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Electrical percolation threshold reveals time-temperature
superposition in highly oriented conductive nanofibrous biocomposites
Muhammad Azeem Munawar1*, Dirk W. Schubert1
1

Friedrich-Alexander-University Erlangen-Nuremberg, Germany
* muhammad.munawar@fau.de

Highly oriented electrospun conductive nanofibrous biocomposites of polylactic acid (PLA) and
polyaniline (PANi) are fabricated using electrospinning. At percolation threshold (φc), growing of
continuous paths between PANi particles leads to steep increase in electrical conductivity of fibers and
McLachlan equation is fitted to identify φc. Annealing generates additional conductive channels, which
lead to higher conductivity for dynamic percolation. Dynamic percolation and time-temperature
superposition are investigated in oriented conductive nanofibrous biocomposites. Investigating the
dynamic percolation is advantageous for optimizing annealing conditions to improve the electrical and
mechanical performance of biocomposites1.

Figure: Schematic representation of percolation phenomenon within electrospun conductive nanofibers with and
without annealing.

References:
1. Munawar, M.A and Schubert, D.W. Thermal-induced percolation and elasticity of highly oriented
electrospun conductive nanofibrous biocomposites for tissue engineering (to be submitted in 2022).
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Development of PLA-lignin blends for use in impact toughness
modified composites
Matilda Johansson*, Mikael Skrifvars1, Nawar Kadi2, Hom Dhakal3
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3
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2

Durable bioplastics are desired for multi-use application in industries such as the automotive, marine
and construction sectors. The automotive industry for example, is going through an important
development phase to address major environmental related issues arising from the use of non-renewable
conventional composite materials. The new environmental legislations and consumers pressure has
forced the original equipment manufacturers (OEMs) in this sector for the development and use of more
sustainable alternative materials (Dunne et al., 2016). The increasing awareness of finite resources
availability and the worsening rate of the environmental pollution have been a major driving force in
the process of finding alternative materials. Bio-based composites are candidate materials, which can
replace the conventional fossil-based plastics when it comes to reducing the weight of the components
and minimising the overall CO2 emission.
One of the necessary requirements for the materials in the industry is often to be both strong and tough
to meet the strict demands of the industry, yet these two properties are often mutually exclusive. In this
study, lignin was chemically modified by the esterification of its hydroxyl groups to enhance the
interaction with Polylactic acid (PLA) (Gordobil et al., 2014). To increase the hydrophobicity and
compatibility of lignin with PLA, lignin was modified using acetic anhydride and pyridine and
successfully determined by FTIR. The incorporation of the hydrophobic lignin in PLA blends could
overcome the thermomechanical shortcomings of PLA as well as increase the interfacial adhesion and
lignin aggregation previously observed in PLA blends with unmodified lignin (Yao et al., 2021). The
use of modified lignin in PLA blends expected to improve the material properties in higher lignin
loadings. The improved compatibility of lignin and PLA decreased the lignin agglomeration in the
material. Additionally, in this study, tensile strength, the Young’s modulus and the elongation at break
will be presented along with the thermal stability of blends containing acetylated lignin and unmodified
lignin in comparison to pure PLA.
References:
1.

Dunne, R., Desai, D., Sadiku, R., & Jayaramudu, J. (2016). A review of natural fibres, their
sustainability and automotive applications. Journal of reinforced plastics and composites, 35(13),
1041-1050. https://doi.org/10.1177/0731684416633898

2.

Kim, Y., Suhr, J., Seo, H.-W., Sun, H., Kim, S., Park, I.-K., Kim, S.-H., Lee, Y., Kim, K.-J., &
Nam, J.-D. (2017). All Biomass and UV Protective Composite Composed of Compatibilized Lignin
and Poly (Lactic-acid). Scientific Reports, 7(1), 43596. https://doi.org/10.1038/srep43596

3.

Yao, J., Odelius, K., & Hakkarainen, M. (2021). Microwave Hydrophobized Lignin with
Antioxidant Activity for Fused Filament Fabrication. ACS Applied Polymer Materials, 3(7), 35383548. https://doi.org/10.1021/acsapm.1c00438

Poster number 3

Abstract for Nordic
Polymer
2022
Abstracts
of Days
Posters
for Nordic Polymer Days 2022

Extraction of genipin oil from Venezuelan caruto (Genipa American L.)
for use as a crosslinker
Capezza, A.J. 1, Olsson, R.1, Guo, B.1, Hurtado, L.2*, Coronado, R.E.3, Sabino, M.A.2*.
1
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The Genipap (Genipa americana L.) is a native fruit from Central and South America1. One of the main
compounds of this fruit is genipin, a polar and colorless substance that reacts readily with primary
amines of amino acids, peptides, or proteins in the presence of oxygen to form reticulate structures.
Importantly, the genipin is a water-soluble, nontoxic, and bi-functional cross-linking reagent used for
polysaccharides (e.g., chitosan) and blends with proteins (e.g., gelatin)1,2. Genipin is considered a great
alternative to be used as a green crosslinker, since its cytotoxicity is 104 times lower than other chemical
cross-linking agents such as glutaraldehyde3. Additionally, genipin can be used to produce
superabsorbent materials because it increases the ability to absorb a significant amount of water and
saline solution.2 However, the actual commercial extraction of genipina (from the fruit of Gardenia
jasminoides by enzymatic hydrolysis) is expensive and limits its application1. In Venezuela, there is a
tree whose fruit is known as Caruto and belongs to the family of the Genipa Americana L. In this work,
the extraction of genipin oil from Venezuelan caruto was carried out using chloroform as extraction
solvent, followed by a soxhlet system and then rotovaporation (see Figure 1). It was verified that after
the extracted oil, it could be obtained crystals of genipin by purification (with a yield of 4±0.3 mg of
genipin per g of caruto pulp). It was also verified that using caruto oil, a good cross-linking of chitosan
is achieved, demonstrated from obtaining membranes and scaffolds. Using thin-layer chromatography
reveals that the oil obtained has the same Rf as the pure genipina, and the characterization was complete
by FTIR, NRM, and GC-MS. All this oil extraction process is cheap, and the effectiveness of
crosslinking the oil is as effective as pure genipin, which opens a window for its use in some industrial
applications.

Figure 1: Genipin oil extraction process

References:
1. Náthia, G; Tarone, A.; Tosi, M.; Maróstica, M. Extraction of bioactive compounds from Genipa
americana L. by pressurized ethanol. Food Res. Int., 2017, 102, 595-604.

2. Capezza, A.; Cui, Y.; Numata, K.; Lundman, M.; Newson, W.; Olsson, R.; Johansson, E.; Hedenqvist,
3.

M. Adv. Sustainable Syst. 2020, 4 (9), 1-13.
Sabino, M. A. and Garcia, R. A. Int. J. of Advances in Medical Biotechnology. 2020, 3 (1), 2-15.
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New Polyolefin Based Ternary Blend Nanocomposites as Highly
Insulating Material for High-Voltage Direct Current Power Cables
Azadeh Soroudi,1 Yingwei Ouyang,1 Fritjof Nilsson,2 Ida Östergren, 1 Xiangdong Xu,3 , Amir
Masoud Pourrahimi,1 Mikael Hedenqvist,2 Christian Müller1*
1

2
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Department of Fibre and Polymer Technology, School of Engineering Sciences in Chemistry,
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3
Department of Electrical Engineering, Chalmers University of Technology.
* E-mail : christian.muller@chalmers.se

Currently, crosslinked polyethylene (XLPE) is the most common insulating material used in highvoltage direct-current (HVDC) power cables which allow seamless integration of renewable energy
sources. Recent studies have shown that ternary thermoplastic blends comprising low-density
polyethylene (LDPE), isotactic polypropylene and a styrenic copolymer (SEBS) can be potentially used
to improve processability, safety and environmental aspects of insulating material.1,2 We used an LDPE
masterbatch of octyl-silane-coated Al2O3 nanoparticles prepared according to a previously described
procedure3 and according to SEM microscopy, the nanoparticles predominately resided within LDPE
phase of ternary blend nanocomposite (Figure-a). We present that octyl-silane-coated Al2O3
nanoparticles are a promising conductivity-reducing additive for above mentioned thermoplastic
ternary blends, having no adverse effect on the blend microstructure and mechanical properties. The
ternary blend nanocomposites comprising 38 wt.% polypropylene displayed a storage modulus of more
than 10 MPa up to at least 150 ºC, independent of the chosen processing conditions, plus a low directcurrent electrical conductivity of about 3·10-15 S m-1 (Figure-b). The observed synergistic conductivityreducing effect is promising to facilitate the design of highly insulating thermoplastic materials for
future HVDC cables.

Figure. a) SEM microscopy of ternary blend nanocomposite b) DC conductivity at 70 ºC and voltage of 30 kV mm-1

References:
1. Y. Ouyang1, A. M. Pourrahimi2, A. Lund3, X. Xu4, T. Gkourmpis5, P.-O. Hagstrand6 and C. Müller7, J.
Polym. Sci., 2021, 59, 1084–1094.
2. Y. Ouyang1, A. M. Pourrahimi2, I. Östergren3, M. Mellqvist4, J. Ånevall5, A. Soroudi6, A. Lund7, X. Xu8,
T. Gkourmpis9, P.-O. Hagstrand10 and C. Müller11, High Volt., 2021, 1-9.
3. F. Nilsson1, M. Karlsson2, U. W. Gedde3, R. Kádár4, K. Gaska5, C. Müller6, P.-O. Hagstrand7, R. T.
Olsson8, M. S. Hedenqvist9 and T. Gkourmpis10, Comp. Part B: Eng., 2021, 204, 108498.
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Designed from Recycled PET packaging waste
Nejib Kasmi 1, Minna Hakkarainen 1*
1

KTH Royal Institute of Technology, Department of fibre and Polymer Technology,
Teknikringen 56–58, 10044, Stockholm, Sweden,
Email address: nejib@kth.se minna@kth.se

Chemical recycling by depolymerization, has become a very important future end-of-life option for
turning plastics highly resistant to biodegradation into a portfolio of useful chemicals.1 One bottleneck
for chemical recycling is however the high energy demand and often long reaction times required.
Aminolysis has been suggested as a relatively cost-effective and easy-to-implement feedstock recycling
pathway.1 Microwave (MW) irradiation, a well-established technique in organic synthesis, has also
been successfully employed in the chemical recycling of plastics.1-3 In the present work, an efficient
and fast end-of-life management option for non-degradable poly(ethylene terephthalate) PET
thermoplastic waste, the plastic industry giant, was established. This chemical recycling approach
involves transforming waste PET, exemplified by a post-consumer PET bottle, through catalyst and
solvent-free microwave-assisted aminolysis into two new value-added terephthalate diamines featuring
high melting points (Tm>170°C). To prove their suitability in polymerization, imine polycondensation
of prepared monomers with terephthalaldehyde was successfully carried out under mild conditions,
yielding two novel aromatic-aliphatic polyimines. The latter are fully amorphous materials exhibiting
exceptional thermal performance; very high Tg values in the range of 131-147 °C, excellent resistance
to heat up to 331°C and a wide thermal processing window up to 200 °C above their Tg. Such super
attractive thermal properties are highly demanded in a wide range of practical applications.
Transforming post-use terephthalate packaging into a useful library of new diamine-type building
blocks and high-performance polyimines, rather than sending them to landfill or incineration, is a muchneeded step giving value to waste, which will contribute to reduction of plastic pollution.
References:
1. S. Thiyagarajan; E. Maaskant-Reilink; T.A. Ewing; M.K. Julsing; J. van Haveren. Back-tomonomer recycling of polycondensation polymers: opportunities for chemicals and enzymes. RSC
Adv., 2022, 12, 947
2. E. Bäckström; K. Odelius; M. Hakkarainen. Ultrafast microwave assisted recycling of PET to a
family of functional precursors and materials. Eur. Polym. J., 2021, 151, 110441
3. E. Bäckström; K. Odelius; M. Hakkarainen. Designed from Recycled: Turning Polyethylene Waste
to Covalently Attached PLA Plasticizers. ACS Sustainable Chem. Eng., 2019, 7, 11004-11013
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Incorporation of diverse, cleavable bonds in a single macromolecule to
induce environment-specific degradation by facile random
copolymerization of trimethylene carbonate and p-dioxanone
Fika Andriani1*, Tiziana Fuoco.
1

Department of Fibre and Polymer Technology, School of Engineering Sciences in Chemistry,
Biotechnology and Health, KTH Royal Institute of Technology, Teknikringen 56-58, SE 100-44
Stockholm, Sweden,
*andriani@kth.se
Aliphatic polyesters and polycarbonates have become a class of materials extensively used in
biomedical applications owing to their degradability. However, these materials have unpredictable
degradation profiles, where they lose their mechanical integrity in a matter of weeks, while they need a
very long time to be fully degraded. To tackle this issue, we developed a simple strategy to compose
statistical copolymers of trimethylene carbonate and p-dioxanone consisting of diverse and cleavable
bonds in the same macromolecules that are prone to different degradation mechanisms and predictable
erosion rate under different environmental conditions.
The random and block copolymers were prepared by solution ring-opening copolymerization at room
temperature and in the presence of organocatalysts, reaching a high yield, molar masses in the range of
13-22 kg mol-1 and dispersity of 1.1-1.3. Among many other factors, the degradation behaviour of a
polymer is governed by the particular reactivity of the cleavable bonds along the polymer chain1, 2.
Consequently, the degradation behaviour depends on the microstructure of the polymer. In this
contribution, the microstructure and composition of the random copolymers, and therefore the
distribution of the cleavable bonds, were modulated by varying the monomers’ ratio. The different
reactivity of diverse cleavable bonds (such as ester, ether and carbonate bonds) in a single polymer
chain allowed the copolymers to undergo degradation under
hydrolytic, oxidative and enzymatic conditions. The degradation
evaluation demonstrated that each condition lead to different
degradation mechanisms. In hydrolytic conditions the decrease of
molar mass and the mass loss data indicate that a bulk degradation
was the mechanism that occurred. While, surface erosion took place
in oxidative and enzymatic conditions. The erosion rate of the
random copolymers was a linear function of the monomer
composition (Figure 1).
These results emphasized the promising possibility to tailor copolymers for specific applications that
demand a certain degradation profile to the specific environmental conditions.
References:
1. Woodard, L. N.; Grunlan, M. A. Hydrolytic Degradation and Erosion of Polyester Biomaterials.
ACS Macro Lett., 2018, 7 (8), 976-982.
2. Brannigan, R. P.; Dove, A. P. Synthesis, properties and biomedical applications of hydrolytically
degradable materials based on aliphatic polyesters and polycarbonates. Biomater. Sci., 2017, 5 (1),
9-21.
3. F. Andriani, T. Fuoco, Statistical enchainment of ester, ether and carbonate cleavable bonds to
control copolymers’ erosion rate and trigger environment-specific degradation. Submitted 2022.
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Schiff-base based thermoplastic from biorenewable resources
Sathiyaraj Subramaniyan1,2, Minna Hakkarainen1,2*.
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Biobased plastics potentially possess many positive impacts on the environment, however, in order to
make a real difference they need to have managed and sustainable end-of-life. This means they should
from the start be designed for chemical, mechanical and/or organic (biological) recycling.
Development of energy efficient and selective chemical recycling processes is a necessary part in
reaching truly circular plastic flows. Polyesters are generally well suited for chemical recycling due to
the presence of reversible ester bonds. Utilization of dynamic covalent chemistry to include a second
even more easily reversed bond, such as Schiff-base or imine-bond could further facilitate the
chemical recycling enabling depolymerisation back to original monomers under very mild
conditions.1-2
In the present work, we synthesised three vanillin-derived Schiff-base (SB) monomers by utilizing
three different diamines. All monomers were produced in a simple two-step process, that involved
nucleophilic substitution reaction followed by Schiff base formations. The three monomers were
further polymerized with bio-sourced aliphatic and aromatic diesters to yield altogether six different
polyester-imines with different aliphatic-aromatic contents. A conventional two step bulk
polycondensation protocol (transesterification and polycondensation) was employed using metal
catalyst (such as Tin and Titanium). All the monomers and polymers were characterized by using 1D,
2D NMR and IR. Furthermore, the thermal properties of the synthesized polyesters were evaluated
and all of them show very good thermal properties and high glass transition temperatures. Moreover,
the chemical recyclability and hydrolytic degradation of the synthesized polyesters are under
evaluation.
References:
1. Xu, Y.; Odelius, K.; Hakkarainen, M. Photocurable, thermally reprocessable and chemically
recyclable vanillin-based imine thermosets. ACS Sustainable Chem. Eng., 2020, 8, 17272-17279.
2. Liguori, A,; Hakkarainen, M. Designed from biobased for recycling: Imine-based covalent
adaptable networks, Macromol. Rapid Commun., 2022, 2100816.
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Controlling the emission zone in light-emitting electrochemical cells
Xiaoying Zhang1*, Joan Ràfols-Ribé1, Ludvig Edman1*, etc.
1
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* xiaoying.zhang@umu.se, ludvig.edman@umu.se

The light-emitting electrochemical cell (LEC) is an emerging electroluminescent technology. The LEC
features a bright area emission and can be fabricated with low-cost and less complex procedures than
LED on flexible and novel substrate materials (such as fibres, textile and paper). This makes LECs
suitable for a broad field of applications including illumination, healthcare and signage.
The LEC comprise a thin active material layer sandwiched between a transparent and a reflective
electrode. An in-situ p- and n-type doping region forms in the active layer during operation, where the
light emission originates from an intrinsic region between the two. The position of the emission zone
directly influences the visible light output and quality from the LEC because of constructive and
destructive cavity effects and exciton quenching with electrodes and dopants. Careful structural design
and control of the emission zone is therefore critical for an efficient LEC.
In our previous study, we showed that chemical additives in the active layer influences where this
emission zone forms by introducing charge carrier traps, hence modifying the relative mobility of
electrons and holes [1]. Recently, we also showed that the current density used for operation influences
the emission zone position. We speculate that a possible explanation model for this observation is a
different field-dependent mobility, which results from the added charge carrier traps.
At the conference, I will present some methods to control the emission zone position in LECs. By
including an appropriate additive into the active material to shift the emission zone from a bad position
to a good one, a 60% improvement of the power efficiency is achieved [1].

Figure: The temporal evolution of the voltage (filled circles), the measured forward luminance (open squares),
the simulated forward luminance (dashed line), and the position of the EZ (crosses) for LEC devices with
TMPE-OH (a) and TMPE-OC (b) ion transporter [1].

References:
1. Ràfols-Ribé, J., Zhang, X., Larsen, C., Lundberg, P., Lindh, E. M., Mai, C. T., Mindemark,
J., Gracia-Espino, E., Edman, L., Controlling the Emission Zone by Additives for Improved LightEmitting Electrochemical Cells. Adv Mater, 2022, 34 (8), 2107849
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Silica oxide 2D particles from Graphene oxide templates.
Björn Birdsong1, Antonio Capezza2, Richard T. Olsson3*.
1,2,3

KTH Royal Institute of Technology, Stockholm Sweden
birdsong@kth.se

Oral presentation for: Polymers for Emerging Applications, Polymers for Electrical and Electronic
Applications.
The extraordinary properties of 2D materials, such as high aspect ratio, quantum properties, and high
surface area, make them a unique alternative for high-performance composites, high end applications
in electronics, and possibly future energy storing. Graphene has been widely researched for the
production of conductive 2D-filled composite materials, although it is still limited by the high material
cost of graphene. Comparatively, its precursor graphene oxide (GO) has become of great interest due
to its lower production cost and many of the morphologies associated with graphene are also available
in GO, such as sheets, tubes, and spheres. In addition, the added functional groups on the surface of GO
allow for unique coating reactions to be evaluated, which are not possible when using graphene. One
inexpensive coating type of interest is silica, which has many properties useful for nanomaterials such
as semi conductivity and temperature resistance.
This study reports a method of using GO as a templating material for the synthesis of 2D silica oxide
materials with close resemblance of the GO material. The synthesis method uses chemicals capable of
self-regulating thickness growth to make materials with high aspect ratio and thermal stability to survive
the template removal process. These silica particles are ideal for further synthesis method due to their
high surface area with available functional groups for further modification. Furthermore, the material
is stable enough to potentially be used as a reusable template material for synthesis of other
nanomaterials.

Figure: Silica oxide nano sheets.
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Sustainable lignin modification by reactive melt processing approaches
using bio-sourced reagents
Renald George Swamy1, Claudio Gioia2, Giada Lo Re1*
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Lignin accounts for being the second most copious natural resource available in the world in terms of
renewability and biodegradability. The main aromatic compounds in lignin structure are coniferyl,
sinapyl, and p-coumaryl alcohols. These functional groups found in lignin provides a potential towards
fabricating bioplastics [1]. Processing unmodified kraft lignin is a tedious work due to its heterogeneity,
high glass transition temperature, high molecular weights, and low melt behavior. Effective lignin
modification would ease the processing conditions and can additionally aid in blending with other
biopolymers [2]. The main aim of this work would be chemical modification of industrial kraft lignin
with the goal of reducing the glass transition temperature. This could be further used for achieving
thermoplastic polymer blends with high renewable content and provide the feasibility of remelting,
reprocessing and reshaping materials. This work would comprise modifying lignin with biobased
additives. The reactive modification would have high potential in improving the compatibility with
thermoplastic polymers. Among all available methods, reactive extrusion (REx) represents a unique
tool to modify lignin upon different types of techniques in a green (solvent-free process) and costeffective way. The reaction conditions and design can be optimized to improve the performance of the
final modified lignin. Further thermal analysis through Differential scanning calorimetry (DSC) and
Thermogravimetric analysis (TGA), and structural analysis such as Fourier transform infrared (FTIR)
spectroscopy and Nuclear magnetic resonance (NMR) would be performed to validate the objective.
This work could contribute to a sustainable alternative for the replacement of traditionally fossil-based
plastics.
Biobased Reagent
Lignin

Modified lignin

REx

Figure 1: Experimental scheme for modifying lignin.

References:
1. Qianqiu Xing, David Ruch, Philippe Dubois, Linbo Wu, and Wen-Jun Wang, “Biodegradable and
High-Performance Poly (butylene adipate-coterephthalate) −Lignin UV-Blocking Films,” ACS
Sustainable Chem. Eng. 2017, 5, 10342−10351
2. Romain Milotskyi, László Szabó, Kenji Takahashi and Christophe Bliard, “Chemical
Modification of Plasticized Lignins Using Reactive Extrusion,” Frontiers in Chemistry, 2012,
Sept. 2019, Vol. 7, Article 633
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Anti-bacteria by surface functionalized nanocelluloses − a single
molecular multiparametric Atomic Force Microscopy study
Jing Li1*, Aji Mathew1
1

Department of Materials and Environmental Chemistry, Stockholm University, Frescativägen 8, 106
91, Stockholm, Sweden University
* jing.li@mmk.su.se

Here, we report peak force quantitative nanomechanical atomic force microscopy (PFQNM) mapping
and single-nanocellulose colloidal probe study to evaluate the contribution of functionalized surfaces
of nanocellulose films to cell envelope mechanics and adhesion forces towards a single Escherichia coli
(E.Coli) cell. We show that 2,2,6,6-tetramethylpiperidine-1-oxyl radical (TEMPO) and lignin groups
as grafted at the nanocellulose fibres (TCNF) or nanocrystals (CNC) films contributed to cell envelope
stiffness, and the reduction of adhesion force causing cell death. Covalent interactions of the outer
membrane to the peptidoglycan (PG) layers as triggered by the functional groups, electrostatic force
driven interactions between the negative charged compounds in cell membranes and surface charges of
the nanocelluloses contributed to changes of cell mechanics and of cell adhesion. 1 Our results revealed
the site selectivity of the functional groups at nanocellulose for chemically bonding and reaction with
localized sites of the cell membranes. Pristine CNC shows no effect in altering of cell mechanics. Lignin
on CNCs (LCNC) targets PG of inner layer of membrane, COO− on TCNF triggered crosslinking of
PG and lipoprotein, causing protrusion of the softer cytoplasms. Both cases caused stiffening of cell
envelop, and decrease of adhesion force, that is related to negative charged functional groups. The chitin
NC (ChNC) targets outer membrane softening cell walls leading to increased adhesive forces, driven
by strong positive charges of the interacting cytoplasm. Fig.1. shows a scheme of the study concept,
and representative PFQNM results of a single cell attached at LCNC films.

.

Figure 1. Schematic illustration of the cell envelops as effected by the nanocellulose films, and representative
PFQNM results of a single E.Coli cell at work in live as attached at a film.

Reference: 1.

Mathelié-Guinlet, M.; Asmar, A. T.; Collet, J.-F.; Dufrêne, Y. F. Lipoprotein Lpp Regulates the
Mechanical Properties of the E. Coli Cell Envelope. Nat. Commun. 2020, 11 (1), 1789.
https://doi.org/10.1038/s41467-020-15489-1.
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Palladium Nanocomposites for Plasmonic Hydrogen Sensing
Ida Östergren1, Alicja Stolaś1, Iwan Darmadi2, Sarah Lerch1†, Kasper Moth-Poulsen1*,
Christoph Langhammer2*, Christian Müller1*
1
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Chalmers University of Technology, Göteborg 412 96, Sweden
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Developing novel energy production technologies is increasingly crucial for environmental and societal
reasons, and this requires innovative materials for catalysis, storage, and sensing. Nanocomposites
provide a unique combination of materials that can address crucial aspects of these technologies,
including protection of the active materials and manipulation of shape, size and form. In particular, the
area of hydrogen (H2) production requires safe and highly responsive sensors which can be produced
rapidly in large quantities. Nanocomposites composed of plasmonic palladium nanoparticles are of
special interest since palladium forms a hydride at ambient conditions, resulting in a strong optical
contrast that can be observed with spectroscopic methods. This presentation will encompass some
recent advancements in the production and use of palladium nanocomposites for hydrogen sensing.
First, palladium nanocubes are embedded in a matrix of poly(methyl methacrylate) and melt-processed
to form plasmonic hydrogen sensors.1 These sensors demonstrate remarkable stability, retaining full
functionality after 50 weeks, and high versatility, including sensors which are extruded, pressed and
3D-printed without losing sensitivity. Following this, similar palladium nanocubes were produced via
scalable continuous flow synthesis and embedded in an amorphous fluorinated polymer.2 Changing the
polymer matrix results in increased permeability, improving the diffusion of H2 to the active palladium
surfaces. This results in thicker, melt-pressed nanocomposites that are not limited due to the diffusion
of H2 through the polymer matrix, enabling sensors responses of 2.5 seconds at 10 vol % H2.

References:
1. Darmadi, I.; Stolaś, A.; Östergren, I.; Berke B.; Nugroho, F. A. A.; Minelli, M.; Lerch, S.; Tanyeli,
I.; Lund, A.; Andersson, O.; Zhdanov, V. P.; Liebe, M.; Moth-Poulsen, K.; Müller, C.;
Langhammer, C. Bulk-Processed Pd Nanocube-Poly(methyl methacrylate) Nanocomposites as
Plasmonic Plastics for Hydrogen Sensing. ACS Appl. Nano Mater., 2020, 3 (8), 8438–8445
2. Östergren, I.; Pourrahimi, A.M.; Darmadi, I.; da Silva, R.; Stolaś, A.; Lerch, S.; Berke B.; GuizarSicairos, M.; Liebe, M.; Foli, G.; Palermo, V.; Minelli, M.; Moth-Poulsen, K.; Langhammer, C.;
Müller, C. Highly Permeable Fluorinated Polymer Nanocomposites for Plasmonic Hydrogen
Sensing. ACS Appl. Mater. Interfaces, 2021, 13 (18), 21724–21732
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Improving bio-based content in PLA-based biodegradable
thermoplastic polymer blends
Ludovica Barabino1*, Carlos Solano2, Francesco Pisciotti2 , Ludovica Barabino, Giada Lo
Re1**
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The use of plastics in single use packaging is widespread. For this reason, there is a growing interest in
the use of biodegradable polymers which can help to minimise the environmental impact of plastics.
Moreover, in a circular economy scenario, bio-sourced polymers have attracted gigantic consideration.
The poly(lactid acid) PLA is the front runner in the bio-plastics market with the best availability and
the most attractive cost-properties. Some of its properties are very similar to conventional thermoplastic
materials largely used in market products such as polystyrene (PS) and polyethyleneterphtalate (PET).
However, PLA has some drawbacks regarding the limited deformability and the brittleness, as well as
the slow crystallization rate. These features limit its processability, and consequently its broad
application on large scale, e.g., in blown-films for packaging application. To overcome PLA’s inherent
drawbacks, the preparation of polymers blends is an attractive strategy.
It is proven that the polymer blend approach offers advantages compared to the use of plasticizers, such
as a reduced migration of the toughening phase.
Among all available methods, reactive extrusion represents a unique tool to manufacture polymer
blends in a green and cost-effective way, enabling a one-step production of materials with improved
properties and processability.
In the current project we aim to develop PLA-based blends with improved performance, maximizing
their bio-based content. More specifically, the purpose was to obtain a polymer blend with a good
processability suitable for film blowing, with the lowest content of non-biobased polymer, which is
added as PLA plasticizer.
To face the chemical differences between these polymers, which lead to poor interface adhesion and
phase separation, two chain extenders provided by Nexam Chemical have been employed. The
performances of the blends were characterized using thermal, mechanical and morphological
characterizations. As validation of the enhanced processability of the blend, film blow processing has
been performed on the most suitable compositions.
Click or tap here to enter text.

Poster number 14

Abstract for Nordic
Polymer
2022
Abstracts
of Days
Posters
for Nordic Polymer Days 2022

Fouling characteristics of microcrystalline cellulose:
Theoretical and experimental perspectives
Kenneth Arandia1,2,*, Nabin Kumar Karna1,2, Anette Larsson1,2, Hans Theliander1,2,*
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Technology, Linköping University, SE-100 44 Stockholm, Sweden
* hanst@chalmers.se; kenneth.arandia@chalmers.se

In the transition of process industries from using fossil-based to bio-based resources, energy-efficient
and selective operations will be required in high-value applications that promote the transition towards
a sustainable society. As a cost-effective and energy-efficient operation, membrane separation has
immense potential for contributing to a bio-based economy. It is expected to be employed in future
biorefineries in the fractionation, concentration, and purification of process streams containing wood
components. However, the application of membrane separation in these processes has proved to be
challenging due to membrane fouling: the deposition of dissolved or suspended substances on the
surface or within the pores of membrane. Fouling is inevitable in membrane operations, and in order to
devise appropriate strategies to minimize the influence of fouling, an in-depth mechanistic
understanding of membrane fouling behavior is necessary.
In this work1, a combination of experimental and computational methods was carried out to investigate
the fouling characteristics of an organic model material, microcrystalline cellulose, on polyethersulfone
(PES) membranes during cross-flow microfiltration. The thickness and strength of the fouling layers
formed were estimated using the in situ, real-time monitoring technique fluid dynamic gauging
(FDG)1,2. FDG measurements were complemented with molecular dynamics (MD) simulations of the
cellulose-cellulose and cellulose-PES interactions in water to gain further insights into the fouling
mechanisms.
FDG results showed that highly resilient layers were formed close to the PES membrane surface,
requiring higher fluid shear to remove them. This observation was supported by the results from MD
simulations which found that at close interparticle separations, attractive energy regions were present
between the cellulose-cellulose and cellulose-PES interfaces. Thus, the fouling layer can be seen as a
filter cake, and the closer it is to the membrane, the higher compressive forces are acting on the particles.
Consequently, as the particles come closer to each other, the attractive forces between the particles
become larger, which explains why higher shear forces were required close to the PES membrane
surface. These results highlight how FDG and MD simulations can provide a better mechanistic
understanding of the fouling behavior of an organic model material during cross-flow filtration.

References:
1. Arandia, K., Karna, N.K., Mattsson, T., Larsson, A., Theliander, H. Fouling characteristics of
microcrystalline cellulose during cross-flow microfiltration: Insights from fluid dynamic gauging
and molecular dynamics simulations. (for submission)
2. Arandia, K., Balyan, U., Mattsson, T. Development of a fluid dynamic gauging method for the
characterization of fouling behavior during cross-flow filtration of a wood extraction liquor, Food
Bioprod. Process., 2021, 128, 30-40.
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Production of colloidal lignin particles from biorefinery lignins and
application for stabilization of Pickering emulsions
Yasmini Portes Abraham Silva1, Paula Nousiainen1, Fengyang Wang1, Monika Österberg1*
1
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As the second most abundant biopolymer after cellulose, lignin is an important raw material for future
biobased chemicals and materials. Due to their complex structure, the full utilization of the widely
available technical lignins streams from biomass processing still remains a challenge. The production
of colloidal lignin particles (CLPs) is a possible route for technical lignin valorization towards novel
biomaterials with tailored properties.
Various biorefinery lignins have been studied for the production of CLPs, such as sulphur-free kraft
lignin isolated from softwood1,2, hydrolysis lignin obtained from wheat straw3 and soda lignin obtained
from a mixture of wheat straw and Sarkanda grass bagasse3. The CLPs thus obtained have been
modified by surface modification with either cationic lignin1 or a thin film of chitosan2 and exhibited
good ability for stabilizing Pickering emulsions. This adsorption process to prepare cationic CLPs is
advantageous because it minimizes the consumption of synthetic polymers, and opens new application
opportunities for structurally well-defined nano- and microscale lignin particles.
Here, two technical lignins generated during acid hydrolysis of a softwood (SW) and a hardwood (HW)
in a biorefining plant were structurally characterized to assess potential routes for CLPs production and
modification for further applications. Data from ATR-FTIR and 1H and HSQC NMR highlighted
differences in lignin structures including functional groups present, and TGA showed higher thermal
stability for SW, indicating higher condensation degree. These lignins were also derivatized to enhance
their behaviour in applications. The capacity of the unmodified and modified CLPs for stabilizing
Pickering emulsions was studied and compared with that of the cationic and anionic CLPs previously
produced.
The use of biorefinery lignins to produce CLPs with tailored properties offers therefore an important
route for valorization of a widely available resource. Besides adding value to current underutilized side
streams, the tunability of CLPs properties also allows the development of new materials with targeted
applications that can efficiently respond to specific needs for biobased materials
References:

1. Sipponen, M. H.; Smyth, M.; Leskinen, T.; Johansson, L.-S.; Österberg, M. All-lignin approach to
prepare cationic colloidal lignin particles: stabilization of durable Pickering emulsions. Green
Chem, 2017, 19, 5831–5840.
2. Zou, T.; Sipponen, M. H.; Österberg, M. Natural Shape-Retaining Microcapsules With Shells
Made of Chitosan-Coated Colloidal Lignin Particles. 2019, Front Chem, 7, 370.
3. Rivière, G. N.; Pion, F.; Farooq, M.; Sipponen, M. H.; Koivula, H.; Jayabalan, T.; Pandard, P.;
Marlair, G.; Liao, X.; Baumberger, S; Österberg, M. Toward waste valorization by converting
bioethanol production residues into nanoparticles and nanocomposite films. Sust Mat Tech, 2021,
28, e00269.
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The effect of sulfate half-esters on cellulose nanocrystal oxidation
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Commercially available cellulose nanocrystals (CNCs) typically carry a surface sulfate half-ester
functionality, which results from their manufacture via sulfuric acid hydrolysis and subsequent
esterification. The sulfate half-ester group is a bulky group carrying a net negative charge that modifies
the colloidal and electro-chemical properties of the CNCs. Most modification approaches proposed for
CNCs focus on modifying hydroxyl groups while the effect of sulfate half-ester groups on the
modification and the properties of the product is often not elucidated. Here, we observe the effect of
sulfate half-ester groups on oxidative modification of CNCs, where the oxidation is targeted for the
hydroxyl groups but may be affected by electro-chemical properties stemming from the presence of the
charged sulfate half-ester groups. We demonstrate periodate and enzymatic oxidation. Periodate
oxidation is a modification that introduces aldehyde functionality to cellulose at carbons in positions 2
and 3 in the anhydroglucose unit while the sulfate half-ester groups are considered to be located in
carbon in position 6. However, we have demonstrated that the periodate oxidation is slowed down by
presence of the charged groups (Figure 1).[1] Lytic polysaccharide monooxygenases (LPMOs) are
copper-dependent enzymes that cleave polysaccharides through an oxidative mechanism. The presence
of sulfate groups has been shown to slow down enzymatic hydrolysis by canonical cellulases and here
we extent the observations to LPMOs. We will present findings on oxidation kinetics, product
composition and dimensions, and colloidal properties of the suspensions. Insight into the kinetics of the
oxidation process is a prerequisite for control of the functional groups presents on the CNCs after
modification.

Figure 1: Consumption of periodate during the oxidation of the CNCs containing more (filled diamond) and less
(open diamond) sulfate half-ester groups.

References:
1. Llàcer Navarro, S., Nakayama, K., Idström, A. et al. The effect of sulfate half-ester groups on
cellulose nanocrystal periodate oxidation. Cellulose 28, 9633–9644 (2021).
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Revealing a novel processing step for optimized fabrication of smooth
biaxially oriented polypropylene films with high dielectric strength
towards optimized capacitor films
Robin Halamicek*, Siegfried Werner, Joachim Kaschta, Dirk W. Schubert
Institute of Polymer Materials, Department of Material Science, Friedrich-Alexander-Universität
Erlangen-Nürnberg, Germany
* robin.halamicek@fau.de
Controlling the surface roughness on biaxially oriented polypropylene films during film processing is
key for their dielectric performance. It is known that polypropylene cast films containing the βmodification are prone to show crater-like structures that increase roughness on the stretched film
surface if stretched at elevated temperatures [1, 2]. The aim of this study was to deeper understand the
crater formation mechanism and to find a process strategy to prevent crater development if high
stretching temperatures are mandatory. Strain induced β-α-transition was found not to be the cause for
crater development but rather apertures caused by stretching molten β-transcrystallites. To prevent the
apertures stretching had to be performed below the temperature of β-melting so far limiting the process
temperature range and flexibility. This study presents a novel approach in biaxial film stretching
characterized by an additional thermal treatment step. Supplemental thermal cast film pre-treatment
eliminates critical β-transcrystallites by melting with subsequent crystallization to α. The optimized
novel 2-step-process therefore allows the processing of β-containing cast films to smooth biaxially
oriented polypropylene films with high dielectric strength (typically 750 V/μm) in the temperature
range of β-melting (> 140 °C) enhancing the opportunities in the fabrication of capacitor grade dielectric
films.
References:
1. Fujiyama1, M.; Kawamura2, Y.; Wakino3, T.; Okamoto4, T.: Study on rough-surface biaxially
oriented polypropylene film. V. Analysis and control of roughness. J. Appl. Polym. Sci., 1988, 36
(5), 1035–1048
2. Tamura1, S.; Ohta2, K.; Kanai3, T.: Study of crater structure formation on the surface of
biaxially oriented polypropylene film. J. Appl. Polym. Sci., 2012, 124 (4), 2725–2735
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Influence of Fiber Diameter on Mechanical and Optical Properties of
Electropsun PCL Scaffolds for Corneal Tissue Engineering
Marcus Himmler1,2*, Thomas A. Fuchsluger2, Dirk W. Schubert1
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The cornea is the window of the eye, thus its transparency is crucial for the vision. Recently, electrospun
scaffolds for corneal tissue engineering have been discussed as they resemble the native tissue. These
nanofibrous scaffolds can be applicate as surficial wound dressings or as transplants for posterior
lamellar keratoplasty. For the application in corneal tissue engineering, the electrospun scaffolds need
to be transparent and offer certain mechanical properties, if sutured to the cornea. Thus, in this study,
the dependency of the fiber diameter on the light transmission as well as resistance against suture pullout is characterised.
Polycaprolactone (PCL) (Mn = 80 kg/mol) were dissolved in the solvent system acetic acid/formic acid
(ratio 7:3). With varying concentrations of PCL in the spinning solution, the fiber diameter can be
adjusted [1,2]. Nanofiber scaffolds with random fiber orientation were fabricated using a conventional
electrospinning set-up using solution concentrations of 5 % w/v, 12 % w/v and 16 % w/v. Suture
retention tests (SRT) were performed to analyze the scaffolds in regard to their suturability [3]. In
addition, the transparency of the scaffolds were examined using a UV-vis spectrometer, measuring the
transmission of visible light in the wavelengths from 380 nm to 780 nm.
From the different spinning solution scaffolds with a mean fiber diameter of (35 ± 13) nm, (113 ± 22)
nm and (167 ± 35) nm were fabricated. From the SRT the maximum force normalized to the scaffold
thickness is comparable for the 113 nm and 167 nm fibers with 8,7 N mm-1 and 8,3 N mm-1, respectively,
whereby a reduced fiber diameter of 35 nm reveals a significantly reduced resistance against suture
pull-out. However, transparency is increasing with decreasing fiber diameter. For the scaffolds with a
fiber diameter of 35 nm, a transmission of 70 % at a wavelength of 589 nm could be detected. With
increasing fiber diameter, the transmission is decreasing to 20 % for the 167 nm fibers.
With increasing fiber diameter, the resistance against suture pull-out is increasing, however,
transparency of the scaffolds is significantly decreasing. Thus, the right choice of fiber diameter
depending on the sought application is inevitable. For permanent transplants, which do not need to be
sutured, reduced fiber diameters are beneficial. For temporary scaffolds, f.e. as wound dressing, thicker
fibers are favourable, due to a better resistance against suture pull-out.
References:
1. Schubert, D. W. Revealing Novel Power Laws and Quantization in Electrospinning Considering Jet
Splitting—Toward Predicting Fiber Diameter and Its Distribution. Macromol. Theory Simul. 2019,
28, 1900006
2. Schubert, D. W., Allen, V., Dippel, U. Revealing Novel Power Laws and Quantization in
Electrospinning Considering Jet Splitting—Toward Predicting Fiber Diameter and Its Distribution
Part II Experimental. Adv. Eng. Mater., 2021, 23, 2001161
3. Küng, F., Schubert, D. W., Stafiej, P., Kruse, F. P., Fuchsluger, T. A. A novel suture retention test
for scaffold strength characterization in ophthalmology. Mater. Sci. Eng. C Mater. Biol. Appl.,
2016, 69, 941– 946
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Structure evolution of phase-separated biopolymer films for controlled
drug delivery
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Porous phase-separated ethylcellulose/hydroxypropylcellulose (EC/HPC) films are used to control drug
transport in pharmaceutical pellets. The films are applied on pharmaceutical pellets using fluidized bed
spraying. However, a detailed understanding of the evolution of the phase-separated structure in the
films is lacking. In this work, we have investigated EC/HPC films produced by spin-coating 1, which
mimics the industrial manufacturing process. The aim of this work was to understand the structure
evolution and coarsening kinetics during solvent evaporation and formation of the films. The structure
evolution was characterized using confocal laser scanning microscopy (CLSM) and image analysis.
Here, we present a new method to slow down the process of solvent evaporation to follow the structure
evolution in situ during phase separation, and a new image analysis procedure to monitor the timedependent evolution of the curvature of the EC/HPC interface in bicontinuous structure. The effect of
the EC:HPC ratio on the time-dependent evolution of the characteristic length scale, the structure
growth rate and the curvature evolution will be shown. Figure 1 shows two examples of such structure
evolutions that can be monitored with CLSM. With the findings, it is possible to correlate structure
evolution to the governing phase separation and coarsening mechanisms 2.

Figure 1: Overview of structure evolution for two EC:HPC ratios, showing (a) a discontinuous structure with EC:HPC 78:22
wt% and (b) a bicontinuous structure with EC:HPC 63:37 wt% (HPC is bright, EC is dark). The x-axis corresponds to the key
positions of the phase separation. Where applicable, the characteristic length scale L(t) is displayed on the corresponding
micrograph.

References:
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phase separation in spin-coated ethylcellulose/hydroxypropylcellulose films. Soft Matter, 2021, 17,
3913–3922
Carmona, P.; Röding, M.; Särkkä, A.; von Corswant, C.; Olsson, E.; Lorén, N. Structure formation and
coarsening kinetics of phase-separated spin-coated ethylcellulose/hydroxypropylcellulose films.
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Improving 3D printability of inorganic-filler containing alginate based
bio ink composites: Influence of filler activity and specific surface area
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The use of organic-inorganic 3D printed composites with enhanced properties in biomedical
applications continues to increase. The present study focuses on the development of 3D printed alginatebased composites incorporating inorganic fillers with different shapes (angular and round), for bone
regeneration. Reactive fillers (bioactive glass and hydroxyapatite ceramic) and non-reactive fillers
(inert soda-lime glass) were investigated. Rheological studies and the characterization of various
extrusion-based parameters, including material throughput, printability, shape fidelity and filament
fusion, were carried out to identify the parameters dominating the printing process. It is shown that the
effective surface area of the filler particle has the highest impact on the printing behaviour, while the
filler reactivity is of negligible influence. Composites with angular particle morphologies showed the
same high resolution during the printing process, almost independent from their reactivity, while
composites with comparable amounts of round filler particles lacked stackability after printing. Further,
it could be shown that a higher effective surface area of the particles can circumvent the need of a higher
filler content for obtaining convincing printing results. In addition, it was proven that by changing the
particle shape the critical filler content for obtained adequate printability can be altered. The 3D printed
bio active glass ink, forming an interconnected porous scaffold, was analyzed regarding its
biocompatibility in direct or indirect contact with the pre-osteoblast cell line MC3T3-E1. Both kinds of
cell tests showed increased viability and a high rate of proliferation, with a complete coverage of the
3D scaffolds´ surface already after 7 d post cell-seeding.

Figure: Graphical overview of the used methods.
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Structural batteries electrolytes for a sustainable energy storage
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The electrified society puts an ever-increasing demand on new weight-saving solutions able to store
energy in an efficient and sustainable way.
This is propelling the development of multifunctional materials that fulfill more than one property at
the same time. An example of this is a structural battery (SB) which resembles a “massless” battery
with the ability to store energy while giving structural integrity and thus being an integrated part of a
device. This type of lithium-ion SB is based on a composite material concept where carbon fibers (CFs)
are embedded in a polymer-based matrix. In the negative half-cell, the multifunctional CFs are used as
anodes due to their electrical conductivity and to their ability to intercalate lithium ions, while
presenting excellent mechanical properties.
Liquid electrolytes are conventionally utilized in the battery industries due to their outstanding
electrochemical performances [1]. However, the multifunctionality of this kind of electrolytes is limited
due to their poor mechanical integrity, making them unsuitable for structural battery applications.
Contrary to conventionally used liquid electrolytes, the multifunctional heterogeneous structural battery
electrolyte (SBE) is synthesized via polymerization induced phase separation (PIPS) where two discrete
co-existing phases are formed: one thermoset structural phase providing mechanical integrity and one
percolating liquid ion-conducting phase. The phase separation is possible as a result of the variations in
the solubility parameters of the monomers with respect to those of the formed polymers. The main
feature of the polymer network is the microporous structure that allows both load transfer between the
fibres thanks to the polymeric solid phase and, at the same time, ions conduction through the percolating
liquid phase. This, avoids all the problems related to the unsuitability of the use of liquid electrolytes in
a multifunctional design. A first-generation structural battery using SBE was realized demonstrating
the validity of this concept [2]. Therefore, the heterogenous network formed through PIPS has proved
to be a promising way to exploit both the advantages of the corresponding homogeneous systems. The
SBE has shown remarkable results when tested in a negative half-cell lamina [3].
In this study, it is shown that that the morphology and the domain size of the SBE can be tailored by
varying the percentages of the different monomers involved in the PIPS process, showing that the
perfect compromise between electrochemical and mechanical properties is possible. Mechanical and
electrochemical testing were conducted on the different electrolyte formulations, establishing a
powerful toolbox which can be used for battery applications.
Swedish Energy Agency, grant #48488, is gratefully acknowledged for financial support.
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Diffusion of kraft lignin in porous confinements
Roujin Ghaffari1, Anette Larsson2
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The transport of released lignin fragments through pits and fiber walls to free liquor is a critical step in
delignification process. It has been suggested that this step is the rate determining step for the entire
process1. In the current study, diffusion cells have been used to study the diffusion of kraft lignin
molecules through model cellulose membranes of various pore sizes (1-5 nm and 100-200 nm). Lignin
molecules would diffuse through the membrane from donor chamber to acceptor chamber in the
diffusion cells where their concentration is measured. Molecular weight distribution of the molecules
in donor and acceptor chamber were measured by size exclusion chromatography (SEC) and UV/Vis
absorbance spectra of the donor and acceptor were recorded. Higher absorbance at higher wavelengths,
probably induced by scattering, was observed for donor samples while samples collected from the
acceptor chamber of the small pore membranes did not show the scattering. Presence of large molecules
or clusters of associated lignin molecules can be a possible reason for scattering. A characteristic peak
at around 350 nm was observed in the UV/Vis spectra of acceptor solutions, which corresponds to
ionized conjugated molecules2. This indicated there are relatively more of these species on the acceptor
than the donor side, therefore a fractionation based on chemical structure has occurred. SEC
measurements showed a difference in the molecular weight (Mw) distribution between donor and
acceptor chambers. This indicates a size fractionation occurs when molecules pass through the pores of
the membrane. Moreover, a change in the transport mechanism can be detected through the SEC data
which depends on the pore sizes of the membranes and the molecular size of the lignin moieties. We
conclude that diffusion of small individual molecules is enabled by the small pore membranes, while
in these membranes the transport of lignin clusters is hindered. By increasing the pore sizes in the
membrane, transport rate is increased since more lignin molecules, and even clusters, can pass through
the membrane. This study provides more details on mass transfer events in pulping processes.
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Control thermo-mechanical degradation of poly(butylenesuccinate) for reactive extrusion purposes
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The thermomechanical degradation of poly(butylene succinate) (PBS) has been investigated by
consecutive mixing cycles under different temperature and mixing rate profiles, in order to simulate
intensive conditions of prolonged treatment. This work focuses the attention on the possibility of being
able to control the degradation process of the polymer matrix, and to exploit the PBS degradation as
active chains to design a reactive extrusion without the aid of external additives. The effect caused by
the variation of three different mixing speeds of 30, 60, 120 rpm and four different processing
temperatures 150, 180, 200, 220 ºC were studied. Here it was found that the Torque curve recorded
during the PBS mixing process for process conditions above 150 ºC and 30 rpm has a minimum and a
maximum potentially ascribe to degradation reactions such as, depolymerization, branching
recombination. In addition, the increase in mixing speed and temperature causes a shift of the minimum
and the maximum of to time and the torque respectively. Based on thermal properties, activated PBS
showed different melting and degradation points than virgin material. However, induced degradation
has resulted in accelerated crystallization of the melt and a higher degree of crystallinity, which could
be attributed to the effect of the formation of smaller polymer chains.

Figure: torque curves at different mixing speeds and temperatures
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crosslinked networks. Polym. Degrad. Stab. 2021, 187, 109549.
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Thermo-responsive protein nanotraps
Justas Svirelis1*, Zeynep Adali2, John Andersson1, Andreas Dahlin1.
1
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2
General Manager R&D at Gelion, Sydney, Australia.
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Controlling biomolecule translocation under their native conditions through nanosized gaps is of great
interest for single molecule analysis and selective artificial systems. The molecular gating property of
thermo-responsive end-grafted poly(N-isopropylacryamide) (PNIPAM) polymer brushes on poreshaped gold-silica nanostructures1 (i.e., nanowells) is investigated below and above the PNIPAM lower
critical solution temperature (LCST; 32 °C in water)1, 2, 4. Polymer brushes is prepared via Activators
Regenerated by Electron Transfer Atom Transfer Radical Polymerization (ARGET-ATRP)3.
Halogenated thiol is used as self-assembling monolayer to initiate the polymerization reaction and the
resulting polymer brushes act as an entropic barrier for proteins. Variation of PNIPAM polymerization
time and solvent composition, hence the polymer brush thickness and density, allows controlled gating
of bovine serum albumin (BSA) protein transport. In the swollen state, the polymer brush blocks
proteins from entering the nanowell interior, but when collapsed, proteins electrostatically adsorb to the
negatively charged silica (inside of the nanowells). The protein transport event is monitored in full and
single nanowell coverage as seen from extinction spectroscopy4 and fluorescence microscopy.

References:
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Biocatalytic membranes from lignin-based fibres and nanoparticle
building blocks
Unnimaya Thalakkale Veettil1, Mohammad Morsali1, Adrian Moreno1, Mika Sipponen*
1*

Department of Materials and Environmental Chemistry, Stockholm University
unnimaya.thalakkaleveettil@mmk.su.se, mika.sipponen@mmk.su.se

Lignin is the most abundant natural polyphenolic polymer in the world. Among different categories of
lignin, Kraft lignin is obtained as a by-product from the paper and pulp industry [1]. There are many
reasons why lignin could be used in engineered materials, including its properties such as cationexchange capacity, adsorption capacity, amphiphilic nature, biodegradability as well as presence of
many active functional groups. However, complex aromatic structure, limited solubility as well as broad
molecular weight distribution are common obstacles for using lignin as an efficient biomaterial.
Recently, renewable materials are getting increased attention in many fields such as waste water
treatment [2]. Attempting to overcome the limitations of lignin, our idea is to fabricate biocatalytic
membranes solely from lignin-based building blocks such as lignin nanoparticles, lignin nanofibers as
well as lignin microfibers. These lignin-based membranes will offer an alternative to the present
biocatalytic membranes that are fabricated from synthetic polymers. Synthesis of lignin nanoparticles
for enzyme immobilization has already been reported from the group by solvent-shifting method [3].
Also, our group has developed a new method for formation of lignin microfibers by melt-spinning. In
addition, we have established electrospinning for producing lignin-based nanofibers. Our current efforts
aim to assemble all of these components together to fabricate lignin-based composite membranes and
equip them with enzymes allow using them in separation processes.
References:
1. C. Chio, M. Sain and W. Qin, Renewable and sustainable energy reviews, Vol-107, 2019, 232249.
2. M. Farooq, T. Zou, G. Riviere, M. H. Sipponen and M. Österberg, Biomacromolecules, 2019,
20, 693–704.
3. Moreno, A., Sipponen, M.H. Biocatalytic nanoparticles for the stabilization of degassed single
electron transfer-living radical pickering emulsion polymerizations. Nat Commun 11, 5599
(2020).
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Stimuli responsive polymeric materials for remotely controlled release
of self healing agents inside the Li-based batteries
Parisa Eslami*1, Jonas Mindemark1, Kristina Edström1, Guiomar Hernández1, Cuc Thu Mai1.
1
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Recently, lithium based batteries (LIBs) have attracted huge scientific and technological interest owing
to their merits like high energy density, high voltage, low discharge rates, and long cycle life [1].
However, critical challenges concerning degradation processes, including mechanical, chemical, and
electrochemical degradations, during continuous operation still exist and limit the performance of LIBs.
As in the medical field, treatment of diseases extremely relies on the vectorisation of drugs [2,3], it will
be pivotal to develop battery cells as a specific tool for the on-demand delivery of self-healing molecules
using vectorization approach to mitigate performance degradation, and to restore a defective
electrode/electrolyte interface within the battery. Regarding to the complexity of various degradation
processes, smart controlled release technique of the extrinsic self-healing additives/chemicals is a
promising strategy for addressing many anticipatory degradation mechanisms in batteries to augment
their performance, safety, quality, and reliability [1]. Indeed, this approach could be achieved by using
intelligent polymeric microcapsules, which is constituted of stimuli responsive polymeric network
hosting self-healing agent that has potential to discharge self-healing additives under exposure to
external stimuli such as time, heat, chemical triggers, or mechanical damage as shown in Figure 1.

Figure 1: Stimuli-responsive polymeric microcapsules for controlled release of self-healing additives

References:
1. Narayan, R., Laberty-Robert, C., Pelta, J., Tarascon, J-M., Dominko, R. Self-Healing: An
Emerging Technology for Next-Generation Smart Batteries. Adv. Energy Mater., 2021,
2102652.
2. Ma, P. X. Biomimetic Materials for Tissue Engineering. Adv. Drug Deliv. Rev., 2008, 60, 184–
198.
3. Griffith, L. G. Tissue Engineering-Current Challenges and Expanding Opportunities. Science,
2002, 295, 1009-1014.
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Organic semiconducting polymers based on novel oligoethylene glycol
bis(thiophene)thienothiophene monomers
Joost Kimpel1,*, Mariza Mone1, Diego Ropero Hinojosa2, Renee Kroon3, Michael Sommer2,
Christian Müller1
1

Department of Chemistry and Chemical Engineering, Chalmers University of Technology, Göteborg,
Sweden
2
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3
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* kimpel@chalmers.se
Waste heat is an abundant source of energy, which can be converted to electricity with thermoelectric
generators (TEGs). One class of promising materials for TEGs are polar polythiophenes. Introduction
of an oligoethylene side chain on polythiophene backbone creates easily doped semiconducting p-type
compounds. With this design principle in mind, polar side chains of different types must be explored
to yield p-type conjugated polymers with improved properties.
An increasing number of reports investigate the structure-property relationships of oligoethylene side
chains in conjugated polymers. One striking observation is that mitigation of disorder in the bulk
polymer structure upon doping is imperative to retain highly conductive materials. Polymers that form
a highly planar system have shown to alleviate this disorder. For instance, thienothiophene-based
polymers pBTTT[1] and pgBTTT[2] (Figure, left) have shown resilience to structural changes when
doped – showcasing high charge mobilities in doped organic electrochemical transistors.
This work aims to use the repeat units
gBTTT and BTgTT as novel monomers
(Figure, section 1). BTgTT is
investigated as it is postulated to have
higher symmetry and thus more order
attributed to the oppositely
conformationally locked side chains. This
work hopes to create push-pull polymers
from the synthesis with electron-deficient
monomers which have previously shown
increased performance for organic
semiconducting polymers.
Figure: Overview of work

References:
[1] Jacobs IE, Lin Y, Huang Y, et al. High-Efficiency Ion-Exchange Doping of Conducting
Polymers. Advanced Materials. n/a(n/a):2102988. doi:10.1002/adma.202102988
[2] Hallani RK, Paulsen BD, Petty AJ, et al. Regiochemistry-Driven Organic Electrochemical
Transistor Performance Enhancement in Ethylene Glycol-Functionalized Polythiophenes. J Am
Chem Soc. 2021;143(29):11007-11018. doi:10.1021/jacs.1c03516
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Optimization of the concentration of coagulants and flocculants for
water treatment
Ana-Carolina Méndez, Carl-Eric Wilén, Ulysse Tuduri

Åbo Akademi
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After biological pre-treatment, the water is treated by coagulation and flocculation to remove suspended
particles left. To do this, an aluminium salt (coagulant) and a flocculent polymer are used. The optimal
concentration of these substances must be determined. These are particularly difficult components to
characterise correctly, and that is where we come in. As these particles are charged, we will rely on the
Zeta potential and therefore on the turbidity which is closely linked to it.
We have to wait to unveil further information.
[1]
N. K. Shammas, “Coagulation and Flocculation,” in Physicochemical Treatment Processes,
L. K. Wang, Y.-T. Hung, and N. K. Shammas, Eds. Totowa, NJ: Humana Press, 2005, pp. 103–139.
doi: 10.1385/1-59259-820-x:103.
[2]
S. Biggs, M. Habgood, G. J. Jameson, and Y. Yan, “Aggregate structures formed via a bridging
flocculation mechanism,” Chem. Eng. J., vol. 80, no. 1, pp. 13–22, Dec. 2000, doi: 10.1016/S13835866(00)00072-1.
[3]
J. Hou, M. Han, and A. Fuseni, “Determination of the concentrations of polyacrylamidetype polymers by a modified nitrogen digestion method,” J. Pet. Sci. Eng., vol. 191, p. 107151, Aug.
2020, doi: 10.1016/j.petrol.2020.107151.
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3D printed UV-curable electrodes for soft robotics application
Maksims Jurinovs1, Sergejs Gaidukovs1
1

Institute of Polymer Materials, Faculty of Materials Science and Applied Chemistry, Riga Technical
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maksims.jurinovs@rtu.lv

Additive manufacturing or three-dimensional (3D) printing is a rapidly growing manufacturing
technology with a wide variety of possibilities and freedom in material and structural design.1 Various
electroconductive materials, such as polymer composites filled with metals, metal oxides, graphite,
carbon nanotube fillers in combination with 3D printing resins can be utilized to produce electrodes for
electronic appliances.2 Soft robotics is one of the scientific fields which can gain significant benefits
from 3D printing.3 Soft robots require a high degree of motion freedom and complex surfaces, and
proper selection of materials and design can fully satisfy these needs.
In this study different UV-curable formulations based on acrylated epoxidized soybean oil (AESO),
commercial UV-curable resin, silicone, poly(ethylene glycol) diacrylate (PEGDA) and 1,6-hexanediol
diacrylate/trimethylolpropane triacrylate (HDDA/TMPTA) were loaded with conductive nanoparticles.
20-50 wt.% of ionic liquids (IL) and 0.3 - 2 wt.% of multi-wall carbon nanotubes (MWCNT) were
loaded in resins by using high shear speed blending processing method.
Every resin formulation prior to extrusion-based 3D printing was optimized by several trials. The
viscosity of resins was directly dependent on MWCNT content and resin chemical composition.
Impedance spectroscopy and 4-point surface resistivity measurements were made to evaluate the
dielectric and conductivity properties. The results showed that the adjusted resin formulation could
enhance the electrical conductivity up to 1 S/m demanded in soft electronics applications. Further
investigations will be aimed to fabricate soft robotics prototypes.
Acknowledgment

The research was funded by ERA-NET UPRINTAROBOT project Nr ES RTD/2021/8.
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Figure: Conductive electrodes printed using syringe 3D printing

References:
1. Wang, X.; Jiang, M.; Zhou, Z.; Gou, J.; Hui, D. 3D printing of polymer matrix composites: A
review and prospective. Composites Part B: Engineering, 2017, 110 , 442-458.
2. Zhou, X. T., Liu, C.-J. Three-dimensional Printing for Catalytic Applications: Current Status and
Perspectives. Adv. Funct. Mater., 2017, 27 (30), 1701134
3. Rus, D., Tolley, M. Design, fabrication and control of soft robots. Nature, 2015, 521, 467–475.
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Nanocomposites of well-dispersed 2D layered silicates in cellulose nanofibril (CNF) matrix
Lengwan Li,1 Lorenza Maddalena, 2 Yoshiharu Nishiyama, 3 Federico Carosio, 2
Yu Ogawa, 3 Lars A. Berglund* 1.
1
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* Lars A. Berglund, Email: blund@kth.se
Presenter: Lengwan Li, Email: lengwan@kth.se
Nanocomposites based on components from nature, which can be recycled are of great interest in
new materials for sustainable development.1,2 The range of properties of nacre-inspired hybrids of 1D
cellulose and 2D clay platelets are investigated in nanocomposites with improved nanoparticle
dispersion in the starting hydrocolloid mixture. Films with a wide range of compositions are prepared
by capillary force assisted physical assembly (vacuum-assisted filtration) of TEMPO-oxidized cellulose
nanofibers (TOCN) reinforced by exfoliated nanoclays of three different aspect ratios: saponite,
montmorillonite and mica. X-ray diffraction and transmission electron micrographs shows almost
monolayer dispersion of saponite and montmorillonite and high orientation parallel to the film surface.
Films exhibit ultimate strength up to 573 MPa. Young’s modulus exceeds 38 GPa even at high MTM
contents (40-80 vol %). Optical transmittance, UV-shielding, thermal shielding and fire-retardant
properties are measured, found to be very good and are sensitive to the 2D nanoplatelet dispersion.

Figure 1: (a) CNF/MTM biocomposite nanopapers with its brick and mortar structure characterized by TEM and
wide-angle X-ray diffraction. (b) Representative stress-strain curves and (c) optical transmittance with good UV
shielding properties of CNF/MTM samples. (d) Expanded structure of CNF/MTM after fire-retardancy test.

References:
1. Carosio, F.; Kochumalayil, J.; Cuttica, F.; Camino, G.; Berglund, L., Oriented clay nanopaper from
biobased components--mechanisms for superior fire protection properties. ACS Appl Mater Interfaces
2015, 7 (10), 5847-56
2. Li, L.; Maddalena, L.; Nishiyama, Y.; Carosio, F.; Ogawa, Y.; Berglund, L. A., Recyclable
nanocomposites of well-dispersed 2D layered silicates in cellulose nanofibril (CNF) matrix.
Carbohydrate Polymers 2022, 279, 119004.
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How Long are PEDOT chains in PEDOT:TOS films?
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Conductive polymers have played an important role in various organic electronic devices. Among a
load of conductive polymers, PEDOT, also known as poly(3,4-ethylenedioxythiophene), is one of the
most studied polymers, and has gained enormous attention owing to its superior properties.1 Although
PEDOT chains are believed to be relatively short comparted to other conductive polymers, the
understanding of factors limiting its length is missing.
In this study, we carried out molecular dynamics (MD) simulations of in-situ oxidative polymerization
of PEDOT with Iron Tosylate (Fe(Tos)3) as oxidant (Fig. (a)) to determine the average chain length at
different polymerization temperature (298, 323, and 373K) as well as the limiting factor to its length.
We find that the average length of PEDOT at 298, 323, and 373K is 6, 7, and 11 monomer units,
respectively (Fig. (b)). From analysing the diffusivity of PEDOT oligomers during polymerization, we
conclude that in-situ oxidative polymerization of PEDOT:TOS is controlled by the diffusion of
reactants. We could associate the decrease in diffusivity of PEDOT oligomers during polymerization
with crystallization of PEDOT chains as indicated by radial distribution function between PEDOT
polymer chains in the polymerization (Fig. (c)).

Figure: (a) Snapshots of system during polymerization at 373K. PEDOT oligomers and TOS- are represented in
purple and khaki, respectively. The ethanol solvent is represented as a transparent wall in cyan. (b) Average
PEDOT chain length resulting from polymerization at 298, 323, and 373K (c) Radial Distribution Function
between PEDOT chains during over polymerization from 0 to 2.0 ns.

References:
1. I. Zozoulenko1, J.F. Franco-Gonzalez2, V. Gueskine3, A. Mehandzhiyski4, M. Moderresi et al.,
Electronic, Optical, Morphological, Transport, and Electrochemical Properties of PEDOT: A
Theoretical Perspective. Macromolecules., 2021, 54 (13), 5915-5934.
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Benchmarking the Performance of DFT-Functionals to Predict
Electronic Properties of Non-fullerene Acceptors in Organic
Photovoltaics
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The development of non-fullerene acceptors (NFAs) has facilitated the realization of organic solar
cells (OSCs) with good efficiency and long-term stability.[1,2] However, the charge photogeneration,
which involves the light absorption, exciton generation, and dissociation at the acceptor/donor
interface are fundamental processes that still remain unclear. Understanding these phenomena at a
quantum mechanics (QM) level might contribute to the discovery and production of even more
optimized OPV materials. Herein, we have benchmarked the performance of the functional within the
Density Functional Theory (DFT) framework to predict key electronic properties for the physics
modeling of NFAs. The impact of the amount of exchange and correlation, long-range and dispersion
corrections have been evaluated for the calculation of the oxidation/reduction potentials and the UVVis absorption spectrum of two representatives NFAs (Y5 and ITIC), see Figure 1. Moreover, the
effects of geometry relaxation and thermal corrections to the Gibbs Free Energy were also considered
in the calculation of the redox potentials. This investigation brings to light the discussion of what
method should be more reliable for describing the electronic properties of NFAs.

Figure 1: Chemical structure of the Y5 and ITIC non-fullerene acceptors. Carbons in gray, hidrogens in white,
sulfurs in yellow, nitrogens in blue and oxygens in red.

References:
1. Armin, Ardalan, et al. Advanced Energy Materials 11.15 (2021): 2003570.
2. Fan, Qunping, et al. Energy & Environmental Science 13.12 (2020): 5017-5027.
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Model prediction of melt spun polymer fibre diameter
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Melt spun polymeric fibres are widely used in numerous applications, e.g. hygiene products [1],
filtration, transportation, construction, apparel and medical products [2]. Within the potential
utilisations, the properties of the single fibre and those emerging of the complex structure and
entanglements in nonwovens and woven fabrics as well as the possibility for further processing are
dominantly impacted by their diameter. Those effects are well known facts from several studies and
works over the past decades. The indication of fibre diameters utilising simulations and models has,
consequently, been an important and complex topic in research.
This work presents the development of an easily and generally applicable model for the prediction of
melt spun fibre diameter. For the evaluation of the model, polymeric fibres were fabricated from
polymethylmethacrylat
(PMMA),
polystyrene
(PS),
polypropylene
(PP)
and
polyethylenterephthalat (PET) using three different, industrial relevant spinning devices with several
different machine settings (temperature, air speeds, throughput, die geometry). The resulting fibres were
analysed using images recorded by a light microscope and evaluated in respect to their diameter.
The investigated fibre diameters for PMMA fabricated with the most simple spinning device were
subsequently analysed in regard to their statistical relevance on important material properties and
machine settings. After the elimination of non-significant parameters, a first model was generated
implementing the viscosity of the polymer, the diameter of the die, the take-up air pressure and the
polymer throughput. In the following, the applicability of the model was evaluated by firstly including
the other polymers. Lastly, the data from the second and third spinning device were used to fine tune
the model prediction.
The result of the presented research is an easy power law model, which was found to predict the fibre
diameter during melt spinning and melt blowing considering viscosity, die diameter, take-up air
pressure, material throughput and machine setup. In comparison to the complex simulations available
for this process (see e.g. [3], [4]), this gives an easy and practical tool for a first estimation of the fibre
diameter.
References:
1. Karian, Harutun G.; Handbook of Polypropylene and Polypropylene Composites; New York;
Marcel Dekker; 2003; Print
2. Hufenus, R.; Yan, Y.; Dauner, M.; Kikutani, T; Melt-Spun Fibers for Textile Applications;
Materials 2020; 13; 4298
3. Antonios K. Doufas, Anthony J. McHugh, Chester Miller; Simulation of melt spinning
including flow-induced crystallization: Part I. Model development and predictions, Journal of
Non-Newtonian Fluid Mechanics; 2000; 92 (1); 27-66
4. Wang, Rui, Hao, Kuangrong, Wang, Huaping, Wang, Chaosheng, Chen, Lei and Xie, Ruimin;
Non-isothermal viscoelastic melt spinning with stress-induced crystallization: numerical
simulation and parametric analysis; International Polymer Processing; 37 (1); 2022; 25-37
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In-silico design of conjugated copolymers containing acceptor
pendants: improving charge separation for solar energy
harvesting
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In the last few years, several Donor-Acceptor (D-A) copolymers have been reported for both photonto-electricity energy conversion in organic photovoltaic devices (OPV)1 as well as for photon-tochemical energy conversion in photo-electrocatalysis for solar fuel production.2 Donor-acceptor
copolymers are also shown to be very attractive to be used as Non-Fullerene Acceptors (NFA), resulting
in all polymer OPVs with outstanding performance.3 The huge majority of those materials rely on the
combination of donor and acceptor moieties in the main conjugated backbone. This approach is indeed
effective to give rise to an Internal Charge Transfer (ICT) but also might lead to a strong overlap
between occupied and unoccupied orbitals facilitating the recombination process. In this study we use
a computational strategy to propose novel materials in a different D-A architecture which consists in
linking the acceptor moiety as pendant groups 4,5 where the LUMO orbital will be located, keeping the
HOMO mainly delocalized over the conjugated backbone. By comparing with the calculated properties
of those novel copolymers with a reference copolymer built in a conventional D-A structure, we shed
light on the impact of the unconventional structure on the optical, electrochemical properties as well as
on the charge transfer mechanisms when an NFA is used as electron acceptor. Additionally, we
investigate the influence of this unconventional architecture on the Hydrogen binding free energy,
which is a descriptor for the H2 evolution process when the materials are used as photocatalysts.
References:
1. Zhou, H.; Yang, L.; You, W. Macromolecules, 2012, 45, 607–632.
2. Wang, Y.; Vogel, A.; Sachs, M.; Sprick, R. S.; Wilbraham, L.; Moniz, S. J. A.; Godin, R.;
Zwijnenburg, M. A.; Durrant, J. R.; Cooper, A. I.; Tang, J. Nat. Energy, 2019, 4, 746–760.
3. Fan, Q.; An, Q.; Lin, Y.; Xia, Y.; Li, Q.; Zhang, M.; Su, W.; Peng, W.; Zhang, C.; Liu, F.; Hou,
L.; Zhu, W.; Yu, D.; Xiao, M.; Moons, E.; Zhang, F.; Anthopoulos, T. D.; Inganäs, O.; Wang,
E. Energy Environ. Sci., 2020, 13, 5017–5027.
4. Yang, Y.; Li, K.; Wang, C.; Zhan, H.; Cheng, Y. Chem. - An Asian J., 2019, 14, 574–581.
5. Chang, D. W.; Ko, S.-J.; Kim, J. Y.; Park, S.-M.; Lee, H. J.; Dai, L.; Baek, J.-B. Macromol.
Rapid Commun., 2011, 32, 1809–1814.
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Title Humidity Resistant and Mechanically Enhanced Graphene
Oxide (GO)/Poly(ionic liquid) (PIL) Composite Films
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Graphene oxide (GO) is a classic two dimensional (2D) building block that can be used to develop highperformance materials for numerous applications, particularly in the energy and environmental fields.
Currently, the precise assembly of GO nanosheets into macroscopic nanocomposites of superior
strength and toughness is desirable, and faces challenges and trade-offs. Herein, we exploited the freshly
established polycationitrile method as a powerful molecular crosslinking strategy to engineer ultratough
and ultrastrong GO/polymer composite films, in which a covalent triazine-based network was
constructed in a mild condition to reinforce the interface between GO nanosheets. The tensile strength
and toughness reached 585 ± 25 MPa and 14.93 ± 1.09 MJ m-3, respectively, which, to the best of our
knowledge, are the current world records in all GO-based composite films. As an added merit of the
tailor-made polymer crosslinker, the high mechanical performance can be maintained in large part at
an extremely high relative humidity of 98%. This emerging interface-engineering approach paves a new
avenue to produce integrated strong-and-tough 2D nanocomposite materials that are useful in
aerospace, artificial muscle, energy harvesting, tissue engineering and more.

Figure: Schematic illustration of the design of a GO/PIL composite film.

References:
1. Chang, J.; Zhang, M.*; Zhao, Q.; Qu, L.;* Yuan, J.*, Ultratough and ultrastrong graphene oxide
hybrid films via a polycationitrile approach. Nanoscale Horiz., 2021, 6, 341-347.
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Effect of sulfate content and counterion on phase transition of cellulose
nanocrystal suspensions
Sylwia Wojno1,3,*, Amit Sonker2,3, Gunnar Westman2,3, Roland Kádár1,3.
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Cellulose nanocrystals (CNC) show significant potential for many applications, either as
material on its own or as renewable reinforcement in polymers. Additionally, CNC properties
can be tailored by changing sulfate content and/or counterions. The degree of sulfation affects
the hierarchical ordering in CNC suspensions, which in turn can self-assemble into nematic
and chiral nematic structures, exhibiting birefringence above a critical concentration. In this
work, we explore the effects of two different sulfate degrees and six different counterions (H+,
Li+, Na+, K+, triethanolamine (TEtA), triethylamine (TEyA), within 4 wt% CNC. We focus on
the effects thereof on CNC phase transitions through rheo-PLI (polarized light imaging) and
nonlinear oscillatory shear (Fourier-Transform Rheology and stress decomposition). We note
that all suspensions at 4 wt% exhibit liquid crystalline (LC) phase, what was identified based
on birefringence, steady shear, linear viscoelastic oscillatory shear data and polarized optical
microscopy (POM). The addition of a different counterion than H+ decreases steady shear
viscosity.
From nonlinear rheological point of view, oscillatory shear of CNC suspensions in the
nonlinear regime generates higher harmonic contributions in the shear stress response. The
nonlinear material response expressed by the third relative higher harmonic of the shear stress
shows that, suspensions with counterion different than H+, exhibit a unique three-scaling region
behavior. All suspensions show nonlinear intra-cycle strain stiffening behavior (S>0), with
weak angular frequency dependence. A significant difference at the transition from intra-cycle
shear thickening (T>0) to intracycle shear thinning (T<0) between LC concentrations of
untreated CNC (CNC-SO3H) and suspensions with grafted different counterions was recorded.
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Investigating the interactions of cellulose nanofibrils with charged latex
nanoparticles
Åsa Jerlhagen1*, Alexandros E. Alexakis1,2, Maria Rosella Telaretti Leggieri1, Adrian
Eliasson1, Eva Malmström1,2
1
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56-58, SE-100 44 Stockholm, Sweden
2
Wallenberg Wood Science Centre (WWSC), Teknikringen 56, SE-100 44 Stockholm, Sweden
* asaje@kth.se
Cellulose and its derivatives have gathered significant attention the past decade due to their great
abundance, renewability and countless possibilities in product manufacturing. Cellulose composites
have extensively been investigated with multiple types of matrix materials for numerous applications.
Although cellulose provided great mechanical properties acting as the filler, the compatibility with the
matrix remained challenging, which led to either the chemical modification of cellulose or addition of
compatibilizers, such as latex nanoparticles. Cationically charged latex nanoparticles have been
synthesized through reversible addition−fragmentation chain-transfer (RAFT)-mediated
polymerization-induced self-assembly (PISA) in water. The resulted nanoparticles have shown great
promise when adsorbed on both cellulose and cellulose nanofibrils (CNFs) (Fig. 1) [1,2]. Additionally,
biocomposites based on CNF and the aforementioned nanolatexes were produced and gave a better
understanding in the annealing and stretching of the composite which was a direct result of the added
compatibilizer [3]. In this work, the primal focus was to understand the underlying parameters that
influence the structure-property relationship between the nanolatexes and CNF in the final composite
formation.

Figure 1: Schematic representation (not to scale) of cellulose nanofibrils mixed with latex nanoparticles.

References:
1. Alexakis, A.E.; Engström, J.; Stamm, A.; Riazanova, A.V.; Brett, C.J.; Roth, S.V.; Syrén, PO.;
Fogelström, L.; Reid, M.S.; Malmström, E. Modification of cellulose through physisorption of
cationic bio-based nanolatexes – comparing emulsion polymerization and RAFT-mediated
polymerization-induced self-assembly. Green Chemistry, 2021, 23, 2113
2. Carlsson, L.; Fall, A.; Chaduc, I.; Wågberg, L.; Charleux, B.; Malmström, E.; D’Agosto, F.;
Landalot, M.; Carlmark, A. Modification of cellulose model surfaces by cationic polymer latexes
prepared by RAFT-mediated surfactant-free emulsion polymerization. Polymer Chemistry, 2014,
5(20), 6067-6086
3. Engström, J.; Hatton, F.L.; Wågberg, L.; D’Agosto, F.; Lansalot, M.; Malmström, E.; Carlmark, A.
Soft and rigid core latex nanoparticles prepared by RAFT-mediated surfactant-free emulsion
polymerization for cellulose modification – a comparative study. Polymer Chemistry, 2017, 8(6),
1061-1073
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Microwave-assisted fractionation and allylation of Kraft lignin
for the production of bio-based thermoset coatings
Alessio Truncali1,2,*, Iuliana Ribca1,2, Jenevieve Yao2, Minna Hakkarainen1,2, Mats Johansson1,2
*: Wallenberg Wood Science Center, KTH Royal Institute of Technology, Teknikringen 56-58, SE-100 44
Stockholm, Sweden;
#: Department of Fibre and Polymer Technology, KTH Royal Institute of Technology, Teknikringen 56-58, SE100 44 Stockholm, Sweden.

*truncali@kth.se
Petroleum-based aromatic compounds are commonly used in industries aiming to produce rigid and
thermally stable materials as a result of the few green alternatives able to provide the same chemical
and mechanical properties. Among these, lignin represents the most promising source of aromatic
natural polymers deriving from wood biomass. However, its heterogenous structure makes it an
inconsistent and low-reactivity precursor. Therefore, in this project, fractionation of softwood
LignoboostTM Kraft lignin (KL) is performed using microwave-assisted degradation in order to produce
narrow-dispersity and low molecular weight oligomers. Once lignin is degraded, its hydroxyl groups
are targeted for functionalization due to their intrinsic and enhanced reactivity. Microwave-assisted
allylation is processed using diallyl carbonate (DAC) as reagent. Spectroscopy techniques such as 1HNMR, 31P-NMR, 2D HSQC and FT-IR provide a detailed description of the technical lignin structures
and evidence of the high yield of the reaction. Moreover, morphological properties are investigated
using SEM. Allylated lignin is subsequently crosslinked trough thermally induced thiol-ene chemistry
in order to produce bio-based thermosets and their thermal and mechanical properties are finally
discussed. This project is based and compared to results obtained in previous studies [1], [2].

Acknowledgements
This work was supported by the Knut and Alice Wallenberg (KAW) Foundation who are also gratefully
acknowledged for their financial support to the Wallenberg Wood Science Center.
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Thermosets Based on Refined and Selectively Allylated Industrial Lignin. ACS Sustainable
Chemistry & Engineering, 2017. 5(11): p. 10918-10925.
2. Ribca, I.; Jawerth, M. E.; Brett, C. J.; Lawoko, M.; Schwartzkopf, M.; Chumakov, A.; Roth, S.
V.; Johansson, M.; Exploring the Effects of Different Cross-Linkers on Lignin-Based
Thermoset Properties and Morphologies. ACS Sustainable Chemistry & Engineering, 2021. 9:
p. 1692−1702.
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Radical crosslinking of lignocellulose biocomposites via reactive melt
processing
Mathieu Salse1,2, Angelica Avella1,3*, Rosica Mincheva4, Giada Lo Re1,3
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Biodegradable polyesters, such as poly(ε-caprolactone) (PCL) and polybutylene adipate terephthalate
(PBAT), have the potential to replace the widely used fossil-based non-biodegradable low-density
polyethylene and reduce the environmental impact of plastic waste. To increase the bio-content and
improve the performance of biopolyesters, they can be blended with lignocellulose biomass. However,
direct melt-blending often results in cellulose agglomeration and poor interaction with the
biopolyesters, limiting the desired properties.1 In our work, reactive melt processing was employed as
solvent-free cost-effective technique for one-step interface design and fabrication of biocomposites with
potential for industrial scalability. Water-assisted peroxide-initiated crosslinking was explored as a
reactive compatibilization approach to tune the biocomposites thermomechanical and rheological
properties. Wet-feeding of cellulose has been proven to improve its dispersion in polymer matrices,2
while water-assisted crosslinking to promote polyesters melt viscosity and elasticity.3 Different
crosslinking reaction outcomes have been observed in PCL and PBAT-based biocomposites. Structural
characterization of the crosslinked biocomposites fractions indicated the entrapment of cellulose in the
gel, leading to larger elasticity in the melt state. The creep resistance and recovery were improved,
highlighting a synergy between the crosslinking and the cellulose in the reacted biocomposites

Figure: Scheme of water-assisted melt crosslinking of biopolyester/cellulose composites.

References:
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(CNC/PHBV) Nanocomposite. ACS Sustain. Chem. Eng. 2020, 8 (2), 814–822.
2. Lo Re, G.; Sessini, V. Wet Feeding Approach for Cellulosic Materials/PCL Biocomposites. In ACS
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Fungal leather-like materials from food waste
E. R. Kanishka B Wijayarathna1, Ghasem Mohammadkhani1, Jorge A. Ferreira1, Akram
Zamani1*
1
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Due to environmental and ethical issues in the leather industry, sustainable leather alternatives have
become a hot topic in fashion over the recent past [1]. On the other hand, food waste has become an
uncontrollable environmental and economic threat [2]. This research presents a novel approach to the
bio-fabrication of leather-like materials from food waste. The GRAS strains from ascomycetes and
zygomycetes fungi were cultivated on bread waste in submerged cultivation using a scalable process
with airlift bioreactors. A leather-like material preparation process was designed using fungal proteins
as a replacement for collagen proteins in the leather tanning process. Different vegetable tannings were
tested, and the optimum tannin recipes were obtained. Furthermore, the fibrous biopolymeric fraction
of the fungal cell wall was used as a reinforcement layer to the wet-laid fungal sheets produced. Finally,
the sheets were coated with a biobased binder to further enhance the tensile properties and water
repellence. The fungal leather-like material was biocompatible and exhibited similar Young’s modulus
vs density behaviour as natural leathers.

Figure 1: Graphical abstract of the process

References:
1. Jones, M., Gandia, A., John, S. et al. Leather-like material bio fabrication using fungi. Nat
Sustain 4, 2021, 9–16. https://doi.org/10.1038/s41893-020-00606-1
2. UNEP, 2021. Food waste index report 2021. United Nations Environment Programme, Nairobi
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A micro tow-impregnation line for the manufacture of
continuous fiber filaments for CFAM applications
Guy Bex1, Cesar Stupp1, Tessa ten Cate1, Bastiaan Ingenhut1, Guralp Ozkoc1,2,*
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* guralp.ozkoc@xplore-together.com

Continuous fiber additive manufacturing (CFAM) of composites have been broadly applied in key
industries since it combines high performance with lightweight and ease of manufacturing low-series
composites without a need of tooling, moulds etc. Fused filament fabrication is the technology that is
mostly used to prepare additively manufactured continuous fiber reinforced thermoplastic composites.
In this technology, a pre-impregnated continuous fiber filament is used to 3d print the composite using
dedicated 3d composite printers. One of the factors that determines the performance of the resulting
composite is the properties of the raw materials such as thermoplastic impregnated continuous fibers
and the matrix polymer. Without a high-quality continuous fiber filament, it is difficult to obtain high
performance.
In this work, a lab-scale continuous fiber melt-impregnation line has been developed and implemented
to produce thermoplastic/carbon fiber filaments to be used in CFAM. A micro-impregnation line is
designed and prototyped. The impregnation process parameters such as melting temperature, winding
speed and feed rate was investigated as the process parameters on the impregnation quality and the
amount of fiber fraction. Cross-sectional images of the filaments were used to judge the impregnation
quality, and thermogravimetric analysis was used to obtain the carbon fiber weight fraction. Scanning
electron microscopy analysis were performed to investigate the adhesion between carbon fiber and
thermoplastics. In addition, the mechanical properties of the composites printed using home-made
filaments were compared with that of composites produced using commercial filaments.

Figure 1. Cross-sectional image of a thermoplastic impregnated filament

Click or tap here to enter text.
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Development and rheological characterization of a new hydrogel
inspired by mussels
Hengzhi Ruan1*, Marko Bek 2, Alexandra Aulova1, Viney Ghai1, Roland Kádár1*.
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Hydrogels have received extensive attention in the field of soft materials due to their biocompatibility,
high water content and flexibility1. However, conventional hydrogels usually have poor mechanical
properties, and consequently further applications are hindered. In the present work, we report a
physically crosslinked hydrogel with semi-interpenetrating polymer network. The network of the
hydrogel consists of natural polymer gelatin and zwitterionic polymer poly[2-(methacryloyloxy) ethyl]
dimethyl-(3-sulfo-propyl) ammonium hydroxide (SBMA). In addition, inspired by mussel chemistry,
dopamine was introduced to the hydrogel system, which allowed the obtained hydrogel to adhere to
different types of surfaces. The formulated hydrogel has significantly improved mechanical properties
compared to similar hydrogels, self-healing properties, anti-freeze properties and is electrically
conductive. The rheological properties are investigated using a custom rheo-optical setup of the
hydrogel precursor solution and its polymerization-crosslinking. The adhesion properties are also
investigated via a rheo-optical tack test. Furthermore, we explore the influences of different external
stimuli, including temperature and pH, on the mechanical properties of the hydrogel through dynamic
mechanical temperature analysis.

Figure: Illustrations showing a) the adhesiveness of the obtained hydrogel samples to various surfaces and b) the
conductivity of hydrogel samples before and after self-healing.
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Macromolecular gating with pH mediated polymer interactions
John Andersson1, Gustav Ferrand-Drake del Castillo1, Pierluigi Bilotto2, Ulrich Ramach2,
Fredrik Höök3, Markus Valtiner2, and Andreas Dahlin1*
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Polymer brushes are widely used to alter the properties of interfaces. In particular, poly(ethylene glycol)
(PEG) and similar hydrophilic polymers can make surfaces inert toward biomolecular adsorption at
high grafting densities. In published work1, we show that by simply introducing a polymeric acid such
as poly(methacrylic acid) (PMAA) at low pH, the highly hydrated brush barrier can change its
properties entirely, forming a compact, dehydrated and protein adsorbing film. This is caused by
multivalent hydrogen bonds in a highly pH-sensitive process, where a pH of 5 is sufficient for
complexation to occur at the interface. The changes in brush properties are tunable and become more
pronounced when more PMAA is bound. The initial brush state is recovered when releasing PMAA by
returning to pH 7. With preliminary experiments, we also demonstrate how this process can be
controlled electrochemically, rapidly switching the polymer brush state by applying a positive potential
to the surface in the presence of a proton-donor molecule in solution. Additionally, the described system
is currently investigated as a potential macromolecular gating mechanism for nanopore structures
functionalised with PEG polymer brushes.

Figure: Schematic of a PEG polymer brush interacting with PMAA in solution at a pH below and above 5.
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Control of Polymer Brush Morphology, Rheology, and Protein Repulsion by Hydrogen Bond
Complexation. Langmuir, 2021, 37(16), 4943-4952
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Engineering flexible triazine-trione hydroxyapatite composites
Jinjian Lin1, Daniel J. Hutchinson1, Michael Malkoch1*
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Recently developed composites based on triazine-trione (TATO) alkene and thiol monomers have
positioned themselves as attractive alternatives to conventional methacrylate based dental composites.
A high monomer conversion is achieved via high-energy visible light initiated thiol-ene coupling (HEVTEC) chemistry, resulting in high modulus materials with excellent biocompatibility. Our research
group has assessed trifunctional allyl and thiol TATO monomers together with hydroxyapatite (HA) or
glass fillers to develop composites with enhanced stiffness for use in bone fracture fixation1,2 and dental
applications,3 respectively. However, the stiffness of the HA containing composites engineered for bone
fixation is accompanied by brittleness. In order to broaden the scope of the TATO composite platform
for biomedical applications, we herein describe new TATO monomers with increased structural
flexibility which will widen the possible window of composite mechanical properties.
New alkene TATO monomers have successfully been synthesized containing ester and amide linkages
using fluoride-promoted esterification (FPE) chemistry. Upon formulation with complementary trithiol
TATO monomers and HA fillers, the mixtures were cured via HEV-TEC chemistry. The mixtures
exhibited similar viscosity to the previously reported formulation; however, the small structural
alternation yielded composites with a large increase in flexibility. Taking into account the previously
established anti-adhesion properties of our hydroxyapatite TATO-composites1,2 makes these new
systems potentially suited as soft-tissue adhesion barrier coatings for metal implants. Combining the
new ester and amide TATO monomers with the previous TATO should also allow for more fine tuning
of the composites’ mechanical properties, resulting in new clinical applications for thiol-ene based
systems.

Figure: TATO -allyl monomers with linkages containing (a) esters, (b) C-C chain, and (c) amides.
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Lignocellulose-based nanocomposites for advanced battery separators
Kunshan Yu1, Huisi Li1, Sadegh Askari 1, Olena Sevastyanova 1*.
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Lithium-ion batteries (LIBs) occupy a large market share in portable electronics due to their high power
and energy densities. The separator plays a crucial role in LIBs as it promotes ion transfer while
preventing short circuits, thus greatly influencing the performance and safety of LIBs. Currently,
polyolefin membranes are the most-commonly-employed materials in LIBs as separators because of
their superior electrochemical stability and mechanical properties. However, polyolefin-based
separators suffer from the problem of low electrolyte uptake, low ionic conductivity, inferior thermal
stability and high cost.1 Thus, it is necessary to develop a more environmentally-friendly, safer, cheaper
and potentially more effective material to replace polyolefin as a separator. Recently, cellulose and its
derivatives, the world’s most abundant renewable polymer, have been proven to have great potential in
the field of energy storage devices.
Herein, fully-bleached cellulose microfibres (CMF) and lignin-containing cellulose microfibres
(LCMF), were well studied and tested if they could achieve desirable performance for battery
separators. Our objective is to explore the microstructures, mechanical properties and electrochemical
performance of our starting materials and the corresponding membranes. Furthermore, the influence of
various mechanical fibrillation methods and the lignin content on the performance of the batteries were
studied.
In our research project, two mechanical fibrillation methods were firstly conducted to further
disintegrate cellulose fibres. The fibrillation efficiency was tested by SEM and centrifugation-combined
fractionation. Then the mechanically-fibrillated CMF and LCMF were made into films by vacuumassisted filtration. The mechanical properties, wettability, thermal properties and morphology of the
prepared films were characterized by tensile test, contact angle test, TGA, SEM and TEM, respectively.
The aqueous batteries and LIBs that employ the prepared CMF and LCMF membranes as separators
will be fabricated and the corresponding electrochemical properties, namely ionic conductivities,
impedances and charge/discharge profiles, will be investigated.
Keywords: lignin-containing, cellulose, battery, separator
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Fire-retardant phosphorus-containing silica gel modified particleboard
Chia-feng Lin1*, Chi Zhang1, Olov Karlsson1, Dennis Jones1 and Dick Sandberg1
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Particleboard from wood is widely used for furniture production and construction purposes. A challenge
of using such a product in public buildings is its low fire resistance1. Various fire-retardant additives
such as nitrogen phosphate salts and metal oxides have been suggested to enhance fire resistance of
particleboard2. The bio-based phytic acid, which can be extracted from plant tissues such as nuts,
oilseeds, and cereals, has recently caught attention for improving the fire-retardancy of cellulose-based
material3, but due to its high acidity strength properties may be reduced. Herein, we propose a novel
treatment of particleboards including by pre-treatment of the sawdust with an aqueous solution of phytic
acid followed by sodium silicate to reduce acidity. Simultaneously, the acid catalyses the sodium
silicate to form thermally stable silica-gel increasing the fire resistance.
Particleboard was manufactured by spraying phytic acid solution (20 wt%) and sodium silicate solution
(20 wt%) separately on sawdust based Norway spruce (particle diameter is 0.25~2 mm). Wet particles
were then dried at 60°C for 1 day. Solid content of phytic acid/sodium silicate in the particles was 0%,
6% and 9%. Mixture of 50 wt% of MUF prepolymer (Prefere 4639, Dynea AS, Norway) and 1 wt% of
NH4NO3 (aq) was sprayed on the particles (12% solid MUF content in particleboard) before pressing at
160°C for 15 min. The target particleboard thickness was 10 mm with a density of 800-900 kg/m3.
The TGA result (Fig. 1a) showed that fire-retardant lowered the main decomposition temperature of
particleboard and promoted the char residue at an elevated temperature. SEM-EDX analyses (Fig. 1b)
showed the existence of elemental sodium, silicon, and phosphorus, which could refer to the formation
of phosphorus-containing silica gel. Further characterization such as bending strength, Brinell hardness,
thickness swelling under humid conditions, density profile, and FTIR will be presented.

Figure 1: (a) TGA curves, (b) SEM-EDX spot analyses of 9% FR modified particleboard.
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Functional Biopolymer Coatings Fabrication for Nanocellulose Paper
Composites with Biodegradable Properties
Martins Nabels-Sneiders1, Edgars Kampe1, Sergejs Gaidukovs1
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Cellulose nanocrystals (CNC), which are made from the plentiful, renewable natural polymer cellulose,
have a wide range of applications, both as a standalone material and as a renewable reinforcement in
polymers. CNMs (cellulose nanomaterials) are promising renewable, bio-based, and biodegradable
materials that have been studied for a variety of applications including packaging, electronics, and
biology. As a result of these intriguing uses, various CNM production methods have been developed
more frequently [1]. Long-term sustainability necessitates the abolition of waste products and their
integration into the accordance with the aims of Europe. Bio-materials are simple to process and have
the same or even better technological, functional, and mechanical capabilities as conventional materials.
Bio-materials including bio-polymers also allow easier stages for recycling, cost savings, and reduced
environmental effect. Bio-based polymers created from renewable sources have been displacing
petroleum-derived plastics in recent years [2].
In this work, we studied the fabrication of biopolymer and nanocellulose laminates for biodegradable
drinking cups applications. Molding processing of nanocellulose and biopolymer sheets was
investigated in the contact compression pressure ranges 500 - 3500 kg. We used poly(butylene
succinate) (PBS), polyhydroxyalkanoate (PHA) and polylactide (PLA) as one of the most promising
bio-based and biodegradable polymers, which mechanical qualities are comparable to commodity
polyethylene and polypropylene polymers. Differential scanning calorimetry (DSC), dynamic
mechanical analysis (DMA), oscillating rheology, scanning electron microscope (SEM), and water
wetting tests were used to analyze the performance. In addition, these results are also supported on 30
days of biodegradation experimentation. It is concluded that gained laminated composite materials
properties allow us to create material that can be potentially used for biodegradable coffee cups
production. Meantime, on the one hand, wettability tests show that the polymer layer (inside of the cup)
increases hydrophobicity which is an excellent condition for drinks. On the other hand, the outside layer
of cup – cellulose paper remained nice to the touch while hydrophilicity remained.
Acknowledgement:
This research was supported by Riga Technical University's Doctoral Grant program.
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From melt-processing of starch/pulp fibres reinforcement biocomposite
towards micromechanical modelling
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Plastics are widely used in everyday life, and they cause a depletion of fossil fuels, and environmental
pollution. To avoid these consequences bio-based and biodegradable polymers need to be used. The
aim of this research project is to fabricate, characterize and model a biocomposite based on a
thermoplastic starch as a matrix and short pulp fibres as a reinforcement. Starch is a polysaccharide
produced by most green plants while pulp is a lignocellulosic fibrous material obtained by separating
cellulose fibres from wood and both these materials are biodegradable [1]. However, starch has poor
processability, and it could be plasticised using bio-based additives [1, 2]. Biocomposites are twinscrew extruded with a pulp fibre content up to 20% by weight. Samples are compression moulded and
the mechanical performance is evaluated. The microstructural properties (e.g., fibre orientation and
distribution) of the samples are analysed for micromechanical modelling purposes and to establish a
processing-structure-property relationship [3, 4]. To obtain the microstructural properties, X-ray
computer tomography measurements are conducted. Having obtained the required microstructural
information, micromechanical simulations are conducted via full-field Representative Volume Element
(RVE) finite element simulations (using Digimat FE) and a Mori-Tanaka based mean-field
homogenization (using Digimat-MF). Finally, comparisons between the experimental results and
simulations are conducted.

References:
1.
2.
3.
4.

De Carvalho, A.J.F., A.A.S. Curvelo, and J.A.M. Agnelli, Wood pulp reinforced thermoplastic
starch composites. International Journal of Polymeric Materials, 2002. 51(7): p. 647-660.
Jiugao, Y., W. Ning, and M. Xiaofei, The Effects of Citric Acid on the Properties of Thermoplastic
Starch Plasticized by Glycerol. Starch - Stärke, 2005. 57(10): p. 494-504.
Mirkhalaf, S.M., et al., A finite element based orientation averaging method for predicting elastic
properties of short fiber reinforced composites. Composites Part B: Engineering, 2020. 202: p.
108388.
Mirkhalaf, S.M., et al., An FE-based orientation averaging model for elasto-plastic behavior of
short fiber composites. International Journal of Mechanical Sciences, 2022. 219.
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Lignin based polymer blends and film formation
Panagiotis Spiliopoulos1,2, Chonnipa Palasingh1, Tiina Nypelö1,2*
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Spin coating of polymer blends from a common solvent often leads to films of intriguing morphologies,
either due to the formation of a single homogenous phase or due to separation of the various polymer
fractions into phases and leading to variation in film roughness and configuration.1,2 Herein, we
elucidate on the phase separation behavior of lignin-xylan and lignin-polystyrene blend systems
employing dimethylsulfoxide (DMSO) and tetrahydrofurane (THF) as solvents, respectively. Atomic
Force Microscopy (AFM) imaging was applied to visualize the film surface structures and to reveal
morphologies on the surface of the spin coated films (Figure 1). We attempt to correlate the film’s
morphology with the polymer and polymer blend characteristics including the molecular weight, the
polydispersity index and the chemical affinity and compatibility of the polymers in the blend. Finally,
we aim in developing knowledge on the system that allows predicting the behavior of the bio-based
polydisperse polymer blends upon spin coating from common solvents.

Figure 1. Morphology of lignin – polystyrene blend (50:50 % wt) spin coated on a silica substrate using a solution
of 5 g/l concentration.

References:
1. Kontturi, Johansson, Laine. Cellulose decorated cavities on ultrathin films of PMMA. Soft Matter,
2009, 5 (9), 1786–1788.
2. Taajamaa, Rojas, Kontturi. Phase-specific pore growth in ultrathin bicompoment films from
cellulose-based polysaccharides . Soft Matter, 2011, 7 (21), 10386-10394.
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Effect of ultrasonication on plasticizer incorporation into lignocellulose
matrix
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Polymeric materials are essential in today’s modern society but they also have their disadvantages like
often being fossil-based and difficult to recycle or degrade. Cellulose is an abundant biopolymer
already widely used, while also being bio-degradable and recyclable. The downside is that cellulose
materials are not thermo-processable like most conventional thermoplastics. Our approach, inspired
by plasticization of gluten1, is to incorporate a small amount of plasticizer into the lignocellulose
matrix. Our hypothesis is that the small plasticizing molecules will reduce the strong intermolecular
interactions within cellulose and enhance the molecular mobility. Successful implementation will
increase the lignocellulose’s thermo-processability and yield a material which can be processed
through conventional thermo-processing such as extrusion.

A step on the way has been the incorporation of different bio-based plasticizers through
ultrasonication as a mean to open up the fibres, aiding the sorption of glycerol, urea and
citric acid. The solution is thereafter filtrated to form sheets that are dried at elevated
temperature. The formed materials have been evaluated in regard to plasticizer content,
thermal behaviour, degree of crystallinity and interaction with water. In this work, the
primary focus was to understand the effect of ultrasonication on plasticizer adsorption and
its correlation to the highly improved physical properties of the formed sheets.

Figure: Schematic process for incorporation of plasticizers in lignocellulose matrix

References:
1. Özeren HD, Wei X-F, Nilsson F, Olsson RT, Hedenqvist MS. Role of hydrogen bonding in wheat
gluten protein systems plasticized with glycerol and water. Polymer (Guilford). 2021, 232, 124149.
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Truffle volatile fingerprint: impact of origin and time on key aroma
compounds
Ekaterina Korotkova 1, Annika Smeds1, Ana C. Mendez-Ecoscia2, Carl-Eric Willén 2*
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Truffles are known as the “diamond” of the kitchen, particularly appreciated at the haute cuisine by its
unique and characteristics aroma. To unravel the particularities of this sophisticate product, the aim of
our study was to determine the chemical compounds responsible for the distinctive aroma of truffles.
Therefore, an experimental approach based on solid-phase microextraction followed by gas
chromatography-mass spectrometry method (SPME-GC-MS) was employed. In the first part of our
study, we investigated the aroma variability by species; this aroma characterization was determined
through the distribution of odor-active volatiles of Tuber melanosporum, Tuber brumale and Tuber
borchii. To explore geographical origin impact on the key aroma’s compounds, a preliminary study
using T. melanosporum coming from Hungary and Spain was carried out. Additionally, evolution of
the olfactory properties was monitored by following the distribution of major volatiles with time.
Considering the limited shelf-life of truffles (approximate 7-10 days, cold room temperature), freezedrying method was performed. Appearance and texture of truffles were preserved in detriment of aroma
quality. Most likely during the lyophilization process, aroma compounds were removed simultaneously
with water. The key major volatiles identified and followed in this study were dimethyl sulphide, 2butanone, 2 & 3-methylbutanal and C8-VOCs. Dimethyl sulphide was recognized as one of the key
markers of T. borchii specie. Regardless of the type of truffle, the intensity of 2 & 3-methylbutanal
seems to decrease with time, while eight-carbon-containing volatiles (C8-VOCs) increase. A larger
number of Tuber needs to be analyzed to extrapolate these observations.
References:
1. Splivallo1, R.; Maier2, C. Production of Natural Truffle Flavours from Truffle Mycelium.
EP2448430A1, May 9, 2012.
2. Splivallo1, R.; Valdez2, N.; Kirchhoff3, N.; Ona4, M. C.; Schmidt5, J.-P.; Feussner6, I.; Karlovsky7,
P. Intraspecific Genotypic Variability Determines Concentrations of Key Truffle Volatiles. New
Phytologist 2012, 194 (3), 823–835.
3. Campo1, E.; Marco2, P.; Oria3, R.; Blanco4, D.; Venturini5, M. E. What Is the Best Method for
Preserving the Genuine Black Truffle (Tuber Melanosporum) Aroma? An Olfactometric and
Sensory Approach. LWT 2017, 80, 84–91.
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Orientation of graphene nanoplatelets in capillary flow of
polyethylene: effect of shear rate
Farshad Khorasani1, Alexandra Aulova1*, Santosh Pandit2, Shadi Rahimi2, Sajjad
Pashazadeh1, Martin Lovmar3, Ivan Mijakovic2, Roland Kádár1
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This work focuses on preparation of highly filled graphene nanoplatelets (GnP) low density
polyethylene composite with filler orientation. It has been shown in our previous research [1] that
certain concentration of well-oriented GnP results in extraordinary antibacterial properties of these
LDPE-GnP composites. Etched samples demonstrated impressive 99,999% bacteria killing rate for
both, gram-positive and gram-negative pathogens.
While previously samples were prepared using single-screw extruder, that requires significant amount
of material and time, within this work we focus on the capillary flow within the barrel of capillary
rheometer. Since material history during extrusion and capillary flow through cylindrical die are
different, this work presents the optimization of flow in capillary die based on previously obtained
knowledge [1]. In combination with processing conditions and concentration of the filler rheological
properties of composite determine orientation of GnP, their density in polymer matrix and,
consequently, antibacterial properties after etching. Orientation of GnP in composites prepared at
different strain rates is assessed by means of SEM.
Acknowledgement: The authors acknowledge the financial support from SIO-Grafen, a joint investment
of VINNOVA, Formas, and Energimyndigheten in a frame of Grant no. 2020-00792.
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M., Kádár1, R.; Mijakovic2, I. Precontrolled Alignment of Graphite Nanoplatelets in Polymeric
Composites Prevents Bacterial Attachment. Small, 2020, 16 (5), 4059– 4066
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Controlled radical polymerization of UCST-exhibiting copolymers
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Thermoresponsive polymers have been extensively studied and applied for various applications,
ranging from drug delivery systems, or temperature-controlled optical devices, to surfaces with
switchable hydrophilic-hydrophobic properties. The class exhibiting the upper critical solution
temperature (UCST)-type transitions in water includes just a few examples in comparison to the lower
critical solution-type where most of the research has been focused on [1].
In this work, we are exploring the synthesis and characterization of a non-ionic polymer poly(N-acryloyl
glycinamide) (PNAGA). This polymer is exhibiting sharp UCST transitions in aqueous solutions due
to the reversible hydrogen bonding. However, these interactions are quite delicate and an improper
choice of reaction conditions or the presence of impurities could lead to the loss of UCST behaviour
[1].
The atom transfer radical polymerization has been proven to provide PNAGA polymers with UCST
independent of the molar mass or polydispersity [2]. Our aim is to integrate USCT-exhibiting polymers
in the preparation of functionalized microparticles with controlled bonding and debonding properties.
References:
1. Seuring, J.; Agarwal, S. First Example of a Universal and Cost-Effective Approach: Polymers with
Tunable Upper Critical Solution Temperature in Water and Electrolyte Solution. Macromolecules,
2012, 45, 3910– 3918
2. Liu, F.; Seuring, J.; Agarwal, S. Atom transfer radical polymerization as a tool for making poly(Nacryloylglycinamide) with molar mass independent UCST-type transitions in water and electrolytes.
Polym.Chem., 2013, 4, 3123
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Lupin crop residues as a new cellulose source
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Plant residues remaining after harvest of agricultural crops are gaining interest as an attractive feedstock
that possibly provide organic substances1. The exploitation of macromolecules as constituents of the
non-edible parts of agricultural plants, would not require an additional arable land or compete with use
of wood.
Several species of Lupins (legumes, Leguminosae) have been cultivated since ancient times to harvest
their seeds which are rich in valuable proteins2. Lupin plants are gaining importance in many areas of
the world, since they are much more tolerant to dry climatic conditions and nutrient poor soils in
comparison with other legumes. The culture of Lupins in Europe may replace imports of soybeans for
food production. The non-edible parts of Lupinus angustifolius are hitherto not yet examined for
possibly exploitable biomacromolecules.
The present study aims to identify and recover possibly exploitable polysaccharides such as cellulose
and hemicelluloses from agricultural Lupin residues, using a cultivar of Lupinus angustifolius. As
lignocellulosic fibre sources generally vary in chemical constituents, an initial morphologic and
chemical characterization of Lupin straws and roots was conducted. Then, hemicellulose-rich fractions
were extracted from neat Lupin biomass, leaving solid residues for the subsequent isolation of cellulose
fibres. To achieve this, a pre-treatment with varying alkalinities and temperatures resulted in liberation
of diverse hemicellulose-rich liquid phases, yielding cellulose-rich solid residues. The impact of the
treatment on chemical composition and structure of liquid and solid phases was investigated. In further
steps, solid residues were converted into micro-fibrillated cellulose by introducing surface charge
through TEMPO oxidation followed by a mechanical defibrillation process.
References:
1. Guancha-Chalapud, Marcelo A., et al. "Valorization of Colombian fique (Furcraea bedinghausii)
for production of cellulose nanofibers and its application in hydrogels." Scientific Reports 10.1
(2020): 1-10.
2. Van de Noort, M. "Lupin: An important protein and nutrient source." Sustainable protein sources.
Academic Press, 2017. 165-183.
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The impact of cellulose ester side chain length on water interaction
Robin Nillson,1,*, Anette Larsson1
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Biopolymers such as cellulose is one of the main candidates for replacing fossil-based plastics and thus
make the society less dependent on a finite resource. Cellulose can be produced from many renewable
resources sigh as trees, of which can be found in abundance in countries like Sweden. Today’s
utilisation of biopolymers is already widely spread, being both structural and active component in
industries like healthcare, foods and paints. They can be produced from plants such as trees, which
countries like Sweden have an abundance of. Biopolymers are already widely used in many industries
such as food, healthcare, and personal care. [1]
In order to utilise biopolymers in different areas, such as replacing conventional plastics, modifications
are needed to fit desirable material properties. The ability to predict how a modification to a structure
can affect the materials properties by only studying their chemical structure is thus essential in order to
effectively find suitable modifications. In this study, the Hansen solubility parameters (HSP), calculated
from the chemical structure, are investigated for the ability to predict glass transition temperature and
water interaction of cellulose esters. Namely, cellulose acetate, cellulose acetate propionate and
cellulose acetate butyrate. The esters all have a similar total degree of substitution, meaning that the
number of hydroxyl groups are similar, while the main difference is the side-chain length of the acyl
group.
The Hansen solubility parameters showed for the selected materials to primarily consist of dispersive
energy, followed by hydrogen bonding energy and polar energy. It was shown that the glass transition
temperature (Tg) decreased with an increased side-chain length of the acyl chain. This indicate that the
strong short-range hydrogen bonds between polymer chains decreases by being pushed apart by the
increasing molecular volume of the side chain, or in other words screened. This were also supported by
water interaction studies, where an increase in side-chain length resulted in lower water solubility and
diffusion. The individual HSP were also scrutinised, and it was concluded that for the materials studied,
the polar parameter showed strongest correlation to how they interact with water.

Figure: Illustrating the molar volume of the side-chain length extension and water interacting sites.

References:
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Photoactive vegetable oil synthesis for high-performance extrusion
UV-light cured 3D printing
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Many chemical routes have been developed to use triglyceride oils as an alternative source of
petroleum-based polymers. Acrylation grafting synthesis is one of the common reactions that can be
used for the further modification of vegetable oils.
Herein, we present a one-step synthesis of acrylated vegetable oils from different locally available
natural rapeseed, linseed, and grapeseed oils.1 Acrylated vegetable oil prepolymers were processed by
extrusion-based UV-assisted 3D printing into different structures. The rapeseed, linseed, and grapeseed
oils printed into dog-bone shape characteristic samples are shown in Figure 1.
The UV-light curing of modified oils was performed by initiation with a TPO photoinitiator. The
photopolymerization process was controlled by FT-IR analysis and sol-gel fraction. UV-light exposure
time was found to be 40 sec. The printed samples’ performance was assessed by the tensile and
thermomechanical analysis. The strength and rigidity of obtained crosslinked vegetable oil-based
polymers depend on the fatty acid composition, the number of acrylate groups per molecule, crosslinking density, and the presence of unreacted monomers.2
The present investigation demonstrates that biopolymer resins developed by photopolymerization of
triglycerides are a promising route to obtain bio-renewable and low-cost raw materials for 3D printing
technology.

Figure 1: Extrusion-based UV-assisted 3D printed vegetable oil-acrylate dog-bone shaped samples: a) acrylated
rapeseed oil; b) acrylated linseed oil; c) acrylated grapeseed oil
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Vanillin-based spiroacetal monomer for improving chemical
recyclability, thermal, mechanical and barrier properties of
polyesters
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Bio-based building blocks can be used for improving the properties of polymers and in the development
of new polymers to reduce the use of fossil carbon feedstock.1 Lignin is one of the important feedstock
abundantly present in the nature (30% mass in wood) and is a by-product of paper and lignocellulose
industry. Aromatic lignin molecules like vanillin, benzaldehyde, vanillic acid, vanillyl alcohol etc. have
various functionalities which can be modified to obtain unique building blocks for polymer synthesis.
The molecular structure of the building blocks can be strategically modified to give
performanceadvantaged properties to the polymers. These properties include improvement in thermal,
mechanical and barrier properties as well as recyclability of new polymers. Chemical recycling of
polymers is an attractive alternative to transform polymers back into monomers and purify them for
repolymerization into new materials without loss in properties to create an ideal, circular polymer
economy.2 In our work, vanillin-based spiroacetal monomer (V) was synthesized using renewable
pentaerythritol and ethylene carbonate under mild reaction conditions.1 The preliminary LCA studies
showed that the GHG emission of the new spirocyclic monomer was significantly lower than that of
bio-based 1,3-propanediol. Two different series of copolyesters were obtained from polymerization of
dimethyl terephthalate with varied ratio of spiroacetal monomer and1,6-hexanediol (HD) or neopentyl
glycol (NPG). Thermal and mechanical properties of both the series were significantly improved due
to incorporation of rigid spirocyclic structure. Oxygen transmission rate was decreased with increasing
amount of spiroacetal structures in the polymer backbone. Moreover, the preliminary study of chemical
recycling of the polyesters by acid hydrolysis showed partial recovery of building blocks used in the
monomer synthesis.

Figure: Chemical recycling of polyester PNVT into oligomers and monomers

References:
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High quality aromatic bio-based copolyesters derived from ligninbased hydroxyacids monomers
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Aromatic polyesters are widely utilized in many applications of our daily life due to enhanced thermal
and mechanical properties compared to aliphatic counterparts. Thus, the pursuit of such aromatic
building blocks for bio-based polyesters has exploited lignin, the most abundant resource of sustainable
aromatics. Direct polycondensation of several aromatic hydroxyacids derived from lignin valorisation
such as vanillic acid, 4-hydroxybenzoic acid, and syringic acid, have been reported widely in literature,
but the applications are limited due to undesired thermal properties.1,2 In production of polyesters, selfcondensation of hydroxyacids is considered as a potential pathway with the main advantage in
stoichiometry balance. However, in comparison to other methods such as ring-opening polymerization
or step-growth polymerization of AA-BB monomers, the use of self-condensation of hydroxyacids for
polyester production remains underinvestigated.3 In this work, we have synthesized four A-B
monomers with different aliphatic/aromatic content and aromatic substitution from lignin-based
hydroxyacids building blocks. The combination between these four A-B monomers by optimized selfpolycondensation yielded copolyesters with high thermal stability, tunable Tg from 44 to 80oC and
modulated Tm between 154 and 221oC. These copolyesters may be potentially desirable to replace the
commercially available fossil-based commodity, particularly poly(butylene terephthalate) (PBT).
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Drinkable Solvent Processable Polymers for Biodegradable or Edible
Electronics
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Electronic devices are becoming more and more integrated into our daily life, but the enormous and
growing amount of electronic waste has caused severe problems. Edible electronics are highly desirable
as they have the potential for advanced in vivo health monitoring and treatment without expensive
surgery to remove them. The fundamental materials for electronic devices are dielectrics, conductors,
and semiconductors. To realize fully biodegradable and edible electronics, all these materials have to
be biodegradable and noncytotoxic. Biodegradable dielectric and conducting materials have been
demonstrated. However, the key component semiconducting materials have been the least investigated
class of materials for biodegradation [1]. Organic semiconductors (OSCs) can be a potential candidate
for biodegradable semiconductors.
There are three different ways to develop biodegradable OSCs. The first one is the use of materials
derived from nature. The other one is the incorporation of chemically and/or enzymatically
hydrolyzable moieties such as amides, esters, imides, imines, thioesters, anhydrides carbonates, urea,
and urethane into polymer chains. The third one is to introduce polar side chains to turn hydrophobic
polymers into hydrophilic, promote their solubility in water, and facilitate biodegradation.
In 2010, our group introduced the polymer TQ1, a low-cost, highly efficient, and synthetically simple
donor polymer [2]. Since then, TQ-based polymers have been a point of interest for low-cost and highperformance OSC. Here, we have introduced the oligo ethylene glycol over the TQ-backbone to obtain
aqueous processable, low-cost, and potentially biodegradable polymers.
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