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Dear colleagues,

The members of the Nordic Polymer Days 2019 Organizing Committee extend a warm welcome to all
participants of the Nordic Polymer Days meeting.

Nordic Polymer Days is the premier Nordic annual conference where researchers and professionals
gather to confer around new polymer science developments and applications. Now in its 56th year, the
Nordic Polymer Days continues to foster a collaborative environment and facilitate networking
opportunities at the intersection of polymer science and technological development. We aim at
continuing the success of previous editions by providing a stimulating environment for discussions and
brain-storming.

In addition to the oral program, the poster section will take place adjacent to the lecture rooms. The
posters will be up throughout the meeting and a dedicated session will take place on Thursday afternoon.
In the same space you will find the commercial exhibitors. Visit them to see the latest in analytical
techniques related to polymer science.

The participation of young researches has been a priority and, as recognition of the work put into their
presentation, MDPI Journal “Polymers” and ACS Journal “Biomacromolecules” are kindly sponsoring
awards to a total of 3 oral and 4 poster presentations. In addition, we encourage all participants to submit
their regular manuscript on the topic of their presentation at NPD2019 to the Special Issue “Nordic
Polymer Days" of the MDPI Journal “Polymers”.

Behind the success of this year’s “Nordic Polymer Days” lies the extensive efforts, commitment, and
dedication of myriad individuals and organizations. We first acknowledge our established polymer
science community in the Nordic countries, who have collectively sustained this conference series, in
terms of both scientific rigor and event hosting, for over half a century. We have thereby enjoyed the
fruits of a robust scientific platform and outstanding professional network upon which to build this
year’s gathering. Second, we acknowledge the essential contributions of the knowledgeable and
dedicated program committee members in devising a successful strategy for this year’s conference.

Financial premises of this year’s conference were secured by our direct sponsors, including the Research
Council of Norway, NTNU, SINTEF, Thermo Fisher Scientific, and the Norwegian Chemical Society.
Essential scientific and technical competence contributions were provided by several exhibitors,
including T-A Instruments, METTLER TOLEDO, NETZSCH Group, Nerliens Meszansky and Matriks
AS.

Finally, this conference would not be possible without the participants contributions and involvement.
We are pleased and grateful that 130 participants registered for this year’s Nordic Polymer Days
conference, which is emblematic of the essential role that polymers play in the Nordic industries.

Sincerely, NPD Organizing Committee
Kristofer Paso, NTNU
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GENERAL INFORMATION

Conference Site

The conference site is the Electrical Engineering Building located on the main campus of the
Norwegian University of Science and Technology, NTNU, at Gleshaugen. The street address is
O.S. Bragstads plass 2. The plenary lectures will be presented in lecture halls EL5. The parallel
session with oral presentations will be held in lecture halls EL5 and EL6. The poster sessions will
take place in the foyer outside the lecture hall. A post office, a small food store and a bookstore

are conveniently located on campus in Central Buildings I and II. Opening hours are 08:00-15:00.
Please note that smoking is not allowed in any of the campus buildings.

Registration

Registration will take place on Wednesday June 5, 10:00-12:00 at the Conference Secretariat,
Electrical Engineering Building, NTNU, Gleshaugen.

Secretariat During the Conference
The Secretariat during the conference is located in the Electrical Engineering Building, room 21 in
the foyer outside auditorium ELS. The Secretariat will be happy to assist you with any practical

information during your stay in Trondheim. The following telephone numbers can be used to leave
messages for the participants during the conference: + 47 9137 4177 and +47 4507 1041.

Opening Hours of the Secretariat
Wednesday, June 5 1000-1230

Thursday, June 6  1000-1230

Badges

Please, wear your Nordic Polymer Days 2019 badge which you received upon registration during
all conference sessions and associated activities.

Wifi Networks

Eduroam and ntnuguest.
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SCIENTIFIC SESSIONS

Oral Presentations

All lectures will be presented in lecture hall ELS or EL6, located in the Electrical Engineering
Building situated on the main campus of the Norwegian University of Science and Technology,
NTNU, at Gleshaugen. The lecture halls are equipped with overhead projector. All speakers are
encouraged to wear the microphone provided to ensure that everyone can hear the presentation.
Preview facilities is provided in the room of the Secretariat (room 21).

The total presentation time for invited lectures are 30 minutes including 5 minutes for
discussion, and 20 minutes including 5 minutes for discussion for oral contributions. Speakers are
encouraged to strictly respect this time allocations to both allow time for discussion, and to keep
the program on schedule.

Poster Presentations

The poster session will take place in the foyer outside the lecture halls ELS and EL6 on Thursday
June 6, 16:10- 18:00. Authours of posters are requested to mount their posters before 12:20 on
Wednesday June 5 on their assigned poster board. Suitable mounting aids will be provided. All
posters will be displayed during the conference from Wednesday afternoon to Friday.

IMPORTANT: All posters must be removed from the poster boards by 13:00 on Friday June 7.
The organizers can not take any responsibility for posters not removed by this time.

Publication of Papers

All participants are encouraged to submit their regular manuscript on the topic of their presentation
at NPD2019 to the Special Issue “Nordic Polymer Days" of the MDPI Journal “Polymers” with a
submission deadline of25 October 2019). More information can be found
at: https://www.mdpi.com/journal/polymers/special_issues/Nordic_Polymer Days



https://www.mdpi.com/journal/polymers/special_issues/Nordic_Polymer_Days

SOCIAL PROGRAM

Wednesday, June 5

Organ Concert at Nidaros Cathedral 19:00 — 19:30

Concert with the Steinmeyer organ including an official welcome from a representative of
Trondheim Municipality

Evening Reception at Café To Térn 19:30 —21:00

Café To Tarn is located adjacent to Nidaros Cathedral

Thursday, June 6

Conference Dinner at Banksalen Restaurant (Kongens gate 4) 19:00 — 22:00



Program Nordic Polymer Days 2019, June 5-7 2019, Trondheim, Norway
Wednesday, 5 June 2019

10:00 Registration

11:00 — 12:00 Lunch

12:00 — 12:20 Opening/welcome  (room ELS) Chairperson: Bjorn Torger Stokke

12:20 - 12:50 PL1 | Kell Mortensen, Anine L. Borger, Jacob J.K. Kirkensgaard, Kristoffer Almdal, Qian Huang, Ole Hassager and Masahiko Annaka
SANS Studies of Star-Polymers and Star-Polymer Gels Exposed to Stretch

12:50 — 13:20 PL2 | Kristiina Oksman
Bio-based nanomaterials, their isolation, properties and composites

13:25 - Parallel session. Topic 1: Polymer characterization (room EL5) Parallel session. Topic 2: Polymer Composites (room EL6)

Session co-chairs: Kell Mortensen, Dag Werner Breiby Session co-chairs: Kristiina Oksman, Andreas Echtermeyer

13:25-13:45 O1.1 | Matthias Amann, Jakob Stensgaard Diget, Jeppe Lyngsg, Jan Skov 02.1 | Tahani Kaldéus, Lars Berglund, Eva Malmstrom and Giada Lo Re
Pedersen, Theyencheri Narayanan and Reidar Lund Molecular engineering of CNF/PCL interface for high toughness bio-
The Kinetic Pathway for Polyelectrolyte Coacervate Formation nanocomposites
revealed by Time-resolved Synchrotron SAXS

13:45 - 14:05 01.2 | S. Bayati, L. Galantini, K. D. Knudsen and K. Schillén 02.2 | Karolina Gaska and Roland Kadar
A combined SAXS and SANS study of interactions between bile salt Thermal and electrical properties of graphene polypropylene
and a triblock copolymer composites

14:05 — 14:25 01.3 | Sindre Olufsen, Arild Holm Clausen and Odd Sture Hopperstad 02.3 | Ravindra Reddy Chowreddy and Katrin Nord-Varhaug
In-Situ X-ray tomography for investigation of void growth in mineral- Recycled Poly (Ethylene Terephthalate) Nanocomposites: Rheology,
filled PVC using a conventional X-ray source: A plausibility study Thermal and Mechanical Properties

14:25-14.55 Coffee & break

14:55 - 15:15 0O1.4 | Vegar Ottesen, Per Tomas Larsson and Kristin Syverud 02.4 | Karolina Gaska and Roland Kadar
Swelling of Individual Cellulose Nano-Fibrils: Does Crystallinity affect Nonlinear rheological signatures and percolation in nano-filled
Swellability? polymers

15:15 - 15:35 01.5 | Josefine Eilse Nielsen, Victoria Ariel Bjornestad, Abdullah Lone, Havard 02.5 | Lilian Forsgren, Karin Sahlin-Sj6vold, Abhijit Venkatesh, Johannes
Jenssen, Tania Kjellerup Lind, Marité Cardenas and Reidar Lund. Thunberg, Roland Kadar, Antal Boldizar, Gunnar Westman and Mikael
Probing the Structure of Antimicrobial Peptides and their Interaction Rigdahl
with Lipid Membranes using Small-angle X-ray and Neutron Composites with surface-grafted cellulose nanocrystals (CNC)
Reflectivity Methods

15:35-15:55 01.6 | Ekkehard Fiiglein 02.6 | Tony Tiainen, Marina Lobanova, Erno Karjalainen and Sami Hietala
Characterization and Classification of Polymers and Polymer Mixtures Nanodiamond reinforced polyelectrolyte films
by Means of DSC and an Advanced Software Database

15:55-16:15 01.7 | Stephanie Haider, Lukas Kammerer, Michael Aigner, Sabine Hild and 02.7 | Shiyu Geng, Daniela Wloch, Natalia Herrera and Kristiina Oksman
Gabriel Kronberger High-strength, high toughness polylactic acid-based nanocomposites
Using Elastic Net Regularization for the Identification and reinforced with well-dispersed cellulose nanocrystals
Quantification of Raman Spectra in Mechanical Polymer Recycling.

16:15-16:35 01.8 | Christian Andersen, Niels Jergen Madsen and Anders E. Daugaard 02.8 | Yingwei Ouyang, Massimiliano Mauri, [da (")stergren, Thomas Gkourmpis,
Method of Making Polymer Surface Modifications Through the use of Per-Ola Hagstrand, Oscar Prieto and Christian Miiller
Screening Platforms In-situ Formation of a Polyethylene-Polypropylene Copolymer through

Reactive Compounding

16:35 -16:55 01.9 | C. W. Karl, A. Lang, M. Kliippel and U. Giese 03.1 | Kerstin Steyrl, Blanca Maria Lekube, Thomas Hofstétter and Christoph

Characterization of modified elastomer surfaces by wetting Burgstaller
Melt filtration of polymers.

17:00 - 17:30 PL3 | Susie Jahren (room EL5) Chairperson: Kristofer Paso
The war on plastics

19:00 Organ concert followed by reception

Thursday, 6 June 2019

08:30 — 09:00 PL4 | Monika Osterberg (room ELS) Chairperson: Reidar Lund
Surface-tailored functional and ecological materials from wood polymers
09:00 — 09:30 PL5 | Dag W. Breiby
Quantitative 4D X-ray Microscopy and Its Future in Polymer Science
09:40 onwards Parallel session. Topic 4: Biopolymers (room ELS5) Parallel session. Topic 5: Other Topics in Polymer Science (room EL6)
Session co-chairs: Monika Osterberg, Pontus Lundberg Session co-chairs: Reidar Lund, Heiki Tenhu
09:40 — 10:00 04.1 | Erfan Oliaei, Pér Lindén, Qiong Wu, Fredrik Berthold, Lars Berglund and 05.1 | Els Verdonck and Philip Davies
Tom Lindstrém The Thermal Analysis Toolkit for Characterising Polylactic Acid
Fibrillation of unbleached Kraft softwood pulp to lignin-containing
microfibrillated cellulose
10:00 — 10:20 04.2 | Eleonora Parelius Jonasova and Bjern Torger Stokke 05.2 | Erik Andreassen, Ivanna Baturynska, Marius Johansen and Marius Andersen
Responsive hydrogels as recognition and transducing elements in Mechanical properties of polyamide 12 parts made by powder bed
biosensing: Spatiotemporal response of DNA-co-acrylamide hydrogels fusion (additive manufacturing)
10:20 — 10:50 Coffee & break
10:50 - 11:10 04.3 | Jiayuan Wei, Shiyu Geng, Olli Pitkénen, Topias Jarvinen, Krisztian Kordas | O5.3 | Jonna Hynynen, Emmy Jérsvall, Renee Kroon, Yadong Zhang, Stephen
and Kristiina Oksman Barlow, Seth R. Marder, Martijn Kemerink, Anja Lund and Christian Miiller
Making good use of lignin — from a low-value biopolymer to energy Enhanced Thermoelectric Performance of the Conjugated Polymer
storage devices Poly(3-hexylthiophene) through Tensile Drawing
11:10 - 11:30 04.4 | Mihaela Tanase Opedal, Eduardo Espinosa Victor, Johnny Kvakland 05.4 | Karsten Leucker, Janosch Amtmann and Dirk W. Schubert
Melbg, Alejandro Rodriguez Pascual and Gary Chinga-Carrasco Revealing correlations of bonding area and pilling behaviour of
Lignin — a biopolymer from forestry biomass for biocomposites and 3D polypropylene non-wovens using a novel objective test method
printing
11:30 - 11:50 04.5 | Linn Berglund and Kristiina Oksman 05.5 | Markus Schubnell and Jiirgen Schawe
Direct preparation of alginate/nanofiber hybrid-ink from seaweed Investigating crystallization and thermal stability of polymers by fast
scanning calorimetry
11:50-12:10 04.6 | Mika H. Sipponen, Tao Zou, Alexander Henn and Monika Osterberg 05.6 | Shaoquan Wang, Kaspar Lasn, Christer Westum Elverum and Andreas T.
Lignin-lipid capsules as renewable hybrid materials for sustainable Echtermeyer
material applications A novel approach for in-situ measurement of residual strain in FDM
using Optical Backscatter Reflectometry
12:10 - 12:30 04.7 | Julien Navarro and Ulrica Edlund 0O7.1 | Andrey E. Krauklis, Anton G. Akulichev, Abedin I. Gagani and Andreas T.
Functionalized CNF for materials and biomarker sensing Echtermeyer
Creep of Epoxy in Water: Time-Temperature-Concentration
Superposition
12:30 — 13:30 Lunch
13:30 — 14:00 PL6 | Stefan Herve-Hansen, Richard Chudoba and Mikael Lund (room ELS)  Chairperson: Rita S Dias
Ion Specific Effects on Polymer Interactions
14:10 - Parallel session. Topics 4 & 6: Biopolymers and Functional Polymers (room Parallel session. Topic 7: Polymer Theory and Modelling (room EL6)
ELS) Session co-chairs: Sulalit Bandyopadhyay, Finn Knut Hansen Session co-chairs: Rita S Dias, Mikael Lund
14:10 — 14:30 04.8 | Muhammad Farooq, Tao Zou, Guillaume Riviere, A. Seppiléd, Mika H. 07.2 | Anna-Maria Persson, Erik Andreassen, Kristian Martinsen and Einar L.
Sipponen and Monika Osterberg Hinrichsen
Thermal and water barrier properties of CNF based aerogels and Thermoplastic elastomers — Long-term mechanical properties for
nanocomposites sealing applications
14:30 — 14:50 05.7 | Xinfeng Wei, Ulf W.Gedde and Mikael S. Hedenqvist 07.3 | Ame Ilseng, Victorien Prot, Bjern H. Skallerud and Bjern T. Stokke
Degradation of polyamide-based multilayer fuel line exposed to bio Effect of initial thickness for the onset of buckling in hydrogel plates.
and petroleum diesel under “in-vehicle” conditions



https://pubs.acs.org/author/Farooq%2C+Muhammad
https://pubs.acs.org/author/Zou%2C+Tao
https://pubs.acs.org/author/Riviere%2C+Guillaume
https://pubs.acs.org/author/Sipponen%2C+Mika+H
https://pubs.acs.org/author/Sipponen%2C+Mika+H
https://pubs.acs.org/author/%C3%96sterberg%2C+Monika

14:50 — 15:10 06.1 | Marius Sandru, Per Stenstad, Eugenia Sandru, Jing Deng and Liyuan Deng | O7.4 | Dirk W. Schubert
Novel polymer architectures for CO: selective membranes Revealing novel power laws and quantization in electrospinning
considering jet splitting — towards predicting fiber diameter and its
distribution
15:10 - 15:30 06.2 | Xiaomin Qian, Fabian Itel, Noga Gal and Brigitte Stédler 07.5 | Raju Lunkad, Anastasiia Murmiliuk, Milan Boublik, Pavel Dubsky, Pascal
Stimuli-responsive polymers as functional materials to discriminate Hebbeker, Miroslav Stépanek and Peter KoSovan
complex mixtures Quantitative understanding of ionization of weak polyelectrolytes and
weak polyampholytes: simulations vs. experiment
15:30 — 15:50 06.3 | Eugenia Sandru, Wilhelm Glomm, Le Thuy Truong, Peter Molesworth and | O7.6 | Hyejeong Cheon, Morten Stornes, Costanza Tedesco and Rita S. Dias
Heidi Johnsen Monte Carlo simulation of halloysite nanotube and polyelectrolyte
Microencapsulation by complex coacervation of oil soluble vitamins
15:50 - 16:10 06.4 | Vikram Baddam and Heikki Tenhu 07.7 | Pablo M. Blanco, Josep Lluis Garcés, Francesc Mas and Sergio Madurga
Counterion turns poly(ionic liquid)-PEG copolymer thermoresponsive Exploring mechanically-induced charge regulation in weak
polyelectrolytes by computer modelling
16:10 — 18:00 Poster session (including coftee)
19:00 Conference dinner

Friday, 7 June 2019

09:00 — Parallel session. Topic 8: Biomedical Applications (room ELS5) Parallel session. Topic 6: Functional Polymers (room EL6)
Session co-chairs: Wilhelm Glomm, Seren Hvilsted Session co-chairs: Erik Andreassen, Heidi Johnsen
09:00 — 09:20 05.8 | Muhammad Ahsan Bashir, Martin Gjerde Jakobsen and Vivian B. Farstad | 06.5 | Anastasiia Murmiliuk, Sergey K. Filippov, Zden€k Tosner, Michael
The Effect of Extender Particle Size on the Glass Transition Gradzielski, Stergios Pispas, Athanasios Skandalis and Miroslav Stépanek
Temperatures of Cured Epoxies Three-layered onion micelles with soft poly(lauryl acrylate) core: co-
assembly and morphological transition.
09:20 — 09:40 08.1 | Viktor Granskog, Mathieu Arseneault, Daniel Hutchinson and Michael 06.6 | Kjartan Tobias Boman, Cecilia Winander and Marit Dahling
Malkoch Polyoxalates for marine antifouling coatings
Utilizing Thiol-ene and Thiol-yne Chemistry to Create New Materials
for Dental and Skeletal Repair
09:40 — 10:00 08.2 | Edit Brodszkij, Carina A. Ade, Bo Thingholm and Brigitte Stadler 06.7 | Yizhi Zhuo, Jianying He and Zhiliang Zhang
pH responsive polyanions to aid cytosolic placement of nanoreactors Self-healing polymers for durable icephobicity
10:00 — 10:20 08.3 | Geir Fonnum and Pontus Lundberg 06.8 | Libor Zverina, Manuel Pinelo, John M. Woodley and Anders E. Daugaard
Improving health with monodisperse beads From ultrafiltration to nanofiltration by controlled pore collapse of
modified polyethersulfone membranes
10:20 — 10:40 08.4 | Wilhelm R. Glomm, Eugenia M. Sandru, Peter P. Molesworth, Hanne 06.9 | Anna Gruszkiewicz and Szczepan Zapotoczny
Haslene-Hox, Andrea D. Hoel and Masahiro Yasuda Low-bandgap donor-acceptor polymer brushes
Polymer particles as scaffolds for 3D cell culture systems
10:40—11:10 Coftee
11:10-11:40 Session chairperson: Kristofer Paso (room ELS)
PL7 | Michael Malkoch
Click composites as future standard-of-care materials for bone fractures and dental restorations
11:40 - 12:10 PL8 | Piotr Stanislaw Mazurek, Liyun Yu and Anne Ladegaard Skov
Glycerol-silicone elastomers — application perspectives
12:10 Closing ceremony
12:40 Lunch

10



PL1

PL2

PL3

PL4

PL5

PL6

PL7

PL8

PLENARY LECTURES

SANS Studies of Star-Polymers and Star-Polymer Gels Exposed to Stretch
Kell Mortensen, Anine L. Borger, Jacob J.K. Kirkensgaard, Kristoffer Almdal, Qian Huang, Ole
Hassager and Masahiko Annaka

Bio-based nanomaterials, their isolation, properties and composites
Kristiina Oksman

The war on plastics
Susie Jahren

Surface-tailored functional and ecological materials from wood polymers
Monika Osterberg

Quantitative 4D X-ray Microscopy and Its Future in Polymer Science
Dag W. Breiby

Ion Specific Effects on Polymer Interactions

Stefan Herve-Hansen, Richard Chudoba and Mikael Lund

Click composites as future standard-of-care materials for bone fractures and dental restorations
Michael Malkoch

Glycerol-silicone elastomers — application perspectives
Piotr Stanislaw Mazurek, Liyun Yu and Anne Ladegaard Skov
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27



ORAL PRESENTATIONS

Topic 1: Polymer Characterization

Ol.1

01.2

013

014

015

01.6

01.7

01.8

01.9

The Kinetic Pathway for Polyelectrolyte Coacervate Formation revealed
by Time-resolved Synchrotron SAXS

Matthias Amann, Jakob Stensgaard Diget, Jeppe Lyngse, Jan Skov Pedersen,
Theyencheri Narayanan and Reidar Lund

A combined SAXS and SANS study of interactions between bile salt and a
triblock copolymer
S. Bayati, L. Galantini, K. D. Knudsen and K. Schillén

In-Situ X-ray tomography for investigation of void growth in mineral-
filled PVC using a conventional X-ray source: A plausibility study
Sindre Olufsen, Arild Holm Clausen and Odd Sture Hopperstad

Swelling of Individual Cellulose Nano-Fibrils: Does Crystallinity affect
Swellability?
Vegar Ottesen, Per Tomas Larsson and Kristin Syverud

Probing the Structure of Antimicrobial Peptides and their Interaction
with Lipid Membranes using Small-angle X-ray and Neutron Reflectivity
Methods

Josefine Filsg Nielsen, Victoria Ariel Bjornestad, Abdullah Lone, Havard
Jenssen, Tania Kjellerup Lind, Marité Cardenas and Reidar Lund

Characterization and Classification of Polymers and Polymer Mixtures by
Means of DSC and an Advanced Software Database

Ekkehard Fiiglein

Using Elastic Net Regularization for the Identification and Quantification
of Raman Spectra in Mechanical Polymer Recycling

Stephanie Haider, Lukas Kammerer, Michael Aigner, Sabine Hild and Gabriel
Kronberger

Method of Making Polymer Surface Modifications Through the use of
Screening Platforms
Christian Andersen, Niels Jorgen Madsen and Anders E. Daugaard

Characterization of modified elastomer surfaces by wetting
C. W. Karl, A. Lang, M. Kliippel and U. Giese

Topic 2: Polymer Composites

02.1

022

023

024

025

Molecular engineering of CNF/PCL interface for high toughness bio-
nanocomposites
Tahani Kaldéus, Lars Berglund, Eva Malmstrom and Giada Lo Re

Thermal and electrical properties of graphene polypropylene composites
Karolina Gaska and Roland Kédar

Recycled Poly (Ethylene Terephthalate) Nanocomposites: Rheology,
Thermal and Mechanical Properties
Ravindra Reddy Chowreddy and Katrin Nord-Varhaug

Nonlinear rheological signatures and percolation in nano-filled polymers
Karolina Gaska and Roland Kadar

Composites with surface-grafted cellulose nanocrystals (CNC)
Lilian Forsgren, Karin Sahlin-Sj6vold, Abhijit Venkatesh, Johannes Thunberg,
Roland Kadar, Antal Boldizar, Gunnar Westman and Mikael Rigdahl
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02.6

02.7

02.8

Nanodiamond reinforced polyelectrolyte films
Tony Tiainen, Marina Lobanova, Erno Karjalainen and Sami Hietala

High-strength, high toughness polylactic acid-based nanocomposites
reinforced with well-dispersed cellulose nanocrystals
Shiyu Geng, Daniela Wloch, Natalia Herrera and Kristiina Oksman

In-situ Formation of a Polyethylene-Polypropylene Copolymer through
Reactive Compounding
Per-Ola Hagstrand, Oscar Prieto and Christian Miiller

Topic 3: Environment Aspects of Polymers

03.1

Melt filtration of polymers
Kerstin Steyrl, Blanca Maria Lekube, Thomas Hofstétter and Christoph
Burgstaller

Topic 4: Biopolymers

04.1

04.2

043

04.4

04.5

04.6

04.8

04.9

Fibrillation of unbleached Kraft softwood pulp to lignin-containing
microfibrillated cellulose

Erfan Oliaei, Par Lindén, Qiong Wu, Fredrik Berthold, Lars Berglund and Tom

Lindstrom

Responsive hydrogels as recognition and transducing elements in
biosensing: Spatiotemporal response of DNA-co-acrylamide hydrogels
Eleonora Parelius Jonasova and Bjern Torger Stokke

Making good use of lignin — from a low-value biopolymer to energy
storage devices

Jiayuan Wei, Shiyu Geng, Olli Pitkdnen, Topias Jarvinen, Krisztian Kordas
and Kristiina Oksman

Lignin — a biopolymer from forestry biomass for biocomposites and 3D
printing

Mihaela Tanase Opedal, Eduardo Espinosa Victor, Johnny Kvakland Melbg,
Alejandro Rodriguez Pascual and Gary Chinga-Carrasco

Direct preparation of alginate/nanofiber hybrid-ink from
Linn Berglund and Kristiina Oksman

Lignin-lipid capsules as renewable hybrid materials for sustainable
material applications )
Mika H. Sipponen, Tao Zou, Alexander Henn and Monika Osterberg

Functionalized CNF for materials and biomarker sensing
Julien Navarro and Ulrica Edlund

Thermal and water barrier properties of CNF based aerogels and
nanocomposites

Muhammad Farooq, Tao Zou, Guillaume Riviere, A. Seppéld, Mika H.
Sipponen and Monika Osterberg

Topic 5: Other Topics in Polymer Science

0s5.1

05.2

The Thermal Analysis Toolkit for Characterising Polylactic Acid
Els Verdonck and Philip Davies

Mechanical properties of polyamide 12 parts made by powder bed fusion
(additive manufacturing)
Erik Andreassen, Ivanna Baturynska, Marius Johansen and Marius Andersen
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PL1
SANS Studies of Star-Polymers and Star-Polymer Gels
Exposed to Stretch.

Kell Mortensen™®!, Anine L. Borger', Jacob J.K. Kirkensgaard',
Kristoffer Almdal?, Qian Huang? and Ole Hassager’. Masahiko Annaka’

'University of Copenhagen., *Technical University of Denmark, 3 Kyushu University, Japan
* kell@nbi.ku.dk

Figure 1: SANS scattering experiment on a 30% aqueous crosslinked TAT-TNT network sample mounted for
in-situ stretching experiments.

One of the major challenges in polymer physics is the fundamentals of the unique visco-elastic properties
characterizing soft materials, and their relation to the molecular structure. Small-Angle Neutron Scattering
is, using the unique H-D substitution, the one and only method to address the molecular conformation and
have accordingly been the basis for a number of studies. Still, however, the understanding is only limited.
We have recently extended such results, studying the effect of very high flow rates [1,2]. We have studied
the effect of polydispersity [3], the effect of branched complex polymer architecture [4], and the structural
properties when cross-linked into well-defined network structures [5]. The linear chains show typically 2D-
SANS pattern with Lozenge shaped contour [1,3], and clear evidence of chain-expansion and subsequent
retraction upon relaxation [2]. The three-armed polystyrene star-polymer with short deuterated segments at
the end of each arm shows novel, unexpected correlations perpendicular to the flow axis. We show that the
form factor of the three-armed star molecules in the relaxed state agrees very well with that of the random
phase approximation of Gaussian chains. Upon exposure to large extensional flow conditions, the star
polymers change conformation resulting in a highly stretched structure of a fully extended three-armed tube.
The cross-linked star-polymers show novel response to strain. While the mechanical properties appear as
expected with linear stress-train relationship, the SANS pattern shows an apparent unchanged structure. The
latter is attributed to a local layered organization of the star-molecules [5].
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Bionanomaterials such as cellulose and chitin nanofibers and nanocrystals, have gained large interest
during the last 10-15 years both in research society and in industry. These fascinating bionanomaterials,
isolated from plants, algae, sea crustaceans are interesting for packaging, medical, transportation and
construction applications. Cellulose and chitin nanofibers and nanocrystals are very small, the width can
be as small as 3 nm and the length can vary from hundreds of nanometers to micrometer level. They own
many interesting properties, such as high mechanical strength and stiffness, they are of lightweight,
biodegradable, transparent and they can also self-organize to strong layered networks. These properties
are making them interesting as reinforcing agents and when combining them with polymers we can obtain
composites which new properties. The lecture is giving an insight to these bionanomaterials and their
isolation processes as well as some ideas about how these materials can be used to make composites and
what type of properties can be achieved. Composites manufacturing processes such as liquid-assisted
extrusion, in-situ polymerization and impregnation of nanofiber networks are discussed.
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The War on Plastics.

Susie Jahren
SINTEF Industry, Forskningsveien 1, 0314 Oslo, Norway

Susie.Jahren@sintef.no

In 2018 Eric Solheim and the UN decreed a war on plastic. But it was actually a war that put us on this
path in the first place. It wasn’t until World War II that plastic products began to be mass-produced as they
are today. The war accelerated the need for new technologies, and plastics came to revolutionise the way
we live — providing us with durable, mass-produced and inexpensive commodities. They promised men of
the 1950s a vision of the future, and their housewives an easier life. And plastics more than fulfilled their
promise.

Today, 70 years on from the post-war plastic revolution, we produce more than 300 million tonnes of plastic
goods each year. Our planet is quite literally drowning in it. What we need indeed is a war on
plastics. However, the answer is not to ban plastic, but to use it and all other materials more intelligently
and more responsibly. We need to take a look at the events that have bought us here and the events that are
now starting to make the tide turn on plastic. Beach cleaning and paper straws are great but the real solution
in the hands of plastics researchers and technologists. By creating the materials, products and systems
that take care of our resources instead of dumping them , we can solve our plastic problem. Let's roll up
our sleeves and see what we need to do.
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Surface-tailored functional and ecological materials from wood
polymers.

Monika Osterberg

Aalto University, Department of Bioproducts and Biosystems, School of Chemical Engineering

monika.osterberg@aalto.fi

There is an acute lack of clean water, especially in countries that lack resources for efficient water
purification. We furthermore, need to decrease the amount of waste we produce. This can be done
for example by replacing synthetic materials in packaging, textiles and furniture by degradable/recyclable
materials from renewable resources. However, we are not willing to make compromises in
comfort, functionality or price. Hence, the sustainable solutions needs to be competitive in performance and
price.

In this presentation, some examples of our recent work preparing sustainable and functional materials from
wood polymers and other natural sources will be presented. The common denominator in these examples are
that simple, green and scalable methods were applied to tailor the surface properties and control interfacial
interactions. Cationic colloidal lignin particles (CLPs) were demonstrated to be efficient in removing
viruses from water. Using chitosan as the cationic component, amphiphilic particles that were able to stabilize
olive oil-water emulsions were prepared. lonic cross-linking with sodium triphosphate formed microcapsules
that could be dried and rewetted without disruption [1]. These capsules were demonstrated to have potential
for delivery of hydrophobic drugs. Hybrid materials also demonstrate interesting properties and we have
combined CLPs and cellulose nanofibrils to produce various hybrid materials like nanobiocomposite films
demonstrating antioxidative and UV-protective properties beneficial for packaging applications [2], hybrid
hydrogels suitable for 3D bioprinting and phase changing materials with potential for energy
storage. Lastly, examples of non-toxic, material efficient, surface modification approaches that introduce
protection against water or bacteria, while retaining the comfortable feel and breathability of cellulosic
materials will be shown [3,4].
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X-ray scattering and diffraction are firmly established tools for unraveling the structural secrets of polymers
and other soft materials. The penetrating nature of X-rays facilitates using complex sample
environments combined with thick samples. For example, small-angle scattering (SAXS) allows the pore
structure and phase transitions in surfactant-templated mesoporous films to be followed in situ as function
of relative humidity [1].

Despite the wealth of information that can be obtained by traditional scattering methods, techniques able to
retrieve real-space images (2D, 3D) or movies (4D) of nanostructured soft materials are in increasing
demand. A critical review, demonstrating the upcoming possibilities for studies of soft materials, will be
given. A shared feature of many new microscopy schemes is that computers are used actively in the image-
forming process itself, so-called computational imaging. Rather than relying solely on beam attenuation
for image contrast, one can employ phase and scattering as contrast mechanisms, allowing fine variations
in composition and morphology to be observed. Raster scanning of a pencil-shaped beam is a conceptually
simple, yet powerful, way to map out structures in polymeric samples, even using home laboratory
equipment [2]. By utilizing specialized synchrotron X-ray sources, high-resolution (down to 10
nm) and quantitative phase-contrast nanoscopy can be carried out. Ultrafast tracking of structural
dynamics triggered for example by laser pulses is now feasible [3]. Our recent efforts towards 4D
microscopy of soft materials will be presented, highlighting in situ studies of natural organic fibers exposed
to humidity [4], cement exposed to CO.-rich brine [5], flash annealing of polymeric films [6], and 3D
orientation mapping in samples ranging from fossil bones [7], via semiconducting microwires [8],
to injection molded polypropylene [9].
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Through intermolecular and intramolecular interactions, the stability of (bio)polymers in aqueous solution
is influenced by the presence of salt. Not only does the salt concentration or ionic strength play an
important role, but so does the salt #ype. The latter observation can be traced back to early works of Franz
Hofmeister and the underlying molecular mechanisms was later studied via a combination of atomistic
computer simulations and high resolution experimental techniques.

In this presentation we propose a new model for describing ion specific effects in aqueous solution of
polymers and other macromolecules. The model combines macroscopic and microscopic observables from
experiment or all-atom MD simulations into a coarse grained model where large length and time scales can
be studied. Our model include transfer free energy terms for describing salting out, i.e. when salt is
excluded from the solute surface and can cause a polymer collapse and/or induce aggregation. To capture
salting in, i.e. when ions bind to the solute surface we use a two-state binding parametrised via NMR
experimental data. We demonstrate how the model, based on the Metropolis Monte Carlo algorithm, can
be applied to aqueous solutions of PEG, caffeine, and proteins.
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Click composites as future standard-of-care materials for bone
fractures and dental restorations.

Michael Malkoch

KTH Royal Institute of Technology, Dept Fibre and Polymer Technology, Div of Coating Technology

Hospital visits are a continuous reminder to Humans on how fragile the body is. At any given time our body
tissue can be compromised due to various unfortunate events. Careless children, athletes, physical
professions and elderly are high risk groups with frequent hospital visits. In this case, bone fractures belong
to most typical accidents and surgeons are often faced with more challenging surgeries that require metal
implants fixators. Harsh mechanical drilling into healthy bone with screws and metal plate, for adequate
fixation of the fracture, is a painful and long journey for any patient. Consequently, surgeons are one
lookout for alternative fixation methods that eliminate the use of old-fashion metal-based implants.

This presentation will focus on current research activities that capitalizes on a novel materials concepts and
surgical methodologies for fixation of bone fractures and dental restorations. In this context, highly robust
click reactions are utilized for selective buildup of “Fiber Reinforced Adhesive Patches” (FRAP)[1] - as a
modular, facile and mild fixation methodology for an array of bone fractures that today are considered
inaccessible due to sensitive locations, near joints or when drilling is not an option. The FRAPs are
accomplished by introducing a phosphonic primer layer as a critical component, that is programmed to
strongly adhere to wet bone surfaces and “on-fracture-site” bind two a two-component resin system with
imbedded hydroxyapatite and PET fibre mesh. From surgical viability point-of-view, the FRAP is produced
under physiologically benign conditions using dental High-Energy Visible light applicator as a benign
curing source. As an implant, the FRAP is biocompatible, none-degradable composite fixator that deliver
unprecedented adhesion to bone, with a shear bond strength of 9.4 MPa, and that can withstand a minimum
of 1000 cycles in fatigue tests. The adhesion strength of the FRAP surpasses commercially available dental
restoration materials and can compete with metal fixation implants for an array of common fractures e.g.
finger, radius, ankle and maxillofacial. Collectively, these high-performance “clickable” adhesive fixators
can match the unlimited demand from the healthcare sector including dentistry[2] with the ultimately goal
of increasing the quality of life for patients, reducing rehabilitation time and the overall healthcare costs.
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Glycerol and silicone polymers are two virtually immiscible liquids [1]. However when sufficiently high
shear forces are applied to a mixture of both then the glycerol phase breaks down to micro-size droplets
evenly distributed within the silicone pre-polymer phase thus a glycerol-in-silicone emulsion is produced
[2]. Upon cross-linking of the silicone pre-polymer free-standing silicone elastomers with incorporated
glycerol droplets are obtained. Interestingly, mechanical properties of these composites are not
compromised as the glycerol loading increases [3]. Glycerol-silicone elastomers has become a platform for
creating multiple functional smart materials, e.g. drug delivery wound care membranes, silicone foams,
water absorbing silicones or magnetochromic films. Here some of the most interesting examples of
glycerol-silicone elastomers applications will be presented and briefly explained elucidating the great
potential of this “impossible” composition that, however, is extremely easy to work with.
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The kinetic pathways for coacervation and micelle formation are still not fully understood [1]. Driven by
electrostatic interactions and entropically driven counter-ion release, complexation of oppositely charged
macromolecules lead to the formation of micellar nanostructures. Here we study the coacervation process,
from initial formation and growth of stable micelles, on a nanometric length scale using time-resolved small-
angle X-ray scattering (TR-SAXS). The micellar coercevates are formed through the complexation of anionic
polyelectrolyte poly(sodium 4-styrene sulfonate) (PSSS) and cationic block—copolymer poly(ethylene oxide
)-block-poly((vinylbenzyl)trimethyl-ammonium chloride) (PEO-b-PVBTA). Mixing the polyelectrolytes in
a stoichiometric 1:1 charge ratio resulted in the formation of stable spherical core-shell micellar-like
coacervates consisting of a central core of complexed PSSS and PVBTA with a PEO corona. The results
reveal that the formation polyelectrolyte coacervates follows a two-step process; 1) first, metastable large-
scale aggregates are formed upon a barrier-free complexation immediately after mixing; ii) Subsequently the
clusters undergo charge equilibration upon chain rearrangement and exchange processes yielding micellar-
like aggregates with net neutral charge that are pinched off to yield the final stable micelle-like coacervates.
Interestingly, the overall kinetic process was essentially concentration independent, indicating that the
rearrangement process is mainly accomplished via noncooperative chain rearrangement and chain exchange
processes. This mechanism is in contrast to the kinetic pathways for block copolymer micelle formation
which follows a nucleation & growth mechanism without cluster formation [3].
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Small angle X-ray and neutron scattering techniques can be very useful for extracting information about
structural parameters as well as interparticle interactions in solutions of polymers and polymer complexes.
We have investigated mixed complexes formed between micelles of the nonionic amphiphilic PEO-PPO-
PEO copolymer and the anionic bile salt (NaGDC) in aqueous solution. The aim of the work was to gain
understanding of how thermoresponsive PEO-PPO-PEO block copolymers interact with bile salts, in order
to make predictions concerning their potential as a new class of bile salt sequestrants in the treatment of
bile-salt related diseases. It was found that the NaGDC molecules are preferentially associated to the PEO
corona of the P123 micelle and - due to their amphiphilic nature - are located close to the core/corona
interface. Because of this association the micelles become charged, causing their interparticle repulsions in
solution to increase. Modelling of the SAXS and SANS experimental data made it possible to extract
information on changes in both the core and total radius, as well as on the (de)hydration of the “P123
micelle-NaGDC” complexes, demonstrating the usefulness of small angle scattering techniques for this and
similar types of polymer systems.
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