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09:00-09:15 OP25: |. Draxler - Insights into the Development of Sustainable Automotive Compounds
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Water Harvesting
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OP 1: Lossless shear mixing of milligrams for the rapid screening

of amorphous solid dispersion

Gabriel Winkler!; Julia Nikolaus?; Andreas Brambock?, Lizbeth Siegmann?, Daniel
Treffer!
!MeltPrep GmbH, Graz Austria, daniel.treffer@meltprep.com

Even the smallest commercially available twin-screw extruders require gram-scale quantities
to produce amorphous solid dispersions (ASDs). In early drug development, this material
demand is often impractical, as only a few hundred milligrams of a new compound may be
available from synthesis. This creates a need for near-lossless, small-scale mixing methods
that can process limited material quantities while still generating representative ASD samples.

During twin-screw extrusion, screw elements apply shear forces and repeated material
reorientation, resulting in dispersive and distributive mixing. Existing small-scale mixers use
various approaches to reproduce these effects but are often limited by material loss during
processing and recovery!. This work presents a lossless (LM) mixing device where mixing is
performed on a swappable, heatable glass plate. The process consists of two alternating steps.
First, a defined-gap tool applies shear to the material, forming a thin film on the heated surface.
Second, a sharp blade collects? and reorients the material in segments, following a baker’s
transformation approach. These steps are repeated until the material appears optically
homogeneous.

The LM approach was evaluated using three pharmaceutical model systems: 10%

Mannitol/ Kollidon VA64, 20% Butylparaben/ HPMCAS, and 30% Butylparaben/ HPMCAS.
Powder mixtures (PM), LM -processed samples, and solvent-cast (SC) samples were
compared. For LM processing, ten mixing cycles were applied. The PM discs showed clear
heterogeneity, with distinct phases of model compound and polymer carrier. In contrast, the
LM discs were transparent for all formulations, indicating improved homogeneity and
successful incorporation of the model compounds into the polymer matrices. Solvent-cast
samples prepared on the LM discs underwent multiple heating cycles and showed more
pronounced coloration. In the Mannitol/ Kollidon VA64 formulation, rapid recrystallization was
observed in the solvent-cast sample, suggesting that residual solvent promoted early
recrystallization.

Overall, the LM device provides a promising small-scale mixing technique for early formulation
screening. Its near-lossless setup enables rapid evaluation of multiple formulations using
minimal material quantities and can be integrated into the vacuum compression molding
workflow.
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Figure 1: VCM discs (100 mg, 10 mm) obtained from Physical Powder Mixtures (PM), Lossless Mixing (LM), and Solvent Casting
(SC) on a 2 mm grid background. F1: 10% Mannitol/ Kollidon VA64; F2: 20% Butylparaben/ HPMCAS; F3:
30% Butylparaben/ HPMCAS
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OP 2: High-Resolution Microscopy of Epoxy—Thiol Thermosets:

Microscopic Insights into Morphology and Toughness

l. Cicco?l, A. C. Seitlinger?, M. A. Tunes?, K. Resch-Fauster?, T. Griesser?!

1Chair of Chemistry of Polymeric Materials, Technical University of Leoben, Leoben, Austria.
2Chair of Nonferrous Metallurgy, Technical University of Leoben, Leoben, Austria.
3Chair of Materials Science and Testing of Polymers, Technical University of Leoben, Leoben, Austria.

Thiol-epoxy systems are an emerging area of research within the field of thermosetting
materials. In particular, polythiol-based hardeners have attracted increasing attention as they
offer a promising, sustainable way to produce high-performance epoxy thermosets with
enhanced toughness!. Although epoxy systems have been extensively studied?®, the
morphology of epoxy—thiol networks has received comparatively less attention—particularly
with regard to stoichiometry, processing conditions, and their thermomechanical properties.
This study used transmission electron microscopy (TEM) to conduct an in-depth morphological
characterisation of stoichiometric and off-stoichiometric epoxy—thiol thermosetting systems.
Furthermore, dynamic mechanical analysis (DMA) and tensile testing were employed to
systematically investigate the thermomechanical behaviour of these systems, thereby
providing deeper insight into the correlations between their morphological structure and
resulting material properties. Particular emphasis was placed on the influence of polythiol
content, as variations in this parameter can induce the formation of distinct nanostructured
morphologies. Interestingly, offstoichiometric formulations, defined by reduced polythiol
content and concurrent epoxy homopolymerisation, exhibit elevated glass-transition
temperatures and enhanced toughness®, as corroborated by the corresponding morphological
analysis.

This work presents a comprehensive microscopic characterisation of epoxy—thiol thermosets,
elucidating the interplay between network morphology, macroscopic properties, and
processing conditions, and thereby providing a basis for the rational design of optimised
formulations.
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OP_3: 3D Printing Complex Anisotropic Cellulose Hydrogel

Structures Using Sacrificial Support Systems

Daniel Pint, Tobias Steindorfer, Florian Lackner, Tamilselvan Mohan, Rupert Kargl,
and Karin Stana Kleinschek

Institute of Chemistry and Technology of Biobased Systems (IBioSys), Graz University of
Technology, Stremayrgasse 9, 8010 Graz, Austria; e-mail: pint@tugraz.at

Three-dimensional (3D) printing of hydrogels has enabled new directions in biomedical
engineering, soft material design, and biofabrication. However, unsupported hydrogel inks
often collapse under their own weight or deform during printing, limiting achievable
geometries.> We present a reproducible, standardized support system combining a
nanofibrillated cellulose/sodium alginate (NFC/ALG) structural ink with a cellulose-based
sacrificial support ink composed of NFC, hydroxyethylcellulose (HEC) and CaCl,, building on
established NFC-based hydrogel systems and support-assisted printing concepts, shown in
Figure 1.34 Quantitative validation using tubular models shows that unsupported tubes
collapse before 50 mm height, whereas supported tubes remain upright and stable. Surface
fidelity is substantially improved by reducing layer height, yielding watertight prints.
Demonstrations of complex geometries, including an anatomical aorta, confirm the method’s
capability. Support dissolution in 30 mM CacCl, occurs over approximately 3 days, ensuring
stability during crosslinking and handling. Compared with other sacrificial strategies, this
approach is inexpensive, cellulose-based, and relies on mild ionic crosslinking compatible with
future cell-laden systems. This work provides a robust and accessible hydrogel engineering
system, supporting stable and high-fidelity DIW of complex anisotropic structures.

3D Printed Structures
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Figure 1: Cellulose-based sacrificial support enables stable printing of complex hydrogel architectures.
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OP 4: Circular biopolymer economy: Simulation-assisted modelling

of chemical recycling towards a green BIOCYCLE

Dominik Wielend*!, Katharina Kelderer?3 Norbert Hohenauer!24, Michael Egermeier®,
Markus Wierer3, Gunnar Spiegel', Markus Himmelsbach?, Christian Paulik!?

1Competence Center CHASE GmbH, 4020, Linz, Austria
2Institute for Chemical Technology of Organic Materials, Johannes Kepler University, 4040, Linz,
Austria
3Institute of Analytical and General Chemistry, Johannes Kepler University, 4040, Linz, Austria
“New address: Department of Chemistry, Ludwig-Maximilians-University Munich, 81377, Munich,
Germany
5Wood K plus — Kompetenzzentrum Holz GmbH, 4040 Linz, Austria
* dominik.wielend@chasecenter.at

Polymers are a key material class nowadays in industry, construction, medicine and
packaging. However, they also possess drawbacks regarding microplastics, single-usage and
low biodegradability. Bio-polyester like polyhydroxyalkanoates (PHA) are a promising class of
biooriginated and bio-degradable polymers, which could address these problems of commodity
polymers.?

Understanding the mechanism and kinetics of biopolymer degradation is the key-step within
chemical recycling. Using polyhydroxybutyrate (PHB) as a case study, we developed a new
probability mass function for modelling the kinetic of a random scission process of PHB
hydrolysis. A validated key-assumption is, that oligomers with six or fewer repeating units are
water-soluble and represent the effective depolymerization yield. Using our model, which
combines a function for conversion and pseudo second order kinetics, we are able to
accurately predict the vyield of our PHB hydrolysis experiments.? Furthermore, the
decarboxylation side reaction was studied, yielding results in accordance with literature by Li
& Strathmann.®

In addition to the simulation-based yields of each oligomer fraction, we developed a
fractionation method to experimentally separate and analyze the hydrolysate. Based on this
innovative approach, we were able to quantify the hydrolysate composition of oligomers and
monomers and directly compare it to our simulation results.

Closing the loop towards a full life circle of biopolymers, the water-soluble hydrolysates were
successfully investigated as carbon source for microbial fermentation of PHB. This connection
between deep understanding of depolymerisation with microbial polymerisation approaches is
a key aspect within the project partners of the Biocycle UA-II project.
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OP 5: Atmospheric Water Harvesting: Can Sulfur be the Solution?

Joseph J. Dale?

Institute of Materials Chemistry and Research, Faculty of Chemistry, University of Vienna, Wahringer
Stral3e 42, 1090, Vienna, Austria

A lack of access to global clean water is
leading to a water crisis.® United Nations
Sustainable Development Goal 6 states
that we must “...achieve universal and
equitable access...” to clean drinking water
by the year 2030.2 The atmosphere
contains 6x the liquid volume of water as
all the freshwater sources on Earth
combined.® Tapping the natural water
reserves of the atmosphere is the next step
to provide clean water to all. Atmospheric
water harvesting (AWH) materials are
hydrophilic  structures, capable  of
adsorbing moisture from the atmosphere
for collection and consumption.*

Sulfur, extracted from the desulfurisation
of crude oil, collects in quantities in excess
of 7 tonnes per annum as waste.® The
chemistry of sulfur can introduce
interesting new properties and
characteristics to AWH materials. Disulfide cleavage drives reversible structural
rearrangement upon water sorption.® Base-stimulated sulfur ring-opening converts
hydrophobic sulfur to hydrophilic metal polysulfides, used to synthesise AWH polymers’ and
hydrogels.® Thiol self-condensation can prepare polymer scaffolds for hydrophilic metal
moieties at room temperature in minutes. Here, we blend sulfur - a hydrophobic material - with
the field of AWH, to design and enhance materials for the future of water harvesting. We
present a catalogue of sulfur-containing polymer and hydrogel materials (Figure 1) with
impressive AWH properties. Sulfur chemistry proves capable of introducing new
characteristics and properties to materials to address problems such as waste and water
management.

Figure 1. A collection of materials, prepared from elemental sulfur waste
or using sulfur chemistry, for AWH.
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OP 6: Wavelength-Orthogonal Control of Thiol-Ene Reactions:

Inhibition and Reactivation

Julian Maier!, Rita Holler!, Thomas GrieRer?

1Chair of Chemistry of Polymeric Materials, Technical University of Leoben.

Corresponding author: Julian.maier@unileoben.ac.at

The growing demand for precise and efficient fabrication techniques has led to increased
interest in light-induced reactions in polymer science due to their good spatial and temporal
control. Light as stimulus also provides an additional layer of control through wavelength
selective activation of chemical reactions, allowing different processes to be triggered
depending on the applied wavelength. Wavelength selectivity can generally be classified into
three categories: synergistic, antagonistic and orthogonal systems.*

In antagonistic interactions, one wavelength initiates a reaction while the other wavelength
quenches the reaction initiated by the first wavelength. In a previous study, antagonistic
photochemical control is successfully applied to thiol-ene polymerization. In the investigated
resin system, consisting of pentaerythritol-tetrakis(3-mercaptopropionat) and triallyl-triazine-
2,4,6(1H,3H,5H)-trione, radical curing is activated by a type Il photoinitiator at 450 nm, while
light at 365 nm is used to photorelease a base, resulting in an inhibition of the curing reaction.?

In this contribution, two strategies are introduced to overcome this inhibition enabling
reactivation of the suppressed thiol-ene reaction. In the first approach, the reaction is reinitiated
by irradiation with UV light at 254 nm, which directly generates thiyl radicals from mercapto
monomers and thereby restores radical propagation. The second pathway relies on the
neutralization of the photogenerated base by vapours of acid. Reaction kinetics were
monitored by infrared spectroscopy, demonstrating successful reactivation of the previously
inhibited reaction pathways.
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OP 7: Active Ester Curing of Epoxides Producing Low-Dielectric

Thermosets

Peter Weiss!?, David Schuster?, Christian Slugovct?

! Institute for Chemistry and Technology of Materials, Technische Universitat Graz,
Stremayrgasse 9, 8010 Graz, Austria

2 Christian Doppler Laboratory for Organocatalysis in Polymerization,
Stremayrgasse 9, 8010 Graz, Austria

Epoxy resins are important materials used in a variety of applications due to their excellent
mechanical, thermal, and electrical properties. The curing process, whereby the resin is
transformed into a solid material, is an important processing step in which curing agents react
with the epoxides and influence their properties. For use in castings and encapsulations, good
thermal properties, stability for mechanical processing and electrical properties, enabling
insulation, are needed. The most commonly used curing agents for this purpose are
anhydrides, bearing some ecological drawbacks, such as long curing cycles at high
temperatures. ! Additionally, anhydrides entail certain hazards, making them the focus of
potential prohibition measures and regulatory provisions. To overcome these issues active
esters can be used as curing agents to produce epoxy thermosets. Model reactions to
determine the mechanism of these reactions delivered promising results, particularly with
regard to the modification of the polymer backbone by the type of active ester used. 2
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Picture 1: Scheme for the epoxy ester curing reaction.

In this work we present results that contribute to identifying influences on dielectric and thermal
properties of epoxy materials, focusing on DGEBA, the most commonly used epoxide in
industry. The selection of curing agents significantly influences the curing kinetics and final
properties of the epoxy resin. Additionally, varying the ratio of epoxide to curing agent results
in different products obtained from the same starting materials. Comparing the two organic
Lewis base catalysts, 1-methylimidazole (1-Ml) and 4-dimethylaminopyridine (DMAP), we
observed an influence on the effectiveness of the curing process and the dielectric properties
of the products. These properties are also influenced by the amount of catalyst used in the
reaction.
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OP 8: Functional Poly(amidoamine)s from Tulipalin A

Muhammed Muhsin Puzhakkalakath?, Sambit Kumar Lenka?!, Jaroslav Mosnacek?
1Polymer Institute SAS, Bratislava, Slovakia

Poly(amidoamine) polymers, particularly linear poly(amidoamine)s (PAAs) and
poly(amidoamine) dendrimers (PAMAM), are an important class of polymers with significant
demand due to their extraordinary applications in biomedical and materials science.1 However,
their synthesis has traditionally relied on petrochemical-based monomers, raising concerns
regarding sustainability and long-term environmental impact. This work explores the design
and synthesis of functional linear poly(amidoamine)s with well-defined repeating units by
replacing petrochemical monomers with biobased Tulipalin A (a-methylene-y-butyrolactone,
MBL) and diamines. Tulipalin A, a naturally occurring a,B-unsaturated lactone found in tulip
species, offers a promising renewable alternative to conventional vinyl and acrylate
monomers.2 A combinatorial library of poly(amidoamine)s was synthesized by varying
diamines. The resulting polymers bear pendant hydroxyl groups and backbone secondary
amine functional groups, providing rich potential for post-polymerization modifications. The
effects of chemical structure and molecular characteristics on thermomechanical properties
were investigated.
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Picture 1: Synthesis of poly(amidoamine)s via head-to-head and head-to-tail approaches.
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OP 9: Investigating sustainable functional polyester materials

Anna Kruglhuber*, Klara M. Saller, Clemens Schwarzinger

Institute for Chemical Technology of Organic Materials, Johannes Kepler University Linz
Altenberger Stral3e 69, 4040 Linz, Austria

*anna.kruglhuber@jku.at

Functional polymers are vastly important to a broad range of product categories, yet they are
often based on petrochemical resources. As climate change and pollution pose ever-
increasing problems for society, a transition to more sustainable solutions is essential.
Polyesters are promising alternatives to current materials as many bio-based and renewable
educts can be implemented. Further, especially for aliphatic polyesters, biodegradability is a
viable characteristicl. The current research project focuses on the development of functional
polyesters using citric acid (CA), malic acid (MA), and tartaric acid (TA)?.

All three acids are easily available renewable resources that are characterized by their
multifunctionality, as illustrated in Figure 1. This allows synthesizing polyesters with free
carboxy or hydroxy groups that provide options for functionalization and tuning of polyester
properties. However, depending on the specific monomers and reaction conditions, gelation of
the reaction mass is a frequently occurring behaviour after a certain reaction time. Therefore,
optimized synthesis strategies are required to achieve high molecular weights without inducing
too much crosslinking®. The polyesters are characterized via (quantitative) *H and *C nuclear
magnetic resonance spectroscopy (NMR), whereby the conversion can be determined (Figure
1). Size exclusion chromatography (SEC) is employed to monitor molecular weights, and
structures are elucidated with mass spectrometry.

The currently investigated materials show promising characteristics concerning hydrophilicity,
that must be investigated in more depth. Both the synthesis procedure as well as
characterization methods for polyesters and polyester networks are continuously being
optimized, to hopefully yield a basis for functional materials in the near future.

Polyest;; with free
functional groups

Polyester

1Rl A

t/min

Figure 1: Schematic representation of functional polyester synthesis based on citric acid, malic acid, and tartaric acid.
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DNA-based biosensors can function as lab-on-a-chip devices for rapid point-of-care analysis,
but their performance depends on stable and controlled immobilization of DNA probes on
polymer surfaces.?

In this study, physical and covalent strategies for attaching short DNA probes to photocurable
polymer substrates were investigated, with emphasis on thiol-based chemistry and
polyethyleneimine-mediated surface activation. Resin formulations and processing conditions
were optimized to preserve reactive surface functionality and maximize probe density.
Polycation modification enabled electrostatic adsorption of nucleic acids. Alternatively,
covalent attachment was achieved through thiol-ene reactions between model thiols and
surface vinyl groups. Thiol-ended DNA was then used for stable biofunctionalization of the
photopolymer surface. DNA immobilization was confirmed by X-ray photoelectron
spectroscopy and fluorescence microscopy, which showed probe coverage and surface
binding.
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Epoxy thermosets are essential for high-demand composite applications due to their
outstanding thermal and mechanical performance. However, their structural stability leads to
problems concerning recycling. The incorporation of dynamic covalent bonds into the network
facilitates reprocessing, making the materials more sustainable.! A recently introduced way to
make epoxy-amine based thermosets reprocessable, is the addition of (meth)acrylates, which
form B-amino ester bonds within the network via the aza-Michael reaction. The dynamic
potential of B-amino esters has been reported by du Prez et al.?

Since methacrylates are less toxic than acrylates, it is advantageous to substitute the latter
whenever possible.®> However, they are also less reactive in aza-Michael reactions, so the
methacrylate under study has an additional hydroxyl group to increase the amount of proton
donors in the system, which could potentially increase the reactivity. Therefore, this research
combines the epoxy-amine, Aza-Michael and epoxy-alcohol reactions to obtain a low viscous
formulation with covalent adaptable network (CAN) properties once cured.
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Figure 1: Monomers and curing conditions for epoxy-amine-(meth)acrylate CANs.

The importance of 1-methylimidazole (1-Ml) as a catalyst for the epoxy-alcohol reaction is
demonstrated. ATR-IR reaction monitoring of the Aza-Michael reaction between 1,3-
Bis(aminomethyl)cyclohexan (BAC) and 2-hydroxyethyl acrylate (HEA) and 2-hydroxyethyl
methacrylate (HEMA) confirmed that the methacrylate reacted more slowly than its acrylic
counterpart. This resulted in a lack of reworkability because the methacrylate groups did not
contribute significantly to the network formation. In contrast, acrylate-based networks were
remouldable, with glass transition temperatures above 75 °C. The stress relaxation behaviour
and changes in the material during rheological investigations were examined. Finally, the
thermal stability and decomposition products showed potential limitations of the material.



©.

References

(1) S. M. Fischer, I. De Baere, L. T. Nguyen, H. Stecher, W. Van Paepegem, F. E. Du Prez, Macromolecules 2025,
58, 7948. DOI: 10.1021/acs.macromol.5c00958

(2) C. Taplan, M. Guerre, F. E. Du Prez, J. Am. Chem. Soc. 2021, 143, 9140. DOI: 10.1021/jacs.1c03316

(3) C. Ivaldi, E. Laguzzi, V. M. Ospina, D. Antonioli, R. Chiarcos, F. Campo, N. Cuminetti, J. de Buck, M. Laus,
Polymer 2024, 293, 126636. DOI: 10.1016/j.polymer.2023.126636



©.

OP 12: Robust, Air-Stable, and Reusable:
An Ir(i,iii) Hydride Catalyst for Homogeneous Alkane

Dehydrogenation

Sebastian Hummer,! Robert T. Woodward,* Alexander Bismarck,'? Philip Verdross?

linstitute of Material Chemistry and Research, Faculty of Chemistry, University of Vienna, Wahringer
Strasse 42, 1090 Vienna, Austria
2Department of Chemical Engineering, Imperial College London, South Kensington Campus, London,
SW7 2AZ, United Kingdom

The efficient homogeneous dehydrogenation of alkanes is challenging, due to a lack of stable,
recoverable, and yet reactive catalytic compounds.'? We report a binuclear iridium-hydride
catalyst for acceptorless and transfer dehydrogenation reactions of alkanes (Figure 1). The
titte compound was obtained in 69% yield over two synthetic steps, is air stable, and can be
reused upon precipitation from a reaction mixture. Turnover numbers (TONs) for the
dehydrogenation of cyclododecane and n-hexadecane at 220 °C in an acceptorless approach
are 9 £ 0.8 and 4 + 0.5, respectively, while in transfer dehydrogenation, TONs of 80 + 6 and
13 + 2, and turnover frequencies (TOFs) of 3.3 and 0.6 h™! were determined at the same
temperature.

Air-stable

Reusable

Figure 1: Possible substrates for dehydrogenation reaction
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Additive manufacturing remains constrained by material limitations in performance,
processability, and functional versatility. This work introduces hyperbranched polyethylene-
based performance modifiers synthesized via a-diimine chain-walking catalysis, where the
chain-walking mechanism enables precise control over branching architecture while the
catalysts' exceptional polar group tolerance facilitates functionalization and reactivity tuning
through copolymerization with polar monomers.!

The resulting modifiers deliver significant thermomechanical enhancements while introducing
multiple functional capabilities. These include photoinitiation for rapid curing processes, in-situ
crosslinking for improved mechanical properties, reactive dilution for optimized viscosity
control, and shrinkage reduction to minimize warping effects. When incorporated into
conventional polymer matrices, these hyperbranched modifiers transform conventional
photopolymers into high-performance 3D printing materials that approach the properties of
specialized engineering resins. This work establishes a catalyst-driven approach to molecular
engineering that provides a scalable pathway for developing next-generation 3D printing
materials with tailored properties for demanding applications.

Tough 3D printing material

3D printing

Hyperbranched functional polyethylene

b

Monomer

Picture 1: Additive manufacturing of hyperbranched polyethylene formulation and example of a tough 3D printed object.
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Additive manufacturing (AM) enables the fabrication of complex 3D biomaterials for
applications such as drug delivery and tissue engineering. However, conventional acrylate-
based photopolymers often generate cytotoxic residual monomers and form non-degradable
backbones. In contrast, biodegradable polymers such as PLGA undergo bulk degradation,
limiting precise control over drug release kinetics.

Amino acid phosphoramidate (APA) photomonomers provide a promising alternative, as they
contain hydrolytically cleavable phosphorus—nitrogen bonds that degrade under physiological
conditions into biocompatible phosphates and amino acids !. Notably, these systems exhibit
surface erosion behavior, enabling predictable material degradation and improved control over
release profiles.

In this work, APA-based photopolymers were developed with tunable mechanical properties,
controlled degradation, and programmable drug release for photochemical 3D printing. APA
monomers were synthesized by coupling selected amino acids to a phosphorus core and
functionalized with photocurable groups such as vinyl esters, vinyl carbonates, or alkynes 2.
Polymer networks were formulated by varying amino acid substituents, comonomer
composition, and thiol content to tailor crosslink density, hydrophilicity, and network
architecture 3. The materials were photopolymerized via UV curing and processed using 3D
printing techniques (Figure 1a).

The resulting systems exhibited a broad range of mechanical properties, from stiff to soft elastic
materials (Figure 1b). Degradation studies under physiological conditions (pH 7.4, 37 °C)
revealed pronounced and tunable mass loss compared to PLGA (Figure 1c). Several
formulations showed near-linear degradation profiles, indicating a surface erosion—dominated
mechanism. The degradation rate was governed by amino acid structure, hydrophilicity, and
crosslink density, while vinyl carbonate-based systems degraded more slowly than vinyl ester
analogues due to their increased hydrophobicity. Time-dependent morphological changes
further confirmed progressive surface erosion without bulk fragmentation (Figure 1c).

The combination of surface erosion, tunable network structure, and adjustable hydrophilicity
enables precise control over drug release kinetics. In these systems, degradation directly
governs release behavior, allowing sustained and predictable drug delivery while maintaining
mechanical integrity (Figure 1d).

Overall, APA-based photopolymers represent a versatile platform for biodegradable, 3D-
printable drug delivery systems. Their properties can be systematically tailored to achieve
controlled mechanical performance, degradation, and release behavior, making them highly
promising for advanced biomedical applications.
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Figure 1: Overview of APA-based photopolymers: (a) Photochemical 3D printing of APA-based resins derived from amino acid
phosphoramidates. (b) Tunable mechanical properties ranging from stiff to elastic and tough materials. (c) Mass loss profiles
demonstrating surface erosion—dominated degradation behavior compared to bulk-degrading PLGA, supported by time-
dependent morphological changes. (d) Controlled and sustained drug release enabled by near-linear degradation kinetics.

Acknowledgement

This work was supported by the ACCURE project, funded by the European Regional
Development Fund (ERDF), Project ID ATCZ00083.

References

(1) Haudum, S; Lenhart, S.; Mdller, S. M.; Tupe, D.; Naderer, C.; et al. Amino Acid-Based Polyphosphorodiamidates
with Hydrolytically Labile Bonds for Degradation-Tuned Photopolymers. ACS Macro Letters 2023, 12 (6), 673-678.
DOI: 10.1021/acsmacrolett.3c00173

(2) Mostofizadeh, M; Kainz, M.; Alihosseini, F.; Haudum, S.; Youssefi, M.; Bauer, P.; et al. Phosphoramide Hydrogels
as Biodegradable Matrices for Inkjet Printing and Their Nano-Hydroxyapatite Composites. ACS Applied Material &
Interfaces 2024, 16 (39), 52902-52910. DOI: 10.1021/acsami.4c10532

(3) Haudum, S; Demirddgen, B.; Muller-Michler, L.; Déttl, S. C.; Muller, S. M.; Naderer, C.; et al. European Polymer
Journal 2024, 211, 113037. DOI: 10.1016/j.eurpolym].2024.113037



®
YPR

OP 15: PES-Membrane Meets polyHIPE

J. Justel 2, A. Menner! & A. Bismarck 1%

linstitute of Materials Chemistry and Research, Polymer and Composite Engineering (PaCE) Group,
Faculty of Chemistry, University of Vienna, Wahringer Stra3e 42, 1090, Vienna, Austria

2University of Vienna, Vienna Doctoral School in Chemistry (DoSChem), Wahringer Str. 42, 1090
Vienna, Austria.

3Department of Chemical Engineering, Imperial College London, South Kensington Campus, London
SW7 2AZ, U.K.

*alexander.bismarck@univie.ac.at

Membrane technology plays a vital role in filtration and separation processes, with
polyethersulfone (PES) being one of the most used materials. PES membranes are valued for
their excellent chemical stability and robustness, making them suitable for a range of filtration
applications. However, their relatively low permeability and limited flexibility can restrict
performance in more demanding conditions.! To address these limitations, polymerised High
Internal Phase Emulsions (polyHIPES) were used as support materials for PES membranes,
offering a promising strategy for enhancing their properties.?® PolyHIPEs based on
polyurethane diacrylate (PUDA) provide high porosity, structural stability, and tunable
mechanical properties, making them suitable for membrane applications.* Additionally,
incorporating silica nanoparticles enables precise control of pore architecture, resulting in
optimised polyHIPEs with high permeability, improved mechanical strength, and enhanced
resistance to deformation.® This makes them a potential ideal membrane support. Therefore,
we developed a flow cell which operates under dynamic flow conditions.
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Sequence-controlled polymers hold great promise as functional materials, yet scalable
synthetic routes remain a key challenge. Here, we present a versatile cyclopolymerization
strategy for the synthesis of strictly AB-alternating polyacrylamides from divinyl monomers
based on salicylic acid derivatives. Initial studies with a nitro-functionalized monomer revealed
critical limitations: low conversion, poor solubility, and radical quenching — all of which
compromised sequence fidelity. Guided by these findings, we designed a new generation of
dichloro- and dibromo-substituted divinyl monomers, which exhibited superior stability, higher
isolated yields, and minimal side reactions compared to previously reported analogues. Free-
radical polymerization in 1,4-dioxane achieved conversions exceeding 90% within two hours,
with balanced acrylate/acrylamide incorporation and no evidence of ester cleavage or residual
vinyl groups — hallmarks of well-controlled cyclopolymer formation. Subsequent aminolysis
delivered the target AB-alternating polyacrylamides, confirmed by *H-NMR, MALDI-TOF MS,
DSC, and polarized optical microscopy. Characteristic mesomorphic transitions and distinct
mass spectral distributions validate the strict alternating architecture. The halogenated
monomers offer reliable scalability and robust control over polymer architecture. This work
establishes an efficient synthetic platform for sequence-defined polyacrylamides with potential
applications as functional binder materials in energy storage systems.
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Enhancing safety measurements in battery systems remains critical due to accidents caused
by hazardous failures such as overcharging, mechanical stress, short circuits, or external heat,
which can lead to overheating and fire events. While recent research has been deeply focused
on preventive measures?, this study proposes a complementary precautionary approach by
developing a thermo-responsive polythiourethane-urethane coating capable of releasing a
tracer gas (TG) at well-defined temperatures (90-95 °C)2. The polymer matrix incorporates a
thiol component that is cleaved and emitted in the gas phase during overheating events,
enabling detection by metal oxide (MOXx) sensors that trigger an alarm to signal a hazardous
battery condition. To improve sustainability, the process is developed so that the coating can
be functionally recovered by reintroducing the thiol compound into the polymer matrix.
Afterwards, the obtained coatings showed gas release behavior comparable to the pristine
one, as evaluated using quantitative methods such as thermogravimetric analysis and MOx
sensor measurements, and qualitative characterization such as evolved gas analysis—mass
spectrometry. Following gas release, the coatings can additionally be reprocessed and
subsequently reused for further applications due to their network architecture based on
dynamic covalent disulfide bonds. The reprocessed coatings were characterized using
rheological techniques, including stress relaxation to demonstrate the effective exchange of
disulfide bonds, and dynamic mechanical analysis for a better understanding of property
evolution during the process.
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using MOx sensors
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Picture 1: Precautionary safety mechanisms in batteries and pathways for sustainable treatment, including reprocessing and
functional recovery of coatings after gas release
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Light-emitting electrochemical cells (LECs) have emerged as key candidates for the next
generation of optoelectronic devices. Due to their cost-effectiveness, high efficiency, air
stability, and the absence of critical raw materials in their fabrication, they are positioned as a
viable future alternative to traditional light-emitting diodes (LEDs) (1). Nevertheless, their
current lack of recyclability remains a significant drawback. The urgent need for sustainable,
transparent, and reversible adhesive has driven this work, in which an unsaturated polyester
was synthesized and photocrosslinked with a dithiol via thiol-ene reaction. The resulting
adhesive is transparent, fast-curing, and provides and effective oxygen barrier. In addition, by
leveraging the dynamic nature of the boronic ester bonds within the dithiol structure, the LECs
components were successfully recovered by immersing the device in a basic medium.
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Photobase generators (PBGs) are compounds capable of releasing a free base upon
irradiation. Their oxygen tolerance and non-corrosive nature make them a promising
alternative to conventional radical photoinitiators and photoacid generators. However, the
limited number of studies to date has constrained the development and broader application of
PBGs.!

PBGs enable the light-induced polymerization of a wide range of monomers that were
previously inaccessible to photochemical initiation, including certain step-growth
polymerizations. These reactions yield homogeneous and mechanically robust photopolymers,
which are particularly attractive for additive manufacturing technologies such as
Stereolithography and Digital Light Processing.! In particular, the oxa-Michael polyaddition,
initiated by highly active Lewis base catalysts released from PBGs (Figure 1), demonstrates
strong potential as an alternative to established thiol-ene systems. Replacing thiols with
alcohols in combination with electrophilic double bonds not only broadens the range of
accessible monomer systems and enhances formulation storage stability, but also avoids the
unpleasant odor typically associated with thiols.?
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Figure 1. Schematic illustration of the working principle of the Lewis base PBG and the subsequent catalyzed oxa-Michael
polyaddition.

Application of this system in heated vat polymerization (hot lithography) produces transparent,
nearly colorless specimens with high resolution. Furthermore, adding suitable photosensitizers
to the formulations enables their use in Two-Photon Polymerization (2PP), allowing the
fabrication of microstructures.®
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Cryogenic insulation is an essential and effective means of preventing unwanted heat gain and
conserving energy. It's employed on liquefied natural gas carriers, on both internal and external
surfaces of cryogenic propellant tanks for space launchers, and in various ground-based
applications. It also shows promise for use in liquid-hydrogen aircraft. Polyurethane (PU)
foams are among the preferred cryogenic insulators because they are lightweight,
mechanically robust, and have low thermal conductivity.

Beyond established applications, cryogenic insulation could play a key role in hydrogen-
powered aviation. As the industry investigates hydrogen as a sustainable fuel, efficient storage
and transport of liquid hydrogen become crucial. With a boiling point of -253°C, liquid hydrogen
demands advanced insulation to limit heat transfer, curb boil-off, and boost system energy
efficiency. High-performance cryogenic insulation in aircraft fuel tanks could increase range,
enhance safety, and reduce operational costs by cutting the large energy requirements for
maintaining cryogenic temperatures.

Polyols from epoxidized tall oil fatty acids and recycled PET were used to produce rigid PU
foams. A low global warming potential physical blowing agent was used. The properties of rigid
PU foams at both room temperature and liquid nitrogen temperature were investigated. The
apparent density of rigid PU foams is lower than 50 kg/m?3, and thermal conductivity is low, as
it doesn’t exceed 20 mW/m-K. Adhesion strength to aluminium is up to 0.60 MPa, and the
safety coefficient, Ks, is up to 3, indicating the rigid PU foams’ capability to maintain adhesion
in cryogenic conditions. The developed materials have promising properties as cryogenic
insulation for both liquified gas tanks and in aerospace applications.
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Picture 1. Schematic overview of rigid PU foam manufacturing
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electrodes within a porous polyethersulfone matrix
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A method for producing multifunctional structural battery composites is presented, combining
carbon fibre—reinforced anodes and cathodes within an electrolyte-filled bicontinuous polymer
matrix. Lithium iron phosphate (LFP) and lithium titanate (LTO) were deposited onto carbon
fibres via electrophoretic deposition (EPD), enabling uniform coatings with ~30 wt.% active
material. The cathode (LFP@CF), separator, and anode (LTO@CF) were stacked and
impregnated with a polyethersulfone (PES) solution, which was phase-separated to form a
porous polymer matrix. This structure binds the components while allowing efficient
electrochemical interaction. The resulting composite exhibited a Young’s modulus of 27 + 10
GPa and a tensile strength of 282 + 65 MPa. It achieved an energy density of 63 Wh/kg.re Or
2 Wh/Kgpatiery at 0.1C, with stable cycling for over 400 hours.?
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Figure 1: (a) Scheme of the structural composite battery with coated electrodes (orange and red) the separator (red dashed line)
and the porous polyethersulfone matrix (grey). (b) Cross-section SEM image of the structural composite battery. (c) Stress-
strain curve of the structural composite battery. (d) Cyclic charge-discharge curves at different (dis)charging rates. (e) Steadily

reducing capacity during cyclic charge and discharge.
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OP 22: Strategies for Printed Electronics on Rubber

Alexander Hellmayr, Lukas Heindler, Jakob Mdller, Alice Lassnig

Printed electronics (PE) have become more widespread in applications such as in-mold
electronics, smart textiles, and health care monitoring. In most cases, the widely used
substrates are thermoplastic, such as PET, PC, or TPU. Crosslinked substrates, which are far
less common, are typically polyurethane- or silicone-based. For stretchable applications,
elastomers offer superior stretchability and wear resistance, especially over many cycles.
However, raw rubber as a substrate is mostly unexplored due to its difficult processing. In this
work, the challenges of using rubber as a substrate were explored and compared with
conventional substrates. Additionally, different strategies to improve PE on rubber were
investigated and compared with TPU as a stretchable reference material. One strategy
employed a multi-layer architecture of carbon and silver inks, in which the carbon ink
encapsulates the silver ink, which has far higher conductivity but is chemically less reactive.
The second strategy was a protective layer of cross-linked polyurethanes with additional zinc
oxide as a sulfur-catching filler, which provides both chemical and mechanical stability to the
structure. Both long-term stability and the electromechanical performance in tensile testing of
the material combinations were tested and compared with the reference material combination.
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reaction pathways
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Isocyanates are primarily recognised for their role in the synthesis of polyurethanes through
polyaddition with diols. Besides that, the self-trimerisation of isocyanates to form isocyanurates
has been extensively studied as a side reaction in relation to many different types of catalyst.
In industrial processes, the formation of isocyanurates can be desirable as it enables the
trimerisation of difunctional isocyanates, a process that is widely favoured for hardening
polyurethane coatings.?

In our current study, we found that the Mannich base 2,4,6-tris(dimethylaminomethyl)phenol
(better known in industry as K54) is a highly efficient catalyst for the homocyclisation of phenyl
isocyanate, leading to complete conversion within seconds. The corresponding reaction
equation can be found in Picture 1.
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Picture 1: Typical reaction under investigation: Trimerisation of phenyl isocyanate using 1 mol% of K54, at room
temperature and bulk conditions.

This enhanced reactivity has been reported in the past.®> However, to gain a deeper
understanding of the reaction mechanism and why K54 converts the reaction so quickly, further
Mannich bases and catalytic systems were tested in order to clarify the influence of each of
K54's catalytic features. Namely, the influence of the hydroxyl and amine groups, as well as
the aromatic ring, was investigated, as these lead to a highly acidic alcohol. The influence of
different catalytic systems, solvents and temperatures was investigated in model reactions
involving phenyl isocyanate and aliphatic hexyl isocyanate. The reactions were monitored
using thermal imaging, H-NMR and IR spectroscopy. Furthermore, the synthesis of
polyisocyanurates was investigated.
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synergistic adsorption—photocatalysis in water
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lonic TT-conjugated polymer networks are a promising class of organic photocatalysts that
combine semiconducting properties, water compatibility, and tunable adsorption capacity
within a single material platform. In this work, we present two complementary synthetic
approaches to ionic 1T-conjugated porous polymer frameworks designed for the synergistic
adsorption and photocatalytic removal of organic pollutants from water.

The first system is based on vinylene-linked ion-in-conjugation porous polymer networks (I1IC-
PPNs) synthesised via Knoevenagel polycondensation of predesigned zwitterionic monomers
and aromatic aldehydes. The resulting networks exhibit permanent porosity (SBET up to ~263
m2.g1), enhanced water uptake, visible-light absorption, and semiconducting properties,
enabling efficient heterogeneous photocatalytic oxidation of bisphenol A (BPA) in aqueous
media 1.

The second system comprises high-porosity conjugated polyelectrolyte hydrogels (CPE-PHS)
prepared via Sonogashira—Hagihara coupling in high internal phase emulsions (HIPES). These
materials combine ionic side-chain functionality, hierarchical porosity (surface area up to
approximately 350 m2-g1), and high water uptake (up to approximately 25 g-g'), enabling dual-
function removal of BPA through synergistic adsorption and visible-light-driven photocatalysis,
with removal efficiencies exceeding 90% 2.

Together, these results demonstrate that the placement of ionic functionality (backbone versus
side chain), combined with controlled porous architecture, governs water compatibility,
adsorption capacity, and photocatalytic performance.
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With respect to the currently defined End-of-Life Vehicles (ELV) regulation, compound
development for automotive applications faces new challenges. By 2036, a recycled plastics
content of 25% will be required, including a 20% share from closed-loop ELV. The recycled
plastic is intended to originate from post-consumer waste *.

The development of automotive compounds for interior and exterior applications require
fulfilment of stringent OEM specifications (original equipment manufacturer). Typical selected
properties (see Figure 1) which need to be fulfilled are

Mechanical property profile (e.g., stiffness, ductility at low temperature)

Dimensional stability

Surface requirements (e.qg., paint adhesion, flow mark free surface, scratch resistance)
Low odor and emissions.

Only complex systems consisting of virgin and/or recycled polypropylene base polymers,
mineral fillers and elastomers can reach the required material properties. Especially in the
development of recycled compounds, the question of batch-to-batch consistency and
recyclability of these compounds arises. Measurements of the melt flow rate and the
stiffness/impact balance over several produced batches showed good consistency of these
compounds.

As in the ELV regulation a required amount of closed loop material is demanded, the impact
of re-processing of such compounds was investigated. While the MFR was kept stable after a
maximum of five cycles, the mechanical properties and emissions were even improved due to
better dispersion and degassing.

PCR-based compound
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Picture 1: Schematic representation of polypropylene based compound with 25 wt.% of post-consumer recyclate (PCR) and
15 wt.% of talc for bumper applications.
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Plastic pollution and water scarcity are two of the most pressing global challenges of the 21st
century. Conventional recycling approaches such as mechanical reprocessing, pyrolysis, and
depolymerization often lead to material degradation, high energy demands, or low-value
outputs. In contrast, upcycling offers a sustainable pathway by transforming plastic waste
directly into high-performance functional materials. Here, we demonstrate an innovative
approach to upcycle discarded polymers into hypercrosslinked polymers (HCPs)! for
atmospheric water harvesting (AWH). HCPs, while traditionally studied for gas adsorption and
catalysis, are now gaining recognition as promising candidates for AWH due to their high
surface areas, tunable porosity, and facile chemical modification. Recent studies have shown
that introducing sulfonated functionalities enhances their ability to capture water even under
low relative humidity.? In this work, waste plastics were converted into HCPs that exhibited
excellent water adsorption capacity, reaching 0.2 g-g* at 30% and 0.5 g-g* at 90% relative
humidity. This performance underscores the potential of HCPs as scalable, low-cost, and
robust materials for sustainable water production, bridging the dual challenges of plastic waste
management and water scarcity.

Picture 1: Upcycling of waste polymers into atmospheric water harvesting materials.
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Photoinitiators in Aqueous Systems
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Three-dimensional nanostructuring via single- and multiphoton lithography is a cornerstone
technology for biomedical engineering, enabling the fabrication of cell culture systems and
tissue scaffolds with sub-micron precision. Conventional photoinitiators are often limited by
cytotoxicity, narrow spectral range, or poor solubility, restricting their use in biologically relevant
environments.

This work investigates vitamin-based photoinitiators—riboflavin, nicotinamide, ascorbic acid,
and vitamins B,, and Bo—as biocompatible alternatives for 3D lithography using 515 nm and
1030 nm excitation. Performance was evaluated in agueous polyethylene glycol diacrylate and
hyaluronic acid—based monomers, with and without manganese co-initiators, focusing on
polymerization thresholds, structure fidelity, and processing stability.

All photoinitiators enabled 2D and 3D structuring with feature sizes in the ~200 nm range using
two-photon lithography, and the approach shows potential for adaptation to single-photon
techniques. These results highlight the promise of vitamin-based photochemistry for
sustainable, agueous lithography and biomedical microfabrication applications.
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Structural composite batteries (SCBs) are a promising technology that can store electrical
energy and withstand mechanical loads simultaneously. SCBs have the potential to reduce the
weight of systems and improve their performance, making them ideal for applications where
weight is critical. However, using carbon fibres with higher resistance than metals requires
reducing other resistances within the battery system. Galvanostatic pulse measurements were
used to investigate the impact of acid treatment in different electrolytes on polarisation
resistance.
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Polymers to Functional Materials and Biomolecules
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Raman spectroscopy (RS) serves as an umbrella technique that unifies and accelerates
discoveries across polymers, membrane proteins, and laser-written structures by providing
chemically specific, non-destructive readouts of bonding, conformation, and structural changes
across scales and different scientific fields. RS enables mechanistic linkage between
processing, structure and function. This is achieved through specific Raman bands such as
C=0 stretching vibrations for hydrogen bonding and crystallinity peaks in poly(lactic acid),
aromatic and carboxylate bands for protonation- and conformation-sensitive states in proteins,
and the D/G bands for carbon evolution in laser-exposed materials. Combining spectroscopy
with confocal mapping or pH-dependent measurements, RS provides operando access to
Kinetics, structures and heterogeneity that are otherwise difficult to capture with traditional
structural biology or materials techniques.

Building on this unifying framework, we first investigate semicrystalline poly(lactic acid)
systems, where RS is used to elucidate stereocomplex (SC)-driven crystallization in poly(L-
lactic acid) (PLLA) and poly(D,L-lactic acid) (PDLLA) matrices containing low PLA-SC loadings
(1 - 5wt%). PLA-SC (PLLA/PDLA 1:1) melt blending under industrial conditions and post-
annealing is introduced to promote phase transition. The stereocomplexation is propelled by
the intermolecular interactions between the enantiomers e.g., hydrogen bonds *. For further
analysis, PLA/PLA-SC crystallization is studied as a function of temperature. Specific Raman
bands e.g., carbonyl shifts and stereocomplex-specific signatures allow quantification of
crystallinity and domain formation. These spectroscopic readouts correlate with differential
scanning calorimetry and rheology measurements, evidencing solvent-free self-reinforcement
controlled by stereocomplex integrity.

We apply RS to laser-fabricated functional materials, focusing on poly(3,4-
ethylenedioxythiophene) (PEDOT) nanostructures, fabricated via laser writing using 7-
diethylamino-3-thenoylcoumarin (DETC) as a photoinitiator. Here, Raman spectroscopy
provides direct chemical insight into whether polymerization or carbonization occurs during
laser processing. The emergence of D and G Raman bands indicates partial graphitization,
which correlates with the electrical conductivity of the nanostructures. Thus, RS establishes a
direct link between processing, carbon content, and conductive behavior 2.

Finally, extending this technique to biological systems, we investigate the pH-gating
mechanism of the Helicobacter pylori urea channel (HpUrel), which is responsible for the
survival of the bacterium even under harsh conditions 3. Here, Raman spectroscopy of HpUrel
in detergent micelles reveals pH-dependent conformational changes under near physiological



€
YPR

conditions. The observations agree with complementary functional measurements and
demonstrate the capability of Raman spectroscopy to resolve environmentally induced
structural dynamics in complex biomolecular assemblies.

Together, these examples demonstrate how Raman spectroscopy serves as a versatile, cross-
disciplinary tool to connect molecular-scale interactions with macroscopic function across
synthetic and biological systems.
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Carbon felts are widely used as electrodes in redox flow battery (RFB) systems, yet their long-
term performance is limited by surface chemistry changes, fouling, and structural degradation
in harsh condition of the electrolytes. In this work, we investigate how pretreatment strategies
including O, plasma, KOH activation, and CO; activation modify the properties of carbon felt
electrodes by tuning surface chemistry, defect structure, and porosity. Using X-ray
photoelectron spectroscopy (XPS), Raman spectroscopy, scanning electron microscopy
(SEM), and inverse gas chromatography (iGC), we establish a structure—property relationship
linking these modifications to electrochemical behavior in an organic RFB (ORFB). All
treatments improve initial performance by reducing activation losses; however, stability differs
markedly. O, plasma and KOH increase oxygen functionality and porosity but exhibit strong
degradation, including rising charge-transfer resistance and severe sulfur-based fouling. In
contrast, CO; activated felts, with high surface area and low initial functionalization, maintain
superior performance and stability. Post-mortem analysis reveals pronounced anode—cathode
asymmetry, with stronger sulfate accumulation and pore blockage at the anode. Pristine and
KOH-treated felts suffer significant surface area loss, whereas CO; activated electrodes retain
open morphology and resist fouling. Notably, CO; activation enables a self-activation process
during cycling, improving charge-transfer kinetics through enhanced electrolyte accessibility
and in situ formation of active sites. Overall, the results show that long-term performance is
governed by the interplay of pore structure, transport, and dynamic surface evolution rather
than initial surface chemistry alone, identifying CO; activation as a robust strategy for durable
carbon electrodes in ORFBs.
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Despite access to clean drinking water being recognised as a human right by the United
Nations, large regions of the world already face significant freshwater scarcity, and the number
of affected areas is expected to rise further due to climate change.! To tackle this challenge,
atmospheric humidity offers a geographically unrestricted supplementary source of water.2* In
this talk, | will present a sulfonated porous aromatic framework, PAF-1-S, capable of efficiently
harvesting water directly from air. PAF-1-S exhibits exceptional water uptake, reaching
1.87 g-g-1 at 90% relative humidity (RH), while retaining significant capacity below 10% RH,
mimicking some of the harshest environments on Earth. Water adsorption is rapid, and
desorption occurs at mild temperatures, enabling multiple cycles in short time frames and
low-energy operation. Uniquely, PAF-1-S undergoes a reversible colour change upon water
uptake, which we exploit to visualise humidity in real time using a custom-built sensor.
Post-cycling, the material maintains excellent sorption performance, highlighting its stability
and practicality. By combining high water uptake, fast kinetics, and hydrochromic sensing,
PAF-1-S provides a versatile platform for low-energy, decentralised water harvesting and
humidity sensing.

Figure 1: Graphical representation of PAF-1-S, illustrating its reversible colour change with increasing water uptake and the
corresponding water sorption isotherm.
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The polymer type dynamic covalent network is gaining increased interest as these materials
bridge the properties of thermoplasts and thermosets!!! enabling the usage of these materials
for shape shifting and self-healing./? To achieve this effect the covalent bonds in the polymer
undergo thiol-thioester exchange processes which can be catalyzed by various types of
catalysts.?3l These catalysts can be e.g. initiated by heat or light.*5 Herein a new type of
catalyst is suggested, namely a heterogenous and crystalline one. To achieve this goal,
various base catalysts are immobilized on a Zr based metal-organic framework (MOF). This
modified MOF was assessed using thermogravimetric analysis (TGA) and nuclear magnetic
resonance spectroscopy (NMR) to quantify the efficiency of catalyst immobilisation. Equipped
with this information, we successfully incorporated the modified MOF in a thiol-ene click
photopolymer. Subsequent stress-relaxation experiments to evaluate the self-healing property
of the polymer composite proved the catalytic effect of the MOF catalyst for thiol-thioester
exchange. In these measurements the here developed heterogeneous MOF catalyst shows a
significant improved thermal stability over the sample with the homogeneous analogon.
Supplementary to the self-healing effect the integration of this crystalline catalyst serves to
modify the intrinsic properties of the thiol-ene click photopolymer which is generally known for
having low toughness.[! To characterise the beneficial impact of the MOF additive,
measurements of the tensile strength, dynamic mechanical analysis (DMA), and X-Ray
diffraction analysis (XRD) were conducted. In summary, we can report the first two-in-one
additive for vitrimers to catalyse self-healing and reinforce the polymer composite
simultaneously in a single step.
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Picture 1: combining covalent adaptable network (CAN) with MOF catalysis

References

[1] M. O. Saed, X. Lin, E. M. Terentjew, ACS Appl. Mater. Interfaces, 2021, 13, 35, 42044-42051.

[2] E. Rossegger, R. Holler, D. Reisinger, J. Strasser, M. Fleisch, T. Griesser, S. Schlégl, Polym. Chem., 2021, 12,
639

[3] W. Denissen, J. M. Winne, F. E. Du Prez, Chem. Sci., 2016, 7, 30.
[4] D. Reisinger, M. Kriehuber, M. Bender, D. Bautista-Anguis, B. Rieger, S. Schldgl, Adv. Mater, 2023, 35, 2300830.

[5] D. Reisinger, S. Kaiser, E. Rossegger, W. Alabiso, B. Rieger, S. Schlégl, Angew. Chemie — Int. Ed., 2021, 60,
14302-14306.

[6] C. Satheeshkumar, H. J. Yu, H. Park, M. Kim, J. S. Lee, M. Seo, J. Mater. Chem. A, 2018, 6, 21961



©.

Poster Presentations




®
YPR

P 1: Biodegradable, Photocurable Amino Acid Phosphoramidate

Resins for Multiphoton Nanolithography
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Multidisciplinary advances in sensor design, data science, and biotechnology are accelerating
the development of polymeric materials for medical engineering. Individualized biodegradable
polymers are critical for prosthetics, implants, surgical models, implantable tissues, and in-vitro
systems, and they also enable applications in electronics, energy storage, optics, and wearable
devices. A key focus is 3D-printable polymers, which must combine functionality,
reproducibility, precise 3D structuring, and tunable intrinsic properties (e.g., Young’'s modulus).
However, there is a lack of biodegradable photopolymer resins that balance practical
degradation rates with robust mechanics and minimal swelling in aqueous environments.

Current lithography largely relies on (meth)acrylate chemistry to achieve fast curing, but this
yields biopersistent aliphatic carbon backbones—even when starting from biodegradable
feedstocks—Iimiting network degradability. To overcome this, we designed amino acid
phosphoramidate (APA) photomonomers that undergo hydrolytic degradation under
physiological conditions to biocompatible products (phosphates and amino acids). The
phosphorus-nitrogen bond provides controlled hydrolysis, while amino acid substituents and
backbone functional groups tune hydrophilicity and degradation rates.

We evaluate these APAs in Multiphoton Polymerization Lithography (MPL), which enables
rapid prototyping of arbitrary 3D scaffold geometries with minimal photoresist. MPL imposes
stringent resist requirements, facilitating translation to other optical lithographies. Using
functional synthetic polymers, MPL achieves feature sizes of ~100 nm (lateral) and ~450 nm
(axial), supporting high-surface-area 3D scaffolds for compact microfluidic bioassays and
organ-on-a-chip models that probe intercellular interactions at cellular resolution.
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Thermoplastic resin transfer molding (T-RTM) is a promising route for recyclable
polyamidebased composite pressure vessels (PVs) but remains challenging. In particular, the
production of Type IV polyamide 6 (PA6) mono-material PVs requires precise control of
impregnation, polymerization, structural integrity, and thermal conditions. Previous studies
have shown that T-RTM processing parameters strongly influence polymer conversion with
direct consequences for mechanical performance. Furthermore, the coupling between
polymerization kinetics and crystallization during T-RTM makes pressure- and temperature-
based process monitoring a valuable tool for understanding material evolution during
molding.t 2

In parallel, a life cycle analysis (LCA) showed that electricity demand in the T-RTM process
has a major effect on the overall environmental impact, underlining the importance of process
optimization not only for component performance but also for reducing energy demand.
Accordingly, material-process interactions in T-RTM of PA6 PVs were investigated by process
monitoring, parameter evaluation, and cross-sectional analysis. Pressure and temperature
measurements during production were used to assess resin flow behavior. Cross-sectional
analysis revealed local variations in resin distribution and excess resin content, particularly in
geometrically complex regions. The polymerization state was evaluated by differential
scanning calorimetry (DSC) on failed parts. Endothermic melting transitions were attributed to
residual e-caprolactam in regions with limited impregnation. Heating experiments on
reinforcement structures without resin showed geometry-dependent temperature distributions
during processing. Together, these findings show how material behavior and process design
jointly influence component quality and sustainability in T-RTM-based PA6 PVs.
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Figure 1 (Left): Dry carbon fiber wound onto a PAG liner inside the mold before T-RTM process.

Figure 2 (Right): Cross-section taken from the middle of the vessel.
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P_3: Processing Strategies in Dual-Curing Acrylate—Epoxy Systems

for High-Performance 3D Printing

Hani Alzubi , Osman Konuray , Xavier Fernandez-Francos , Xavier Ramis ,
Sasan Moradi

The development of dual-curing polymer systems has emerged as a promising approach to
overcome the limitations of conventional photoresins in additive manufacturing, particularly in
terms of mechanical performance, thermal stability, and sustainability. In this work, dual-curing
acrylate—epoxy resin systems were investigated with the aim of enabling high-precision 3D
printing while improving mechanical performance of the printed parts.[1], [2]

Two distinct processing strategies were explored to control the curing behavior and network
formation of the materials. In the first approach, the resin was printed immediately after mixing
the monomer at room temperature, followed by a thermal cure. In the second approach, the
thermal cure preceded 3D-printing, yielding a relatively viscous and patrtially-cured resin. Using
a heated 3D printing system, this resin was printed successfully. Comprehensive
characterization was carried out on final materials to understand the relationship between
processing conditions, network structure, and material properties. The tests included
heological analysis, tensile testing, thermal analysis (DSC and TGA), stress relaxation
behavior, and morphological investigation using scanning electron microscopy.

The results demonstrate that both processing routes lead to comparable final polymer network
structures, while intermediate stages show significant differences in mechanical and
viscoelastic properties. The incorporation of epoxy chemistry within the dual-curing system
resulted in improved mechanical performance and enhanced thermal stability compared to
conventional acrylate-based resins. Furthermore, the presence of dynamic covalent bonds
enables recyclability and reprocessability, addressing key sustainability challenges associated
with thermoset materials.

Overall, this study reveals a flexibility in processing of dual-curing systems which can be
leveraged for ease of 3D printability. It also permits formulation of dual-curing resin systems
with minimally compromised printability even after long storage periods. The findings
contribute to the design of next-generation, high-performance, and sustainable materials for
advanced additive manufacturing applications.
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P 4: Switchable monomers for multi-material 3D printing
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Light-based additive manufacturing represents a powerful strategy for integrating multiple,
properties within a single 3D-printed object. This technique provides precise spatio-temporal
control and enables the fabrication of complex, highly customizable structures via
photopolymerization. Nevertheless, the integration of multiple distinct material properties
within one object remains challenging, despite advances in grayscale or multi-wavelength
printing.t

In this context, the concept of “switchable monomers” emerges as a promising alternative.
Rather than assigning distinct material properties to separate monomer species, this approach
proposes the use of monomers whose functionality can be modulated through variation of
printing parameters. Such parameter-dependent switching enables a single formulation to yield
a spectrum of material properties, thereby enhancing the versatility of the fabrication process.?

/ Dynamic Monomers for 3D Printing \

Monomer 1 External Monomer 1
State A stimulus State B
-Q- 3D printing - " 3D printing

" /

Picture 1: Schematic illustration of “switchable monomers”.

In a first example, our group demonstrates control over the crystallinity of polymer networks by
systematically “switching” the printing temperature and thus monomer state between liquid
crystalline and isotropic liquid. At moderate temperatures (80 °C), stiff and opaque materials
are obtained, as the resin is trapped in an ordered state during curing. At higher temperatures
(>95 °C), the formulation is polymerized in its isotropic phase, resulting in amorphous polymer
networks. This approach enables precise fabrication with pixel-to-pixel resolution and provides
an initial demonstration of the potential of such systems for advanced applications.?

Currently, we are establishing new thermo-switchable polymerization modes within cationic
ring-opening photopolymerization. This is expected to provide precise control over polymer
architecture and key properties including crystallinity, birefringence, and degradability.
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photopolymerisation
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Orthogonality in chemistry refers to reactions that exhibit reaction conditions, which are
mutually exclusive and can thus be activated separately at any given time, irrespective of the
sequence of the reactions. In contrast, semi-orthogonality describes scenarios in which at least
one set of reaction conditions partially overlaps with that of the second reaction. Thus, only
one reaction can be targeted exclusively with one set of reaction conditions, whereas the
second set of conditions triggers both reactions, limiting the reaction sequence for orthogonal
reactivity.!

In the case of photochemistry, this overlap can occur for the responsivity of reactions to
particular wavelength regions, where the visible light spectrum, delineated as red light in
Picture 1, can typically access reactions rather selectively, while the UV-range of the spectrum,
depicted as violet light in Picture 1, is very energetic and is thus often able to trigger all

photopolymerization reactions. These two spectral regions can ideally act as a fully orthogonal
trigger for multiple reactions, or at least as a semi-orthogonal trigger.*

Cationic Radical Cationic Radical

90 00
00 ©®

Orthogonal Semi-orthogonal

Picture 1: Orthogonal (left) and semi-orthogonal (right) activation of radical and cationic initiators, using visible (red) and UV
(purple) light.

This concept was already utilized within the group to achieve a sequential interpenetrating
network (IPN) formation via a two-step process using two colors of light. Thereby, a scaffold
was printed, using the highly reactive and fast-curing methacrylate and visible light, followed
by curing of slower epoxy system with UV light post-printing, allowing for faster and less
energy-consuming printing overall. Hereby, it is required for at least one of the monomers to
react orthogonally, specifically the radical monomer, which then forms the scaffold, followed
by UV postcuring to form the cationic network.?



®
YPR

We are currently focused on establishing radical and cationic photoinitiators that can react fully
orthogonally within the same photoreaction types, in an attempt to move on from
semiorthogonal photopolymerisation, whilst maintaining the scope of monomers that are
already established for cationic and radical photopolymerisation within the photopolymer
community.?

This is a particularly important step in multi-material 3D printing, as the cross-reactivity within
semi-orthogonal systems is limiting for truly spatio-temporally controlled multi-material printing
applications. The printing of multiple materials within the same system could then be
established, irrespective of the order of the reactions to create complex, multi-material objects.
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N,Ndimethylacrylamide) Hydrogels: Composition-Controlled Water

Uptake and Volume Phase Transition Behavior
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Thermoresponsive polymers have attracted considerable attention due to their unique
properties. They can undergo a reversible phase transition when exposed to changes in
temperature. Above the lower critical solution temperature (LCST), a polymer becomes
insoluble in aqueous solution; below the LCST, the polymer is soluble. One example is
poly(Nvinylcaprolactam) (PNVCL), which is non-ionic and has an LCST at around 32 °C. When
these thermoresponsive polymers are crosslinked, they become hydrogels and exhibit volume
phase transition behaviour at temperatures below and above the LCST region %2,

PolyHIPEs are porous, emulsion-templated polymers that are usually synthesized within
surfactant-stabilized, water-in-oil, high internal phase emulsions (HIPES). Here, highly porous
N-vinylcaprolactam-co-N,N-dimethylacrylamide-based hydrogel polyHIPEs (HG-PHSs), were
synthesized within oil-in-oil HIPEs. Different ratios of the monomers N-vinylcaprolactam
(NVCL) and N,N-dimethylacrylamide (DMAA) were used, and the thermoresponsive behaviour
of these polyHIPEs and non-porous polymers were investigated. Variations in the nature of the
polymer were used to tune the temperature-dependent HG-PH water uptake and
swelling/deswelling behaviour. The results showed that in non-porous NVCL homopolymers,
swelling was minimal, but the material deswelled and even shrank to a size smaller than the
original. Increasing the DMAA content in bulk samples led to greater swelling and reduced
deswelling, while increasing the VCL content resulted in lower swelling and greater deswelling.

Picture 1: Swelled and deswelled NVCL-co-DMAA polymers
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enhancement of Poly(L-lactic acid) and Poly(D,L-lactic acid)
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Poly(lactic acid) (PLA) is widely studied as an eco-friendly alternative to conventional
polymers, due to its biodegradability, biocompatibility, and comparable material properties.
Although PLA is already vastly used in in biomedical, industrial, and commercial applications,
its use in further engineering applications is limited by its lower thermal stability and brittleness,
compared to fossil-based polymers. Therefore, improving its thermal and mechanical
properties is mandatory in order to broaden PLA's utility, ideally while preserving its positive
life cycle assessment.! The proposed methodology adheres to the principles of green
chemistry, involving no additive incorporation and maintaining a chemically-uniform material
via a physical stereocomplexation.

The current study investigates the crystallization behavior of poly(.-lactic acid) (PLLA) and
poly(p,.-lactic acid) (PDLLA) matrices of different optical purities (i.e., p-isomer content),
nucleated by low concentrations (1, 3, and 5 wt.%) of PLA stereocomplex (PLA-SC). The PLA-
SC was melt-blended under industrial processing conditions (PLLA/PDLA 1:1), then post-
annealed in two steps to support phase transitions. The driving force of this
stereocomplexation is the hydrogen bonding (—CHs:--O=C) between the two enantiomeric
chains, leading to highly-ordered structures with increased melting temperatures compared to
the homopolymers. Thus, PLA-SC was incorporated into the PLA matrices at different PLA-
SC melting threshold temperatures (200, 210, and 220 °C), in order to alter the strength of the
hydrogen-bonding and induce conformational changes.

Differential scanning calorimetry data were complemented by Raman spectroscopic analysis,
in order to investigate the effect PLA-SC content and integrity on crystallization behavior and
structural development via self-nucleation. Additional rheological testing evaluated the
possibility of achieving PLA self-reinforcement via the proposed solvent-free methodology.
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Antimicrobial resistance is expected to cause up to 169 million deaths worldwide between 2025
and 2050 [1]. Consequently, there is an urgent need for new antimicrobial strategies that avoid
the resistance mechanisms associated with conventional antibiotics. Antimicrobial polymers
(APs) are promising in this regard, as they typically act by disrupting bacterial membranes.
However, their clinical use is still limited by undesired toxicity toward mammalian cells [2].

In this work, we explore an enzyme-responsive approach to control AP activity. The polymer,
synthesized via PI-RAFT polymerization [3], was conjugated to polyethylene glycol (PEG)
through a short peptide linker composed of glycine, leucine, and alanine (GLA). This sequence
can be cleaved by LasB, a protease secreted by Pseudomonas aeruginosa, enabling
sitespecific activation of the material.

Initial studies show that conjugation influences the biological behavior of the polymer system,
pointing to a complex interplay between polymer structure, activation, and interactions with
cells. These observations emphasize the importance of understanding how structural
modifications affect both antimicrobial performance and cytocompatibility. Further work is
ongoing to clarify these effects and guide the design of improved antimicrobial polymer
systems.

Enzyme cleavable linker

AP (Toxic)
PR M
Retained AP 0& = Las-B presence
In infected region

Picture 1: Schematic representation of PEG- AP conjugate incorporating a LasB-cleavable peptide
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routes on photocatalytic activity
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The increasing demand for functional surfaces in environmental applications has intensified
the need for materials capable of degrading organic pollutants and preventing surface fouling.
Photocatalytic materials offer a promising strategy for degrading such compounds into
harmless products. Among semiconductor photocatalysts, ZnO is widely studied due to its
favorable properties; however, its efficiency is often limited by rapid charge carrier
recombination.

In this work, ZnO-based photocatalytic systems were synthesized starting from zinc acetate
and doped with reduced graphene oxide (rGO) to enhance charge separation and light
absorption. Graphene oxide (GO) was introduced as a functional carbonbased component and
subsequently reduced to rGO via two different approaches: (i) chemical reduction using
ascorbic acid and (ii) hydrothermal treatment under elevated temperature and pressure. These
reduction pathways enable controlled tuning of the structural and electronic properties of the
resulting rGO. 12

The resulting ZnO-rGO nanocomposites were incorporated into a sol-gel matrix based on
tetraethyl orthosilicate (TEOS), (3-aminopropyl)triethoxysilane (APTES), and 3-
(trimethoxysilyl)propyl methacrylate (TMSPMA), forming thin film coatings on polymer
substrates. Subsequent curing was applied to obtain mechanically stable layers while
maintaining accessibility of the photocatalytically active components.

The photocatalytic performance was evaluated by the degradation of methylene blue.
Particular attention was given to the influence of the two reduction routes on the overall activity.
The results show that the preparation method of rGO has a clear impact on the material
properties and the photocatalytic behavior, providing useful insights for the design of more
effective self-cleaning coatings.
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Carbon felts (CFs) are widely used as electrodes in redox flow batteries (RFBs); however, their
inherent chemical inertness limits efficient electrochemical interactions with redox species in
the electrolyte. Surface modification with functional materials offers a promising strategy to
improve electrochemical activity of CFs by enhancing hydrophilicity, electrical conductivity, and
effective surface area. In this study, conductive polymers including polyaniline (PANI),
polypyrrole (PPy), and PEDOT:PSS were employed as coating materials for carbon felt
electrodes. PANI and PPy were deposited via electrochemical polymerization, while
PEDOT:PSS was applied via dip-coating. The surface composition of the polymer coatings
was studied using X-ray photoelectron spectroscopy (XPS), while the electrochemical
performance of the modified electrodes was evaluated in organic redox flow battery (ORFB)
systems through polarization measurements. In addition, the durability of the coatings under
the harsh conditions experienced during charge—discharge cycling was investigated through
post-cycling XPS analysis. These results contribute to the development of next-generation
high-performance electrodes for RFBs.
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Plasmonic nanoparticles (NPs) exhibit distinct optical properties arising from localized surface
plasmon resonance (LSPR), which can be tuned by varying their composition, size, and shape.
Upon excitation of LSPR, enhanced electric fields are generated at specific regions on the NP
surface. In assemblies of closely spaced NPs, near-field interactions between neighboring
particles lead to strong localization of the electric field in interparticle gap regions, commonly
referred to as “hot spots.” In these regions, the increased electric field and/or localized heating
can be exploited to drive chemical reactions. Owing to these properties, plasmonic NPs have
been used in applications such as energy conversion, catalysis, chemical sensing, and
therapeutic approaches 2.

The presence of macromolecules at the surface of NPs enables control over their interactions
and properties, such as hydrophilicity, colloidal stability, and biocompatibility. In particular,
when polymers are arranged in a controlled manner around the NPs, they can direct self-
assembly into defined structures and further tune the optical properties 2.

Reversible addition—fragmentation chain transfer (RAFT) polymerization enables the synthesis
of polymers with well-defined chain lengths and narrow dispersity. Different RAFT
polymerization methods include thermal RAFT, photo-iniferter (PI-RAFT), and photoinduced
electron/energy transfer RAFT (PET-RAFT), enabling temporal and spatial control over
polymer growth. Among these, PET-RAFT polymerization has recently gained attention. In this
approach, light excitation of a photocatalyst (PC) activates a chain transfer agent (CTA) via
electron and/or energy transfer, generating radical species. The CTA controls the radical
polymerization via the RAFT equilibrium, ensuring efficient exchange of active radicals
between growing chains and ultimately yielding polymers with well-defined chain lengths and
narrow molecular weight distributions. While PET-RAFT polymerization is well established for
small-molecule photocatalysts, plasmon-driven variants remain less explored and their
underlying mechanisms are still not fully understood 3#

In this project, plasmonic NPs act as both reaction sites and PCs, with CTAs immobilized on
the NP surface. This is enabled by the strong affinity of thiocarbonylthio moieties in RAFT
CTAs for gold surfaces, allowing their attachment to gold. PET-RAFT polymerization was
carried out using spherical Au NPs, a range of CTAs, monomers, and different excitation
wavelengths to elucidate the underlying mechanisms of plasmonically triggered, catalyzed,
and directed RAFT polymerization on NPs. This work presents results toward understanding
the CTA—Au NP interaction and the mechanism behind PET-RAFT in different systems.
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Understanding how ultraviolet irradiation modifies soft polymer surfaces is important for
improving the durability and functional performance of materials used in adhesives, coatings,
and other interfacial applications. Styrene—isoprene—styrene (SIS) is particularly relevant in
this context because styrenic block copolymers are widely used in hot-melt and pressure-
sensitive adhesive formulations, where surface chemistry and interfacial structure directly
influence adhesion and aging behavior. Sum-frequency generation infrared (SFG-IR)
spectroscopy is particularly well suited for investigating such processes because it is
intrinsically selectively sensitive to surfaces and interfaces where inversion symmetry is broken
and has been widely applied to probe molecular structure, orientation, and conformation at
polymer interfaces. !

Here, we present an in situ SFG study of UV-induced interfacial degradation in SIS. During UV
illumination, clear spectral changes are observed in the CH stretching region, demonstrating
that the surface molecular structure evolves significantly during exposure, which can be seen
in figure 1. The overall spectral evolution is consistent with a progressive loss of the initially
ordered aliphatic interfacial population and results in a strongly modified residual surface
environment at later stages of illumination. This behavior is consistent with previous studies of
styrene—isoprene copolymers, which showed that photooxidation is governed primarily by the
polyisoprene segments, while the polystyrene segments remain comparatively stable on the
relevant timescale. % 3 *

More broadly, this work highlights the value of in situ SFG experiments to investigate
degradation-driven interfacial restructuring of technologically relevant block copolymers. By
directly tracking molecular changes at the air/polymer interface during UV exposure, SFG can
provide insight into the earliest stages of surface aging that are not readily accessible with
other spectroscopies sensitive to bulk (or thicker layer) material properties.
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In recent years, organocatalysis has gathered attention as a feasible platform for metal-free
cationic polymerization reactions. Here, a unique form of initiation by organocatalysts is
through non-covalent supramolecular forces, especially halogen bonding (HX) and chalcogen
bonding (ChB) o-hole interactions.> 2 Concerning group 16 atoms, in particular, a few inspiring
examples of ChB interactions involving Se or Te based organocatalysts for polymerizations
have been reported.? 2 Nonetheless, the use of these classes of compounds remains broadly
unexplored and rather scarce.

On the other hand, among recent reports on selenium related transformations outside of
polymer chemistry communities, a new type of bench-stable cationic selenurane salts has
been disclosed. These solid salts are characterized by a rigid Se-Se backbone that dissociates
into Se(lll)-based radical cations in solution, which can undergo dimerization and form a
dicationic species.

Prompted by these precedents, this work pairs the application of this selenurane dication as a
Lewis acid with the concept of ChB catalysis as a new, simple and efficient tool for initiating
cationic polymerizations. Its utility is shown with an array of monomer families, e.g. cyclic
ethers, vinyl ethers, styrene-derivatives, etc., thus highlighting the broad scope of this
methodology.
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The present work contributes to the development of high-performance and low-migration UV-
curable coatings that combine efficient curing with reduced mobility and improved compatibility
within the resin matrix. For this purpose, silica nanoparticles (SiO,NPs) are functionalized with
Germanium-based photoinitiators (Ge-Pl) and explored as multifunctional additives for
unsaturated polyester resin (UPR)-based coating systems. The immaobilization of the Ge-Pl on
the nanoparticle surfaces is expected to suppress migration, improve photoinitiator dispersion,
and enable localized initiation processes at the organic—inorganic interface. Under UV
irradiation, the surface-bound photoinitiators generate reactive species which are employed to
initiate radical polymerization of the unsaturated polyester network in the coating system. This
approach is anticipated to influence curing behavior through interfacial initiation, potentially
affecting polymer network formation, crosslinking density, and filler—matrix interactions. Curing
efficiency, oxygen tolerance, and the spatial distribution of polymerization proximal to the
nanoparticle surface will be investigated. Preliminary studies also examined the effects of
nanoparticle loading on film formation, mechanical properties, and adhesion in coating
applications.

In this contribution, we provide insight into the role of photoinitiator-immobilized nanoparticles
as hybrid functional additives in UV-curable polyester systems and to establish a foundation
for designing low-migration, high-performance coatings with enhanced interfacial control.
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Amphiphilic polymeric nanoparticles based on methacrylate monomers provide a flexible
platform for nanomaterials design, particularly in drug delivery applications?. In this study,
nanoparticles were synthesized via conventional free radical copolymerization of dodecyl
methacrylate (DMA), poly (ethylene glycol) methacrylate (PEGMA)?, and furfuryl methacrylate
(FMA). The hydrophobic DMA segments contribute to the formation of hydrophobic core
domain®, while PEGMA imparts hydrophilicity and steric stabilization in aqueous media*. FMA
introduces additional functional groups within the polymer backbone, enabling further chemical
versatility °. Due to the nature of free radical polymerization, the resulting systems exhibit
inherent dispersity in molecular weight and particle size, limiting precise structural control but
allowing scalable preparation.

The synthesized nanoparticles were characterized with respect to their physicochemical
properties, including particle size distribution, morphology, and chemical composition.
Particular emphasis was placed on evaluating their colloidal behaviour in aqueous media,
where the balance between hydrophobic and hydrophilic components governs dispersion
stability. The results demonstrate that stable nanoparticulate systems with diameter of 202 +
35 nm can be obtained through appropriate monomer selection and composition. These
findings highlight the potential of DMA/PEGMA/FMA-based nanoparticles as amphiphilic
carriers and underscore the importance of formulation parameters in determining their final
properties. The functionality of the prepared nanoparticles was evaluated by the process of
encapsulation and subsequent release of active derivatives. The results confirmed that the
particles are able to absorb bioactive compounds of lipoic acid and dihydrocaffeic acid. After
loading, subsequently release them over time.
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Printed electronics offers a versatile route for integrating sensing functionalities directly onto
structural components’=. In this work, conductive silver ink-based strain sensors are
developed and evaluated for application on steel substrates, with a focus on material behaviour
and processing conditions in the context of underground mining.

The sensor consists of a multilayer architecture including a polymer-based insulating base
coat, a printed conductive silver ink layer, and a protective top layer. The sensing mechanism,
illustrated in Fig. 1, relies on a strain-dependent change in electrical resistance governed by
the evolution of the conductive particle network under deformation®.

\ :
Tension Compression
\

b

~_ Strain-sensitive
gauge
Insulating base layer
Conductive silver ink

Bolt shortens, strain decreases,

It el rain incri .
Bolt elongates, strain increases, resistancs decreases

resistance increases

Figure 1: Schematic lllustration of the intelligent rock bolt and its strain sensing principle

The influence of processing parameters, including ink formulation, deposition technique, and
curing conditions, was systematically investigated. The optimized system exhibits a stable and
reproducible response under tensile loading, with reliable sensing performance up to
approximately 15% strain and functional behaviour at higher deformation levels.

The developed sensors were integrated onto steel rock bolts, which are widely used as
reinforcement elements in underground mining®. The proof of concept was validated through
laboratory testing and a preliminary deployment in an operating mine. The instrumented bolts
successfully withstood installation and provided measurable resistance changes during
operation, indicating sensitivity to deformation. However, at this stage, the measurement
accuracy and the precise correlation between the recorded signals and the actual mechanical
state of the rock mass remain to be fully established.
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These results highlight the potential of printed silver ink systems for the development of
intelligent rock bolts, offering a promising route toward scalable structural health monitoring in
harsh mining environments.
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The rapid expansion of electric mobility has increased the demand for battery systems with
enhanced safety and thermal stability. Within this context, the IsoFoamComp project aims to
develop advanced materials for passive thermal management and fire protection. This work
focuses on the formulation of low-viscosity silicone resins suitable for mica paper impregnation,
with the additional capability of curing via either thermal or ultraviolet processes. The influence
of curing conditions and the incorporation of flame-retardant additives on the thermal and fire-
resistant performance of the resulting mica-silicone composites was investigated.

The developed composites, intended for integration into a multilayer structure (Figure 1) by
bonding them to an aluminium foam sandwich infiltrated with a phase-change material,
exhibited high thermal stability up to 250-300 °C, as demonstrated by thermogravimetric
analysis. Their fire resistance was evaluated through direct flame exposure tests, during which
no ignition or flame propagation was observed.

Mica paper ®--------- Silicone matrix

Adhesive layer

Aluminum foam

Figure 1: Schematic representation of the final IsoFoamComp structure

Comparative analysis between thermally cured and UV-cured systems revealed negligible
differences in both thermal stability and fire resistance. Similarly, the presence of flame-
retardant additives did not significantly enhance performance, indicating that the intrinsic
properties of the mica-silicone system are sufficient to ensure high fire resistance. Overall, the
developed mica-silicone composites demonstrate strong potential for application in battery
protection systems, offering a combination of thermal stability, flame resistance and process
versatility.
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In response to the increasing global demand for sustainable materials and circular economy
design strategies, this work introduces the concept of chemical amplification mechanisms and
latent catalysts in a covalent adaptable network (CANSs) for reversible adhesive system.!
Chemical amplification refers to a process in which a single external trigger induces a cascade
of subsequent reactions, for instance catalyst activation and transesterification. CANs are
capable of undergoing chain rearrangement in response to external stimuli, thereby offering
on-demand adaptability. In the absence of a stimulus, bonds exchange is slow, and network
remains fixed into rigid structures with strong adhesive interaction and high mechanical
strength. Upon application of an external stimulus, heat in this work, a rapid covalent bond
exchange occurs, leading to a decreasing in modulus and viscosity. This behaviour enables
the adhesive de-bonding and material reprocessing. To achieve spatiotemporal control over
this process, the integration of latent catalyst can regulate the exchange reaction.® The
inactivated catalyst maintains a low exchange rate for vitrimer network at lower temperatures,
thereby guaranteeing structural integrity and preventing irreversible creep deformation. Once
activated at high temperature, it efficiently promotes bond exchange reactions, as evidenced
by a rapid decrease in stress relaxation, enabling on-demand debonding.
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This work presents the development of a closed-loop-inspired digital light processing (DLP)
3D printing system based on dynamic, bio-based thiol-methacrylate resins that enable
dissolution, reprocessing, and reprinting of printed objects. To achieve this, four methacrylate-
based monomers containing ester functionalities were synthesized using different
esterification strategies and formulated into photopolymer resins capable of forming dynamic
covalent polymer networks.

Polymer networks were generated via UV-induced photopolymerization, and the influence of
monomer structure and resin formulation on network formation, swelling behavior, and thermal
stability was systematically investigated using FTIR spectroscopy, sol-gel analysis, and
thermogravimetric analysis. Differences in material properties were strongly dependent on
monomer chemistry and the amount of thiol crosslinkers.

To improve printability and closed-loop performance, resin formulations were optimized by
adding various amounts of a multifunctional thiol crosslinker (trimethylolpropane tris(3-
mercaptopropionate)). This adjustment enhanced chain mobility and improved dissolution
behavior. The modified resin formulation based on glycidyl methacrylate and malic acid
enabled successful 3D printing as well as complete dissolution of the polymer network.
Subsequent addition of fresh resin components allowed repeated 3D printing cycles. Chemical
analysis via gas chromatography of the recycled material confirmed the breakdown of the
network into reusable methacrylate-containing species.



®
YPR

P 20: Small-Data ML Optimisation of a Photocurable Resin for
Greyscale 3D Printing

Maksim Stupko?, Sandra Schlogl*

1Polymer Competence Center Leoben GmbH, Sauraugasse 1,
AT-8700 Leoben, Austria. maksim.stupko@pccl.at

Grayscale vat photopolymerisation 3D printing enables spatial property control from a single
resin through exposure-dose modulation. However, resin development remains largely
empirical because formulation space is high-dimensional and cure behaviour of
(meth)acrylates is nonlinear.! Here, we present a small-data machine-learning workflow for
optimising a grayscale photocurable resin within a closed acrylate/methacrylate formulation
space. A dataset of 57 formulations and 204 DSC-derived glass-transition-temperature (TQ)
measurements was assembled across cure times from 5 to 600 s. Each formulation was
encoded using composition, cure time, total polymerisable functionality, and monomer-
property descriptors. A CatBoost model was trained to predict dose-dependent Tg evolution
despite uneven time-series depth and censoring in the low-Tg region. Grayscale suitability was
defined in a two-objective space favouring low Tg at short exposure and a small Tg increase
between 5 and 15 s. The model was used to virtually screen 200,000 candidate formulations,
rank promising regions of the design space, and select formulations for experimental
validation. The optimised resin showed a tunable grayscale response from a single formulation
and supported proof-of-concept printing of a cube with a radiopaque feature. These results
indicate that information-rich small datasets can support resin screening for grayscale printing,
ranking and help guide the development of heterogeneous 3D printed photopolymer systems,
with potential applications in functionally graded body-mimicking models.
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Thermally responsive polymer systems are increasingly explored as a route toward more
sustainable and resource-efficient materials, as they enable recovery of functionality after
damage and thereby extend service lifel. Within this context, covalent adaptable networks
(CANs) have emerged as a key strategy, combining the dimensional stability of thermosets
with the ability to undergo bond exchange reactions, which allows reshaping, repair, and
recycling without loss of network integrity?. A central challenge, however, lies in controlling the
onset and rate of these dynamic processes®. In this regard, latent catalysts provide a powerful
strategy, as they enable precise tuning of stress relaxation kinetics and decouple viscoelastic
behavior from permanent network formation*. This approach resolves the fundamental trade-
off in conventional CANs by preserving creep resistance under service conditions while
enabling fast and efficient reprocessing upon selective activation.

To achieve such spatiotemporal control over bond exchange reactions, stimulus-responsive
catalyst systems are required. Photo-base generators (PBGs) enable rapid and spatially
resolved activation under light irradiation, allowing high-resolution patterning. In contrast,
thermo-base generators (TBGs) provide uniform activation throughout bulk materials and
complex geometries via thermal triggering* °>. The combination of these complementary
activation modes enables orthogonal and selective control over network dynamics in dynamic
polymer systems.

In this work, we propose a dual-stimuli approach to gate transesterification reactions in a thiol—
ene dynamic network through the combined use of PBGs and TBGs. This system enables
switchability of dynamic bond exchange reactions via light and temperature. High spatial
precision and uniform bulk activation are achieved simultaneously without compromising
network robustness, enabling highly reproducible and fully reversible ON/OFF states.
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While lithium-ion batteries are essential components of modern energy storage systems, their
safety remains a critical concern. As energy density increases and battery packs become more
integrated, the risk of thermal runaway and explosions also rises. In many cases, these failures
are preceded by localized hot spots that conventional battery management systems struggle
to detect due to their limited spatial resolution and delayed response.!?

For this reason, gas-based diagnostics have lately been investigated as a complementary
early warning strategy. One promising approach relies on thermo-responsive polymer coatings
that release volatile tracer molecules at defined temperatures. When combined with metal
oxide (MOx) gas sensors, these coatings enable indirect and noninvasive detection of
overheating events.'? Recent work has also shown that thermally activated functionalities can
be covalently incorporated into polymer networks, leading to more reproducible trigger
temperatures and improved stability under ambient conditions.'? In parallel, integrating these
functionalities within dynamic covalent polymer networks offers additional advantages, such
as reprocessability after gas release or self-healing prior to outgassing.?3

In this work, polyurethane coatings containing additives as functional components designed to
release tracer gases at temperatures critical for lithium-ion batteries are considered. Emphasis
is placed on additives activating around 120 °C to promote controlled outgassing during early
overheating events, while simultaneously contributing to dynamic processes within the polymer
network. This study examines thermoactivated systems that integrate gas release with
dynamic exchange in the polymer matrix, including reactive components such as thermo-
generated bas (TBG) precursors, latent catalysts, network modifying agents, and
multifunctional compounds like Ethylenediamine-N,N,N’,N'-tetra-2-propanol (EDTP), which
acts as crosslinker and transcarbamoylation catalyst
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Accurate prediction of polymer properties using machine learning can significantly accelerate
materials discovery and reduce experimental effort in polymer design®. However, the use of
random data splits can lead to overly optimistic estimates of model generalization?. In this work,
we investigate the impact of molecular representations and data splitting strategies on
predictive performance and uncertainty estimation for glass transition temperature (Tg)
prediction using the OpenPoly dataset!. The dataset was evaluated using both a random split
and a scaffold-based split® to assess generalization to structurally novel polymers. Structural
fingerprints, physicochemical descriptors, and their combination were compared using an
ensemble of XGBoost (XGBRegressor) models to estimate predictive uncertainty. A set of 15
interpretable molecular descriptors was constructed using RDKit?*, inspired by previous work®,
and combined with Morgan fingerprints (radius=2, 2048 bits), corresponding to the widely used
ECFP4 representation®. In case of a random split, the combined representation achieves the
best performance (R2=0.89, RMSE=38.1 K), outperforming fingerprints and descriptors.
However, in case of a scaffold-based split designed to evaluate generalization to unseen
polymer chemistries, performance of the combined representation decreases significantly
(R2=0.77, RMSE=58.9 K), revealing substantial limitations in extrapolation capability.
Uncertainty quality was evaluated using the Spearman correlation (p) between predicted
uncertainty and absolute error. While the combined model performs best under random split
conditions (p=0.31), descriptor-based models provide more robust uncertainty estimates under
scaffold split conditions (p=0.32), whereas fingerprint-based models show weak correlation
(p=0.09). Under scaffold split conditions, prediction errors increase significantly for low Ty
values (<250 K), which are underrepresented in the dataset. The model shows a bias toward
the dominant T4 range, leading to systematic overestimation in sparsely populated regions of
the data space. No such dependence is observed under random split conditions. Overall, the
results demonstrate that both feature representation and evaluation strategy strongly influence
polymer property prediction. While combined representations yield the best predictive
performance, generalization and uncertainty estimation remain challenging under distribution
shift. These findings highlight the need for more robust and balanced datasets and provide
guidance for the reliable application of machine learning in polymer design.
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The increasing incorporation of recycled polymers into structural materials requires a deeper
understanding of their performance under combined mechanical and environmental loading.
In particular, environmental stress cracking (ESCR) represents a critical failure mechanism, as
it can drastically reduce material lifetime in the presence of aggressive media, even when
conventional mechanical properties appear largely unaffected.!? In this study, the ESCR
behavior of high-impact polystyrene (HIPS) systems containing both virgin and recycled
fractions was investigated using tensile creep rupture testing under different environmental
conditions. A pronounced reduction in time to failure was observed when specimens were
exposed to an oil-based medium, clearly demonstrating the strong influence of environmental
conditions on crack initiation and propagation. This effect was consistently observed across all
investigated material systems, highlighting the dominant role of the surrounding medium in
determining long-term performance. Beyond the environmental influence, particular attention
was given to the material architecture, specifically the distribution and interaction of virgin and
recycled layers. The results indicate that not only the presence of recycled content, but also
its spatial arrangement within the material, plays a crucial role in ESCR resistance. When the
recycled phase is exposed to the medium, a significant reduction in performance is observed,
suggesting that direct contact between media and more susceptible material regions
accelerates failure. In contrast, sufficient coverage by a virgin material layer can act as a
protective barrier, delaying crack initiation and improving overall resistance. The findings
underline the importance of considering both environmental conditions and material design
when evaluating recycled polymer systems. In particular, they highlight the need for tailored
material architectures and appropriate testing methodologies that capture realistic service
conditions. This work contributes to a better understanding of ESCR in both recycled polymers
and systems containing different layers of recycled and virgin material combinations. It
supports the development of more reliable material concepts for circular material applications.

Acknowledgement

This research project (grant number: 911658) was funded by COMET — Competence Centers
for Excellent Technologies — through BMIMI, BMWET, and the co-financing federal provinces
(Styria through SFG, Upper Austria, Vorarlberg) and carried out with the participation of
scientific and company partners. The COMET program is managed by FFG.



©.

References
(1) Robeson, L. M. Environmental stress cracking: A review. Polymer Engineering & Sci 2013, 53 (3), 453-467. DOI:
10.1002/pen.23284.

(2) Andena, L. Effect of processing on the environmental stress cracking resistance of high-impact polystyrene.
Polymer Testing 2016 (54). DOI: 10.1016/j.polymertesting.2016.06.017. Published Online: June 2016.



®
YPR

P 25: Thermoset meets Thermoplastic:
Upcycling PLA in Digital Light Processing 3D Printing of

Dynamic Thiol-Ene Composites

Szymon Gacal?, Daniel Bautista-Anguis?, Milena Gleirscher?, Michele Bonacina®,
Yves Leterrier®, Véronique Michaud?, and Sandra Schlogl*?

1Polymer Competence Center Leoben GmbH (PCCL), Sauraugasse 1, 8700 Leoben, Austria
2Technical University of Leoben (TUL), Otto Gléckel-Straf3e 2/IV, 8700 Leoben, Austria
SEcole Polytechnique Fédérale de Lausanne (EPFL), Lausanne, Switzerland

This work presents a photo-curable covalent adaptable network (CAN) based on a dynamic
thiol-ene system incorporating polylactic acid (PLA) as a functional filler. In contrast to
conventional inert fillers, PLA can participate in the material through ester-based
transesterification reactions at the matrix—filler interface, enabling dynamic bond exchange.!
At room temperature, PLA acts as a reinforcing phase, increasing stiffness and creep
resistance. Above the melting range of PLA, the material retains fast stress relaxation
behaviour comparable to the unfilled dynamic network.? These results demonstrate that PLA
can function as an active component within DLP-printable dynamic polymer networks, linking
processability, green strength, and adaptive behaviour. This approach supports the
development of more sustainable and cost-efficient materials for additive manufacturing.

Dynamic
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Covalent adaptable networks (CANs) are a novel class of polymers which can undergo
network rearrangement under external stimuli by dynamic bond exchange reactions.
Depending on the dynamic chemistry, the exchange rate can be tuned by selection of suitable
catalysts and the concentration of the dynamic compounds. Herein, we study the exchange
dynamics in photo-curable CANSs relying on thiol-thioester bond exchange mechanism. The
concentration of dynamic thioester motifs influences the stress relaxation rate (pre-
polymerization strategy). In addition, reducing the number of dynamic linkages increases the
impact of diffusion, leading to deviations from the linear Arrhenius temperature dependence of
the relaxation time.The ratio of Arrhenius-dependent input to the Rouse-dependent diffusion
input was studied for different thioester concentrations. The performed investigations enabled
the design of temperature sensors based on stress relaxation. Besides that, the possibility of
3D printing of materials differing substantially in their stress-relaxation kinetics via dual-vat
multi-material DLP 3D-printing was demonstrated by printing multimaterial objects . For the
material with the highest dynamic bond concentration, we further investigated local control of
bond-exchange dynamics through deactivation of the basic catalyst via photolysis of a
covalently attachable photoacid (= post-polymerization strategy). Curing of the photopolymer
was performed under 405 nm light, while local deactivation of the bond exchange was achieved
by irradiation with 365 nm light. Spatial deactivation of the polymer surface was demonstrated
by patterning of the material’s surface by thermal imprinting 2.
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Thermally induced self-healing polymer systems have attracted growing interest in recent
years, largely due to their potential to reduce material waste and prolong the service life of
polymer-based products. Vitrimers represent a distinct class of intrinsically healable covalent
adaptable networks that rely on thermo-activated associative bond exchange reactions. When
heated above the glass transition temperature (Tg), these exchange reactions are markedly
accelerated, allowing vitrimers to display viscoelastic, flow-like behaviour while preserving their
crosslinked network structure. In hydroxyl-ester-based vitrimer systems, efficient
transesterification above Tg typically requires the presence of a suitable catalyst. (1, 2)

To balance high creep resistance with rapid reprocessability (induced by thermos-activated
bond exchange reactions), a comprehensive library of thermally latent base catalysts for
transesterification was synthesised and systematically investigated. (3-5) The resulting
thermo-base generators (TBGs) were characterized with respect to their thermal stability,
decomposition pathways, and thermally triggered base release using thermogravimetric
analysis (TGA), evolved gas analysis (EGA), nuclear magnetic resonance (NMR), and infrared
(IR) spectroscopy. Controlled thermal activation and subsequent deactivation of the released
bases enabled the design of polymer networks with switchable dynamic behaviour. The
performance of these systems was validated through stress relaxation experiments, reshaping
tests and healing evaluations.

By tailoring the molecular structure of the thermally latent catalysts, decomposition
temperatures and activation times could be precisely adjusted across a wide temperature
window. This tunability allows the design of temperature-orthogonal dynamic polymers,
offering sequent-dependent activation and deactivation profiles. Overall, this approach
provides a powerful platform for the development of dynamically switchable and sustainable
polymer networks, opening new opportunities for advanced applications in future green
composite industries.
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Surface modification through texturing or patterning is an exciting strategy to modify the
tribological behaviour of a surface.! Many techniques for surface texturing of various materials
are available; here, an approach based on transformative Direct Laser Writing was explored.
Irradiating a suitable precursor material (e.g., polyimide) with a laser source leads to the
formation of laser-induced graphene (LIG).2 This single-step, fast, maskless, and chemical-
free process was used to fabricate repeating line patterns ranging from 200 pum to 30 um. The
friction and wear behaviour of the graphenic films was evaluated using a reciprocating ball-on-
plate setup, and it was found that patterns with smaller line sizes exhibit lower coefficients of
friction. The wear behaviour was investigated to gain an understanding of the impact of sliding
on the LIG and the underlying abrasive mechanism that leads to the formation of fine wear
debris.®
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Figure 2: Schematics of laser scribing of LIG (left), the tribological test setup (center), and the resulting friction coefficients of the

different patterns, including images of the resulting wear tracks (right).
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Integrating tailored strain sensors directly into structural materials enables continuous
in-service monitoring of critical components across a wide range of operating environments.
Printed electronics, drawing on mature techniques from the graphic arts industry, provide a
versatile platform for fabricating such sensors with geometries, dimensions, and mechanical
properties customized to the field of application. This work presents design strategies for
resistive strain sensors produced primarily by screen printing metal- and carbon-based
conductive inks onto flexible polymeric substrates. The influence of curing conditions on film
morphology and baseline electrical behavior is examined, and electromechanical testing is
used to evaluate sensitivity, linearity, hysteresis, and durability under repeated loading. Design
trade-offs between conductivity, gauge factor, and mechanical robustness are discussed, with
practical guidelines for tuning sensor performance through ink formulation and processing.
Particular emphasis is placed on applications requiring large strain tolerance and chemical
resilience, including wearable devices, mining environments, and pressurized pipe systems.
The results highlight printed electronics as a scalable and adaptable route for engineering
strain sensors capable of reliable operation in both small-scale and harsh industrial settings.
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Research on covalent adaptable networks (CANs) has increased in recent years due to the
growing demand for sustainable and long-lasting polymeric materials. A prominent class of
CANSs is represented by vitrimers, which rely on associative exchange reactions to combine
the mechanical properties of thermosets with the processability of thermoplastics.! A key
challenge in these novel approaches is maintaining long-term storage stability and extended
pot life in the resin formulation, as well as high stability of the latent catalyst in the cured
material, while achieving defined activation temperatures and rapid catalytic activity within the
dynamic network upon selective thermal activation.2® While oxalate-based thermobase
generators (TBGs) are promising candidates for high-Tg dynamic polymer networks, the role
of the cation structure remains underexplored, especially with regard to extended storage
stability.>® The primary objective of this work is to systematically determine how variation of
the base in oxalate based quaternary ammonium salts can tune the thermal stability and
activation threshold of TBGs for potential future industrail application (e.g automotive or
aerospace industriesTo investigate the influence of base structure, basicity, and steric
hindrance on thermal stability, oxalate-based TBGs derived from imidazole, methylimidazole,
and tetramethylguanidine were synthesized.* The thermal activation and release of the active
bases were characterised in solid state using thermogravimetric analysis and evolved gas
analysis. Furthermore, the catalysts were incorporated at 5 mol%, relative to epoxy groups,
into a dynamic epoxy-anhydride network. To evaluate the catalyst performance within the
dynamic network, TGA of the cured samples was performed alongside stress relaxation
measurements of the non-activated and activated specimens.® This work provides a framework
for tuning the thermal stability of TBGs through cation engineering, enabling the design of
dynamic polymer networks with tailored processing and activation windows as well as
enhanced shelf-life.
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Recent advances in polymer science have focused on materials that maintain their mechanical
and functional properties after reprocessing, with covalent adaptable networks (CANs) being
a promising strategy. In general, CANs combine the chemical and dimensional stability of
thermosets with the recyclability of thermoplastics, enabled by reversible bonds that allow
network topology rearrangement.! Their dynamic nature allows damaged parts to self-heal,
extending product lifetimes and reducing material consumption.? Thiol-ene resins are an
attractive option compared to commercial (meth)acrylate resins, since they offer delayed
gelation, reduced shrinkage stress and nearly quantitative conversions.®* However, thiol-ene
networks are often too soft for applications like additive manufacturing, but thiol-yne networks
overcome this by increasing the crosslink density and thereby the mechanical properties.5®

Picture 1: Schematic of 3D printing workflow.

Therefore, we synthesized three monomers carrying alkyne functionalities as well as thioester
moieties to enable network formation via a thiol-yne click reaction. By using 2 equivalents of
thiol, 1 equivalent of the corresponding monomer, 2.5mol% TMG and 4.5 mol% Ivocerin® the
photosensitive resins were prepared. To explore the resulting dynamic behaviors, we
conducted stress relaxation measurements at various temperatures. Additionally, DSC, DMA
and TGA measurements were performed to investigate the thermal properties. Finally, we 3D-
printed our resin and successfully reprocessed it using the VCM process.
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Advancing towards a circular economy that maintains plastics in their highest-value state is
essential to mitigate environmental impacts and promote recycling, reuse, and reduction.
Despite the ubiquitous relevance of recycling, significant challenges remain, including the
detection of microplastics and the accurate classification of polymer recycling qualities.
Identifying opaque polymers and producing recyclates with properties comparable to virgin
materials is difficult, as the thermal history of polymers is often unknown.[1]

fluorescent
marker

Figure 1. Schematic representation of the grafting process for fluorescent labeling of
polyolefins.

Current used functional markers in the recycling industry frequently suffer from migration due
to the lack of covalent attachment to the polymer matrix. Consequently, recycled plastics
containing such markers are rarely approved for food packaging, as dye migration and
contamination cannot be ruled out.[2] This project focuses on the synthesis of fluorescent
coumarin-based dyes [3], which are modified to introduce functional groups enabling covalent
attachment to polymers through various grafting techniques. These include free radical
grafting, plasma grafting combined with silanization. Such methods are scalable and
compatible with industrial processing, as they can be applied under elevated temperatures or
pressures without requiring polymer dissolution.
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Frontal polymerization (FP) allows the transformation of monomers into polymers within a
spatially confined reaction zone, known as the front. This reaction front travels through the bulk
material in a self-propagating, autocatalytic manner. The driving force is the exothermic heat
released during the polymerization reaction, meaning that external energy is only required to
initiate the process. Owing to its rapid curing behavior and high energy efficiency, FP has been
explored for various monomer systems.*2

In contrast, conventional curing methods such as thermal curing and photopolymerization
exhibit notable limitations. Thermal processes generally require long curing times and
considerable energy input, while photopolymerization proceeds faster but is restricted by the
limited penetration depth of light, making it mainly suitable for thin layers. To address these
disadvantages, different types of frontal polymerization have been developed.

As with thermally or photo-cured networks, polymers produced via FP demonstrate high
chemical stability and excellent thermomechanical properties. Beyond energy efficiency,
current material design increasingly focuses on aspects such as recyclability, reusability, and
reprocessability. These properties can be introduced into thermoset materials by incorporating
dynamic bonds. Various bond exchange mechanisms can be utilized for this purpose. In this
work, different chemical systems, including transesterification and coordinative bond
exchange, were examined for their suitability in frontal polymerization and the formation of
dynamic polymer networks.
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