References

[1] Shen, Q., Wang, Z., Xu, H., & Wan, J. (2025). Preparation and characterization of
halogen-free flame retardants waterborne polyurethane co-modified with soft and hard
segments. Progress in Organic Coatings, 204, 109251.
[2] Luo, Y., Geng, Z., Zhang, W., He, J., & Yang, R. (2023). Strategy for constructing
phosphorus-based flame-retarded polyurethane elastomers for advanced performance in long-
term. Polymers, 15(18), 3711.
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PROCESSING-CONTROLLED IMPACT TOUGHENING AND DEGRADATION
RESPONSE OF PLA-PU-DMA BLENDS: MORPHOLOGY-PROPERTY
RELATIONSHIPS UNDER KINETIC MIXING AND EXTRUSION

Rana Al Nakib®*<, Gizem Aritiirk®*<, Yesim Aslan9, Yusuf Ziya Menceloglu®"®

a. Sabanci University, Faculty of Engineering and Natural Sciences, 34956, Istanbul,
Turkey
b. Sabanci University Integrated Manufacturing Technologies Research and Application
Center & Composite Technologies Center of Excellence, Teknopark, 34906 Pendik,
Istanbul, Turkey
c. Sabanci University Nanotechnology Research and Application Center, SUNUM,
34956, Istanbul, Turkey
d. Tekkan Plastik Sanayi ve Ticaret A.S., Istanbul, Tiirkiye.
e. Arcelik, R&D Center, Istanbul, T tirkiye

Correspondence author: Rana Al Nakib; email: rana.nakib@sabanciuniv.edu

Abstract

Polylactic acid (PLA) is an attractive bio-based polymer, yet its inherently low impact
resistance limits its use in demanding applications. In this study, a ternary PLA-polyurethane-
poly(dimethyl acrylate) (PLA-PU-PDMA, 60-30-10 wt%) system was investigated to
elucidate how the processing route plays a decisive role in phase morphology, impact
dissipation mechanisms, and early-stage degradation behavior. The blends were prepared by
twin-screw extrusion and kinetic mixing, enabling a direct comparison between shear-driven
and friction-driven compounding. Kinetic mixing produced a markedly finer and more
homogeneous dispersion of the elastomeric and acrylate phases, resulting in a pronounced
increase in notched Izod impact strength to 27 kJ/m?, more than twice that of the extruded
counterpart. Morphological and mechanical analyses indicate that this enhancement arises
from improved interfacial continuity and activation of cavitation—shear yielding mechanisms.
Thermal and rheological characterization further confirmed the strong dependence of
crystallization behavior and melt processability on processing-induced microstructure. Soil-
burial experiments conducted over three months revealed that the substantial improvement in
toughness does not suppress early-stage degradability, with all systems retaining partial
degradation sensitivity. Overall, the results demonstrate that processing-controlled
morphology, rather than composition alone, is a decisive factor in achieving simultaneous
impact toughening and degradation responsiveness in PLA-based ternary blends.

Keywords: Polylactic acid; polymer blends; kinetic mixing; impact toughening; phase
morphology; fracture behavior; biodegradation.
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POLYMER-EMBEDDED LEAD HALIDE PEROVSKITE QUANTUM DOTS:
A SCALABLE STRATEGY FOR ENHANCED STABILITY

Pawet Baran!, Karol Awdykowicz', Katarzyna Matras-Postotek?

ICracow University of Technology, CUT Doctoral School, Faculty of Chemical Engineering
and Technology
2Cracow University of Technology, Faculty of Chemical Engineering and Technology

Lead halide perovskite quantum dots (LPQD) are highly promising optoelectronic
nanomaterials, combining high photoluminescence quantum yields, tunable band gaps, and
strong absorption. They typically adopt the APbX; structure, where A is a monovalent cation
and X is a halide. Due to quantum confinement, LPQDs exhibit size-dependent optical
properties beneficial for light-emitting diodes, photovoltaics, photodetectors, and lasers [1, 2].
However, their practical implementation is limited by poor environmental stability, as
exposure to moisture, oxygen, light, heat, or polar solvents can trigger degradation processes
that reduce crystallinity and photoluminescence [3]. Polymer-based encapsulation is among
the most scalable stabilization approaches, enabling in-situ PQD formation within polymer
matrices and providing a diffusion barrier that limits oxygen and water ingress while reducing
ligand loss. This work presents a methodology for the fabrication of highly luminescent
polymer composites incorporating fully inorganic LPQD. The perovskite quantum dots were
synthesized using two independent approaches, while the composite matrices were prepared
using, among others, PMMA, PBMA, and commercially available polymer blends. The
resulting materials were subjected to functional characterization with particular emphasis on
their luminescence and absorption properties, enabling a comparative evaluation of the PQD
synthesis routes as well as the suitability of the selected polymers with respect to the
prospective implementation of these composites in optoelectronic devices.

The research was funded by the National Science Center under the SONATA BIS project No.
UMO-2022/46/E/ST5/00306, titled ‘Tailor-made perovskite quantum dots as an element of
new functional nanomaterials’.

References

[1] Protesescu, L., et al. Nano Lett. 2015, 15, 3692-3696.
[2] Akkerman, Q. A., et al. J. Am. Chem. Soc. 2015, 137, 10276-1028]1.
[3] Zhang, D., et al. Adv. Mater. 2017, 29, 1606964.
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ALTERNATIVE MATERIAL SELECTION FOR ABANDONMENT OF HIGH-
PRESSURE HIGH-TEMPERATURE (HPHT) WELLS IN OIL AND GAS
APPLICATIONS

Augustine Okechukwu Chukwuemeka'’, Gbenga Oluyemi!, Auwalu I. Mohammed?, Suhail
Attar' and James Njuguna'>*

ISchool of Computing Engineering and Technology, Robert Gordon University, Garthdee
Road, Aberdeen AB10 7GJ, UK

’Technip FMC, Aberdeen AB32 6TQ, UK

3National Subsea Centre, Aberdeen AB10 7GJ, UK

*Author to whom correspondence: j.njuguna@rgu.ac.uk

Abstract

Permanent abandonment of high-pressure, high-temperature (HPHT) wells remain one of the
most demanding and costly phases in the oil and gas lifecycle. While Portland cement has
long served as the industry’s primary barrier material, its performance under HPHT
conditions is increasingly uncertain. Challenges such as shrinkage, chemical degradation, and
micro-annulus formation have intensified the search for alternative solutions capable of
delivering reliable, enduring well integrity.

This work explores a new generation of barrier materials—including geopolymers,
thermosetting polymers, thermoplastics, and specialized metallic alloys—evaluated against
criteria essential for HPHT abandonment. These materials exhibit notable advantages in
thermal stability, mechanical resilience, compatibility with aggressive reservoir fluids, and
long-term sealing performance. Field experience and experimental evidence reveal that
several non cementitious options outperform conventional cement, especially in resisting
thermal cycling, corrosive brines, creep, and interfacial debonding.

Beyond material properties, the study highlights the pivotal role of placement techniques,
barrier geometry, and interactions with reactive or mobile formations. Together, these
insights underscore the need for a structured, repeatable material selection methodology. Such
an approach empowers operators to deploy more robust barriers, reduce long-term leakage
risk, and enhance the sustainability of decommissioning operations. The study also explores
our efforts on new promising alternative materials

References:

1. Chukwuemeka, A.O., Oluyemi, G., Mohammed, A.l. and Njuguna, J., 2023. Plug and
abandonment of oil and gas wells—A comprehensive review of regulations, practices, and related
impact of materials selection. Geoenergy Science and Engineering, 226, p.211718.

2. Chukwuemeka, A.O., Oluyemi, G., Mohammed, A.I., Attar, S. and Njuguna, J., 2025. Multi-
Criteria Decision-Making Approach to Material Selection for Abandonment of High-Pressure High-
Temperature (HPHT) Wells Exposed to Harsh Reservoir Fluids. Polymers, 17(10), p.1329.

3. Ahmad, Z., Ali, M.A., Asim, A., Ahmed, S., Siddiqui, F., Amjad, G.M. and Yi, J., 2025. An
integrated framework for aircraft structural aging assessment using MCDM and experimental analysis.
Multiscale and Multidisciplinary Modeling, Experiments and Design, 8(10), p.429.
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SUSTAINABLE SCALE-UP OF PHA PRODUCTION: GREEN RECOVERY USING
ALKALIL DEEP EUTECTIC SOLVENTS AND ENZYMATIC DIGESTION

Maciej Guzik'*, Robert Karcz', Mariusz Gackowski', Joanna Kry$ciak-Czerwenka', Marijana
Ponjavi¢',?, Darlington Nnabodo?®,*, Emmanuel Olusola Oke®,®, Taghi Miri®, Matthew Keith?,
Sanja Skaro Bogojevi¢?, Brana Pantelié?, Jelena Simi¢? Tatjana Ili¢-Tomié?, Dusan
Milivojevi¢?, Jasmina Nikodinovi¢-Runi¢?, Marcin Rychwalski’, Romanos Siaperas®,
Evangelos Topakas®, Filomena Freitas®,'°, Patricia Concordio-Reis®, '

! Jerzy Haber Institute of Catalysis and Surface Chemistry, Polish Academy of Sciences,
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2 Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, Belgrade,
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? School of Chemical Engineering, University of Birmingham, Birmingham, United Kingdom
* University of Bari, Department of Chemistry, Bari, Italy

’ Department of Chemical Engineering, Michael Okpara University of Agriculture, Nigeria

¢ Faculty of Science, Lincoln University College, Selangor, Malaysia

7 Krakow University of Economics, Department of Technology and Ecology of Products,
Krakow, Poland

& National Technical University of Athens, School of Chemical Engineering, Athens, Greece
¢ UCIBIO — Applied Molecular Biosciences Unit, NOVA University Lisbon, Caparica,
Portugal

0 Associate Laboratory i4HB — Institute for Health and Bioeconomy, Portugal

Abstract

Polyhydroxyalkanoates (PHAs) are biodegradable and biocompatible polyesters with strong
potential to replace fossil-based plastics; however, their industrial deployment remains
limited by energy- and solvent-intensive downstream processing. This study presents a
scalable and sustainable toolbox for PHA recovery that integrates mild alkaline digestion,
deep eutectic solvents (DES/NADES), and enzymatic extraction as complementary green
alternatives to conventional halogenated solvent routes.

Mild alkaline digestion using low NaOH concentrations under controlled temperature and
residence time enables efficient cell disruption while preserving polymer molecular weight,
crystallinity, and thermal stability. When applied to biomass with high intracellular PHA
content, this approach allows near-quantitative recovery and high polymer purity without
significant chain scission. In parallel, tailor-made DES based on low-toxicity, readily
available components facilitate selective biomass deconstruction and polymer separation,
while enabling solvent regeneration and reuse, addressing key scale-up challenges related to
solvent safety and circularity.

Importantly, an additional enzymatic route based on crude protein mixtures derived from
Tenebrio molitor larvae provides a highly selective, aqueous extraction strategy. This bio-
based system effectively removes non-PHA cellular components across different bacterial
feedstocks, yielding PHB, PHBV, and mcl-PHA with structural integrity confirmed by NMR
and complementary analyses. Comparative mass- and energy-balance assessments
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demonstrate that enzymatic and hybrid alkali—enzymatic routes drastically reduce energy
demand and carbon footprint relative to chloroform-based extraction, while eliminating toxic
solvent use and minimizing waste streams.

Validated at laboratory scale conditions, the combined alkali-DES—enzymatic framework
offers a robust, modular, and environmentally favorable downstream platform. Overall, this
work demonstrates a practical pathway for sustainable PHA scale-up, bridging green
chemistry, biotechnology, and industrial feasibility, and supporting the transition of PHAs
toward large-volume packaging and biomedical applications.
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SUSTAINABILITY ASSESSMENT OF BIO-BASED CAST POLYURETHANES
USING LIFE CYCLE ANALYSIS
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Abstract

The growing demand for sustainable polymeric materials has intensified interest in replacing
petrochemical feedstocks with renewable alternatives in polyurethane (PU) production.
Recent studies indicate that substituting fossil-based raw materials with bio-derived
monomers can substantially reduce greenhouse gas emissions [1]. Despite these advantages,
the actual environmental benefits of bio-based polyurethanes must be critically evaluated over
their entire life cycle to avoid burden shifting and misleading sustainability claims [2].

In this work, a preliminary life cycle assessment (LCA) was conducted to evaluate the
environmental performance of bio-based cast polyurethanes, with a functional unit defined as
1 kg of final PU product. The assessed system includes polyester polyols and a commercially
available bio-based isocyanate, which is reported to offer a reduced carbon footprint
compared to its petrochemical counterpart. Life cycle inventory data were compiled using
ecoinvent 3.12 databases supplemented with literature sources for background processes. The
study highlights the sensitivity of LCA outcomes to key methodological choices, including
allocation approaches for multi-output fermentation processes and assumptions regarding the
electricity mix.

Keywords: life cycle assessment, sustainability assessment, sustainable production, cast
polyurethanes
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Abstract

Polyols represent a major component in polyurethane synthesis, typically constituting more
than 60% of the polymer. Polyurethanes (PUs) are produced via the reaction between polyols
and isocyanates and are widely valued for their high degree of tunability [1]. Their chemical
structure allows precise control over thermal, mechanical, and chemical properties through
the choice of monomers and additives, as well as through optimization of formulation ratios
and processing conditions. Growing interest in sustainable materials has driven research on
bio-based polyols for polyurethane production. The environmental impact of PUs depends
largely on monomer origin, as fossil-based feedstocks cause resource depletion, high
greenhouse gas emissions, and energy-intensive production. Enhancing PU sustainability
therefore requires the use of renewable monomers [2].

The main aim of this study was to synthesise novel polyester-ether polyols, based on bio-
based feedstocks including succinic acid and various ether glycols with differing chain length.
By integrating ester and ether functionalities within a single structure, it is possible to get
benefits of both polyester and polyether types. Characterization of the polyols encompassed
structural analysis using fourier transform infrared spectroscopy (FTIR) and nuclear magnetic
resonance (NMR). Determination of molecular weight and distribution was assessed by gel
permeation chromatography (GPC), viscosity was determined by rheological measurements,
alongside physicochemical evaluation through differential scanning calorimetry (DSC) and
thermogravimetric analysis (TGA).

This work contributes to the development of a sustainable polyurethane industry by enabling
the production of raw materials with controlled structural and thermal properties, while
reducing the impact on the environment.

Keywords: polyester-ether polyols, bio-based monomers, sustainable production

References

[1] J. Tang, X. Liu, D. Liu, X. Zhao, Int. J. Biol. Macromol., 322, 2, (2025), 146698.
[2] A. Delavarde, G. Savin, P. Derkenne, M. Boursier, R. Morales-Cerrada, B. Nottelet, J.
Pinaud, S. Caillol, Prog. Polym. Sci., 151 (2024), 101805.

*h INTERNATIONAL SEMINAR ON MODERN POLYMERIC MATERIALS FOR ENVIRONMENTAL APPLICATIONS,
20-22 May, 2026, Krakéw, POLAND

-17-



Book of Abstracts MPM2026
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Abstract

Antimicrobial resistance poses a major challenge in modern healthcare, particularly in the
treatment of chronic wounds, where multidrug-resistant infections are increasingly common.
Metal oxide nanoparticles offer a promising alternative to conventional antibiotics, with zinc
oxide (ZnO) nanoparticles attracting attention due to their antibacterial activity and
biocompatibility.

The aim of this study was to develop a biocompatible and biodegradable ZnO nanoparticle-
loaded polysuccinimide (PSI) nanocomposite scaffold using electrospinning, intended for
application as an advanced wound dressing.

ZnO nanoparticles and the PSI polymer matrix were synthesized and optimized for
electrospinning. The nanoparticle dispersion and electrospun scaffolds were characterized
using dynamic light scattering, scanning and transmission electron microscopy, SEM—EDX,
UV-Vis spectroscopy, and mechanical tensile testing. Antibacterial activity was evaluated by
the disc diffusion method against clinically relevant bacterial strains (E. coli, B. subtilis, P.
aeruginosa, and S. epidermidis).

A stable, monodisperse ZnO nanoparticle dispersion was obtained, with a primary particle
size of 27.5 £ 9.6 nm. Homogeneous, bead-free electrospun fibers with an average diameter
of 1808 £+ 194 nm were produced, and microscopy confirmed uniform nanoparticle
distribution within the fibers. Incorporation of ZnO nanoparticles resulted in reduced tensile
strength, Young’s modulus, and elongation at break, indicating a more compliant but
mechanically weaker scaffold. Antibacterial activity was observed in a concentration-
dependent manner against the Gram-positive strains B. subtilis and S. epidermidis.

These results demonstrate the potential of ZnO nanoparticle-loaded electrospun PSI scaffolds
as antibacterial wound dressing materials for managing infected wounds.

Keywords: zinc oxide nanoparticles, fibrous scaffold, nanocomposite, wound dressing,
antibacterial activity
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OF PLA BLOCKY COPOLYESTERS BASED ON LONG ALIPHATIC LINEAR
MACROINITIATOR
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Abstract

The accumulation of fossil-based, non-biodegradable and non-recyclable polymers to
the environment constitutes one of the most severe issue the modern society is facing, and it
estimated that by 2050 the generated plastic wastes will surpass 10 billion tons. Among the
polymers from renewable resources, poly(lactic acid) (PLA) has gained the interest of the
academic community and industrial factors due to its comparable thermal properties with the
conventional fossil-based polymers along with its green up-scale production [1]. The goal of
the present work is to produce non-toxic, eco-friendly substrates for the replacement of the
fossil-based materials used in polymer industry, by tuning the brittleness of PLA, using
different block lengths and compositions of biobased and biodegradable long aliphatic linear
macroinitiator, poly(ethylene azelate) (PEAz).

To tune the properties of PLA, copolymerization was selected as an effective method
to synthesize novel biobased flexible copolyesters based on PEAz. Thus, PLA-b-PEAz
blocky copolyesters were synthesized via ring-opening polymerization (ROP) of L-lactide,
using PEAz as macroinitiator. Three different molecular weights of PEAz were used, with
viscosity ([n]) of 0.22, 0.45 and 0.90 at low and high concentration of PEAz (i.e. 2.5 and 20
wt% of PEAZz).

Keywords: Poly(lactic acid) (PLA), ring-opening polymerization (ROP), macroinitiator,
poly(ethylene azelate) (PEAZ).
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FUNCTIONALIZED ELECTROSPUN FIBERS IN ENVIRONMENTAL
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Abstract

Electrospinning is one of the most powerful and versatile fabrication methods used in
the production of micro- and nanofibers [1]. This technique enables precise control over fiber
morphology, composition and architecture, making it particularly suitable for the
development of advanced functional materials. Electrospun fibrous materials are highly
attractive across a wide range of applications due to their unique characteristics, including
extremely high surface-to-volume ratios, interconnected porosity, tunable mechanical
properties and the ability to incorporate multiple functionalities.

This presentation provides a general overview of our group’s research activities
focused on the fabrication of functional electrospun fibrous materials, with particular
emphasis on systems specifically engineered for environmental applications, including water
remediation [2-5], gas sensing [6], recovery of precious metals from electric and electronic
wastes [7], thermal energy storage [8] and sound absorption [9].

Keywords: Electrospinning, environmental applications, fibrous nanocomposites.
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Introduction

Dentures promote biofilm formation of Candida albicans fungi, being the most frequently
isolated microorganism in the oral cavity. Its pathogenesis can lead to soft tissue candidiasis,
particularly when the oral mucosa is damaged by hard dentures. Prophylactically, the use of
soft lining materials (SLM) is recommended, although they do not exhibit antifungal
properties. Therefore, a monomer, [2-(methacryloyloxy)ethyl]-2-
decylohydroxyethylmethylammonium bromide (QAHAMA-10), a monomethacrylate with a
quaternary ammonium group, was incorporated into the SLM’s system to impart
antimicrobial properties, and its effect on the physico-mechanical properties of the material
was also investigated.

Experimental part

In this study, a quaternary ammonium monomer with antimicrobial activity, QAHAMA-10,
was synthesized and then mixed with the remaining components of the liquid part of a
commercial soft lining material (SLM), including ethylene glycol dimethacrylate (EGDMA),
methyl methacrylate (MMA), ethanol (EtOH), and 2-phenylethyl benzoate (PhB). This
resulted in four liquid formulations with the following weight compositions: SLMI1
(7%/2%/11%/6%/74%), SLM2 (11%/2%/7%/6%/74%), SLM3 (15%/2%/3%/6%/74%), and
SLM4 (18%/2%/0%/6%/74%). The control was a liquid component composed of butyl
methacrylate (BuMA) BUMA/MMA/EGDMA/PhB (11%/7%/2%/80%). After mixing 1 g of
the liquid component with 1.5 g of the powder component, the resulting pastes were
polymerized. The polymerization initiator system consisted of dimethyl-p-toluidine (1 wt.%
relative to the total mass of methacrylates used) and benzoyl peroxide present in the powder
component of Villacryl Soft SLM (Everall7, Poland). The obtained SLMs were characterized
for their physicochemical, mechanical, and biological properties. Water sorption (WS),
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solubility (WSL), contact angle (0), Shore A0 hardness (SHAO), tensile strength (TS) were
measured, and Candida albicans cell adhesion as well as cytotoxicity tests were performed.

Results and discussion

The control material exhibited the lowest WS and WSL values, 33.80 and 6.32 pg/mm?3,
respectively, whereas the experimental SLMs showed higher WS and WSL: SLM1 — WS =
214.43 and WSL = 16.55 pg/mm?, SLM2 — WS = 261 and WSL = 22.55 pg/mm?, SLM3 —
WS = 297.87 and WSL = 34.06 pg/mm?, and SLM4 — WS = 293.50 and WSL = 27.98
pg/mm?. The measured 6 values for all SLMs were lower compared to the control (80.65°):
SLMI — 56.47°, SLM2 — 51.52°, SLM3 — 48.61°, and SLM4 — 67.38°. SHAO values for the
experimental materials were lower than those of the control at 24 hours, 7 days, and 28 days.
The highest TS was observed for SLM3 (0.96 MPa), reaching a value comparable to the
control (0.99 MPa). SLM1, SLM2, and SLM4 had TS values of 0.89, 0.90, and 0.79 MPa,
respectively. A significant reduction in adherent Candida albicans cells was observed
compared to the control material, along with relatively low cytotoxicity.

Conclusions

The study demonstrated that all experimental SLMs exhibited higher WS and WSL values
and lower 6 values compared to the control, indicating improved hydrophilicity. SHAO values
were lower throughout the study period, which is considered beneficial, and SLM3 achieved
the highest TS, comparable to the control. The observed antifungal activity, combined with
the satisfactory physico-mechanical properties of the experimental SLMs, supports further
research on designing SLMs with covalently incorporated compounds that exhibit high
antifungal activity.

Acknowledgements
This research was funded by the European Funds for Silesia 2021-2027 (Fund for a Just
Transition, project no. FESL.10.25-1Z.01-07E7/23).

*h INTERNATIONAL SEMINAR ON MODERN POLYMERIC MATERIALS FOR ENVIRONMENTAL APPLICATIONS,
20-22 May, 2026, Krakéw, POLAND

-22 -



Book of Abstracts MPM2026

SOUND INSULATION BY MEANS OF BIO-BASED MULTILAYER HYBRID
COMPOSITES BASED ON ELECTROSPUN FIBERS AND LUFFA CYLINDRICA

Paraskevas Kyriacou!, Viktoria Theodorou', Michal Matysik?, Iveta Plskova?, Ivo Kusak? and
Theodora Krasia-Christoforou'

"University of Cyprus, Department of Mechanical and Manufacturing Engineering, 1
Panepistimiou Avenue, 2109 Aglantzia, Nicosia, Cyprus

’Brno University of Technology, Faculty of Civil Engineering, Institute of Physics, Veveii
331/95, 602 00 Brno, Czech Republic

Abstract

A major environmental problem that humans are exposed to nowadays is noise pollution
caused by rapid development and urbanization. This can result in various issues affecting
both the mental and physical health of people who are regularly exposed to such
environments. One of the most interesting approaches to mitigate this problem is the
employment of porous fibrous materials as effective acoustic absorbers [1]. However,
traditional synthetic fibrous materials, including mineral wool and glass fibers have raised
concerns regarding their environmental impact and potential health risks during the
fabrication and handling of these materials. To adress this issue, recent studies are moslty
focused nowadays in the development of more sustainable materials with lower toxicity [2].

The objective of this study is to investigate the morpological characteristics and acoustic
properties of multilayer bio-based composites composed of alternating layers of Luffa
Cylindrica (LC) fibers and electrospun cellulose acetate/polyvinylpyrrolidone (CA/PVP)
blended microfibers [3]. Results indicate that the incorporation of CA/PVP microfibers can
remarkebly enhance the functional acoustic performance of the Luffa composites towards the
lower frequency range, while important characteristics such as the biocompatibility,
renewability and low-cost render such composites suitable as sustainable sound absorbers in
a wide range of technical and architectural applications.

Keywords: Sound absorption, natural fibers, electrospun fibers, multilayered composites
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Carbon-based reinforced polymers have attracted significant attention among the different
composite materials, due to their versatile nature and fascinating physiochemical properties.
The incorporation of carbon fillers within a polymer matrix can lead to major improvements
concerning the mechanical, electrical, thermal and tribological properties of the composite
material, making them materials of choice for a variety of advanced applications [1].
However, the non-environmentally friendly and expensive nature of typical carbon-based
additives including carbon nanotubes, carbon nanofibers and graphene, has raised concerns
about their potential integration in a variety of larger scale applications.

The necessity of finding eco-friendlier solutions has led to major developments in carbon-
based polymer additives derived from natural resources. Such carbon-based fillers usually
combine environmental friendliness, recyclability, cost-effectiveness and lightweight
structures with excellent thermomechanical and electrical properties. In addition,
thermoplastics including polyesters, polyolefins such as polyethylene and polypropylene,
polystyrene, nylon and Teflon are gaining increased attention nowadays due to their lower
manufacturing costs, high-impact resistance and reprocessing ability and thus recyclability
through simple remelting processes [2].

In the present study, biochar fillers deriving from agricultural wastes are utilized as
reinforcement materials for selected thermoplastic matrices. More specifically, agricultural
wastes are carbonized by employing a large-scale pyrolysis method, followed by their co-
processing with thermoplastic materials by means of twin-roll milling, resulting to biochar-
containing thermoplastics. The produced composites in which the biochar content was
systematically varied, were investigated in respect to their morphological and
thermomechanical characteristics by means of scanning electron microscopy (SEM) and
dynamic mechanical analysis (DMA), respectively.
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Abstract

The growing demand for sustainable and environmentally friendly polymer materials has
intensified research into natural functional additives that combine aesthetic, performance, and
smart sensing properties. In this context, organic—inorganic hybrid pigments derived from
natural dyes represent a promising alternative to conventional synthetic colorants.

This study focuses on the development of sustainable hybrid pigments obtained by
immobilizing pH-sensitive natural dyes onto mineral carriers. Anthraquinone-based dyes
(e.g., alizarin and purpurin) and selected azo dyes containing hydroxyl and/or carboxyl
groups were used due to their ability to interact with metal ions present in inorganic fillers.
Mineral supports such as aluminum-magnesium hydroxides, vermiculite, and sepiolite—
characterized by diverse structures and naturally occurring metal components (e.g., Mg,
Ca)—were employed as eco-friendly carriers. The resulting pigments were incorporated into
polymer matrices, where they acted not only as colorants but also as multifunctional,
sustainable additives. Their presence contributed to improved mechanical performance and
reduced flammability of the materials, while simultaneously enabling colorimetric response to
environmental pH changes. The use of natural dyes and mineral fillers offers key advantages,
including reduced environmental impact, improved material stability, and potential
applicability in smart and sustainable packaging systems.

The developed materials demonstrate that natural hybrid pigments can successfully combine
sustainability, enhanced functionality, and intelligent pH-sensing behavior, making them
attractive candidates for next-generation smart polymer bio-packaging applications.

Keywords: natural dyes; organic—inorganic hybrid pigments; smart packaging; bio-based
colorimetric pH indicators; eco-friendly pigments.
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Abstract

Viscoelastic foams (PUV) are a significant category of polyurethane materials, valued
for their versatile applications in sectors such as healthcare, furniture, and automotive
manufacturing. Their appeal lies in unique characteristics like vibration damping, shape
recovery, and high user comfort. These foams are produced through the reaction of polyols
with isocyanates and other auxiliary substances.

In recent years, there has been increasing interest in modifying these materials with
bio-based components. This trend is driven by the goal of reducing reliance on petrochemical
feedstocks and by the potential to enhance the foams' performance properties. The research
described in this paper focuses on modifying viscoelastic polyurethane foams using
biocomponents derived from renewable resources. The primary aim was to evaluate how the
partial replacement of conventional petrochemical polyols with a series of biopolyols
obtained from rapeseed oil affects the most essential performance characteristics of the
foams.

The biopolyols were synthesized via a two-step process: epoxidation of rapeseed oil,
followed by oxirane ring opening using primary alcohols from the homologous series ranging
from propanol to heptanol. The resulting biopolyols were characterized using the FTIR and
GPC methods, and their hydroxyl number and viscosity were determined.

The viscoelastic polyurethane foams were fabricated using a one-shot method.
Formulations were prepared in which 25% by weight of the petrochemical polyol was
substituted with one of the five biopolyols, while maintaining a constant isocyanate index.

Keywords: polyurethanes, viscoelastic foams, biopolyols
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Abstract

Pendant aromatic aliphatic polyesters derived from mandelic acid (MA) have attracted
attention because they are biobased and have high glass transition temperatures (Tg), and
inherent stereochemistry, all of which make them promising platforms for advanced material
development. In this study, we report a comprehensive investigation of novel copolyesters
incorporating mandelic acid with lactic acid (LA). These materials were synthesized through
Steglich esterification and ring-opening polymerization (ROP), enabling systematic
modulation of copolymer architecture and properties.

Overall, this work underscores the adaptability of mandelic acid as a renewable monomer for
engineering polyesters with precisely tunable thermal, mechanical, and degradation profiles.
The incorporation of MA units offers a robust design pathway toward next-generation
sustainable polymers for healthcare, packaging, and specialty engineering technologies.
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Abstract

Itaconate-based vitrimers represent a promising class of renewable dynamic polymeric
materials that combine the characteristics of conventional thermoset networks with the ability
to undergo reprocessing, self-healing, and recycling.[1] In the presented approach, these
materials were prepared via a two-step synthetic process. In the first step, a linear copolymer
of dimethyl itaconate and (2-acetoacetoxy)ethyl methacrylate was synthesized, serving as a
prepolymer containing reactive B-diketone functionalities. In the second step, this copolymer
was crosslinked using tris(2-aminoethyl)amine (TREN)[2], leading to the formation of
dynamic vinylogous urethane linkages. These linkages enable reversible covalent exchange at
elevated temperatures, allowing stress relaxation and reorganization of the network topology
without loss of crosslink density. The presentation focuses on the investigation of the
structural, thermal, and functional properties of these newly developed vitrimeric polymer
materials.

Keywords: itaconic acid, poly(itaconic acid), radical polymerization, esterification,
renewable monomers, vitrimers.
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Abstract

Itaconic acid (IA) is a non-toxic, renewable biomaterial, which can be an alternative to
petrochemical-derived vinyl monomers such as acrylic or methacrylic acid. IA contains an
a,B-unsaturated double bond that allows it to polymerize via free-radical mechanism, while
the two carboxyl groups can be modified before or after polymerization [1, 2]. Standard
polymerization methods for itaconic esters produce low molecular weight polymers. In the
presented alternative approach, the first step is to obtain a high molecular weight poli(itaconic
acid), followed by esterification of the carboxyl groups in the presence of 1,1,3,3-
tetramethylguanidine using halogenated compounds, such as methyl iodide. The obtained
polymers were subjected to NMR and GPC analysis to confirm the structure and determine
the degree of esterification of carboxyl groups, as well as TGA and DSC analysis to compare
the thermal properties of the polymers [3, 4].

Keywords: itaconic acid, poly(itaconic acid), radical polymerization, esterification,
renewable monomers
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Abstract

Rigid polyurethane—polyisocyanurate (PUR-PIR) foams are polymeric materials
widely used as thermal insulation. Due to their porous structure, favorable strength-to-density
ratio, and low water absorption, they are commonly applied in the construction industry.
Current development trends focus on combining high thermal efficiency with appropriate
mechanical performance and improved fire safety. Because of their organic nature, these
foams are flammable. Fire resistance can be enhanced by incorporating flame retardants,
which modify the combustion process by limiting oxygen access, reducing combustion
temperature, or forming a protective surface barrier. The effectiveness of these additives
depends on their type, concentration, and the foam formulation.

An important direction in the development of polyurethane foam technology is the
replacement of petrochemical raw materials with renewable resources in line with sustainable
development principles. Bio-based polyols, typically derived from vegetable oils such as
rapeseed, sunflower, or oilseed radish oil, serve as alternatives to conventional petrochemical
polyols. In this study, a series of bio-based PUR-PIR foams was analyzed. The foams were
prepared using bio-polyol derived from oilseed radish oil and modified with selected flame
retardants. The materials were subjected to flammability tests and evaluations of their basic
physical and mechanical properties.

Keywords: bio-polyol, PUR-PIR foams, flame retardants, sustainable development
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Abstract

This work investigates an innovative chemical recycling route for waste of flexible
viscoelastic polyurethane foams based on acidolysis. The foam is first dissolved at high
temperature in the same polyol used for its production and subsequently reacted with a
dicarboxylic acid, which cleaves the polymer chains and converts urethane, urea, amine, and
isocyanate functional groups into amides. The resulting product is a polyol-like liquid
characterized by a low hydroxyl value, which can partially replace virgin polyols in the
production of new viscoelastic foams. Preliminary acidolysis screening tests were carried
out by varying temperature, foam-to-polyol ratio, and foam-to-acid ratio, while keeping the
reaction time constant, in order to identify suitable operating conditions ensuring acceptable
physico-chemical properties. Six dicarboxylic acids (oxalic, fumaric, terephthalic, adipic,
tartaric, and succinic acid) were evaluated, and succinic acid was identified as the best-
performing reagent. Subsequently, a Design of Experiments (DoE) approach was applied to
optimize the process, aiming at achieving satisfactory product properties while maximizing
the waste-to-raw-material ratio. The selection of the optimal operating point was constrained
by the need to limit the content of free aromatic amines, in particular 4,4’-methylenedianiline
(MDA), a hazardous by-product derived from MDI, below the regulatory threshold of 1000
ppm. Finally, viscoelastic foams were produced using up to 25 wt% of recycled polyols
obtained from an industrial-scale process, demonstrating good morphological and mechanical
performance.

Keywords: Chemical recycling, Viscoelastic PU foam, Acidolysis,
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MULTIFUNCTIONAL MACROINITIATORS
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Abstract

The research presents a method for synthesizing biodegradable, highly branched
poly(e-caprolactone) (PCL), its characteristics, and an evaluation of the effect of branching on
the properties of poly(e-caprolactone). Solvent-free synthesis was carried out via ring-
opening polymerization (ROP) catalyzed by tin(Il) 2-ethylhexanoate (Sn(Oct)2), using
multifunctional hyperbranched aliphatic and aliphatic-aromatic polyesters, hyperbranched
aromatic polyamides, and silsesquioxanes as macroinitiators.

The product characterization focused on the physicochemical properties and structure
of selected polymers containing a hyperbranched core and linear PCL chains. 1H- and 13C-
NMR spectroscopy, supported by indirect methods, confirmed the covalent incorporation of
HPPA and the high conversion of amino functional groups in PCL-HPPA, while 1H-NMR
analysis confirmed successful macroinitiator—monomer reactions in PCL-Hybrane. Cryogenic
transmission electron microscopy (cryo-TEM) and gel permeation chromatography (GPC)
indicated the presence of a small aggregated fraction, attributed to transesterification
reactions. DSC analysis and X-ray diffraction showed that the degree of crystallinity was
comparable to that of linear PCL. Mechanical testing revealed a higher Young’s modulus and
harderness for branched polymers, although most exhibited a reduced tensile strength.
Biodegradation and phytotoxicity tests confirmed that the polymers are biodegradable and
non-toxic to plants at low concentrations.

Keywords: poly(caprolactone), biodegradable polymers, highly branched polymers,
dendrimers, macroinitiators of polymerization
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Abstract

Nature-mimicking nanofiber structures can be created through a technique called
electrospinning. Starting from different polymer solutions this process ends with a tightly
packed fibrous mesh, on which a patients living cells can be engrafted, producing an actively
healing wound dressing. However if the pores between the fibers are too small, cells cannot
permeate into the material to later help the healing process. Two possible ways to increase
pore size are to apply salt or to change the humidity. In my work I used CaCl2, which was
found to be the most suitable as a result of previous experiments. The aim was to find the
right salt concentration and to study the effect of humidity and salt on the fibrous structures
formed. In my experiments, I prepared different polysuccinimide (17-25 m/m %, PSI) and
salt (3-7 m/m % CaCl2) concentration solutions using dimethylformamide. With lower (20
w/w %) PSI concentration solutions thinner fibers were formed, although beads appeared on
the strings these disappeared with adding salt to the solution or increasing the polymer
concentration. With higher PSI concentrations no beads appeared on the surface of the fibers,
while wider diameters were measured. Adding CaCl2 to the solution induced a wrinkled fiber
surface. Using salts allowed the formation of the 3-dimensional form above a certain
humidity level (48%), which wasn’t observed without salt. Through mechanical tests the
connection between relative humidity levels, the solution compositions and the durability of
the meshes could be observed. FTIR spectroscopy, XRD, TGA measurements, and molecular
dynamics simulations showed the molecular connection between the solution components.
Our findings demonstrate a clear effect of salt and humidity on electrospun structures,
advancing the development of biocompatible wound-healing materials.

Keywords: wound dressing, nanomaterials, electrospinning, humidity, fibrous scaffold
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Abstract

Green energy conversion and storage materials gain significant attention for reducing energy
consumption in buildings. Multifunctional phase change materials (PCMs) are explored for
solar energy conversion and thermal storage. This work reports a sustainable route converting
orange biomass waste into porous carbon aerogel (CA) with proper porosity for PCM
infiltration, yielding composites for solar-thermal energy harvesting and storage in building
applications. Carbon aerogels were obtained by carbonization of precursor from grapefruit
waste biomass and used as shape-stabilizing supports for PCM/MXene systems. Citrus peels
were prepared via freeze-drying and carbonization per previous procedure [1]. Carbonization
occurred in two stages: structure stabilization in oxidizing atmosphere at 140°C, then at
600°C in inert atmosphere, yielding hierarchically porous aerogels with large surface area and
thermal stability. Poly(ethylene glycol) 6000 (PEG6000) was used as PCM. MXene was
synthesized by selective etching of MAX phase and delamination into 2D nanolayers.
MXene-modified PCM composites were infiltrated into the prepared carbon aerogels [2].
Tests confirmed thermal properties and energy conversion effectiveness of CA/PEG/MXenes.
DSC revealed phase transition enthalpies; TG confirmed thermal stability. Leakage was
assessed during repeated melting/solidification cycles. MXene inclusion improved thermal
conductivity and photothermal conversion efficiency, enabling rapid heat absorption/release.
These sustainable bio-based PCMs offer promising alternatives for solar energy management
and energy-efficient buildings.
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Abstract

Polyurethanes (PUs) are an important group of polymer materials. Thanks to their versatility
— they can be produced in the form of foams, elastomers, coatings, adhesives and fibres —
PUs have a wide range of applications. They are commonly synthesised from polyols and
isocyanates, and various types of natural-origin polyols are now available on the market.
Developing bio-based monomers is important if we want to make these materials more
sustainable by using fewer petrochemicals and reducing their environmental impact [1]. Bio-
based monomers are a promising alternative for tailoring polyurethane materials to have the
desired features [2, 3].

In this study, a series of bio-based polyurethane elastomers were obtained using a two-step
method involving PDI isocyanate, a bio-based polyester polyol, and two different bio-based
chain extenders. The obtained materials were then characterised using Fourier-transform
infrared spectroscopy (FTIR) to confirm their chemical structure. Thermal stability was
evaluated using thermogravimetric analysis (TGA), dynamic mechanical analysis (DMA),
and differential scanning calorimetry (DSC). Furthermore, the selected mechanical properties
of the obtained materials were indicated. The influence of the bio-based monomers on the
structural and thermal properties of the polyurethanes obtained is discussed, providing insight
into their potential applications in the preparation of sustainable materials. Finally, LCA
analysis was performed based on certain assumptions regarding the bio-based monomers.
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Abstract

The push toward safer and more sustainable routes for non-isocyanate polyurethanes (NIPUs)
has intensified the demand for renewable cyclic carbonate precursors [1]. Here, we develop
an environmentally friendly two-step strategy for producing five-membered cyclic carbonates
from bio-derived dicarboxylic acids using glycidol as a benign alternative to epichlorohydrin
for glycidylation [2,3]. Glycidyl esters were obtained under mild conditions and subsequently
transformed into cyclic carbonates through CO: incorporation under pressure [4-6]. Building
on these intermediates, NIPU networks were synthesized via aminolysis of the resulting
carbonates, demonstrating their suitability as reactive monomers for polyurethane-like
materials. Comprehensive characterization—including 'H/"*C NMR spectroscopy, FTIR, and
DSC—uvalidated both the successful formation of the cyclic carbonates and the subsequent
NIPU structures. This integrated synthetic approach not only avoids toxic reagents but also
utilizes CO: as a raw material, reinforcing its relevance for sustainable polymer development
and circular-economy-driven material design.

Keywords: NIPU, glycidol, glycidylation, FDCA, bio-derived
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Abstract

Polyacrylonitrile (PAN) and polyaniline (PANi) are two technologically important polymers
[1-5]. In this study, PAN-PANI blends are used as the matrix for the development of PAN-
PANi/graphite nanoplatelets (GNPs) nanocomposites. By employing electrospinning process,
PAN-PANI/GNP nanocomposite mats are produced with parameter the GNP content.
Morphological characteristis of the fabricated nanocomposite films were investigated via
Scanning Electron Microscopy (SEM), while their thermal response was examined by means
of Differential Scanning Calorimetry (DSC) and Thermogravimetric Analysis (TGA). The
electrical properties of the fabricated nanocomposite fibrous membranes were studied by
means of Broadband Dielectric Spectroscopy (BDS) in a wide frequency and temperature
range. Obtained results revealed the presence of dielectric relaxation related to the polymeric
matrix and the filler, as well as an enhancement of conductivity with GNP content.

Keywords: permmttivity, dielectric relaxations, conductivity, percolation
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Abstract

Chitosan-based hydrogels have attracted considerable attention in recent years due to their
biocompatibility, biodegradability, and wide applicability in biomedical engineering,
environmental remediation, and controlled drug delivery systems. Despite the extensive
research on laboratory-scale preparation methods, the transition of chitosan hydrogel
synthesis to larger production scales remains a significant challenge [1-3].

This study investigates the feasibility of scaling up the microwave-assisted synthesis of
chitosan hydrogels while maintaining material quality and process reproducibility.
Microwave irradiation offers rapid volumetric heating, improved reaction kinetics, and
enhanced energy efficiency compared to traditional thermal methods. The research focuses on
optimizing key synthesis parameters, including microwave power, irradiation time, and
crosslinking conditions, in order to achieve homogeneous hydrogel structures at increased
batch volumes.

The structural and physicochemical properties of the obtained hydrogels were evaluated using
spectroscopic and microscopic techniques. Particular attention was given to the influence of
scale on network morphology and swelling behavior. The results demonstrate that
microwave-assisted synthesis can be effectively adapted to larger-scale processes without
compromising hydrogel performance.

Keywords: chitosan hydrogels, microwave radiation, synthesis
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Abstract

Zinc telluride (ZnTe) nanoparticles are promising semiconductor nanomaterials due to their
tunable electronic structure and potential application in photo- and electrocatalysis. [1] In this
work, ZnTe nanoparticles were prepared under controlled synthesis conditions with the aim
of obtaining reproducible nanostructures suitable for further functional studies. The materials
were characterized in terms of morphology, phase composition, and surface chemistry, and
subsequently evaluated using electrochemical methods. Cyclic voltammetry was employed to
assess the electrochemical response of the ZnTe nanomaterials. The obtained results confirm
that the applied preparation strategy enables the formation of electroactive ZnTe
nanomaterials and indicates that ZnTe nanoparticles can be effectively deposited on electrode
surfaces for further electrochemical studies.
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Abstract

Waterborne polyurethanes (WPUs) are an important class of polymeric materials due
to their low volatile organic compound (VOC) content and growing relevance in the
development of more sustainable coating systems. In this work, a reference waterborne
polyurethane dispersion was synthesized. The obtained material is intended to serve as
baseline samples for future studies focused on increasing the renewable carbon content of
WPU systems.

The polyurethane prepolymer was synthesized from isophorone diisocyanate and
polyester polyol under an inert nitrogen atmosphere, followed by chain extension using 1,4-
butanediol and incorporation of 2,2-bis(hydroxymethyl)propionic acid as an internal
emulsifier. During the synthesis, increased viscosity and foaming were observed, indicating
challenges associated with the amount of solvents addition and the dissolution of components.
Despite these difficulties, a waterborne polyurethane dispersion was successfully obtained
and cast into films.

The chemical structure of the resulting WPU films was analyzed using Fourier
transform infrared (FTIR) spectroscopy. Characteristic absorption bands corresponding to
urethane linkages, including N-H stretching, C=O stretching, and C-O-C vibrations,
confirmed successful polyurethane formation. The absence of the isocyanate band indicated
complete reaction of -NCO groups during synthesis. Moreover, thermal stability and analysis
of phase transitions in materials were conducted.

The results demonstrate the feasibility of producing WPU dispersions, while
highlighting key aspects requiring further optimization, such as foaming control, viscosity
regulation, and processing stability. The reference samples and insights obtained in this study
provide a foundation for future work on greener WPU systems with improved formulation
and performance.
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ELECTRICAL PERFORMANCE OF POLYMERS AND POLYMER-BASED
MICRO/NANO-COMPOSITES

Georgios Chr. Psarras,

Smart Materials & Nanodielectrics Laboratory, Department of Materials Science,
University of Patras, University Camus of Rion, Patras, 26504, Hellas (Greece)

Abstract

Polymers and polymer matrix micro/nano-composites are considered as insulators because of
their low concentration of free charge carriers. However, the presence of dipoles in polymeric
materials gives rise to polarization phenomena, when an external electric field is applied. An
alternating field results in dielectric relaxation processes because of the inertia of the dipoles
to follow the alternation of the field [1,2]. Dielectric behaviour can be experimentally studied
via broadband dielectric spectroscopy (BDS) and data can be analyzed via different
formalism, such as dielectric permittivity, electric modulus, and ac conductivity [1,2].
Electrical conductivity characterizes how easily charges can flow through materials. Its
values extend in a very wide range approaching the 30 orders of magnitude, characterizing
their behaviour as conductors, semi-conductors, or insulators [1]. Alternating current (ac)
conductivity sums all dissipative effects including an actual ohmic conductivity, caused by
migrating charges on isolated or adjacent conductive sites, as well as a frequency dielectric
dispersion [1,2]. In polymer matrix-conductive filler composites the concentration of the
inclusions is a crucial parameter, governing the insulator to conductor transition of the
systems. At a critical filler’s concentration an abrupt increase of conductivity occurs because
of the formation of a physical path through which the current can flow percolating the whole
system [1]. In this study, the electrical performance of polymers and polymer matrix
micro/nano-composites is investigated in tandem with the occurring conduction mechanisms.

Keywords: permmttivity, dielectric relaxations, conductivity, percolation
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COMPOSITE MESHES FOR BIOMEDICAL APPLICATIONS
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Abstract

Our research focuses on the development of polymer-based nanocomposite wound dressings
designed to actively support wound healing rather than serving as passive coverings. Using
electrospinning, nanofibrous scaffolds based on polysuccinimide were fabricated with fiber
diameters below 500 nm and loaded with metal-based nanoparticles and in some cases
therapeutic agents. Silver- , zinc- , iron- and selenium- oxide nanoparticles were successfully
synthesized and incorporated into the fibrous matrices to provide antibacterial activity and
mechanical reinforcement. Silver oxide nanoparticles synthesized in the presence of
paracetamol showed excellent monodispersity, improved mechanical performance, and strong
antibacterial effects against both Gram-positive and Gram-negative bacteria. The
concentration of paracetamol played a critical role, as moderate amounts enhanced
antibacterial efficiency, while higher doses reduced silver ion release. Zinc oxide
nanoparticles and ZnCl influenced fiber morphology and mechanics, with ZnCl. acting as a
plasticizer that improved flexibility, beneficial for wound healing. A synergistic antibacterial
effect was observed when ZnO and ZnCl. were combined, particularly against Gram-positive
strains. Selenium oxide nanoparticles were highly monodisperse but showed limited long-
term stability, and their antibacterial mechanism is still under investigation. Iron oxide
nanoparticle loaded scaffolds showed high contrast effect in MRI and and increased
hyperthermic effect in aques media. Overall, the results demonstrate the feasibility of
tailoring nanofibrous wound dressings with tunable mechanical and antibacterial properties,
highlighting strong potential for next-generation biomedical applications.

Keywords: metal oxide nanoparticles, fibrous scaffold, nanocomposite, wound dressing,
antibacterial activity
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ACHIEVING SUSTAINABLE AND INDUSTRIALLY RELEVANT POLYMER
DYNAMIC NETWORKS FOR ADVANCED MATERIALS THROUGH SIMPLE
SYNERGISTIC STRATEGIES: TOWARDS A CIRCULAR ECONOMY OF
COMPOSITE MATERIALS?
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Composite materials are currently not sustainable. The use of non-degradable high-
performance thermosets in combination with energy-intensive fibres leads to drastic
environmental costs. Covalent adaptable networks are seen as having the potential to offer
new solutions for sustainability, but struggle to meet market expectations. Copolymerization
allows tuning polymer’s properties and a synergetic effect may be achieved for the resulting
hybrid, i.e., outperforming the properties of its parents as often observed in natural materials.
This synergetic concept is herein applied to enhance both dynamicity and properties of
vitrimeric materials using poorly dynamic hydroxyurethane and non-dynamic epoxy
thermosets. The latter generates activated hydroxyl, promoting exchange reactions 15 times
faster than pure polyhydroxyurethanes. This strategy allows obtaining catalyst-free high-
performance vitrimers from conventional epoxy-amine formulations and an easily scalable
(bio-)COz-based yet poorly efficient dynamic network [1]. The resulting hybrid network
exhibits modulus retention superior to 95% with fast relaxation (<10 min). The
hydroxyurethane moieties actively participate in the network to enhance the properties of the
hybrid. The material can be manufactured as any conventional epoxy formulation including
process such as liquid infusion and resin transfer molding. This new strategy to design
dynamic networks opens the door to large-scale circular high-performance structural carbon
and natural fiber composites relevant in the market [2]. The composites can be easily
reshaped and welded from flat plates to complex geometries. The network is degradable
under mild conditions, facilitating the recovery and re-use of high-added-value fibers with
negligible degradation even using sensitive natural fibers. This accessible and cost-effective
approach provides a versatile range of tunable dynamic epoxides, applicable across various
industries with minimal adjustments to existing marketed products. Moreover, life cycle
analysis demonstrated benefits in the strategy [3].

[1] G. Seychal, M. Ximenis, V. Lemaur, B. Grignard, R. Lazzaroni, C. Detrembleur, H.
Sardon, N. Aranburu, J. Raquez, Adv Funct Materials 35 (2024) 2412268.

[2] G. Seychal, B.M. Campos, G. Perli, V. Placet, B. Grignard, F. Bonnet, C. Detrembleur, H.
Sardon, N. Aranburu, J.-M. Raquez, Chemical Engineering Journal (2025) 161506.
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AI-ASSISTED AUTOMATED QUANTIFICATION FOR POLYMER RECYCLING STREAMS
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Abstract

The transition toward a circular plastics economy requires analytical tools capable of reliably
identifying and quantifying the complex compositions present in recycling streams. Post-
consumer plastics frequently contain mixtures of polymers, additives, and degradation
products, forming heterogeneous systems often described as unintentional blends. Even small
fractions of secondary polymers can significantly influence processing behavior and material
performance, making reliable compositional analysis essential for increasing the yield of
usable recyclates.

Thermal analysis techniques are widely used to investigate polymer transitions and material
composition. However, mixed polymer systems often exhibit thermal events that overlap,
making manual identification and quantification difficult and operator-dependent.

In this poster, we present an Al-assisted approach for the automated identification and
quantification of overlapping thermal analysis signals in complex polymer systems. Applied
to Differential Scanning Calorimetry (DSC), this method enables the quantitative
identification of multiple polymer phases within mixed or contaminated recycling streams
and supports improved characterization of unintentional polymer blends.

This approach has been implemented by NETZSCH in the new analysis software Proteus®
Now Quantify, enabling automated and reproducible quantification of overlapping thermal
events in complex polymer datasets.
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FERULIC ACID AS A NATURAL ADDITIVE FOR IMPROVING THE THERMO-
OXIDATIVE STABILITY OF THERMOPLASTIC BIO-POLYURETHANES

Joanna Smorawska-Kliza', Janusz Datta', Ewa Glowinska'
!Gdansk University of Technology, Narutowicza 11/12, 80-233 Gdansk, Poland

Abstract

Currently, thermoplastic bio-polyurethanes (bio-TPUs) are gaining renewed attention as
environmentally friendly alternatives to conventional petrochemical plastics. They are highly
valued for their versatile properties and suitability for mechanical recycling via reprocessing
[1]. However, repeated processing may cause degradation, such as thermo-oxidative
degradation, which can limit the recyclability of TPUs and deteriorate overall material
performance [2].

This work investigates the use of ferulic acid, a renewable bio-based antioxidant, as a
processing additive to enhance the thermo-oxidative stability of bio-TPUs. Materials were
synthesized via a two-step method using 100% bio-based poly(trimethylene) glycol as the
polyol component, a mixture of aliphatic diisocyanates (hexamethylene diisocyanate HDI and
Tolonate™ X FLO 100), and 100% bio-based 1,3-propanediol as a chain extender. The
properties of the reference and reprocessed materials were analyzed by Fourier transform
infrared spectroscopy (FTIR), thermogravimetric analysis (TGA), and differential scanning
calorimetry (DSC), including oxidation onset temperature (OOT) measurements. The results
confirm the positive effect of ferulic acid on the thermo-oxidative stability and selected
properties of bio-TPUs.

Keywords: thermoplastic bio-polyurethanes, ferulic acid, mechanical recycling, sustainable
production, circular economy.
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FROM IONIC ASSEMBLIES TO APATITE: COMPUTATIONAL AND
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Background: The development of bone-inspired materials depends on replicating the
hierarchical organization of the extracellular matrix (ECM). In the ECM, glycosaminoglycans
and proteins regulate calcium phosphate (CaP) mineral deposition [1,2]. A polyelectrolyte
complex (PEC) matrix formed by polycationic chitosan (CS) and polyanionic carboxymethyl
chitosan (CCS) is hypothesized to provide an improved biomimetic framework for CaP
formation. Integration of atomic-scale simulations with experiments enables assessment of
how CS—CCS modulates Ca2+—phosphate interactions at the molecular level and how these
interactions influence CaP maturation and crystallinity.

Materials and Methods: A combined computational and experimental workflow is
implemented [3,4]. Molecular dynamics (MD) simulations quantify Ca?’—phosphate
interactions in the presence of CS and CCS chains at pH 7.4, 8.0, and 9.0. Simulation outputs
guide condition selection for biomimetic precipitation. In situ precipitation of CaP proceeds
within CS, CCS, and CS—CCS blend matrices. Structural and chemical characterization relies
on X-ray diffraction (XRD; Rietveld refinement) and attenuated total reflectance Fourier-
transform infrared spectroscopy (ATR-FTIR; spectral deconvolution) to assess maturation
and crystallinity. Morphology and particle-size distributions are evaluated by scanning
electron microscopy (SEM) and dynamic light scattering (DLS) [4].

Results and Discussion: MD simulations indicate that pH 8.0 [5] provides the most
favorable energetic regime for Ca**—phosphate association within the PEC matrix, supported
by a network of hydrogen bonding between functional groups (-NH** and ~COO~). Under
these conditions, stable ionic assemblies with Ca/P ratios of 1.67 (HA-like cluster) and 1.50
(Posner-like cluster) are observed, consistent with apatite-related precursor populations [6].
At the macroscopic level, CS promotes hydroxyapatite (HA) formation, whereas CCS
increases structural disorder [4]. In CS—CCS matrices, the combined system yields higher HA
content while retaining lower crystallinity than the individual components (CS, CCS), a
feature typically associated with greater remodeling potential [4]. Variations in CS—CCS
composition and concentration influence CaP maturation and crystallinity, with biomimetic
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products comprising HA and octacalcium phosphate (OCP). The combined theoretical and
experimental evidence suggests that ionic assemblies with Ca/P = 1.67 align with HA-like
precursors in classical pathways, whereas assemblies with Ca/P = 1.50 are often associated
with OCP-like precursors in nonclassical pathways [6—8]. These phases may represent
plausible intermediates in biological apatite formation [9—12].

Conclusions: The CS—CCS matrix supports CaP mineralization through mechanisms
consistent with ion-mediated growth and cluster-aggregation processes. Modulation of this
matrix composition enables controlled tuning of biomimetic apatite maturation and
crystallinity, supporting the design of CaP-based biomaterials.

Keywords: Chitosan, Carboxymethyl Chitosan, Molecular Dynamics, Biomimetic
Mineralization.
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POLYURETHANE-POLYISOCYANURATE FOAMS MODIFIED WITH
BIOPOLYOLS FROM VEGETABLE OILS
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Faculty of Chemical Engineering and Technology, University of Technology, Warszawska 24,
31-155 Krakow, Poland

Abstract

The thermal insulation materials industry is developing dynamically, focusing on
solutions with high energy efficiency, long-term durability, and reduced environmental
impact. Increasingly strict regulations and societal expectations regarding greenhouse gas
emission reduction and fire safety drive the demand for innovative and sustainable insulation
materials.

Polyurethane (PUR) foams represent one of the most important groups of modern
insulation materials due to their porous microstructure and low apparent density, which result
in excellent thermal and mechanical properties. In particular, polyurethane—polyisocyanurate
(PUR-PIR) foams, produced from reactions of polyols with excess isocyanate, exhibit lower
flammability than PUR foams as well as a closed-cell structure ensuring high thermal and
acoustic insulation.

Growing environmental awareness has intensified efforts to reduce fossil resource
consumption by replacing petrochemical polyols with biopolyols derived from renewable
sources. In this study, oils obtained from sunflower, rapeseed, and oil radish seeds were
chemically modified to produce biopolyols for foam synthesis. The obtained foam materials
were examined with respect to key performance parameters, including compressive strength,
flammability, thermal conductivity coefficient, and closed-cell content.

Keywords: polyurethane—polyisocyanurate foams, biopolyols, thermal insulation, vegetable
oils
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MULTIFUNCTIONAL BIO-BASED HYBRID PIGMENTS FOR PH-SENSITIVE
BIODEGRADABLE PACKAGING COMPOSITES
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The development of sustainable functional additives for packaging materials is of paramount
importance in advancing environmentally responsible material technologies and meeting the
growing demand for smart, eco-efficient solutions. In this context, the stabilization of bio-
derived colorants within biodegradable polymers represents a particularly promising yet
challenging research direction.

This work reports the fabrication of biodegradable and pH-responsive poly(lactic acid) (PLA)
biocomposites incorporating multifunctional hybrid pigments obtained via solution casting.
Natural dyes—alizarin, quinizarin, carminic acid, and indigo—were immobilized onto
mineral supports (palygorskite (PAL) and hydrotalcite (LDH)), effectively limiting dye
migration and enhancing functional stability within the polymer matrix through strong
interfacial interactions.

The incorporation of PAL- and LDH-based pigments significantly affected the mechanical
performance of the PLA biofilms, leading to measurable modifications in strength-related
parameters. The materials exhibited distinct and reversible pH-dependent color transitions
under acidic and alkaline conditions, highlighting their applicability in smart packaging
systems for real-time quality monitoring. Soil burial tests confirmed the preservation of their
biodegradable character. Furthermore, LDH-based pigments improved flame-retardant
performance, as evidenced by a substantial reduction in the heat release rate (HRR) compared
to neat PLA. The proposed strategy establishes a versatile platform for designing
multifunctional PLA biocomposites that synergistically integrate mechanical robustness,
sensing capability, fire resistance, and environmental sustainability.

Keywords: hybrid pigments, natural dyes, smart packaging, pH-sensing, biodegradation
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Abstract

The energy sector is struggling with the growing demand for energy and the environmental
consequences resulting from the intensive exploitation of non-renewable energy sources. In
this context, phase change materials (PCM) are gaining importance in the thermal energy
storage and conversion. One of the research directions aimed at improving the thermal
properties and thermal conductivity of PCMs involves the use of porous matrices for shape
stabilization, and additives with high thermal conductivity, such as graphene. When
combined with a suitably selected carbon matrix, PCMs show potential as heat-storage
systems and exhibit the ability to photothermal conversion. For this purpose the use of
biomass from citrus fruits—such as orange and pomelo peels—as a raw material for
producing porous carbon structures, including aerogels, is particularly interesting. These
waste materials, commonly generated by the food industry can be transformed into porous
carbon materials with a well-developed surface area. In this study, carbon aerogels were
obtained from citrus-fruit biomass and infiltrated with poly(ethylene glycol) (PEG) 6000
modified with graphene. Analysis of the PCM composites, confirmed the beneficial effect of
graphene on the functional properties of PCMs. The presence of graphene—both in the
carbon matrix and in the PCM—Ied to increased thermal conductivity, improved thermal
stability, and reduced PCM leakage. It was also shown that the type of biomass has a
significant impact on the microstructure of the matrix and, on the effectiveness of PEG
infiltration. The results indicate that PCM composites based on graphene-modified carbon
aerogels represent a promising group of materials for thermal energy storage and conversion.

Keywords: phase change materials, carbon aerogels, graphene, thermal energy storage
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SUSTAINABLE CONTROLLED-RELEASE FERTILISERS MODIFIED WITH
WASTE SHEEP WOOL FOR WATER RETENTION IMPROVEMENT
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Due to climate change and increasingly difficult farming conditions, modern agriculture is
turning to materials engineering to design sustainable materials for agriculture, such as mats
and fertilisers. Controlled-release fertilisers (CRFs) are characterised by the gradual release of
nutrients to the soil, thereby avoiding overfertilisation [1]. The study focused on the use of
biopolymers as a fertiliser matrix for controlling the rate of its degradation and the addition of
waste sheep wool. Sheep wool is a natural source of nitrogen and, due to fibre structure,
allows for the storage and gradual release significant amounts of water [2]. The use of sheep
wool unsuitable for the textile industry allows the introduction of waste into the circular
economy. Biopolymer composites with thermoplastic (polylactide) and hydrogel (alginates)
matrices with the wool fibres were obtained in order to assess the water storage capacity of
the composites. Hydrogel matrices are a popular area of research as fertiliser materials due to
their biodegradability and water absorption properties [1]. The materials were analysed using
thermal analysis (TG, DSC), FTIR testing and SEM microscopy as well as soil water
retention capacity was tested. The research results shows that wool can improve water
retention in the soil in both matrices, but in the case of hydrogels, the effect is shorter due to
the rapid degradation of alginates. The DSC investigations showed that the presence of fibre
accelerates the degradation process of polymer matrix, which may contribute to reducing the
environmental impact of plastic. Further research is needed to refine the amount of fibre
added and develop an effective scalable method of introducing fibre into the matrix.
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SIMULATION-DRIVEN INSIGHTS INTO ELECTROSPINNING: ELECTRIC
FIELD MODELING AND CALCIUM CHLORIDE-INDUCED FIBER
MORPHOLOGY
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Electrospinning is a versatile method for producing nano- to microscale nonwoven
fibers widely used in biomedical engineering. Their similarity to the natural extracellular
matrix makes electrospun scaffolds promising for tissue-engineering applications. Fiber
performance is governed by material composition and processing conditions: while polymer—
solvent chemistry determines solution behavior, electrospinning setup design and
environmental factors strongly influence fiber formation.

This work examines two factors central to biomedical fiber production. First, 2D and
3D electric-field simulations are performed in QuickField to model needle—collector
arrangements. By analyzing field distribution patterns, we identify how collector geometry
and system design can be optimized to improve fiber alignment, uniformity, and deposition
efficiency.

Second, we investigate how compositional and post-processing changes affect
cellulose acetate (CA)-based electrospun fibers. Scanning electron microscopy quantifies
morphological changes resulting from varying calcium chloride (CaCl:) concentrations,
enabling assessment of ionic-additive effects on fiber diameter and macrostructure [1]. We
further evaluate the mechanical and degradation behavior of fibers deacetylated to cellulose,
determining how this chemical conversion influences structural integrity and biomedical
suitability.

Overall, this combined modeling and experimental study clarifies how electric-field
configuration and material modifications govern the performance of electrospun
cellulose-based fibrous networks, supporting their optimized design for medical and
tissue-engineering applications.
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Abstract

Graphitic carbon nitride (g-C3Ns) is a metal-free polymeric semiconductor widely
investigated as a visible-light-driven photocatalyst due to its chemical stability, low cost, and
suitable band gap. However, its practical application is limited by fast recombination of
photogenerated charge carriers. In this work, g-C3N4 was synthesized by thermal
polycondensation of nitrogen-rich precursors and subsequently modified with copper chloride
(CuCl) and tungsten disulfide (WSz) to construct a heterojunction system with enhanced
charge separation efficiency.

The materials were obtained via thermal and hydrothermal methods and characterized
using X-ray diffraction (XRD), scanning electron microscopy (SEM), energy-dispersive X-
ray spectroscopy (EDS), X-ray photoelectron spectroscopy (XPS), and UV—Vis diffuse
reflectance spectroscopy. Structural and morphological analyses confirmed the formation of
the composites, while photocatalytic tests showed improved activity under visible light.

The results demonstrate that CuCl and WS> modification affects the electronic
structure of g-CsN4 and plays a crucial role in charge carrier dynamics, highlighting the

potential of these materials for photocatalytic applications under visible light.

Keywords: g-C3N4, photocatalysis, heterojunctions, CuCl, WS>, semiconductor
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Abstract

The replacement of isocyanate-based polyurethanes and non-recyclable thermosets remains a
vital challenge in the development of sustainable polymeric materials, particularly when
performance, processability, and durability must be maintained. Non-isocyanate
polyurethanes (NIPUs) and bio-based vitrimers provide a powerful framework to address
these limitations, yet their broader implementation depends on precise control of reaction
kinetics, network architecture, and end-of-life behavior. This presentation summarizes recent
advances in self-blowing NIPU foams and dynamic polymer networks derived from
renewable feedstocks.

Self-blowing foams were prepared through in situ CO: generation from cyclic carbonates
under mild, solvent-free conditions. Detailed kinetic analysis revealed that aromatic epoxy
precursors exhibit significantly lower activation energies than aliphatic analogues, enabling
efficient foaming, refined cellular morphologies, and glass transition temperatures up to ~60
°C. In contrast, high aliphatic contents (>30 %) led to incomplete foaming due to slower
curing kinetics. Incorporation of TisC.Tx MXene nanosheets (1-7 wt %) simultaneously
improved foam microstructure and enhanced storage modulus, thermal stability, and thermal
conductivity.

Beyond foams, bio-based NIPU and epoxy vitrimers incorporating disulfide and imine
dynamic bonds exhibited rapid stress relaxation (~20 s at 150 °C), efficient reprocessing, and
up to ~100 % recovery of mechanical properties, demonstrating genuine closed-loop
recyclability. Together, these results establish robust design principles for high-performance,
sustainable polymer networks.

Keywords: Non-isocyanate polyurethanes 1, Vitrimers 2, CO»-based polymers 3, Dynamic
networks 4, Recyclable and reprocessable materials 5
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The limited reusability of powders in Powder Bed Fusion (PBF) processes, such as Multi Jet
Fusion (MJF) and Selective Laser Sintering (SLS), leads to large amounts of partially
degraded Polyamide 12 (PA12) waste, with significant economic and environmental
implications. This work proposes a circular recycling strategy based on the conversion of
spent PBF powders into filament for Fused Filament Fabrication (FFF). In particular,
thermally aged MJF powder, characterized by poor melt stability, was blended with 10 wt%
used SLS powder. The powders were characterized by Differential Scanning Calorimetry
(DSC) and Scanning Electron Microscopy (SEM), showing good thermal compatibility
(melting peak at around 188 °C) and significant morphological differences between MJF and
SLS materials. Melting point tests confirmed a fusion range of 186—190 °C, which was used
to optimize the extrusion process performed with a 3Devo Precision 450 filament extruder.
The produced filament was subsequently used to fabricate samples via FFF on an Ultimaker
S5 3D printer. Thermo-mechanical properties were investigated through Dynamic
Mechanical Analysis (DMA) and three-point bending tests according to ASTM D790. The
recycled material exhibited a glass transition temperature of 48.6 + 2°C, comparable to that of
virgin PA12, while showing a shift toward a more flexible mechanical behavior, as
highlighted through material mapping using Ansys Granta Selector. Overall, the results
demonstrate the feasibility of upcycling waste MJF/SLS PA12 powders into FFF filament,
enabling a more sustainable additive manufacturing workflow and opening new perspectives
for functional prototyping and design-oriented applications.
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Abstract

Although silver ions are commonly used in antibacterial agents for therapeutic
purposes, they are associated with significant environmental impact and, in some cases,
undesired immune responses. As a result, their use in medicine is gradually declining, with
other antibacterial ions emerging as promising alternatives.

Our research aims to create a bicomponent polymer scaffold by electrospinning,
which contains zinc and strontium salts in addition to the polymer. If such a new
biocompatible wound dressing could be developed, it would serve as a mechanical barrier and
exhibit antibacterial activity.

Several experiments have been conducted to optimize the physicochemical,
mechanical, and biological properties of the scaffolds developed for application as wound
dressings. The first step was to synthesize the polysuccinimide (PSI) polymer, mix it with the
selected salts in dimethylformamide, and optimize the electrostatic fiber-formation
parameters (uni- and coaxial). The salts used in the experiments were zinc acetate anhydrous,
zinc acetate dihydrate, zinc sulfate, zinc chloride, and strontium nitrate. The chemical and
mechanical properties of the complete polymer networks were investigated by FTIR
spectroscopy, SEM images, and their mechanical behavior (both in air and saline solution)
through specific load capacity, tensile strength, elongation at break, and Young’s modulus
values. We conducted release tests to determine whether the salts could be released from the
scaffold and exert antibacterial activity. Antibacterial activity tests were performed on four
application-relevant bacterial species. We determined whether the polymer scaffolds with
salts exhibit cytotoxicity against human tumor and fibroblast cells. Because these fibrous
structures will be used as a wound dressing, they must interact with the human cells.

Keywords: polysuccinimide, wound dressing, electrospinning, nanofiber, antibacterial
activity
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Abstract

Pluripotent materials are defined as polymer networks with multiple functional behaviours,
depending on their thermal history, such as varying tempering temperatures or rate of
cooling/heating towards the operational temperature. Materials containing dissociative
dynamic bonds formed by radical polymerization, as well as permanent ones based on
cationic reactions, show a strong potential as pluripotent, adaptable and reprocessable systems
[1]. In this very new type of systems, the structure — thermal history — property relationships
remain insufficiently understood.

This study deepens the insight into their thermal and mechanical behaviour. It strives to
elucidate the underlying mechanisms governing these systems, along with their time scale.
The study focuses on the analysis of molecular mobility within the polymer networks, which
plays a key role in determining their dynamic response and functional versatility.

Differential Scanning Calorimetry (DSC) reveals a clear dependence of the glass transition
temperature Ty on the prior cooling rate, increasing from approximately —14°C to above 0°C
as the cooling rate decreased from ~50 to 0.5 K/min. This behaviour is associated with higher
crosslink density under slower cooling.

DMA results reveal a strong connection between molecular mobility and bond exchange
kinetics within the polymer network. The analysis indicates that molecular mobility is directly
dependent on the fraction of closed cross-links, suggesting a feedback mechanism between
network structure and dynamic behaviour.

Overall, the preliminary results demonstrate the interplay between molecular mobility and
bond exchange kinetics, which needs to be further understood in future work.
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Abstract

Poly(butylene succinate) (PBS) is a biodegradable and compostable aliphatic polyester that
has atteacted significant attention as an environmentally friendly alternative to conventional
petroleum-based polymers[1]. Despite its sustainability, PBS can present limitations such as
moderate mechanical strength, low stiffness, and restricted thermal resistance, which may
hinder its use in more demanding applications. In this study, biochar (BC), a low-cost carbon
rich material derived from biomass, was incorporated into PBS as a sustainable functional
filler to enhance its performance[2,3]. PBS/BC composites containing 0.5, 1.0, and 2.5 wt.%
of the additive were successfully synthesized via melt-mixing, offering an industrially
scalable and solvent-free processing route. The influence of BC loading on the
morphological, thermal and mechanical features of PBS was systematically investigated using
appropriate characterization methods to evaluate filler dispersion, crystallization behavior,
thermal stability and tensile strength.

The results demonstrate that the incorporation of low BC content leads to improved stiffness
and strength in comparison to PBS, indicating an effective reinforcing contribution and
favorable polymer-filler interactions. BS also promoted changes in the crystallization
behavior of PBS, suggesting a nucleating effect that may contribute to improved thermal
properties. At the highest additive content (2.5 wt.%), the composite material exhibited
further rigidity enhancement, though reduced elongation at break might occur due to limited
chain mobility and possible particle aggromeration throught the polymer matrix.

Overall, the findings highlight that the addition of small amounts of BC can effectively tune
the properties of PBS, providing a promising approach toward the development of high-

performance, sustainable composite suitable for agricultural applications.
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