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Foreword

Welcome to the @ Polmyer meeting PM14!

We cordially welcome you to the Graz University of Technology. It is a great honor and
pleasure to us to be the host of th& pdlymer meeting.

The 14" Polymer Meeting in Graz is the continuation of the very successful three river
DVSPM-conference series (Danubdtava-SavaPolymer meeting) which became one

of the most important meeting in polymer science in Central Europe, hasnah the
predecessor conferencBsAustri an Sl ovenian Pol ymer M
Pol ymer Science & Technologyo. However, t
Polymer Meetingswhich started more than 25 years ago in Seggau, very cl@azo

Polymers are everywhere in today’'s life and find applications in packaging, storage,
buildings, agriculture, transportation, mobility, electronics, medicine, energy and many
more.

The 14" Polymer Meeting in Graz will address all major aspects dfnper science
spanning from novel synthetic approaches, the creation of new functional polymers, the
characterisation of macromolecules and polymers, innovative processing technologies,
polymer testing, and polymers@work in many applications, but williatdade topics

of renewable polymers, recycling and sustainability aspects.

In memoriam of Prof. Klaus Hummetho passed awagn May 1%' 2021 the Klaus

Hummel prize will be established anawarded forthe mostoutstandingcontributed

lecture.

We are ery thankful for your support in these difficult times caused by the Cif¥id
pandemic. Thus, for wus it is important tc
enjoy this conference and get inspired by the presentations and vivid discussioms withi

the polymer community.

Sincerely,

Gregor Trimmel,

on behalf of the organizing committee



In memory of
Em. Univ-Prof. Klaus Hummel

Klaus Hummelborn: 14 May 1930 in Jenadied:15May 2021 inGraz)attended various schools

in Stadtroda, Jena, Eisenbargigraduated from high school in Bremen in 194@. sudied first
physics and then chemistry at the Free University (FU) B&dhlemand obtained hiBiploma

in chemistry at the FU Berlibahlem(with R. Riemschneider) in 8. Afterwards he wrote his
Doctoral thesis at the Rubber Institute of the TH Hannover (with W. Screeedeecamé®r.
rer.natin 1959.He becamegentific assistant at treame institute and latee moved to Munich
where he conducted his Habilitatiat the TechnischeHochschuleMinchen, Institute for
Tecmical Chemistry (with F. PatatiHe receivedHabilitation for Technical Chemistiy 1967.

After a short periocat Chemische Werke Huls AGe accepted aubstitute position at the
TechnischeHochschile Munich. In 1971 Klaus Hummel accepted a full professor position at
Technische Universitat Graz and becameltairman of the Institute for Organic Chemistry and
Organic Chemical Techihagy. In 1979 he became head of the newly founded Institute for @rgan
Chemistry andrechnology ofTU Graz. He held this position until his retirementl®98.In the
years 199141993 he was appointed dean of the faculty of natural sciences-GiratJAfter his
retirement he was given Emeritus status and continued resetit@gmthusiasm and creativity for
several years and remained an active part of the Austrian polymer community.

The research dflaus Hummel mainlyocused o the field of rubber chemistry and technology.
He considerably contributed with over 200 pubiimas to the advancement wiilcanization,
crosslinking of polymers, andlefin metathesis With the application of the wetlefined
metathesis degradation reactionmteoducednew ways and opened far reaching perspectives to
the analysis of crosslinkedbbers.

As an academic teacher he introduced the field of Polymer Chemistry and Technology to the
Curriculum of Chemistry at the Graz University of Technology, in addition to general Technical
Chemistry and Organichemical Technology. With his appoirgémt the foundation for the later
Institute for Chemistry and Technology of Organic Materials was laid, now part of the Institute
for Chemistry and Technology of Materials after fusion of twin institutes. He supervised far more
than 100 PhBhess and seval Habilitations and was also a highly acknowledged reviewer for
variousjournals, academic projects, and audits.

Klaus Hummel received various awards such asRh&sigmondy Fellowship of the Colloid
Societyin 1961 ,theMedal of the University of Helski in 1988,the Grand Golden Decoration of
Honor of the Province of Styria 1991,the Golden Decoration of Honor of the Graz University

of Technology on ribbom 1993,0r theH. F. Mark Medalin 2000.
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The role of plastics in navigating the great societal
transformation.
A story on the future of plastics narratedas” Wag t he Dogc
puzzle

Reinhold W. Lang

Institute of Polymeric Materials and Testing, Johannes Kepler University Linz, Austria
e-mail: reinhold.lang@jku.at

The call for and theurgency of aGreat Societal Transformatiohas gaied increasing
support by academicthe scientific communitgnda steadily growing number of societal
groupsever sinceghe concept oSustainble Developmérftrst emerged in 1987 as a new
intra- and intergenerational eqty paradigm that requires comprehensive, deep and radical
societalchangespervading essentially all asgeoof human life In recent years, huge
additional momentum has been gained through worldwide civil society endeavors such as
theFridays for Futureschool strike movement aiicktinction Rebelliopwith the necessity

for aGreat Societal Transformatiomithin the next decades now beipigpgressivelynore
accepted by mainstream politiee,some recent policieser haps even as a
imperativéd o n w Iparsstencef Aneorganized and jusivilization maydepend.
Representing such policies a global scale are (1) théN Sustainable Development
Agenda203F with its 17 Sustainable Development Goals (SDG@&signedtdi ac hi e v e
betterall mor e sustai naéntd) theRatisuAgreeménbaimingat| o
reducing and limiting the risks and impacts of climate change, both adopted iny20hb
bodies. Specifically topic relevant on a European les/#le European Green Deah set

of policy iniatives by the European Comissianveiled by its president von der Leyien
Dec.2019asiman on t he .@oaonationaldereorth dtingis the Green

Deal for Industry and Commerae the Austrian Governmental Program 202024

Meeting the desire ad growing world population for prosperity insustainablenanney
clearlyalsonecessitatesadical changes in production (and consumption) patterns, which
in turn require adequate technologies along with proper choices of matedddaradiing

of matter/material stream®n a metdevel, two essentigillars of an innovatiosdriven,
sustainabletechnological transformatiohave emergedl) thetransition of theenergy
system from a fossile fuel based energy system to arrawabé enegy systenand (2)
thetransition of thematter/material resource system from a currently linear resetoces
wastesystento a future circular material/matter systé@re., circular economy).

In the lecturethe potential role of plastics and the gtles industry in tesetechnology
transitiors will be exploreal, addressing the following questions: can plastics assume a key
role in theGreat Societal Transformatiand will the plastics industry become a key driver

of sustainabldransformative chan@e&Considering that roughly only 5% of the worldwide
crude oil production are used for producing plasticstréresformation storyline will refer

to and evolve around the fiwWwag the Dogo pL

References:

1 World Commission on Environment and Development (1987). Our Common Future. Oxford
University Press.

2 United Nations (2015). Resolution adopted by the General Assembly on 25 September 2015,
Transforming our world: the 2030 Agenda for Sustainable Development (A/RES/70/1).

3 UNFCCC (2015) . fitAldoonp of the Paris Agreemento (2015),
http://unfccc.int/resource/docs/2015/cop21/eng/l09r01. pdf


https://archive.org/details/ourcommonfuture00worl
https://en.wikipedia.org/wiki/File:N1529189.pdf
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
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Polymer Meeting 14 IL-1

Strong made weak:
Composites with controllable stiffness and shape memory

Alexander Bismarck,? Paul Robinson

aPolymer and Composite Engineering (PaCE) Group, Institute of Materials Chemistry,
University of Vienna, Wahringer Strasse 42, A-1090 Wien, Austria;
e-mail: alexander.bismarck@univie.ac.at
b Department of Aeronautics, Imperial College London, South Kensington Campus,
London SW7 2AZ, United Kingdom;
e-mail: p.robinson@imperial.ac.uk

Common to all fibre reinforced composites is that fibres carry the load and the matrix holds
them in place and protects them while load is transferred through composite interfaces.
Engineering composite interfaces provides a means to adjust strength, stiffness and
toughness of composites. However, by clever design much more is possible; by tuning
composite interphases multifunctional composites can be designed, which besides being
structural materials can simultaneously provide alternative functions, such as energy
storage, shape memory capabilities and morph, or can be easily repaired. For
multifunctional composites design of the interfaces and/or interphases between the
composite costituents is of outmost importand®e will highlight approaches that enable
Asmart o composites wbyhuschgvetbeéerWwiaessés
which enable potential morphing applications for deployable structures and easyfepair
composites

The common design principle for oumultifunctional composites which besides load
baring capabilities have shape memasyhased on the fact that polymers are glassy and
stiff below their glass transition temperaturey))(&nd undergo a signdant stiffness
reduction when passing ¢.T Considering typical higiperformance thermosetting
composites with polymer matrices withy ®f around 1500 180 °C, strong composite
interphases which can undergo a stiffness change can be created by 1) cdedinglleit
reinforcing fibres or 2) composite plies with a (amorphous or semicrystalline)
thermoplastic thin film, whoseglis significantly lower than that of the composite matrix

but higher than the service temperature of the composite material. Wheng hibatin
composite to temperatures abowgeoT the thermoplastic interphase but below that of the
matrix Ty the interphase softens, which decosptee mechanical response of the
composite matrix from the fibres or subsections of composite plies (in theotcHse
interleaved composite), which significantly reduces the overall bending stiffness of the
composites.

We will introduce our design concept and methods to manufacture such compsites.

will demonstrate that clevengineeringpf composite interfaceenables the production of
composites with active stiffness control and shape memory capabilities without the need
to incorporateany shape memory materiafirthermore, these composites can also easily
berepaied



Polymer Meeting 14 [L-2

Photo-switchable polymer networks

Elisabeth Rossegger,2 Thomas Griesser,? Sandra Schlogl 2*

a Polymer Competence Center Leoben GmbH, Roseggerstrasse 12, A 8700 Leoben,
Austria; e-mail: sandra.schloegl@pccl.at
b Institute of Chemistry of Polymeric Materials, Montanuniversitaet Leoben, Otto
Glockel-Strasse 2, A 8700 Leoben, Austria

Advancing from polymers with structural or passive functions, the present work highlights
the design of stimulfesponsive polymers by introducing molecular switches into polymer
networks. In particular, phoicleavable chromophores such @sitrobenzyl esterd-

NBE) groups are applied to desigmolymer networks, which change specific material
properties after exposure to tight.! Along with a spatially controlled network
degradationp-NBE chemistry is afdped totailor the surface properties of photopolymer
networks The photetriggered change in surface polarity and wettability is used to
conveniently prepare polymers with medtiadient surfaces allowing a directed motion of
liquids across photopolymeuigaces’

Whilst the introduction ob-NBE | i nks i n pol-ymmesé swabthk:
material properties, synthesis routes towards pregponsive polymer networks further
involve the preparation gbhotoactivated dynamic polymer network$or a repeated
change of material properties in response to light at different wavelengths, the reversible
cycloaddition reaction of anthraceaed coumarin chromophoresapplied.The transfer

of these concepts towards additive manufacturing techniqadéesrthe fabrication of 3D
objects with locally controllable mechanical properties and soft active devices with
additional functions such as shape memory anehsalfing properties.

Moreover, photeswitches are introduced in dynamic polymer networksiiwérs), which
undergo catalyzed bond exchange reactions at elevated tempér&8yrepplying
photocleavable chromophores, microstructures can be repeatgtidyn at the same area

of thin vitrimer films by photolithography and erased by a thermal aimgeatep. In
addition, by using selected photolatent catalysisplogical rearrangemendse activated

in vitrimers ondemand by light exposure. Thssa versatile strategy to fabricate soft active
devices, which are able to undergo locally programmsitdgpe change.
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Transportation engineers and designers are required to reduce structural weight of
conventional vehicles and airplanes to mitigahteemmission a£0O, and othegreenhouse
gasesFutureelectricpoweredand hydrogespoweredransportatiortonceptwill require

heavy battery blockguel tanks or cellsThereforehigh-performancdighter structuresvill

play an important roleto improve the autonomy of vehicles and airplanes.
Polymer/Compositdetal Hybrid Structures(PM-HS) have been identified as potential
candidates to fulfill this demaridlhese hybrid structures are characterized by the presence
of solid interface(s), normally with a sharp gradient in properties. The intrinsic
dissimilarity between metals angolymertompogies imposes huge engineering
challenges, requiring creative and matefimndly manufacturing approaches.
AddJoiningis a novel additive manufacturing method RW-HS? The technologyses

fused filament fabrication (FFF) to hybridize metalse. toform the polymeric/composite

part around the metal partdence, the parts can be produced with complex)j8Bdmetries

by depositing extruded material layer by layer on a metallic substrate. The new process has
been demonstrated for different combinatiohsnaterials such asABS with aluminum

20243 unreinforced, continuousarbonfiber reinforced PA6 with aluminum 20Z4and
titanium Ti64,* as well as shoitiber-reinforced PA 6 with lasepowder bed fusion
additively manufacturedtitanium Ti64.> This invited lecture will review recent
developments of AddJoining. Emphasis will be set on the correlations between process
parameters, microstructure and mechanical performance.
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Polymer development for 3D printing: highest demands on
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3D printing technologies have developed to the point of industrial use in recent decades
and enable function-orientel component design More than 10 mainadditive
manufacturing technequasd a variety of suprocesseallow the D printing of metals,
ceramics and polymers but alsbconeswax andconstructiormaterials can be processed.

In the early daygnly a few printable materials were available and material development
startedwith the development of printirtgchnologiesThe market for 3Printing materials

is still growing rapidly and offera variety of different material€onsideringhe polymer
sector, a wide range cbmmoditypolymers (PPABS, PET), engineering polymers (PA,
PO and high performance polyme(PEEK, PEKK), resines, composites and hybrid
materials are availahleNevertheless, functinalized materials leading to taylored
componenproperties, e.g. light weight materials, are still of interest.

a) b)

o
RIS
SR
SR
AR
R -

Desirability

50 um
C: Donor i : A: Propene
& B: Comonomer
5488

Desirability plot for afused filament fabricationptimized polypropylene copolymer (a) and a
crosssection of 10 layers printetllIR foamed andJV cured inkfor PolyJetTM 3D printingb).

The development of new polymematerials, their monomers and necessary additives is
presentedvith two example, atailormadepolypropylene (PP)and aUV curableresin

that foams during printirfg A design oriented approach was used to synthesi2® a
copolymer applicabel in fused filament fabrication (FFF). The material influencing
properties viscosity, molecular weight, and crystallinity were optimized for the FFF
printing process. PolyJ&t 3D printing,an inkjetbased processakes printing ofsveral
materials in one pripstep possible. Thus, lighteight materials can be achived by
combination of standardand foamable inks. Aé development o foamable andJV
curable ink iludingthe synthesis of modified blowing agent, to fulfill the deamds of

the 3D printing ink, is presented.
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The contribution is aimedtthe synthesis and multiscale characterization of coxrgille
aliphatic polycarbonatbased thermoplastic polyurethane (PU) &imals derived thereof.
The products with targeted properties are intended fagess advanced materials in
(bio)medical applications, e.g. asovering material for covered seakparable
gastrointestinal biodegradable ster®dJ films were prepared either in bulk or from
waterborne PU dispersions. Both preparation techniques erelbtethe preparation of
PU nanocomposites with filler nanoparticles differing in origin (organicgieac), shape,
size anchanoparticlecontent.

PU materials made from liexamethylene diisocyanate, polycarborzdeed macrodiol
and butand,4-diol (at different ratios of hydroxyl groups of both diols) in bulk lead to
hydrolytically stable films with  favourable endise mechanical properties. The
degradation was tailored by buildhig the D,L-lactide-based oligomeric diol (DLLnto
the PU backbondn this way, théhydrolytically degradable materialgere preparedit
has been shown thdtte extent oflegradation can be controlled not only by the content of
the DLL but also by DLL chain length.

The syntheses of waterborne PU dispersions (WPUDybyinnovatedprocedures(i)
without any chain extender or (ii) in the presence DLL impddhe applicabn potential
for the production of eithestable films (see Figure)or degradablefilms. Targeted
functional properties and degradability extent cafubdderset by the WPUBRo-nanofiller
ratio. Film preparation is simglenvironmentally friendly andhergetically undemanding
consisting in water evaporation from WPUD or WPUD/nanofiller mixture.

Tensile stress (MPa)

=
0

400 800 1200
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Stressstrain characteristics od PU film made from WPUD without any chain extender at
different isocyanate/hydroxyl exss(5 mol % black, 20 mol% red, 3001% green, 40 mol%
blue, 50 mol% orange). Left top insert: AFM image of film surface,
right top insert: TEM image of spherulite detection.
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Cationic frontal polymerization
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Frontal polymerization is a phenomenon that was characterised by Pojman 1nag012
polymerization process in which polymerization occurs directionally in a localized reaction
zone. A lot ofdevelopmentwas put into that topic since that time to bring frontal
polymerization from an academic curiosity to industrial demanded applications.

Cationic Frontalpolymerization utilizes cationic polymerizatin (e.g. ringopening of epoxy
resins) to liberate the necessary heat energy to keep the polymerization front ruoning. F
this kind of monomers the usage in fiber and/or particel filled composites is very common.
Therefore the implementation of composite preperation techniques into the filed of frontal
poymerizaton was investigated.

Composites prepared by frontallpmerizaton

Latest result of partice filled composites, preperation procedures of fiber reinforced
polymer compositésshall be presented. Also the preperation of frontaly polymerizable
carbon fiber prepregsnd their possible applicaations will be intuzed.
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Cascade use of wood - from boards to fibers and chemicals
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Wood products can contribute to climate change mitigation as they (1) act as a carbon pool
during their service lives, (2) withdraw G@om its natural cycle, and (3) can substitute

for more eergyintense products after their service life.

In this presentation thpotentialto improve the rausability and recyclability of wood
composites and construction mateaalwell as utilization of industrial sidestreamid

be presented.

Efficient reource use is the core concept of cascading, which is a sequential use of a certain
resource for different purposes. This means that the same unit of a resource is used for
multiple highgrade material applications (and therefore sequestering carbonriatarg
duration) followed by a final use for energy generation and returning the stored carbon to
the atmosphere. Intelligent concepts for reuse and recycling of valuable materials at the
end of single product life will reduce the amount of waste to hfiled.

Industrial stream residues contain bioactive compounds with a wide range of potential
high-value applications. Of these compounds, polyphenols are present in large amounts
and are of commercial interdstcause thegan act as alternatives td-based chemicals.

Many polyphenols are shown to hawehigh antioxidative activity and freeadical
scavenging capaciignd have therefore a high potential to be usdtie pharmaceutical,
cosmetic orfunctional food secto They can be also applied research programs for
coronary heart disease prevention, anticancer activity, andHvitifunctions. These
biochemicals are also a potential source of numerous product innovations. Finding
methods to remove large amounts of these extractives is of gr@ainenental importance

and presents an economic opportunity.

The activities of the projecBelective extraction of high value molecules from forest
products processing residues in the speciality chemicals sedtdre discussed and
challenges in industl applications outlined.

Acknowledgment:The authors acknowledge the research projeet78¥ funded by the Slovenian
Research Agency and the European Commission for funding the InnoRenew project (Grant Agreement
#739574) under the Horizon2020 Widespkd@aming program and the Republic of Slovenia (investment
funding of the Republic of Slovenia and the European Regional Development Fund).
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Lifetime modelling of heritage polymers
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In the context of technical applications, it n@ftenbe possible to definmateriallifetime

on the basis of retention of a physical property critical for its function. In the context of
heritage, the function becomes less of a technical issue and imogei¢stion of value
retention, wherevalue could be any combination of reasons why a heritage object is
culturally significant. The fact that the issue is cultural, also requires an open discussion
about the desired period of time over which a heritagenmadis meant to retain desirable
properties, and manage its conservation accordingly. To address these research questions
intensely interdisciplinary research is needed, based on materials, environmental and social
science.

Cellulose is a ubiquitousehitage polymer and paper is a wstlidied heritage material

with lots of existing knowledge about its chemical and mechanical degradation, and thus
represents an interesting case study. There is surprisingly little research on how material
degradation iperceived by users of heritage, i.e. library and archival readers and visitors,
who may have important views on what degradation is aceptable and over what period of
time.

To resolve this, a wideanging study of attitudes to degradation was conductech@mo
users, with almost a thousand involved in two types of experinhémthe first experiment,

the values attached to archival and library heritage were explored and how these might
affect the views held on degradation and damage. This experiment uhalvalue
guestionnaire followed by factor analysis, a typical social science experimental technique.
Nine types of values were determined, of which one was specifically related to material
properties of the documents. In addition, quantiative views tetatéfetime expectations

were revealed. Secondly, a composite central design of experiments was used to explore
what element of degradation (chemical and mechanical) should be prioritised in terms of
end of fithesdor-use.

In combination with known anduantiative effects of environmental stressors on the rate

of degradation of historic paper (dominated by temperature, humidity and material acidity),
it s thus possible to model the environmental conditions under which the desired lifetime
is achievableThis puts quantitative science in the context of heritage management and
enables decisions to be made by specialists who do not necessarily have a deep knowledge
of material science. Heritage science is the rapidly developing field where exact physical
sciences work in close collaboration with social sciences and humanities.
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Unprecedented bh valueadded opportunities exists with amphiphilic conetworks
(APCNSs), consisting of covalently bonded, otherwise immiscible hydrophilic and
hydrophobic polymer chains, which belong to a new class of rapidly emerging
nanostructured materials (see e.gisRe8). Due to 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 pretection
deprotection schemes. Unique cdmtinuous (cocontinuous) nanophase separated
morphology exists in APCNs with domain sizes in the range-80 2im in a broad
composition window. This provides challenging possibilities to obtain various new
specialty intelligent (smart, responsive) andesive organic solvent superabsorbent
poly(ionic liquid) conetwork gels, and organmorganic nanohybrids by applying one of

the nanophases as nanoreactor. The resulting novel materials have a variety of high value
added potential for applications frontelligent drug delivery to antibacterial biomaterials,
nanocatalysis, photonics, energy and environment protection related materials, sensors,
actuators and specialty superabsorbents etc.

Acknowledgements. Support by the National Research, Developnmenhnovation Office, Hungary
(NN116252, NN129366¢135944 is acknowledged. This research in parts was supported by the European
Research Area ER&hemistry program and the State of Hungaryficanced by the European Regional
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Development of devices based on stimuli-responsive polymer
thin films deposited by iCVD
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Stimuli-responsive materials are characterized by dynamic switching of their properties
depending on external stimuli (e.g. light, pH, temperature, humidity). Functional and
responsivepolymer thin filmshave beengccessfully deposited by initiated Chemical
Vapor Deposition (iCVD) on a variety of substrates. iCVD allows to obtain stimuli
responsivepolymer thin films without the use of solvents analith high chemical
specificity and this is important to obtain agaresponsiveness amplitude. In addition, the

thin film form allows obtaining fast response.

Fast response and large signal amplitude are fundamental requirements for good sensors.
Fast and ultrdast humidity sensors based on the optical detection othiamge in
thickness of the iICVD hydrogels will be shown. The setup was designed without electric
components in the vicinity of the active sensor layer and is therefore applicable in harsh
environments such as explosive or corrosive énése implementedensor prototype
delivered reproducible relative humidity values and the achieved response time for an
abrupt change of the humidity was about three times faster compared to one of the fastest
commercially available sensors on the market.

Another case oftady will be presented in the field of mutttimuli-responsive materiafs.

A chemical functionalization of the hydrogel surface was performed to add multiple
stimuli-responsive functionalities and obtain a smart material that responds to two stimuli
at the same time. Such polymers were used as drug encapsulants to achieve controlled drug
release upon stimuli, with possible application as wound dressings.

Jm

Polymer thin films (represented in dark blue in the right figure) deposited on cotton for drug
delivery devices on skin.
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The rise of modern processing techniques, such as additive manufacturing, or complex
multi-layer ceextrusion, has led to an increased interest in the fracture behavior of layered
polymers. Depending on the used materials, processaimigue, orientation and exact
thermal history, complex fracture mechanisms can occur. As shown in the figloe,

for a compact tension specimen with fatigue crack growth perpendicular to the layer
orientation, even the exact applied load level caangk the behavior drastically
switching from layer penetration, which is usually connected to rather strong interfaces, to
crack deflection, which is usually a sign of weak interfaces

Crack growth perpendicular to the print orientation in a Compgansion specimen with strong
(a) and weak (b) strand to strand interfates

The additional use of different materials within a layered structure further complicates the
behavior and subsequent description of the fracture properties. However, the applicatio
of aforementioned mukmaterial combinations can be utilized for extrinsic toughening of
layered, otherwise rather brittle, polymers, similar to effects observed in biological
materials.

a) b)

M

Effect of a soft interlayer (a) on the fracture behavior bfittle polymer (b), produced via
additive manufacturing
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Raman spectroscopy: A tool for polymer characterization from
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A high-throughput Raman spectrometer can be combined very easily with a wide variety
of external devices. This greatly expands the possibilities fordestructive online
characterization of polymeric materials with high chemical sensitivity.

In polymerization reactions, Raman spectroscopy can be used to determine the reaction
conversion or the degree of crosslinking. Combining this method with rheological data, e.g.
gel point and vitrification point, gives a better insight into the overall proceskegt
place and allows to estimate the influence of different preparation parameters on the
obtained rheological/mechanical dateor the simultaneous monitoring of chemical
changes and their influence on rheological properties durirgituninvestigatios of
polymerization or crosslinking reactions, the combination of an oscillating shear rheometer
(Anton Paar 502) with a Raman spectroscope (ThermoFischer Labram) has proven to be a
powerful tool A homemade RheRaman setup was used to study crosslinkigesses

of various chemically and physically crosslinked polymer systems at different
temperatures (20200 °C) or with the application of UV radiation.

Combining a Raman spectrometer with a confocal microscope provides the capability for
non-destructie testing of a wide range of polyrAeased materials where a combination

of high chemical sensitivity and high spectral and spatial resolution is required. One
example ohigh practical importance is the study of phenomena occurring at the interface
betwea two polymers. For example, the mechanical strength of functional laminate
structures fabricated either by bonding different polymer layers or directly in a co
extrusion process is determined by the formation of -safled interdiffusion layer.
Therefore in the second example, the interfacial formation of different multilayer polymer
composites is investigated by confocal Raman microscopy (CRN§ resolution of
confocal Raman spectroscopy is not high enough to directly investigate the first few nm of
a surface, but from optically transparent polymers and polymer matrices, effects of
interpenetration and molecular interactions in interfacial layers can be visualized on a
submicron scale by depth profiling, as shown in FiguiBolinvestigate interfaces non
transparent samples, e.g-e&xtruded colored multilayers with fillers, cressctions are
prepared by ultramicrotomy and the interfaces are thus imdgwdtwo ceextruded
polyolefinrrbased materials, the first CRM results are discussed, shovangfibence of

the process parameters on the formation of the interdiffusion layers.



Polymer Meeting 14 IL-13

Enzymatic polymerizations i
Making polymer synthesis more sustainable
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The in vitro enzymatic synthesis of polymers via mo@tabolic pathways is a relatively

old area of precision polymer synthesis. The emyc polymerization of polysaccharides

was for instance already reported more than 50 years ago. But soon other polymerization
methods using cheap petroledmmsed monomers replaced research on biocatalytic
polymerization techniques. However, these dagsdapletion of the petroleum stock and
increase in the cost of petroleum based monomers puts limit to their use in the future and
enzymatic polymerizations are currently facing a Renaissance. At presentbpsedl
monomers are still predominately used enzymatic polymerizations. By combining
biobased monomers and enzymatic polymerizations in polymer synthesis, not only the
research field of enzymatic polymerization could be greatly accelerated but also the
utilization of renewable resources will beoproted. This will provide an essential
contribution for achieving sustainability for the polymer and coatings industry, which will
eventually play an important role for realizing and maintaining a sustainable society.

Here we will discuss various enzymasigntheses of biobased monomers and polymers.
Saturated and unsaturated aliphatic polyesters can for instance be easily synthesized via
enzymatic polymerization of biobased monomers derived from renewable resources.
Itaconatebased aliphatic polyesters aappealing for many applications, as they are
renewable functional polymers that can be biodegradable, biocompatible, and photo
curable, and might be bioresorbable. We successfully produced various biobased saturated
aliphatic polyesters and itacondiesel unsaturated aliphatic polyesters via Candida
antarctica Lipase B (CALBgatalyzed polycondensation of biobased dimethyl itaconate,
1,4-butanediol and various diacid ethyl esters, using astage method in diphenyl ether.
Another example is the enzymapolymerization of 2, 8urandicarboxylic acid (FDCA),

one of the key building blocks for the preparation of furan polymers. The traditional
synthesis is often accompanied with side reactions (e.g. decarboxylation) and ue to the mild
reaction conditions,reymatic polymerizations became an excellent candidate to address
this issue. Here, we present a green and effective method to prepare different furanic
polyester, polyamides and poly(ester amide)s.
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Additive-manufactured polymer-based biomaterials for
regenerative medicine
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Photopolymers are aideal material platform for biomedical applications. They can be
cured in seconds, opening up manifold application scenariosjnraitu curing of, e.g.,
adhesives and 3D printed individual medical devices, e.g., imglahtsir characteristics
e.g.,their mechanicaproperties can be adjusted over several orders of magnitudes to
perfectly fit to the according applicatiédnFor example, photocured hydrogels are an
excellent mimicry for soft tissue while highly filled photopolymer compogiesectly
resemble bone.

data from tomograpy slicing in computer 3D printing
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Q in situ photocuged-
bone adﬁ{g;_

in vivo remodeled bone tissue  biocompatible, biodegradable

tissue regeneration scaffold

3D printed individualized bone implants

Hence, our main interest is to continuously extend the toolbox of biocompatible
photopolymer precursorén important example for such material® vinyl estersand a
range of use cases in thelfl of biomedicinavere presented previously

In this contribution,an overview bthe precursor design principlsspresented, including
synthesisandadjustment of material composition to satisfy required material properties
Finally, successfublppication scenariofor biocompatible photopolymers the field of
biomedicineare demonstrated
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Viscoelastic modelling of polymer melt flow for thermoplastics
and rubber compounds
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Thermoplastic melts and rubber comopds are viscoelastic fluids. They exhibit a complex
flow behavior, which is influenced by various factors like polymer type, molar mass
distribution, additives, filler content, and in some cases wall slip. Neglecting the
viscoelastic nature of polymersost stateof-the-art simulation software packages use
purely viscous material models for the calculation of the flow, pressure, and temperature
fields. Consequently, flow phenomena influenced by viscoelasticity (inlet vortices,
extrudate swell) are not gheted correctly and pressure drops are underestimated. In case
of rubber compounds the Payne effect caused by the-fiillar network additionally
impacts the flow behavior at low shear rates while for a variety of thermoplastic melts e.qg.
PS, PP, ABSPMMA, PC etc. the pressure dependency of the viscosity is of crucial
importance.

This contribution focuses on how to determine, and best fit rheological data (shear and
extensional viscosity, storage and loss moduli) with tH&K& model for thermoplastics

and rubber compounds taking into account the pressure dependency of the viscosity, and
the influence of viscous dissipation in capillary rheometry at higher shear rates.
Comparing CFD simulation results to experimental data only viscoelastic modelling
provides a correct prediction of the pressure demand as well as the streamline pattern in
contraction flow dominated geometries. Examples will be given fePREs, SBR and

NBR.
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Challenges and approaches for
specification-compliant plastics recycling
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The versatility of plastics is leading to a steady increase in annual production, which
amounted to around 58 million tons acr&ssope in 2019 However, the downside of this
rapid growth is vast amounts of waste generated by the large number diveubpiastic
products, such as packagipigstics In addition to the logistical problem resulting from

the high waste volume of abt 29 million tons, nortompliant handling of plastic waste

also leads to significant environmental pollution. This has prompted the European
Parliament and the European Counci l to pt
and Packaging Waste Dited¢ ¥aenod t h eUsfieSiPnlgalset i3cs Direct i\
The requirement of doubling the recycling rate for plastic packaging in Austria from
currently approximately 2% to the EU recycling target of 30 in 2025 will only be
achieved through more intense coopera and networking within the value chain in
plastics recycling The regional and seasonal variability in quality of plastics waste
streams as well as the complexity of the production and supply chain in plastics recycling
leads to problems in continuouwgiality assurance to allow for higjuality plastic
recyclates. Thus, much more intensive cooperation and networking within the value
creation cycles is necessary.

In order to allow for specificatienompliant plastics recycling focus should be given on
guality assurance along the process chain. Consequespidgific adaptations of the
recycling processes for plagiaccording to the existing qualities of the input stream
required For the realization of a sustainable circular economy for plashiespverall
objectiveshould bethe optimization of the valdadded cycles iplasticsrecycling with

regard to (a) high quality, (b) high output volume, and (c) low rej&nt.adequate
adaptation of the recycling processes to the respective waste stigauit allow for
expanding the portfolio of input streams. Accordingly, the outcome is an increase in the
recycling rate by expanding the capabilities of veddeed cycles iplasticsrecycling.
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Cationic UV-curing of epoxidized biobased
resins and composites

Marco Sangermano
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Epoxy resins are among the most important building blocks for fabrication of thermosets
for many different applicationthanks to their superior theramechanical properties and
chemical resistance. The recent concerns on the environmental problems and the
progressive depletion of petroleum feedstocks have drawn the research interest in finding
biobased alternatives. Mamyring techniques can be used to obtain the final crosslinked
thermoset networks. The Uduring technology can be considered the most
environmentally friendly because of the absence of volatile organic compound (VOC)
emissons and mild curing conditiorts.

Studying the reactivity of epoxidized cardanol derivatives, we have demonstrates the high
reactivity and potentiality of bioenewably obtained cardarohsed epoxy monomers as

well as the possibility of tuning the final thermomechanical properties byguitaaither

the epoxy content or the chemical structure of the starting photocurablé resin

We continued our investigation focusing on the valorization of vegetable oils (VOs) into
ther moset materials by using leqroks dtad i eom
synthetic route and the synthesis of crosslinked homopolymers bgutiMy processes
achieving the synthesis of 100% biobased EVO thermoset materials whose
thermomechanical performances were proved to linearly increase with the EVOs' epoxy
content®
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The quest for sustainable polymers - contributions from furan-
based polyesters

Andreia F. Sousa *
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Due to its unique set of properties, polymers has quickly become an irreplaceable material
and valuable resource to our socielty. particular their malleabilility, durability and
lightness together with competitive producticosts has allowed them to be (almost)
irreplaceble materials for a variety of
status has been deeply questioned due to their-fuss#d origin and necircular fate after

use. In this context, our groupes turned tothe exploitation ofbiomassderived key
building-block chemicals such amr examplethe 2,5furandicarboxylic acid (FDCA), in
polymer synthesis.The initial focus was on the synthesis and characterisation of
poly(ethylene 2,Surandicarboxiate) (PEF), the scalled renewable counterpart of
poly(ethylene terephthalate) (PETAfterward, motivated by the quest for adequate
pol yme rnve dtroflueet aenew leitmotif in the furan polymers developnietite
(bio)degradable furanialiphatic coplyesters, for instance the copolyesters based on PEF
and PLA? Then, we extended the concept to homopolymers with polydi@®anediyl
2,5furandicarboxylate) which has interest among food packaging applications
(equilibrium moisture uptake very near O®we to its hydrophobic character but
biodegraded}.More recently, our focus turned also to use tailor degradation in recycling
though mild ecdriendly catalysisof, e.g PEFE The wholevalue chain of furans have
attracted EU funding through the COST dat FUR4Sustain (CA18220) (Fig.1).

BIOREFINERING PRODUCTION MANUFACTURING

Fig.l10verview on furansdéd whole value
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Binary molecular stamps i a novel data storage technique:
imprinting polymers with sequence-defined polymeric templates
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Long before our time, nature has developed the archetype of a data storage medium: DNA.
Beside its original purpose of storing genetic information, DNA nowadays can be
artificially synthesized and used for storing digital data, such as text files, audio and video
recordings in their binary versio#s.

This paper presents recent developments of our novel concept aiming on the design of
molecularly imprinted polymers (MIPs) for storing hipacodes usinge.g., peptide

nucleic acids (PNAs) as templafds terms of depiction of binary codes in the templates,
two types of monomers are necessary to r
have to synthesize PNAWonomers bearing twoifterent nucleobases (thymine = 1 and
guanine = 0). With these PN#Wonomers, macromolecular PNAmplates t he A bi r
s t a mvtk defined sequences, i.e. defined binary codes, can be generated efficiently via
liquid phase synthesis. After the additidiviP-monomers with templateomplementary
nucleobases (adenine and cytosine) as functional side arms, followed-agssztibly of

the PNAtemplate with these MHMonomers, polymerization takes place. By this means,

the nucleobase sequences of the RbBi#plates, i.e. the binary codes, are in a
complementary form transferred to the molecular imprints of the MIPs. Using for instance

a trimeric template (TGT, representing, e.g., the binary code 101), the resulting MIP
contains its complementary sequence (A@a)stored informatian

At u'\- - \.,-1 RO I'L o, MM ]
Molecularly Imprinted Polymer (MIP) L M T S

I [ I

Concept of storing binary codes in molecularly imprinted polymers (MIPs). Left: Principle of
using a binary molecular stamp for leaving complementary imprints in a polymer (MIP). Right:
exemplary approach: the TGT sequencer@spnting, e.g., the binary code 101) of a peptide
nucleic acid (PNA) template is stored as its complementary sequence (ACA) in a MIP by
applying nucleobas&inctionalized MIPmonomers
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New trends in functional porous and permeable polymer
materials for sustainability and life sciences
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Over the last decade, the generation of organic pdrars)materials with tunable pore
sizes and desirefdinctionalities has kan the subject of increasing attentionmaterials
science. Interest in such porous framewodkgginates from the large variety of
applications in whichthey are involvedencompassingdvancedseparatiortechniques,
tissue engineeringlrug delivery, hieerogeneous catalysis and flow chemisirlyis class

of materials exhibitindeniable advantages over their inorganic counterpemsely their
synthesis is costffective, and their mechanicatoperties as well as the chemical nature
of the pore interfaecan be finely tuned.

In this context, we have developed a series of polmased materials with wetlefined
porosity, pore size, permeability and surface interaction ability holding high potential as
mimics for natural materials, catalytic flow microters, sorbents for biomarkers analysis,
on-command drug deliveryia stimuluscleavable chemistry and efweendly insulating
materials.

This contribution willparticularly focus omecent progress in designipglymer monoliths
designed as bulk or4imicrochannel material€orrelation between the surface chemistry
and the surface interaction ability of the monolithic sorbents will be clearly evidenced
through applications in analytical chemistry and heterogeneous catalysis. Indeed, the
robust and sitapecific immobilization of nanometals acting as supported catalysts for
organic dye reductiorhydridemediated reduction of nitroaromatic compouraislC-C
homocoupling of benezeneboronic acid derivativad be presented together with
exemples of separtion of biologically relevant molecules under revergdthse,
hydrophilic interaction, and chiral chromotogragh¥he possibility to provide dual
functionality to the monolith, acting as an eleabsmotic flow pump beyond separation
and catalysiswill also be discussedEmphasis willalso be given to applications of
monolithic materials for the preconcentration and analysis of phosphorylated
proteins/peptides in microfluidic devicés
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Porous polymers prepared by ring-opening polymerization
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Porouspolymers are usefulmaterials in a wide range of applications. \Whporous
materials used foseparatiorandcatalytic purposes need to be ndegradable, materials

for biomedical applications, on the other hand, require degradable materials in many cases,
often prepared by rinrgpening polymerization (ROP) of heterodganonomers, such as
lactones for polyesters ahcarboxyanhydrides (NCA) @-amino acids for polypeptides.

In this lecture, various methods employing ROP to prepare different types of porous
materials will be presented. For examglemtinterpenetratig networks (semiPN) were
prepareddy in situ simultaneous orthogal polymerizations, where o | -gaprdactone)
(PCL) was synthesized HOP ofUcaprolactondCL), while polystyrene (PS)etwork

was formed by freeadical polymerizatiomf styrene andVB.! PCL domainsvere then
selectively removedot obtain thenon-degradable porous PS monolitiay varying the
relative polymerization rajethe time order of gelation v&us phase separation was
modulated, which had fundamentalimpacton the final mgphology of theobtained PS
porous networksTo synthesize fully degradable porous polyesters or polypeptides the
ROP of suitable monomers was performed directly in the continuous phase of the
anhydrous high internal phase emulsi@HPES) serving as a sbtemplate. In this way,
polyHIPEs based on crotisked PCLhave beeprepared by organocatalyzROP of CL,

which are distinguished lghape memory behavior with excellent shape fixity and shape
recovery’ The synthetic methokas beemxtended tdhe RCP of various types of NCAs

in HIPEsto prepare synthetic polypeptide polyHIPEEhe polymerization rate has been
shown to be an extremely important parameter for the successful preparation of
polypeptides with typical polyHIPE morphology as it determineshe rate of carbon
dioxide release from HIP&uring ROP.

ROPwas utilized to prepare variou®puspolymers; A) PS monoliths from seriPNs and B)
fully degradable monoliths by ROP of suitable monomers in continuous phHaBeEst
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Compensation of volumetric shrinkage by expanding monomers
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Volumetric shrinkage occuis the course of chemical reactiothse to the shortening of
the equilibriumvanderWaals distance of two molecules to the length of a significantly
shorter covalent bondn order toovercome this volumetric shrinkagthe socalled
expanding monomerscan be used, whichshow volumetric expansion during
polymerization reactions. Such monomers exhibit cyclic or even oligocyclic structural
motifs with a correspondingly dens®mic packingt
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(Hypothetical) polymerizations of monomers of the compositigis&(n = 1, 2)
and the volumetric shrinkage/expansion, calculated from density changes.

In this presentatignthe synthesis and application of spiroorthoesters (SOHE&
focused on. SOEs can be used as additivesffiegming monomers in thi@ne resins,
enabling the control of the shrinkage/volumetric expansion during the curing reaction as
well as the preparation of 3printable higha materials. In combination il polyamides
andpseudepolyamides such as poly#azoline)s’, the SOEs could be used to finme

the volumetric changes during the copolymerisation reactions; the dielectric properties of
the poly(2oxazoline}based materials, which were derived froatural resources, were
found to be competitive with those of the foskirived polamiddased materials.
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Impact of counterions on the propagation rate coefficient in
radical polymerization of ionized monomers
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The kinetics and mechanisms for the radical polymerization of ionized monomers has been
a matter of interest for decades. This knowledge has been, however, limited due to the
unavailability ofrate coefficients for the individual kinetic steps, which is the key condition

to describe the main features that control the polymerization of ionized monomers.

This contribution is devoted to the quantitative understanding of the role of counterions on
the propagation step in radical polymerization of ionized monomers, exemplified for two
cationic monomerf2-(methacryloyloxyethyl)]Jtrimethylammonium chloride (TMAEMC)

and [3(methacryloylaminopropyl)Jtrimethylammonium chloride (MAPTAC) polym
erized in ageous solution. Thpropagation rate coefficierk;, was determined by pulsed
laserinitiated polymerization combined with sizexclusion chromatography over a broad
range of monomer concentration, temperature, pH, andsalts.

A number of novel featuresere identified. The caentration of counterions introduced

to the polymerization systemither by monomer only or by both monomer and salt
determines the level of screening of repulsive electrostatic interactions in the propagation
step. At very low courerion content, these interactions dominate and the propagation rate
is similar for both monomers. Upon screening of these interactions by counterioigs, the
values follow the trends seen for the family of ionized monomers, i.e., tlkg value for
themethacrylestetype monomer TMAEMC was about a factor of two higher than that of
the methacrylamidégype monomer MAPTAC.Remarkably, inthis range of high
counterion concentrationa linear correlation betweehk, values and the molar
concentration of couations was okerved. This resulted in a simple expression
representing the variation ky on counterion concentration and temperature. Arrhenius
parameters indicate that the difference betwgemlues for TMAEMC and MAPTAGs

given by a lower prexponatial factor for MAPTAC compared to TMAEMC, whereas

the activation energies afound14.5 kJ-maol* are similar for both monomers.

AcknowledgementThis work was supported by the Slovak Scientific Grant Agency VEGA 2/012iP0
BASF SE Ludwigshafen.
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Improving the quality of recycled polymer waste through
advanced mechanical sorting
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A key target of the Circular Plastic Alliance Declaration is to include 10 million tons of
recycled plastic per year into new plastic products in Europe by 2025. To meet this
objective mehanical recycling has to overcome two main obstacles. First, new reliable,
and costefficient technologies with high material separation accuracy are required.
Secondly, the quality and performance of recyclates must be improved significantly.
Polyethylen€PE) is a globally dominant polymer as a result of its wide range of variations
in molecular structure and morphology. Statéhe-art near infrared(NIR) sorting
systems easily identify base materials, but they can hardly account for specific
charactestics in the molecular structure of Plhe processabilitgnd applicabilityof such
recycled materialfor high quality applications limited due to the wide range of variation

in the chemical structure of PE grageg. molar mass and molar mass istron or short

and long chain branchin@he main aim of this paper is $eparate the pesbnsume PE

into various classes based on specific molecular characterigtcdensity or melt flow

rate. In a first step different PE types have been imyasil using Infrared and Raman
spectroscopy and the resulting spectra have been evaluatedhu#ingriate data analysis
(MVDA) . Applying multivariate data analysis (MVDA) on spectroscopy data allowed the
prediction of density. The results showed a gagdeement with the measured values,
where he calculated densities showed a less than 0.5% deviation from the measured values
indicating that processing relevant information can be extracted from FTIR and Raman
data.ln a second step the PE samples wezasured on a state of the art NIR based sorting
line. In a first analysis the PE samples could be classified with respect to its processing
methods. However, this work is still ongoing and the model still needs to be improved. The
results indicate that esting NIR sorting lines can be used for further differentiation of post
consumer plastics based on specific molecular features, which would results in an

improved quality of the recycled material.
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Engineering catalytic conversion pathways of lignocellulose to
functional alcohol or carboxylic monomers

Bl a g LtFloraaz Harth, Edita Jasiukaityta-Grojzdek, Brett Pomeroy, Miha Grilc*

Department of Catalysis and Chemical Reaction Engineering,
National Institute of Chemistry, Hajdrihova 19, SI-1001 Ljubljana, Slovenia;
e-mail: blaz.likozar@ki.si; miha.grilc@Kki.si

Efficient biomass fractionation provides qualitative streams which could be coverted into
various valueadded chemical€ellulose is a polysaccharide that can be hydrolzed into its
monomers, i.e., glucose molecules. A very promising upgrading pathway targets the
important polymer precursor adipic acid. Glucose is first oxidatively converted into aldaric
acids, e.g. mucic acidnd subsequently fully dehydroxylated over supported Re catalysts.
Combining dehydroxylation and fatalyzed hydrogenation in a epet process, bio
based adipic acid is directly accessibiternatively, glucose can also be dehydrated to
5-hydroxymetlylfurfural (5-HMF), a highly versatile bidbased platform chemical for bio
polymer and biofuel production. The di@$-bishydroxymethalfuran (BHMF), and 2,5
bishydroxymethyltetrahydrofuran (BHMTFand the triol, 12 hexanetriol (1,2,61T) are

of partiaular interest. Catalytic hydrotreatment oHBF has then been recognized as an
effective conversion route to obtain these vaddded chemicals from-BMF using
nickekbased catalysts and high hydrogen pressuldggnin is a natural polymer
composed ofaromatic monomeric units representing a renewable source for chemical
production considering its aromatic, higtilynctionalized structure and abundancy
Reductive depolymerisatiaa a promising method to convert lignin to aromatic monomers
and oligomersThus, by mimicking the functional properties of the conventional toxic
reactants (phenol, BPA) depolymerized produate successfully applied as green
functional substitutes in polymers formulations.
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Catalytic conversion pathways of lignocellulosdunctional monomers.
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Modeling macro-effects of micro-structures
Martin Pletz,* Siegfried Frankl, Markus Tauscher, Matthias Rettl, Clara Schuecker

Designing Plastics and Composite Materials, Department of Polymer Engineering and
Science, Montanuniversitaet Leoben, Otto-Glockl Stral3e 2, Austria,
e-mail: martin.pletz@unileoben.ac.at

In heterogeneous material, effects on the local scale determine the macroscopic properties
such as the fracture toughness. If the local constituents are considerably smaller than
macrecomponents, théracture toughness can be homogenized. On the microstructure
level, cracks can deflect, arrest, initiate, and debonding between constituents can occur,
see Figure la. Friction between debonded interfaces and existing cracks can also play a
role in the frature toughness on the macro scale.

The finite element method and fracture mechanics concepts can be used to capture most of
those effects. For predicting crack initiation, the combined critedan be used, which

states that for the initiation of a ckadboth a stressand an energy criterion must be
fulfilled. In common heterogeneous materials such as-fdieforced composites, it is

hard to monitor the local damage and validate developed damage mechanisms.

residual stress

| @ -~ | ()

a) part of a component containg a crack and an inclusion witmechanisms that affect the local
damage and influencing factoasd b) fractured specimen containing holes

The authordés idea is to use artificial mi
and first implementinghe damage models for them. This is done by scaling the imicro
structures to the macro scale and by developing specific specimens to study the
mechanisms that affect local fracture separately. Projects by the authors focus on different
aspects of this lot@lamage. To model crack deflection, arrest, and initiation, a modified
compact tension specimen containing holes is used, see Figure 1b, where models show
similar crack paths as the tests. In an additional work, the incremental crack propagation
method isextended towards the configurational force corfcémt crack growth and
debonding of interfaces. In another project, a layered specimen with materials that reach
high plastic strains prior to failure is modeled and computes the energy release rate from
the whole strain energy in the model. Furthermore, an efficient method for predicting crack
initiation from arbitraryshaped pores or notches is presented.
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Polyheterocyclics by hydrothermal synthesis
Miriam M. Unterlass &b

a University of Konstanz, Department of Chemistry, Solid State Chemistry,
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Organic materials that are mainly built up of heterocyclic and aromatic moieties often
feature outstanding matersaproperties with respect to, e.g., thermal stability, resistance
to harsh environments, and optoelectronic properties. Their molecular structure lies at the
basis of these properties (through mainly strong bonds plus delocalization plus additional
intermdecular interactions). Examples of such materials span from small molecules (e.qg.,
high-performance pigments, such as rylene bisimides) to liner polymersalisd
polyheterocyclics, such as polybenzimidazole) and networks and frameworks (e.g.,
heterocyab-linked covalenorganic frameworks (COFs)). Unfortunately, their syntheses
arei again across all molecular sizeRarmful, tedious, and expensive. | will present our
attempts to overcome these harmful preparation routes through hydrothermal synthesis
(HTS), i.e., the use of higlemperature liquid water as reaction medium. HTS bears
additional advantages compared to conventional procedures, including (Fohigh
guantitative yields, (ii) high product purity, and (iii) high product crystallinity. Thiedat

is intriguing at a fundamental level and also generates several changes in the materials
properties.
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Digital materials i Vision or reality?
Applicability of micromechanical modeling for material design

Zoltan Major, Anna Hossinger-Kalteis

Institute of Polymer Product Engineering, Johannes Kepler University Linz,
Altenbergerstrasse 69, A 4040 Linz, Austria; e-mail: Zoltan.major@jku.at

The methodology Integrated Computational Materials Enginnering (ICME) was
introduced a decadega and recently is intensively used for scientific and practical
engineering problems. The typical ICME methodology involves different activities, e.g.
virtual material development, virtual testing, effect of processing and life cycle analysis.
In additionto the conventional physical model based material development the novel data
science based development is increasingly moving into the spotlight.

Artificial structures for model digital materials can be constructed at various scales in
computer. We aredistinguishing two different material classes, heterophase and cellular
structures

1 The heterophase structures are two or multiple phase systems, typically consist of
a polymer matrix and polymer or other filler particles. The two (or more) phases
may bearranged in various spatial configurations and connected by various
interactions which results in different mechanical behavior of the heterophase
compound.

1 Based on the microstructure cellular materials are divided into foams, which
reveal an irregular mrostructure and lattice structures, which show a regular
microstructure. The properties of cellular materials are highly dependent on three
design variables: bulk material properties, cell topology and shape as well as
relative density. Hence, a systerpatariation of these variables may result in a
wide range otonventional and unconventional (e.g., auxetics or bistable)
deformation behavior.

A material across several true scales can be described by micromeetpgnasch The
material behavior canir@ctly be modeled as a function of the underlying microstructure.
Micromechanics material engineering requires two complementanycepts and
simulation methos; (i) Meanfield homogenization and (iifFull-scale inite element
homogenizationThe specifiamicrostructure can be virtually constructed, predicted in a
processing simulation or experimentally determined using various techniques (i.e., CT).
Several examples of heterogenous polymer, composite and cellular structures will be
presented in our talknd the application of above techniques will be represented. The
realization of the entire ICME methodology in scientic and industrial environment will be
discussed. In addition to the virtual modelling novel additive manufacturing techniques
makes the plsical relaization of several grades of digital material possible. Using these
models a proper verification of the model simulations is possible.
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Environmental impact of the textiles sector and
the role of bio-based resources

Avinash P. Manian, Thomas Bechtold, Tung Pham
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Textile manufacturing and processing is identified as a major industrial contributor to
environmerdl damage. The primary areas of concern are water use, energy consumption,
greenhouse gas emissions, and air and water pollution. In addition, solid waste pollution
has come to the forefront as a significant problem in recent times. One strategy pursued to
help remedy the problem is by replacing petroldaamed materials and process chemicals
with bio-based alternatives and many reports can be found in the literature on such
investigations. However, many peculiarities of the international textile tradehighdy
fragmented supply chain, price pressures, and the significant influence of consumer
behavior, pose significant challenges in the adoption of laboratory results into industrial
practice. In the lecture, we will discuss the realities of interndtitexdile trade as it
pertains to the implementation of cleaner production strategies, and the scope for use of
biobased remedies.
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Tricks with polyHIPEs: Combined templating approaches for
hierarchical porosity

Peter Krajnc,? Irena Pulko °

apPolyOrgLab, University of Maribor, Smetanova 17, 2000 Maribor, Slovenia;
e-mail: peter.krajnc@um.si
b Faculty of Polymer Technology, Ozare 19, Slovenj Gradec, Slovenia

Preparation of emulsions with a high degree of internal drppkete presents a templating

tool for macroporous polymer fabricatidim this manner, polymer materials (polyHIPES)

with a unique cellular, porous, interconnected topology is produced and can have a very
high pore volume, low density while the pore sizstribution on multiple levels can be
tailored? This make polyHIPEs atractive materials for a number applications, especially
in the biomedical field. Emulsion templating can, however, be combined with other
techniques, such as additive manufacturirgntelogies, electrospinning, sintered solid
bead templating, etc., in order to obtain more levels of porosity and structural hierarchy.
Such combined approaches will be shown and discussed.
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Processing of fibre-reinforced polymer composites
based on phenomenological models

Ewald Fauster,* Patrick Hergan, Ralf Schledjewski

Processing of Composites Group, Department Polymer Engineering and Science,
Montanuniversitat Leoben, A 8700 Leoben, Austria;
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Modetbased manufacturing of fibeeinforced polymer composites is based on
transferring proceseelated knowledge from the level of process modelling to the level of
active process management. This requires fundamental understanding of the most
significant processmechanisms in terms of phenomenological mod&lthough the
approach is applicabl®® a wide range of composite manufacturing technologiés, th
contributionaddressewhe resin transfer moulding (RTM) process. There, three major steps
canbe identified fronthe pint of viewof process mechanisms

1. Preform compactionWhen closing the RTM mould, the dry preform is compacted in
transverse direction and effects such as yarn compression, yarn flattening, gap
condensation and intéayer nestig! occur.

2. Preform impregnatiorBy injecting the resin system into the RTM maqulte preform
is impregnated, which can be understood aserpositiorof macroscopic (inteyarn,
inter-layer) and microscopic (intrgarn) flow processes In addition, prefam
saturation results a significant change in transverse preform compagtieasure due
to lubricationeffects.

3. Resin curingIn RTM, the system of thermoset resin and hardener is chemically cured
at elevated temperature resulting in phase transitions from viscous over gel to solid prior
to demoulding the final composite part.

The contributionat handgives insight in recent resech work of the authors on various

aspects of RTM processing. Particular focus is put on: (i) a novel testrig developed for

characterizing transverse preform compaction allowing fesitin impregnation and/or
testing at elevated temperature, &ctive process management such that an optimal level

of flow front velocity is guaranteeduring preform impregnatigmwhich is beneficial with

respect to the final porosity in the composite art well as (iii) sensing and onlicentrol

techniques in order to minimize curing time while ensuring a desired degree of cure.
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Thermal conductive, electrical insulating polymer compounds
using material extrusion additive manufacturing
for electronic parts

Clemens Holzer,* Stephan Schuschnigg, Santiago Cano, Lukas Hentschel

Institute Polymer Processing, Montanuniversitat Leoben, Otto Glockel-Str. 2,
A 8700 Leoben, Austria; e-mail: clemens.holzer@unileoben.ac.at

Global energy consumption and the shift to more environmentally friendly power sources
and uses demand an increasing number of powetraéc componentsEfficiency and
reliability of power electronic components strongly rely on a maximum temperature. As
they generate a certain amount of heat this thermal energy has to be deduced from the
source into the environment. The mostly usedsipascoolers are manufactured by
extrusion and are made of highly thermal conductive metals. By using extrusion
technologythe shapes are limited to, in one direction, uniform shapes. These mostly finned
heat exchangers are easy and cheap to produceofQine biggest disadvantages is the
limited design and that the heat exchanger needs a coupling to the source surface. This is
mostly done by a thermal conductive paste which also can act as a glue. These pastes neec
a second step for applying and the bf@an is limited. The heat transfer from the source
goes into the paste and from the paste into the heat exchanger and limits therefore the
possible amount of transferred heat. Using polymer processing technologies, the shapes
can vary much more and additial freedom comes into design, by using additive
manufacturing. The biggest draw back is the limited heat conductivigye metals like
aluminium has values of up to 230, Copper 390 and unfilled polymers as Polyamides have
lower than 0.3V-(m-K). With different shapes and fillers, compounds were produced
and the heat conductivity was measured. One of the challenges with highly filled systems
is the stiffness of these compounds, which hinders the use of a filament for extrusion based
additive manufactumg. Therefore, we added a thermoplastic elastomer into the compound
to soften the material so that we can process it into filaments.

Different polymer compounds were pressed into plates and the most promising candidates
were extruded into filament and wisen a Material Extrusion Printer. The heat exchanger
was directly printed on a power resistor, which is used for testing the heat transfer into a
measuring device.

The project Ecoprint (Nr. 865880) is financed by the Austrian Federal Ministry for CliAwiien,
Environment, Energy, Mobility, l nnovation and T
Futureo of the Austrian FuneERANETAgency, within t

References:

1 Hannan, M. A,; Lipu, M. HossainS.; Ker, Pin Jern; Begum, R. A.; Agelidis, Vasilios G.;
Blaabjerg, F. Applied Energy 2019 ,251, 113404

2 Hellerich, W.; Baur, E.; Harsch, G. 2010 ISBN: 978-3-446-42436-4



Polymer Meeting 14 IL-33

Exploring thiol based photochemistry for the additive
manufacturing of medical devices

Thomas Griesser

Institute of Chemistry of Polymeric Materials, Montanuniversitaet Leoben, Otto-Gléckel-
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The last years have seen an increasing interest in the development gbqlgoterizable

resirs that provide high biocompatibilityand toughnessn their cured state. This fact can
mainly be explained by the rapid progress in UV based additive manufacturing
technologies such as stereolithography, digital light processing or 3fetiqkinting,

which enables the fast and accurate fabrication of taile medical devices. Besides
residual monomers, also commercially used photoinitiators (Pls) and their cleavage
products provide a significant toxicological potential and thus have to be considered
photopolymers with direct tissue contact.

In this contribution, the versatility of thidlased photelick reactionsfor the realization

of tough and biocompatible 3D structures is demonstrated. Besides the utilization of thiols
as functional monomeyrslerivatives of them have been tested successfully as low toxicity
photoinitiators. These Pls hardly show any negative effect on theliéaedf thiol-
(meth)acrylateébased resins and, most importantly, the formed cleavage products do not
contain reactig aldehyde groups, which are held responsible for skin sensitization
reactions, making them interesting for an application in biocompatible resin systems.
Moreover, inspired by the challenges of the actual corona crisis, remaining mercapto
moieties at thesurface of thicbased photopolymers have been evaluated for the
immobilization of antiviral surface coatings. In this context, the successful immobilization
of Cu nanoparticles has been demonstrated providing a remarkable biocide effect and thus
the potenial to inactivate SARSCoV-2 at the surface of 3D printed objects.
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Fracture mechanical design of new photopolymers
for additive manufacturing

Jurgen Stampfl
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Lithographybased methods for additive manufacturing of polymers, ceramics and metals
enable the fabrication of precise, compsiaped parts with excellent surface quality in
applications like biomedical engineering, electronics and consumer products.
Photopolymers contributed 33% to the worldwide materials sales in 2020, thus making
lithographybased AM (l-AM) the most widely usedM technology. Although

polymers are the dominating material class fgkM, it is also possible to manufacture
composite, ceramic and metallic materials usingL.

The goal in the development of innovative photopolymers for AM is to achieve similar
thermomechanical properties like engineering thermoplastics, e.g. ABS or polyamide. In
this work, a fracture mechanical approach is used to understand the influence of
processing conditions and chemical structure of the utilized monomers on the finally
observednechanical properties.

Traditional photopolymers for-AM provide high strength and stiffness, but typically
lack sufficiently high fracture toughnéstue to the high crodik density which

prevents plastic deformation. Several approaches are dedibalincreasing toughness
e.g. the introduction of crodmkers with spacers which increase the physical interaction
within the final polymer chains (e.g. hydrogen bonds). Dedicated chain transfefagents
are also beneficial for improving ductility tfe polymer without sacrificing the

reactivity of the resin.

In addition to presenting new concepts for improving thermomechanical properties of
photopolymers, an overview of recently developedmidtable materials will be given,
allowing to tackle ch#¢nges associated with innovative applications in biomedicine,
electronics and engineering.
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High-performance photocurable adhesives for bone repair

Patrick Steinbauer,2P Lisa Sinawehl,2P Robert Liska,? Stefan Baudis 2P
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Due toincreasing life expectancy and increasing numbers of patients suffering from
osteoporosisthe number of fracture incidents is rising steadily. For the treatment of
complicated bone traumata such as comminuted fracburfes thefixation of small bone
fragmentsconventional means such as metal plates and scaaw®t be used oesult in
severe bon#ss Hence, usagef biocompatible and biodegradable bone adhesives could
revolutionize fracture fixation with shorter operatiormés, homogeneous force
distribution andno need for reision surgeries.Despite three decades of research, no
practically applicabléone gluesystem has been identified yet, dudnigh requirements
such asdiocompatibility, sufficient bonding strength and ease of udage

* primer 1 adhesion motif
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r matrix polymerizable groups l
@

= | Bone Surface

Schematic principle of thedtep bone adhesive system

In this work, we presenthe firstknown achesive system, based dmol-e ne fAcl i c
chemistry,which is curable by UMight in afast, surgically realizable onstep process.

The system contains adhesive molecules, so called primers, with high binding affinity to
bone and implants, which were imsa by nature and se#ftching dental adhesiveshdir

high nanoscopic adhesion force was recently confirh@alectegrimers, containing ene
moieties exhibit different reactivity towards the thiol component resultinghproved
primer incorporation ito the polymer networland realization of the-&tep process
Resultsshow, that this easily applicable systerhibits exceptinal shear bond strengths

on bone and implant surfaceshich aresignificantly higher than commercial bone glues
currently revieved by the FDAHence this adhesive system patres way towards fute
fracturetreatment
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Multi-material digital light processing 3D printing based on a
dual-curing acrylate-epoxy system: Myth or reality?
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3D printing of materials with anisotropic mechanical properties is still a challenging and
unexplored area of digital light processing (DLP) additive manufacturing meti@uis

goal is to prinpolymer parts with heterogenematerial propertiesithout theneed for

a physical change of the vatStiffness and flexibility during the printing process can be
controlled bytwo orthogonal photoreactions working at two different wavelengths.
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Figure 1 Representation of the ddoped dual curable acrylatepoxy system.

Herein, we present a dual photocuring system where radical induced curing (405 nm) of
multi-functional acrylates and cationic curing (365 nm) efupictional epoxy monomers
arecombined(Figure 1). Dynamic mecha&al analysis has shown that by increasing the
ratio of the epoxy resin in the system also stiffness increases. By selectively switching on
the cationic curing of the epoxy resins, the mechanical propertpsmtéd objectean be
locally tuned and tailed layerby-layer.
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Frontal photopolymerization of photobleachable resins based on
long-chain polyetherpolyol dimethacrylates
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Photopolymerization offeragnificant advantages in terms of time, temperature, energy
consumption, and spatial control of the initiation. The appboathowever, is strongly
limited due to the constrained penetration of light into thick films. Siraseto overcome
the problem ofimited curing depthnvolve dual curing, frontal polymeration and up
conversion of particles. Unlike thermal frontal polymerization, frontal
photopolymerizatiorfFPP)requires only photoinitiator and light to cure centimeheck
films, thereby maintaining a high degre# control over polymerization. Althoilngy
excellent results have beatcomplished applying frontal photopolymerization on a
theoretial level, few studies report gractical applications achieving high curing despth
within short time.

UV-Vis radiation
transmitting radicals

:‘-— absorbing photoinitiator

B monomer [ polymer

Schematicepresentation of frontal photopolymerizatimvolving bleaching of the initiator

The potential of FPks evaluatedusing resins based on lowhain polytetrahydrofuran
dimethacrylats, which tolerate highintensity irradiation, in combination with TRDas

an efficient photobleacible initiator. Resins of varying monomercontent and
photoiniiator concentration are cured under uniform conditions and characterized with
regard to homogenous polymerizatidteightresolved U\Vis spectroscopy tracks Pl
decayprecisely and indicates the decisive rofehe applied intensity for idepth radical
formation.Compared taesins containing 0.5 wé initiator, formulations with 1.0 wt%
TPO-L exhibitexcellent curing down to 52 mm in deptegardless of the monomer ratio.
Mechanical charactemtion ofFPRcured polymers shoselastic moduli ranging from 5.3

to 1000 MPa, with elongation at break not exceeding 200% and a maximum tensile strength
of 32 MPa.? Based on the psented data, both high throughre as well astargeted
optimization towards spedimechanical propertieseem possible with FPP suitable resins.
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Changing morphological features in a semi-crystalline polymer in
material-extrusion based additive manufacturing
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Despite the high proportion of research activities in the field of matxtalision based
additive manufacturing, this technology still faces major challengegarticular, when

3D printing with semicrystalline polymers, a variety of procastated morphological and
crystallographic changes can occur apart from general problems such asageriaid
warpage. The complex relationships between the matésgbrocessing and the final
properties are still not fully understood. Hence, the influence of proekdsd
orientations on the morphology and material properties ep@iied polypropylene (PP)

was analysed by polarisation microscopy, waggle Xxray scattering, dynamic dif
ferential calorimetry, thermomechanical analysis, thermal conductivity measurements and
"trouser tear" tests. By vaiipg two standard process parameters, four sample types with
a completely different property portfolio with regaio morphology were generated. Low
(200 °C and 2.25 mm/s) and high (250 °C and 22.5 mm/s) parameter settings for nozzle
temperature and printing speed were investigated. Througlepth analyses of four
parameter sets, new-gights into the formation afomplex crystalline structures in 3D
printed semurystalline polymers are offered. It shows that minor changes of the printing
parameters can have a great influence on the resulting material properties in different
length scales. For example, for a higbzzle temperature in combination with a high
printing speed layers with changing spherulite size were found. This finding could be
correlated with the printing sequence of the slicer software, which confirms that the
printing sequence proposed by thealisoftware should not be chosen arbitrarily, but can
be used to control the morphology and thus the mechanical propertiegoohd&a semi
crystalline polymers. Therefore, when handling setnystalline polymers such as PP, the
characterisation of pressrelated morphological changes is particularly important and
should never be neglectéar future product developments.
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Traditional photosensitive resins for DLP (=digital light processing)-p8Bting
techniques are characterized by fast curing rates, low viscosity, high resalutidunable
mechanical properties. Once processed, they behave like classic thermosets and neither
reprocessing, reycling or malleability is feasible. By introducing dynamic covalent bonds

into photopolymers, topology rearrangements upon an extermalss are enabled, even

after manufacturing. These-salled covalent adaptable networks (=CANSs) are based on
bond exchange reactions above the topological freezing temperatucé {fie network.

One prominent example are theractivated and catatgd transesterification reactions
between carboxylic ester linkages and free hydroxyl groups.

Schematic representation of dynamic transesterification reactions

Commonly usedransesterificatiorcatalysts suffer from poowokuibility and compromise

on thecuring rate and pot life of photopolymers. Thus, a mbanational methacrylate
phosphate was introduced as new transestdrditaatalyst to overcome thelamitations.
Thiol-acrylate and acrylatédasedvitrimeric systemswvere developedor prototyping @
softrobotic 3D objects.After photocuring, the dynaminetworks were able to rapidly
undergo thermal induced reangement reactions. Triple shapemory and thermal
mendability of the 3D pnted objects were successfulliemonstratedeven of highly
crosslinked network$ Advancing from classic initiators for thermally triggered bond
exchange reactions, photolatent transesterification catalysts can be applied to spatially
control topology rearrangements. The usage of photoacid generators as latent
transesterification catalysts leads to the local formation of Brgnsted acids upon UV
exposure, which can efficiently catalyze therawtivated transesterification reactions. By
utilizing a dualwavelength 3D printer (operating at 405 and 365 nm) the fabrication

soft active devices, which undergo locally controlled topology rearrangeatezlts/ated
temperaturess feasible?
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Light-induced cyclopolymerization of nezonjugated dienes as polymerizable ulatsls

to polymer networks upon forming cyclic structures in the polymer backbone. These cyclic
units may counteract the shrinkage, which occurs during radical photopolymerization.
Therefore, cyclopolymerizable monomers (CPM) can be seen as a promiategystor
shrinkage reduction. The cyclization mechanism is describaah astrainter-molecular
polymerization whereby the cyclization tendency results from the poor homo
polymerization behavior of theorresponding monoene monomeérs
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Light-induced gclopolymerization obtaining lowhrinkage networks

CPMs based on allyhoieies arenowadayaused as statef-the-art coating applications,

and for this reason, they were chosen as basic motive in this study. Herein, the synthesis
of noveldiaminelinked difunctional 1,6diene CPMswith varying double bond activation

(allyl-, methacryloyl, and esteactivated allyimoieties) is presented. Their
characterization regarding reactivity, shrinkage behavior, and mechanical properties was
performed usingphotoDSC, photorheology, DMTA, and tensile testinghe activated

CPMs demonstrated improved reactivity (up to 60%), reduced shrinkage behavior (up to
40%), and enhanced mechanical properties compared to the corresponding monoene
compounds, highlighting the ilnience of double bond activation amag formation in the
polymer backbonepon lightinduced cyclopolymerization.
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The isolation of graphene and its special properties has stimulated interest in other free
standing twedimensional (2D) nanoparticles.h& current intense interest about 2D
materials is due to their unique properties resulting from their structure. In the last decade
the fastgrowing family of 2D nanomaterials are MXenes. MXenes are inorganic materials,
transitional metal carbides, nitrisler carbonitrides. Different MXenes are prepared from
different MAX phases of the formula MMAXn, where M is the most common transition
metal, A is an element of the 13 or 14 group of the periodic table of elements, X is usually
C and/or N. By etching 6 the A layers from MAX phase, MXene are formed. General
formula of MXenes is Mk1 Xn.

Carbon nanotubes (CNT), which are tubular structures rolled as cylinders and have
nanoscale diameter, possess excellent physical and mechanical properties CNT have been
widely used as filler for different kinds of polymaranocomposite preparatiodybrids

can be created by combination of 2D nanosheets withdigrensional nanoparticles as
guantum dots, or 1D nanoparticles as CNT. This combination used in polymeric
comyposites provides interesting 3D structures and propehfiesstudiedlite incorporation

of MXene and perovskite quantum dots (PQ@Dsonolayer at the charge transfer
layer/perovskite active layer interface in planar direct and inverted perovskite sadar cell
(PSC)as direct applicationf new prepared hybrids.

Next part of ouwork was aimed tgreparation and characteastion ofcomposites where
poly(methyl methacrylate) was used as matrix and MXenes and CNT as a conducting
fillers. In PMMA/CNT, PMMA/MXenesand PMMA/MXenes/CNT compos#¢he range

of fillers varied from 0.5 to 10 wit%. Composites were prepared by solvent casting method.
The higher the MXenamouni the higher the final conductivity of polymeric composites

but highest value of conductivitwas about 10 S/cm. Much higher conductivity was
achieved for composites with hybrid 2D and 1D nanofillers. PMMA/1% MXene/1% CNT,
about 16 S/cm. 1D-2D synergized nanostructurese reason for better electrical
properties, when compared with composgestaining only 2D or 1D fillers.

Acknowl edgement . This work has received funding
agreement No 777810, by the Slovak Research and Development Agency under the contract No. APVV
190465, and by project VEGA 02010/18 (Slovakia).

References:

1 Naguib, M.; Kurtoglu, M.; Presser, V.; Lu, J.; Niu, J.; Heon, M.; Hultman, L.; Gogotsi, Yu.;
Barsoum, M. W. Adv. Mat. 2011, 23, 4248.

2 Zukiene, K.; Monastyreckis, G.; Kilikevicius, S.; Prochazka, M.; Micusik, M.; Omastova, M.;
Aniskevich, A.; Zeleniakiene. D. Mat. Chem. Phys. 2021, 257, 123820.



Polymer Meeting 14 CL-B2

High CNT loading nano and hierarchical composites

Neptun Yousefi,2 Sandra J. Fisher,? Christoph Burgstaller,¢ Milo S. P. Shaffer,?
Emile S. Greenhalgh,? Alexander Bismarck ¢

aPolymer and Composite Engineering (PaCE) Group, Institute of Materials Chemistry,
Faculty of Chemistry, University of Vienna, Wahringer Stral3e 42, Vienna 1090, Austria
b Department of Chemistry, Imperial College London, SW7 2AZ, UK
¢ Transfercenter fur Kunststofftechnik (TCKT), Franz-Fritsch-Stral3e 11, Austria
d Department of Aeronautics, Imperial College London, London, SW7 2AZ, UK
¢ Department of Chemical Engineering, Imperial College London, SW7 2AZ, UK

Resins reinforced with carbon nanotubes T&Npossess improved moduli and strengths
Such nanocomposites can be used as matrix syskemconventional carbon fibre
compositesto try to improve compression strengtand throughthickness electrical
conductivity inthesehierarchical compositgsiC). Although solid epoxy resins are mainly
used for protective coatings, they are typically much cheaper than liquid epoxy resins,
which are commonly uskein composite production. The development of a novel
manufacturing methodllowing high CNT loadingin solid epoxies has the potential to
improve the matrixdominated properties of composites

Using a wet powdeimpregnation processye prepared solid epoxy resin prepregs with
resinscontaininghigh carbon nanotube loadmgf up to 20 wt.%Through a simple melt
blending process, the CNTs were introduced in the solid epoxy resin. A homogenous
dispersion of CNTs uhin the solid epoxy resins was confirmed by microscopic imaging.
The prepregs were consolidated into laminates with volume fractioB0%. The
alignment of the HCs was determined by microscopic imagimjtheinterlaminar shear
strength of hierarchicalomposites improved by almost 20%. Hu&lition of CNTs led to
significant improvements in botiectrical conductivityandcompression strengthf HCs.
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A continuing trend in plastics technology is the integration of functions with simultaneous
miniaturization of components, especially in electrical components such as headlights or
charging columns.This miniaturization increases power density, and heat must be
dissipated to avoid damaging the componer@me promising option here is electrically
insulating, thermally conductive plastics, as these can be brought into direct contact with
the electroit components. However, the properties of such polymer matrix composites of
fillers and plastics are currently not satisfactory, since above all the achievable thermal
conductivities are very limited despite the use of highly thermally conductive fiNets.

only the material itself, but also the quantity, size and shape of the filler strongly influence
the thermal conductivity. For example, a mixture of elongated particles or platelets with a
spherical filler can achieve a significant improvement in tlaéronductivity, since the
different particle shape creates thermal conduction paths that improve thermal
conductivity 3.

s .
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SEM images of PP with different fillers

The aim of this work is toinderstand the interaction of filler and matrix at the intefa
We preparedcompounds from four different matrices and four different filléws
investigatethe mechanical properties and the thermal conductasmy to get a better
understanding of the interaction between the filler and the matmxattempt was lao
made to describe the measured values by means of a mathematical model in order to obtain
information about the interaction between matrix and filler at the intededound that
the largest influence on the thermal conductivity is the particle sblaghes filler. This
correlation is also found for the mechanical properties.
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Carbon fiber reinforcedpoxycomposites are widely used in several industrial fiedds.,
aerospace, autastive and sport applicationbut also in civil engineeringrhelaminate
morphologywith the carbon fibers and thermoset matrix provides excellent mechanical
properties as well as lortgrm durability for structural application€arbon nanotubes
have bem shown to yield a highly light absorbing polymer compos8aow, on the other
hand, yields an almost perfectly reflecting surface by a combination of material and
micron or nanesized porosity. Hence, the question is whether suitable combinations of
nanoparticles embedded in a polymer composite yield surfaces with adaptable reflectivity.

. Nanoparticle
suspension

SEM picture of Siecoated fiber (left), schematic picture of quasistatic EPD process (right).

In this work, continuouscarbon fibes were decorated with nanopamie!(multiwalled
carbon nanotubes, silica, silver) with an electrophoretic deposition (EPD) process before
manufacturing laminateS.he optical behavior isompared withUV/Vis spectoscopy.

First results show a change reflectancedepending on the typef particle and on
deposition time/voltage, and, hence,tbe paticle distribution on the fiber
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Structural composite supercapacitare multifunctional devices able bwth carry load

and store electrical energy. Truly multifunctional composites could reducatdheveight

of electric vehicles by permittindi¢ embedling ofparts ofa vehi cl eds ene
systeminto its structure.In such devices, atbon fibresare usedsimultaneously as
mechanical reinforcement and electrqdegile glass fibres are typidgl used as
separatot.However, the volume taken by the glass filkiless not contribute actively to

the device, adding additional, potentially unnecessary, weight. For the material to bear load,
it is necessary to use a solid electrolyte to transfer load between the fibres. Previous studies
have shown that poly(ethylené&gol) diglycidyl ether combined with ionic liquid can be

used as a solid electrolyte for structural supercapaditors.

Fig. 1: Picture of a separatefree structural conposite supercapacitor demonstrator

In this study, we show that such an electrolyte can also act as a separator. First, graphene
was coated on the carbon fibres via electrophoretic deposition to prepare tape electrodes.
Then, these electrodes were impregdatvith a poly(ethylene glycol) diglycidyl ether,
crosslinker and ionic liquid mixture and subsequently cured in a hot press. The resulting
devices are separatbee structural supercapacitors (Fig. 1). The composites prepared
through this process werelalto carry load and store up to 16.9 mWh/kg, exceeding values
reported before for structural supercapacitors containing a dedicated separator.
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Polymer nanocomposites emerged as important structural materials, competing with neat
polymers and classical composites. These materials exhibit a combination of exceptional
properties that usually cannot be achieved in standampagsites. Some of the most
studied systems are nanocomposite thermosets, which are filled with various forms of
carbon nanotubes, graphene, silica nanopowders, and other nanofillers. This work presents
the development, characterization and technologm@lementation of a new class of
composite materials: functional, hierarchical composites for structural applications.

These materials have microstructure engineered on multiple scales and will provide
enhanced modulus, strength and toughness comparéd equivalent materials in use
today. In addition, they could be engineered such that the state of damage will be monitored
while in service (structural health monitoring). This feature classifies them as functional
materials.

For this purpose, epoxy resireinforced with glass fibres are used as base material. The
epoxy resin is modified with nanand micrescaled additives for composite preparation.
The additives are functionalized silica nanoparticles, production waste (as a kind ef micro
scaled fille), and nanecarbon (carbon nanotubes, graphene). The carbon filler generates
electrically conductive paths through the material, which could be used for health
monitoring. The influence of the fillers (and the content) on the mechanical properties will
be presented briefly in this work. Therefore, the influence of different formulations was
carried out through tensile and flexural tests as to demonstrate the improvement of the
mechanical properties. The toughness under monotonic load (Kc) and impadhsirersy
determined as well.



Polymer Meeting 14 CL-A7

Diels-Alder cycloaddition for the preparation of highly aromatic
polyimide copolymers

Doris Cristurean,? Stephan Schaumdller,® Paul Strasser,? Stephan Haudum,? Markus
Himmelsbach,? Matthias Bechmann,© Oliver Briiggemann,? lan Teasdale 2

a Institute of Polymer Chemistry, Johannes Kepler University Linz, Altenberger Stral3e
69, A-4040 Linz, Austria; e-malil: ian.teasdale@jku.at
b Institute of Analytical Chemistry, Johannes Kepler University Linz, Altenberger StraRe
69, A-4040 Linz, Austria;
¢ Institute of Organic Chemistry, Johannes Kepler University Linz, Altenberger
Stral3e 69, A-4040 Linz, Austria

Herein we describe a novel synthesis routehighly aromaticpolyimides and their
copolymersusing a DielsAlder reaction for lhie chain extensioand the formation of
multiblock copolymers. Synthesizing block polyimides is experienced to be rather
challenging due to chain scrambling reactions that take place during the polymer
synthesig.We describe a novel route to obtdistinct block copolymersyherepolyimide
oligomers enecapped with phenylethynyl groups act as a dienophike.
biscyclopentadienone monomer provided the diene moiety.ré&sidting DielsAlder
reaction is accompanied by irreversible chelotropic CO release |diyig
1,4-bis(pentaphenylphenyl)benzene containing polyniEigure 1) Various polyimides

can be combined with this method, resulting in polymers with-titya Tgb s sol ubl
common organic solventand showng good film-forming ability. This Dids-Alder chain
extension methodrovides access to novel multiblock or segmented structured polyimides
with tailorable properties that are not accessible by standard polyimide synthesis

Ph——= gl —Ph

Figure 1. Diels-Alder reaction used for the synthesis of chain exdrdlechelic polyimide
oligomers. [taken fromj
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Using water as monomer in polymerization reactions presents a unique and exquisite
strategy towards more sustainable chemidtfigile the upcycling and polymerization of
othernatural resources such as £3@s been of high interest in polymer synthesis over the
last decadeswateritself as a polymerizable substance has not lseadied yet.

Herein, we show an oxilichael polyaddition of wateanddivinyl sulfone by exploiting

the function of water as a Michael donor and in a further step, as an alcohol. \edabta
polyethersulfones with high molecular mass,@9.2kDa, PDI = 1.2) via nucleophilic
initiation with 4-dimethylaminopyridingDMAP). The polymerization proces@t room
temperature under solvefree conditions within an hour reaction time.

o0 5 mol% DMAP Ny
\\S/\/ + 10equiv. H, O —————————> ,{/\/ \/\O+
=/ rt, solvent-free n

M, = 9.2 kDa, PDI = 1.2

Reaction scheme for thelgmerization of water and divinyl sulfone; fre@mnding membrane of
polymer and LiTFSI as solid polymer electrolyte.

Further, the material was tested as solid polymer electrolyte. By atifling-% LIiTFSI

salt, aconductivity of 1.45 x108 S cm!was obtainedt room temperature. This is close

to values of the statef-the-art material PEO (unoptimized and without any additives).
Moreover, the polymer offers nice processability as well asheglfing characteristics.

The ontribution will discuss these aspects and will focus on a mechanistic understanding
of the polymerization reaction.
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Glycans are key components in most biological and pathologicakgges including:
recognition,inflammation, cytotoxicity, cancer, autoimmune diseases, viral infections,
bacterial infections are some exaegl Characterization of body fluids glycans with
matrix-assisted laser desorption/ionization mass spectrometry (MALB)I in positive

ion mode needs a derivatization step to stabilize and neutralize the negative charge on sialic
acids, a class of acid sugattached to the end of glycoproteins, glycolipids or gangliosides.
Hydrazide beads to capture reducing end free glycans are a powerful and efficient method
for purify glycans from complex matrix. The captusdease method simplifies the glycan
preparabn, producing pure samples.
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Schematic preparation ddinctional resin synthesis and glycan purification

Hydrazide functionalized beads are synthetized starting from sulfonated polystyrene (PS)
ion exchanger beads. PSale are chlorosulfonated with chlorosulfonic acid and then
converted into PS sulfonyl hydrazide by reaction with an excess of hydrazine. Hydrazide
activated PS beads can be produced in large amount, high yield and allow an easy and fast
purification of free reducing end glycans from complex samples mixture for spectrometry
analysis.
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This study describes the direct 3D printing of phenolic resins. Also known as Bakelite, the
cured prodcts, phenoplasts, are considered the first synthetic plastic. These resins,
produced by polycondensation, have always been known for their chemical resistance,
excellent flame properties and thermal stability. Therefore, they are still used today in
spaceand aviation as well as in the automotive industry. Originally, pressure and
temperature are required for processing and limited the production of phenoplasts to
compression and injection molding. However, with the invention of lithography and 3D
printing, new processing possibilities emerged. Previous work in this area has focused on
thin-layer photoresists or parts that can only be printed using other polymers as matrix.
Here we report a direct 3D printing method, without binders or matrix polymerg, lustin
lithography, a stereolithograptbased 3D printing technology at elevated temperatures.
Formulations could be presented that are stable under the selected conditions and yet
reactive enough for the printing process. In addition to the osaltrbasd photo acid
generators (PAG), novolaks and curing agents (CA) are required to obtain a solid thermoset.
Novolaks are temperatustable, norself-condensing phenolic resins that can only form

a network with the help of a CA, usually based on formaldehide.most satisfactory
results were achieved with a spliepared CA. In simultaneous thermal analysis (STA)
and photeDSC we investigated the UMduced polycondensation of the phenolic resins

in a temperature range of -8@0 °C. Furthermore, the formulat shown could be 3D
printed directly using hot lithography at below 100 °C and cured to a bireele
component in a post curing step. Compared to the conventional production of novolaks by
injection molding at high temperatures and pressure, a simpdieigtion of complicated
components could be achieved without the complex application of injection molds.
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Polymer therapeutics, macromolecular systems serving afrpgs or drug carriers, offer
distinct advantages over their small molecular analogues, as for example, improved
solubility or enhanced blood circulation h#éfe. The improved pharn@kinetics are
determined not only by their higher molecular weights but also by the macromolecular
architectures. Bottlebrush polymers have drawn considerable attention in this field,
providing an increase in functional sites, decreased viscosity or weghro
pharmacokinetics. Polyphosphazenes (PPz) are a class of ordaoiganic hybrid
polymers with manifold applicability in biomedicine and as polymer therapéutics.
Poly(l-glutamic acid) (PGA) is a leading polymer in biomedicine constituted of the
endogenous amino acid glutamate and therefore inherently biocolaettbdegradable,
evenmore, its already in clinical trials @paxio®/Polyglumex Herein, we demonstrate

a synthesis method for novel bottlebrush, hngblecular weight polymers based on a
PPzbackbone and PGA#rafts, see figureFurthermore, the synthesis of a series of
polymersof different molecular weights and their labeling with a fluorophore at the N
terminus of the PGAyrafts is shown. Finallyjn vitro and in vivo studies of the
biodistribution profiles of the bottlebrush polymers are presented and compared to a linear
PGA analogue. These materials have considerable potential applications as nanocarriers
for various drugs providing water solubility and improved pharmacokinetics while being
fully degradable and biocompatible.
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Observabn of natural processes along with subsequent artificial replication has irrefutably
contributed to the development of modern civilisation and understanding the mechanisms
underlying these phenomena greatly facilitates this process. For example, masa¢smu
can adhere under water not only to rough stones but also very smooth ship sdrfeses.
musselscan teach aboudtrong adhesives in aquatic environments. In recent years, the
research on these mussels grew rapidly making it possible to connesioadio two main
mussel foot proteins (mfp), mfp3 and mfp5 to be pretiseoking at their amino acid
sequence gives insight, that the high amount-BIQPA (up to 30%) plays a significant

role in the adhesion mechanism. Based on these findings, a oarggecholbased
polymers with adhesive properties have been developed in recerit time.

Schematic presentation of reducing a DO&¥htaining peptide to a simple catechol
containing polymer (right) andopamin basednonomer with protection groups on the phenolic
alcohols (left).

In this work Dopamin was chosen as a simple, cheap and easily modifyable monomer
which contains this catechol group. Due to the fact, that catechol acts not only as a radical
scavenger butlso as a proton donor, radical and anionic polymerisation techniques are
rendered challenging to realise. Tackling this problem, various different protecting groups
are introduced to the phenolic alcohols aswell as functionalisation of the amine to receive
a monomer for polymer production. Therefore, different protecting groups are
implemented and compared. The monomers are fully characterised with various
characterisation methods (i.e. NMR, DSC, IR, etc.). Finally, various polymerisation
conditions as welhs a range of emonomers are examined.
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Using two or more polymerization reactors in multistage polyolefin processes enables
distinct reaction conditions in each reactor. The properties of the resulting polymers can
therefore be varied over a wide range, allowadgption to specific needs. The individual
reactorglo not have to be of the same type and nowadays combisafislurry/gas phase
polymerizations are used in industry.

9/

5L reactor setup for simulati multistaggoolymerization process

In the preseted work, such a contiwus industrial process was simulated in a besuzle
reactor setup by carrying out the polymerization steps sequentib#yfirst step, a slurry
polymerization in liquid propane, was extensively studied by varying processionadit
like reaction temperature and monomer concentration. A multistage process was realized
by releasingpropane from the reactor ambntinuing the reactiomn gas phase. The
polymer properties were influenced by varying the amount of the comonelouateand

of the chain transfer agent hydrogeatded during thiprocess steplhe recorded activity
profiles of the ZiegleNatta catalyst provided a basis for theoretical calculations to gain
insight into kinetic parameters.

Analysing the obtained polymensth size exclusion chromatography gave information on
the bimodal molecular weight distribution and the concentration of incorporated
comonomer. In addition to differential scanning calorimetry (DS&nples were further
characterized by mechanical tests
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Modelling and simulation are essential for predicting and understanding polymer processes.
Models are used for troubleshooting, as well as for process improvement and optinization.
Traditionally, modelling polymer processing includes analytical and numerical methods.
Both require various assumptions to create a simplified representation of the reality.
Analytical methods provide closédrm mathematical expressions of the problem, but are
limited to a few idealized problems. Numerical methods can be applied to much more
complex problems yielding approximate solutions. Thus, reducing the assumptions, the
reality is represented more accurate. With the explosive growth of available data, the
importance of datebased modelling has grown enourmously over the last few years, and
it offers completely new potentials in polymer processing.

We present a new hybrid approach, that incorporates analytical, numerical, abhds#ata
techinques into one integeat method. Hence the advantages are combined and limitations
of the single methods omitted. Our proposed strategy covers following steps: first, a
fundamental analysis of the governing equations and a dimensional analysis are performed,;
second, based ondbe findings, a parametric design study is set up, which design points
are solved numerically; third, an analytical model is developed by applying symbolic
regression based on genetic programming; and, finally, the model is validated. We
originally appliecthis hybrid approach to model the flow of polymer melts in shsglew
extruders>® Currently, we are investigating twstrew extrusion and eextrusion
processes. This approach, however, is not limited to polymer melt flows. In fact, it can be
used inany engineering discipline (e.g., sehtechanics, and electdynamics).

Schematic of the hybrid mdtdeg approach
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Thermal and mechanical loads during application and subseqeehianical recycling,
which consists of shredding, sorting, washing anudtiple melting lead to poor properties

of the plastiproductsafter recycling. To prevent the material from further damagevel
two-stage injection molding process could be sgupifor pretreated and clean pest
consumer as well as peasidustrial waste to decrease the number of processidghus
melting stepst

This work shows some characterization methods to determine the influetieetwb-
stage injection molding process specific thermoanalytical, rheologicahd mechanical
properties. Therefore, various polyolefinic poshsumer and po$tdustrial regrinds
were converted by the mentioned process and tested with selected methalsdtehe
performance of the matte. Thermoanalytical and rheological methods were used to
determine the material degradation and the effect of filtering and converting on the
materials$’ Furthermore defects from remaining contaminants were determined using
different mechanical methodstroducingbrittle fracture mechanis@and allowing forthe
detection of criticalcontaminard The obtained fracture surfaces were observed using
optical microscopyn order to analyze theze and shape dhe contaminants
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Various types of polymers are howadays produced due to the broad field of applications
such as packaging, automotive, electrical & electronics, household and building &
construction. For these applications materials should be clean and free from cortgminan
such as gels, unconverted polymers, agglomerated additives, dirt or dust. The production
of PP, PE, PVC, PET and PA correlates very strong with further utilization. It is even more
important to bring the material back into the cycle. Therefore, rexyddi an important

topic. The benefit which comes up when polymers can be recycled is the market price and
the economic and social issues will change positively. The aim of this work is to understand
the underlying mechanisms of filtering a melt in an wér, to see how effective the
process can bevhich influence the used screen has and also the limitations of particles
which should be filtered?

¥

RN A S Rl iR W & : v 2
Microsopic investigation of assembled (top) and fused (bottom) screens after melt filtration of
PET prticles (scale 1000 pum).

Investigations were done concerning assembled and fused screens to see the difference in
their filtering behaviour due to their structifr€ime vs. pressure curves were recorded to

see the pressure increase. Different partidees (PET particles) and amount of
contaminants (glass beads) were used to see the behaviour in hard and soft materials and
also the filter efficiency, which was investigated by ash content and optical microscopy.
We found, that it is possible to filtewen soft materials like PET, and that the filtering
performance depends on the filter type used.
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The cevolatilization of the polymer melt duringolymer extrusiorplays a crucial rolén
ensuring the quality of the recyclatésorder to remove the desiredvolatile constituents
(so-called VOCs) from the polymer meltentedscrewextrudersare often usedsingle

or multi-shaft screw machines are used, wdbvolatilization taking place under
atmosphere or vacuumo increase the @elatilizationefficiencyand to prevent thelt

from flowing out of the degassig openings, deolatilizationzones are operated partially
filled. Figure 1 shows a schematic representation of a vented extruder together with the
degree ofilling and the prevailing pressure profile
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Figure 1: Schematicepresentatiorof a degassing screw

When designing extruder screws fgoolymer extrusion the prediction of the
devolatilization performance is extremely importarithe literature providesnly few
theroreticalmodelng approachgto estimating mass transport processes in the degassing
zone of extruderdviostof these modeldescribe this process via bubiitee diffusion on

the free surfaces. We presantomparative study dfiree models from literatutesed on
different theores The models are validated with experimemairusiondatato allow an
assessment of the predictions accuracies of the mddedsaim is to be able to make a
statement as to which model reflects the experimentalsiondata qualitatively well.
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Mechanical metamaterials allow for structures with variable mechanical properties based
on geometric parametersh®ey of fer unique properties,
or tunable stiffness. This adaptability opens new possibilities for engineering and
functional applications.
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(a): Sketch of the metamaterial, (b): Compression test result for an apsgostructure.

Herein, wepresentthe design, additive manufacturing and mechanical testing of a new
kind of bendingdominated metamaterialAdvancing from weHlestablished mechanical
metamaterial concepts, the proposed geometry allows to vary theestifin the three
spatial directions independently. Therefore, structures with different orientational
properties can be designed, ranging from isotropic to anisotropic structures, including
orthotropic structures. Gradual transitions from one unit cethdéonext can be realized,
enabling smooth transitions from soft to hard regi@ifferent additive manufacturing
techniques have been employed to manufacture polpamed specimens, namely Fused
Filament Fabrication, Digital Light Processing and SelectLaser Sintering.The
properties of the structures were determined by compressiorAegitgonally, simulation
models were developetb verify the applicability of simulations to represent the
mechanicatests The test results were in good agreenveittt the simulations and showed

a wide range chchievablanechanical propertie$he possibility to create a customizable
stiffness distribution offers a wide destfjaxability with a single material.
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Selthealing polymers are tremendously attractive due to their ability of repairing
macroscopic damage and defects, tbhpeningdoors to sustainable and reliable smart
functional polymersin this scope, Wimers are in the spotlight as a special class of
thermosets exhibiting properties such as-seHlability, recyclability and malleability.

The possibility of healing macroscopic damages on the molecular scale repeatedly is
undoubtedly appealing, althghi it would strongly benefit from an additional driving force
bringing the surfaces of the defect togettWe presenterea study on the synergistic
combination of physical and chemical healing of a taimlylate vitrimeric network based

on transesteri¢ation. This closg¢henheal approach, already known as SMASH in
literature, was investigated as a function of increasing molar content of the thial cross
linker present in our systems. We selected four netsvaenkd characterised their
mechanical, chemitashape memory properties and healing efficiency via optical
microscopy, FTIR, DMA, rheometer measurements, TGA and tensile testing. Thanks to
this methodological approacive provide a comprehensive picture of the role of physical
recoil, bond exchangemd network mobility on seliealing efficiency. As a conclusion

of our study, we narrowed the selectdmwnto one networkwhich exhibited 90% healing
efficiency, thus demonstrating the potential of SMASH for vitrimers.
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Cationic polymerization is a powerful tool when it comes to adhesoating, composite
and bulk material productio®suitable monomerdor cationic polymerizatiomange from
unsaturated molecules like vinyl ethers, to heterolytic compounds such as epoxides.
However epoxybased systems are used in many applications, diheitohigh reactivity
and versatility. With the introduction of radical induced cationic frontal polymerization
(RICFP), an even more efficient pathway to cure epoxides and wahvériety of new
applications \ere obtainedt The prevailing initiator class for RICFP applicatioae
iodonium sak, which can be cleaved by light as wellsastableradicals? Fine-tuning of

the formulationsand alot of research lead to a highly effective and versatile initiator
system. With the introduction of bismuathium and pyylium-basedsalts for frontal
polymerization, the welknown iodonium salt is challenged. Bismuthonium hexafluoro
antimonates show fast frontal velocities of 6@2min, a high polymerization rate and
conversions of 84% in an epoxy system.
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Commercially used iodonium s&Sband the new initiators based on the
bismuthonium saBi-Sband the pyrylium salD-Sb
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Bismuthoniumbased systemshow excellent pot life of the formulations, which can be
cured at the press of a button. In this study, iodonium salts last around thrée elagysy
based formulationsbefore a significant viscosity increase is measured, while the

bismuthonium initiator lasts over 10 times as long with no significant drop ctivieya or
frontal velocity.
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The usage of bibbased thermosets fohe manufacturing of composites has got more
attention in recent years. As resin component, typically functionalized plant oils are used,
whereas the most common functionalization is the epoxidation of the ratsdtdouble
bonds.

The present research wkoaddresses the development of fiased thermosets, which are
soft/mechanically flexible, by curing different epoxidized plant oils with a dicarboxylic
acid. The focus was on a catalyst and soled curing process. The resin/hardener
composition andhe curing paramets were systematically optimized by Differential
Scanning Calorimetry and Infrar&pectroscopy. The theramoechanical properties of
the optimized materialeexample visualized in Fig. Mere investigated by Dynamical
Mechanical Analys. The glass transition temperature)(@lecreased with increasing
epoxy weight equivalenbf the applied oil (linseed: 2.5 °C; hempsee8:.8 °C;
soybean:272 °C). The strain at bredk) in tensile testsit room temperatureas 27 %

for linseed, 21 %or hempseedand 32 % for soybean adind wasfound to be highly
dependent on the temperature. With decreasingasnpel} increagdto a maimum
around T. A further decreasim temperatureresulted ina decrease of. The nextstep is

the manufactung of flexible compositewith these mechanically flexible thermosets to
receive technical textiles.

Fig. 1. Demonstration of the flexibility of an acid cured epoxidized plant oil.
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Threedimensional (3D) structures produced from the combinationaobfibrillated
cellulose (NFC) and alginate (Algare suitabe materials for various applications,
including cell culturing®? The mechanical properties and dimensional stability of such
structures were improved by crelasking with salts (CaGl Cu(NQ),, FeCk ).2 In this
study, we prepared two types of inksr 3D printing NFC/Alg/CaCQ (Ink 1) or
NFC/Alg/CaCQ/photoacid generator (Ink 2). The 3D printed structures of Ink 1 and Ink
2 were ionically crostinked with gluconolactone and UNght. Besides the rheological
properties (viscose and elastic moduli) of the inks, the mechanical properties an
dimensional stability of the printed structures were investigated as a function of
concentration of the gluconolactone and UV irradiation intensity and exposure time. It is
suggestedhat the acidic proton generated by gluconolactwAG, when dissoled in
water or exposed to UV irradiatipallowsfor the dissociation of CaGand consequently

the release of Ca Theseionsform complexes witltarboxyl functional groups of Alg and
NFC. Scaffold materials with different microstructrand tuneable neperties obtained

by this watetbased crosinking approachcould be suitable forcell growth and bio
catalysis
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Fungi always played a vital role in many aspects of life, from antikiaig medicinew®

food products, such as beer, winepbread.Recent academic and commercial interest in
fungi is incrasingly focused towards the potential of fungal structural polymershitin,

to produce compositend nanmaterialst? Fungal chitin is a cheap, renewable, easily iso
lated and abundant alternative to crustacean chitin. Being covalently decordted fwit
glucan, fungal chitin exhibits a native nanocomposite architecture that varies in fibre
diameter and chitiglucan ratio from species to species, resulting in mechanical properties
ranging from brittle, high tensile strength, pladik® properties tovery tough and
elastomeric rubbelike properties®

This study utilized a mild alkaline process to extract ctitglucan (CG) complexes from

tree bracket fungil§. confragosaand white button mushroomA.(bisporus, which were
thenbybridisedin varying ratios and hot pressed to form engineered composite nanopapers
with tunable tensile propertieBapers prepared from common mushrooms, with almost
propor t i onal ¢ ont gldarg exbibdited@a hariibrous architeadurefresulting

in high tende strengths (> 200 MPautperforming crustaceasterived chitin.CG nane

papers could furthermore be plasticized in a controlled fashion thioggidising with
CGfromt ree bracket fungi, whigladan, to prodticacoms | &
poste papers of high flexibility, while maintaining high strength. The fungal chitin extracts
were significantly more hydrophobic than crustacean chitin, suggesting potential as a
coating agent for hydrophilic materials, such as cellulose. These remarkable an
controllable characteristics make furtigrived materials versatile for a wide range of
applications, including coatings, membranes, packaging and.paper

Tree bracket fungi +- Common mushrooms
composite nanopapers
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Composite nanopapers from tree bracket fungi and common white button mushrooms
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Catalytic metal bonding of phosphinated cellulose and formation
of nanocellulose in the process

Philip Verdross,* Andreas Mautner, Alexander Bismarck

Institute of Materials Chemistry & Research, University of Vienna, Wahringer Stral3e 42,
1090 Vienna, Austria; e-mail: philip.verdross@univie.ac.at

The possibility to produce nanoparticles from biopolymers capable to bind transition
metals has attracted considerable attention in recent Yyédeslical applicationsof
cellulose nanoparticles binding metals are of particular interest in this corxer
relevant applications of this substance class could be as a biologically decomposable color
pigment or as a heterogeneous catalgsthemical industry. As cellase is renewable and
biodegradable it can be inferred that such cellutoséal compounds have a lower impact

on the environment after use than nanoparticles with comparable properties derived from
petrochemical sourcésHowever, to ensure biodegradatyiliand a low impact on the
environment, the native natural material must be modified as little as possible, while still
facilitating binding the targeted metal in high quantities. Only a catalytical process, during
which metal is bound to the cellulose kbbone can assure this behaviour. To the best of
the authors knowledge, no such system has been reported to date.

Herein, HClgas hydrolyzed and subsequently phosphinated cellulose is reported to form
stable copper complexes in various oxidation statdtul@se Iy derived from birch wood

pulp treated with chlorodiphenylphosphine binds up to 20% (by weigth) of copper(ll) at
room temperature. The resulting products are stable in air, water and various organic
solvents at elevated temperature. Furthermore, duringl rogtding nanoparticles are
formed from the bulk fibers that were deployed for the synthesis. Monitoring thvalpe

during the reaction and the sulfur content of the product assured a genuine binding of
cellulose and copper. The structures, oxidatiatestand mechanism of formation of the
complexes obtained are discussed on the base of comparing theoretical/literature results
with recorded Xray photoelectron spectra (XPSjitenuated total reflection infrared
spectra (ATRIR) and nuclear magnetic ressmce (NMR) spectraThe formation of
nanoparticles is discussed on the base of record&hyXpowder diffractograms and
scanning electron microscope (SEM) images.
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Hypercrosslinked polymers for visible-light-driven CO-
photoreduction
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Porous organic polymers are at the forefront of many research efforts owing to broad
chemistries ath excellent textural properties. One promising family of such materials is
hypercrosslinked polymers (HCPs), a set of -lmst nanoporous networksThese
polymers are prepared by the crosslinking of aromatic compounds using simplei Friedel
Crafts chemistry al | owi n g -ubpr6o adde sd bgont tfooom a fr act i
leading porous material&lnlike many leading porous organic polymesCPs do not
containor require raresarth metals, presenting significant sustainability benefits.

We recently reprted the first examples of HCPs as the sole active material in the selective
photocatalytic reduction of GGo CO, requiring only sacrificial ¥ for visiblelight-

driven photocatalysi$ HCPs significantly outperform the benchmark material ;TRQ5
andachieve gaseous product selectivities of >95 %. We hypothesise that sup€¥ior H
adsorption capacities of these HCPs facilitate access to photoactive sites, improving
photocatalytic conversion rates when compared to sacrificialkese networks are an
intriguing set of organic photocatalysts, displaying no loargge order or extended-pi
conjugation. The require no added caatalyst doping or photosensitiser, representing a
highly versatile platform for solsgnergy conversion. Given the versatility ofCH
synthesis, an unfathomable number of design iterations are possible, presenting a huge
opportunity fororganic photocatalystesign.
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Hypercrosslinked polymers for G@hotoconversion.
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Understanding intermolecular bonding in organic materials and
its impact on electronic properties

Christian Winkler, Egbert Zojer

Institute of Solid State Physics, NAWI Graz, Graz University of Technology,
Petersgasse 16, A 8010 Graz, Austria; e-mail: Egbert.zojer@tugraz.at

Inter-molecular interactions crucially dtermine the structure of omaraterials, which,

in turn, has a profound impact on their electronic properties. In the present contribution,
we use statef-the art dispersiogorrected densitjunctional theory simulations to
partition interaction energies into contributions from dan Waals interactions, Coulomb
interactions, Pauli repulsion, and the impact of orbital rehybridisation. Specifically, we will
highlight the crucial role of Paulis repulsion, whose dominant impact for preventing
cofacial interactions is often overlooked.

The focus of the discussion will be, on the one hand, on organic semiconductor crystals
(a-quinacridon and pentacene), where we will show that there exists a natural driving force
due to Pauli repulsion that distinctly favors inteolecular arrangements with minimized
inter-molecular electronic couplings. This results in crystal structureth wnly
comparably small chargearrier mobilitiest

Serrated packing motif in planar, 2D covalent organic framewoks (from Ref. 2)

On the other hand, we will show that Pauli repulsion is also the main reason for the
occurrence of the common serratedchpag motif in planar, 2D covalent organic
framewoks (COFs), again with a distinct impact on COF propérfldss is, in fact, at
variance with the widespread notion that shifted structures are typically triggered by
Coulomb repulsion between polar em#iin the COF backbones. We show that such
effects occur, but overall, Coulomb interactions would be attractive in all considered
structures due to chargenetration effects. Thus, they would trigger a cofacial
arrangements of the COF sheets, which isntwt is typically observed.
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Hypercrosslinked polyHIPEs as Pd-catalyst supports
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Emulsion templated macroporous polymascalled poly¢merised) High Internal Phase
Emulsions (polyHIPEshave founda wide variety of apptations ranging from filters to
bone replacementsowing to their lightweight, chemical stabilityand tailorable
morphological properties. HIPEmplate are usetb generate macroporous polymers with
well-known morphologes by polymerization ofa monomec continuous phaseand
subsequent remavVof the dispersed phasglthough highly porous, thisw surface area

of polyHIPEs hinder them from some applicaBom separation and/or catalysis
Hypercrosslinked polymers (HXLEgave been prepared by variefybottomup strategies
such as t he @ kha iSchollicaugling nmeattibnand $olvent stitching
techniques Such approaches can be used to introduce significant nanoporosity in
polyHIPEs without detriment to their emulsttemplated macropoes, prodaing
hierarchically porous structures with excellent permeability.

Moulding
Polymerisation

INTERNAL
PHASE

B oy
P

PolyHIPE

CONTINUOUS
PHASE

Schematic preparation of thed-impregnated HXL polyHIPEs

Using a variety of hypercrosslinking approaches,produced polyHIPEs witlsurface

area of up to 900 rhg?!. The introductio of nanoporosityallowed for significantly
increased loadingsf Pd nanoparticlest polyHIPE surfaces. A combination of high
surface areas arttle interconnectegorestructures of HXL polyHIPEsllowsreactants

to be in contact with Pd across the egttyr of their inner surfaceMacropores allow for
excellent mass flow, while nanopores provide a high concentration of catalyst sites. We
demonstrate the use of theBelimpregnated polyHIP& as heterogeneous catalyst
supports inthe hydrogenatiorreactionof 4-nitroacetophenoneDue to the monolithic
nature of polyHIPEghey were easilgollecied and reused several times, p@stction.
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Anti-adhesive organosilane coatings functionalized with markers
for visibility-on-demand

Christine Bandl, Matthias Muller, Wolfgang Kern
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Organosilanes ra well known for their application as coupling agents and surface
modifiers as used in ardidhesive coatings, setfeaning surfaces and separation layers.

The wide range of available organosilanes enables a precise adjustment of the properties
of the cating to meet individual requirements. Our previous studies demonstrated that
perfluorinated organosilanes (based on mamal dipodal components processed from the
liquid phase) are applicable as amtihesive layers for metallic molds and dies in thie fie

of polymer processing? The control of film thickness as well as monitoring of wear still
remainchallengng topics especially during technical applications.

In the present studyhe dependence of the thickness of-anlinesive organosilane layers

on various processing parameters was studied systematically using spectroscopic
ellipsometry. Moreover, the kinetics of the different silanes used for the coating are
considered.

To facilitate detection and control of deposititmeantiradhesive orgarsdlane layers were
functionalized withmarker molecules bearing a trialkoxysilyl anchoring grodphese
markerswere synthesizednd deposited together with fluoroalkylsilanes of an -anti
adhesive formulation in a sgel processwhich is based on hydroligsand condensation
reactions. The incorporation of the marker introduces a vistaltgemand property, and
consequently constitutes a rapid and reliable method to prove the deposition and
homogeneity of the coating as well as its abrasion duringtieimy use. Coated surfaces

were investigated with regard to their surface energy by contact angle measuresménts
different spectroscojg techniques such asPS,FTIR, UV-Vis etc. were used to study

their surface compositioand optical properties
Potenial applications of these functional surfac
coatings are highlighted.

Acknowledgmentthe participation of F. Doubek (Chemie
Akademie Graz) in the experimental investigations
gratefully acknowledged.

Example for the visibilinopn-demand
property of the antiadhesive organo
silane layer
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Water-borne model epoxy varnishes for um-thin adhesive
bonding of electrical steel laminates
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Epoxy varnishes for stacked electrical steel are of high relevance for renewable energy and
electric mobility technologieS.he main objective of this paper was to develop, implement
and evaluate welllefined water watelborne model epoxy varnishesdto evaluate their
effect on performance properties of electrical steel lamin&tesefore, epoxy resins with
systematically varied equivalent epoxy weight (EEW) based on DEGBA were bianded
modified with the latent crosslinking agent DICYEmulsifiers with melting peak
temperatures of 52C (C1) and 57°C (C2) based on fatty alcohol ethoxylates were used.
After shearemulsification, distilled water droplets were added. The model varnishes were
applied onto M800 electrical steel. The coatings wprecured at a peak metal
temperature of 210C. Coated steel sheets were stacked and laminated &C18602h.

By X-ray photoelectron spectroscopy of partly cured coatings dimesr correlation
between EEW and -O-C to GC ratio was ascertained. Hent¢lee amount of reactive
terminal oxirane groups was significantly lower for high EEW formulations. As confirmed
by infrared spectroscopy, the hydroxyl functionality was increasing and levelling off with
EEW of the epoxy resin. Performing dynamic mecharacallysis in torsional mode, the
fully cured laminates exhibited glass transition temperaturgsiiithe range from 81 to
102°C. Within the investigated EEW range a negative linear correlation of EEW&and T
was obtained. Presumably, higher EEW of theigh is associated with a less densely
crosslinked network.Rall peel testing and fatigue fracture mechanics testing at ambient
and elevated temperatures up to *@0clearly showed an effect of EEW, blending and
emulsifier on peel strength and crackwgtio kinetics (s. Figre). Best performance on
laminate level was obtained for an EEW of 900 g/mol allowing for a compromise of cross
link density and OHunctionality.

D-500/D-170-C1
D-500-C2

—— D-900-C2

—— A-1800-C2

Fatigue crack growth kineticand failure mod®f electrical steel laminates at ambidrased on
different waterborne model epoxy varnishes (numbers indicate EEW).
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