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What high pressure can teach us about block copolymer micelles 
with a thermoresponsive shell

P. A. Alvarez Herrera1, C.-H. Ko1, C. Henschel2,
A. Schulte3, P. Müller-Buschbaum1, A. Laschewsky2,4, C. M. Papadakis  1  *

1Technical University of Munich, TUM School of Natural Sciences, Garching, Germany 
2Universität Potsdam, Institut für Chemie, Potsdam-Golm, Germany

3University of Central Florida, Department of Physics and College of Optics and Photonics, Orlando FL, U.S.A.
4Fraunhofer Institute forApplied Polymer Research, Potsdam-Golm, Germany

*papadakis@tum.de

In dilute aqueous solution, thermoresponsive diblock copolymers with a hydrophobic and a thermo-
responsive block self-assemble into core-shell micelles. Here, we investigate the self-assembly behavior of 
the model diblock copolymer PMMA-b-PNIPAM consisting of a short permanently hydrophobic 
poly(methyl methacrylate) and a long thermoresponsive poly(N-isopropylacrylamide) block. Synchrotron 
small-angle X-ray scattering reveals that, below the cloud point TCP, spherical micelles are formed, having a 
PMMA core and a hydrated PNIPAM shell. Above TCP, the micellar shell dehydrates, and the micelles 
contract and form aggregates.1 Adding methanol as a cosolvent leads to strong changes of the micellar 
structure, which is due to the superposed co-nonsolvency effect of PNIPAM and the enhanced solvation of 
PMMA.2 Applying pressure to an aqueous micellar solution of PMMA-b-PNIPAM is a tool to alter the 
hydration behavior of the PNIPAM block. In neat water, we find that not only the value of Tcp, but also the 
transition behavior depends on pressure.3 In a water/methanol mixture, intricate behavior is found when 
pressure is varied, both below and above Tcp. The observed changes in this system can be traced back to 
the change of the solvation behavior of PNIPAM homopolymers under pressure, i.e. a replacement of 
adsorbed water on the PNIPAM segments by methanol molecules, as pressure is increased.5,6 The pressure-
induced alteration of the properties of the micellar shell and the correlation between the micelles allows 
investigating the relation between these effects. 
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Poly(2-oxazoline)s: From an attractive alternative to PEG to an exotic
speciality and back?

R. Luxenhofer1

1Soft Matter Chemistry, Department of Chemistry, Faculty of Science, University of Helsinki, 00560 Helsinki,
Finland

*robert.luxenhofer@helsinki.fi

Already in the earliest days of research into PEGylation, Poly(2-oxazoline)s (POx) have been investigated 
and established as attractive and efficient alternatives to PEG [1], but while PEG rapidly became the gold 
standard for hydrophilic biomedical polymers and PEGylation is one of the best known concepts in 
(bio)pharmaceutical technology, POx have long been living in relative obscurity, with all but a handful of 
researchers world-wide working with them. 
Even though research around POx became more lively again in the late 2000s, the recent decade has been 
particularly interesting. Apart from drug [2,3], protein [4] and gene delivery systems [5], POx based 
thermoresponsive hydrogels have been developed for bioprinting. POx-based thermogels show interesting 
structure-property relationships [6][7][8] and rheological properties particularly suited for bioprinting, all 
in combination with excellent cytocompatibility. 
This contribution will revisit the development of POx-based hydrogels for drug delivery and 3D printing, 
with a focus on biofabrication. 
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Ordered conjugated polymers for organic electronics

Tomasz Marszalek, Wojciech Pisula

Department of Molecular Physics, Faculty of Chemistry, Lodz University of Technology
Zeromskiego 116, 90-924 Lodz, Poland 

Max Planck Institute for Polymer Research, Ackermannweg 10, 55128 Mainz, Germany
pisula@mpip-mainz.mpg.de

Solution processable conjugated polymers are promising for large area, lightweight, and flexible field-effect
transistors. Control over their thin film microstructure and polymer organization is crucial for the charge
carrier transport in transistors. Meniscus-guided coating covers techniques like zone-casting, blade-coating,
dip-coating, and solution shearing, and is an efficient approach to solution process conjugated polymers
into highly ordered thin films. Over the recent years, zone-casting has been further developed to precisely
tune the crystallization of semiconducting polymers and to improve their charge carrier transport. 

This presentation discusses the crystallization and film growth mechanism of conjugated polymers during
zone-casting and dip-coating that are essential for the thin film deposition for field-effect transistors. An
understanding of  the alignment mechanism and fundamental  principles of  the fluid mechanics  for  the
crystal  growth  has  been  developed.  Relations  between meniscus  shape,  fluid  mechanical  process  and
polymer  crystallization  during  solution  processing  are  provided.  Homogeneous  mono-  and  multilayers
based on conjugated polymers have been fabricated for transistor applications through a careful control of
the processing conditions [1].

Figure 1: Illustration of the zone-casting process to control the organization of conjugated polymers in thin films.
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(De)Activating Bond Exchange Reactions in Dynamic Polymer Networks

D. Reisinger1, S. Schlögl  1,2  *

1Polymer Competence Center Leoben GmbH, Leoben, Austria
2Institute of Chemistry of Polymeric Materials, Technical University of Leoben, Leoben, Austria

*sandra.schloegl@pccl.at

Latent  catalysts  are  a  versatile  strategy  to  temporally  and  locally  control  the  rate  of  bond  exchange
reactions (and the related material flow) in dynamic polymer networks.[1-4] Herein, we explored novel
families of reversibly switchable catalysts, which undergo a distinctive shift in their pKa values due to an
external trigger (either light or a change in temperature). 
In a first step, the reversible activation/deactivation of a photoswitchable nitrogen superbase undergoing
light-induced  isomerization  of  dithienylethene  groups  was  studied  in  thiol-ene  photopolymers.[5]
Depending on the color of light used (visible versus UV light), a substantial difference in the pKa value was
observed, which was exploited to kinetically control the base-catalyzed bond exchange between thioester
and thiol groups. The reversibility and local control of the isomerization reaction (and the related bond
exchange kinetics)  was demonstrated by stress relaxation,  reshaping,  micro imprint and tensile  testing
experiments. 
In  a  further  approach,  photochromic  merocyanine-based  photoacids  were  synthetized  and  applied  as
reversibly switchable catalysts for acid-driven dynamic polymer networks.[6] Upon visible light exposure,
the catalyst  was activated by  undergoing a spirocyclization,  while the deactivation reaction took place
under dark conditions at elevated temperature. The photoacid was placed in a thiol-ene photopolymer
comprising ample -OH and ester moieties and a reversible control of the transesterification kinetics was
demonstrated by stress relaxation studies. The fast isomerization kinetics and fatigue resistance were used
to generate  gradients  of  active photoacid in a spatially  resolved manner at  the micrometer  level.  The
resulting gradient in relaxation properties was applied for mold-free reshaping of dynamic photopolymers.
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Unleashing the potential of enzymes 
for green furan-based polymer synthesis

Katja Loos
Macromolecular Chemistry and New Polymeric Materials 

Zernike Institute for Advanced Materials / University of Groningen
Nijenborgh 3 / 9747 AG Groningen / The Netherlands

email: k.u.loos@rug.nl

The enzymatic synthesis of polymers via non-metabolic pathways has a long history but was overshadowed
by petroleum-based methods. However, due to the depletion of petroleum resources and rising costs, 
enzymatic polymerizations are experiencing a resurgence. By combining biobased monomers and 
enzymatic polymerizations, both the field of enzymatic polymerization and the use of renewable resources 
can be accelerated, contributing to sustainability in the polymer and coatings industry.

Furan derivatives and furan chemistry offer a biobased alternative to phenyl-based polymers, with 2,5-
Furandicarboxylic acid (FDCA) being a promising biobased furan monomer. However, its potential is limited
by the occurrence of decarboxylation during polymerization. To overcome this challenge, alternative 
synthesis routes are needed. Enzymatic polycondensation of biobased furan monomers with aliphatic 
comonomers has successfully produced furan-based polyesters, polyamides, and polyesteramides, offering
a green and robust solution for sustainable polymer production.
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Aqueous phase propagation kinetics in radical polymerization

I. Lacík

Polymer Institute of the Slovak Academy of Sciences, Bratislava, Slovakia 
igor.lacik@savba.sk

The availability of individual rate coefficients in radical polymerization is a prerequisite for understanding
the  polymerization  kinetics  and  mechanism.  Among  all  the  rate  coefficients,  the  propagation  rate
coefficient, kp, is of special interest since it determines the rate of polymer chain growth, and, additionally,
its availability is required to estimate termination and a transfer rate coefficients. The method of choice for
determination  of  accurate  kp values  is  the  pulsed-laser  polymerization  combined  with  size-exclusion
chromatography,  pioneered  by  Olaj  et  al.  [1].  This  method  has  been  used  in  the  last  decades  for
determination  of  kp values  for  a  number  of  monomers  polymerized  in  organic  [2]  and  aqueous  [3]
solutions. 

This  contribution will  focus on  kp behavior for various monomers in aqueous solutions, including non-
ionized and ionized monomers, and sparingly water-soluble monomers. The presence of functional groups
in the monomer structure gives rise to intra and intermolecular interactions that are amplified by hydrogen
bonding interactions with water molecules used as a solvent. 

For  non-ionized  monomers  (i.e.,  acrylic  acid,  methacrylic  acid,  acrylamide,  N-vinyl  pyrrolidone),  water
molecules  accelerate  the  propagation  step  in  going  from  bulk  polymerization  to  dilute  systems
predominantly due to lowering the barrier to the internal rotational mobility within the transition state
structure for propagation. This phenomenon is generally observed for all non-ionized monomers. In case of
ionized monomers (i.e, anionically charged sodium acrylate, sodium methacrylate, and cationically charged
methacrylate and methacrylamide monomers), the kinetics is dominated by electrostatic interactions with
kp values  being  reduced  compared  to  those  for  non-ionized  monomers  due  to  repulsive  interactions
between  equally  charged  monomer  and  radical  chain-end.  Repulsion  interactions  can  be  shielded  by
counterions to the charged groups, originated either from charged monomer or from salts added to the
polymerization  system.  The  radical  polymerization  of  sparingly  water-soluble  monomers  (i.e.,  methyl
acrylate,  methoxyethyl  acrylate,  methyl  methacrylate)  represents  an  interesting  situation  given  by  a
limited solubility of monomers and insolubility of formed polymers in an aqueous environment. The  kp

values for these monomers significantly increase in water compared to bulk polymerization.

Keywords: PLP-SEC, propagation rate coefficient, aqueous phase polymerization
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Safety and Sustainability Challenges Facing Phenolic Resins: 
Advances and Substitutions

J.F. Gérard1*, J. Duchet-Rumeau1, N. Chaussoy1,2, L. Dentzer1, D. Brandt2

1UMR 5223 CNRS Ingénierie des Matériaux Polymères/INSA Lyon, Villeurbanne, France
2CEA-DAM Centre du Ripault, Monts, France

*  jean-francois.gerard@insa-lyon.fr   

The synthesis of the phenolic resin was discovered by Baekeland a century ago adhesive and their excellent
environmental resistance, adhesive capabilities, and fire high performances make them ones of the main
wood adhesives but also in automobile, aerospace, composite materials, and other sectors. Phenolic resins
are still widely used today with a global production of about 12 million tons/year. Usually, these resins
contain residual free formaldehyde, which is highly toxic and carcinogenic and will soon be banned by the
the REACh regulation. Consequently, phenolic resins must be revisited and/or substituted. Commonly, urea
is  added to phenolic  resins  as  formaldehyde scavenger but  urea is  not  relevant  for  high-temperature
applications. Thus, an easy-to-implement method was developed with an aminophenol, giving access to a
noncarcinogenic resin while maintaining the thermomechanical properties. The chemistry and the reaction
mechanism of aminophenols with formaldehyde is described. The interest of this additive is multiple 1/ for
trapping  of  formaldehyde  to  fit  the  REACh  regulation,  i.e. <  0.1  wt.  %free  formaldehyde)  and  2/
maintaining the thermostability  of the modified phenolic network (Td5% = 395 °C and char yield = 63%).
This method which is applicable on an industrial scale, uses mild reaction conditions and limits volatile
organic compound emissions, i.e. two ways to improve durability and reduce toxicity of the resin.
The other route investigated is the design of “phenolic”-like resins without phenol or formaldehyde by
substitution with  “simple”  molecules.  The  substitution of  formaldehyde  with  aromatic  aldehydes  is  a
relevant  way  to  ensure  that  the  cured  resin  has  degradation  properties  comparable  to
phenol/formaldehyde resins. In particular, terephthalaldehyde (TPA) appeared to be the most relevant
candidate leading to thermostability properties similar to conventional phenolic resins but have too poor
mechanical properties to be used as matrices in composite materials. The substitution of phenol with other
phenolic  compounds  (including  biosourced ones)  was considered  in  order  to  increase the mechanical
properties  of  the  cured  resin,  but  also  to  limit  the  toxicity  of  the  unreacted  liquid  resins.  Several
compounds  such  as  hydroxymethylphenols  (HMP),  resorcinol,  3-methoxyphenol,  orcinol,  3-
methylcatechol, hydroquinone, phloroglucinol, or 3,5-dimethoxyphenol were considered. All  the results
showed that the substitution of the phenol by a non-functionalized phenolic compound decreased the
degradation  behavior,  except  resorcinol,  and  did  not  afford  materials  with  acceptable  mechanical
properties. Nevertheless, 2-HMP and 4-HMP (incl. without an alkali base), allow for obtaining materials
with very interesting thermostability and thermomechanical properties. In addition, 2-HMP and TPA are
non-toxic and the synthesis of this  type of resin would be easily scalable. These compounds could be
sustainable, 2-HMP could be produced by the reduction of salicylaldehyde (bio-renewable resource from
lignin), and TPA could be produced by the reduction of terephthalic acid (potentially biosourced). Thus,
these types of resins would be suitable candidates to replace conventional phenolic resins.

Keywords: phenolic resin, polyaddition, formaldehyde-free, biobased
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Can biobased polymers replace their fossil analogues?
Søren Hvilsted  1  *, Rajni Hatti-Kaul2

1Hvilsted Consult, Hørsholm, Denmark, 
2 Division of Biotechnology and Applied Microbiology, Lund University, Lund, Sweden

*  soren@hvilstedconsult.dk  

The worldwide production of plastics is growing with ever increasing speed. The reason is simple: plastic is
fantastic. However, it comes with a price: the plastic waste is also increasing with unwanted effects like
accumulation in the marine environment and in nature. Furthermore, incineration of waste plastic results
in carbon loss caused by the CO2 emission, where the latter contributes to undesirable climate change.
Recycling and reuse of waste plastic seams in general not to be economically viable although small locally
based recycling schemes exist. However, a real change gamer will be legislative demands on more recycling.
Another alternative is the biobased polymers. A few companies have expressed the desire to be fossil free
in the near future. One example is the toy company LEGO that already since 2018 uses biobased PE flexible
elements, where it doesn’t compromise the critical mechanical demands on the building bricks. Biobased
monomers (BM) like the sugar cane-based PE are all considerably more expensive than the fossil-based
originals. Scale-up of other interesting BMs are in progress although the industrial involvement is sluggish.
One example  is  the 5-hydroxymethyl  furfural  (5-MHF,  Fig.  1),  that  can be produced in  one step from
fructose [1]. To minimize crosslinking of HMF molecules under acidic conditions and at high temperatures,
a  reactor has been designed and is being tested for scaling up the process. 5-HMF can be the source of a
number of high value base chemicals [2] useful e.g. for polyesters, polyamides and polyurethanes. One
particularly important example is furan dicarboxylic acid (FDCA, Fig. 1) that can be prepared enzymatically
from 5-HMF via whole cell catalysis [3]. FDCA is the cornerstone in poly(ethylene furanoate) (PEF). 

                                             
                 5-HMF                                          FDCA                                    Adipic acid                    2,5-Bishydroxymethylfuran 

Fig. 1  Key building blocks and monomers for biobased polyesters, polyamides and polyurethanes.
The  rigid  spirocyclic  diol  (Fig.  2)  based  on  5-HMF  and  pentaerythritol  has  enabled  the  production of
sustainable rigid polyurethane coatings and foams. Another new biobased building block  is  5,5’-bis(hy-
droxymethyl)furion (DHMF, Fig. 2) prepared by carboligation of two 5-HMF molecules using chemical cata-
lysts  or  enzymes.  Oxidation of  DHMF results  in  5,5’-bis(hydroxymethyl)furil  (BHMF, Fig.  2).  DHMF and
BHMF are currently investigated as cross-linkers for polyurethane binders with application in floor coatings.

                                      
                  Spirocyclic diol                                                     DHMF                                                      BHMF

Fig. 2 Novel biobased building blocks for polyesters and polyurethanes
The future of biobased polymers seems to rely on the availability of biobased monomers and polymers in
addition to the companies’ willingness to pay the higher production cost of both monomers and polymers.
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Morphology alterations within emulsion templated macroporous polymers

Peter Krajnc

PolyOrgLab, University of Maribor, Slovenia

peter.krajnc@um.si

Emulsions with high volume fractions of the droplet phase (frequently termed high 
internal phase emulsions-HIPEs) can be a useful template for the preparation of highly 
porous monolithic polymer structures with either oil-soluble or water soluble 
monomers. While the typical polymerized high internal phase emulsion topology 
resembles interconnected cellular foam-like structure, the lecture will discuss the 
possibilities of significant morphology alterations by several methods like phase 
inversion induction and combinations with other templating methods.
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Novel Functional Polymers From Renewable Monomers

J. Mosnáček*, M. Gurská, A. Eckstein, G. Zain, S. Lenka, J. Kollár, M. M. Puzhakkalakath, M. Danko,
K. Mosnáčková, F. Pippig

1Polymer Institute of the Slovak Academy of Sciences, 845 41 Bratislava, Slovakia
*  jaroslav.mosnacek@savba.sk

In recent years, there is increasing demand for polymer materials from renewable sources, i.e. biomass. It 
is related to the high global consumption of materials based on fossil resources, which are non-renewable, 
their quantity is limited and they are not environmentally friendly. One of the effective alternatives for 
creating new polymer materials is the use of renewable raw materials. The biomass is a source of a wide 
range of compounds that are either themselves suitable monomers or their derivatives are potential 
monomers for polymer chain formation. Some of the polymers can possess convenient chemical-
mechanical properties, thanks to which they can able to replace synthetic polymers from fossil sources. 
One group of the potential monomers are furan-based compounds that contain a suitable functional group
for polymerization. The most frequently used are furfural and 5-hydroxymethylfurfural. The advantage of 
furfural is its preparation from agricultural and forest waste, which consists in the acid-catalyzed 
dehydration reaction of aldoses or ketosis.[1] α-Methylene-γ-butyrolactone (MBL), known also as a 
Tulipalin A is an additional type of renewable monomer, and has already successfully been polymerized by 
various polymerizations.[2]
One part of our work deals with the preparation of three furan derivatives, which have potential to be 
used in the synthesis of functional polymers. These compounds represent monomers obtained from 
biomass as a result of the derivatization of 5-(hydroxymethyl)-furfural. Two polymerization techniques 
were chosen for the polymerization of these derivatives, atom transfer polymerization, ATRP, and nitroxide
mediated polymerization, NMP. The derivatives containing vinyl or (meth)acrylate groups were 
homopolymerized or copolymerized using these polymerization techniques with the aim to prepare 
functional polymer with controlled molar mass and narrow distribution of molar masses (low dispersity).
Second part of our work deals with the synthesis of various functional polymers from Tulipalin A and its 
derivatives. Thus, superabsorbent hydrogels, polymeric particles, amphiphilic polymers, polyesters as well 
as polyamidoamines were prepared. In addition, the amine groups at the polyamidoamines chain ends can 
be extended by reaction with 2,5-furandicarboxaldehyde.
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High Rate Uniaxial and Cyclic Multiaxial Testing of Polymer Lattice
Structures

Z. Major  1  *, Anna Hössinger Kalteis1 and Michael Lackner1 

1Institute of Polymer Product Engineering, Linz, Austria
Johannes Kepler University Linz

*Corresponding Author zoltan.major@jku.at

Abstract. A  wide  variety  of  lattice  structures  can  be  designed  and  fabricated  by  additive
manufacturing of polymeric materials. Complex components with sufficient stiffness, strength and
surface quality can be manufactured by selective laser sintering using PA12 and TPU grades. To
cope with  design  challenges  of  polymeric  lattice  structures  a  comprehensive  test  program was
developed and implemented in a Horizon research a project (MOAMMM, FET Open, 2021-2024).
The main parts of this test program are sown in figure 1. 

Fig. 1:  Overview of the specimen configurations and test methods

The two main highlights of the material testing are:
 Uniaxial compression tests were performed over a wide loading rate range (up to about

30°m/s) to characterize the loading rate dependent yield and post-yield behavior .
 The combined effect of anisotropy and multiaxial loading (axial, torsional and combined

axial/torsional) was characterized under both monotonic and cyclic loading conditions. A
multiaxial strength/fatigue-map was designed and plotted for the materials investigated.
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GRADIENT COPOLYMERIZATION-INDUCED SELF-ASSEMBLY: FROM
MONOMERS TO NANOPARTICLES IN A SINGLE STEP 

ONDREJ SEDLACEK1

1Department of Physical and Macromolecular Chemistry, Faculty of Science, Charles University, 128 40
Prague 2, Czech Republic-Email: sedlacek@natur.cuni.cz

Polymerization-induced self-assembly (PISA) has established itself as a versatile strategy for the
one-pot fabrication of polymer nanoparticles, enabling high solid contents and minimizing the
need  for  extensive  post-polymerization  processing.1 Through  the  in  situ  generation  of
amphiphilic  copolymers,  PISA  efficiently  produces  stable  nanostructures  with  controllable
morphologies and tailored properties.

In this work, we explore the integration of PISA with gradient copolymerization to achieve the
single-step  synthesis  of  amphiphilic  nanoparticles.  Leveraging  monomers  with  contrasting
reactivities and solubility profiles, we steer the formation of gradient copolymer architectures
that spontaneously assemble into stable nanoparticle dispersions. Three systems are highlighted.
First, an aqueous gradient PISA approach yields highly responsive  19F MRI nanotracers from
N,N-(2,2,2-trifluoroethyl)acrylamide  and  hydrophilic  poly(ethylene  glycol)  methyl  ether
methacrylate,  exhibiting  enhanced  relaxivity  and  strong  potential  for  diagnostic  imaging.2

Second,  a  RAFT/MADIX-mediated  statistical  emulsion  copolymerization  of  N,N-
dimethylacrylamide and vinyl acetate results in surfactant-free latex nanoparticles,  where the
emulsion conditions significantly boost polymerization rates and impact morphology, leading to
block-like  structures  despite  a  gradient-feed  strategy.  Finally,  cationic  ring-opening
polymerization in dodecane enables the synthesis of poly(2-oxazoline) nanoparticles across both
block and gradient configurations.3 This CROPISA method also facilitates formulations suitable
for applications such as Pickering emulsion stabilization. Collectively, these examples showcase
the versatility of gradient copolymerization-induced self-assembly, offering efficient pathways to
sophisticated polymer nanomaterials for a wide range of applications.
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Bicontinuous nanophasic amphiphilic conetworks as intelligent drug
release matrices and nanoreactors for novel nanohybrids

Béla Iván1*, Áron Bajcsi1, Eszter Budai1, Csaba Fodor1, Márton Haraszti1, Dániel Kalocsai1, 
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Undoubtedly, multicomponent polymer architectures have gained significant interest over the years due to
their special properties and to the large variety of application possibilities. Among such macromolecular
materials,  polymer  conetworks,  especially  amphiphilic  conetworks  (APCNs),  composed  of  chemically
(covalently)  bonded hydrophilic  and  hydrophobic  polymer  chains,  belong  to  a  special  class  of  rapidly
emerging nanostructured materials with various unique structural features and characteristics (see e.g.
Refs. 1-7 and references therein). Because of the immiscibility of the components, the synthesis of such
macromolecular assemblies is quite challenging. Several successful synthetic routes have recently been
developed by us, including various protection-deprotection schemes. Unique bicontinuous (cocontinuous)
nanophase separated morphology exists in APCNs in a broad composition window with domain sizes in the
range of  ̴2-30 nm. This provides unprecedented possibilities to obtain various new specialty intelligent
(smart, responsive) and organic solvent selective superabsorbent poly(ionic liquid) conetwork gels, and
catalytically active organic-inorganic nanohybrids by applying one of the nanophases as nanoreactor. The
resulting novel materials have a variety of high value-added potential applications from intelligent drug
delivery to antibacterial biomaterials, nanocatalysis, photonics, energy and environment protection related
materials, sensors, and specialty superabsorbents etc.
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Entropy diluent in polymer crystals and blends
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Over the pase century,  significant progress has been made in understanding the properties of
polymers and this progress has been driven by innovative synthetic techniques, precise experimentation,
and profound physical insight. However, despite the widespread approaches with enthalpic perspective,
such as tailoring chemical structures and controlling molecular interactions, there has been little active
effort to exploit polymer properties by manipulating entropy.

In this presentation, we will explore the role and importance of entropy control in various studies
of polymer properties, such as crystallization, blending, and phase transition with the case of the novel
concept named “entropy diluent” substantially decrease the conformation entropy of polymer chains. For
example, atatactic poly(methyl methacrylate) (PMMA) was successfully crystallized into 1D hypo-crystals
whose polymer chains  are  laterally  oriented and closely  packed in one direction perpenticular  to  the
molecular  axis.  Also,  straightforward prepartion method suppressing  phase separation of  incompatible
polymer blends, such as polystyrene (PS)/PMMA,  to the level of indistinguishable dynamic heterogeneity.

Figure 1. DSC thermograms of (a) 1D hc-PMMA and (b) PS/PMMABA: inset in panel (a) shows polarized optical microscopy image of 1D hc-PMMA
film and in panel (b) represents polarized FT-IR mapping images of PS/PMMA (left image) and PS/PMMABA (right image).

Keywords: entropy diluent, 1D hypo-crystals, polymer blends
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Effect of epoxy-metal interphase development on debonding kinetics of
advanced laminates

Gernot Wallner, Gary Säckl, Gabriel Riedl, David Stifter
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Hybrid  metal  laminates  are  of  high relevance  for  renewable  energy  technologies  such  as  wind  power
generators,  electric  engines  or  transformers.  Especially  for  electrical  steel  stacks,  waterborne  epoxy
coatings cured with the latent curing agent dicyandiamide (DICY) are well-established. As evidenced in
previous studies for electrical steel laminates, chemical interactions take place already during coating of
waterborne epoxy varnishes onto the metal substrate. The main objective of this study was to evaluate
waterborne epoxy/metal interactions on a fundamental and more comprehensive level. Pure metals such
as Sn, Ti, Fe, Al, Zn or Mg with oxide or hydroxide passsivation layers differing in their isoelectric point (IEP)
were considered. While Sn is chracterized by a rather acidic oxide, MgOH is classified as alkaline. First, the
pure metal sheets were immersed in a boiling solution of DICY in water. The lower the IEP, the higher was
the  amount  of  protonated  amine at  the surface.  Vice  versa,  high  IEP  metals  revealed  an pronounced
formation of imine species. Second, epoxy coated metal sheets were investigated. The coated metal was
cryo-ultra-low-angle-microtomed (cryo-ULAM) and characterized by  XPS.  At  the epoxy/metal  interface,
reaction products were detected which were in agreement with the immersion test.  Moreover,  it  was
confirmed that especially alkaline metal oxides are prone to release metal ions migrating into the epoxy
coating. Metal complexes were discrnible within the bulk, but also on the surface of the few microns thin
epoxy  coating.  Finally,  the  effect  of  the  IEP  of  the substrate  on  the  crack  growth  kinetics  of  bonded
laminates was assessed by cyclic fatigue tests on double cantilever beam specimen. The higher the IEP of
the metal substrate, the slower was the crack growth rate in the stable crack growth regime and the higher
was  the strain  energy  release rate  in  the  threshold  regime.  Overall,  this  study  clearly  confirmed that
chemical interactions are taking place during manufacturing of waterborne epoxy/metal laminates, which
have a significant impact on the adherence and the crack growth resistance [1].

Fig. 1: Effect of the isoelectric point of a metal oxide on the formation of DICY reaction products (a) after immersion in a solution of DICY in
water, and (b) in epoxy coatings on metal substrates, and (c) on the fatigue debonding kinetics of epxy/metal laminates.
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Crystallization and Recrystallization of PB-1: Impact of Sorbitol-Based
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Polybut-1-ene (PB-1) is semicrystalline polymer interesting for its polymorphic nature, undergoing phase
transitions  between  different  crystalline  forms  over  time.  Initially,  PB-1  crystallizes  into  a  kinetically
preferred  tetragonal  phase  (phase  II),  which  gradually  transforms  into  the  thermodynamically  stable
hexagonal phase (phase I), especially under ambient conditions [e.g. 1]. This transition is of great interest
due  to  its  impact  on  material  properties,  e.g.  mechanical  strength  or  long-term  stability.  A  deeper
understanding of the crystallization and recrystallization kinetics of PB-1 is thus essential for optimizing
processing conditions and enhancing their performance in practical applications.
The  work  is  focused  on  crystallization  and  recrystallization  of  PB-1  homopolymer  and  random  PB-1
copolymer with low content of ethylene. The effect of the addition of nucleating agent (NA) 1,2,3,4-bis(3,4-
dimethylbenzylidene)  sorbitol,  commercial  clarifying  agent  designed  primarily  for  polypropylene  (PP),
Millad 3988, on the crystallization and subsequent recrystallization is studied, particularly in relation to the
kinetics of the process [2]. The NA was applied in two common concentrations 0.2 and 0.6 wt. %. The
recrystallization  from tetragonal  phase  II  into  hexagonal  phase  I  in  defined  times  of  ageing  at  room
temperature was characterized by spectrophotometry, wide-angle X-ray scattering (WAXS) and differential
scanning  calorimetry  (DSC).  The  structure  was  also  obserd  via  polarized  light  and  scannning  electron
microscopes.
It was found, that NA Millad 3988 is effective, particularly for the copolymer. The addition of 0.2 wt. %
significantly increases the crystallization temperature, and, at the same time, narrows the crystallization
peak. On the other hand, the haze increased dramatically in PB-1/NA systems. Thus, the NA used does not
act as a clarifying agent and a two-phase system is formed. Under the given sample preparation conditions,
NA did not form an organogel leading to a decrease in transparency as is commonly done in PP. It was
found  that  at  a  concentration  of  0.2  wt.%  dissolution  of  NA  in  PB-1  does  occur,  but  the  melting
temperature is crucial. As the temperature increases, the solubility also increases. The dissolved nucleating
agent, however, was found to form rod-shaped crystals with a diameter of about 1 m on cooling. These
cause nucleation of PB-1. WAXS analysis revealed that NA accelerates recrystallization from phase II to I in
homopolymer.  In the case of  the copolymer,  the effect of  NA is  not as pronounced,  however,  it  also
interferes with the recrystallization process.
According to results, it can be confirmed that the addition of commercial NA Millad 3988 has a significant
effect on the crystallization and recrystallization behavior of both the PB-1 homopolymer and the PB-1
copolymer,  even at  a  concentration  of  0.2  wt.%.  Millad  3988  very  significantly  increases  the  rate  of
crystallization  in  copolymer  while  it  considerably  accelerates  the  recrystallization  of  homopolymer.
However, the crystallization process may be affected by the solubility of NA in PB-1 melt at high processing
(melt) temperatures at such low concentrations. 
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Sustainable PFAS-free Binder for High-Energy Lithium-Ion Batteries
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Climate change and the energy transition require a sustainable energy supply. Besides the green 
generation of energy, its storage is crucial for economic and social development. Research and industry 
demonstrate that high-energy lithium-ion batteries (LIB) represent the key technology toward a 
sustainable future. 
The LIB constitutes a very complex system due to the interaction of many materials working together to 
create a well-working device. Considering the cathode, it consists of a current collector made from 
aluminum foil coated with a mixture of the active lithium transition metal oxide (Ni, Mn, Co) and 
electrically conducting carbon black. This cathode is soaked in electrolyte and is connected to a 
polyethylene foil that serves as the separator (Figure 1a). This composite electrode is held together by a 
polymeric binder that ensures intensive contact between all components and maintains mechanical 
integrity. Currently, fluorinated polymers are used as binders in lithium-ion batteries, which require 
hazardous per- and polyfluorinated chemicals (PFAS) and toxic solvents as processing aids.
Herein, a sustainable approach to the energy storage sector is presented, encompassing a holistic view of 
the value chain, achieved with polymeric surfactants derived from 11-acrylamidoundecanoic acid [1]. The 
materials developed facilitate the production of PFAS-free batteries, with the primary raw material sourced
from the renewable resource, castor oil (Figure 1b). Enhanced adhesion and flexibility result in a longer 
battery service life, and the salt character provides the polymer with ionic conductivity, along with the 
option to process the cathodes in water and utilize a water-based recycling process.  Thus, elements with 
limited availability, such as Li, Ni, Mn, and Co, can be recovered in an energy-efficient and environmentally 
friendly manner. Due to the pH-dependent solubility of the polymers, it can be recovered as well. The 
binder was also shown to work with other battery systems based on sodium or potassium.

Figure 1. Schematic representation of the components and operating principle of a lithium-ion battery (a) 
and the castor oil-related monomer as the basis of the sustainable polymeric binder (b).

Keywords: PFAS-free, sustainable energy materials, polymeric surfactant, polyelectrolyte
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Ionic Liquids: A powerful Toolbox for the design of multifonctional
polymer materials

Sébastien Livi1*, Léa Simonnet1, Jean-François Gerard1, Jannick Duchet-Rumeau1

1 Universite Claude Bernard Lyon 1, INSA Lyon, Université Jean Monnet, CNRS UMR 5223, Ingénierie des
Matériaux Polymères, F-69621 Villeurbanne Cédex, France 

*sebastien.livi@insa-lyon.fr

Nowadays,  advanced  polymer  materials  are  at  the  forefront  of  tackling  global  challenges  such  as
environmental issues while pursuing research into high-performance materials. Thus, the development of
new synthetic methods is critical  for designing innovative polymer materials and proposing sustainable
solutions to meet the requirements of the circular economy, i.e. to be sustainable, reusable, and recyclable.
Scientists must thus propose through a  'Functional materials by design' approach to develop molecular
brick platforms or additives allowing the integration at the molecular scale of the required functions in the
initial synthesis steps. Simultaneously, scientists must think to the End-of-Life of these functional materials
by the concept ‘design to recycle’ or ‘design to degrade’ , to be reused in a closed loop supply chain. In fact,
the unique properties of ionic liquids (ILs), such as their high thermal stability, low vapor pressure, non-
flammability, and hydrophobic behaviour make them promising candidates for the development of a new
generation of polymer materials with enhanced properties [1-4] as well as solvents greening the chemical
recycling  of  thermoplastics.  Recently,  our  laboratory  has  designed  a  new  generation  of  more
environmentally friendly, i.e. reusable and/or degradable epoxy-amine and epoxy-anhydride networks by
using ILs leading to networks with Tg included between 60 °C to 200 °C combining good thermomechanical
and mechanical  properties.  In other  side,  ionic  liquid  and a deep eutectic solvent (DES)  were used to
compatibilize polymer blends based on PBSA/PHB (80/20). Thus, we have demonstrated that the addition
of a small amount of these interfacial agents simultaneously led to a considerable improvement in the
mechanical performances of the blends. In terms of thermal stability, the use of ILs and DES stabilized the
PBSA/PHB  blend  and  retarded  its  thermal  degradation  (+  100  °C),  Moreover,  the  oxygen  and  water
permeability were also investigated confirming that the synergistic effect of these additives with the PHB
inducing  a  significant  reduction  in  permeability  and  increasing  the  degradability  of  the  corresponding
polymer blends. In summary, Ionic Liquids are a promising additives to design fnctional polymer materials
with high performances.

Keywords: Ionic Lquids, Degradable networks, Polymer blends, Chemical recycling

Acknowledgments
Ce travail a bénéficié d'une aide de l'Etat gérée par l'Agence Nationale de la Recherche au titre de France
2030 portant la référence ANR-22-PERE-0005 du projet RECYCOMP de l'Axe Matériaux Composites. This
work benefited from State aid managed by the National Research Agency under France 2030 bearing the
reference ANR-22-PERE-0005 of the RECYCOMP project of the Composite Materials Axis. 

References
[1] S Livi, J Baudoux, J Duchet-Rumeau, JF Gérard, Ionic Liquids : A Versatile Platform for the Design of a 
Multifunctional Epoxy Networks 2.0 Generation, Progress in Polymer Science, 132, 101581 (2022).
[2] G. Perli, C.Y. Okada, J-F. Gerard, J. Duchet-Rumeau, S. Livi, Design for disassembly of composites and thermoset by 
using cleavable ionic liquid monomers as molecular building blocks, Composites Part B: Engineering, 264, 110899 
(2023).
[3] Z Bensalem, H Chabane, HS Ababsa, A Mekki, S Livi, Ionic Liquids versus Deep Eutectic Solvent: A Tunable Platform 
for the Design of Biopolymer Blends, ACS Sustainable Chem. Eng. 2024, 12, 3, 1309–1319, (2024).
[4] H. Chabane, Z Bensalem, HS Ababsa, A Mekki, S Livi, Polyhedral Oligomeric Silsesquioxane-Supported Ionic Liquid 
as Platform for Designing Sustainable PBSA Nanocomposites, ACS Sustainable Chem. Eng. 2024, 12, 40, 14784–14794 
(2024).

Invited lectures 

PM16 23



Advanced Erbium-Polyaniline Quantum Dots Composites for Next-
Generation Energy Storage

Elena Tomsik  *  ,   Marwa Ennouri

Institute of Macromolecular Chemistry CAS, Heyrovského nám. 2, 162 00 Prague, Czech Republic
*Corresponding Author’s E-mail address tomsik@imc.cas.cz

Simultaneous  harvesting  of  sunlight  and  storing  its  energy  in  optoelectronic  devices  is  a  scientific
challenge. The current work pursues two main goals: 1) to understand the interaction of erbium ions with
stable PANI quantum dots (8 nm), obtained by acid-assisted polymerization method, and 2) to investigate
the potential application of Er-PANI:PSS composite as a next-generation energy storage system. Stable
PANI quantum dots of 8 nm size are obtained by the acid-assisted polymerization method for the first time.
These nanoparticles were further stabilized by PSS and decorated with erbium ions. FTIR and XPS analyses
confirm that no direct erbium-PANI coordination is observed; nevertheless, PANI is likely present in the
second coordination sphere of the erbium complex, potentially enabling energy transfer between the PANI
π-system and Er3+ ions.  CV and LSV measurements show that the incorporation of  Er³⁺  ions into the
composite leads to a marked improvement in electrochemical performance. A further enhancement in
areal  current  was  achieved  under  light  irradiation,  particularly  when  using  a  655  nm  LED,  which
corresponds  to  one  of  the  most  intense  regions  of  the  solar  spectrum.  This  enhancement  in
electrochemical  performance  directly  translates  to  a  significant  increase  in  specific  capacitance;  the
pristine  PANI:PSS  suspension  exhibited  an  areal  capacitance  of  47.2  mF/cm²,  which  increased  to  183
mF/cm²  upon  Erbium  addition  and  reached  299  mF/cm²  under  light  irradiation  of  the  composite
suspension (Figure 1).1 

Figure 1. Areal capacitance of different systems, calculated from CV.

Keywords: Polyaniline Quantum Dots, Energy Materials, Erbium Ions.
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Chemical recycling of polyurethane foams 
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The global production of  plastics has risen sharply from two million tonnes in 1950 to 450 million tonnes today,
because plastic is  a light, cheap and versatile material and is therefore used in many areas, from construction and
household to medicine, packaging, etc. At present, not all plastic waste can be recycled, incinerated or landfilled, so
more and more of it ends up in the environment, which has become a problem of our society. For this reason, there is a
strong focus on improving the recycling rate of plastic waste. So far, mechanical recycling of plastic waste is the most
developed, but it is not suitable for all types of plastic. An alternative to mechanical recycling is chemical recycling,
which enables the production of raw materials that can be used as substitutes for petrochemicals. 

The presentation will focuse on the chemical recycling of polyurethane (PU) foams, which have a cross-linked structure
and are therefore not suitable for mechanical recycling. PU foams can be chemically degraded by different metods
(glycolysis, hydrolysis, aminolysis, hydrogenolysis, amonolysis) to recover polyether polyols [13]. In this presentation
we will discuss the advantages and disadvantages of the individual recycling methods for PU foams. 
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Tuning the properties of Polyethylene by catalyst and comonomer
design

C. Paulik  1  *, L. Göpperl1

1Institute for Chemical Technology of Organic Materials, Johannes Kepler University, Linz, Austria
*   christian.paulik@jku.at   

Ziegler-Natta (ZN) based co-polymerization processes for the production of linear low-density polyethylene
(LLDPE) generally give rise to a non-uniform incorporation distribution of the comonomer. The comonomer
is  incorporated  predominantly  in  lower  molecular  weight  fractions,  while  the  incorporation  of  the
comonomer decreases towards higher molecular weight fractions. This puts ZN based LLDPE polymers at a
disadvantage compared to polymers made by metallocene catalysts, which have a much more uniform
incorporation distribution.
By adjusting the synthesis protocol of ZN catalyst peparation, e.g. by lowering the titanation temperature
during,  the  comonomer  incorporation  behavior  can  be  adjusted.  However,  polymerization  process
parameters  also  affect  the  resulting  incorporation  distribution.  A  targeted  selection  of  the  process
conditions polymerization temperature, type and amount of comonomer can be used to influence the
properties of the later LLDPE. [1, 2]

Keywords: Polymerization, Polyethylene, Ziegler-Natta catalysis
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Thermally Conductive Shape Memory Polymer Composites Filled with
Boron Nitride for Heat Management in Electrical Insulation

Andrzej Rybak

ABB Corporate Technology Center, Krakow, Poland
*andrzej.rybak@pl.abb.com

The evaluation of a possible application of functional shrinkable materials in thermally conductive electrical
insulation elements was investigated. The effectiveness of an electron beam and gamma radiation on the
crosslinking  of  a  selected  high  density  polyethylene  grade  was  analyzed,  both  qualitatively  and
quantitatively.  The  crosslinked  polymer  composites  filled  with  ceramic  particles  were  successfully
fabricated and tested. On the basis of the performed investigation, it was concluded that the selected filler,
namely a boron nitride powder, is suitable for the preparation of the crosslinked polymer composites with
enhanced thermal conductivity. The shape memory effect was fully observed in the crosslinked samples
with a recovery factor  reaching nearly  99% [1].  There was no significant influence of  the crosslinking,
stretching, and recovery of the polymer composite during shape memory phenomenon on the value of
thermal conductivity. The proposed boron nitride filled polyethylene composite subjected to crosslinking is
a promising candidate for  fabrication of  thermally  shrinkable  material  with  enhanced heat  dissipation
functionality for application as electrically insulating components.

Thermal conductivity values measured perpendicularly to injection molding direction for samples with different content of the BN filler: 0, 35,
and 55 wt.%. Results are shown for reference pristine samples and samples after testing shape memory effect. Bars with standard deviation are

indicated for each type of specimen.

Keywords: shape memory; polymer composites; thermally shrinkable materials; thermal conductivity;
electrical insulation
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Polypeptide-Based Hybrid Block Copolymer Synthesis by Ring-Opening
Polymerization

D. Pahovnik,* U. Češarek, E. Žagar

Department of Polymer Chemistry and Technology, National Institute of Chemistry, Hajdrihova 19, 1000
Ljubljana, Slovenia

*david.pahovnik@ki.si

Ring-opening polymerization (ROP) of heterocyclic monomers such as lactones, lactides, epoxides and α-
amino acid  N-carboxyanhydrides (NCAs) is  an invaluable tool  for the preparation of  biocompatible and
(bio)degradable polymers in a controlled manner. Since polyesters/polyethers prepared by ROP propagate
through hydroxyl group, which is a slow initiating group for ROP of NCAs, the synthesis of polypeptide-
based hybrid block copolymers usually requires multi-step reactions. To overcome the issue of slow NCA
initiation by the hydroxyl group, we separated the slow initiation from the fast propagation and performed
them sequentially instead. The developed method has been successfully applied for the synthesis of block
copolymers using hydroxyl-terminated macroinitiators [1]  and for the one-pot sequential ROP of cyclic
esters  or  carbonates  and  NCA,  which  differ  not  only  in  their  reactivity  but  also  in  the  type  of  the
propagating species [2]. While the developed synthetic approach enables the preparation of linear hybrid
block  copolymers,  the  synthesis  of  more  complex  polymer  architectures  such  as  miktoarm  stars  still
requires the use of protecting groups, as the coexistence of different functional groups is unavoidable. We
have developed synthetic approaches for the preparation of amphiphilic miktoarm star block copolymers to
investigate how the architecture of the block copolymers influences their self-assembly. We have prepared
AB2-type amphiphilic miktoarm stars consisting of one hydrophilic arm (A) and two hydrophobic arms (B) to
mimic the structure of lipids. We used a heterofunctional core as a multifunctional initiator to prepare the
miktoarm stars. The hydroxyl group of the initiator was used to initiate the ring-opening polymerization
(ROP) of trimethylene carbonate (TMC) or propylene oxide (PO) to form the hydrophobic arms B, while the
hydrophilic block A was prepared by ROP of sarcosine NCA using the amine group for ROP initiation. To
selectively  initiate  ROP,  the  amine  group  of  the  heterofunctional  core  was  protected  with  a  suitable
protecting group. While carbamate-based protecting groups such as Boc and Cbz are compatible with the
catalytic  systems  used  for  TMC  polymerization,  the  incorporation  of  primary  amine  functionality  into
polyethers is more challenging due to the harsher conditions usually employed for ROP of epoxides. To
overcome this challenge, we used a two-component Lewis acid-excess organocatalytic system that triggers
efficient anionic ROP of epoxides while preserving the integrity of carbamate protection [3]. Despite the
higher intrinsic acidity of the carbamate group compared to the hydroxyl group, it is not competitive in
both deprotonation and ring-opening steps. This is due to the acidity-reversing effect of the catalyst, which
allows site-specific ethoxylation to proceed exclusively from the hydroxyl group.
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New avenues for multi-material 3D printing
in light-based additive manufacturing

Katharina Ehrmann

Additive Manufacturing Team at TU Wien, Wien, Austria

Light-based  additive  manufacturing  (3D  printing)  typically  relies  on  radical
photopolymerization  utilizing  (meth)acrylates  or  thiol-ene  monomers.  Thus,
printing  of  functional  polymers  is  usually  based  on  mimicking  conventional
functional polymers. In contrast to this mimicry approach, we utilize the largely
untapped potential of diversifying the printing parameters such as temperature,
light  intensity  and light  colour  to.  This  allows unprecedented diversity  in  the
chemistries utilized for 3D printing and even unlocks multi-material 3D printing
within one step, for which first examples will be presented. 
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Synthesis of star-shaped poly(n-hexyl isocyanate) homopolymers via
coordination polymerization and core-first methodology using half-

titanocene alkoxy complexes 

Evangelos Apostolakis, Marinos Pitsikalis*

National and Kapodistrian University of Athens, Chemistry Department, Panepistimiopolis Zografou, 15771
* pitsikalis@chem.uoa.gr

In  this  work,  the  synthesis  and  characterization  of  star-shaped  poly(n-hexyl  isocyanate),  PHIC,
homopolymers with three, four, six, and eight arms are presented. The polymers were synthesized via the
core-first methodology, utilizing tri-, tetra-, hexa-, and octa-functional half-titanocene alkoxy complexes as
coordination polymerization multifunctional initiators. These complexes served as the cores, from which
the PHIC chains were grown, leading to the formation of star-shaped structures with precise arm numbers.
The following scheme shows the synthesis of the tetra-functional half-titanocene complex employed for
the preparation of the 4-arm PHIC stars. A significant challenge was the synthesis of the multi-functional
half-titanocene alkoxy complexes, as severe solubility issues emerged between the ligands and the primary
complex  [(η5-C5H5)TiCl3].  Overcoming  these  solubility  problems between these  various  ligands  and  the
primary complex required extensive optimization of the experimental parameters, making the synthesis of
the  initiators  particularly  demanding.  The  resulting  star-shaped  PHIC  homopolymers  were  thoroughly
characterized using various techniques. Size exclusion chromatography (SEC), was employed for the study
of their molecular characteristics, NMR spectroscopy to verify their star-structure as well as the purity of
the half-titanocene alkoxy complexes. Additionally, viscosity measurements were performed to determine
the intrinsic viscosity of the polymers. This information, in combination with the average molecular weight
of the star homopolymers from static light scattering (SLS) measurements, provided valuable data leading
to the calculation of the number of branches of the star-shaped polymers.
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Scheme. Synthesis of the tetra-functional half-titanocene complex employed for the preparation of 4-arm PHIC stars
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Stability of Organic Solar Cells
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Organic solar cells can be manufactured in efficient and low cost roll-to-roll processes and have reached
power conversion efficiencies above 20%. Especially the development of non-fullerene acceptors has led to
remarkable  improvements  of  the  OPV  efficiencies.  The  last  essential  issue  to  be  solved  before  the
technology can be commercialized on a GW scale, is the still moderate stability of OPV limiting the lifetime
to a few years. Thus, within this work, we summarize our investigations on polymer/non-fullerene acceptor
organic solar cells (OSCs).
OSCs  consists  of  a  combination  of  two  organic  semiconductors,  an  electron-donating  semiconductor
(donor) and an electron-accepting semiconductor (acceptor) with shifted HOMO-LUMO values, arranged
either in a bilayer heterojunction or in a bulk heterojunction (inter-penetrating network). The active layer is
thereby contacted by selective transport layers and subsequent electrodes. Upon absorption of a photon,
excitons (electron-hole pairs) are formed, separated into free charge carriers at the interface via electron
transfer (redox-reaction) and the free charge carriers are extracted via the transport layers and electrodes.
Stability  issues  may arise  from the intrinsic  (photo  and  photoelectrical)  stability  of  the  materials,  the
interactions between the materials as well as impurities.

In this contribution, we summarize the current status of organic solar cells and discuss our investigations
on different aspects on the OSC´s stability. 
The first issue is the photostability of the organic semiconductor as well as the charge transport layers,
which can be improved by a careful design of the materials. Secondly, we will discuss the incompatibilty of
several materials combinations, e.g. fluorinaated aryl compounds with aluminium electrodes, as this can
lead to a dehalogenation reaction and enrichment of fluoride at the interface to the electrode. 
Finally we will discuss the purity of organic semiconductors. Whereas purity is of utmost importance in
inorganic semiconductor industry, the type and amount of impurities are often not known at all in solution
processed OSCs. Thus we carried out a pyrolysis-gas chromatography - mass spectrometric  (GC-MS) study
on one of the most investigated OSC system PM6-Y6. 
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The potential of non-porous polymer membranes in downstream
separation processes 

Pavel Izák

Institute of Chemical Process Fundamentals of the AS CR, Rozvojová 135, 165 02 Prague 6, Czech Republic,
izak@icpf.cas.cz

This  talk  summarizes  results  and  also  the  potential  of  separation  of  fluids  through  nonporous
membranes. Two aproaches were selected for this stuidy ionic liquids membranes and thin film composite
(TFC) membranes. TFC have molecular-level sieving structures consisting of multiple layers of polymeric
materials.  The three-layer film configuration has the proper mechanical  stability  and high selectivity of
undesired materials to generate a high filtration rate [1]. The first (top) layer serves as a dense selective
barrier with a thickness of around 1 μm, which is made of polyamide that swells in water and make perm-
selective membrane [2]. Two other layers are thicker to ensure mechanical rigidity with higher porosity
than the top layer. A water-swollen spiral-wound membrane filter was used to separate CH 4 from two types
of feed streams: a synthetic binary mixture of CH4 and CO2 and raw agro-biogas. At a pressure of 3 bar of
the synthetic biogas, CH4 content increased from 52 vol% of the feed stream up to 98 vol% of the retentate
stream. Two filters aligned in parallel increased the recovery ratio by 8.5% from the single filter operation,
which is ascribed to doubling the biogas retention time in the parallel filters by bisecting the feed stream.
The water-swollen membrane technology developed in this study proved efficient in producing high-quality
biomethane and desulfurizing feed biogas. The retentate streams had a biomethane concentration of 95-98
vol% of pure CH4 and a low concentration of H2S of an order of 10 ppmv [3]. Experimental controlling
factors may include but are not limited to the feed flow rate, pressure, membrane properties, and module
configuration. More extensive experimental research, to be supported by theoretical analysis, is required to
further improve biomethane production using water-swollen membrane technology.

Keywords: non-porous membranes, ionic liquids, thin film composite membranes, flue gas, bio gas
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Outstanding PFAS Removal from Water Using Tailored Porous Polymers
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The persistence and toxicity  of  per-  and polyfluoroalkyl  substances  (PFAS)  in  water  systems remain a
critical environmental challenge, with increasing regulatory scrutiny and global efforts to phase out their
use.1 Conventional adsorbents  often fall  short  in balancing uptake capacity,  kinetics,  and reusability—
parameters essential for meaningful remediation.

In this work, we present a new class of hypercrosslinked polymer networks engineered to address these
limitations. The materials exhibit a maximum uptake capacity exceeding 1500 mg g⁻¹ for perfluorooctanoic
acid (PFOA, Figure 1), with complete adsorption achieved within one hour at low concentrations. They are
readily  synthesised from inexpensive precursors,  display excellent structural  and thermal  stability,  and
maintain  performance  over  multiple  regeneration  cycles.  Our  findings  offer  a  promising  platform  for
scalable  water  purification  technologies  and  contribute  to  the  broader  effort  of  designing  practical
materials for persistent pollutant removal.

Figure 1. (a) Maximum adsorption capacities, Qm, of our HCP adsorbents for PFOA. (e) PFOA adsorption capacity of our best-performing polymer
(red) compared with reported adsorbents from the literature (purple)

Keywords:  PFAS  remediation;  adsorption;  porous  organic  polymers;  water  purification;  persistent
pollutants
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Turning Liquids Solid: High Internal Phase Emulsions for Production of
Micromixers and Microreactors
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Emulsion templating – the use of W/O emulsions whose oil phase comprises monomers – has been known
as a technique for creating macroporous polymers for over 60 years but only received significantly more
attention  in  the  past  25  years.  Advantages  of  emulsion  templated  macroporous  polymers  include
significant permeability, simple control of porosity and ease of functionalisation. Little research has been
carried out  on  the  effect  of  polyHIPE  structures  on the  fluids  passing  through  it;  this  is  important  if
polyHIPEs are to find applications such as chemical reactors. In order to assess the potential of polyHIPEs
for  micromixing  of  fluids,  we  synthesised  model  poly(styrene-co-DVB)HIPEs,  which  were  post-
functionalised  by  hypercrosslinking  to  serve  as  catalyst  support  for  the  continuous  flow  synthesis  of
paracetamol. The post-functionalised polyHIPEs baring organophosphorus moieties had surface areas of up
to 500 m²/g. The phosphorus moieties act as catalyst anchor sites for the subsequent loading of Pd. We
demonstrate that Pd-loaded polyHIPEs are effective in reducing 4-nitrophenol to 4-aminophenol, achieving
turnover numbers of  ∼2,000. Such functionalised divinylbenzene-based polyHIPEs can be processed into
flow-cells and used for the creation of Plant-on-a-Bench as microreactor/mixer and extraction units for
continuous flow synthesis.
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Self-Assembly strucutres from block copolymers mediated by hydrogen
bonding interaction

Shiao-Wei Kuo
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Soft  materials  based  on  block  copolymers  that  exhibit  Archimedean  tiling  patterns  have  attracted
significant  interest  due  to  their  potential  applications  in  nanopatterning,  nanocomposites,  and  shape
selectivity.  Additionally,  researchers  have widely investigated the corresponding mesoporous materials
with Archimedean tiling from block copolymers as templates with high surface area and pore volume, or
tunable porosity with different length scales, in separation, energy storage, drug delivery, photo-catalysis,
photovoltaic solar cells, and chemical sensing. We highlight recent progress in constructing Archimedean
tiling patterns based on the creation of ordered structures from block copolymers by self-assembly through
hydrogen bonding interaction

Keywords: Self-Assembly, Block Copolymer, Hydrogen Bonding Interaction
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Synthesis of Functional (Co)Polymers Through the Post-Polymerization
Modification of Poly(2-Isopropenyl-2-Oxazoline) with Thiols
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The great  potential  of  poly(2-isopropenyl-2-oxazoline)  (PIPOx)  as  a  versatile  platform for  post-
polymerization  modifications  has  been  recently  realized.1,2 Well-defined  PIPOx  can  be  prepared  via
different polymerization methods from a commercial monomer,3 and the polymer features many favorable
characteristics,  including solubility in both water and organic solvents, thermal and hydrolytic stability,
non-cytotoxicity, biocompatibility, and immunomodulation and non-fouling properties. Importantly, PIPOx
provides  catalyst-  and  byproduct-free,  orthogonal  ring-opening  addition  reactions,  yielding  functional
poly(methacrylamide)s that find important applications, particularly in the biomedical field.2 However, until
recently, only relatively sluggish PIPOx reactions with carboxylic acids have been routinely exploited.

In this  contribution, we will  present the significant extension of the PIPOx post-polymerization
modification  platform  in  two  directions.  Firstly,  we  will  summarize  the  results  of  our  very  recent
comprehensive investigation of PIPOx reactivity with aliphatic and aromatic thiols, revealing that these
reactions are dramatically accelerated in water, affording high degrees of modification faster and/or under
milder reaction conditions than in organic solvents.4 Secondly, we will demonstrate for the first time that
the clean and rapid reaction with 2,3,4,5,6-pentafluorothiophenol transforms PIPOx into a highly reactive
precursor for efficient para-fluoro-thiol (PFT) click reactions.5 Within  both  these  directions,  we
evaluated in detail the reactivity of a wide range of commercially available thiols, showing that numerous
useful  functionalities (e.g.  charged groups, fluorescent tags, polymers, amino acids,  peptides...)  can be
easily introduced into the polymeric precursor in an orthogonal fashion while maintaining a high degree of
stoichiometric control over the composition of the final functional (co)polymer. These developments make
the PIPOx platform an ideal tool for precision synthesis of large functional (co)polymer libraries.

Scheme 1. Synthesis of functional poly(methacrylamides) via PIPOx modification with thiols. 
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Polymer-linked planetsatellite-type supracolloids: a versatile form of
responsive soft matter
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Planetsatellite-type supracolloids represent a form of soft matter in which coupling interactions can be 
engineered by adjusting interparticle spacing.[1] For many applications, a high number of strong coupling 
interactions and hence many interacting particles with short spacings are sought. This is the case for, e.g., 
plasmon−plasmon coupling interactions that create local “hot spots” with high electric field enhancement. 
Thus, applications that are near-field promoted, such as surface-enhanced Raman scattering, provide an 
example. However, such coupling scenarios are typically realized by particle linkers that form a dense 
surface layer and may impede access of molecules of interest – be they reactants or analytes – into the 
hot-spot sites. This presentation will highlight the usefulness of end-grafted polymer-molecule linkers in 
planetsatellite-type structures. These linking entities form a ligand layer that is not dense in a good 
solvent environment, thereby ensuring hot-spot accessibility; whereas the stimulus-responsive properties 
of that linker can be employed to actuate interparticle distances, thereby switching on the desired coupling
effect, Figure 1 [2].

Figure 1: Temperature-moderated hot-spot activation in polymer-linked gold/gold  planetsatellite 
nanostructures (figure is adapted from [2]).

Keywords: surface-grafted polymers, hybrid polymer/inorganic nanomaterials, responsive soft matter
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Pulsed Field Gradient NMR for Polymer Molecular Weight and
Functionalization Analysis with benchtop NMR

Hélène Freichels, Jürgen Kolz*, Federico Casanova
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The strength of Pulsed Field Gradient Nuclear Magnetic Resonance (PFG-NMR) lies in its ability to separate 
molecules by hydrodynamic radius while simultaneously resolving chemical structures. The latest 
generation of benchtop NMR systems offers these capabilities in a compact, user-friendly, and cost-
effective manner, making the technique a viable alternative to established methods like size exclusion 
chromatography.
In this study, benchtop PFG-NMR was employed for molecular weight (MW) determination using Diffusion-
Ordered Spectroscopy (DOSY) at 80 MHz. Self-diffusion coefficients (D) of polystyrene and polymethyl 
methacrylate standards in deuterated chloroform were measured and correlated with MW, achieving 
measurement times below 10 minutes—significantly improving throughput compared to Size-Exclusion 
Chromatography (SEC).
To assess accuracy, DOSY-derived MW values were validated against end-group analysis for 
polyphenylsulfone, demonstrating strong concordance. A similar validation for polysiloxanes further 
confirmed DOSY’s robustness for MW determination. Additionally, DOSY analysis of lignin revealed a well-
defined D-MW correlation, highlighting its applicability to both synthetic and natural polymers. Preliminary 
investigations on chitosan further support its relevance for biopolymer analysis.
Beyond MW determination, PFG-NMR was used to monitor end-group functionalization of poly(ε-
caprolactone) (PCL) via the Pulsed Field Gradient-Stimulated Echo (PGSTE) method. This approach 
effectively resolved reactants and functionalized polymer species, even in cases of spectral overlap, 
eliminating the need for extensive purification.
Benchtop PFG-NMR provides a compact, cryogen-free platform for rapid, solvent-flexible polymer 
characterization, offering a viable alternative to high-field NMR for both synthetic and natural 
macromolecules.

Keywords:  benchtop NMR, Pulsed Field Gradient

Plot of log(D) vs log(M) for PMMA (blue) and PS (orange)
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Dynamic light scattering from polymers: Fine tuning of the method

Petr Štěpánek
Institute of Macromolecular Chemistry CAS, Prague, Czech Republic 

Dynamic light scattering (DLS) has become a routine characterization technique used mostly for the size
determination of various objects in liquid dispersions. This contribution shall address various difficulties
and challenges encouneterd during measurement of more complex polymer systems, in particular:

1. Handling  of  "difficult"  samples  such  as  systems  containing  dust  or  large  particles,  systems
exhibiting multiple light scattering, superimposed diffusive and relaxation behavior of decay rate, systems
with a combination of weakly and strongly scattering objects, systems with multiple relaxation modes. The
techniques used are the software- and hardware-based dust filtering, subtraction method, multiangle data
analysis, 3-dimensional analysis of DLS correlation functions.

2. Applications of DLS to various complex systems such as internal dynamics of block copolymers in
solutions, collective diffusion in concentrated polymer solutions, DLS from polymers under zero-average
contrast  conditions,  critical  behavior  and  correlation  lengths  in  polymer  blends  and  in  bicontinuous
microemulsions,  density fluctuations in polymer melts,  and detection of undulation modes in polymer
systems with lamellar morphology.
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Online rheometry for monitoring polyester-cotton waste hydrolysis
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Polyester-cotton blends are a subfraction of textile waste that is difficult to recycle via traditional methods
for  the  singular  components.  Biocatalytic  degradation  of  the  cotton  offers  a  chance  to  regain  pure
polyester while providing glucose as a useful secondary product [1 ]. Reaction progress can be monitored
using refractive index (RI) or spectroscopic measurements of the glucose concentration. However, these
methods are influenced by the presence of contaminants [2,3] . The aim of this work is to investigate the
flow resistance of  the suspension  as  an  alternate  process  monitoring  method that  is  independent  of
present contaminants. Therefore, viscosity of the suspension was measured continuously while RI samples
were taken at fixed intervals. Viscosity decreases and RI increases over time, following power law behavior
and reaching a plateau after 24h. RI was used successfully to assess reaction progress for post-industrial
(homogenous) materials. However, for mixed post-consumer materials incorrect conversion results appear
even after adjusting for increased starting RI values. Viscosity measurements therefore offer a promising
alternative,  which may also be implemented cost-effectively  at  larger  scale by monitoring  of  impeller
torque.

Monitoring of viscosity and conversion (via glucose concentration) the hydrolysis of post-industrial and post-consumer textile waste 

Keywords: reaction monitoring, online measurement, flow behavior
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Biodegradable and bio-based aliphatic polyurethane foams
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Polyurethane (PUR) foams are, due to their high tunability and versatility, unambiguously the most globally
produced thermosets. However, conventional / commercial PUR foams based on aromatic polyisocyanate 
have relatively low resistance to abiotic photo-degradation. As a result, these materials are unsuitable for 
outdoor applications, where their mechanical disintegration occurs relatively easily with the formation of 
microplastics, or the production of toxic degradation products. For this reason, in recent years, there have 
been works that aim to prepare more environmentally friendly PUR foams that would be easier to recycle 
or willing to biodegrade without the formation of toxic decomposition products. 
In past, we have developed fully aliphatic PUR foams that show biodegradable behaviour in various 
environments [1,2]. Such kind of foams may find a number of applications, e.g. as matrices for biofiltration 
[3] or as porous carriers in wastewater treatment plants [4]. 
This contribution shows the influence of chemical composition, supramolecular arrangement and 
macroscopic properties (cell morphology and mechanical properties) on the degradation behaviour of fully 
aliphatic PUR foams. It is shown that to ensure sufficiently fast degradability and recycling via solvolysis of 
the PUR foams, it is necessary, in addition to choosing the appropriate structure of the starting monomers, 
to control the development of the supramolecular arrangement of the PUR network. The replacement of 
petrochemical raw materials with bio-based feedstocks and their influence on the final properties of PUR 
foams, their (bio)degradation behaviour and solvolysis are also discussed.

Keywords: polyurethane foam, biobased feedstock, biodegradation
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Formation and Characterization of Biobased Nanofibers from 
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The development of polymers from renewable resources is becoming a prominent area of interest for 
industry and academia. One of the most attracting renewable monomers is Tulipalin A - namely α-
methylene-γ butyrolactone (MBL) which is a fully renewable vinyl monomer found in tulips. MBL consists of 
a five-member ring with an oxygen and carbonyl group, possesses structural features similar to those of 
methyl methacrylate (MMA). MBL was already reported for preparation of thermoplastic elastomers[1], 
hydrogels[2], polyester with pendant double bonds[3]. Its functional groups have been also used for surface 
functionalization which open a new window for imparting new properties for different surfaces. Here, we 
show the transformation of PMBL to nanofibers by electrospinning technique. PMBL with different molar 
masses was first synthesized by photomediated atom transfer radical polymerization according to our 
reported study[4], then the obtained polymers were tested for electrospinning. PMBL with 55000 g/mole 
and Ð of 1.2 was found to form nanofibers in 40% DMF. PMBL of low molar mass was also found to form 
nanofibers when it was mixed with poly(caprolactone). The obtained fibers were characterized by FTIR and 
SEM. The mechanical properties and other analyses will be tested as well.   

  

Figure 1. PMBL nanofibers. 
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Why are polyesters so important for a sustainable future? Availability of bio-based monomers, mechanical
and chemical recyclability, as well as biodegradability are promising features in terms of sustainability. But
what can we do with polyesters? Since polyesters can be synthesized from numerous different monomers
their  physical,  mechanical,  and thermal properties strongly vary and can be finetuned to fulfill  certain
material requirements. Adding multifunctional monomers to the polyester structure allows crosslinking,
modifying hydrophilicity, or introducing chelating ligands. Due to their promising properties and versatility,
polyesters from mutlifunctional monomers are increasingly investigated although synthetic and analytical
challenges need to be tackled.

Research  on  the  trifunctional  monomer  dimethylolpropionic  acid  (Fig. 1)  revealed  that  mostly  linear
polyesters with pendant COOH groups are formed when choosing the right reaction partners [1]. Monomer
reactivities and miscibility in melt are crucial factors to identify successful synthesis procedures and obtain
materials with desired properties. A reactivity study on a series of monomers was carried out to facilitate
systematic investigations on multifunctional building blocks. Matching of suitable reaction components
and  conditions  becomes  significantly  easier  by  developing  a  powerful  toolbox  of  analytical  methods
focussing  on  NMR  spectroscopy  and  MALDI  mass  spectrometry  which  fundamentally  enhances  the
understanding of newly investigated functional polyesters.

Figure 1: Polyesters with pendant carboxylic acid groups are synthesized using dimethylolpropionic acid [1].
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Non-Isothermal Curing Kinetics of EVA, POE, and EPE Encapsulants for
PV Applications
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This  work presents  a  method to determine the non-isothermal  curing  kinetics  of  peroxide-crosslinking
ethylene  vinyl  acetate  copolymer  (EVA),  polyolefin  elastomer  (POE)  and  coextruded  multilayer
EVA/POE/EVA (EPE)  encapsulants.  The  curing  kinetics  were derived  from dynamic  mechanical  analysis
(DMA) in  plate-plate  configuration under isothermal  conditions,  following ICTAC recommendations [1].
DMA was performed from 125 to 150°C for EVA and POE, and from 140 to 160°C for EPE due to its higher
curing onset. Measurements were performed in 5°C increments. Conversion curves were obtained from
viscosity changes, and curing rates by numerical differentiation (s. Fig. 1, left). The kinetics were modelled
using a temperature dependent Arrhenius rate coefficient (s. Fig. 1, middle) and a rate model based on a
form of the Sestak-Berggren equation (s. Fig. 1, right). To evaluate the accuracy of the model, the initial
isothermal DMA data was fitted and a non-isothermal validation routine was performed. The curing model
showed a very high accuracy under both conditions. Using an integration-by-summation approach, the non-
isothermal curing process can be calculated by solely tracking temperature (Eq. 1).
All  encapsulants followed a similar reaction model, with peak curing rates near 30% conversion. While
activation  energies  were  comparable,  pre-exponential  factors  varied  notably.  EVA  cured  fastest,  POE
slowest and EPE was intermediate. Additionally, the model was further applied to predict the crosslinking
homogeneity in mini PV modules. Therefore, temperature was monitored at seven positions during vacuum
lamination. The fastest crosslinking was observed at the bottom glass, which was in direct contact with the
heated plate of the laminator. Interestingly, the slowest conversion was observed in the module center and
not at the topside glass. Presumably, this was related to the heat flux through the silicone membrane. 

Fig. 1: Conversion curves at and model fit at different temperatures (left), Fit of the Arrhenius rate model for EVA, POE and EPE (middle) and
the fitted reaction model (right)

(1)
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RTM6 Epoxy resin: An In-Situ Rheo-Raman Study of Curing Kinetics and
Dynamic Mechanical Analysis (DMA) of the Cured Material
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The kinetics of an RMT 6 epoxy resin and the thermo-mechanical properties of the finally cross-linked 
product were experimentally studied using an Anton Paar MCR 702 MultiDrive rheometer. In order to gain 
insights in the evolution of macroscopic rheological properties induced by chemical reactions within the 
sample material, the rheological measurements were coupled with in-situ Raman spectroscopy. The 
gelation-kinetics was further evaluated with a so-called Multiwave rheometry test. Accordingly, the 
WINTER-CHAMBON criterion was used to determine the sol/gel transition point [1]. For dynamic 
mechanical analysis of the cured component a linear drive module was added to the instrument. The 
combination of linear drive and rotational drive in one device allowed the characterization of thermal 
transitions using dynamic mechanical analysis (DMA) in two different deformation modes (torsion and 
bending). Two thermal events could be detected from the DMA test: the main glass transition temperature
and a sub-glass transition of the material [2]. Additionally, this unique experimental setup allows 
determining the complex Young’s modulus as well as shear modulus using a single specimen in a con-
tinuous measurement run over a wide temperature and frequency range. The instrument frame and air 
bearings are designed to provide outstandingly low radial and axial compliance at the same time, thus 
enabling the measurement of accurate modulus values in all testing modes.

Keywords:  DMA, Epoxy, Curing, Kinetics, Dynamic Mechanical Analysis
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From Theory to Devices: DFT-Driven Insights into Polyfullerene for
Designing Efficient Organic Photovoltaics Materials
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The  potential  for  organic  photovoltaics  (OPV)  to  become  a  key  energy  solution  relies  on  its
economic  viability,  which  is  closely  tied  to  efficiency,  manufacturing  costs,  weight,  scalability,  and—
critically—device lifetime. In this sense, polyfullerenes (PFs) have emerged as promising materials in this
field due to their unique ability to simultaneously improve efficiency, stability, and mechanical robustness
in  photovoltaic  devices  [1].  However,  to  fully  unlock  their  potential,  a  deep  understanding  of  their
electronic structure is essential. In this work, we employ density functional theory (DFT) in combination
with condensed-to-atoms Fukui  indexes  (CAFI)  to  provide  a  comprehensive  analysis  of  poly(fullerene)
systems.  While  conventional  DFT  provides  valuable  insights  into  the  electronic  structure,  the  CAFI
approach offers  an additional  layer  by highlighting nucleophilic  (ƒ⁺)  and electrophilic  (ƒ⁻)  regions,  thus
pinpointing the molecular sites most susceptible to electron donation or acceptance [2]. Identifying these
key sites enables the prediction of favorable charge transfer pathways, both between fullerene units and in
interactions with electron donor species.

By integrating this analysis with molecular electrostatic potential (MEP) mapping, we investigate
both "soft-soft" interactions (linked to frontier orbital deformations) and "hard-hard" interactions (related
to electrostatic behavior) [2]. This dual methodology allows us to predict reactivity patterns with potential
donor or acceptor species, identify favorable molecular orientations for charge transfer, and elucidate key
structure-property relationships essential for material  design. The interplay between orbital-driven and
electrostatic-driven interactions provides a detailed understanding of how the poly(fullerene)s participate
in charge transfer. Finally, this study establishes a robust framework for the rational design of advanced
OPV materials, demonstrating how targeted computational strategies can accelerate the development of
more efficient and durable organic photovoltaic-based devices.

Keywords: Polyfullerenes, Organic Photovoltaic Devices, Density Funcional Theory, Condensed-To-Atoms 
Fukui Indexes.
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A bio-sourced tool kit to defuse the Cr(VI) threat in wastewater
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The presence of chromium in waterbodies is a risk for human health and the environment.  Especially in tannery
operations chromium is still in use in relevant quantities. Polymeric adsorbents that can be used for the adsorption of
heavy metal ions from industrial effluents are often not biogenic. We investigated how to produce porous lignin-based
thermosets for the adsorption of heavy metal ions (chromium in our case) from water as a greener alternative. Amino-
functionalised (triethylenetetramine) porous lignin monoliths were produced by polymerizing an emulsion template
containing untreated kraft black liquor (as industrially produced) with oxirane-crosslinkers (green poxy and epichloro
hydrin). The adsorbents bare inherent chemical functionality for the adsorption/chemical binding of transition metal
ions due to  the use of  triethylenetetramine.  We tested our  material  for  removal  of  Cr(VI)  ions  from water and
simulated waste water. We found good adsorption of chromium ions, as well as the reduction of dangerous Cr(VI) to
harmless Cr(III) upon adsorption. The monoliths were tested in static and continuous adsorption experiments and
chromium removal from water and synthetic wastewater was quantified. The materials that we made incorporate
mostly bio-carbon due to the use of bio-sourced oxiranes together with lignin contained in black liquor. Only the
amine crosslinker is not biogenic. 

Keywords: Lignin, water purification, wastewater
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Characterisation of poly(lactic acid) self-reinforcement and its influence
on material morphology, crystallinity and properties
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Poly(lactic  acid)  (PLA)  is  a  bio-based,  biodegradable  material  that  has  shown  great  potential  as  an
alternative to fossil-based polymers. PLA is biocompatible and has favourable physico-chemical properties
(e.g.,  optical,  mechanical,  barrier)  that  are  comparable  to  those  of  synthetic,  commercially-available
polymers, with PLA already being used in biomedical, industrial and commercial applications. However, its
low thermal stability and low impact strength are disadvantageous for further technical applications [1]. 
The current study proposed a solvent-free methodology, using the PLA stereocomplex (PLA-SC) between
enantiomeric poly(D-lactic acid) (PDLA) and poly(L-lactic acid) (PLLA) to achieve material self-reinforcement.
The stereocomplexation is driven by the intermolecular hydrogen-bonding established between the −CH 3

and O=C groups of the single components. Due to the resulting compact domains, the stereocomplex has a
greater thermal stability than the PLA homopolymers [2]. The PLA-SC was produced in a 1:1 D/L ratio, post-
annealed, then incorporated in low amounts (1, 3, 5 wt.%) into PLA matrices of different optical purities,
i.e.,  D-isomer content. This compounding was done at three PLA-SC threshold melting temperatures, in
order  to  alter  the  strength  of  the internal  hydrogen-bonding  within  the  stereocomplex  crystallites  by
partially melting them. 
The influence of PLA-SC on crystallinity and morphology was investigated, in relation to mechanical and
rheological properties. An increase in crystallinity with the addition of PLA-SC was indicated by differential
scanning calorimetry (DSC) and confirmed by Raman spectroscopy for both matrices (PLLA and poly(D,L-
lactic acid) (PDLLA)).  The self-nucleation effect of the stereocomplex was remarked under the thermo-
optical microscope (POM), where the pellets were isothermally crystallised at 120 °C. An increase in the
percentage of PLA-SC resulted in a notable rise in the number of nuclei and an initial formation of bigger
semi-crystalline structures. Atomic force microscopy (AFM) measurements, further performed on the thin-
films  so-obtained  via  POM,  revealed  two  distinct  morphologies  correlated  to  the  crystallinity  trends
recorded, namely spherulites and shish-kebabs, the latter being known as flow-induced, oriented semi-
crystalline conformations. Rheology measurements showcased the effect of the stereocomplex stability on
the PLA behaviour under deformation, while mechanical tests showcased its effect on the PLA behaviour
under stress. The heat deflection temperatures (HDT) also registered an increase for both PDLLA and PLLA,
proving that the HDT values of the PLA materials were governed by their crystallinities and that the low
dimensional thermal stability of PLA could be overcome.
The incorporation of  low amounts of PLA stereocomplex into PLA matrices of different optical  purities
under  industrial  processing  conditions  led  to  the  self-reinforcement  of  PLA  and  the  concomitant
improvement of material properties, without compromising its positive life cycle assessment.

Acknowledgments
This  work  was  partially  conducted  within  the  COMET  Centre  CHASE,  funded  within  the  COMET  −
Competence Centers for Excellent Technologies programme by the BMK, the BMDW and the Federal States
of Upper Austria and Vienna (grant 901897), managed by the Austrian Research Promotion Agency (FFG).

 
References
[1]  Castro-Agguire,  E.,  et.al.  Poly(lactic  acid)—Mass  production,  processing,  industrial  applications,  and  end  of
life. Advanced Drug Delivery Reviews 2016, 107, 333-366.
[2]  Brizzolara,  D.,  et.al.  Mechanism  of  the  Stereocomplex  Formation  between  Enantiomeric  Poly(lactide)s.
Macromolecules 1996, 29, 191-197.

Standard oral lecture

PM16 51



Polyurethane Networks Designed for Fast Depolymerisation

Olga Gotkiewicz  1*  , Sébastien Livi2, Hynek Beneš1

1Institute of Macromolecular Chemistry of the Czech Academy of Sciences, Heyrovského nám. 2, Prague 6
162 00, Czech Republic

2Université de Lyon, CNRS, Université Claude Bernard Lyon 1, INSA Lyon, Université Jean Monnet, UMR
5223, Ingenierie des Matériaux Polymères, CédexF-69621, France

*gotkiewicz@imc.cas.cz

Polyurethane (PUR) foams, the most widely produced thermosetting plastics, significantly contribute to the
global  plastic  waste  crisis.  Conventional  disposal  methods,  such  as  landfilling  and  incineration,  pose
environmental challenges and hinder progress toward a circular economy. A more sustainable approach
begins with the design of PUR foams that can facilitate depolymerisation and promote easier chemical
recycling.
In this study, we present a novel strategy for enhancing the degradability of PUR foams by incorporating
moieties that facilitate cleavage into their structure. The modified foams are based on bio-sourced raw
materials  and  maintain  excellent  mechanical  and  thermal  properties  while  enabling  more  efficient
breakdown. Furthermore, the solvolysis of the foams yields a recycled polyol, which can replace up to 50
wt% of virgin polyol in the production of bio-based rigid PUR foams. The resulting materials exhibit stable
mechanical  performance,  a  highly  closed-cell  structure,  and  enhanced  thermal  insulation  properties,
advancing the development of more sustainable PUR-based products.
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Combining electrospinning and glass-coated magnetic microwires for
the development of responsive hybrid nanofibrous devices
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Electrospinning is  an adaptable method for the production of  polymeric nanofibers [1]  with enormous
potential for their use in biomedical applications, mainly in wound dressing and drug delivery. In the search
of materials for this field of application, chitosan (Cs) is one of the most commonly used polymers, thanks
to its biocompatible and antimicrobial character [2]. Moreover, recently, in the biomedical field, potential
uses of amorphous glass-coated magnetic microwires in hyperthermia are investigated [3]. In this context,
the main objective of this research was to produce and characterize magnetically responsive membranes
composed  of  glass-coated  magnetic  microwires in  between  two  of  poly(3-hydroxybutyrate-co-3-
hydroxyvalerate) (PHBV) layers and an inner curcumin loaded Cs/polyether oxide (PEO) bioactive layer. The
good spinnability, mechanical resistance and surface properties of PHBV conferred stability to the wound
dressing,  maintaining  the  biodegradable  character  of  the  material,  while  acting  as  a  matrix  for  the
microwires. Defect-free  nanofiber  bilayer  membrane  was  fully  characterized  and  the  results  showed
promising magnetically responsiveness and potential applicability as active wound dressing. 

Figure 1. Membranes’ pieces showing the outer PHBV/microwires layer (top) and the inner Cs/PEO/CUR one (down).
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Self-assembled amphiphilic random copolymers as drug delivery system
for highly hydrophobic anticancer Combretastatin A4
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Solvophobic interactions in amphiphilic random copolymers may lead to the formation of unimer micelles
in selective solvents, typically water, through single-chain folding. These unimer micelles fall in the larger
category of the so-called single-chain nanoparticles (SCNPs) and feature an extremely small size range (1–
20  nm).  A  tailored  synthesis  and  in-depth  characterization  of  size,  shape,  and  conformation of  these
materials might drive their future exploitation in environmental chemistry, industrial catalysis, biomedicine
and drug delivery.1,2

In this work, PEGMAx-co-FAy copolymers were synthesized using ARGET-ATRP. Complementary techniques,
including small  angle X-ray scattering (SAXS) and dynamic light scattering were used to study the self-
assembly behavior in water and different organic solvents. In particular, the SAXS studies confirmed the
formation of compact-globular single-chain self-folded thermoresponsive unimer micelles in water, which
generally  presented  small  hydrodynamic  diameters  (Dh <  10  nm)  as  a  result  of  the  folding  of  the
hydrophobic perfluorohexylethyl acrylate counits, and a cloud point temperature (Tcp) easily tunable by the
copolymer structure in terms of composition and side-chain length of the hydrophilic component. 3 As a
proof of concept, the formed hydrophobic nanocavities were used to encapsulate Combretastatin A-4 (CA-
4), an active but poorly water-soluble anticancer drug.4 The cellular internalization of the unimer micelles
was studied with copolymers tagged with fluorescein O-methacrylate, in biodistribution assays. Cytotoxicity
tests toward different cell lines demonstrated the effectiveness of the anticancer drug when encapsulated.
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Redox-responsive polymers for biomedicinal applications
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The synthetic glucocorticoid dexamethasone is used to treat inflammatory diseases, but the therapy is
often accompanied by unwanted side effects. These negative impacts can be limited by the use of drug
delivery systems. This study focuses on the synthesis and characterization of a redox responsive polymer
carrier, which has ferrocene in its end group. The synthesized homopolymers of 2-ethyl-2-oxazoline and
copolymers of 2-ethyl-2-oxazoline and 2-nonyl-2-oxazoline were analyzed in terms of their structure, self-
assembly, drug encapsulation, response to the oxidative environment typical for inflammed and cancerous
tissues and biocompatibility.  The structure of the polymers was confirmed by NMR, GPC and MS. The
approximate  content  of  ferrocene  and  the  critical  micellar  concentration  were  determined.  Redox
responsiveness  was  demonstrated  using  UV-VIS  spectroscopy  and  isothermal  titration  calorimetry.
Furthermore,  low interaction with  blood plasma proteins  and the encapsulation of  dexamethasone in
polymer micelles were comfirmed. The non-toxicity of both the polymers themselves and the prepared
formulations was determined by biological tests. The results show that the synthesized polymers could
potentially be further biologically tested, possibly modified, and used for drug delivery.

Keywords: reactive oxygen species, polymer, ferrocene, drug delivery,
2-ethyl-2-oxazoline, 2-nonyl-2-oxazoline, dexamethasone
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Preparation, Topography, Nanomechanical Properties and Crosllink
Density of Soft Swollen Hydrated Micron-Sized Polypeptide Microgels
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We report the innovative preparation of soft micron-sized polypeptide microgels by horseradish 
peroxidase (HRP)-mediated crosslinking in inverse suspension[1]. The prepared microgels were based on 
poly[N5-(2-hydroxypropyl)-L-glutamine)-ran-(N5-propargyl-L-glutamine)-ran-(N5-(6-aminohexyl)-L-
glutamine)]-ran-(N5-[2-(4-hydroxyphenyl)ethyl)-L-glutamine)] polymer precursor (P2HPG-Tyr). We tested 
the effect of surfactants sorbitan monooleate (SPAN 80), polyoxyethylenesorbitan trioleate (TWEEN 85), 
and dioctyl sulfosuccinate sodium salt (AOT), on microgelation in inverse suspension without or with pre-
emulsification step. The morphology, size, and particle size distribution of the P2HPG-Tyr microgels were 
evaluated by light microscopy technique. The crosslinking procedure employing surfactant SPAN 80 and 1-
hour pre-emulsification yielded high-quality, spherical, and colloidally stable ⁓ 80 µm P2HPG-Tyr 
microgels, which were subsequently studied by cryo-SEM and atomic force microscopy (AFM). To evaluate 
the topography and nanomechanical properties of the developed P2HPG-Tyr microgels in the hydrated 
swollen state, the large swollen hydrated P2HPG-Tyr microgels were immobilized on Mica and glass 
substrates for investigation by atomic force microscopy (AFM) in PeakForce QNM mode in Q-H2O and PBS 
buffer (pH 7.4). The AFM investigation revealed surface irregularities of the P2HPG-Tyr microgels and 
proved their viscoelasticity and softness, documented by Young´s moduli in the range of tens of kPa 
derived from force-separation curves. Finally, the crosslink density of the P2HPG-Tyr microgels was 
evaluated, revealing the concentrations of elastically active network chains (EANCs) in the range of 
0.489×10-3 to 0.812×10-3 mol cm-3. Following this work, the new series of P2HPG-Tyr microgels, which were 
prepared in the presence of the surfactant SPAN 80 and 1-hour pre-emulsification step, were prepared 
with various H2O2/Tyr ratio, and they are being tested for encapsulation of Lactobacillus, Streptococcus, 
and Saccharomyces.
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Polyacrylates  are extensively employed across  various  applications owing to their  remarkable  physico-
chemical characteristics and the ease with which their properties can be taylored through modifications of
the alkyl group in the alkoxycarbonyl substituent at relatively low cost.1 Typically, this modification involves
the linear extension of the alkyl group, which leads to monotonous trends in the structural and dynamic
properties of polyacrylates in their melts.2,3 Nevertheless, the impact of branching in the alkyl group on
these properties remains inadequately explored and understood. This atomistic molecular dynamics study
examines the structural and dynamic characteristics of poly(methyl acrylate) (PMA), poly(ethyl acrylate)
(PEA),  poly(isopropyl  acrylate)  (PiPA),  poly(tert-butyl  acrylate)  (PtBA),  and  poly(methyl  methacrylate)
(PMMA)  under  different  thermal  conditions.  The  study  considers  both  linear  and  cyclic  polymer
architectures.  The  distinction  in  architecture  are  detectable  in  the  intermolecular  radial  distribution
functions of Cα-Cα pairs. In the case of cyclic architecture, the radius of gyration and end-to-end distance
of the polymer chains monotonously increase with the size of the alkyl group, whereas the polymer chain
with linear architecture exhibit a non-monotonic trend in these quantities. This non-monotonous behavior
for linear structures is explained by the competing effects of increased intrachain repulsion and diminished
mutual penetration of the chain's pervaded volume as the alkyl group expands. The diffusion coefficient
reflects an identical trend across the examined series for both architectures, with its non-monotonous
behavior arising from the combined influence of the overall shape of the polymer chains and the symmetry
of  the  alkyl  group.  Local  dynamics  are  characterized  by  parameters  related  to  α-relaxation  and  β-
relaxation.  Notable similarities in  dynamic properties are observed between PEA and PiPA,  as well  as
between PMA and PtBA, with the latter exhibiting slower dynamics. The slowest dynamics are recorded for
PMMA.

Keywords: polyacrylates, molecular dynamics, diffusion, relaxation time, radius of gyration, radial 
distribution function, viscosity
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Influence of cooling conditions on the structural morphology of high-
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High-density polyethylene (HDPE) is a semi-crystalline polymer, with its crystallinity significantly affecting
mechanical and chemical resistance properties [1]. The crystal morphology consists of lamellae that form
spherulites, while the amorphous chains are situated between the individual lamellaes [2]. By varying the
crystallization temperature (TC) the size of the resulting crystalline lamellae can be altered [3]. 

This  study  investigates  various  cooling  conditions  for  the  crystallization  of  HDPE,  including  different
crystallization temperatures and cooling rates. A polymer solution with an organic solvent is utilized to
enhance consistency. Figure 1 illustrates the experimental setup used for the process.

Heating Cooling Drying

Characterization

SEMDSC

HT- SEC

Analysis

Figure 1:Experimental setup for the thermal treatment and characterization of the polymer solution.

The polymer solution is heated up to temperatures around the polymer´s melting point and then cooled at
different  conditions  using  a  heat  exchanger.  The  solvent  is  evaporated  in  a  heating  cabinet  at  low
temperatures to maintain the structural integrity of the material. The dried polymer is characterized using
Focused Ion Beam – Scanning Electron Microscopy (FIB-SEM). The resulting images are correlated with
crystallinity  data  obtained  from  Differential  Scanning  Calorimetry  (DSC)  and  the  molecular  weight
distribution measurements using High Temperature – Size Exclusion Chromatography (HT-SEC). 

Keywords: High-density polyethylene, SEM (scanning electron microscopy), crystallinity
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Molecular recognition of autoinducers by Molecularly Imprinted
Polymers as anti-biofilm strategy
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Molecularly  Imprinted  Polymers  (MIP)  are  capable  of  selectively  recognizing  a  targeted  molecule,  a
property arising from their synthesis method (Fig.1). MIP are crosslinked rigid networks designed to have
specific cavities that are tailored to match the shape and chemical properties of a target molecule, which is
used as a template during its preparation. The polymerization process involves one or more functional
monomers that are carefully selected for their specific affinity with the target molecule. The use of a high
amount of crosslinker locks the steric arrangement of functional monomers around this template. Upon
removal of the template, complementary binding sites are created, enabling selective recognition of the
target molecule through interactions such as hydrogen bonding [1].
Biofilm formation occurs and causes problems in various environments, leading to major economic and
environmental impacts (navigation or water treatment sectors) as well as public health concerns (medical,
food industry). Within a biofilm, bacteria can communicate and cooperate through a system known as
quorum sensing (QS) using small signaling molecules called autoinducers (AI), which provide them with a
collective adaptability  to  their  environment [2].  The QS regulates  processes  like  biofilm development .
Inhibiting this chemical communication between bacteria by sequestring AI using MIP would contribute to
the search for new biofilm control strategies [3].
The target molecules of the strategy here are the AI from the acylated homoserine lactone (AHL) family.
Instead of using one AHL in particular as template molecule, an analog dummy template (Fig.2) was used
with the aim of recognizing the entire AHL family with only one tailor-made MIP. The study of commercial
and original functional monomers by proton and carbon NMR, highlighted the strength of H-bonding and
led to the selection of acrylamide as a suitable monomer to specifically interact with AHL. Using EGDMA as
the crosslinker,  several MIPs and their non-imprinted polymer (NIP) counterparts were synthesized by
precipitation  polymerization  under  different  conditions  of  time,  temperature,  and  concentration.  The
characterization of these polymers, including their morphology (SEM), their porosity and specific area (BHJ,
BET), along with the determination of their adsorption isotherm (LC-MS), demonstrated their ability to
recognize and capture  targeted AHL.  Testing these polymers in  complex microbiological  environments
(initially using Vibrio harveyi as AHL-producing baterium) has confirmed their ability to sequester AHL, their
anti-biofilm properties, and their non-cytotoxicity, showcasing their potential for biofilm control.

Figure 2 : Dummy Template and AHL family 

  Figure 1 : Synthesis of Molecularly Imprinted Polymer       
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PES-Membrane Meets polyHIPE: A Novel Approach to Separation
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Membrane  technology  plays  a  crucial  role  in  various  filtration  and  separation  processes,  with
polyethersulfone (PES) being a widely used material. PES membranes are well-known for their excellent
chemical  stability  and  robustness,  making  them  ideal  for  various  filtration  processes.  However,  their
relatively  low  permeability  and  limited  flexibility  often  restrict  their  application  in  more  demanding
environments.1 To overcome these challenges, polymerized High Internal Phase Emulsions (polyHIPEs) were
used as support material for PES membranes, offering a promising strategy for enhancing their properties.
2,3 PolyHIPEs, engineered using polyurethane diacrylate (PUDA), provide high porosity, structural stability,
and tunable mechanical properties, making them suitable for membrane applications.  4 Additionally, the
incorporation of silica nanoparticles enabled precise control over pore architecture, leading to optimized
polyHIPEs with high permeability, improved mechanical strength, and enhanced resistance to deformation.5

Rendering  them  potentially  in  an  ideal  membrane  support.  We  will  demonstrate that  the  polyHIPE-
supported PES membrane not only enhances mechanical resilience but also opens new possibilities for
developing a novel separation system. Therefore, we developed a flow cell which operates under dynamic
flow conditions. This flow cell is suited to be integrated into our plant on a bench. For the first time, we will
present this new flow cell in which the polyHIPE not only supports the membrane but also acts as a static
mixer transporting the filtrate to the membrane. We will provide evidence that our polyHIPE-membrane-
filtration-cell is effective for separation under dynamic filtration conditions. 

Keywords: PES membrane, polyHIPE, flow separation
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Mechanical Vibrations of Ultrathin Freestanding Polymer Films
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Piezolectric excitation and acoustic detection of the vibrations of ultrathin (30nm-300nm) freestanding 
polymer films was used to probe their physical properties. A simple method involving acoustic detection of 
the vibrational response of the films with an inexpensive microphone revealed that the resonant peaks of 
the films were in the kHz range. Polymer solutions were spin coated onto glass slides to create ultrathin 
films.  These films were released from the slides by floating on to a water surface [1] before being picked 
up on inexpensive piezoelectric buzzers that had had been prepared with holes in the centre. This created 
a freestanding membrane whose vibrations could be driven by electrically exciting the piezo. The samples 
were annealed and quenched to room temperature
before measurements were performed. A software-
controlled waveform generator was used to drive the
piezo and the response of the film was recorded with a
microphone (figure 1). Two methods were employed to
obtain a spectrum. The first method involved
measuring the root mean square microphone signal as
a function of the driving frequency. Alternatively, the
sample was driven with a large impulse (10Vpp, 100μs
in width) and the Fourier transform of the microphone
signal was obtained. Both techniques gave identical
results for the frequencies of the vibrational peaks
which were used to extract information about the
mechanical response of the ultrathin films. This
approach was previously verified using thick
Polydimethylsiloxane membranes [2]. In the current
work, the temperature dependence of the frequency of
the first mode of vibration of ultrathin poly(tert-butyl
methacrylate) and polystyrene films were measured.
These data were shown to have a strong dependence
on film thickness, providing insights into how molecular
confinement effects influence the thermal expansion
properties and tension in ultrathin spincast polymer
films.
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Figure 1. Three spectra generated from an 87nm polystyrene 
film freestanding over a circular area at two temperatures. 
At 300K the first mode appears at 2040Hz (blue and red) and 
at 369K the same mode appears at 670Hz (green) while the 
film is 10K away from bulk Tg. Inset is a schematic of the 
electronics that recorded sound generated by the film.
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The adsorption of soil-releasing polymers at model fabric interfaces
and their effectiveness in the removal of complex soils

Josephine Binks, Richard Thompson

Department of Chemistry, Durham University, Durham, United Kingdom

Hydrophobic fabrics, such as polyester or poly(ethylene terephthalate) (PET), prove to be a 
challenging surface to remove complex soils, such as sweat and sebum from. Creating a more 
hydrophilic surface can inhibit the adsorption and redeposition of these soils, and this can be 
achieved by chemical surface modification. Soil-release polymers (SRPs) are designed to promote 
hydrophilicity at the fabric surface, and a novel family of biosourced pyridine dicarboxylate SRPs have
been developed, which are specific to PET1. The SRPs are triblock copolymers of polyester and 
poly(ethylene glycol) (PEG), where polyester binds to the fabric surface and the PEG outer blocks 
extend into the PET/water interface, forming a hydrophilic layer (Figure 1). This improves soil removal
by increasing the affinity for aqueous laundry liquor and reducing its redeposition. Furthermore, 
these polymers can have a positive environmental impact, improving cleaning effectiveness at lower 
temperatures and shorter wash cycles. The pyridine dicarboxylate monomers are a sustainable 
alternative to petroleum-derived terephthalate. Within the family, we find that small variations in 
their chemical structure significantly influences their performance. The detailed arrangement of SRP 
on PET must be established to understand the structure-property relationship. Recent experiments 
at ISIS Neutron and Muon Source, Didcot provided valuable insights to measure the SRP layer 
thickness before and after rinsing, the initial kinetics of the SRP-PET adsorption, and by using 
solutions with contrasting scattering length densities, their arrangement. Additionally, we 
accompanied these experiments with a rheometric analysis of soil adhesion, where we measured the
shear rate γ ̇ at the point where complex soil droplets were removed from PET, then on SRP-treated 
PET (Figure 2). The adhesion of complex soils is dominated by ageing effects, due to changes in their 
physical and chemical conformation. Oily soils, i.e. human sebum, can produce a yellow discoloration
on polyester/cotton during its aging when not completely removed during cleaning due to its 
oxidation2. Thus, by studying soil removal at day 1 vs day 7 of aging, and the effectiveness by SRPs, 
provides information on how the PET responds to stress.
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Figure 1: the adsorption of SRPs at the PET surface and their removal performance during washing.

Figure 2: the rheology set up for complex soil stained PET.
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Lonely polymers split up faster
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Concentration of dissolved polymers determines solution properties, like viscosity, polymer stability
and interaction with turbulence. The polymer concentration is a key parameter in the application of
polymeric drag reducing agents, high molecular weight polymers that can reduce drag in turbulent
flow: Increasing concentration increases absolute drag reduction (DR) as well as polymer stability,
counteracting  polymer  degradation  in  turbulent  flow.  Different  theories  attempt  to  reveal  the
mechanism  of  DR  and  to  describe  polymer  degradation  in  turbulent  flow  [1].  Most  numerical
simulations of  DR do not  account  for  polymer degradation [2]  and in  many experimental  works
viscosity  changes  induced  by  the  polymeric  DR  agent  are  omitted.  We  investigated  the  role  of
Polyethylene Oxide (PEO) concentration in dilute solutions using the pilot scale  Vienna Experiment
for Drag Reducing Agents (ViEDRA)  [3],  focusing on both the initial  DR value of the undegraded
polymer and on polymer degradation rate. Changes in solution viscosity by polymer addition and
degradation  were  accounted  for,  in  order  to  disentangle  DR  from  viscosity  effects  alone.   The
experimental observations for polymer concentrations in the range of 25 to 200 wppm revealed a
clear dependence of both the initial DR and the polymer degradation rate.  The initial DR increased
with polymer concentration as previously shown [4], levelling off at a concentration of 200 wppm,
whereas degradation was more pronounced at low concentrations. The concentration dependence of
degradation rate is not straightforward as all polymer solutions were still in the dilute regime where
no polymer-polymer interaction is expected. Our observations challenge theories explaining DR by
single polymer contributions.

Figure 1: Initial drag reduction (DR) values and the decrease in DR, indicating polymer degradation over longer distances for various 
concentrations of PEO. 
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Aggregating Alginate for Drag Reduction
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Polymeric drag reduction (DR) is the effect of reducing the flow resistance in turbulent flow of liquids
achieved by polymers with high molecular weight dissolved in the flowing liquid [1]. Polymer degradation
in turbulent flow limits the application, as interaction with turbulent vortices decreases the molecular
weight  and  diminishes  drag  reduction [2].  Covalent  bonds are  broken  irreversibly  and DR is  lost.  We
explored the potential of noncovalent bonds to provide structures of high molecular weight for DR which
can  reform  after  degradation  and  prevent  covalent  bond  scission  in  turbulent  flow  DR  [3].  Strong
noncovalent  bonds  are  needed  in  order  not  to  be  destroyed  already  at  low  shear  rates  [3].  The
polysaccharide  alginate  forms  strong  aggregates  in  the  precence  of  Ca2+ ions.  In  unaggregated  state
alginate is known as a DR agent albeit limited by its molecular weight and chain rigidity [4]. We varied
alginate and Ca2+ concentration in flow experiments to achieve high molecular weight aggregates, resulting
in increased DR. If  the aggregates are exposed to turbulent flow, DR decreased rapidly,  indicating the
breakup of the supermolecular structures. When we applied some resting time at ambient conditions (1 to
7 days) after degradation and repeated the flow experiments high DR was recovered as visible in Figure 1,
indicating a re-formation of the aggregates. Again turbulent flow lead to a decrease in DR. The cycle of
degradation in flow and re-aggregation at ambient conditions was repeated multiple times, proofing the
reversibility of the process in contrast to the irreversible loss of DR in polymer structures based solely on
covalent bonds. Multi angle light scattering provided additional insight into polymer and aggregate size. 

Figure 1: DR of an alginate solution in the presence of calcium ions. Turbulent flow led to a rapid decrease of DR within a few runs of the flow
facility. DR was recovered if the solution rested for a few days. Repetability of decrease and recovery of DR for the alginate solutions indicated a
reversible aggregation mechanism.
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Understanding Fracture in Physically Crosslinked Hydrogels
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The development of hydrogels for cell culture applications has focused on controlling their linear elasticity 
and viscoelasticity. As cells exert tensile and compressive forces on their surroundings, it is crucial to also 
consider the non-linear responses of these materials. However, the complexities of non-linear deformation
and hydrogel fracture remain inadequately understood. Our goal is to correlate linear and non-linear bulk 
hydrogel responses with the molecular properties of the hydrogel constituents. Employing a bottom-up 
approach, we synthesize hydrogels entirely composed of molecularly characterized building blocks. Using 
star-shaped polyethylene glycol with terminal crosslinking units, we create a material where the contour 
length of each crosslinked network chain is similar [1-3]. The crosslinks consist of self-assembling coiled coil
forming peptides. Utilizing a library of coiled coils with tunable thermodynamic, kinetic, and mechanical 
stabilities [1,4], we investigate how these parameters correlate with the linear and non-linear properties of
the resulting hydrogels.

Figure 1. Structure and characterization of coiled coil-crosslinked star-PEG hydrogels. Single-molecule force spectroscopy yields
information  about  the  dynamic  mechanical  behaviour  of  individual  crosslinked  chains,  whereas  rheology  provides
complementary information about material failure and self-healing at different strains and strain rates.

Oscillatory shear rheology in the linear viscoelastic range reveals that the relaxation times are governed by 
the equilibrium properties of the crosslinks. More importantly, rotational stress-strain experiments reveal 
that fracture can be tuned when using crosslinks with different non-equilibrium bond rupture properties. A
theoretical model for hydrogel fracture allows for extracting molecular bond rupture parameters of the 
crosslinks. These parameters are reproduced using atomic force microscope-based single-molecule force 
spectroscopy, underscoring our ability to link molecular and bulk mechanical properties. Our next step is to
introduce a fluorescent reporter system to monitor the crosslink assembly state. This will ultimately enable
the visualization of network topology and crosslink rupture in real-time.

Keywords: hydrogel, fracture, rheology, single-molecule force spectoscopy
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Painted  galvanized  steel  sheets  are  hybrid  laminates  which  find  applications  in  construction (such  as

facades  and  roof  elements),  the  automotive,  and  the  white  goods  industry.  Especially  in  outdoor

applications, such laminates are subjected to environmental factors like moisture, heat, and UV radiation

and superimposed mechanical stresses due to temperature cycles. A common failure mode is blistering or

local debonding of the coating in a brittle manner. The main objective of this study was to develop a lab

test methodology which allows for accelerated, but service-relevant testing of coated galvanized steel.

Therefore, an environmental  fracture mechanics test  facility  was concepted and implemented. Due to

service-relevant brittle failure mode, a linear elastic fracture mechanical fatigue method was employed. A

model  primer  and  top  coated  galvanized  steel  grade  was  examined.  Double  cantilever  beam  (DCB)

specimens were fabricated by stacking and laminating pre-painted galvanized steel sheets with partially

removed coating, a titanium reinforcement, and a non-polar polyolefin elastomer (POE) film adhesive. A

PTFE release layer was inserted as a well-defined defect and crack starter. To assess the potential impact of

pre-ageing on the environmental fracture mechanics crack growth kinetics, coated galvanized steel sheets

were exposed to moist heat (condensation), UV-irradiation or hot QUVA weathering. Environmental stress

corrosion fatigue tests in artificial acidic rain at an initial pH of 4.5 and a temperature of 60°C, allowed to

induce a service-relevant brittle failure at the metal/primer interface, even for the non-pre-aged reference

coating. Condensation pre-ageing of the coated steel above a hot water bath temperature controlled at

50°C, was more critical than hot QUVA or just UV-irradiated pre-ageing. Both, the debonding rate in the

stable crack growth regime and the strain energy release rate in the threshold regime (Gth), were affected

by pre-ageing. For example, the Gth values were reduced from 18 J/m2 for the non-pre-aged coating to just

6  J/m2 after  2000h  of  condensation  pre-ageing.  Using  laser  confocal  microscopy,  FTIR  and  Raman

spectroscopy, the brittle failure at the metal/primer interface was confirmed. Moreover, it was shown that

both,  condensation or hot QUVA pre-ageing and environmental  fracture mechanics testing in artificial

acidic rain was associated with hydrolysis of urethane groups of the investigated primer. After successful

implementation  of  a  service-relevant  lab  test  methodology,  future  research  will  deal  with  the

establishment of structure-property-correlations varying the galvanization layer (e.g.,  Zn vs. ZnMg), the

conversion coating or the polyester urethane primer formulation.

Keywords: painted galvanized steel sheets, environmental fracture mechanics, accelerated testing
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Supramolecular Semiconductor Materials for Organic Electronics   

Aurica Farcas and Ana-Maria Resmerita

‘‘Petru Poni’’ Institute of Macromolecular Chemistry-700487 Iasi, Romania
E-mail address: afarcas@icmpp.ro

Over the past decades, organic semiconducting materials (OSMs) have been actively investigated
as an alternative to conventional  inorganic  materials  in  many optoelectronic  applications.  In  order  to
replace  inorganic  semiconductors,  OSMs  need  to  render  high  photoluminescence  and  fluorescence
quantum yield in the solid state, as well a better balance between the injection and transport of electrons
and holes.  Although tremendous  effort  has  been devoted  to  tune  OSMs’s  photophysical  and  charge-
transport properties through molecular design, undesirable intermolecular interactions, considerably limit
the  application  of  these  materials.  The  construction  of  mechanically  interlocked  assemblies  such  as
pseudopolyrotaxane and polyrotaxane architectures has been employed as a powerful method to control
the  intermolecular  interactions  and  to  optimize  OSMs  optical  and  electronic  properties  [1-3].  These
supramolecular architectures diminish the aggregation tendency and offer a way of constructing a better
protective sheath around the conjugated chains. 

Herein, we continue to provide extensive insights into the effect of macrocyclic encapsulations on
the  photophysical,  surface morphology,  wetting properties,  as  well  as  film forming  ability  of  poly(3,4-
ethylenedioxythiophene)  (PEDOT),  conjugated  polyazomethines  (PAMs),  polythiophenes  (PTs),  and
polyfluorenes  (PFs)  homo-  or  copolymers.  The  reported  results  have  shown  the  beneficial  effect  of
encapsulation resulting in the diminishing of interchain interactions and packing in insulated molecular
wires. For the sake of comparison, the photophysical properties of these supramolecular OSMs were
compared to those of their nonthreaded homologs.  These findings provided a clear information about
improvements of  photophysical  and transport  properties of  such encapsulated compounds relevant to
applications  where  the  prevention  of  luminescence  quenching  without  hindering  charge  transport  is
essential.  Meanwhile,  recent  achievements  obtained  by  exploiting  these  supramolecular  materials  in
optoelectronics will be highlighted. 

With this study, we hope to provide further evidence and an opportunity to accurately quantify the
effect of encapsulation on the solubility, photophysical and transport properties of OSMs, which exhibit a
crucial importance for further development of organic electronics and represent a key bottom-up strategy
to build and process relatively soft functional materials.

Keywords: Organic semiconductors, polyrotaxanes, quantum efficiency, surface morphology, monolayers, 
optoelectronics 
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Eco-Friendly Dye–Porphyrin Copolymer for Organic Solar Cells: From
Ternary Donor to Interfacial Layer

M. Marinelli,1* E. Salatelli,1 M. Lanzi,1 R. Medri,1 L. Mazzocchetti1

1Dpt. Of Industrial Chemistry “Toso Montanary”, University of Bologna, Italy
*E-mail address: martina.marinelli5@unibo.it

Solar energy, particularly through organic solar cells (OSCs), presents an eco-friendly and promising solution
to the challenges of global energy shortages and environmental pollution. OSCs offer notable advantages,
including the use of non-critical raw materials, cost-effective production, flexibility, and the potential for
large-area, semitransparent fabrication. As a result, significant progress has been made in both the design
and synthesis  of  high-performance  materials  and  the  optimization of  device  architectures  to  enhance
photovoltaic efficiency.
This work focuses on the synthesis and application of two novel conjugated thiophene-based polymers
integrated with ionic phosphonium salts, providing enhanced solubility in water/alcohol mixtures. The first
material  -  poly{3-(6-tributylphosphoniumhexyl)thiophene-co-3-[5-(4-phenoxy)-10,15,20-
triphenylporphyrinyl]hexylthiophene bromide} (P1buP, ED1) - is a copolymer composed of ionic units and
tetraphenylporphyrin  dye-functionalized  segments,  while  the  second  -  poly[3,4-(6,6’-
tributylphosphoniumhexyloxy)thiophene]  bromide  (P2buP,  ED2)  -  is  a  disubstituted  homopolymer
incorporating ionic groups at the end of hexamethylenic side chains, linked to the main polythiophene
backbone via ether bridges. The polymers were processed entirely using green solvents, such as ethanol,
and evaluated as photoactive donor materials in ternary bulk-heterojunction (BHJ) OSCs, blended with an
alcohol-soluble fullerene derivative (EA). The ternary devices exploit complementary absorption, improved
energy level alignment,  and a more homogeneous active layer morphology. Notably,  the device with a
ED1:ED2:EA weight  ratio of  0.33:0.67:1  achieved a  power  conversion  efficiency  (PCE)  of  5.22%,  which
further increased to 6.03% upon Zn metalation of the porphyrin units, without compromising solubility or
film-forming properties. In addition to their role as active layer components, the ionic porphyrin-containing
polymer was also successfully employed as an alcohol-soluble cathode interfacial layer, improving charge
transport and device stability.

Figure 1. Overview of the synthesized materials.
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Hypercrosslinked polymers as electrodes in enhanced structural
composite supercapacitors

Anastasiia Naryshkina  1  , Robert T. Woodward1
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Composite structural energy storage systems are capable of both carrying mechanical loads and storing
electrochemical  energy  simultaneously.  Highly  sulfonated  hypercrosslinked polymers  (SHCPs)  offer
promising potential as electrode materials for energy storage systems. In this research, I investigate the
impact  of  varying  SHCP  chemistry  on  the capacitance  of  structural  energy  storage  devices  by  the
introduction of tertiary amine moieties.

Here, I  successfully synthesise three sulfonated hypercrosslinked porous polymers via a simple one-pot
route[1] containing  various  concentrations  of  tertiary  amine  via  the  inclusion  of  triphenylamine  as  a
monomer  in  SHCP  synthesis.  The  introduction  of  tertiary  amine  groups  was  hypothesized  to  induce
pseudocapacitance in energy storage devices and to improve their overall  capacitance. Resulting SHCPs
were characterised using various methods, including N2 gas sorption isotherms, thermogravimetric analysis,
and FTIR spectroscopy. The polymers exhibited large surface areas of up to 600 m2·g-1 and demonstrated
outstanding chemical and thermal stability, underscoring their potential as highly desirable materials for
energy storage applications. 

For the manufacturing of structural supercapacitors, SHCPs were deposited onto CF from solution by either
electrophoretic deposition or casting via doctor blade. Coated fibres were then assembled into devices [2]

with either liquid or structural electrolyte matrices. Using cyclic voltammetry, specific capacitances of up to
3.1 F·g-1 and 3.5 F·g-1 were measured for liquid and structural composite supercapacitors, respectively, and
pseudocapacitive behaviour was induced upon the incorporation of tertiary amines.

Keywords: hypercrosslinked polymers, composite materials, energy storage.
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Environmentally Friendly Sustainable Thermoset Vitrimer-Containing
Polyrotaxane for Circular Economy

Shota Ando1*, Masaki Hirano1, Lisa Watakabe1, Hideaki Yokoyama1, Kohzo Ito1

1Grad. Sch. of Front. Sci., The University of Tokyo, Kashiwa, Japan
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Durable green plastics with extended lifespans have self-healing properties and shape memoryandare 
chemically recyclable and marine biodegradable. These plastics are attracting attention inapplicationssuch 
as adhesives and carbon fiber composite materials. Vitrimers satisfy many of theserequirements, interms 
of reprocessability and self-healing. Herein, we report significant improvements in theproperties 
ofvitrimers induced by the ester-exchange reaction between polyester-grafted polyrotaxane (PR)and the 
esterbonds of epoxy resin vitrimer to achieve the uniform molecular dispersion of PR. The optimalepoxy 
resinvitrimer incorporated with PR (VPR) exhibited enhanced toughness, with an elongation at break 
5.3times greater than that of a vitrimer devoid of PR; it also showed self-healing properties, was 
chemicallyrecycled 10times faster, and was recovered twice as fast. These results can be ascribed to the 
sliding diffusionmotion ofthe PR, which lowers the energy required for transesterification. Furthermore, 
VPR showed 25 wt%biodegradation following exposure to seawater for 30 days. These findings may lead to
the developmentofenvironmentally friendly plastics that exhibit most of the properties required for a 
circular economy. 

Figure. Vitrimer^containing poryrotaxane for circular economy.

Keywords: Polyrotaxane, Epoxy resin vitrimer, Dynamic covalent bond
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Catalyst-free PLG based covalent adaptable networks

L. Schwarzer, S. Agarwal*

Macromolecular Chemistry II, Advanced Sustainable Polymers, University of Bayreuth, Bayreuth, Germany
*agarwal@uni-bayreuth.de

Plastic waste recycling remains a significant challenge for modern societies. While thermoplastics can be
recycled  relatively  easily,  thermoset  materials  cannot.  These  crosslinked  materials  are  insoluble  and
unmeltable, making their recycling possible only through methods such as mechanical crushing to obtain
filler  materials,  incineration for  energy  recovery,  pyrolysis  to  recover  crude  hydrocarbon mixtures,  or
disposal in landfills. However, these processes have major drawbacks, including significant environmental
pollution such as high CO2 emissions, as well as being highly energy- and cost-intensive.
To address this issue, a new class of polymers has emerged, aiming to combine the reprocessability of
thermoplastics with the superior properties and stability of thermosets. These are referred to as covalent
adaptable networks (CANs).[1] In general, bond exchange reactions during processing of thermosets require
an appropriate catalysts, often metal-organic compounds, sometimes leading to the problem of leaching
and their general toxicity.[2]

Here, we present catalyst-free poly(DL-lactide-co-glycolide) (PLG)-based covalent adaptable networks that
can be easily processed using compression molding.[3] Once processed, the networks are insoluble and
exhibit a high gel content. The resulting material demonstrates a high breaking force during tensile testing
and can be reshaped easily when heated above the glass transition temperature. Reversibility is introduced
via the linker pyromellitic dianhydride, which exists in two temperature-dependent states: open (diester)
and  closed  (bisanhydride).  Furthermore,  the  polymer  network  is  rapidly  hydrolyzable  under  basic
conditions at room temperature, enabling accessible chemical recycling or degradation into lactic acid and
glycolic acid.

Keywords: Covalent Adaptable Networks, Vitrimers, Crosslinked Polymers, Thermoset Recycling
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CHEMIS-TREE ENGINEERED SANDWICH COMPOSITES
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Pulp foams are a potential alternative to porous polymers; however, their poor mechanical
properties limit their application to packaging materials. We utilised the sandwich composite
approach to produce panels (370 mm x 300 mm x 20 mm) comprising of pulp fibre foams
and kraft liner papers to improve the mechanical properties of pulp fibre foams. Two types of
sandwich structures are produced to improve the mechanical properties of pulp fibre foams:
foam core  sandwich  panels  and  stiffened  sandwich  composites.  The  resulting  sandwich
structures  materials  have  apparent  densities  ranging  from  80  kg/m3 to  161  kg/m3.  The
mechanical  properties are assessed in  compression,  three-point  bending and double lap
shear  loading  conditions.  We  show  that  pulp  fibre  foam  sandwich  structures  possess
significantly higher compression and flexural moduli and strengths when compared to pure
pulp fibre foams. Stiffening the pulp fibre foam core further by incorporation of kraft  liner
paper stiffeners results in even higher mechanical, including lap shear, properties. 

Figure 1. Graphical abstract of the Sandwich Composites.
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Degradation behavior and lifetime assessment of novel PP liner
materials for thermal energy storages

M. Posch  1  *, L. Peham1, G. M. Wallner1

1 Institute of Polymeric Materials and Testing, University of Linz, Linz, Austria
*matthias.posch@jku.at

Pit thermal energy storages (PTES) are of high relevance for reduction of the overall energy demand [1]. A
polymeric liner is essential for sealing of the large hot water storage. While polyethylene (PE) has been
established  for  temperatures  up  to  80°C  [2],  novel  polypropylene (PP)  based materials  for  maximum
temperatures of 95°C are under development. The main objective of this study was to assess the ageing
behavior of novel PP liner materials and to estimate their lifetime depending on the temperature profile of
the  PTES.  Random PP-R  copolymers  differing  in  their  formulation and  stabilization were  investigated.
Ageing experiments were carried out at temperatures from 65 to 135°C on 100 μm thick micro-specimens
[3]. Hence, diffusion-limited effects were negligible. Fourier transform infrared spectroscopy (FTIR) was
employed  to  monitor  the  deterioration  of  stabilizers.  Moreover,  the  time-to-embrittlement  was
determined by tensile testing. The best performance was obtained for a PP-R grade with a triple stabilizer
package.  In contrast  to the PP-R base polymer with phenolic antioxidants,  no transition in the ageing
behavior  was  observed  at  around 100°C.  By  extrapolation  of  embrittlement  times  to  service-relevant
temperatures and by consideration of cumulative damages [3, 4], superior lifetime values exceeding 30
years were deduced for the optimized PP-R grade.

Keywords: Pit thermal energy storages, degradation behavior, polypropylene, ageing behavior, lifetime 
estimation
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Chemical and thermomechanical characterization of green, and
ecofriendly PAFS-free battery separator films

Martin Tiefenthaler, Gernot M. Wallner
University of Linz (JKU), Institute of Polymeric Materials and Testing & Christian Doppler Laboratory for

Superimposed Mechanical-Environmental Ageing of Polymeric Hybrid Laminates (CDL-AgePol), Linz, Austria

In 2024, global energy demand increased by 2.2%, driven by record-high temperatures and digitalization -
exceeding the average annual growth rate observed over the past decade [1]. Li-ion batteries play a pivotal
role in the transition towards renewable energy systems by allowing efficient short-term energy storage.
Recently,  polymethylmethacrylate  (PMMA)  coatings  have  been  employed  as  an  alternative  to
polyvinylidene  fluoride  (PVDF)  based  binders  in  porous  polyolefin  battery  separators,  enabling  the
development  of  eco-friendly,  PFAS-free  Li-ion  batteries  [2].  The  chemical  composition  and  the
thermomechanical  properties  of  a  PMMA-PE-PMMA  battery  separator  film  were  characterized  using
Fourier  transform infrared microscopy (FTIR),  dynamic  mechanical  analysis  (DMA)  and  uniaxial  tensile
testing. FTIR microscopic images were recorded in attenuated total reflection (ATR) mode using a Spectrum
100  and  a  Spotlight  400  imaging  system  (Perkin  Elmer,  USA)  equipped  with  a  Ge-crystal.  The
thermomechanical  properties  were  deduced  by  amplitude  sweep tensile-mode DMA (-40  to  130°C,  3
K/min,  1  Hz,  4  N),  using  a  TMA/SDTA  861  E  (Mettler  Toledo,  USA).  Additionally,  tensile  tests  were
performed  on  a  Z005  (Zwick  Roell,  Germany)  with  the  digital  image  correlation  (DIC)  system  VIC-3D
(Correlated Solutions, USA). FTIR microscopy revealed a thickness of about 10 μm for the PE core layer and
5 to 40 μm for the PMMA coating layer (see Fig. 1a)). Furthermore, absorption peaks related to PE and
PMMA were confirmed by FTIR for  the core and coating layers,  respectively.  Interestingly,  absorption
bands related to PMMA were also discernible within the porous PE core layer. The  DMA thermogram,
shown in Fig.1b), revealed a decrease of the storage modulus (E’) from 1800 at -25°C to 230 MPa at 100°C.
Furthermore, the loss factor (tan(δ)) exhibited a small peak at -24°C associated with the glass transition
temperature, and a broad peak ranging from 25 to 90°C presumably related to mobility in hinge segments
(amorphous phase between two crystalline phases). The tensile modulus (Et), maximum strength (σmax) and
strain at break (εb) values were ascertained at 1040 MPa, 70 MPa and 45%, respectively (see  Fig.1c)).
Overall, tensile (Et) and storage (E’) modulus values were well in agreement with a deviation of about 8%.

Fig. 1: Chemical and thermomechanical characterization of a PMMA-PE-PMMA based battery separator film: a) FTIR microscopy image and 
spectras, b) amplitude sweep tensile-mode DMA thermogram, and c) stress-strain curve obtained from tensile testing.
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In the past decade, the field of polymer dielectrics has attracted significant attention due to their wide
range of applications in electrical systems, particularly those related to energy storage and conversion,
which  are  critical  in  today’s  energy  landscape.¹  In  this  work,  we  report  the  synthesis  and  dielectric
characterization of novel polymers incorporating sulfur-based amino acid residues as high-dipole moment
functional  groups.  Specifically,  we  designed  and  synthesized  polymers  containing  methionine  and  its
oxidized  derivatives—methionine  sulfoxide  and  methionine  sulfone—to  investigate  their  influence  on
dielectric  properties.  The  resulting  materials  were  thoroughly  characterized  using  spectroscopic  (FTIR,
NMR), thermal (TGA, DSC), and dielectric (BDS) techniques. The results confirmed the successful synthesis
of  these  amino  acid-based  polymers,  which  exhibited  high  thermal  stability—with  onset  degradation
temperatures  above  250 °C—and  glass  transition  temperatures  (Tg)  well  above  room  temperature
(>100 °C), along with excellent dielectric performance. Notably, at room temperature, all systems displayed
dielectric constants above 5.0—surpassing the benchmark for classification as high-dielectric polymers—
and exhibited low dissipative behavior, making them promising candidates for capacitor applications.² This
study highlights the potential of bio-derived amino acid residues as functional building blocks for high-
dielectric polymer design, opening new avenues for the development of sustainable,  high-performance
dielectric materials tailored for next-generation electronic and energy storage applications.
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Abstract

Due to growing consumer awareness and stricter European Union regulations, there is an increasing
demand for recyclable packaging materials. However,  efficient recycling is often hindered oy coatings
and multilayer  structures  composed  of  thermodynamically  immiscible  polymeric  and  non-polymeric
materials. Innovative coating technologies that combine strong adhesion with controlled removability
are essential to support recycling efforts.
This study explores a dynamic covalent bond (DCB) strategy [1,2] to develop UV-cured coatings with
reversible adhesion on various substrates (i.e., glass, PET, and PE). Two types of DCBs were investigated,
namely  disulfide  and  imine  bonds.  In  the  first  approach,  the  substrates  were  pretreated  with
bis(triethoxysilylpropyl)tetrasulfide  (TESPT)  silane,  followed  by  UV  curing  of  a  novel   disulfide-
functionalized  polyurethane  diacrylate  monomer  to  form  thin  and  transparent  coatings.  During
irradiation, sulfur–sulfur interactions enabled covalent bonding between the coating and the substrate.
As a result, strong adhesion was obtained across all tested materials. The coatings could be efficiently
removed by cleaving the disulfide bonds under specific conditions, such as  in acidic media or  in the
presence of a reducing agent. In the second approach, the substrates were prefunctionalized with (3-
aminopropyl)triethoxysilane (APTES),  and vanillin-based coatings were  subsequently  UV-cured. Imine
dynamic bonds formed between the aldehyde groups of vanillin and the amine groups of the APTES-
modified substrates, yielding strong adhesion also in this case. These coatings were readily removed
under mild acidic conditions.  
Overall,  the  proposed  dynamic  covalent  bonding  strategies  offer  a  promising  way  for  developing
recyclable UV-cured coatings that provide strong adhesion and are selectively removable under specific
stimuli.  This approach supports more efficient packaging waste recycling and aligns with the goals of a
circular economy. 

Keywords: UV-cured coatings, Dynamic covalent bonds (DCBs), Stimuli-responsive adhesion
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Mushroom Makeover: Revealing the Potential of Mushroom 
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Commercial mushroom production generates significant amounts of fruiting body waste, with up to 20-
30% of harvested mushrooms being discarded due to mishappen caps or stalks [1]. Drawing inspiration
from  recent  advancements  in  chitin-glucan  nanofilm  research  [2],  we  propose  repurposing  waste
mushrooms  into  value-added  materials.  By  leveraging  the  chitin-glucan  complex  found  in  common
mushrooms, we developed flexible chitin-glucan sheets with an innovative application as a fungi-based
cosmetic sheet mask (see figure). The chitin-glucan complex was extracted from two different fungal types,
namely white button mushroom (Agaricus bisporus) and lion’s mane mushroom (Hericium erinaceus), both
containing numerous valuable components beneficial for skin health [3]. Mild extraction processes were
chosen to preserve cosmetical valuable compounds in the extracted chitin-glucan biomass. The resulting
materials were characterized by porosity, mechanical properties, surface properties, water absorption and
disintegration.  Our  findings  demonstrate  the  potential  of  fungi-derived  chitin-glucan  sheets  as  viable
alternatives to conventional cosmetic sheet masks. The developed materials exhibited tensile strength (up
to 12.3 MPa) and strain to failure (up to 44.9%), comparable to commercial products. Moreover, our study
highlights  the  eco-friendly  and  cost-effective  nature  of  fungi-derived  materials.  By  repurposing  waste
mushrooms, we not only address waste management challenges but also contribute to the development of
a more sustainable and circular economy. The utilization of mild extraction processes together with the
scalability  of  the  sheet  preparation  enables  cost-effective  production,  offering  an  economically  viable
solution for the cosmetic sector.

Figure 1: Final cosmetic sheet mask derived from white button mushrooms

Keywords: chitin-glucan, mushroom residue, mechanical properties, biobased products, biodegradability
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Revolutionizing polyesters: from microplastic-free composting to
enzyme-driven recycling for sustainability and circularity
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As the plastic production and consumption continue to rise, plastic pollution—and particularly microplastic
contamination—has become pervasive. Developing polymers that are sustainable,  non-toxic, recyclable,
and compatible with a circular economy is therefore essential. [1] This study investigates the degradation
behavior  of  tailor-made aliphatic–aromatic polyesters  synthesized via melt  polycondensation from 1,4-
benzenedimethanol and aliphatic diacids of varying chain lengths. Degradation was assessed in alkaline
solution, industrial compost, sludge water, and via enzymatic hydrolysis using five enzymes: Hi-Cutinase
(HiC),  Esterase  EL-01,  and  three  in-house-produced  enzymes:  Ideonella  sakaiensis PETase  (IsPETase),
Cryptosporangium aurantiacum PETase variant M9 (CaPETase), and LCCICCG (a leaf-branch compost cutinase
variant).  Complete  degradation was observed for  selected polymers  which was confirmed by compost
extraction. Among enzymes, LCCICCG showed the highest activity at 60 °C, including partial PET degradation
(Xc  ~  15%),  while  HiC  was  most  effective  at  30 °C.  These  results  demonstrate  the  potential  of  these
polyesters for sustainable use, combining efficient biodegradation with enzyme-driven recycling, and offer
a promising strategy to combat microplastic pollution.

Keywords: Polycondensation, Enzymatic degradation, Composting, Compost Extraction, Microplastics, PET.
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Cationic RAFT Polymerization of Styrenic Monomers  
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Reversible  addition-fragmentation  chain-transfer  (RAFT)  radical  polymerization  is  a  one  of  the  most
versatile and powerful polymerization techniques not only for the synthesis of (co)polymers with certain
composition,  controlled molecular  weights and target functionality  but also advanced macromolecular
architectures (block-, graft-, star-shape, etc.) for diverse fields of applications.1 Recently, the cationic RAFT
polymerization was discovered that opens new possibilities to synthesize unique block copolymers via
mechanistic transformation from radical  to cationic polymerization.2 Particularly,  dithiocarbamates and
xanthates as chain-transfer agents (CTAs) showed high efficiency in cationic RAFT polymerization of vinyl
ethers  affording  well-defined polymers  with  low dispersity  up  to  M n=100,000  g  mol1.2 However,  the
efficiency of the above-mentioned CTAs in the cationic RAFT polymerization of p-methoxystyrene (pMOS)
is much lower and zero efficiency was observed in polymerization of less reactive monomers. 
In  this  work,  the  successful  cationic  RAFT  polymerization of  p-methoxystyrene  (pMOS)  with  different
dithiobenzoates as chain-transfer agents activated by very small amount of Lewis acid will be discussed.
We will demonstrate that through rational design of the CTA structure the well-controlled cationic RAFT
polymerization of pMOS could be achieved at room temperature to afford poly(p-methoxystyrene) with Mn

up to 35,000 g mol-1 and low dispersity (Ð≤1.25). The further design of CTAs for performing cationic RAFT
polymerization  of  less  reactive  monomers  such  as  p-methylstyrene  and  styrene  consisted  in  the
introduction  of  electron-withdrawing  groups  into  CTA  structure.  Cationic  RAFT  polymerization  of  less
reactive p-methylstyrene and styrene was performed using CTAs bearing electron-withdrawing groups to
give polymers with controlled molecular weight up to Mn< 10,000 g mol-1 (poly(p-methylstyrene)) and Mn<
5,000 g mol-1 (polystyrene) and moderate dispersity (Ð=1.82.2). The developed initiating systems showed
high efficiency toward cationic RAFT (co)polymerization of bio-based monomer anethole.

Keywords: cationic polymerization, RAFT polymerization, controlled polymerization
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Effects of a condensed mode approach on polymerization process,
morphology and properties of high-impact ethylene-propylene

copolymers
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1Borealis Polyolefine GmbH, Linz, Austria
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The amount of ethylene-propylene copolymer (EPC) is a decisive factor for the impact performance of
multiphase impact copolymers (ICPs). It is well known that the stable production of ICPs with high EPC
content is challenging, even in multi-reactor processes with highly porous catalysts, as the polymer powder
can become sticky, resulting in production issues like fouling or sheeting. Slow diffusion of monomers into
the core of the reactor powder particles during the EPC production stage has been identified as a root
cause of powder stickiness, suggesting the use of induced condensing agents (ICAs) to enhance monomer
diffusion inside the particles. Jiang et al. [1,2] have recently presented a condensed mode approach using
n-hexane  as  an  ICA  in  the  EPC  stage  of  an  ICP  polymerization  process,  reporting  improved  powder
flowability and its effect on the comonomer content and molecular weight of the EPC phase.
In the present study, a set of bench-scale polymerizations was performed with Borealis’ proprietary post-
phthalate Ziegler-Natta catalyst (ZNC) [4] in the presence of either n-pentane (C5) or n-heptane (C7).  To
better understand the practical applicability of the approach in the Borstar PP hybrid process [3] and to
check the generality of the concept, a more realistic bulk matrix polymerization in pure liquid ethylene was
applied prior to the EPC production stage. 
Our results showed that the ethylene response during polymerization and the comonomer distribution of
the EPC phase remained the same, contrary to the claims in the literature. Both C5 and C7 were found to
improve productivity. The mechanical performance, thermal properties, and molecular weight of the final
polymers were unaffected. Samples containing high amounts of EPC and produced in the presence of C7
showed a pronounced improvement in powder flowability compared to samples containing lower amounts
of  EPC.  In  contrast,  the  powder  stickiness  of  samples  polymerized  in  the  presence  of  C5  appeared
comparable or even worse than the reference samples without ICA. AFM images revealed a distinct shift in
the spatial distribution of dispersed EPC phases from the particle skin toward the core in case samples
produced with the addition of C7. The condensed mode approach offers certain benefits, but only when
high-boiling-point ICAs such as C6 or C7 are used in substantial amounts, which are costly to remove and
thus may limit the practical applicability of the method.

Keywords: high-impact ethylene-propylene copolymer, condensed mode
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Controlling Curing Kinetics in Thiol-ene Photopolymerization
via Wavelength-Orthogonal Antagonistic Photochemistry

Thomas Griesser  1  , Rita Hoeller1

1Institute of Chemistry of Polymeric Materials, Montanuniversitaeät Leoben, Otto Glöckel-Straße 2, A-8700
Leoben, Austria 

thomas.griesser@unileoben.ac.at

Orthogonal photoreactions have attracted growing interest in polymer chemistry over the past decade.[1]
The wavelength-selective activation of chromophores enables precise spatial and temporal manipulation
of material properties, particularly in lithography-based additive manufacturing.[2]
In  this  study,  we  present  a  strategy  to  control  thiol-ene  photopolymerization  by  combining  two
antagonistic  photochemical  processes  activated  at  different  wavelengths.  As  previously  introduced  by
Bowman et al., basic amines retard the thiol-ene reaction under certain conditions – mostly dependent on
the pKa of the thiol in comparison to the amines’ conjugated acids pKa.[3] We transferred this concept to
photochemically activated basic compounds to gain additional control over the thiol-ene curing reaction.
Radical  polymerization is  initiated by a type II  photoinitiator  activated at  450 nm, while  the inhibition
mechanism  is  triggered  by  a  photolatent  base  at  365 nm.  The  difference  in  absorption  of  these
components allows fine-tuned modulation of the curing kinetics by the light dose used.
This approach enables precise local retardation or suppression of the curing reaction. Experiments such as
laser writing and grayscale patterning confirm the resolution and versatility of this method. By integrating
photochemically  gated  inhibition,  such  systems  offer  new  capabilities  in  lithography-based  additive
manufacturing and advanced photolithography.

Keywords: antagonistic photoreactions, thiol-ene, photochemistry
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2D Materials Based on Silicon as Polymer Fillers
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Graphene  and  its  derivates  have  been  already  widely  studied  as  fillers  for  enhancement  of  polymer
properties. However, recent progress in development of its silicon analogues enabled their preparation in
higher quantities which enabled their usage as fillers as well.

In this work we describe the effect of addition of siloxene (analogue to graphene oxide),  and silicene
(analogue to graphene) into polymer matrixes based on polyamide 6, poly(ε-caprolactone), and polyvinyl
fluoride. Effects on polymerization process, thermal properties, and mechanical properties were studied.

Fig. 1 Poly(ε-caprolactone) nanocomposites with increasing siloxene content

Keywords: nanocomposites, polyamide 6, polyvinyl fluoride, poly(ε-caprolactone)
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High performance polyetherimide composites
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For a multitude of applications, especially in the aerospace sector,  it  is very important that composite
materials do not only poses superior mechanical properties but also perform at high service temperatures.
[1,2] High-performance thermoplastics such as poly(ether ether ketone) (PEEK), poly(ether sulfone) (PES), and
poly(phenylene  sulfide)  (PPS)  have  been  extensively  explored  for  this  purpose. [2,3] Among  these,
polyetherimide (PEI) emerges as a promising matrix due to its high glass transition temperature (T g) of
~ 220 °C at relatively lower cost compared to PEEK and PES.[3] PEI retains excellent mechanical properties up
to 200 °C, making it a strong candidate for advanced composite applications. However, producing high T g

polymer composites remains challenging.[2]

Figure 1. Schematic of powder impregnation composite production line.

In this study, we present a simple and efficient method for fabricating carbon fibre-reinforced PEI tapes and
laminates with a fibre volume fraction of 58 % using a purpose-built composite production line. HexTow®
AS4D (12K) carbon fibres were impregnated with PEI through an aqueous resin bath. The wet impregnated
tow was passed through two infrared (IR) ovens to remove the water and guided to a set of 3 heated shear
pins operated at 350 °C with the purpose of melting the polymer. The thermoplastic prepreg was then
consolidated in a hot press. Optical microscopy confirmed uniform fibre impregnation with minimal void
content (1.4 – 2 %).  Mechanical  testing demonstrated strong interfacial  adhesion and high compressive
properties even at 90 °C. 

Keywords: polyetherimide, high-performance polymers, carbon fibre-reinforced polymer composites
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A Two-in-One additive for vitrimers: catalysis and reinforcement in a
single step
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The polymer type dynamic covalent network is gaining increased interest as these materials bridge the 
properties of thermoplasts and thermosets[1] enabling the usage of these materials for shape shifting and 
self-healing.[2] To achieve this effect the covalent bonds in the polymer undergo thio-thioester exchange 
processes which can be catalyzed by various types of catalysts.[2,3] These catalysts can be e.g. initiated by 
heat or light.[4,5] 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 thio-thioester exchange. In these measurements the here developed 
heterogeneous MOF catalyst shows a significant catalysis over the sample with no catalyst (see Fig 1a). 
Supplementary to the self-healing effect the integration of this crystalline catalyst (see Fig 1b) serves to 
modify the intrinsic properties of the thiol-ene click photopolymer which is generally known for having low 
toughness.[6] 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 simulatneously in a single step. 

Figure 1: two-in-one additive changes speed of stress relaxation (a) and changes crystallinity of the polymer composite (b)
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Fabrication of High-Flux Asymmetric Polyimide Membrane from Water-
Soluble Poly(amic acid) Precursors via an Aqueous Route
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France
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The  current  membrane  manufacturing  process  relies  on  traditional  solvents  such  as  chloroform,
dimethylformamide  (DMF),  N-methyl-2-pyrrolidone (NMP)  and  dimethylacetamide (DMAc),  which  pose
significant  risks  to  the  environment  and  human  health  due  to  their  toxicity  and  environmental
persistence[1],[2].  To  address  these  concerns,  the  adoption  of  green  solvents  as  alternatives  to
conventional ones has emerged as an inevitable trend in membrane fabrication, particularly in non-solvent-
induced phase separation (NIPS) and thermally induced phase separation (TIPS) processes[3]. Among these,
water stands out as the most sustainable and accessible solvent option. Poly(amic acid) (PAA), a water-
soluble precursor to polyimide (PI), offers a viable route for fabricating high-performance membranes in
aqueous  media[4].  The  salt  form  of  PAA,  poly(amic  acid)  salt  (PAAS),  presents  enhanced  water
processability  while retaining the ability  to be thermally  converted into robust  PI  structures[5].  In this
study,  we report  a  monovalent  salt-induced phase separation method to fabricate  asymmetric  porous
Kapton®  PI  membranes  using  triethylamine-neutralized  PAA.  The  influence  of  sodium  chloride  (NaCl)
concentration on phase behavior was examined, and the membranes were prepared via aqueous phase
inversion  followed  by  thermal  curing.  The  resulting  asymmetric  Kapton®  membranes  demonstrated
outstanding  thermal  and  mechanical  stability,  coupled  with  remarkably  high  water  flux.  Detailed
morphological and permeability analyses were conducted to assess performance under varying operational
parameters,  including  applied  pressure  and  temperature  ramping,  confirming  the  viability  of  this
sustainable fabrication strategy for advanced separation applications.

Keywords: polyimide membranes, green solvents, aqueous phase inversion, Kapton®.
Acknowledgments: This work was supported by the French National Research Agency (POMENVI, ANR-22-
CE43-0008).
References
[1] M. A. Rasool et I.  F. J. Vankelecom, « Use of γ-valerolactone and glycerol derivatives as bio-based renewable

solvents  for  membrane  preparation »,  Green  Chem.,  vol.  21,  no 5,  p.  1054-1064,  mars  2019,  doi:
10.1039/C8GC03652G.

[2] T. B. Hofstetter, C. Capello, et K. Hungerbühler, « Environmentally Preferable Treatment Options for Industrial
Waste  Solvent  Management:  A  Case  Study  of  a  Toluene  Containing  Waste  Solvent  »,  Process  Safety  and
Environmental Protection, vol. 81, no 3, p. 189-202, mai 2003, doi: 10.1205/095758203765639898.

[3] W. Xie et al., « Toward the Next Generation of Sustainable Membranes from Green Chemistry Principles  », ACS
Sustainable Chem. Eng., vol. 9, no 1, p. 50-75, janv. 2021, doi: 10.1021/acssuschemeng.0c07119.

[4] Y. Ding, B. Bikson, et J. K. Nelson, « Polyimide Membranes Derived from Poly(amic acid) Salt Precursor Polymers.
1.  Synthesis  and  Characterization »,  Macromolecules,  vol.  35,  no 3,  p.  905-911,  janv.  2002,  doi:
10.1021/ma0116102.

[5] « PHASE  SEPARATION  OF  POLY(AMIC  ACID-CO-IMIDE)  SOLUTION »,  ResearchGate,  oct.  2024,  doi:
10.1080/00986440903088710.

Standard oral lecture

PM16 89

mailto:damien.quemener@umontpellier.fr


Standard oral lecture

PM16 90



Sulfur-Enhanced Degradability: Tuning Polymer Properties to Accelerate
Polyester Breakdown in Environmental Conditions

Emilia Fulajtar  1  , Seema Agarwal1,2*

1Advanced Sustainable Polymers, Macromolecular Chemistry II, University of Bayreuth,
Bayreuth 95440, Germany

2 Bavarian Polymer Institute, University of Bayreuth, Bayreuth 95440, Germany
*Email: agarwal@unibayreuth.de

Plastic waste mismanagement and increasing masses of microplastics in the environment, underline the
neccessity of new solutions, like recycling possibilities or biodegradable materials. The latter brings up the
question, how commonly used, non-degrading, polymers can be tranformed into degradable materials or
how and in which field they can be replaced by degradable options. For enhanced degradation in the
evironment or composting/ sewage plants,  innovative strategies need to be pursued. In this  study we
investigated the influence of hydrophilicity  and electronic effects of incorporated sulfur groups in two
different  oxidation  states  (thioether  and  sulfone)  on  the  degradation  of  poly(benzenedimethylene
succinate) (PBDMS).[1] The co-polyesters, PBDMS-co-poly(benzenedimethylene thioglycolate) with different
amounts  of  sulfur  were  synthesized  via  melt  polycondensation  and  oxidized  post  polymerization. [1]

Oxidation to the sulfone resulted in faster  degradation in  compost  due to decreased crystallinity  and
increased hydrophilicity.[1] However, the influence of the electron-withdrawing nature of the sulfone also
contributed to faster degradation time, especially in basic conditions.  These polymers bring promising
properties as degradable polymers for several applications.  [1]

Keywords: polycondensation, degradation, poly(benzenedimethylene succinate), poly(benzenedimethylene 
thioglycolate),sulfur-containing
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Synthesis of High Molecular Weight Poly(Itaconic Acid Esters)
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Itaconic acid (IA) is a vinyl monomer obtained biotechnologically on an industrial scale. It is a non-
toxic, renewable biomaterial. Due to structural similarity, IA and its esters can be used in polymerization
processes as an alternative to petrochemical-derived monomers such as acrylic or  methacrylic  acid.  IA
contains an α,β-unsaturated double bond that allows it to polymerize via free-radical mechanism, while the
two  carboxyl  groups  can  be  modified  before  or  after  polymerization  [1,  2].  Standard  polymerization
methods for itaconic esters produce low molecular weight polymers. The aim of the research is to develop
a method for synthesis of high molecular weight poly(itaconic esters) and comparison of their properties
with the polymers of typical molecular weights. In the presented alternative approach, the first step is to
obtain a high molecular weight poli(itaconic acid) (PIA), followed by esterification of the carboxyl groups.

IA can be esterified directly in the presence of alcohols, e.g. using lipase enzymes such as CALB or
without a catalyst by opening the ring of IA anhydride [3]. Copolymerization of IA mono- and diesters in
different molar ratios in bulk was carried out in the presence of AIBN as an initiator.  As a result of the
reaction, polymers with molecular weights in the range of 40 000–200 000 g/mol were obtained, with the
content of carboxyl groups being close to the values resulting from the type and molar ratio of monomers.

Here, we proposed a new approach to the synthesis and modification of poly(itaconic acid) esters.
In this method, IA polymerization was carried out in an equimolar DMSO/H2O solution with an azo initiator
(VA-044). The molecular weight of PIA can be adjusted in the range of 30 000–700 000 g/mol by changing
the initial concentration of IA in the reaction mixture [2]. PIA samples of various molecular weights were
esterified using 1,1,3,3-Tetramethylguanidine (TMG) and halogenated compounds, such as methyl iodide,
in  DMSO solution [4].  Different  temperatures  and reaction times were tested (up  to  50°C  and 72 h).
Esterification reactions were carried out on purified PIA and directly on the reaction mixture after PIA
synthesis, without prior isolation and purification of the polymer.

Polymers  from both synthesis  paths  were  subjected to  NMR and  GPC analysis  to  confirm the
structure and determine the degree of esterification of COOH groups. TGA and DSC analyses were also
performed to compare the thermal properties of the polymers. As a result of the esterification reaction of
PIA in the presence of TMG, it is possible to obtain polymers with a much higher molecular weight than in
the case of polymerization of IA esters and still achieve a significant degree of esterification of COOH groups
(up to 90%).

Keywords: itaconic acid, poly(itaconic acid), radical polymerization, esterification, renewable monomers
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Investigation of eggshell membrane effect on curing kinetics of epoxy
resin system with 100 % bio-based carbon content
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Bio-based  epoxy  systems have  gained  significant  attention in  recent  year,  primarily  due  to  efforts  to
replace commercial  fossil-based products with greener alternatives derived from renewable resources.
Reinhardt et al.  have demonstrated a fully bio-based epoxy thermoset based on epoxidized linseed oil
(ELSO) and tannic acid, exhibiting a glass transition temperature of 147 °C and a flexular modulus of 2986
MPa,  demonstrating  competitive  mechanical  performance  relative  to  traditional  petroleum-based
products. [1]  Using ELSO and citric acid (CA), Anusic et al. prepared a high-performance thermoset with a
storage modulus of 1380 MPa. [2]  However, the primary limitation of such systems usually resides in long
curing times at high temperatures, thus impeding their broader adoption in commercial applications.
Over the past several decades, eggshell (ES) waste has become a significant food industry pollution hazard
with an estimated 8 milion metric tons produced anually. [3]  Efforts of reducing the environmental impact
and improving the sustainability of ES waste via recycling and valorization include production of composite
materials,  where  ES  replace  traditional  non-renewable  mineral  resources  of  CaCO3.  Recently,  chicken
eggshell powders were also explored as promising curing catalysts of bisphenol A diglycidyl ether epoxy
resins [4] . 
The presented work studies the effects of increasing eggshell powder additions in an ELSO resin with CA
hardener resulting in a composite with 100 % bio-based carbon content. Curing kinetics of the respective
compositions are investigated using differential scanning calorimetry and kinetic parameters are assessed
using  several  isoconversional  models.  Additionally,  the  effects  of  eggshell  powder  fillers  on  thermal,
thermomechanical and mechanical properties are evaluated.

Keywords: epoxy, bio-based, eggshell membrane, curing kinetics
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Impact of chain extension on the melt strength properties of 3d printed
high-performance polyphtalamides using fused granulate fabrication

(FGF) process
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The  Fused  Filament  Fabrication  (FFF)  3D  printing  is  the  most  common  and  widespread  additive
manufacturing (AM) technique, but it requires the manufacturing of filaments. Fused Granular Fabrication
(FGF), in which pellets are directly 3D printed, has become a promising technique for AM technology [1].
The prsent study is particularly  focused on injection molding grade high performance polyphtalamides
(PPAs)  used in  the automotive industry  because of  their  excellent  mechanical  and thermal  resistance
properties. Two strategies were deployed to enhance the melt strength of PPAs in order to be suitable for
the  FGF  process.  The  first  was  a  partially  reactive  way  where  PA6T/6I  copolymers  continue  to  post-
polymerize when they melt and the holding time in the extruder of the 3D printer was in-depth controled
[2]. The collected PPA samples were further examined and demonstrated an increase in the molar mass
and in the melt viscosity with time as measured by GPC and rheological tests, respectively. The second
route was a reactive way where the reaction of the PPAs in the presence of 1, 3-Phenylene-Bis-2-Oxazoline
(PBO)  and  1,1′-Carbonyl-Bis-Caprolactam (CBC)  as  chain  extender  were  performed using  a  twin-screw
extruder [3]. The effect of concentration of PBO reacting with the carboxylic end groups and the CBC with
the amine end groups on the melt processability behavior were investigated. A design of experiments was
then  employed to optimize the most important printing parameters based on Charpy impact, three-point
bending and short-beam shear tests. The effectiveness of developped approaches to easily improve the
melt strength of high performances semiaromatic copolyamides (PPAs) for direct pellet printing is thus
demonstrated,  allowing  the  possibility  of  transposing  these  finding  to  highly-filled  glass  fiber  PPAs
composites dedicated to aerospace industry. 

Keywords: Polyphalamide, Chain extender, Fused Granular Fabrication, Reactive extrusion.
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Impact of Impurities in the Mechanical Recycling of Mixed Fiber Textiles
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Globally, the share of post-consumer textile waste that is subjected to recycling amounts to only 0.5%,
while most textile waste ends up in landfills or incineration [1]. Direct mechanical recycling of mixed textile
waste, e.g. cotton and polyester fibers, is hampered because of fundamental differences in the structure
and chemical  constitution of the constituents,  which require completely different approaches for their
reprocessing.  To  separate  different  fiber  types,  chemical  recycling,  biotechnological  approaches,  or
mechanical separation processes can be utilized, all of which are connected to their very own drawbacks
[2]. The approach of mechanically separating fibers yields reasonably pure material streams of the main
fibrous ingredients, however, impurities and contaminants as well as residues from the other fiber type(s),
have to be accepted. In particular, minor elements of textiles, e.g. rubber bands or labels, are frequently
not  completely  rejected  because  of  chemical  similarities  between  the  main  textile  fibers  and  those
elements. This would require manual sorting processes, which are economically not feasible. Thus, in a
compounding process of recovered polymers, those elements are inevitably present and are hypothesized
to play a major role in the mechanical properties of recovered polymers. The aim of this study is to identify
potential impurities present in mixed fiber textile apparel and to evaluate their impact onto the mechanical
performance of recovered polymers from mechanical recycling. Upon identification and characterization of
disruptive elements, model formulations of polyester with known contents of the impurity were processed
on a conical, co-rotating twin screw extruder and evaluated for their mechanical performance.

Keywords: polyester fiber, cotton, mixed fiber textil, textile recycling
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Surface Modification Strategies for Nanofiltration Membranes
Richard Thompson, Ian Cahuzac and Purneema Kaur
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Nanofiltration membranes play a vital role in water remediation strategies and with a quarter of the 
world’s population without safely managed drinking water, the need for reliable, effective and robust
technologies is ever increasing.  Improving accessibility to clean water and sanitation is a key priority 
of the United Nations Sustainable Development Goals (UNSDG6).

Graphene oxide (GO) is a promising material for nanofiltration membranes, having an appropriate 
interlayer spacing and hydrophilicity to provide selectivity and anti-fouling properties that are 
required for nanofiltration applications.  However, the resilience of these membranes is limited 
because exposure to water causes some exfoliation and therefore a change in filtration properties.  
Our recent results for the reinforcement of GO membranes highlight the influence of flexibility in the 
cross-linking agent and filtration performance, figure 1.1  Through this detailed rheological 
assessment of membrane materials we find, surprisingly, that the flexibility of the crosslinker has 
little bearing on the flexibility of the GO composite, but the overall reinforcement is much improved 
with the use of flexible PEI crosslinkers.  Our results also suggest a maximum level of reinforcement 
beyond which additional crosslinker appears to reduce performance, figure 2.  We attribute this to 
the saturation of the GO surface preventing cross-linkers from forming effective bridges.  Results for 
nanofiltration performance indicate that significant improvements to resilience can be achieved even
at cross-linker concentrations as low as 0.2%(w/w) with respect to mass of GO.

Finally, we explore an entirely new approach to control surface modification of PES nanofiltration 
membranes, exploiting viscous reactive solutions to restrict the depth within a membrane to which 
modification occurs.  Surface analysis with AFM (figure 3) shows that the rate of polydopamine 
deposition onto a surface is relatively independent of solution viscosity. Results for nanofiltration 
using a dead-end cell indicate that this strategy can provide an effective means to control selectivity 
for size whilst minimising the impact on flux because the surface modification from a viscous solution
does not block the channels within the membrane as severely as when a more fluid solution is used.

Figure 1.  Sketch of cross-linking strategy for GO sheets, reinforcement analysis with oscillatory 
rheology and nanofiltration process.
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Figure 2.  Dependence of GO composite 
reinforcement on cross-linker concentration

Figure 3.  AFM image of polydopamine layer 
deposited onto flat silicon surface

Acknowledgements

We thank EU-RDF for financial support of this work through the ERDF – Intensive Industrial 
Innovation Programme – 25R17P01847.

References

(1) Kaur, P.; Bowen, L.; Hutchings, L. R.; Chaudhry, M. U.; Pugh, T.; Thompson, R. L. Reinforcement of 
GO composites using rigid and flexible crosslinkers. Colloids and Surfaces A: Physicochemical and 
Engineering Aspects 2025, 709, 136156. DOI: https://doi.org/10.1016/j.colsurfa.2025.136156.

Standard oral lecture

PM16 97

https://doi.org/10.1016/j.colsurfa.2025.136156


Effect of Functional Nanofillers on the Thermo-Rheological Properties of
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Developing biodegradable polymer composites with enhanced performance is a key challenge in advancing
sustainable materials. In this study, nanocomposites based on Ecovio®, a commercial blend of polylactide
and poly(butylene adipate-co-terephthalate), were prepared using a range of functional nanofillers. These
nanofillers encompassed modified montmorillonite clays and polymeric brushes derived from poly(butyl
acrylate) and poly(butyl methacrylate).
Thermal  analysis  showed  typical  two-step  degradation  (PLA,  then  PBAT),  with  (3-
aminopropyl)triethoxysilane-functionalized  clays  reducing  thermal  stability  and  poly(butyl  acrylate)
functionalised  clays  improving  it.  Thermomechanical  and  FTIR  analyses  confirmed  that  (3-
aminopropyl)triethoxysilane functionalised clay promoted degradation during processing, while poly(butyl
acrylate) functionalised clays mitigated these effects. At the same time, differential scanning calorimetry
analysis  revealed  no  significant  effects  of  the  fillers  on  the  glass  transition,  melting,  or  crystallisation
temperatures [1, 2]. These observations are consistent with the established behaviour of polylactide-based
systems, which are known to be sensitive to nucleating agents and blend morphology [3].
The composites' rheological behaviour was evaluated through dynamic shear experiments. Advanced data
interpretation techniques, including Cole–Cole and van Gurp–Palmen plots, have led to the discernment of
alterations in viscoelastic properties and interfacial interactions. This, in turn, has furnished insights into the
structure–property relationships of the modified systems [4, 5].
While the thermal characteristics remained largely unaffected by nanofiller incorporation, subtle shifts in
crystallisation behaviour and notable changes in viscoelastic properties point to underlying modifications at
the  filler–matrix  interface.  These  findings  provide  a  foundation  for  optimising  the  performance  of
biodegradable composites in environmentally conscious applications.
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Covalent Adaptable Networks
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The advancement of thermally activated self-healing materials has attracted considerable interest in recent
years,  largely  due  to  their  potential  to  minimize  waste  and  extend  the  durability  of  polymer-based
products. Among these materials, vitrimers stand out as covalent adaptable networks capable of intrinsic
healing through thermo-driven associative exchange reactions. Above their topology freezing transition
temperature (Tv), these dynamic exchanges accelerate rapidly, allowing vitrimers to exhibit viscoelastic
flow while maintaining their crosslinked solid-state structure. [1] Vitrimers utilizing dynamic hydroxyl-ester
linkages typically require a transesterification catalyst to promote efficient bond exchange above Tv. In
response, a diverse collection of thermally latent base catalysts for transesterification in vitrimers have
been evaluated. [2] A series of thermo-base generators (TBGs) were synthesized and comprehensively
characterized  using  thermogravimetric  analysis  (TGA),  evolved  gas  analysis  (EGA),  nuclear  magnetic
resonance,- (NMR), and infrared (IR) spectroscopy to assess their decomposition behavior and thermally
triggered  base  release  (TTBG).  These  catalysts  enable  precise  thermal  control  over  activation  and
deactivation, facilitating the development of multiple thermally switchable dynamic polymer networks.
The effectiveness of this strategy was validated through stress relaxation tests, reshaping studies, self-
healing  evaluations,  and  tensile  experiments.  By  tuning  the  molecular  structure  of  the  latent  bases,
decomposition temperatures  and activation timelines  could  be finely adjusted across a  broad thermal
window. This tunability allows for seamless integration into vitrimers with various Tv values, ultimately
supporting a wide range of potential applications in the polymer field and opening new paths for the
design of dynamic, sustainable polymeric systems.

Keywords: Thermally Latent Catalysts; Covalent Adaptable Networks;  Sustainable Polymer Networks; 
Green Chemistry in Polymer Design. 
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Atmospheric water harvesting using sulfonated porous organic
polymers: is crystallinity key?
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Despite access to clean drinking water being recognised as a human right by the United Nations, multiple
parts of the globe are already facing significant freshwater scarcity and the number of affected areas is set
to rise even further.1 To tackle this issue, atmospheric humidity represents a supplementary source of
fresh water, since it is generally not geographically restricted. In this talk, I will demonstrate the ability of a
sulfonated hypercrosslinked polymer, SHCP-10,2 and a sulfonated covalent organic framework, COF-SO3H,3

to repeatedly harvest significant amounts of water via direct air capture. High water uptake is retained in
relative humidities as low as 10%, mimicking some of the harshest environments on Earth. To demonstrate
the  viability  of  water  harvesting  in  real-world  applications,  we  constructed  an  atmospheric  water
harvesting  device.  After  conditioning  in  various  RHs  and  temperatures,  captured  water  was  readily
desorbed  using  simulated sunlight,  presenting a  low-energy  route  to  water  harvesting  and adsorbent
regeneration. Post-cycling, both materials retained excellent water uptake capacity over a broad range of
relative humidities.  We believe that this  technique has the potential to greatly  enhance our ability  to
address water scarcity concerns due to the use of low-cost and readily available reagents during synthesis
and  an  almost  limitless  supply  of  water  vapour  from  air.  By  contrasting  a  reticular  material  and  an
amorphous network, we will attempt to elucidate the role of crystallinity in sorbents for atmospheric water
harvesting.

_______________
 United Nations, The Sustainable Development Goals Report 2022. https://unstats.un.org/sdgs/report/2022/ 
(accessed 2025-03-08).
2 P. Schweng, F. Mayer, D. Galehdari, K. Weiland, R. T. Woodward, Small 2023, 2304562. DOI: 10.1002/smll.202304562
3 P. Schweng, C. Li, P. Guggenberger, F. Kleitz, R. T. Woodward, ChemSusChem 2024, e202301906. DOI: 
10.1002/cssc.202301906
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Sulfur is a waste product generated on the scale of 60 million tonnes per annum.   Efforts to use this sulfur 
as a feedstock for functional polymer materials have resulted in the process of inverse vulcanisation and 
the products of this process.   These polymers have been used in applications such as Li-S batteries, 2 
mercury sequestration from wastewater,   and as antibacterial surfaces.   Problems arise in this process 
however, including polymer solubility in only organic solvents, the high temperatures (>120 °C) required 
for the synthesis, and the production of hydrogen sulfide as a by-product of the reaction. A new synthesis 
involving the nucleophilic decomposition of sodium polysulfides by a carbanion generated from the 
common surfactant sodium allyl sulfide yielded a linear polymer with exceptional water solubility. This 
polymer demonstrated a high capacity for atmospheric water harvesting with a capacity of 345 W/w%, and
the ability to act as a flocculant to remove up to 87% of mercury ions from a 1 ppm solution.  

Keywords: Sulfur polymer, water harvesting, water remediation, polysulfide
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Covalent Organic Frameworks (COFs) are crystalline porous organic polymers known for their high surface
area, chemical stability, and tunable morphology. These properties make COFs promising candidates for
diverse applications, including gas storage, filtration, catalysis, and energy storage. However, their usage is
often limited by traditional synthesis methods, which predominantly yield insoluble powders. [1]

To  overcome  this  limitation  in  processability,  we  explored  new  synthetic  strategies  to  fabricate
macroscopic COF objects. Electrospinning in particular has proven to be a versatile technique to produce
fibrous 2D and 3D COF architectures.  In  this  approach,  thermoplastic polymers  are processed from a
solution into fibrous templates, which serve as scaffolds. COFs can replicate these fibers in the next step
and form flexible, macroscopic objects.[1-3]

In the context of energy applications, functionalities such as sulfonic acid groups play an important role in
providing a high proton and lithium-ion conductivity. These functionalities can be incorporated either by a
de novo synthesis or by post-synthetic modifications techniques. We are working with sulfonation in the
gas-phase, which provides the functionalization of COFs across a wide range of aromatic building blocks.
By  utilizing  electrospinning  and  post-synthetic  modifications,  we  present  promising  ways  to  develop
COF-based materials for fuel cells and lithium-ion batteries.

Keywords: Covalent organic frameworks (COFs), electrospinning, energy storage
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PEDOT/hydroxypropyl β-cyclodextrin polyrotaxane: Synthesis and
photophysical characteristics
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In the past decades, much attention has been dedicated to the development of new polyrotaxane
(PRs) architectures, which offer the opportunity to generate smart polymeric functional materials. In this
regard, poly(3,4-ethylenedioxythiophene) (PEDOT) has received tremendous attention due to its practical
optoelectronic applications. Herein, we present a continuation of our work regarding the beneficial effect
of  the  encapsulation  of  poly(3,4-ethylenedioxythiophene)  (PEDOT)  chains  into  the  cavity  of  the
hydroxypropyl β-cyclodextrins (HPβCD) [1,2].  

Figure 1. Schematic representation of the PEDOT-HPβCD polyrotaxane and the reference polymer structures.

The morphological, photophysical, and thermal properties of this material have been evaluated and 
compared to the pristine PEDOT. The achieved results indicated improvements in the photophysical and 
thermal properties of the polyrotaxane structures.

Keywords: PEDOT, hydroxypropyl β-cyclodextrin, polyrotaxane, optical properties

Acknowledgments
This  work  was  supported  by  a  grant  of  the  Ministry  of  Research,  Innovation  and  Digitization,  CNCS-
UEFISCDI, project number PN-IV-P1-PCE-2023-0300, within PNCDI IV. 

References
[1] Resmerita, A.-M.; Asandulesa, M.; Bulai, G.; Farcas, A. Novel Supramolecular Networks Based on PEG and PEDOT
Cross-linked Polyrotaxanes as Electrical Conductive Materials.  Eur. Polym. J. 2019,  114, 39-46.
[2]  Haitami,  A.  E.;  Resmerita,  A.-M.;  Ursu,  L.E.;  .;  Asandulesa,  M.;  Cantin,  S.;Farcas,  A.  Novel  Insight  into  the
Photophysical  Properties  and  2D  Supramolecular  Organization  of  Poly(3,4-ethylenedioxythiophene)/Permodified
Cyclodextrins Polyrotaxanes at the Air-Water Interface. Materials 2023, 16, 4754.

Standard oral lecture

PM16 104



Polymer Cubosomes:
Synthesis, Self-Assembly and Conversion to Functional Materials
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The  self-assembly  of  block  copolymers  is  nowadays  well  understood.  The  resulting  block  copolymer
morphology is mainly influenced by the packing parameter 𝑝 = 𝑣/𝑎0𝑙𝑐; where 𝑣 and 𝑙𝑐 are the volume and
the length of the hydrophobic block, and 𝑎0 is the surface area of the hydrophilic block. If 𝑝 < 1/3 spheres
are formed,for 1/3 < 𝑝 < 1/2 cylinders are found, and a 1/2 < p < 1 will result in vesicles.1,2 Exceeding a p >
1 results in the formation of cubosomes and hexosomes.2 The polymer cubosomes have a bicontinuous
pore network and a high surface area, therefore they can be
used as templating platform for different materials like metal
oxides and MOFs to introduce high surface area and ordered
porous  structure.3,4 Herein,  we  show  the  synthesis  of
poly(ethylene oxide)-based amphiphilic block copolymers via
RAFT polymerization, discuss the influence of  chain lengths
and cosolvent on the self-assembly process. We also present
an  alternative  formation  route  (redispersion)  to  the
commonly  used  nanoprecipitation  method.  The  resulting
poylmer cubosomes are be used as a templating platform for
TiO2, Co3O4 and porous carbon.

Keywords: block copolymers, mesoporous materials, metal oxides, self-assembly, templating
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Figure  1. SEM  image  of  block  copolymer  cubosomes.  
(scale bar 1 µm).
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The road to tyre-to-tyre recycling: Tensile testing as a tool for
determining the incorporation of rubber particles in a vulcanized matrix
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The amount of end-of-life tyres generated in the EU exceeded 3 million tons in 2021. 58 % of these are
recycled,  the remainder is  thermally  recovered. [1]  However,  recycling in this  context mostly  refers to
open-loop recycling: Grinding of the tyre and usage of the resulting ground tyre rubber without further
treatment,  often as a  substitute  fuel  for  the cement industry.  Devulcanization of  rubber,  the selective
scission of S– S and C– S-bonds without breaking the main chain, is a necessary step for closing the loop, as
it  allows  for  reprocessing  and  revulcanization.  Ideally,  this  can  be  realized  without  a  decrease  in  the
resulting material’s mechanical properties. [2] With this in mind, the influence of untreated ground tyre
rubber on the mechanical properties of vulcanized rubber mixtures commonly used in tyre formulations is
investigated. Additionally, mixtures containing glass beads, an inert filling material, are investigated to gain
conclusions about whether rubber particles are chemically integrated into the matrix. The aim of this work
is  to better understand the chemical  incorporation of untreated rubber particles and devulcanizates in
rubber virgin material.
Ground tire rubber with different particle sizes and glass beads of different diameters were mixed into two
rubber mixtures, that are industrially used for retreading of tires. After vulcanization, tensile testing was
performed according to ISO 37 and cyclic tests were conducted to calculate the crosslink density of the
materials according to YEOH [3,4].
Tensile strength and elongation at break decrease to a greater extent when larger particles are contained in
the material. Glass beads lead to similar effects as rubber particles, if the diameters are comparable. The
decrease in  crosslink  density is  also similar  for  materials  with  rubber particles  and glass  beads,  which
suggests that untreated rubber particles are not chemically  bound into the rubber matrix through the
vulcanization process.

Keywords: Rubber Recycling, Tensile Testing, Crosslink Density
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(Bio)degradable polyurethanes with amino-acid phosphorodiamidates
as breakage points
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Degradable polymers are of  ever-growing interest  to combat the global  plastic waste crisis.  Often the
degradation of polymers should be fast and without toxic by-products while still maintaining mechanical
properties. For this, cleavable linkers are necessary.  

Amino-acid  based phosphorodiamidates (APDA) present  a promising option as cleavable linker [1].  They
degrade at neutral or acidic pH, but remain stable under alkaline conditions. Upon hydrolytic cleavage, the
phospohorodiamidate group  yields ammonium cations and phosphates, which are biocompatible.

APDAs offer a high degree of chemical functionalisation. It is possible to synthesize small APDAs, which can
be incoperated into the hard segment of thermoplastic polyurethanes, as well as high molecular APDAs for
soft segments. Furthermore phosphorotriamidates (APTAs) can be used as crosslinkers,  for example in
degradable polyurethane foams. Of course, APDAs and APTAs are not limited to PUR applications, they can
also be used in polysiloxane networks or acrylates [2].

 
Figure 1: Structure of APDA (left) and APTA (right) as monomer; R = Alkyl, PEG, pTHF.

The degradation of APDAs and APTAs depends on the monomer structure, most of the monomers degrade
completely within a few weeks up to a few months. Higher temperatures and lower pHs accelerate the
degradation process.
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Figure 2: Degradation of TPU containing APDA (left) and degradation mechanism depending on pH (right).
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Mechanical recycling of biopolyesters: Influence of multiple extrusion
cycles on degradation and properties
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The  use  of  bioplastics  is  increasing,  and  biodegradable  polyesters  such  as  polylactic  acid  (PLA)  and
polyhydroxy alcanoates (PHAs) in particular are considered to have a large growth potential. Even though
these materials are compostable, and biodegradation is a feature for some applications such as mulch films
in the agricultural sector or to reduce waste pollution in case of accidental spreading to the environment,
the majority of these biopolyesters are used for packaging [1]. After only a short period of use, packaging
ends up in waste again very quickly. In terms of energy consumption and general value retention, recycling
could be the better approach for EoL of biopolyesters than incineration or composting (Figure 1).
Biopolyesters characteristically have ester bonds that are relatively easy to split, and several mechanisms
contribute to their degradation. What is a feature in composting, is more of an obstacle in mechanical
recycling:  thermal,  oxidative,  and  hydrolytic  chain  scissions  are  detrimental  to  the  retention  of  high
material properties, especially after multiple recycling.
We  exposed  biopolyesters  to  exactly  this  scenario:  a  multiple  recycling  process,  represented  by  five
successive extrusions of PLA and PHA. After each cycle, the extent of degradation and its influence on the
optical  appearance,  rheological  and  mechanical  properties  was  evaluated.  Depending  on  the  process
conditions,  a  degradation  in  chain  length  was  observed,  progressing  after  each  extrusion  cycle.
Nevertheless, good mechanical properties could be preserved, which in turn suggests that these bioplastics
should also be mechanically recycled in the interests of sustainability, and ultimate EoL solutions can only
be an option for special application cases.

 
Figure 1: EoL scenarios for plastics according to “value” and energy loss.

Keywords: biopolyesters, PLA, PHA, mechanical recycling, multiple extrusion, characterisation
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Design of Smart Flocculants for the Harvesting of Microalgae via a
Grafting – to Strategy of thermosensitive polymers onto Cellulose

Nanocrystals 
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Microalgae  are  a  promising  feedstock  for  biosourced  materials  (biofuels,  pigments,  vitamins,  etc.).
However,  the production of microalgae on a large scale remains limited by the enormous cost of the
harvesting phase which constitutes 20 to 30% of the total cost, due to the small size of the microalgae (3 –
30 µm), and the low concentration in the culture medium (0.5 – 5 g/L) which makes all  conventional
harvesting techniques long and energy-intensive [1].
In order to solve this problem, the use of a flocculating agent in the harvest process seems an interesting
approach [2].  Microalgae have negatively charged proteins on their  membrane walls  which give them
significant  colloidal  stability  in  their  culture  medium.  Flocculants  are  chemical  compounds,  positively
charged, which interact with microalgae to form aggregates which can then be separated by sedimentation
or flotation. However, the flocculants used generally remain trapped in the biomass and contaminate it
with toxic residues, which limits their final applications [3].
This thesis subject therefore aims to develop a new family of flocculants based on cellulose nanocrystals
modified by cationic centers (to induce flocculation) and by thermosensitive polymer chains (to selectively
mask  and  unmask  the  cationic  charges  to  harvest  and/or  recycle  the  flocculant).  This  approach  will
constitute the first example of the use of cellulose nanocrystals modified with thermosensitive polymers in
the field of microalgae harvest.

Figure 1 Representation of the complete targeted microalgae culture cycle, flocculation, concentration of the
solution in microalgae and release/recycling of flocculant.

Keywords: Microalgae, Flocculant, Thermosensitive polymers, Cellulose nanocrystals (CNCs)
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Ready, steady, flow: Pd-loaded hypercrosslinked microreactors for the
flow synthesis of paracetamol
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Porous organic materials have garnered increasing interest in various scientific and industrial fields due to
their versatile properties.1 A promising application for porous polymers is their use as noble metal catalyst
supports, due to their excellent stability, reusability, and high density of active sites. 2 We describe the
implementation of monolithic polymerised high internal phase emulsions (polyHIPEs) as catalyst supports
for the continuous flow synthesis of paracetamol. PolyHIPEs are formed by polymerisation of particle and
surfactant-stabilised water-in-oil  HIPEs comprising of a divinylbenzene and divinylbenzene/4-vinylbenzyl
chloride monomer continuous phase. The polyHIPEs were post-functionalised by hypercrosslinking using
the Scholl  coupling reaction to yield polymers decorated with organophosphorus moieties and surface
areas of up to 500 m²/g. The phosphorus moieties act as catalyst anchor sites for the subsequent loading
of Pd via a Pd−O=P ligand bridge. The Pd-loaded polyHIPEs are used as catalysts for the reduction of 4-
nitrophenol to 4-aminophenol, achieving turnover numbers of ~2,000. The Pd-loaded polyHIPEs and a non-
functionalised divinylbenzene-based polyHIPEs are fabricated into flow-cells and used en route to Plant-on-
a-Bench as microreactor/mixer for the continuous flow synthesis of paracetamol with a yield of 66%.3

Figure 1: Flow cell assembly for the continuous synthesis of paracetamol

Keywords: Flow synthesis, Micromixer, Microreactor, polyHIPE, Catalysis
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Well-defined poly(HPMAm) brushes via surface-initiated RAFT
polymerization; a mixed-chain transfer agent approach 
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Republic

Developing  well-defined  antifouling  coatings  remains  a  challenge  in  biomaterials  research.  This  study
presents an optimized protocol for the surface-initiated reversible addition-fragmentation chain transfer
(SI-RAFT) polymerization of poly(N-(2-hydroxypropyl) methacrylamide) (poly(HPMAm)) brushes, employing
a mixed-chain transfer agent (CTA) approach, Figure 1. By systematically evaluating different combinations
of  surface-tethered  and  free  CTAs,  we  demonstrate  that  utilizing  structurally  distinct  CTA  classes
simultaneously;  dithiobenzoate (DTB)  and trithiocarbonate (TTC),  enhances polymerization control  and
brush growth rates. Our optimized conditions enable the fabrication of poly(HPMAm) brushes exceeding
70  nm  in  thickness  within  only  4  hours  at  50  °C,  and  in  aqueous  media.  Spectroscopic  ellipsometry
confirmed  that  the  mixed-CTA  approach  significantly  outperforms  single-CTA  systems,  yielding  higher
polymerization efficiency and greater brush thickness.  X-ray photoelectron spectroscopy (XPS)  analysis
revealed  that  the  enhanced  surface  coverage  achieved  with  DTB-based  CTAs  plays  a  crucial  role  in
facilitating  rapid  brush  growth.  Additionally,  size  exclusion  chromatography  (SEC)  confirmed  that  the
solution-born  polymers  exhibited  narrow  dispersity  (Ð  =  1.05–1.15),  ensuring  well-defined  polymer
structures. Our findings highlight the advantages of combining different CTAs in a single polymerization
system, leading to a more efficient and scalable method for fabricating antifouling poly(HPMAm) coatings.
This  approach  offers  a  significant  potential  for  biomedical  applications,  including  biosensors,  blood-
contacting devices, and implantable materials. 

Figure 1.  surface-initiated RAFT polymerization using a mixed chain transfer agent (mixed-CTA) approach to grow well-defined poly(HPMAm)
brushes with precise control, achieving >70 nm thickness in 4 hours at moderate temperature, 50 °C.

Keywords: surface-Initiated RAFT, poly(HPMAm) brushes, poly(HPMA) brushes
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Sensitivity: Internal

Recyclability of Virgin and Recycled Compounds for Mobility
Applications

I. Traxler1*, D. Mileva1, G. Grestenberger1, M. Gall1, 
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The mechanical recycling of polypropylene is usually done by milling post-consumer goods followed by 
extrusion and pelletisation. Multiple cycles, longer exposure to high temperatures and intensive shearing 
may give rise to thermal, thermo-oxidative or mechanical degradation. Thus, it is essential to enlarge the 
knowledge about recyclability of PP and PP-based compounds.

In this study, a systematic assessment of the recyclability of a polypropylene (PP) based compound, 
containing 30 wt.-% mechanically recycled polypropylene from rigid packaging was carried out. For the 
sake of comparison, a virgin PP-based composition was analyzed as well. To simulate the effect of multiple 
processing in the recycling process, the materials were sent five times over a twin screw extruder. After 
selected runs the material properties were characterized.

The main properties influenced after multiple extrusion of the virgin compound and the recycled 
compound (30 wt.-% post-consumer recyclate, PCR) were flexural modulus, deformation behaviour during 
instrumented puncture test at -30°C, and emissions. OCS (optical control systems) analysis demonstrated 
reduction of inhomogeneities after each extrusion step for the virgin and the PCR-compound. 
Thermoanalytical and rheological measurement did not show any traces of degradation. Apparently, each 
compounding step only improved the talc dispersion and reduced the emissions which impacted the 
relevant properties positively. The fact that especially puncture resistance improved significantly for the 
virgin compound pointed at improvement potential for the respective production.

Keywords: mechanical recycling, polypropylene, automotive compound
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Macro-, micro- and nanomechanical characterization of crosslinked
polymers with very broad range of mechanical properties
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We compared of macro-, micro- and nanomechanical properties of a series of eleven highly homogeneous
and chemically very similar crosslined polymers [1]. By means of synthesis parameters, the mechanical
properties of the samples were deliberately changed from very hard and stiff (elastic moduli of 4 GPa),
through semi-hard and ductile, to very soft and elastic (elastic moduli of 0.006 GPa).

Figure 1: Correlation matrix table showing Pearson′s coefficients r for all pairs of experimentally determined macro-, micro- and nanomechanical
properties:  storage and loss modulus,  damping factor and glass transition temperature from dynamic mechanical  analysis (DMA/G′,  DMA/G″,
DMA/tan(δ) and DMA/Tg), analogous properties from dynamic nanoindentation experiments (NHI/G′, NHI/G″, NHI/tan(δ)), indentation hardness,
modulus, creep and elasticity from quasi-static microindentation experiments (MHI/HIT, MHI/EIT, MHI/ηIT  and MHI/CIT), and analogous properties
from quasi-static nanoindentation (NHI/HIT, NHI/EIT, NHI/ηIT and NHI/CIT).

Mechanical  properties  at  all  length  scales  showed  similar  trends  (as  documented  in  Fig.  1),  which
confirmed  the  reliability  of  the  state-of-the  art  micro-  and  nanoindentaion  methods.  The  observed
correlations between stiffness-related and viscosity-related properties were closely connected with brittle-
ductile-rubbery transitions. In the conculding remarks, we will generalize how the observed macro-micro-
nano  correlations  work  for  other  polymer  systems,  such  as  semicrystalline  polymers,  blends,  and
composites [2].

Keywords: microindentation, nanoindentation, local mechanical properties of polymer systems
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From waste PU foams to secondary raw materials 

E. Koša1, D. Pahovnik1, E. Žagar1*
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Polyurethane foams (PUFs) are versatile materials that are widely used as comfort and insulation materials.
With the increasing production of PUFs,  the amount of PUF waste is  also increasing.  Currently,  these
materials are usually disposed of in landfills at the end of their  life.  With the drive towards a circular
economy, recycling is becoming increasingly important. For PUFs, mechanical recycling is not the most
suitable method due to the loss of material properties and the associated downcycling. Recently, attention
has turned to more suitable chemical recycling technologies based on the cleavage of urethane groups in
the PUF structure. 
Over the years, various chemical recycling processes based on the cleavage of the urethane bonds have
been developed to produce recycled polyols as secondary raw materials. The recycled polyols are generally
used for less demanding applications such as the synthesis of rigid PUFs or as a partial substitute for virgin
polyols in the synthesis of flexible PUFs. Unfortunately, the degradation of the urethane bonds in the PU
foam structure is not selective and, depending on the reaction conditions, the hard segments are also
degraded, leading to the formation of unwanted amines. Only acidolysis of PU foams allows the formation
of a small amount of amines during the process, as the carboxyl groups act as amine scavengers, but at the
expense of functionalizing the polyol with carboxyl groups by esterification as a side reaction, which has a
negative impact on the synthesis of new PUFs.1 
Here we present a chemical recycling process for PUFs using a cheap and readily available reagent that
produces  recycled  polyols  that  are  good  equivalents  to  the  corresponding  virgin  polyols,  while  the
formation of  amines during the process  is  low.2 Recycled polyols  have been successfully  used for  the
synthesis  of  new  flexible  PUFs  with  properties  comparable  to  those  of  PUFs  synthesized  from  virgin
polyols. 

Keywords: flexible polyurethane foams, recycling, secondary raw materials
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Gaschromatographic Analysis of Process-Induced Changes during
Mechanical Recycling of PP and PS Waste Streams
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The  uncertain  origin  of  post-consumer  plastics  waste  often  contributes  to  the  difficulty  of  effective
recycling, particularly in the case of food-contact materials (FCM). Given the extensive range of potential
applications, the number and concentration of possible contaminations is similarly vast. For this study,
FCM waste was hand sorted, initially according to polymer type (PP and PS) and subsequently according to
color  fraction.  The  sorted  waste  was  reprocessed  along  the  mechanical  recycling  path:  washing,
compounding,  and solid-state decontamination. Changes in the analyte profile were monitored during
each step by two separate methods for gas chromatography coupled to mass spectrometric detection.
Three important conclusions were drawn from the results. First, the morphological differences between PP
and PS resulted in very different cleaning efficiencies for each of the individual processing steps. Second,
the previous fields of application had a massive influence on the observed levels of contamination for each
of the color fractions and thus also affecting the cleaning process. Third, the presence of fillers, such as
colorants, also visibly affected both contamination levels and cleaning efficiencies of the individual steps.

Figure  1: Investigated process chain (top graph), Comparision of analytical methods (bottom left) and observed cleaning trends along process
chain (bottom right graph).

Keywords: Plastics recyling, Food-contact material, Polypropylene, Polystyrene, Washing efficencies, Gas 
chromatography
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Star-like Molecular Brushes with Poly(2-oxazoline)-based 
Amphiphilic Diblock Copolymer Side Arms
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Poly(2-oxazoline)s  (POx)  are  a  class  of  biocompatible  polymers  which have  attracted great  interest  in
biomedicine [1].  In this study, we focus on the structure of several  star-like molecular brushes,  which
feature  stars  of  poly(methyl  methacrylate)  having  different functionalities  as  the backbones.  They are
grafted  by  amphiphilic  diblock  copolymers  of  poly(2-methyl-2-oxazoline)  (PMeOx)  and  poly(n-butyl-2-
oxazoline) (PBuOx). A molecular brush having fully hydrophilic side arms is studied as well. The sizes and
inner  structures  of  the  star-like  molecular  brushes  are  investigated  in  dilute  aqueous  solution  using
dynamic light scattering, synchrotron small-angle X-ray scattering and computer simulations. Our results
show that, at room temperature, the molecular brushes with amphiphilic side arms form small ellipsoidal
clusters, while the fully hydrophilic brushes remain molecularly dissolved. Upon heating, an unexpected
size growth is observed for the clusters.  This  is  tentatively attributed to a change in the compatibility
between the PMeOx and the PBuOx blocks [2], which is reflected by structural rearrangements of the
individual brushes inside the cluster. The findings may offer a new approach to the development of stimuli-
responsive polymers.

Keywords: Poly(2-oxazoline)s, polymer brush, polymer solution, light scattering
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The Low-Fouling Effectively Charged Polybetaine Brushes
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Lísalováa, Milan Houskaa
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Polybetaine  nanobrushes  are  widely  used  as  inert  platforms  for  label-free  biosensing  due  to  their
resistance to non-specific interactions. Despite being considered cationic or electrically neutral, these
nanobrushes  can  exhibit  negative  zeta  potential  (ZP)  at  pHs  above  their  isoelectric  point  (pI).  To
investigate whether negative ZP contributes to surface interactions, we studied three types of nanobrush
deposited  on  a  gold  substrate:  poly(carboxybetaine  methacrylamide)  (pCBMAA),  poly(sulfobetaine
methacrylamide)  (pSBMAA),  and  poly[N-(2-hydroxypropyl)methacrylamide]  (pHPMAA),  which  has  no
ionic groups. All three nanobrushes have well-defined pI and a negative surface ZP [1] above their pIs.
The pH-dependent  interactions of  these nanobrushes with  anionic  dextran sulfate (DS)  and cationic
poly[(N-trimethylammonium)ethyl  methacrylate]  (PTMAEMA)  were  monitored  by  infrared  reflection
spectroscopy (IRRAS and GAATR).. DS adsorbs strongly to pCBMAA and only weakly to pSBMAA at pH
values below their isoelectric points (pI), but can also adsorb slightly to both polybetaine polymers even
at  pH values  above their  pIs.  This  is  because the sulfate  groups  on  DS displace  the carboxylate  or
sulfonate groups from interacting with the quaternary ammonium cations. However, DS does not adsorb
to pHPMAA at any pH, and PTMAEMA does not interact with any of the polymers, regardless of the pH.
These  results  [2]  suggest  that  zeta  potential  measurements  alone  may  not  be  enough  to  predict
electrostatic interactions, as an apparent negative charge does not always translate into a functional
surface charge that influences macromolecular interactions. 

Keywords: surface zeta potential, polymer brushes.
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Towards Degradable Poly(acrylic acid): Efficient Strategies for
Hydrolyzable Breaking Points
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The  persistence  of  hydrophilic  polymers  in  wastewater  streams  is  a  growing  problem,  due  to  their
abundant use in e.g. household products. They can enter the environment by being discarded on landfills
through sewage sludge or incineration. Introducing easily fragmentable functional groups (breaking points)
into their stable C-C backbone facilitates fragmentation into bio-assimilable, water soluble pieces in the
disposal  phase,  while  maintaining  material  stability  during  use.  Poly(acrylic  acid)  (PAA)  is  the  ideal
candidate for this approach, as low molecular weight samples have been shown to exhibit significantly
higher  biodegradation rates  compared  to  their  high molecular  weight  counterparts.  In  our  study,  we
incorporated cleavable ester groups into the C-C backbone of PAA via radical ring-opening polymerization
of a cyclic ketene acetal.[1] These monomers enable polyester formation through a radical pathway. The
copolymer was produced by copolymerizing tert-butyl acrylate and 2-methylene-1,3-dioxepane (MDO) and
deprotected post polymerization. Direct copolymerization of MDO and acrylic acid is impossible due to a
side reaction between the two monomers. We thoroughly investigated different polymerization methods.
Deprotection was optimized to minimize chemical  waste.[1] The poly(acrylic acid-co-ester)s degraded in
KOH solution, leaving oligomeric fragments of PAA. These are easily assimilable for microbes. By preparing
PAA-copolymer  with  hydrophobic  MDO,  maintaining  water  solubility  is  crucial  for  future  applications.
Hydrophilicity of the PAA-copolyesters was successfully maintained at higher pH levels for materials with a
PAA content greater than 50%.[1]

Keywords: radical ring-opening polymerization, 2-methylene-1,3-dioxepane, acrylic acid, hydrolysis
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Stretch and scission: estimations on polymer cleavage in small scale
turbulent vortices during drag reduction
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Polymer additives have been found to efficiently reduce drag in turbulent pipe flows [1] and diminish the 
energy required for mass transfer through pipes. This is intrinsically accompanied by scission of the long, 
flexible polymer chains required for drag reduction (DR). Not only the mechanism of polymer DR is not fully
understood, also the physics of polymer cleavage is still under discussion. Some studies claim polymers will
be fully stretched in the shear of the boundary layer [2]. Others expect a partial stretching of the polymers 
in the local shear of turbulent flow vortices [3,4]. Both mechanisms require stretching of the polymer to be 
faster than its relaxation. We focus on the potential interaction of the polymers with turbulent vortice 
structures in the bulk since our experiments indicate DR to be dominated by volume processes rather than 
boundary layer effects [5]. Estimations of the involved length and time scales of polymer and turbulence 
and of the forces acting on the polymer chain are compared to our recent observations of polymer 
degradation in tubulent pipe flow [6,7]. Polymer stretching in turbulent vortices has to be expected, but 
scission is predicted for molecules of very high molecular mass only; much larger than observed in 
experiment where the fragments had molecular weights of 106 g/mol and less.

Figure: Time – size relation of turbulent structures in the Kolmogorov cascade (black solid line). Labels provide the minimum vortex size in 
dependence of the Reynolds number. Zimm time and maximum extensibility for two polymers (red and blue solid line, labels indicate the 
molecular weight). The broken line represents the maximum force acting on the polymer chain in dependence of the chain length for Re=105. 
Background colours in the graph display the parameter range where polymer scission (red) and  drag reduction is expected (green and red). 
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Synthesis of high-molecular-weight poly (itaconic-co-methacrylic acid)
copolymers for fabrication of nanocomposite hydrogels for cationic dyes
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This study reports the synthesis and characterization of copolymers of itaconic acid (IA) and methacrylic
acid  (MAA)  as  precursors  for  fabricating  physically  and  ionically  crosslinked  nanocomposite  hydrogels
(NCHs) for cationic dye removal. Copolymers were synthesized via free-radical polymerization in a deep
eutectic solvent using VA-044 as initiator, yielding high-molecular-weight polymers characterized by NMR,
IR, and TGA. Thermal analysis revealed four degradation stages, with increased MAA content enhancing
thermal  stability  at  early  decomposition stages,  while  poly(itaconic  acid)  showed the  highest  thermal
resistance and char yield.

Hydrogels were formed with Laponite RD, resulting in stable,  elastic 3D networks (G′  > G″).  Higher IA
content  correlated  with  increased  stiffness,  while  high  MAA  content  reduced  mechanical  integrity.
WAXS/SAXS and TEM confirmed complete clay exfoliation and polymer intercalation, with further basal
spacing expansion upon dye adsorption, indicating dye intercalation between platelets.

Swelling behavior varied with ionic conditions: hydrogels expanded significantly in deionized water but
shrank in saline solutions, particularly in CaCl₂, where swelling was reduced by 60%. Batch adsorption tests
using  basic  fuchsin  (BF)  showed  99.5%  removal  under  optimized  conditions  with  only  0.2  g L⁻¹  of
adsorbent. Kinetic modeling indicated that adsorption followed a pseudo-first-order model (physisorption).
Thermodynamic analysis confirmed the process was spontaneous and exothermic (ΔH° = –39.19 kJ mol⁻¹),
with  decreased  entropy—hallmarks  of  physical  adsorption.  IR  and  NMR  analyses  supported  the
physisorption mechanism.

Calcium ion co-crosslinking significantly  enhanced hydrogel  mechanical  strength and reduced swelling,
enabling efficient reuse. Reusability tests demonstrated BF removal (99.2 ± 0.2%) over five adsorption–
desorption cycles. Overall, IA/MAA-based NCHs offer a green, robust, and reusable platform for efficient
removal of cationic dyes from wastewater,  highlighting their potential for sustainable water treatment
applications.
Keywords:  Itaconic acid, deep eutectic solvents, adsorption, cationic dyes, organic-inorganic composite,
Freundlich isotherm. 
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Why do polyolefin microplastics sink?

Vaibhav Budhiraja 1,2, Tomaž Kotnik 3, Sebastijan Kovačič 3, Branka Mušič 4, Andrej Kržan 1,2⁎

1 Department of Polymer Chemistry and Technology, National Institute of Chemistry (Kemijski inštitut), 
Ljubljana, Slovenia.
2 University of Nova Gorica, Nova Gorica, Slovenia.
3 Department of Inorganic Chemistry and Technology, National Institute of Chemistry (Kemijski inštitut), 
Ljubljana, Slovenia.
4 Slovenian National Building and Civil Engineering Institute, Dimičeva ulica 12, 1000 Ljubljana, Slovenia.

⁎Corresponding author: andrej.krzan@ki.si

ABSTRACT

Microplastics  (MPs)  in  the  ocean  is  a  serious  concern  and  a  potential  threat  to  marine  ecology.  The

abundance of MP leaked and observed in the oceans reveals a massive imbalance. Buoyant polyolefin MPs

such as polyethylene (PE) and polypropylene (PP) are expected to be floating on the ocean surface, but a

large amount is found in the deep ocean and sediments. In the present study, we examined the accelerated

weathering of low-density PE, PP films, as well as high-density PE (HDPE), PP fragment MPs that mimic

environmental conditions. We found that weathering increases the density of polyolefin MP, which is one

of the main reasons for its sinking. We assessed the effect of accelerated weathering on their physical,

chemical,  thermal  and surface properties and correlated it  with  the change in  density.  The density of

pristine HDPE and PP fragments are 0.94 g/cm3 and 0.89 g/cm3, which increase to 1.00 g/cm3 and 1.02

g/cm3  after 1000 h of weathering, respectively. The weathering time was found to be proportional to the

increase in density of polyolefin MPs. Thus, it is critical to consider MP degradation to accurately predict its

fate and transport in the marine environment.

KEYWORDS: Accelerated weathering, degradation, density, polyethylene (PE), polypropylene (PP). 
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Dinuclear Group 4 Metallocene Catalysts of the Type 
[(Cp2M)2(μ-Me)(μ-C2R)]:

Structure-Activity Relationships in Ethylene Polymerisation
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The modular synthesis of the alkynyl methyl bridged dinuclear group 4 complexes was first reported by
Erker in 1998.[1] Recently, some of us found that these species serve as precatalysts in the dehydrocoupling
of amine boranes[2] and can be used for the activation of small molecules.[3]

In  this  contribution,  we  systematically  investigate  four  representatives  of  this  class  of  complexes
[(Cp2M)2(μ-Me)(μ-C2R)]  (M  =  Ti,  Zr;  R  =  SiMe3,  Ph)  with  regard  to  their  catalytic  activity  in  the
polymerisation of ethylene (Figure, left). The modular structure of the bridged complexes facilitates the
preparation of homodinuclear (Zr, Zr) and heterodinuclear (Ti, Zr) complexes, as well as the variation of the
substituents at the alkynyl unit. The study evaluates the influence of three different activation sequences
on  the  catalytic  activity  of  the  precatalysts  (Figure,  left).  In  particular,  the  phenylalkynyl-bridged
precatalysts  show high  activity  similar  to  that  of  the reference complex  Cp2ZrMe2,[4] while  the SiMe3-
substituted derivatives are significantly less active. With the help of EPR, NMR and DFT studies, a structure-
activity relationship is revealed that can contribute to the further development of analogous precatalysts.

Figures: Investigated dinuclear group 4 precatalyst’s and activators (left), representative EPR signals after activation with [Ph3C]+ (middle), and 
alkynyl assisted intermetallic intrinsic binding orbital (right).

Keywords: Dinuclear Catalysts, Polyethylene, Structure-Activity-Relationship
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The dehydrocoupling of amine boranes is an already known research field to build up polyamineboranes as
a new class of materials that is analoguous to polyethylene. The hydrogen evolved during polymerisation
could be used as an on-demand hydrogen source or as an in situ reducing reagent.[1]

Our group already investigated the structure and mechanisms of dinuclear group 4 metallocene catalysts
facilitating  this  reaction.[2] In  this  contribution  a  new  type  of  bifunctional  catalysts  with  a  group  4
metallocene core and a Lewis acidic or Lewis basic anchor group is introduced. A variety of these catalysts
is  easily  accessible  by the modular  buildup from a  precusor complex  serving  as  a building  block.  The
feasibility of such postcoordinative functionalisations like hydroboration is already known from litature. [3]

Volumetric measurements and NMR studies indicate that these bifunctional catalyst show a significantly
increased activity compared the their unfunctionalised precursors. A possible mechanism explaining these
change is  facilitated diffusion meaning that the introcuced anchor group in second coordination sphere
directs the substrate towards the active metallocene centre. This structure-activity relationship is further
elucidated by computational studies.

Figure 1: Modular synthetic approach for group 4 catalysts to tune the dehydrocoupling of amine boranes (left), comparison of activities of a 
bifunctional group 4 catalyst and its unfunctionalised precursor by volumetric detection of hydrogen generation (middle), semi-empirical 
approach for isomer sampling (right, xTB-crest).

Keywords: Bifunctional Catalysts, Amine Boranes, Hydrogen, Postcoordinative Functionalisation, Second 
coordination sphere
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The incorporation of  side  chains  commonly  referred to as  short  chain  branches (SCBs)  into the linear
backbone of polyethylene (PE) significantly influences key polymer properties such as crystallinity, density,
and mechanical performance. Ethylene polymerization via coordinative Ziegler–Natta (ZN) catalysis typically
yields highly linear macromolecular structures capable of forming crystalline domains. The introduction of
SCBs disrupts this regular packing, thereby reducing the degree of crystallinity. Modulation of the structure
and concentration of SCBs enables the tuning of material properties to suit specific applications.¹ Previous
investigations have demonstrated that branched comonomers, such as iso-hexene and neo-hexene, exert a
greater disruptive effect on crystalline structure compared to their linear analogue, n-hexene.² Building on
these findings, this study explores the potential of cyclic SCBs characterized by increased steric hindrance to
elicit  similar  or  enhanced  effects.  To  this  end,  three  cyclic  comonomers  (depicted  in  Figure  1)  were
evaluated for their feasibility in ethylene copolymerization.

Figure 1 Comonomers used to introduced cyclic SCBs in PE copolymers.

Successful  copolymerization  of  vinylcyclohexane  and  4-vinylcyclohexene-1  with  ethylene  has  been
previously documented using a variety of catalytic systems, including metallocenes and ZN catalysts.³,⁴ The
current study compares the kinetic behavior of these copolymerizations including catalyst activation and
deactivation  dynamics  with  those  observed  in  the  homopolymerization  of  ethylene.  Additionally,  the
resulting  polymers  were  characterized  in  terms  of  their  molecular  weight  distributions  and  thermal
properties,  which  are  affected  by  the  nature  of  the  incorporated  comonomers.  Variations  in  melting
temperatures and enthalpies reflect alterations in crystalline content induced by the cyclic side chains.
For  comparative  purposes,  a  series  of  copolymerizations  involving  ethylene  and  n-butene  was  also
performed.  These  conventional  copolymers,  containing  linear  and  relatively  shorter  SCBs,  serve  as
reference materials to contextualize the influence of cyclic branching on polymer structure and properties.
Quantitative ¹³C nuclear magnetic resonance (NMR) spectroscopy confirmed that a minor fraction of the
respective  cyclic  comonomers  was  successfully  incorporated  into  the  polymer  backbone,  further
supporting the structural modifications observed.
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In  order  to  improve  properties  of  polyester  resins  (PES)  related  to  polarity,  stickiness  on  non  polar
substrates, hydrophobicity, etc., we have tried to incorporate polystyrene blocks into such resins. In a first
step polystyrene (PS) with terminal hydroxyethyl groups was prepared by ionic polymerization, which was
then attached to multifunctional carboxylic acids. At this point multi arm star polymers could be retrieved
that were valuable intermediate products for the improvement of polymer characterization techniques
based on size exclusion chromatography.
The now functionalized polystyrene chains were then incorporated into precondensed polyesters bearing
dedicated functional groups [1] and branched PS-PES systems obtained. This paper reports the first results
on synthesis of such polymers and the use of SEC-MALS and MALDI-MS techniques to monitor reaction
progress and final structures of these materials [2].

Scheme 1. Synthesis route to polystyrene branched polyesters.

Keywords: polymer synthesis, polyester, MALDI, SEC
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Polyurethanes  are  the  most  versatile  and  common  polymer  materials.  In  the  synthesis  of
conventional  polyurethanes,  ether  or  ester  polyols,  diisocyanates  and  a  low  molecular  weight  chain
extender are used. The synthesis of these substrates, their subsequent polymerization and recycling of used
polyurethanes undoubtedly have a toxic effect on the environment. The very synthesis of diisocyanate,
which is obtained from deadly and energy-intensive phosgene, is extremely toxic. Also, the susceptibility of
diisocyanate to hydrolysis adversely affects the environment and human life. Due to the growing ecological
awareness, the search for an alternative method of PU synthesis began, eliminating the use of isocyanates
[1]. A balanced approach is the synthesis of isocyanate-free polyurethanes, which are obtained from cyclic
carbonates and diamines. Cyclic carbonates can be obtain with 1,2-diols or can are formed by introducing
CO2 into epoxy compounds, which can be synthesized from renewable raw materials [2].

In this work, CC was synthesized from vanillin alcohol diglycidyl ether (VA) or hydroquinone (HQ).
Cyclocarbonylation with  carbon dioxide (CO₂)  in  the presence of  tetrabutylammonium bromide (TBAB)
catalyst was carried out at 105°C, resulting in the formation of a 5-membered cyclic carbonate. The use of
waste and natural substances is consistent with the global efforts to reduce the impact of the chemical
industry on the environment [2]. NIPU was obtained by reacting previously synthesized vanillin carbonates
and hydroquinone with the long-chain amine polypropylene oxide and 1,12-dodecylamine (DADD).  The
sample  series  differed  in  the  ratio of  shorter  to  longer  amine.  FTIR  analysis  was  used  to  control  the
reaction, observing changes in the absorbance of bands originating from carbonate groups (1800 cm -1) and
urethane groups (1720 cm-1). The structure of the obtained polyurethanes and the presence of crystalline
segments were investigated by WAXD and DSC.

Keywords: NIPU, thermal analysis, non-isocyanate polyurethanes, composites
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OPTIMIZATION OF THE TAI STRATEGY FOR THE SYNTHESIS OF WATER-
SOLUBLE POLYMERS FOR BIOMEDICAL APPLICATIONS
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Recently,  a  new  synthetic  strategy  utilizing  the  copper-catalyzed  reversible-deactivation  radical
polymerization (Cu-RDRP) initiated by the adducts of trichloroacetyl isocyanate (TAI) was introducted.1
This strategy enables the synthesis of unique complex polymeric architectures (e.g. graft copolymers, stars)
with unprecedently high chain density. So far, however, the strategy has been applied only to non-polar
monomers. Within our current efforts aimed at the preparation of hydrophilic  biocompatible polymer-
based carriers for  biomedical  applications, we investigated the applicability  of  the TAI  strategy  to the
polymerization of water-soluble monomers. In this contribution, the optimization of Cu-RDRP conditions to
achieve well-defined polymers will be demonstrated for N-(2-hydroxypropyl) methacrylamide (HPMA) and
poly(ethylene glycol) methyl ether methacrylate (PEGMA). Different polymerization parameters, such as
temperature, solvent,  catalyst  and ligand type, or catalytic system stoichiometry,  have been varied to
attain branched low-dispersity polymers at high monomer conversions. The developed conditions were
then applied to synthesize different complex polymeric architectures, e.g., multi-arm polymeric stars based
on  a  β-cyclodextrin  core,  that  will  be  used  for  subsequent  end-group  modification.  The  synthesized
branched polymers were characterized by 1H NMR spectroscopy and size-exclusion chromatography with
a triple-detection system.
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Influence of Supercritical CO₂ and N₂ on the Viscosity and Solidification
Behavior of Polyethylene
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The viscosity of polymer melts plays a critical role in processing efficiency, with high viscosities requiring 
increased energy input. Supercritical carbon dioxide (scCO₂) offers a promising approach to reduce melt 
viscosity without the need for solvent-based plasticizers [1]. In this study, the rheological behavior of 
different polyethylene (PE) types was investigated under elevated pressure using a plate-plate pressure cell
capable of both rotational and oscillatory measurements.

Flow curves, frequency sweeps and temperature ramps were performed at ambient pressure, 120 bar N₂, 
and 120 bar scCO₂. While N₂ showed no significant impact on melt viscosity, it increased the solidification 
temperature, depending on the PE type. In contrast, scCO₂ acted as a temporary plasticizer, substantially 
lowering melt viscosity and slightly delaying crystallization. Oscillatory tests proved particularly useful for 
high-viscosity samples, enabling reliable measurements even near the melting point, provided strain and 
frequency were carefully adjusted.

Figure 1: Temperature ramp in oscillation of LDPE at ambient conditions, 120 bar N2 and 120 bar CO2

The results highlight the potential of scCO₂ in energy-efficient polymer processing and foaming 
applications, and demonstrate the value of high-pressure rheometry for characterizing pressure-
dependent polymer behavior.

Keywords: Polyethylene Viscosity, High-Pressure Rheology, Supercritical CO2, Polymer Crystallization, 
Plasticization with CO₂ 
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A pinnacle of medical development and innovation are Active Implantable Medical Devices (AIMD), which
comprise implantable Cardiac Pacemakers, Neurostimulators or Hearing Devices. These devices have to
fulfill  strict norms and undergo multiple safety tests.  Nevertheless, AIMD have a non-negligible risk of
failure  caused  by  the  permeation  of  body  fluids  and  the  subsequent  diffusion  of  ions  through  the
protective polymer  layer.  This  process  may cause delamination at  the polymer-metal  interface of  the
electrode material followed by corrosion, leading to malfunctions and potential harm for the patient [1].
In order to address this problem, a testing system comprised of a wafer coated with a thin platinum layer is
crafted. On top, copper indicators are placed, enabling a simple reaction of copper with low molecular
weight sulfur components. The entire system is then embedded in highly hydrophobic Sylgard to simulate
a protective coating layer.  The environmental influence can be varied by adding different solutions made
of amino acids, proteins and salts, which in approximation resemble body fluids [1]. A suitable technique to
detect the corrosion process on the metal layer is Confocal Raman Microscopy (CRM) which is based on
Raman scattering, an inelastic interaction between light and the sample. CRM offers detailed chemical
information about  the  sample  combined  with  high  spatial  resolution,  creating  high-resolution  Raman
images. This enhances the characterization of diffusion and further corrosion mechanisms. 
Initial  experiments  show  high  permeability  of  sulfidic  components  through  the  Sylgard  towards  the
metal- polymer  interface,  visualized  by  a  clear  color  change  towards  black  (Figure 1a).  Additionally,
Confocal Raman Microscopy provides evidence for the diffusion of sulfides in the polymer and indicates an
unequal deposition of CuS. Green areas in Figure 1b illustrate the presence of CuS. To further investigate
the diffusion and delamination mechanisms, additional high-resolution Raman Imaging using an optimized
testing setup needs to be performed. 
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Figure 1: Microscopic image showing the test sample with its indicator structures made of Cu after immersion in potassium sulfide solution. Black
areas indicate the formation of CuS (a). The red rectangele illustrates the measurement area for Confocal Raman Microscopy (CRM). Green areas in
image (b) indicate the distribution of CuS verified by CRM. The corresponding spectrum is given in image (c) with bands at 265 and 475 cm -1. 
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Rheological investigations of polymers offer important insights into processing behavior and viscoelastic
properties, which are closely linked to their molecular structure. These findings are essential for tailoring
polymeric materials for specific applications. Moreover, understanding these relations can help predict
changes in response to external parameters, such as temperature, variations during processing. [1]

The viscosity of polymer solutions is a critical parameter that plays a major role in polymer synthesis, such
as solution and bulk polymerization, as well as in manufacturing and dissolution processes.
Solvent  supported  recycling  relies  on  the  dissolution  of  polymers,  followed  by  purification,  and
reprecipitation. Viscosity holds significant importance in this process since it influences processability and
efficiency in terms of energy consumption. [2] 

This work focuses on the development of a torque scaling model for polyethylene-alkane blends. 
Utilizing a laboratory scale mixer equipped with a torque sensor, the relationship between the carbon
chain length of various alkanes and the corresponding torque measurements is systematically examined.
Furthermore, the pursued model shall incorporate the influence of temperature (T) and the amount of
solvent (m). The experimental temperatures are chosen below, near and above the melting temperature of
polyethylene. An excess amount of solvent is used for the experiments. Ultimately, the model aims to
evaluate  and  predict  a  relative  viscosity  shift  based  on  chain  length,  temperature  and  solvent
concentration. 

Keywords: Polyethylene, viscosity, modelling
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An open-source framework has been developed for the simulation of polymer chain configurations using a 
Monte Carlo random walk approach, implemented through the integration of Python and Rust. The 
implementation is influenced by the work of Touloupidis and Albrecht. [1] Linear and branched polymer 
structures are generated in three-dimensional space, and realistic molecular geometries are preserved by 
enforcing fixed bond angles and lengths. Steric hindrance is addressed by applying spatial constraints and 
performing collision detection using spatial hashing techniques. Polymer topologies are represented as 
graph structures, enabling efficient handling of connectivity and branching. Following chain generation, 
structural descriptors are calculated to characterize spatial configurations. Through the combination of 
Rust’s computational performance and Python’s flexibility, scalable simulations are facilitated and 
integration into broader computational workflows is streamlined. This tool is intended to support research 
into polymer structure and the development of structure-property relationships in polymer science. 

Keywords: Monte Carlo, polymer chain simulation
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Antioxidant and pro-oxidant activity of phenolic stabilizers during
photooxidation of polyolefins 
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Phenolic  stabilizers  are  employed  in  the  stabilization  of  polymers  during  the  processing  to  prevent
thermooxidation  [1].  They  are  also  applied  in  medical  applications  to  protect  the  polymers  against
biooxidation (in vivo oxidation)  [1,2].  We investigated photodegradation processes in polymer plaques
made of bulk polyolefin (HDPE or UHMWPE or COC) prepared by melt-mixing with or without phenolic
natural (α-tocopherol) or synthetic (Irganox®1010) stabilizers and spin trapping agent (TTBNB; 2,4,6-Tri-
tert-butylnitrosobenzene).  The  photodegradation  was  initiated  either  by  non-ionizing  radiation
(wavelengths corresponding to terrestrial range of solar UV radiation) or ionizing radiation (high-energy
electron beam).
In this contribution, we summarize our results concerning the comparison of the degradation processes in
selected  polyolefin  after  non-ionizing  and  ionizing  radiation.  The  samples  were  characterized  IR
microspectroscopy,  ESR  spectroscopy  including  ESRI  imaging,  LM  and  SEM  microscopy,  and
microindentation  hardness  testing.  Both  non-ionizing  and  ionizing  radiation  have  generated  polymer
radicals in the whole volume of the irradiated samples, albeit by different mechanisms. The low-energy
non-ionizing radiation is  expected to split  C-C bonds indirectly,  through the formation of  hypothetical
chromophores, while high-energy ionizing radiation splits C-C bonds directly. Nevertheless, the resulting
alkyl radicals might be assumed to undergo analogous reactions, regardless of their origin. However, our
study  has  demonstrated  clearly  that  the  stability/reactivity  of  the  generated  radicals  (and  the
concentration  of  the  subsequently  generated  radical-induced  oxidation  products)  depended  on  the
mechanism of the radical generation together with the dynamics of polymer chains inside the studied
polymers,  which  is  closely  related  to  their  glass  transition  temperature.  Moreover,  the  results  have
documented  that  the  natural  phenolic  stabilizer  exhibited  both  antioxidant  and  prooxidant  activity
depending on the degradation type: (i) antioxidant activity during thermooxidation, (ii) prooxidant activity
during  exposure  to  non-ionizing  radiation,  and  (iii)  antioxidant  activity  during  exposure  to  ionizing
radiation. The synthetic phenolic stabilizer Irg1010 showed similar, but not entirely identical behavior.
In  summary,  the  activity  of  phenolic  stabilizers  depended  not  only  on  the  degradation  type
(thermooxidation, non-ionizing or ionizing radiation), but also on type of polyolefin (low-Tg polyethylenes
vs. high-Tg COC) and on the exact type of the stabilizer (α-Toc vs. Irg1010).  Finally, the addition of TTBNB
spin trapping agent enabled us to catch short-living and unstable radicals in HDPE, which could not be
detected in the previous studies.
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Acid hydrolysis  (AH)  was investigated as a means to enhance the processability of thermoplastic starch
(TPS), a biodegradable and renewable material that often requires relatively high processing temperatures
[1]. By partially depolymerizing starch means of partial AH, the goal was to reduce molecular weight in
order to lower the melt viscosity and processing temperature, without compromising the homogeneity or
mechanical performance of the final product. Starch powder was hydrolyzed for varying durations (0, 15,
30,  and  60  minutes),  then  neutralized,  dried,  and  processed  converted  to  TPS  using  a  our  two-step
preparation protocol [2]. The impact of hydrolysis on morphology and microstructure was examined using
polarized light microscopy (PLM) and scanning electron microscopy (SEM),  which revealed progressive
disruption of starch granules with increasing AH treatment time. The mechanical and rheological behavior
was characterized by dynamic mechanical thermal analysis (DMTA), and microindentation hardness testing
(MHI),  and  oscillatory  shear  rheometry  at  120 °C,  showing  a  gradual  increase  in  stiffness-related
parameters  properties  (G′,  G″,  EIT,  and  HIT) for more extensively hydrolyzed samples. These trends were
consistent with wide-angle X-ray scattering (WAXS) results, indicating increased crystallinity with longer
hydrolysis times. Despite this moderate stiffening effect, hydrolyzed starch exhibited significantly reduced
melt viscosity and required lower processing temperatures. In situ measurements performed during melt
mixing (Fig. 1) confirmed this reduction, supporting the idea that shorter polymer chains formed during
hydrolysis acted as  an  internal lubricants. Overall, the study  has  demonstratesd that  the  controlled acid
hydrolysis canould effectively balance ease of processing with decrease the processing temperature while
maintaining  desirable  mechanical  properties and homogeneity of  the final  TPS.,  making it  a  promising
modification route for thermoplastic starch materials.

Fig. 1: In-situ measurements of torque moments (a, c) and processing temperatures (b, d) of TPS with different times of acid hydrolysis.
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This study presents an in-depth investigation of polylactic acid (PLA) and polycaprolactone (PCL) blends, 
aiming to optimize their structural and functional properties for sustainable and smart material 
applications. The research integrates advanced rheological, thermal, and mechanical characterization 
techniques to evaluate phase separation behavior and viscoelastic performance. Polymer blends with 
varying PLA/PCL ratios were prepared via melt extrusion — a scalable and eco-friendly processing method 
[1]. Scanning electron microscopy (SEM) revealed morphology transitions from droplet–matrix to co-
continuous and phase-inverted structures as the PCL content increased. Rheological measurements 
highlighted composition-dependent shear-thinning behavior and complex moduli indicative of phase 
interactions. DMTA analysis showed significant influence of PCL content on the glass transition 
temperature and mechanical moduli, reflecting changes in thermal and elastic behavior. Differential 
scanning calorimetry (DSC) confirmed suppressed PLA crystallization and enhanced PCL crystallinity in the 
blends. Thermogravimetric analysis (TGA) demonstrated that even small additions of PCL significantly 
improve the thermal stability of PLA. The presence of two distinct degradation stages further confirmed 
phase separation in immiscible blends. Cole–Cole plots and phase angle analysis offered deeper insight into
interfacial dynamics and phase morphology. The combination of these findings highlights the tunable 
nature of PLA/PCL systems through compositional control. This work bridges current gaps in understanding
multiphase biopolymer systems by integrating diverse analytical approaches. The resulting materials 
exhibit properties ideal for additive manufacturing, shape memory behavior, and other advanced 
applications. Overall, the study contributes valuable knowledge for designing environmentally friendly, 
high-performance polymer blends.

Keywords: biopolymer blends, phase separation, rheological characterization, thermal analysis

Acknowledgments
This study was done with the financial support of the European Union—Next GenerationEU within the 
Project No. BG-RRP-2.011-0001-C01.

 
References

[1] Ivanov, E.; Kotsilkova, R.; Georgiev, V.; Batakliev, T.; Angelov, V. Advanced Rheological, Dynamic Mechanical and 
Thermal Characterization of Phase-Separation Behavior of PLA/PCL Blends. J. Manuf. Mater. Process 2025, 9, 1-19.

Posters

PM16 138



Graphene-reinforced PVDF Nanocomposites with Enhanced Electrical
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This study provides a comprehensive analysis of the thermal and electrical properties of poly(vinylidene
fluoride) (PVDF) and its nanocomposite reinforced with 6 weight percent graphene nanoplatelets (GNP).
The  primary  objective  is  to  elucidate  how  the  incorporation  of  GNP  affects  the  material's  overall
performance,  with  particular  attention  to  its  suitability  for  thermal  and  electronic  applications.  The
research is driven by the growing demand for advanced materials in additive manufacturing, especially for
3D printing technologies that require enhanced thermal stability and electrical conductivity.
Electrical conductivity tests revealed a pronounced influence of the printing orientation on the material's
performance. The GNP/PVDF nanocomposite exhibited its highest electrical conductivity, reaching 98 S/m,
when printed in a parallel orientation relative to the current flow (3DP 0°). This value decreased to 67 S/m
at a 45° orientation and further dropped to 62 S/m when printed at 90°, indicating that the alignment of
the material during the printing process plays a critical role in determining its electrical efficiency.
Joule heating experiments further demonstrated the material’s capability for efficient resistive heating.
When a voltage of  2 V was applied in the parallel  configuration, the composite achieved a maximum
surface temperature of approximately 65 °C. Moreover, the repeatability of the heating performance was
confirmed through multiple cycles of heating and cooling, with consistent peak temperatures recorded
across all trials, suggesting excellent reliability and thermal response consistency.
Heat  flow  analysis  provided  additional  insights,  showing  a  linear  decline  in  thermal  diffusivity  as
temperature increased. At the same time, thermal conductivity was found to be highest in the parallel
orientation due to the more effective alignment of the graphene nanoplatelets along the direction of heat
transfer, which facilitated improved thermal pathways.
In conclusion,  the findings  from this  study highlight  the significant  improvements  in  thermal  stability,
orientation-dependent electrical conductivity, and Joule heating efficiency achieved through the addition
of GNP to PVDF. These enhanced properties position the GNP-reinforced PVDF nanocomposite as a highly
promising material for next-generation applications in 3D printed electronics and thermal management
systems.
Keywords: polymer composites, 3D printing, graphene
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The current investigation is focused on the mixing of two green polymers at several definite ratios which
has resulted in the manufacturing of biodegradable polylactic acid (PLA)/polycaprolactone (PCL) blends
with outstanding macromechanical and shape memory properties. A range of non-compatibilized polymer
compositions were prepared by using a twin screw melt extrusion technique allowing a homogeneous
dispersion of the PCL droplets in the PLA matrix and boosting the interfacial adhesion between the two
phases. The macromechanical behavior of the samples was explored by tensile experiments applying three
distinct  crosshead  motion  speeds. It  has  been  discovered  that  the  presence  of  PCL  as  soft  segment
contributed to an increment of toughness and elongation at ultimate strength of the polymer composite at
expense of the maximum tensile stress and Young’s modulus. The strength-stiffness related parameters
were found to be more sensitive, in terms of getting to higher values, to the weight content of PLA as hard
segment  in  the  polymer  blend. Performing  of  thermally-induced  shape  memory  tests  revealed  an
exceptional  reversibility  between  the  temporary  and  permanent  states  of  the  composite  materials
including  impressive  shape  fixation  (Rf)  and  shape  recovery  (Rr)  rates. SEM  analysis  of  the  PLA/PCL
compositions unveiled an apparent phase-separated microstructure approving the immiscibility of the two
polymers in the blend (Fig. 1).

Figure 1. SEM image of melt extruded polymer blend

Keywords: biodegradable polymer blends; tensile testing; shape memory effect
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AFM-Imaging of sectioned 3D-printed Polymer-Polymer Interfaces

D. Schmiedjell  1*  , C. Angerer1, D. Schäffl1, S. Hild1

1Institute of Polymer Science (Johannes Kepler University), Linz, Austria
*david.schmiedjell@jku.at

Additive Manufacturing (AM) has rapidly become a prominent technology for applications ranging from
high-end uses like aerospace engineering and medicine, to consumer products. One of the most widely
used  AM  techniques  is  Fused  Deposition  Modeling  (FDM).  In  FDM  thermoplastics  are  molten  and
deposited  on  top  of  each  other  in  layers.  This  enables  the  user  to  create  layer-composite  materials
allowing optimization of properties such as stiffness and flexibility. [1, 2] However, a major challenge for
products created with FDM is the failure of adhesion between print-layers, causing delamination. Adhesion
between polymer layers has been described using various mechanisms: physical or chemical bonding, as
well  as  interdiffusion,  which is  generally  considered the most important mechanism [3].  Interdiffusion
occurs when two molten polymers are brought into contact.  After the initial  wetting,  mobile polymer
chains can move across the interface, creating an interdiffusion region at the polymer interface, which
greatly influences the strength of the layer-layer bond [3, 4]. The resulting layer adhesion has been studied
extensively on a macroscopic scale, focusing on tensile and bending tests. However, very little research has
been done to characterize the layer-layer interface at the microscopic level.  Atomic Force Microscopy
(AFM) is  a microscopy technique based on the interactions between a fine probe tip and the sample
surface. It  can detect changes in material properties at a nanoscopic resolution. Thus,  variation in the
composition of the interdiffusion layer can be analyzed due to changes in chemical or mechanical applying
the respective AFM techniques, such as phase imaging or contact stiffness. 
This study uses AFM techniques to investigate the nature of the contact-region between adjacent layers in
layer composites consisting of commonly 3D printed thermoplastics, such as PETG, TPU, and ABS. In order
to maximize contact area and optimize conditions for interdiffusion, the polymers were printed on top of
each other in parallel lines at elevated bed temperatures. The printed TPU/ABS and TPU/PETG samples
were subsequently sectioned using a microtome until a sufficiently smooth surface, perpendicular to the
interface, was exposed. The remaining cutting artifacts on the surface were usually well below 100 nm
deep.
At  first,  the  polished  surfaces  are  analyzed with  regard to  topography  using  the intermittent  contact
technique. Simultaneous phase imaging can provide the first indications of the formation of an internal
diffusion layer. Material sensitive techniques such as friction, stiffness, and adhesion force imaging showed
an abrupt change of these properties at the interface, instead of an expected gradual shift from one bulk
material to the other. As such it can be said that no significant interdiffusion region could be found in the
analyzed samples,  suggesting other adhesion mechanisms are dominant in multi-material  FDM. Future
experiments  will  investigate the effects  of  post-print  annealing  as  well  as  compare results  with  other
techniques such as confocal Raman microscopy. 
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Conventional methods of blended textiles waste recycling present significant challenges. An 
alternative strategy involves the biocatalytic separation of waste components through enzymatic 
hydrolysis of the cellulose fraction. This approach enables the recovery of a processable polyester 
product and the generation of a glucose-rich solution as a valuable secondary output. Particles in 
buffer solutions have complex flow behavior which makes it essential to use substrate specific, 
optimized stirrer geometries to maximize the mixing efficiency. The influencing variables are 
divided into material-specific (particle size, weight-specific surface area, chemical composition, 
etc.) and process-specific (stirrer speed, stirrer geometry, stirring strategy, reactor geometry, etc.). 
Material-specific factors have been previously investigated, which is why this study focused on the
process-specific influencing variables, taking mixing efficiency over energy consumption into 
account.

In this study, various stirrer geometries were manufactured by FFF and characterized for their 
mixing efficiency. The data was recorded by measuring the motors current and voltage, the 
torque/speed curve and a computer assisted imaging analysis of mixing. Each geometry was 
evaluated at varying impeller speeds (20–180 rpm) and solid content (1-3 wt.%) at constant fluid 
volume of 1.5 liters to assess torque behavior and energy input. The global mixing time was 
evaluated at 3 wt.% and 180 rpm.
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Titanate nanotubes (TiNTs) offer a cheap alternative to carbon nanotubes (CNTs) as a high-performance
fibrous (1D) nanofiller. Very attractive is the TiNT surface covered by OH groups: It offers strong hydrogen
bonding and easy chemical modification/functionalization. Moreover, the hydrothermal synthesis of TiNTs
[1] is simple and readily scalable, which is favorable for potential industrial applications.

TiNTs were studied mainly in view of their (photo)catalytic, photoelectric, and ion-exchanging properties,
combined  with  bio-compatibility,  which  opens  potential  applications  in  (photo)catalysis,  pollutant
degradation, membranes, gas- and pH sensors, batteries, dental implants, or drug carriers [2-4].

In view of  the excellent strength of  TiNTs,  their  use as  reinforcing  phase in  nanocomposites also was
explored. Here, the main challenge was the prevention of TiNT agglomeration. An early solution was the
surface-modification of TiNTs, see e.g. [5,6]. A notable reinforcement was achieved in these earlier works,
but the effect was smaller than theoretically expected. All the previous studies employed freeze-drying to
obtain neat TiNTs (removal of water, which was the solvent during synthesis).

However, the authors observed in their unpublished previous work, that even thoroughly surface-modified
TiNTs irreversibly agglomerate after drying. This becomes visible upon their repeated dispersion in water.

In order to systematically eliminate the TiNTs agglomeration, the authors designed a new procedure of
TiNTs  incorporation  into  polymer  matrixes,  which  altogether  avoids  the  freeze-drying  step:  A  solvent
exchange technique was used in order to transfer precisely controlled amounts of TiNT, from a stable and
storable aqueous dispersion into a reasonably stable water-free organic suspension in the monomer(s).

The tested epoxy matrixes were based on diglycidyl ether of bisphenol A (DGEBA), cured by polypropylene
oxide α,ω-diamine (MW: 230, 400, and 2000 g/mol). To demonstrate the efficiency of the new approach,
TiNT with no surface modification was dispersed as the nanofiller (at 1, 3, and 5 wt.% loading). 

Ash analysis confirmed a good control over the filler content, while the transmission electron microscopy
(TEM) proved the preservation of the nanotubes, as well  as their excellent dispersion, with remarkably
suppressed agglomeration.

Albeit the matrix-filler interactions were just physical, namely hydrogen bonding between TiNTs and the
polymer chains, they led to an unprecedentedly strong reinforcement of the polymers: The moduli were
increased by ca. 1 order of magnitude at the highest TiNT content, as observed by dynamic-mechanical
thermal analysis (DMTA). The reinforcement was the highest in the most densely crosslinked matrixes, due
to more efficient load transfer.

Keywords: Nanocomposite, epoxy, titanate nanotube.
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Wood  plastic  composites  are  widely  used  in  construction,
automotive, furniture, and consumer products, particularly in
North America and Asia. They are also becoming increasingly
popular  in  Europe.  The  market  for  WPCs  is  expected  to
continue  to  grow  in  the  coming  years,  driven  by  their
sustainability,  durability,  and  versatility  [1].  However,  one
important  sustainability  aspect  of  these  materials  has  not
been studied: microplastics (MPs). The tiny plastic pieces have
been recognized as a serious threat by various organisations,
and WPCs can be a potential source considering that they are
mainly used in outdoor applications where UV radiation can
cause  sevear  degradation  [2].  The  presented  study  uses  a
unique process design specifically developed to quantify the
mass  of  MPs formed during artificial  weathering of  plastic-
based materials. The process is based on a QUV accelerated
weathering tester, which was accordingly modified to enable
collection of  MPs.  All  WPCs used in the study consisted of
recycled polypropylene and wood particles (60:40 by mass).
To  evaluate  if  and to  what  extent  additives  can affect  the
release  of  MPs,  five  types  of  additives  (coupling  agent,
antioxidant,  pigment,  UV  absorber  and  UV  stabilizer)  were
added according to the manufacturer's recommendations. The results showed that without additives, the
WPCs released 4.4 g/m2 of MPs (> 20 µm) during 1 month of artificial weathering. This was due to the
surface erosion caused by photodegradation of the plastic matrix, as indicated by both the exposed wood
particles and the collected MPs (Figure 1). The formation of MPs was significantly reduced/delayed by the
used additives. UV absorber and UV stabilizer were the most effective reducing the amount of MPs by
around 80 %. Other additives also had an effect. The improvement was also clearly visible on the surface of
the WPCs showing less signs of degradation when analysed by SEM, FTIR and contact angle goniometer.
The study reveals that MPs can be released from WPCs, but this process higly depends on the composition. 

Keywords:  microplastics,  wood  plastic  composites,  polypropylene,  additives,  weathering,  degradation,
surface erosion, protection.
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Figure 1: Weathering of wood plastic composite 
(without additives) and resulting surface degradation 
with microplastic release collected on sieves.
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Synthesis and applications of metallaboroxine polymers as hydrophobic
thin films
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In  the  current  context  of  green  chemistry,  there  is  a  growing  pressure  to  find  new  non-fluorinated
alternatives of hydrophobic polymers and thus seeking of new hydrophobic polymers is thus hot topic. 1

Here we present synthesis and applications of new polymers based on metallaboroxines. These materials
were found as good film forming materials and thus these polymers were used for the preparation of thin
layer by spin coating at Si, SiO2 and polyethylene surfaces. The layers were characterized by the help of
SEM, VASE, XRF, UV-VIS spectroscopy and finally their WCA were determined.

Figure 1 Example of new metallaboroxine based hydrophobic polymer with WCA 125°

Keywords: heteroboroxines, thin layers, hydrophobicity
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Polydimethylsiloxanes (PDMS) can form hydrophobic thin layers with water contact angles (WCAs) of up to
115°.  We  modified  aminopropyl-terminated  polydimethylsiloxanes  (with  four  different  molar  masses)
using gallium- and tin-based heteroboroxines via a Schiff base coupling reaction. The resulting compounds
were spin-coated onto three substrates (silicon, glass, and polyethylene), and their hydrophobicity was
evaluated by WCA measurements.

Figure 1 Preparation of heteroboroxine-polydimethylsiloxane polymers

Table 1 Selected WCAs on heteroboroxine-PDMS thin layers on three substrates spin-coated from CH2Cl2 solution 
with concentration 50 g.l-1

M Mw

(PDMS)
silicon

substrate
glass

substrate
polyethylene

substrate
M Mw

(PDMS)
silicon

substrate
glass

substrate
polyethylene

substrate
— 1000000 113° 107° 104° — 1000000 113° 107° 104°
Ga 900   97° 100° 120° Sn 900 101° 104° 125°
Ga 3000 105° 102° 118° Sn 3000 130° 128° 130°
Ga 5000 116° 117° 134° Sn 5000 109° 108° 126°
Ga 27000 112° 111° 130° Sn 27000 107° 115° 125°

Keywords: heteroboroxines, thin layers, hydrophobicity
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Tracking of polymer brush functionalization at the nanoscale
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Surface-grafted polymer brushes are utilized in  a variety of  biomedical  applications,  including enzyme
immobilization, controlled drug release and delivery, biosensing, bioimaging, and enhancing cell adhesion
and proliferation. Their effectiveness stems from their highly ordered three-dimensional architecture, the
conformational freedom of the surface-grafted macromolecules, and a high density of functional groups,
which allow for further modification and bioconjugation.[1],[2]
Creating  advanced biomaterials  based  on polymer  brushes often requires  the  strategic  attachment  of
various functional groups through a multi-step process. To accurately position these functional groups
within layers that are only a few dozen nanometres thick, optimized synthetic conditions are necessary, as
well as precise instrumental techniques capable of monitoring modifications at the nanoscale. This can be
accomplished by combining several complementary microscopic and spectroscopic methods. 
This work aims to highlight the effectiveness of employing techniques such as atomic force microscopy
(AFM),  scattering-type  infrared  scanning  near-field  optical  microscopy  (sSNOM),  grazing-angle  infrared
spectroscopy (GA-FTIR),  and spectral  ellipsometry (SE) in a complementary manner. Collectively,  these
methods will offer invaluable insights into the modification chemistry of polymer brushes, setting the stage
for the development of advanced structures for biomedical applications.
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Atom transfer radical polymerization (ATRP) is one of the most effective, widely used and versatile
RDRP (reversible deactivation radical polymerization) techniques for the synthesis of complex functional
polymeric materials with a wide range of properties, including polymer brushes. However, in its classical
approach, it is mediated by transition metals, whose toxic residue contamination remains a challenge in
the  context  of  material  purification  and  utilization,  especially  in  microelectronic  and  biomedical
applications.  Developing  more  environmentally  friendly  techniques  without  compromising  precise,
controlled synthesis  of  well-defined polymers  with  tailored  and diverse  topologies  contributed  to the
discovery  of  organocatalyzed  ATRP  (O-ATRP).  This  light-induced  technique  uses  organic-based
photocatalysts to mediate polymerization  via an ATRP mechanism. It  is very promising in terms of the
scalability and preparation of complex three-dimensional patterned polymer surfaces under mild reaction
conditions. Currently, considerable attention in O-ATRP is focused on the development of efficient, low-
cost and widely available photocatalysts.

In this work, we demonstrate the use of naturally derived riboflavin (RF) and modified riboflavin
molecule (modRF) as a photocatalyst in surface-initiated O-ATRP for the synthesis of polymer brushes from
flat  model  substrates.  During  the  research,  a  series  of  visible  light-mediated  (λ max =  450  nm)
polymerizations  were  performed  in  a  simple,  cost-effective,  and  environmentally  friendly  approach.
Reaction setup includes only three components – monomer, photocatalyst and solvent. Due to the poor
solubility of RF in organic solvents, the substitution of hydroxyl groups in the ribitol tail was performed. The
obtained in this way modRF photocatalyst made it possible to limit side reactions during SI-O-ATRP while
preserving the photoredox properties similar to unmodified RF. A significant advantage of the proposed
method is ppm-level concentrations of photocatalyst, which are sufficient to obtain polymer brushes. It is
also worth  emphasizing  that  initiation efficiency  could  be enhanced  by  changing the  structure  of  the
surface-tethered  initiator,  which consequently  improves  the polymer layers  in  terms  of  thickness  and
quality. The obtained materials were characterized by Ellipsometry, Atomic Force Microscopy (AFM) and
Grazing-Angle Fourier-Transform Infrared Spectroscopy. 
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This study focuses on the development of ultrathin electrospun membranes made from poly(γ-benzyl-L-
glutamate) (PBLG) designed to support the growth of retinal pigment epithelial (RPE) cells.[1] The fabricated 
PBLG-based nanofibrous membranes (PBLG-NfMs) possess an average thickness of around 5.1 µm, with 
fibers averaging 0.5 µm in diameter, exhibiting isotropic orientation, high porosity, and large pore sizes. 
These structural characteristics were specifically tailored to optimize nutrient diffusion and enhance cell 
survival. The membranes also demonstrated excellent optical clarity and mechanical robustness, ensuring 
their suitability for potential surgical applications. To improve cellular attachment, the surface of the 
membranes was functionalized with fibronectin. In vitro culture of RPE cells on these membranes revealed 
favorable outcomes, including high cell viability, adhesion, and proliferation. Immunostaining results 
confirmed the preservation of the epithelial phenotype, with expression of key markers such as zonula 
occludens-1 (ZO-1) for tight junction formation, and RPE65 for RPE-specific metabolic function. These 
findings underscore the potential of PBLG-NfMs as an effective biomaterial for retinal tissue engineering. 
 
Keywords: Poly(γ-benzyl-L-glutamate), Electrospinning, Nanofibrous membrane, Fibronectin, Cells 
cultivation, Tissue engineering. 
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Agomelatine (AGM) is an atipical antidepressant drug approved for use in the European Union in 2009. 
It acts on melatonin and serotonin receptors. The drug is effective in both the acute and continuation
phases of depression treatment and is also used in the treatment of anxiety disorders [1]. Currently, AGM
is only administered in tablet form and has a low bioavailability <5% [2]. Recently, the concept of using a
transdermal route of administration has emerged to increase the bioavailability of AGMs [3,4]. The use of
the transdermal route prevents drug degradation in the gastrointestinal tract and first-pass effects in the
liver and may maintain therapeutic levels of the drug [3].  Microneedles can be used to deliver the drug to
the dermis, where it can enter the systemic circulation through small vessels and make drug delivery more
efficient [5].
Raman spectroscopy is a nondestructive, highly sensitive analytical technique that does not require special
preparation of the sample. This makes it an increasingly popular tool in the pharmaceutical industry used
e.g.  to identify active substances,  excipients and polymorphic  forms,  as well  as for the distribution of
substances in the final drug formulation [6].
The main aim of the present study was to characterise two types of gels (with and without ethanol) for
application to the skin. Differences between ethanol gels and AGM-containing suspensions were noted [7].
Micro-needle systems obtained using various 3D printing techniques will also be presented.

Keywords: agomelatine-loaded hydrogels, Raman spectrtroscopy, 3d printing, microneedel
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Products  obtained  by  VAT  photopolymerisation  3D  printing  have  many  advantages,  such  as  speed  
of  production,  possibility  of  obtaining  complex  shapes,  high  resolution  or  low  price.  The  masked
stereolithography technique (MSLA),  one of the VAT 3D printing methods, makes it  possible to obtain
complex parts in terms of both geometry and chemical composition, thanks to the use of liquid resin.  
With  the  selection  of  suitable  substances,  it  is  possible  to  obtain  composite  materials  [1],  including
composite elements used in pharmacy with controlled release of an active pharmaceutical ingredient (API)
[2]. Due to the diverse properties of available APIs, it is often necessary to use cosolvents to incorporate
the API into the resin, such as alcohols or acetone. The presence of cosolvents affects the properties  
of  the finished  products,  including mechanical  properties [3].  The aim of  this  work  was  to  compare  
the effects of two different alcohols, ethanol and isopropanol, which can be used as cosolvents on the
properties of acrylic-urethane resin, including hardness and tensile strength. For this purpose, samples
were prepared from pure resin,  with the addition of  10% ethanol  and 10% isopropanol.  The samples
obtained were subjected to a static tensile test, whereby the elastic modulus, tensile strength and relative
elongation were determined. Hardness was determined using a Shore D hardness tester. The samples were
tested  one  week  after  manufacture.  The  results  obtained  show  a  deterioration  in  the  mechanical
properties  of  the  samples  with  solvent  addition,  but  they  are  still  satisfactory  in  terms  of  potential
applications. It was shown that the properties of samples with ethanol addition are slightly better than
those of samples with isopropanol at a solvent content of 10%. The study therefore opens up new avenues
of research related to the use of different cosolvents allowing the introduction of a wide range of APIs into
photocurable resins to obtain controlled-release composites.

Keywords: Masked Stereolitography, Photopolymerisation, Cosolvent, Solvent, Mechanical Properties, 
Active Pharmaceutical Ingredient 
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Thermosensitive poly (N-isopropylacrylamide) (PNIPAM) hydrogels were synthesized via a polymerization
process  initiated  by  a  hydrogen  peroxide-ascorbic  acid  redox  system.  This  redox  pair  triggers
polymerization under mild conditions, ensuring that the hydrogel maintains its bioactivity. In our study,
PNIPAM  was  blended  with  various  additives,  including  sodium  alginate,  chitosan  particles,  and
theophylline,  to  assess  how  these  components  influence  the  material’s  viscoelastic  properties.  The
mixtures were evaluated using dynamic mechanical analysis (DMA) in shear mode, which allowed us to
characterize the temperature-dependent behavior of both the solution and the resulting hydrogel. One
particular sample, designated 100N5A-GT, was formulated with a weight ratio of PNIPAM, sodium alginate,
theophylline, and phosphate-buffered solution of 7.6:0.4:0.43:92, respectively. At a lower temperature of
20°C, the complex viscosity of the formulation was measured at approximately 1.77 Pa·s. This relatively
low viscosity suggests that the material exists in a liquid state, making it suitable for injection. However, as
the temperature increased to 35°C, the complex viscosity rose sharply to 264 Pa·s. This marked increase
indicates a transition from a liquid to a gel state, which is ideal for in situ formation of a wound-healing
dressing upon application to the skin. This thermally induced phase transition was further confirmed using
cloud  point  measurements  and  the inversion  tube test,  both  of  which corroborated the  temperature
sensitivity.  Additionally,  spectrophotometric  analysis  was  employed  to  monitor  the  release  profile  of
theophylline  from  the  hydrogel.  The  results  revealed  that  the  incorporation  of  chitosan  particles
significantly  slowed  the  release  rate  of  theophylline,  suggesting  that  chitosan  plays  a  crucial  role  in
modulating drug delivery from the hydrogel matrix.

Keywords: N-isopropylacrylamide； sodium alginate, theophylline, injectable wound dressing, 
thermosensitive hydrogel
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Lithium phthalocyanine is a dissolved oxygen sensor  [1].  The primary field of application is the
measurement of dissolved oxygen in tissues, tumors, 3D cell cultures (e.g., spheroids), or cells.  Sensors are
biocompatible and stable in biological conditions, being insoluble in water, which makes them an ideal
system for long-term monitoring of oxygen levels.

Molecular  oxygen  sensors  for  dissolved  oxygen  (pO2)  are  crucial  for  biological  and  medical
applications. Changes in oxygen levels can be a marker of general inflammatory processes, misbuilding of
blood  vessels,  poor  diffusion  geometry,  and  other  severe  abnormalities  in  tissues  (e.g.,  tumors).
Additionally,  medical  treatment  can  be  dependent  on  pO2 levels,  for  example,  radiological  anticancer
therapy. 

The principle of operation is based on the detection of magnetic field fluctuations caused by the O 2

molecules around the radical. Such fluctuations cause EPR line broadening, which can be calibrated and
quantified for EPR oximetry.

Keywords: Lithium phthalocyanine, oxygen sensor, EPR, radicals
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Hierarchically porous polyHIPE carriers for the immobilization of lactase
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Porous polymer monoliths are increasingly used in a variety of separation processes, including stationary
phases for various chromatographic techniques, high-throughput bioreactors, thermoplastic microfluidic
devices, and as solid supports for enzyme immobilization and catalytic reactions. Among the monomers
used for the preparation of such monoliths, glycidyl methacrylate (GMA) and methyl methacrylate (MMA)
are the most widely used. GMA is particularly attractive due to its reactive structure, which combines a
polymerizable  methacrylate  group  with  an  epoxy  functionality  suitable  for  post-polymerization
modifications.
Several templating methods have been developed for the preparation of porous, cross-linked poly(GMA)
monoliths. One very effective method is the polymerization of the continuous phase of a high internal
phase emulsion (HIPE), which results in materials with highly interconnected, open-cell porous structures.
HIPEs  are  emulsions  consisting  of  two immiscible  liquids,  where  the internal  (dispersed)  phase  has  a
volume fraction of  more than 74%, exceeding the maximum packing density of  uniform spheres.  The
resulting polyHIPE materials typically have a structure characterized by large voids formed by the droplets
of the internal phase and smaller interconnected pores (windows) between them [1].
Poly(GMA)  with  reactive  epoxy  groups  and  adjustable  porosity  offer  an  excellent  platform  for  the
immobilization  of  enzymes.  Various  immobilization  mechanisms  have  been  explored,  including  direct
covalent  binding,  surface  activation  with  crosslinkers  such  as  glutaraldehyde,  and  non-covalent
interactions  such  as  hydrogen  bonding  and  electrostatic  forces.  Porous  structures  are  particularly
advantageous  as  they provide a  larger  surface  area and facilitate  the stabilization of  enzymes  in  the
architecture of the material [2].
β-Galactosidase,  a  versatile  enzyme  with  important  applications  in  the  food,  pharmaceutical  and
biotechnology  industries,  is  mainly  used  for  lactose  hydrolysis  in  milk  production,  supporting  the
development of lactose-free products. It also plays a role in the synthesis of prebiotic oligosaccharides,
bioactive  compounds  and  specialty  sugars.  Its  broad  specificity  and  operational  stability  have  led  to
extensive research on its immobilization on various supports [3]. 
In this work, β-galactosidase was immobilized on hierarchically porous polyGMA supports prepared by the
emulsion-templating method (polyHIPE).  Two immobilization strategies were compared: direct covalent
binding  and  surface  activation  by  glutaraldehyde.  Immobilization  of  β-galactosidase  on  highly  porous
poly(GMA) by glutaraldehyde activation resulted in higher enzyme loading (0,43 mg/100 mg polymer) and
a significantly improved catalytic performance with optimal activity at pH 6.5 and 35°C compared to direct
binding without activation. In flow reactors, complete lactose conversion was achieved at 0.5 mL∙min -¹,
while higher flow rates reduced efficiency.
Keywords: polyHIPE, glycidyl methacrylate, immobilized enzymes, glycoside hydrolase enzyme

Acknowledgments
The financial support of the Slovenian Research Agency (ARIS) via programmes P2-0006 and P2-0414 is 
gratefully acknowledged.

 
References
[1]  Paljevac, M.; Podgornik, A.; Kotek, J.; Jeřabek, K.; Krajnc, P. Influence of topology of highly porous methacrylate
polymers on their mechanical properties. Macromolecular Materials and Engineering 2018, 18, 1-8.
[2]  Kimmins, S.D.; Wyman, P.; Cameron, N.R. Amine-functionalization of glycidyl methacrylate-containing emulsion-
templated porous polymers and immobilization of proteinase K for biocatalysis. Polymer 2014, 55, 416–425.
[3] Pečar, D.; Zečević, K.; Goršek, A. The Immobilization of β-Galactosidase on Glass Fiber Rolls.  Catalysts 2023,  13,
1503-1515.

Posters

PM16 154



Encapsulation of Resveratrol in Poly(ε-caprolactone)-Poly(methacrylic
acid) Copolymeric Micelles for Oral Delivery
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The application of nanosized drug delivery systems such as polymeric micelles in medicine is of a particular 
interest since they could provide targeted drug delivery, increased solubility and stability of the loaded 
substance as well as enhanced bioavailability and pharmacological effects [1, 2]. The natural polyphenol 
resveratrol exerts anrioxidant and anti-inflammatory effects, however, its poor aqueous solubility hinders 
its application [3, 4]. Therefore, its encpasulaition in nanoparticles could be considered an appropriate 
strategy. Taking this into consideration we developed novel micellar copolymeric carrier for resveratrol 
based on poly(methacrylic acid) and  poly(ε-caprolactone) (PMAA-b-PCL-b-PMAA). Atom transfer radical 
polymerization (ATRP) of tert-butyl methacrylate (t-BMA), initiated from a bifunctional PCL macroinitiator, 
followed by hydrolysis of t-BMA groups, was applied for sythesizing central PCL hydrophobic block and two
outer PMAA hydrophilic blocks amphiphilic block copolymer. The micelles were then obtained via self-
assembly of the copolymer in aqueous media. The critical micelle concentration (CMS) was found to be 
0.076 g/L and the system was characterized with mean diameter of 102 nm. Resveratrol was loaded via the
solvent evaporation method at a mass ratio between the drug and the polymer 1:15. Encapsulation 
efficiency of 72% and loading degree of 67 µg/mL were achieved. The mean diameter of the loaded 
micelles was lower, namely 78 nm. TEM confirmed the small size and showed spherical shape of the 
micelles. The in vitro release tests showed burst release followed by sustained release which was slightly 
faster in media with pH=6.8 in comparison with pH=1.2. This was in agreement with the founding that the 
micelles aggregated in the acidic media due to protonation of the PMMA chains. Kinetic analysis showed 
that the release in the buffer with pH=6.8 followed first order kinetic while the process in the slightly acidic
medium correlated with the Higuchi model. More importantly, 100% resveratrol was released from the 
system for 24 h in comparison with the free drug which showed dissolution of only 10% for the same 
period. Albumin denaturation assay confirmed the anti-inflammatory activity of both encapsulated and 
free resveratrol. In vitro co-culture model of inflammation revelaed that only pretreatment with the 
encpasulated resveratrol at 5 and 10 µM concentrations showed anti-inflammatory effect. Therefore, the 
PMAA-b-PCL-b-PMAA triblock copolymer micelles could be considered appropriate carriers for the oral 
delivery of the hydrophobic polyphenol resveratrol. 
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The incorporation of hydrophobic drugs into solid polymer dispersions is a modern method for increasing
their water solubility [1-2]. In this regard, the incorporation of curcumin into solid polymer dispersions can
be considered as an alternative approach to improve its solubility and pharmacological effects in vivo. In
the  present  study,  polyvinylpyrrolidone  (PVP)  and  sodium alginate  (ALG)  were selected  as  carriers  of
polymer dispersions. Both types of the dispersions were prepared via solvent evaporation method at three
ratios between curcumin and the respective polymer, in particular 1:1, 1:20 and 1:50 (wt/wt). For both
polymers  the  optimal  ratio  was  1:25.  However,  the  results  showed  significantly  higher  solubility   of
curcumin after formulation in PVP-solid  dispersion compared to ALG-solid  dispersion.  X-ray  diffraction
analyses revealed complete transformation of crystalline curcumin into an amorphous state in both types
of the dispersions. Therefore, the transformation of curcumin into an amorphous state was not the only
mechanism by which PVP-dispersion affected its solubility. Further, the release process of curcumin from
the PVP-dispersion in phosphate buffer (pH 7.0) showed a complete release within 20 minutes, while the
pure curcumin did not dissolve within the same time. The following studies compared the ability of the
PVP-solid dispersion of curcumin and pure curcumin to inhibit a biofilm of Staphylococcus aureus (methi
cillin resistant, MRSA). Microscopic studies showed a more pronounced inhibition of the MRSA biofilm
when treated with curcumin incorporated into the PVP-solid dispersion compared to the pure drug. The
inhibition of the biofilm by low concentration of curcumin in the PVP-dispersion (11.4 µM) was comparable
to the effect of pure curcumin in 100 µM concentration. Thus, polyvinylpyrrolidone appeared as a very
effective carrier for formulation of solid dispersion of curcumin that ensured better biopharmaceutical and
antimicrobial properties of the drug.
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Abstract:
Polymer networks were synthesized using the condensation method between PMMA and 
melamine as cross-linkers. CuO nanoparticles (NPs) and activated carbon (AC) were used as a
filler. The final products PMMA/Mel, PMMA/Mel-CuO, and PMMA/MelAC were tested for 
antibacterial activities against E.coli and S. aureus. The chemical structure and composition, 
thermal properties, and surface morphology of the new PMMA/Melbased nanocomposites 
were investigated by various techniques. The XRD and EDX results showed the successful 
incorporation of CuO NPs and AC into the polymer matrix. Also, the thermal stability of the 
PMMA/Mel polymer was significantly enhanced after adding CuO nanoparticles. This finding 
showed that the PMMA/Mel-CuO and PMMA/MelAC nanocomposites have greater activity 
against both bacteria than PMMA/Mel. The PMMA/Mel-CuO and PMMA/Mel-AC polymers 
showed high activity against S. aureus bacteria, with inhibition zones of 22.6 mm and 11.3 
mm, respectively. This confirms that small-sized nanoparticles have an effective role in killing
bacterial cells.

Keywords: cross-linked PMMA; melamine; CuO nanoparticle; activated carbon; antibacterial;
E. coli; S. aureus
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Polymers are increasingly  used in various medical applications from drug delivery to artificial implants
in tissue engineering. Drug delivery using nanoparticles is indeed one of the most promising applications of
polymers [1-2].  Our  group  is  developing  ways  to  produce  polymeric nanoparticles  for  the  delivery of
anticancer and anti-TB drugs. Both diseases are urgent and a great danger to mankind. Below we present
some of our research results.

Table 1 – Nanoparticles with anti-tuberculosis drugs
Biopolymer Medicinal product Loading

capacity
Results of the study

Polystyrene Capreomycin sulphate  Synthesis of polymeric nanoparticles was carried out by chain 
polymerisation, the average size of the obtained NPs was 173 nm.

Polyethylcyanoacrylate Capreomycin sulphate 76,3 % Inclusion of capreomycin sulphate in the matrix of polyethylcyanoacrylate 
allows to increase the drug half-life by 3 times, thus prolonging the effect of 
the drug. The polymeric particles had an average size of 132-550 nm.

Polylactide-co-glycolide Isoniazid (INH) 76 % PLGA-INH colloidal nanoparticles were developed by double emulsion, 
nano-deposition and emulsion methods. The average size is up to 200 nm, 
narrow particle size distribution.

Polylactide (PLA) INH, Vitamin C INH: 72 
%, VitC: 
83 %

PLA-INH-VitC nanoparticles were synthesised for the first time by double 
emulsion method. Inhibit the growth of isoniazid-resistant mycobacteria.

PLA Streptomycin 50 % The size of polylactic acid nanoparticles is 310 nm. The yield of NPs is 82.5 
%.

Serum albumin (HSA 
and BSA)

INH 82 % Nanoparticles of albumin with INH were obtained. Narrow size composition,
high degree of binding. MIC - 2.5 µg/ml.

HSA INH, Rifampicin (RIF) INH: 27 
%, RIF: 
44 %

The LVs with INH and RIF were 216.7±3.7 nm in size and had a ζ-potential of 
-26.7±1.5.

HSA RIF 86 % NCs with RIF were obtained by the Taguchi method. The average size is 
190.7±2.3 nm, ζ-potential is -22.7±0.3.

HSA p-aminosalicylic acid  PASC LVs were obtained by desolvation method. Drug loading into empty 
albumin wafers.

BSA
Polyethylene glycol 
(PEG)

INH 46 % PEG fragments and amino groups of albumin. PEG-BSA-INH NPs were 
obtained, size 226.9±1 nm.

The final choice of  a  suitable polymer, particle size and production method depends firstly on the
biocompatibility of the polymer, secondly on the physicochemical properties of the drug substance, and
thirdly on the therapeutic goal.

Another important problem is  osteoarthritis,  a joint disease caused by the destruction of the soft
tissues of the joint surfaces. This severe disease progresses over time. A possible solution to this problem is
the use of ‘soft’ polymeric materials in endoprostheses, which are able to change their shape when the
configuration of the bone articulation changes and, at the same time, retain the mechanical properties
necessary to stiffen the joint. The elastic properties of hydrogels can be dramatically improved by creating
‘double’ meshes, which are two interpenetrating polymer meshes with different properties. The first mesh
is usually formed by a strongly cross-linked and rigid polymer, and the second one by a weakly cross-linked
and flexible polymer. In this work, we combined biocompatible and biodegradable mesh materials,  which
had previously been used independently, to create a high-strenght dual mesh for producing a personalised
biomedical product using 3D printing technology.
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The development of novel materials and analytical techniques has increased the sensitivity of detection
and analysis of various emerging contaminants (EC) such as pharmaceuticals, which are already recognized
as micropollutants in various areas of the environment. In environmental analysis, molecularly imprinting
technology,  in  which synthetic polymers  sensitive to specific molecules  are  synthesized,  has  attracted
considerable  attention.  The  most  commonly  used  polymerization  technique  in  the  preparation  of
molecularly  imprinted  polymers  (MIP)  is  bulk  polymerization,  in  which  a  monomer  unit,  a  template
molecule, a crosslinking agent and an initiator dissolved in a suitable porogen are mixed in a batch [1].
After  a  24-hour  of  reaction at  60  ºC and  subsequent  washing of  the  template,  the  MIP  formed was
mechanically ground into small particles with specific cavities matched to the dimensions of the template.
Torasemid (TOR), a diuretic drug, was selected as the molecule of interest for which MIP was prepared and
tested  by  sorption  experiments.  Preliminary  experiments  involved  DFT  calculations  of  the  binding
interactions  between  TOR  and  various  monomer  units,  where  the  optimized  interaction  between
torasemide and methacrylic acid was achieved in a 1:3 ratio. Based on the computational predictions,
different MIPs were prepared by changing the amount of substance of the template and monomer to
experimentally determine the material with the best performance. The MIP with the highest mass of TOR
added to the polymerization mixture showed the best sorption and extraction performances; therefore, it
was further characterized (BET and SEM analysis)  and tested by sorption kinetic studies,  the effect of
contact time, initial concentration of TOR, mass of sorbent and ionic strength. To determine the selectivity
of MIP for TOR, the same experiments were performed in parallel for non-molecularly imprinted polymers
(NIP). For both types of sorbents, sorption equilibrium was reached after 24 hours, and the experimental
data best fitted the pseudo-second-order model (R2>0.99). By changing different reaction parameters, the
sorption behaviour of both polymers followed a similar trend, highlighting the increased sorption affinity of
MIP for the elimination of TOR from aqueous media. 

Keywords: torasemid, molecularly-imprinted polymer, non-molecularly imprinted polymer, sorption
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Hydrogels have become essential in tissue engineering applications like injectable systems and 3D
bioprinting  due  to  their  biocompatibility  and  ECM-mimicking  properties.  Their  porous,
interconnected structure supports cell growth, nutrient transport, and cell migration—key features
for  replicating native ECM function [1].  Various  of  fabrication strategies  have  been  explored  to
achieve such porosity in hydrogels. Among these strategies, aqueous two-phase systems (ATPS) have
gained attention as  a biocompatible method.  ATPS involves forming of  two immiscible aqueous
phases,  that  can  be  precisely  controlled through polymer  concentration,  molecular  weight,  and
solution viscosity. In this approach, one polymer forms the hydrogel matrix via crosslinking, and the
second  phase  functions  as  a  pore-forming  agent.  This  second  phase  is  typically  removed  after
gelation because it  does  not  interact  with  the hydrogel  matrix  [2].  Polyethylene oxide  (PEO)  is
commonly used as a pore-forming agent for hydrogels due to its water solubility, low toxicity, and
minimal interference with crosslinking, enabling the formation of well-defined pore structures [3].
However, its reported immunogenicity has led to the search for safer alternatives. In this study, we
explore aqueous two-phase systems (ATPS)  using  polysarcosine and glucomannan as  alternative
porogens,  comparing  them  with  PEO.  We  assess  how  each  affects  hydrogel  porosity,  phase
separation, and suitability for biological applications. 
 A biocompatible ATPS was developed for the fabrication of porous hydrogels using polysarcosine
and glucomannan. The construction of the porous hydrogel involved the use of methacryloyl and
tyramine  functionalized  polymers,  including  hyaluronic  acid  methacryloyl  (HA-MA),  poly(N5-2-
hydroxyethyl-L-glutamine)  methacryloyl  (PHEG-MA),  hyaluronic  acid  tyramine  (HA-TYR),  and  a
combination of HA-MA with PHEG-MA. The polymer precursors were photocrosslinking under the
blue light using Ru(II) complex/(NH₄)₂S₂O₈ or Riboflavin/L-Arginin as photoinitiators. The resulting
hydrogels were analyzed based on several factors, including the gelation time, gel yield, swelling,
pore size, and morphology. The findings of this study underscored the efficacy of the ATPS system as
a more compatible approach to producing porous hydrogels for biocompatible applications.

Keywords: Hydrogels,Two phase systems , biocompaility.
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biomedical applications

H. Macková  1  , M. Dušková-Smrčková1, Z. Morávková1, Š. Kubinová2,3, D. Horák1

1Institute of Macromolecular Chemistry CAS, Prague, Czech Republic
2Institute of Physics CAS, Prague, Czech Republic

3State Institute for Drug Control, Prague, Czech Republic

The research of degradable hydrogel materials with high water content and mechanical properties similar 
to tissues is crucial for the development of new drug delivery systems, tissue engineering, medical devices, 
and biomedical healthcare sensors. Specifically, synthetic hydrogels based on polymethacrylates are cost-
effective and widely used in medical applications. Moreover, they can be easily modified. We offer the 
synthesis of degradable hydrogels based on a copolymer of 2-hydroxyethyl methacrylate and zwitterionic 
2-methacryloyloxyethyl phosphorylcholine via reversible addition-fragmentation chain transfer 
polymerization (RAFT). Two synthesis strategies were used and compared. First, low-molecular-weight 
water-soluble copolymers containing 2-(acetylthio)ethyl methacrylate were synthesized, and then 
hydrogels were formed by a polymer-analogous reaction involving the deprotection of thiol groups with 
triethylamine, which was followed by disulfide bond formation using 2,2′-dithiodipyridine or 6,6′-
dithiodinicotinic acid. The second strategy involved preparing hydrogels by block RAFT polymerization 
using the degradable crosslinker bis(2-methacryloyloxy)ethyl disulfide. Finally, to make the hydrogels 
attractive for cell attachment, interpenetrating or semi-interpenetrating networks with water-soluble 
collagen I were prepared using both strategies. Optionally, collagen crosslinkers, such as genipin or 
dithiobis(succinimidyl propionate) were used to improve the mechanical properties of the resulting 
hydrogels. All hydrogels containing reductively degradable disulfide bridges were compared in terms of 
their compositions, degradability, and mechanical properties.

Keywords: HEMA, degradable, disulfide, hydrogel
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We present a photoswitchable molecular probe capable of reporting on the lipidic architecture of biological
membranes. Built upon the Donor–Acceptor Stenhouse Adduct (DASA) platform, this probe is expected to
respond  dynamically  to  its  environment,  with  switching  kinetics  sensitive  to  local  lipid  density  and
membrane affinity. In model membrane systems, we predict that densely packed lipid phases significantly
alter  the  rate  and  efficiency  of  the  photoisomerization  process.  These  results  suggest  a  mechanistic
correlation between membrane structure and photochemical  behavior,  positioning DASAs as promising
tools for studying membrane heterogeneity and dynamics in situ. This work bridges responsive molecular
design with functional biological imaging applications.
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Polymers are increasingly  used in various medical applications from drug delivery to artificial implants
in tissue engineering. Drug delivery using nanoparticles is indeed one of the most promising applications of
polymers [1-2].  Our  group  is  developing  ways  to  produce  polymeric nanoparticles  for  the  delivery of
anticancer and anti-TB drugs. Both diseases are urgent and a great danger to mankind. Below we present
some of our research results.

Table 1 – Nanoparticles with anti-tuberculosis drugs
Biopolymer Medicinal product Loading

capacity
Results of the study

Polystyrene Capreomycin sulphate  Synthesis of polymeric nanoparticles was carried out by chain 
polymerisation, the average size of the obtained NPs was 173 nm.

Polyethylcyanoacrylate Capreomycin sulphate 76,3 % Inclusion of capreomycin sulphate in the matrix of polyethylcyanoacrylate 
allows to increase the drug half-life by 3 times, thus prolonging the effect of 
the drug. The polymeric particles had an average size of 132-550 nm.

Polylactide-co-glycolide Isoniazid (INH) 76 % PLGA-INH colloidal nanoparticles were developed by double emulsion, 
nano-deposition and emulsion methods. The average size is up to 200 nm, 
narrow particle size distribution.

Polylactide (PLA) INH, Vitamin C INH: 72 
%, VitC: 
83 %

PLA-INH-VitC nanoparticles were synthesised for the first time by double 
emulsion method. Inhibit the growth of isoniazid-resistant mycobacteria.

PLA Streptomycin 50 % The size of polylactic acid nanoparticles is 310 nm. The yield of NPs is 82.5 
%.

Serum albumin (HSA 
and BSA)

INH 82 % Nanoparticles of albumin with INH were obtained. Narrow size composition,
high degree of binding. MIC - 2.5 µg/ml.

HSA INH, Rifampicin (RIF) INH: 27 
%, RIF: 
44 %

The LVs with INH and RIF were 216.7±3.7 nm in size and had a ζ-potential of 
-26.7±1.5.

HSA RIF 86 % NCs with RIF were obtained by the Taguchi method. The average size is 
190.7±2.3 nm, ζ-potential is -22.7±0.3.

HSA p-aminosalicylic acid  PASC LVs were obtained by desolvation method. Drug loading into empty 
albumin wafers.

BSA
Polyethylene glycol 
(PEG)

INH 46 % PEG fragments and amino groups of albumin. PEG-BSA-INH NPs were 
obtained, size 226.9±1 nm.

The final choice of  a  suitable polymer, particle size and production method depends firstly on the
biocompatibility of the polymer, secondly on the physicochemical properties of the drug substance, and
thirdly on the therapeutic goal.

Another important problem is  osteoarthritis,  a joint disease caused by the destruction of the soft
tissues of the joint surfaces. This severe disease progresses over time. A possible solution to this problem is
the use of ‘soft’ polymeric materials in endoprostheses, which are able to change their shape when the
configuration of the bone articulation changes and, at the same time, retain the mechanical properties
necessary to stiffen the joint. The elastic properties of hydrogels can be dramatically improved by creating
‘double’ meshes, which are two interpenetrating polymer meshes with different properties. The first mesh
is usually formed by a strongly cross-linked and rigid polymer, and the second one by a weakly cross-linked
and flexible polymer. In this work, we combined biocompatible and biodegradable mesh materials,  which
had previously been used independently, to create a high-strenght dual mesh for producing a personalised
biomedical product using 3D printing technology.
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Due to the ongoing climate crisis, the modern world continues to experience an ever-growing demand for 
reliable and high-performance energy storage systems. Lithium-ion batteries (LIB) based on high-nickel 
layered metal oxides represent the current state of the art for applications requiring high energy densities, 
such as electric vehicles. At present the LIB cathode production still relies on PFAS-emitting fluorinated 
polymers processed with toxic N-methyl pyrrolidone. Attaining greener processes, improved recyclability, 
and achieving an overall transition to sustainability requires the adoption of water-soluble polymers and 
aqueous processing.

Whilst in theory, water-soluble electrode binders have been developed, the combination with high-nickel 
active materials still poses several problems. The most crucial consequence of adding the active material 
into an aqueous electrode slurry is the subsequent increase in pH due to Li+-ion leaching and formation of 
lithium hydroxide. This causes corrosion of the aluminum current collector and decreases the battery 
lifetime. Researchers and industry have previously tried to mitigate this by adding acids to the electrode 
slurry, which appears beneficial in controlling this effect. [2]

This research presents an alternative strategy to solve the “pH problem” of aqueous cathode processing for
LIB, aiming to reduce the need for additional acidic additives.  Specialty monomers, polymers, and a novel 
reactive coating process are combined to improve the electrode manufacturing.  Processing of the 
electrode slurry systems and reactive coating tests were conducted.  The behaviour of the active cathode 
material (NMC) in water is studied in-depth by examining influencing factors such as pH, lithium ion 
leaching, and other crucial processing parameters. These combined results seek to reduce and optimize 
process steps and enable a new energy-saving and environmentally friendly method for producing 
electrodes for sustainable LIBs.

Keywords: Lithium-ion batteries, aqueous processes, cathodes, polymeric binders, sustainable electrode 
binders
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Chitosan: a promising material for the prevention of lead leakage in
perovskite photovoltaic cells

R.M. Duarte  1  *  , S.T. Saraiva1, A.C. Fonseca1

1 CEMMPRE, ARISE, Department of Chemical Engineering, University of Coimbra, Coimbra, Portugal

*rubenmendesduarte@gmail.com

The  global  energy  transition  into  renewable  sources  is  becoming  a  pressing  topic  with  new
technologies being researched and entering the market. However,  some of these new technologies still
present some challenges. Photovoltaic power is one of the fastest growing sources of electricity and new
alternatives to traditional silicon cells have been created [1][2]. Perovskite photovoltaic cells are one of such
alternatives; they are promising yet the lead in its structure may leak into the environment when the cells
get damaged [3][4]. Due to lead toxicity, this makes perovskite cells less appealing to the public. Until now,
fossil  based polymers have been used to try to solve this problem but with varying degrees of success.
Additionally,  their  synthesis  is  still  dependant  on  non-renewable  raw  materials  which  is  seen  as  an
important disadvantage. Thus, this work aims to take advantage of a bio-based polymer to improve the
perovskite  structural  integrity.  This  contributes  to  a  decrease in  the  amount  of  lead released into the
environment if the cell is damaged and exposed to water, all while maintaining the high power conversion
efficiency reported for  perovskite photovoltaic  cells.  The base polymer chosen was chitosan due to its
ability to interact with heavy metals and its abundance in nature [5]. Yet, it is not soluble in the common
solvents used in perovskite manufacturing: dimethylsulfoxide (DMSO) and N,N’-dimethylformamide (DMF).
Thus, chitosan was modified to turn it soluble in the desired solvents and also to increase its hydrophobicity,
which can further protect the perovskite layer from being dissolved by water  [6]. The modified chitosans
that were soluble in DMSO or DMF were used to prepare films with perovskite. The films were submerged
in water and  the amount of lead released from the film was compared  with the perovskite film without
any  polymer.  The  power  conversion  efficiency  of  the  photovoltaic  cells  with  the  new polymers  in  the
perovskite layer was determined and compared to the one obtained by cells without chitosan. 
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Undeniably,  fossil  fuels  have powered modern civilization;  however,  after two centuries of  extraction,
global reserves of these non-renewable resources are approaching depletion. In contrast, the Gibbs free
energy (ΔG) generated by salinity gradient mixing between seawater and freshwater remains one of the
most  significant  yet  underdeveloped  renewable  energy  resources.  Membrane-based  reverse
electrodialysis (RED) enables direct electricity generation from osmotic energy by harnessing the net ion
flux driven by concentration gradients across ion-selective membranes. Therefore, developing ion-selective
membranes with both high conductivity and high selectivity is particularly critical for efficient osmotic
energy harvesting. Covalent organic  frameworks (COFs)  demonstrate remarkable potential  for osmotic
energy conversion due to their tunable nanochannel architectures, high porosity, and exceptional chemical
stability. Herein,  we  demonstrate  a  facile  solution-processing  strategy for  fabricating  free-standing,
micrometer-thick and crystalline membranes of imine-linked 2D ionic TpPa-(SO3H)X COF (X=0.5, 1, 1.5, 2).
By  systematically  tuning  the -SO₃H group density  via  stoichiometric  control  during  COF synthesis,  we
achieved  optimized  charge-governed  ion  selectivity  (quantitatively  described  by  cation  transference
number, 0.943) in the nanochannels. Under salinity gradients mimicking seawater/riverwater conditions
(0.5  M/0.01  M, NaCl),  the  device  delivered  an  exceptional  power  output  density  of  24.6  W  m⁻²,
representing a 4.9-fold enhancement over commercial benchmarks (5 W m⁻²).

Keywords: covalent organic framework, self-standing membrane, osmotic energy harvesting, ion.
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Organic  dyes,  such  as  Acid  Blue  25  (AB)  positively  influences  the  electrochemical  and  morphological
properties of polypyrrole (PPy) [1, 2]. These research results can be further used to develop more efficient
and flexible  supercapacitors.  Within  this  work,  electropolymerization of  pyrrole  occurred on activated
carbon cloths in the presence of AB concentrations between 0.625 and 2.5 mM. They were prepared using
chronoamperometry with an applied potential of 1.5 V or 2.0 V for 20 min and 15 min, respectively.
Calculated areal capacitances between all samples with AB and neat PPy were similar. However, the PPy
containing  AB  showed  a  higher  cyclic  stability  in  both  cyclic  voltammetry  and  galvanostatic  charge-
discharge  measurements.  With  an  applied  potential  of  2.0  V  during  electropolymerization,  the  areal
capacitance (CA) after 1000 cycles of PPy decreased by 39% of the original value. In comparison, the C A of
those that included AB during the polymerization process decreased by 12-27%. Additionally, the effect of
AB on the morphology of PPy on the carbon cloths was investigated using scanning electron microscopy.
Samples containing only PPy showed the typical globular structure, while those containing AB showed the
formation  of  fibrous  structures.  Increasing  the  applied  potential  and  the  concentration of  AB  during
electropolymerization increased the count of these structures. These results show the promising nature of
how organic dyes can positively affect the electrochemical properties of pyrrole to pave the way towards
flexible and stable supercapacitors.

Keywords: supercapacitors, polypyrrole, acid blue, chronoamperometry
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Conducting polymer-based composite aerogels: synthesis and
application for energy storage
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Conducting  polymer-based  aerogels  represent  new  class  of  conducting  macroporous  materials  which
combine physicochemical properties of the conducting polymer with mechanical properties of a polymer
support [1-3]. Polyaniline-poly(N-vinylpyrrolidone) aerogels with carbon nanofibers (PANI-CNF-PVP) were
prepared via two steps [3]. First, PANI-CNF-PVP cryogels were prepared by oxidative cryopolymerization of
aniline in water:isopropanol medium in the presence of various amounts of dispersed CNF (0.05–2.5 mg
ml–1).  Second,  prepared  cryogels  were  converted  to  aerogels  by  freeze-drying.  The  effect  of  CNF
incorporation on the resulting properties of aerogels were investigated by SEM, specific surface area, and
electrical conductivity measurement. Additionally, the electrochemical performance (cyclic voltammetry,
GCD, EIS) was explored in the assessment of potential synergistic interaction between the components of
the aerogels and application for energy storage. Symmetrical supercapacitor with PANI–CNF–PVP aerogel
as the electrode material was assembled. The device reached gravimetric capacitance of 213 F g –1 with
energy and power densities of 30 Wh kg–1 and 1000 W kg–1, respectively, and showed 95% cycling stability
after 1000 cycles.
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Effective management of excitons relies on understanding the excited-state dynamics upon photoexcitation.
This study explores the excited-state dynamics in a coordination polymer, [CoU]n, formed through the self-
assembly of 3,6-di(2,2′:6′,2″-terpyridin-4′-yl)-9-phenylcarbazole (U) with cobalt (II) (Co²⁺) ions[1], in which  the
coordinated  terpyridine  (tpy)  groups  adopt  a  perpendicular  arrangement  around  the  Co²⁺  ions.  The
coordination alters the optical and electronic properties, like the energy band gap, and affects the exciton
lifetime and dynamics [2]. Using femtosecond transient absorption spectroscopy, we analyzed metal - ligand
charge transfer states and their impact on exciton dissociation and charge separation. 

While comparing the time evolution of the excited-state spectra of the thin films, the [CoU]n complex exhibits
an additional spectral feature compared to the broader transient response of Unimer (U). This suggests the
formation of metal-to-ligand charge transfer (MLCT) states, leading to a modified exciton relaxation pathway.
[3]  The  extended  lifetime  components  in  the  complex  imply  a  stabilized  charge-separated  state,  likely
influenced by ligand field effects and counterion interactions, which are crucial for electronic applications.

(a)  (b) (c)

Fig. 1. (a) Scheme of metallo-supramolecular copolymer [CoU]n,  (b) Time evolution of transient absorption of thin film of U, (b) Time evolution of 
transient absorption of thin film of [CoU]n complex. 
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Silicone rubber is  a  widely used elastomer,  with a  broad range of  applications across many industries.
Injection mouldable liquid silicone rubbers (LSR) are a type of silicone with high production quantities, and
hence  production  waste  generated.  Although  there  are  chemical  recycling  approaches  for  silicones,
mechanical recycling is virtually ignored in research. In our study we investigated a mechanical recycling
approach of LSRs by introducing ground particles as filler into matrix LSR material ( Figure 1). We examined the
influence of Shore A hardness, degree of shredding, and amount of filler used. Our results reveal good
mechanical properties, close to those of the original materials. Even if there are still obstacles to overcome
in industrial processes, our study could encourage to consider mechanical recycling of production scraps
also for silicones as contribution to waste reduction.

Figure 1: Silicone rubbers of three different Shore A hardnesses filled with 10 wt.% of milled silicone particles. 

Keywords: mechanical recycling, liquid silicone rubber, silicone grinding
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In the modern society there are a lot of applications for a combiantion of a themoplastic material and 
silicon rubber. The good processabilty of themoplastic materials and the good sealing properties of silicon 
rubber are one reason for this material combiantion. One of the biggest sources for silicon rubber 
contaminated themoplastics are pipe lines, with with a pressue valve. This matirial source has 
approximatly a pollution grade under 1% of silicon rubber. To determine the pollution grade and the 
influnce on the properties of the themoplast and the influence of melt filtration the folloeing work was 
carried out. The aim of the work was, to investigate the influnece of the partikel size and the amount of the
pollution on the mechanical properties, the influence of meltfiltration on the themal stabiltity of the 
thermoplast and the influence of the partikel size on the melt filtration behaviour. Therefore 3 model 
compounds with a silcon rubber shore 50 are produced with 0,1 ,0,5 , 1% polloution with a polyethylen 
matrix. This compounds were meltfiltrated with a 14/30/150 mesh. The pressue infront of the sieve and 
behind the sieve where mesured. The melt filtartion where carried out 20 min or til 90 bar are reached 
infont of the sieve, because of the limits of the filtration setup. The mechanical properties where 
determined with the compounds and the filterd materials. As a measuremnt method for the pollution the 
m-tga where choosen, because the matrix can be burned of and around 50% of the silicon rubber stays 
back. Therefore the m-tga was used to compare the coumpound with the filtrated materials.
The experiments have shown, that the pressure infront of the sieve is higher with bigger particels and if 
the particels are to big the sieve closes and the process hat to be stopped. The pressure equilibrium with 
0,2 and 0,5 mm particels lets assume that a part of the silicon rubber partikels are pushed throuth the 
sieve.

Figure 1: Comparison of the pressure infront of the sieve with 3 diffrnet particel sizes over the processtime

Keywords: recycling, extrusion,rubber
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The intrinsic brittleness of poly(lactic acid) (PLA) constrains its applicability in scenarios requiring plastic
deformation under conditions of increased mechanical stress. To overcome this, a series of poly(lactic acid)
(PLA)/poly(butyleneadipate-co-terephtalate)  (PBAT)  biodegradable  blends  with  a  reactively  extruded
compatibilizer based on PDLA-g-PBAT iniciated by dicumyl-peroxide (DCP) were prepared through melt
blending. The influence of processing parameters (reactive extrusion time and temperature etc.) and blend
composition on the microstructure development and thermo-mechanical properties was observed. The
thermal  behavior  and  crystallinity  of  PDLLA/PDLA-g-PBAT/PBAT  blends  were  analyzed  by  differential
scanning calorimetry (DSC).  Miscibillity and interphase compatibilization were investigated by scanning
electron microscopy (SEM). Mechanical properties (charpy impact strength, tensile strength, modulus and
elongation at break) were determined using universal tensile and impact testing machine. Measurement of
dynamic  mechanical  analysis  (DMA)  was  realized  to  underpin  the  results  of  mechanical  testing,
microstructure observation and thermal behaviors.  

Graphical abstract

Keywords: PLA, PBAT, biodegradable blends, interphase compatibilization
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Synthesis of Functional Polyesters based on Citric Acid
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Polyesters are highly versatile materials that are of relevance to many different product categories. In view
of the current  challenges concerning  climate change and pollution,  they are  attractive alternatives to
conventional materials. With polyesters, a transition to bio-based and renewable educts has shown to be
possible. Also, ester bonds are prone to hydrolysis under the right conditions and several biodegradable
polyesters are reported [1]. The focus of the current research project is to synthesize functional polyesters
based on citric acid, which is an easily available, cheap and renewable resource. 
The chemical structure of citric acid is shown in Figure 1, with its multifunctionality being an interesting
feature. In literature, the hydroxy group is reported to be unreactive. Also, the tertiary carboxyl group is
described as less reactive than its primary counterparts during esterification. This should enable synthesis
of  polyester  with  carboxyl  side  chains,  that  are  thus  available  for  subsequent  functionalization [2].
However, experimental data suggests the latter statement to not be entirely valid. Gelation is observed at
a certain reaction time that depends on the monomers and the employed reaction conditions. 
During  synthesis,  the  conversion  can  be  monitored  by  means  of  nuclear  magnetic  resonance
spectroscopy (NMR). Depending on the utilized diol, reactions of the tertiary COOH group can be observed
in 1H and 13C NMR spectra. The molecular weights of the resulting polyester chains as well as branching is
investigated via size  exclusion chromatography (SEC).  Current synthesis  procedures lead to broad and
multimodal size distributions as shown in Figure 1. 
Overall,  citric  acid-based polyesters  can be described as  promising  materials  worth exploring  in  more
detail. With the currently ongoing optimization of their synthesis route and the associated focus on proper
characterization, they seem to be viable candidates for biobased and biodegradable special products. 

Figure 1: Schematic representation of the synthesis of citric acid-based polyesters.

Keywords: polyester synthesis, citric acid, renewable monomers, functional polyester, biodegradability
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The development of bio-based polymers is regarded as a crucial step towards a more sustainable chemical
industry  by  reducing  the  environmental  challenges  that  come along with  traditional  petroleum-based
plastics.  Among  a  variety  of  bio-based  alternatives,  polyesters  derived  from  citric  acid,  stand  out  as
particularly promising. Citric acid can be industrially produced through fermentation of molasses or corn
starch,  both  of  which  are  renewable  resources  that  reduce  the  dependence  on  fossil  fuels.  These
citric acid-based  polyesters  offer  significant  advantages  over  traditional  materials,  including  enhanced
recyclability and biodegradability.

Crosslinking of functional polyester precondensates forms a three-dimensional polymer network, which
improves  mechanical  properties  and  thermal  stability.  Traditional  options  such  as  crosslinking  via
unsaturated building blocks negatively affect biodegradability by forming very stable C-C bonds. Using the
additional carboxylic acid group of citric acid for crosslinking instead provides a network exclusively based
on ester bonds which are cleaved during (bio)degradation.  Our research aims to optimize this cross-linking
process for sustainable polyesters using a variety of different crosslinking agents. By systematically varying
reaction parameters such as temperature, reaction time,  and oven setup, we obtained materials  with
different properties and tackled challenges arising during upscaling  of the batch process.

Analytical  methods, such as Gel  Permeation Chromatography (GPC),  are used to monitor  the reaction
progress in the early stages of crosslinking, before obtaining insoluble networks (Fig. 1c). Furthermore,
Differential Scanning Calorimetry (DSC) and Infrared Spectroscopy (IR) are employed to obtain a deeper
knowledge  of  the  crosslinking  reaction.  Since  citric  acid-based  polyesters  are  suitable  for  various
biomedical  applications  [1],  investigating  additional  parameters  such as  the  gel  content,  porosity  and
degradability is essential.

Figure 1: a) Monomers used for polyester synthesis. b) Products of crosslinking condition screenings. c) GPC allows good comparison of
polyester crosslinking conditions before obtaining insoluble networks.

Keywords: polyester, crosslinking, bio-based
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The increasing demand for sustainable alternatives to fossil fuel-derived polymers has spurred interest in
bio-based monomers, particularly terpenes and terpenoids, due to their natural abundance and inherent
polymerisable functionalities [1],[2]. In this research, two complementary approaches were employed to
develop hierarchically porous polymers (polyHIPEs) using terpene-based monomers via high internal phase
emulsion (HIPE) templating. In the first part of the study, the terpenoids tetrahydrogeraniol, citronellol,
and nopol were modified by using acryloyl chloride, resulting in the synthesis of terpenoid acrylates. These
bio-derived  acrylates  served  as  the  organic  (monomer)  phase  in  the  formulation  of  HIPEs  containing
an 85%  aqueous  phase.  The  acrylate  terpenoids  in  the  organic  phase  were  crosslinked  with
trimethylolpropane triacrylate (TMPTA) to form the polyHIPEs. A crosslinking degree of 5 and 10 mol% was
used to investigate the feasibility of polyHIPE synthesis. While both crosslinking degrees facilitated the
formation of  polymers,  only  the  10  mol% systems exhibited the  characteristic  interconnected  porous
morphology.  The primary pore diameters for  tetrahydrogeraniol  acrylate and citronellyl  acrylate-based
polyHIPEs  were measured at  15.6 and 16.5 μm, respectively,  whereas nopol  acrylate-based polyHIPEs
displayed a smaller average pore size of 5.6 μm. The second part  of  the study focused on the direct
polymerization of the terpenes limonene, carvone, and myrcene, combined with multifunctional acrylate
comonomers  –  TMPTA  and  pentaerythritol  tetraacrylate  (PETA).  This  strategy  enabled  the  successful
synthesis  of  poly(limonene-co-TMPTA),  poly(limonene-co-PETA),  poly(carvone-co-TMPTA),  poly(carvone-
co-PETA),  poly(myrcene-co-TMPTA),  and  poly(myrcene-co-PETA)  polyHIPEs.  The  terpene  and  acrylate
ratios were varied to study the incorporation of the terpenes into the polyHIPE and the effects on the
morphological properties. While the synthesis of terpene-based polyHIPEs was successful, the degree of
limonene and carvone incorporation reduces when the content thereof in the HIPE mixture is increased.
The obtained polyHIPEs exhibited primary pore sizes between 5.51 and 11.63 μm, and specific surface
areas  ranging  from  2.7  m²  g⁻¹  to  approximately  300  m²  g⁻¹.  This  combined  study  demonstrates  the
versatility of both terpenoid acrylates and unmodified terpenes as promising, renewable building blocks
for the production of hierarchically porous polymers. Moreover, it highlights the potential of limonene and
carvone in the synthesis of polyHIPEs, reinforcing the role of plant-derived monomers in the development
of sustainable polymeric materials.

Keywords: Terpenes, Terpenoids, PolyHIPEs, Bio-sourced monomers, Porous polymers, High internal phase
emulsions
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With increasing consumer demand for sustainable cosmetics, developing eco-friendly systems that 
maintain performance remains challenging. This research introduces a novel approach utilizing photo-
responsive biopolymers to enhance water-soluble colorant stability in cosmetic applications. We 
developed an innovative platform based on casein protein films crosslinked through a riboflavin phosphate
(RFP)-mediated photoreaction, with tannic acid (TA) as a natural polyphenolic reinforcement agent [1].

The fabrication process involved a systematic optimization of casein concentration, RFP content, 
and TA incorporation, followed by blue light irradiation (450-490 nm) to induce protein crosslinking. 
Structural characterization through FTIR spectroscopy confirmed successful crosslinking via formation of 
dityrosine bonds, while SEM analysis revealed a networked porous architecture conducive to controlled 
dye retention. Rheological assessment demonstrated that TA-modified films exhibited significantly 
improved mechanical properties, with up to 40% increase in storage modulus compared to unmodified 
counterparts.

The biocompatibility of these films was validated using NIH/3T3 fibroblasts, with cell viability 
consistently above 90% at all tested concentrations. When applied to human skin models, the photo-
crosslinked films containing a model water-soluble red dye demonstrated remarkable color retention 
under standardized wash conditions, maintaining 85% of original color intensity after 8 hours compared to 
32% for non-irradiated controls. The addition of TA provided supplementary improvement in durability 
through secondary interactions with both the protein matrix and encapsulated colorants.

This study establishes a foundation for development of next-generation sustainable color 
cosmetics by bridging principles from biomaterials science with cosmetic technology. The versatility of this 
platform allows for potential expansion to various colorants and active ingredients, offering promising 
opportunities for dermal delivery systems beyond decorative cosmetics. Our findings demonstrate that 
biomimetic, photo-responsive protein films represent an effective and environmentally conscious 
approach to addressing the persistent challenge of water-soluble dye retention in cosmetic applications.
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Poly(amidoamine)s or PAAs are polymers synthesised through the reaction of carbonyl group with
amines. These types of polymers can be modified based on the application requirements; one such
example  is  hydrogel  synthesis.[1]  Hydrogels  are  three-dimensional  hydrophilic  polymer  networks
extensively swollen with water.[2] They have many applications and are highly beneficial. One of the
major disadvantages of these PAAs are their fossil-based origins. One such way to avoid those is to
use biobased or renewable monomers for the polymerization.  Renewable monomers sourced from
plants and bio-feedstocks can be used as a suitable substitute for the synthesis of chemicals, building
blocks, and biopolymers in this context.[3]

In the present  work,  novel  hydrogels  were synthesized by  post-modification of  a  bio  renewable
Tulipalin A (α-methylene-γ-butyrolactone or  MBL)-  based polymer.  This  involves the polyaddition
step-growth polymerization of MBL and diamines, resulting in the formation of poly(amidoamine)s
(PAAs),  followed  by  post-polymerization  modifications  into  hydrogels.  Prepared  hydrogels  with
various compositions were investigated for their swelling, morphology, cytotoxicity, mechanical, and
thermal properties.

Keywords: Renewable Monomer, Polyaddition, Poly(amidoamine)s, Biobased Hydrogels
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Terpene-Based Thiol–Ene PolyHIPEs: Sustainable Routes to Tunable
Porous Polymer Networks
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In the pursuit of sustainable alternatives to fossil-derived polymers, terpenes have emerged as a promising
class  of  renewable,  bio-based  monomers.[1,2] These  naturally  occurring  hydrocarbons—found
predominantly in plants, especially in essential oils—exhibit considerable structural diversity and functional
group reactivity, making them attractive candidates for the synthesis of advanced polymeric materials.

In this study, porous polymer networks were synthesized by thiol–ene photopolymerization using terpene
myrcene,  a  multifunctional  thiol  (trimethylolpropane  tris(3-mercaptopropionate))  and  ethylene  glycol
dimethacrylate (EGDMA). High internal phase emulsions (HIPEs)[3] were used as templates and allowed
the formation of highly porous polymers (polyHIPEs[4,5])  with a porosity of up to 80%. By systematically
varying the terpene content (9–40 mol%) and the ratio of thiol to alkene functional groups, the resulting
polymer  morphology  could  be  precisely  controlled.  Lower  terpene  concentrations  (10-20  mol%)  in
combination with an excess of alkene functional groups led to the formation of well-defined, open-cell
polyHIPE structures with interconnected pores. In contrast,  a higher terpene content (40 mol%) and a
stoichiometric thiol:alkene ratio of 1:1 promoted the formation of bicontinuous morphologies.
The materials  were characterized by scanning electron microscopy (SEM) for  morphology analysis  and
elemental  analysis to evaluate polymerization efficiency. The surface area was determined by nitrogen
adsorption/desorption using the Brunauer–Emmett–Teller (BET) method.
A novel approach using thiol–ene polymerization for the synthesis of myrcene-based polyHIPE materials is
presented,  marking  a  significant departure  from the conventional free-radical  polymerization methods
commonly used for polyHIPE synthesis. Thiolene polymerization is particularly advantageous for polyHIPEs
as it  offers superior structural  uniformity,  improved mechanical  properties and the ability to precisely
modulate  the  chemical  and  physical  properties  of  the  material.  The results  highlight  the  potential  of
terpene-based monomers in the development of tunable, porous polymeric materials and demonstrate
their applicability in areas such as separation, catalysis and biomedical engineering.

Keywords: Thiol-ene polymerization, terpene, myrcene, polyHIPEs, 
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Fabrication of Thermally Stable Enzyme Complexes for Enhanced
Polymer Biodegradation and Their Application in Melt Extrusion

Processes

Jeong   J  e   Seo  1,2, In Woo Nam1, Byoung-Sun Lee2, Yeong Og Choi1*

1Textile Innovation R&D Department, Korea Institute of Industrial Technology, Ansan, South Korea
2Department of Fiber System Engineering, Dankook University, Yongin, South Korea 

*yochoi@kitech.re.kr

The  growing  accumulation of  plastic  waste,  particularly  microplastics,  has  intensified  the  demand  for
environmentally sustainable recycling technologies.[1] Enzymatic biological recycling presents a promising
alternative,  enabling  polymer  degradation  under  mild,  non-toxic  conditions  with  low energy  input.[2]
However, a major challenge remains in applying enzymes directly to conventional plastic manufacturing
processes,  such as  melt  extrusion,  which involve  high-temperature  environments  beyond the  stability
range of most enzymes.
In this study, a commercially available enzyme was immobilized through physical adsorption onto porous
supports  and  entrapment  within  a  polymeric  matrix  to  enhance  its  thermal  stability,  enabling  its
application in polymer melt extrusion processes for improved biodegradability. The enzyme-immobilized
composites were blended at a specific ratio into melt extrusion processes such as film casting and fiber
spinning to fabricate biodegradable polymer films and fibers. The resulting materials exhibited significantly
enhanced biodegradability, experimentally confirming that the enzyme retained its catalytic activity even
under the high-temperature conditions of melt processing due to the immobilization.

Keywords: Enzyme Immobilization, Biodegradation, Biological Recycling, Melt Extrusion
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Membranes for Advanced Filtration Application
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Air pollution has emerged as a critical environmental issue due to rapid industrialization. Particulate matter
(PM),  a  major  air  pollutant,  poses  serious  health  risks  as  it  can lead to respiratory and cardiovascular
diseases.  This  has  led  to  growing  demand  for  high-performance  air  filtration systems.  However,  most
commercial  filters  are made of  non-biodegradable polymers  such PP,  PE,  and PET,  which contribute to
environmental  pollution  during  incineration.  As  a  sustainable  alternative,  polylactic  acid  (PLA),  a
biodegradable  polymer,  has  recently  gained  attention  as  a  promising  material  for  eco-friendly  filter
applications [1].

Porous fiber structures offer significant advantages in filtration due to their unique morphology. Their large
specific  surface area provides  a  greater  number  of  active sites  for  the physical  adsorption of  airborne
particles [2]. Additionally, compared to conventional smooth-surfaced fibers, porous fibers typically have
lower packing density, which reduces air resistance and thus lowers the pressure drop across the filter. 

In this study, we fabricated porous PLA nanofiber membranes using the electrospinning process. The pore
morphology was controlled by adjusting key processing parameters such as solvent ratio, applied voltage,
and humidity. The resulting porous PLA membranes exhibited higher surface area and broader pore size
distribution  than  their  smooth  counterparts,  leading  to  superior  filtration  performance.  These  results
indicate  that  the  porous  PLA  filters  are  expected  to  be  applied  as  eco-friendly  and  high-performance
filtration materials.
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