
 

 

N

P

D

 

 
 
 
 
 

N O

POL

DAY

S

 
 

R D
 

LYM
 

YS 2
 
 
 
 
 

STOC

D I C

MER

2017

KHOL

 

C  

R 

7 

 

 
LM     J

 

JUNE 1

 

 

19 - 211 

 

 



 

NO
 
 

 
   

ORDIC PPOLYMER DAY

 

YS 2017

 

 

 

 

 

7 is sponsoredd by: 

2 

 

 

 

 

 



3 
 

 
 
 
 
 
 
 
 
 
 

ORGANIZING COMMITTEE: 
 
 

Minna Hakkarainen 

Mats Johansson 

Karin Odelius 

Ulrica Edlund 

Michael Malkoch 

Eva Malmström 

Mikael Hedenqvist 

Ulf Gedde 

Linda Fogelström 

Emma Strömberg

 



1 
 

TABLE OF CONTENTS 
 

 
GENERAL INFORMATION ..................................................................................... 2 

Venue ......................................................................................................................... 2 

Registration and registration desk .............................................................................. 2 

Message board ............................................................................................................ 2 

Scientific topics .......................................................................................................... 2 

Posters ........................................................................................................................ 2 

Exhibition ................................................................................................................... 2 

Lunch .......................................................................................................................... 3 

Coffee / Tea ................................................................................................................ 3 

Computer access ......................................................................................................... 3 

Conference dinner ...................................................................................................... 3 

Biomacromolecules award ......................................................................................... 3 

 
 
MAP .............................................................................................................................. 4 

COURSE ON ‘THERMAL ANALYSIS OF POLYMERS’ .................................... 5 

SPONSORS AND EXHIBITORS .............................................................................. 6 

CONFERENCE PROGRAM ..................................................................................... 7 

 

ABSTRACTS 

KEYNOTE SPEAKERS ........................................................................................... 11 

ORAL CONTRIBUTIONS ....................................................................................... 19 

POSTERS ................................................................................................................... 80 

 
 

 

  



2 
 

GENERAL INFORMATION 
 

Venue 
The conference will take place at KTH Royal Institute of Technology. Keynote 
lectures will be held in lecture hall Q1, Osquldas väg 4. Parallel sessions will be held 
in lecture room Q31, Q33, and Q34.  
 

Registration and registration desk 
The registration desk is located in the entrance hall outside lecture room Q1, Osquldas 
väg 4. The desk is open for registration on Monday at 08:30 – 09:00 and 11:30 – 
13:00, and Tuesday at 08:30 – 09:00. 

 

Message board 
There will be a message board next to the registration desk where all incoming 
messages will be posted. 

 

Scientific topics 
Presentations on all areas of polymer science and engineering are welcome, but the 
conference will devote special emphasis on the synthesis, physical and chemical 
properties, modeling and applications of: 

 Biomedical materials  
 Nanostructures and composites  
 Biomass and biobased materials 
 Energy related materials 

 

Posters 
Posters will be displayed in the atrium area outside lecture rooms Q31, Q33, and Q34. 
There is time allocated for poster exhibition on Monday afternoon at 17:00 but all 
posters will be on display during the whole conference. During the poster mingle on 
Monday afternoon, drinks and refreshments will be served (included in the conference 
fee. All posters should be mounted as soon as possible on Monday and removed on 
Wednesday morning.  

 

Exhibition 
We are happy to host 7 companies for the exhibition during the conference. All 
exhibitors will be on display outside lecture rooms Q1, Q31, Q33, and Q34. 
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Lunch 
Three lunches are included in the conference fee. Lunch is served at Restaurant Q 
located next to lecture hall Q1. Lunch coupons are available in the envelope you 
receive when you register at the registration desk upon arrival. 

 

Coffee / Tea 
Coffee and tea will be served in the entrance hall outside lecture room Q1. 

 

Computer access 
All conference delegates will have access to the wireless network operating 
throughout KTH campus. You will find a password in the envelope you receive when 
you register at the registration desk upon arrival. For university employees, the wifi 
network Eduram is available all over campus. 

 

Conference dinner 
The conference dinner will be held at Spårvagnshallarna on Tuesday at 7 pm. 
Spårvagnshallarna is located on Birger Jarlsgatan 57 A in center city Stockholm, 
approximately 15 minutes’ walk from KTH. A map and travel directions are available 
at: http://www.sparvagnshallarna.com/ 

 
The closest subway station is Rådmansgatan (green line). Spårvagnshallarna is 
located 200 m walk from the exit Tegnérgatan.  
 
For those who prepaid and registered to attend the dinner, the ticket will be available 
in the envelope you receive when you register at the registration 
 
 
Biomacromolecules award  
The ACS publication Biomacromolecules will kindly sponsor an award, given to the 
best PhD student presentation during Nordic Polymer Days 2017. The winner will be 
announced at the closing ceremony on Wednesday, June 21.  
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COURSE ON ‘THERMAL ANALYSIS OF POLYMERS’ 
 
 
Time: June 19  
 
Place: Lecture room Q31 
 
Time: 9 - 12 
 
Lecturer: Professor Ulf W. Gedde (gedde@kth.se) 
Fiber and Polymer Technology, KTH Royal Institute of Technology 
 
The course is free of charge for the participants of the conference. The course will 
provide 4.0 credits and includes lectures and home assignments. 
Course code: FKF3370 
 
 
Synopsis:  
 
Thermal analysis is a whole family of different analytical methods. They are based on 
a common principle that some physical property (e.g. enthalpy, volume or mass) is 
measured while the sample is undergoing a controlled temperature program. Modern 
thermal analysis uses very small sample amounts typically a few mg. The efficiency 
of the thermal analytical methods makes them often the primary choices to solve a 
problem. They provide an initial overview of your problem and may inspire you to 
design further more specialized measurements. This before-lunch-course provides the 
basic knowledge about the most commonly used methods and quite a number of 
application cases relevant to a range of different polymeric material types. You will 
receive the pdf of the lectures together with a 50-60 pages text written by me. The 
final part of the text presents a number of problems, which you are supposed to solve. 
I hope that you will ask questions during the lectures. Bring questions relevant to your 
research to the lecture. Heartily welcome to join us. 
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SPONSORS AND EXHIBITORS 
 

Anton-Paar GmbH 
Daniel Olsson  
daniel.olsson@anton-paar.com 
www.anton-paar.com/no-en 
 

Biomacromolecules 
ACS Publications 
Ann-Christine Albertsson, Editor-in-chief 
aila@kth.se 
pubs.acs.org/journal/bomaf6 

 
Instron/Eftab 
Klas Fältström 
klas.faltstrom@eftab.se 
www.eftab.se 

 
Intermodulation products 
Daniel Forchheimer 
info@intermodulation-products.com 
www.intermodulation-products.com 
 

Norlab Oy  and Postnova 
Michel Palu 
michel.palu@norlab.com 
michel.palu@postnova.com 
www.norlab.com 
www.postnova.com 
 

Polymer Factory 
Surinthra Mongkhontreerat 
janne.surinthra@polymerfactory.com 
www.polymerfactory.com 
 
TA instruments 
Claus Larsen 
clarsen@tainstruments.com 
www.tainstruments.com 
 
Teamator 
Niklas Eng 
niklas@teamator.com 
www.teamator.com 
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CONFERENCE PROGRAM 
 
 

Monday 19/6 
Time  
8:30-
9:00 

Registration: Osquldas väg 4 
Participants of thermal analysis course 

9:00 – 
12:00 

Thermal Analysis course, room: Q31  
 

11:30 – 
13:00 

Registration: Osquldas väg 4 
Lunch: Restaurant Q 

13:00 – 
13:15 

Conference Opening, room: Q1   

13:15 – 
13:45 

Chairperson: S. Hvilsted 
Keynote Lecture: Bjørn Torger Stokke, High precision monitoring of swelling of 
responsive hydrogels, room Q1 

13:45 – 
14:15 

Keynote Lecture: Monika Österberg, Cellulose nanofibrils in biomedical materials – 
Importance of understanding the interfacial interacions, room Q1 

 
Time Session: Teaching 

and Learning 
Chairperson:  
K. Odelius 
Room: Q31 

Time Session: Biomass 
and biobased 
materials 
Chairperson:  
R. Moriana 
Room: Q33 

Time Session: Synthesis 
and Characterization 
Chairperson:  
C.-E. Wilén 
Room: Q34 

14:30 – 
14:40 

Karin Odelius 14:30 – 
14:50 

Harri Setälä  14:30 – 
14:50 

Massimiliano Mauri 

14:40 – 
15:05 

Pirjo Pietikäinen 14:50 – 
15:10 

David Sandqvist 14:50 – 
15:10 

Riccardo Borgani 

15:05 – 
15:30 

Emma Strömberg 15:10 – 
15:30 

Joakim Engström 15:10 – 
15:30 

Karolina Gaska 

15:30 – 
16:00 

Coffee break, room: Q-building 

Time Session: 
Biomedical 
Materials 
Chairperson:  
T. Fuoco 
Room: Q31 

Time Session: Biomass 
and biobased 
materials 
Chairperson:  
M. Tengdelius 
Room: Q33 

Time Session: Biomass and 
biobased materials 
Chairperson:  
M. Österberg 
Room: Q34 

16:00 – 
16:20 

Anders E. 
Daugaard 

16:00 – 
16:20 

Andrea C. Ruthes 16:00 – 
16:20 

Steven Spoljaric  

16:20 – 
16:40 

Monika Golda-
Cepa 

16:20 – 
16:40 

Emelie Norström 16:20 – 
16:40 

Antonio Capezza  

16:40 – 
17:00 

Tina Borke 16:40 – 
17:00 

Rosana Moriana 16:40 – 
17:00 

Qiong Wu  

 
17:00 – 
19:00 

Poster session, room: Q-building 
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Tuesday, 20/6 
Time  
9:00 – 
9:30 

Chairperson: A.-C. Albertsson 
Keynote Lecture: Karin Odelius, Design of Functional Biobased Materials Through Green 
Chemistry Approaches, room Q1 

9:30 – 
10:00 

Keynote Lecture: Carl-Eric Wilen, Innovative Halogen free Flame Retardants for Plastics, 
room Q1 

10:00 – 
10:30 

Coffee break, room: Q-building 

Time Session: UV-curable 
thermosets 
Chairperson:  
M. Johansson 
Room: Q31 

Time Session: Synthesis 
and responsive 
polymers 
Chairperson:  
A. Zelikin 
Room: Q33 

Time Session: Modelling 
and Advanced 
Characterization 
Chairperson:  
F. Nilsson 
Room: Q34 

10:30 – 
10:50 

Marco Sangermano 10:30 – 
10:50 

Sami Hietala 10:30 – 
10:50 

David B. Haviland 

10:50 – 
11:10 

Massimo Messori 10:50 – 
11:10 

Luis Valencia 10:50 – 
11:10 

Dirk W. Schubert 

11:10 – 
11:30 

Erno Karjalainen 11:10 – 
11:30 

Fiona L. Hatton 11:10 – 
11:30 

Per-Anders Thorén 

11:30 – 
11:50 

Marcus Jawerth 11:30 – 
11:50 

Fabian Pooch 11:30 – 
11:50 

Ali Moyassari 

11:50 – 
13:00 

Lunch: Restaurang Q 

13:00 – 
13:30 

Chairperson: U. Gedde 
Keynote Lecture: Christian Müller, Polyethylene Blends, a Material Concept for HVDC 
Power Cable Insulation, room Q1 

13:30 – 
14:00 

Keynote Lecture: Malin Åkermo, Fibre composites in vehicle applications – opportunities 
and challenges, room Q1 

 
Time Session: Synthesis 

and characterization 
Chairperson:  
B. Stokke 
Room: Q31 

Time Session: Biomass 
and biobased 
materials 
Chairperson:  
U. Edlund 
Room: Q33 

Time Session: Biomedical 
Materials 
Chairperson:  
M. Malkoch 
Room: Q34 

14:10 – 
14:30 

Søren Hvilsted 14:10 – 
14:30 

Akram Zamani 14:10 – 
14:30 

Tiziana Fuoco 

14:30 – 
14:50 

Anja Lund  14:30 – 
14:50 

Tiia-Maria 
Tenhunen 

14:30 – 
14:50 

Joonas Siirilä  

14:50 – 
15:10 

Daniel Hult 14:50 – 
15:10 

Martin Sterner 14:50 – 
15:10 

Viktor Granskog 

15:10 – 
15:40 

Coffee break, room: Q-building 

Time Session: Energy 
Related Materials 
Chairperson: C. 
Müller 
Room: Q31 

Time Session: Biomass 
and biobased 
materials 
Chairperson: E. 
Strömberg 
Room: Q33 

Time Session: Synthesis 
and characterization 
Chairperson: P. 
Pietikäinen Room: 
Q34 

15:40 – 
16:00 

Ellen Moons 15:40 – 
16:00 

Antonia Svärd 15:40 – 
16:00 

Lilian Forsgren 

16:00 – 
16:20 

Niklas Ihrner 16:00 – 
16:20 

Karin Adolfsson 16:00 – 
16:20 

Andrea Träger 

16:20 – 
16:40 

- 16:20 – 
16:40 

Nejla Erdal 16:20 – 
16:40 

- 

 
19:00 -  Conference dinner at Spårvagnshallarna 
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Wednesday, 21/6 
 
Time Session: Polymer 

Stability and 
Degradation 
Chairperson:  
M. Hedenqvist 
Room: Q31 

Time Session: Biomass 
and biobased 
materials 
Chairperson:  
L. Fogelström 
Room: Q33 

Time Session: Biomass 
and biobased 
materials 
Chairperson:  
E. Malmström 
Room: Q34 

9:00 – 
9:20 

Klas Esbo 9:00 – 
9:20 

Mattias Tengdelius 9:00 – 
9:20 

Christofer Lendel 

9:20 – 
9:40 

Alberto Vega 9:20 – 
9:40 

Samer Namer 9:20 – 
9:40 

Salla Välimäki 

9:40 – 
10:00 

Xinfeng Wei 9:40 – 
10:00 

Maja Finnveden 9:40 – 
10:00 

Tobias Ingverud 

10:00 – 
10:30 

Coffee break, room: Q-building 

Time Session: Fibrous 
systems 
Chairperson:  
R. Olsson 
Room: Q31 

Time Session: Polymer 
processing 
Chairperson:  
M. Åkermo 
Room: Q33 

Time Session: Waste water 
treatment 
Chairperson:  
M. Golda-Cepa 
Room: Q34 

10:30 – 
10:50 

Mostafa Jabbari 10:30 – 
10:50 

Blanca Maria 
Lekube  

10:30 – 
10:50 

Tetyana M. Budnyak  

10:50 – 
11:10 

Nina Forsman 10:50 – 
11:10 

Abhijit Venkatesh 10:50 – 
11:10 

Geng Hua 

 
11:20 – 
11:50 

Chairperson: M. Hakkarainen and M. Johansson 
Keynote Lecture: Alexander N. Zelikin, Polymers fight viruses: design, in vitro, in vivo, 
room Q1 

11:50 -  Closing Ceremony, Q1  
Best PhD presentation award sponsored by Biomacromolecules: Ann-Christine Albertsson 

  Lunch: Restaurang Q 
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Polyethylene Blends,  
a Material Concept for HVDC Power Cable Insulation 

 
Christian Müller 

 

Department of Chemistry and Chemical Engineering 
Chalmers University of Technology, 41296 Göteborg 

e-mail: christian.muller@chalmers.se 
 
 
High-voltage direct-current (HVDC) cables are a critical component of tomorrow’s 
power grids that seamlessly integrate hydro, wind and solar power. The insulation of 
state-of-the-art extruded HVDC cables is composed of low-density polyethylene 
(LDPE), which must be crosslinked to provide adequate creep resistance. The 
electrical performance of the crosslinked cable insulation is limited by its residual 
electrical conductivity. In this talk the use of polyethylene blends is explored. The 
addition of high-density polyethylene (HDPE) is demonstrated to be a versatile tool 
that permits to improve both the thermo-mechanical and electrical properties of the 
cable insulation material. Additive-like amounts of HDPE are sufficient to impart 
creep resistance even above the melting temperature of LDPE, which may ultimately 
alleviate the need for crosslinking. Further, a considerable reduction in electrical 
conductivity by about one order of magnitude can be achieved, which opens up an 
intriguing avenue towards thermoplastic HVDC cable insulation. 
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Design of Functional Biobased Materials Through 
Green Chemistry Approaches 

 
Karin Odelius 

 
KTH Royal Institute of Technology, School of Chemical Science and Engineering, 

Fibre and Polymer Technology, SE-100 44 Stockholm, Sweden 
e-mail: hoem@kth.se 

 
Designing methodology and polymerization routes to enable a gradual shift from the 
overwhelming use of fossil resources to biobased resources for plastic production is 
ongoing. Strong examples of such plastics are on the commercial market and in use, 
and their market shares are growing – although maybe at what could be considered by 
some at a too slow pace. These new materials are both interesting as direct 
replacements of their oil-based counterparts and as plastics that offer new function. 
Although, as these biobased plastics, bioplastics, are being marketed concerns 
connected to their overall environmental impact are being raised. Our way of thinking 
is that to reach sustainable plastics for tomorrows market, the principals of green 
chemistry need to be applied already when performing basic research and should 
continue to advance all the way to the market and after-use-handling. This ideally 
means that the building-blocks are either non-food based, available in large quantities 
with a reasonable price or that they can be created through waste treatment. That the 
synthesis methods for monomers, oligomers and polymers are as facile as possible, 
that benign catalysts and chemicals are used, that solvents and other auxiliaries are 
avoided, that energy consumption is always a consideration and that we from the start 
consider the end-of-life handling of the materials. In this presentation some examples 
of the ongoing work in the design of functional biobased materials through green 
chemistry approaches will be presented and discussed. 
 
 
This financial support of this project comes from The Swedish Research Council, VR 
(grant ID:  621201356 25). 
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High precision monitoring of swelling of responsive hydrogels  
 

Bjørn Torger Stokke 

 

Biophysics and Medical Technology, Dept of Physics, The Norwegian University of 
Science and Technology, NTNU, NO-7491 Trondheim, Norway 

e-mail: bjorn.stokke@ntnu.no 
 
Hydrogels adapts to changes in environmental conditions and particular molecules by 
adjusting their swelling volume. In addition to being dependent on molecular 
composition and connectivity of the network part, the interplay with the solvent, the 
overall hydrogel swelling properties are also depending on overall size and geometry. 
Hydrogel swelling are an inherent property principally displayed by all hydrogels, but 
the extent, dynamics and underlying molecular mechanics may differ. The main 
theoretical foundation relating various contributions to the overall swelling properties 
have been outlined. Despite of this and the importance of swelling both within basic 
understanding as well as applications, there is limited focus on developing instrument 
dedicated to reliable, high performance determination of this property. This is at 
variance with instruments available for determination of other properties of hydrogels, 
e.g., structure and mechanical properties. Thus, researchers have resorted to adoption 
of procedures based on general laboratory infrastructure, often in combination with 
adoption of not straightforward measurement principles and specimen features 
compatible with the particular strategy. Thus, hydrogel swelling have been reported 
based on gravimetry, optical imaging, MEMS resonator mass sensor, dynamic light 
scattering, diffraction from embedded colloid crystals, diffraction from hydrogel 
grating, interferometric principles and others. The various strategies are reported with 
inherent differences in resolution, temporal sampling capacities and applicability with 
respect to overall size. In the presentation, we will highlight application of a fiber-
optic interferometric platform for precise monitoring of changes in hydrogel swelling 
response. A resolution of 2 nanometer is achieved in changes of the optical length 
within hemispherical 60 m radius hydrogels. Examples of application of this 
monitoring technique will be shown for specific molecular responsive gels to 
glucose,1 oligonucleotide based recognition2,3 as well as examples where 
hydrophobic4 and electrostatic interactions5,6 are dominating. Thus, the high 
resolution swelling monitoring offer enhanced sensitivity towards the analyte 
concentration for the molecular responsive hydrogels, and e.g., discrimination 
between ionic and polyampholyte swelling response as function of ionic strength for 
some of the other specimens. Such results illustrate how high precision in monitoring 
of swelling of hydrogels can offer more detailed information as compared to 
technique with more inherent uncertainties. 
 
References 
 
1 Tierney, S. et al. Biosensors & Bioelectronics 2009, 24, 2034. 
2 Tierney, S. et al. Biomacromolecules 2009, 10, 1619. 
3 Gao, M. et al. Soft Matter 2011, 7, 1741. 
4 Gao, M. et al. Soft Matter 2013, 9, 5178. 
5 Gao, M. et al. European Polymer Journal 2014, 53, 65. 
6 Prot, V. et al. Soft Matter 2013, 9, 5815. 
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Innovative Halogen Free Flame Retardants for Plastics 
 

Carl-Eric Wilén 
 

Head of laboratory 
Laboratory of Polymer Technology, Center of Excellence for Functional Materials at 

Biological Interfaces, Åbo Akademi University, Biskopsgatan 8, FIN-20500 Åbo, 
Finland 

e-mail:cwilen@abo.fi 
 
Halogenated flame retardants have long been reported to effectively interfere with the 
combustion cycle of polymeric materials primarily through a free-radical scavenging 
mechanism in the vapor phase. Although halogenated flame retardants still form one 
of the most widely applied flame retardant class in combination with antimony oxide 
for different polymeric materials their persistency in the environment, troublesome 
recyclability, corrosiveness, large smoke generation during a fire situation and 
legislative actions in combination with increasing safety awareness of consumers have 
in recent years significantly decreased their popularity and market growth prospects. 
Preferentially, new flame retardant formulations should have very low environmental 
imprint and be free of halides, ammonium salts, heavy metals and borates. 
 
Our main research objective has been to address the existing gaps towards eco-
friendly and high performance flame retardant technology by the design, synthesis 
and application of innovative radical generators such alkoxyamines, azoalkanes and 
disulfides that are effective at much lower concentrations than conventional flame 
retardants in various polymers.  
 
More recently, we have synthesised a wide variety of molecules containing S-N, S-N-
S or N-S-N moieties, and their flame retardant properties either alone or as synergists 
with conventional flame retardants in various polymers ranging from PP, LDPE, PS, 
epoxy and wood composites have been investigated. The sulfenamide based flame 
retardants offer easy of synthesis, control of its thermal stability and most importantly, 
flexibility of design and tunability of properties. Polymers or oligomers bearing the 
SN-functionality have also been synthesized showing excellent flame retardant action 
in various polymer types. The choice of most suitable sulfenamide structure varies 
depending on the polymer type. It is anticipated that sulfenamides will open the door 
to an exciting new chapter in the use of halogen free radical generators. As a 
consequence of this, work to explore the full possibilities of these versatile 
sulfenamide additives as flame retardants for a number of polymer types are currently 
ongoing in our group.    
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Cellulose nanofibrils in biomedical materials – Importance of 
understanding the interfacial interactions 

 

Monika Österberg 
 

Aalto University, School of Chemical Engineering, Department of Bioproducts and 
Biosystems, P.O. Box 16300,FI-00076 Aalto, Finland 

e-mail: monika.osterberg@aalto.fi 
 

Cellulose nanofibrils, CNF, is an interesting material for various biomedical 
applications. It is xeno free, has been found not to be cytotoxic and it can be 
enzymatically degraded when needed. It is furthermore strong and highly hydrated. 
However, to utilize efficiently the properties of CNF it is important to understand and 
control its interactions with cells and tissue. Herein we describe two possible 
applications of CNF, for cell culture and for treatment of articular cartilage damage, 
focusing on how measuring direct forces using the atomic force microscope and the 
colloidal probe technique can enhance our understanding of the systems.  
 
In the first project, our aim is to understand what interactions between living cells and 
extracellular matrix (ECM) components are crucial for successful cell culture. For this 
purpose we use direct force measurements between living cells and various ECM 
materials. This research is part of a general strive for finding better in vitro models for 
drug testing. It is known that stem cells respond to the physical and chemical 
properties of culturing matrices, but so far little is known about the underlying 
mechanisms and its outcomes in stem cell behavior. We have measured the forces 
between various cell culturing materials; CNF, laminin, and collagen and between the 
materials and either dead or living cells to distinguish between specific interactions 
and interactions due to e.g. surface charge. The studied cells were human pluripotent 
stem cells and human hepatocarcinoma cells. The measured interactions correlated 
well with observations during cell culturing. 
 
In the second project, our aim is to demonstrate a simple, and solvent-free method to 
develop a highly lubricating but strong CNF material by attaching hyaluronic acid to 
CNF. A detailed analysis of the tribological properties of the CNF films with and 
without hyaluronic acid is also presented. We measured surface and friction forces at 
micro/nanoscale between model hard surfaces (glass microspheres) and the CNF thin 
films using an atomic force microscope and the colloid probe technique. The effect of 
hyaluronic acid attachment, pH and the ionic strength of the aqueous medium on the 
forces is described. Excellent lubrication was observed for CNF films with HA 
attached in conditions where the HA layer was highly hydrated. These results pave the 
way for the development of new nanocellulose-based materials with good lubrication 
properties that could be used in biomedical applications.  
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Enhanced properties in nanocomposites by carbon dots from 
cellulose 

Karin Adolfsson and Minna Hakkarainen 
KTH Royal Institute of Technology, School of Chemical Science and Engineering, 

Fibre and Polymer Technology, SE–100 44 Stockholm, Sweden 
e-mail: karinad@kth.se 

 
Carbon spheres were derived from cellulose1 and waste paper2 through an efficient 
microwave-assisted hydrothermal treatment. Graphene oxide quantum dots (GOQDs) 
were then obtained in a subsequent oxidation of the carbon spheres with nitric acid.3 
The dots were highly oxidized and possessed interesting optical properties. The effect 
of incorporation of the dots in aliphatic polyesters, polycaprolactone (PCL)4 and 
polylactide (PLA),5 was further studied. 
 
GOQDs were shown to induce mineralization on the surface of PCL nanocomposites. 
Calcium phosphate (CaP) deposits were formed on the nanocomposites and no 
mineralization was induced on neat PCL. Increasing the concentration of GOQDs 
gave rise to larger and fewer CaP on the surface of PCL.    
 
In the PLA nanocomposites, barrier and mechanical properties were evaluated after 
incorporation of GOQDs. The addition of GOQDs induced additional nuclei in 
comparison to neat PLA. The elongation at break was especially improved in 
comparison to neat PLA and PLA with commercial 2D graphene oxide. The addition 
of GOQDs also successfully increased the barrier against oxygen.  
 
In these studies, GOQDs it was shown that GOQDs from renewable material through 
an easy route with microwave irradiation are valuable property enhancers in aliphatic 
polyesters. 
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Synthesis of chitosan-silica composites and its application as 
adsorbents of toxic compounds from aqueous solutions 

 
Tetyana M. Budnyak1,2, Magdalena Błachnio3, Dorota Kołodyńska3, Anna Deryło-

Marczewska3, Valentin A. Tertykh1 
1Chuiko Institute of Surface Chemistry of National Academy of Sciences, Ukraine;  

2KTH-The Royal Institute of Technology, Sweden; 
3Maria Curie-Skłodowska University, Poland 

e-mail: tetyanabudnyak@yahoo.com 
 
Plenty of approaches have been studied for the creation of ecofriendly, low-cost and 
effective adsorbents for extraction of toxic heavy metals. To improve the adsorption 
properties of mineral adsorbents it is expedient to immobilize the appropriate 
substances with well-pronounced ion-exchanging and complexing properties onto 
their surfaces. Application for these purposes natural biopolymers, such as a nitrogen-
containing polysaccharide chitosan, is of a great interest. In that case, properties of 
inorganic sorbents could be upgraded by valuable characteristics of organic polymer. 
In particular, chitosan has good biocompatibility, high adhesion to the surface, a wide 
range of pH stability, expressed chelating properties. Silica is characterized by 
advanced surface stability in the acidic medium, acceptable kinetics, thermal stability, 
and resistance to microbial attack. All these facts confirm that nanocomposites 
mineral-chitosan can be used as effective adsorbents, enterosorbents, etc. 
 
Hybrid materials were prepared using various synthetic methods: adsorption and 
covalent binding of polymer on the carrier surface, partial crosslinking of amino 
groups of adsorbed polymer, forming of inorganic matrix in polymer solution (sol-gel 
method). Anchorage of chitosan on the minerals surface was confirmed by IR 
spectroscopy. Concentration of immobilized chitosan was estimated using 
thermogravimetric analysis. Specific surface area of the obtained nanocomposites was 
estimated. 
 
It was found that the biocomposites based on chitosan and silica are effective as 
adsorbents with respect to highly toxic contaminants such as heavy metals, synthetic 
dyes and herbicides from aqueous solutions. Thus, hybrid biocomposites chitosan-
silica was found to be effective towards oxoanions V(V) and Mo(VI) (1.6 and 1.5 
mmol/g, respectively), sulfonated azo dyes: Orange II and Acid Orange 8 (0.20 
mmol/g), Orange G (0.12 mmol/g), Acid Red 88 (0.48 mmol/g) and Acid Red 1 (0.09 
mmol/g). The study of adsorption of herbicides has shown that composite chitosan-
silica could adsorb up to 0.31 and 0.35 mmol/g of 4-chlorophenoxyacetic and 2,4-
dichlorophenoxyacetic acid, respectively. The experimental equilibrium data were 
analyzed by the Langmuir and Freundlich equations. The effect of temperature on 
pollutants uptake and adsorption rate were studied. The thermodynamics parameters 
such as ∆G◦, ∆H◦ and ∆S◦ for adsorption of studied ions and dyes were calculated from 
the equilibria at different temperatures. Kinetic adsorption characteristics also were 
studied for the obtained composites.  
The research was funded by the Visegrad 4 Eastern Partnership Program of the International Visegrad Fund 
under the contract for financing Visegrad/V4EaP Scholarship No 51400001 and the People Programme 
(Marie Curie Actions) of the European Union's Seventh Framework Programme FP7/2007-2013/ under REA 
grant agreement No° PIRSES-GA-2013-612484. 
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Novel absorbent materials obtained from plant proteins 
 

Antonio Capezza a, b, William Newson a, Mikael Hedenqvist b, Eva Johansson a 
a Department of Plant Breeding, the Swedish University of Agricultural Sciences, Box 

104, SE-230 53 Alnarp, Sweden 
b KTH Royal Institute of Technology, School of Chemical Science and Engineering, 

Fibre and Polymer Technology, SE-100 44 Stockholm, Sweden  
e-mail: Antonio.capezza@slu.se ajcv@kth.se 

 
Polymers with high water uptake properties have had a significant role in the 
expansion of the daily-care product industry. Polyacrylic acids (PAAc) and 
polyamides (PA) are the preferred raw polymeric materials for addressing 
applications where important absorbent features in ionic solutions are needed. In 
2014, ca. 2 million tons of such polymers were produced, of which most is used in the 
diapers and cellulose pads industry1. However, these petroleum-based materials are 
unsustainable and lack in degradability. As a consequence, the global daily-care 
industry is generating a direct impact in the environment when producing these 
materials. Previous work has shown that 100% wheat gluten (WG) protein foams 
have the ability to absorb water in a similar range as synthetic absorbent polymers2. 
The main downside, however, of such foams is the observed compression-reversible 
capillarity effect; during mechanical compression the material releases the water that 
has been absorbed. Another type of structure, e.g. hydrogels synthetized from 
different protein sources, were shown to have similar water uptake properties, with no 
water release. In consequence, natural polymers like proteins obtained from biological 
resources may function as a substitute for petroleum-based absorbent materials.  
 
The main objective of this project is to study the thermal and chemical processes that 
can be applied to proteins in order to promote water absorption and retention of the 
liquid within the structure. In addition, the research involving protein-based absorbent 
materials shows a potential since they have been studied infrequently compared to 
polysaccharides-related research. The protein concentrates that are being used are co-
streams from the agricultural and food industries. Heat-treated and functionalized 
wheat gluten (WG) has shown an absorption capacity of 7 g/g in 0.15 M NaCl 
solution after 5 minutes. Similar procedures applied to potato proteins resulted in 10 
g/g of absorption in saline solution within the first 2 minutes. Swelling capacity is 
evaluated in ionic solutions since such systems determine the strength of the material 
to ionic conditions, typically encountered in daily-care applications. The increase in 
hydrophilic functional groups together with the homogenization of the proteins before 
being chemically treated will be the focus for improving the chemical response of the 
material. As a consequence, an increase in the water uptake of these protein-based 
materials is expected. 
 
References 
 
1Research, R. M. (2015). Global SAP (Superabsorbent Polymers) Market Driven by Top 6 Companies 
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Soft and rigid latex nanoparticles for improvement of interfacial 
adhesion and flexible cellulose nanofibrils (CNF) composite 

applications 
 

Joakim Engström1,2, Fiona L. Hatton1, Lars Wågberg1, Franck D’Agosto3, Muriel 
Lansalot3, Eva Malmström 1 and Anna Carlmark1  

1 KTH Royal Institute of Technology, School of Chemical Science and Engineering, 
Fibre and Polymer Technology, SE–100 44 Stockholm, Sweden 

2Wallenberg Wood Science Centre, KTH Royal Institute of Technology, SE-100 44, 
Stockholm, Sweden  

3Université de Lyon, Univ Lyon 1, CPE Lyon, CNRS UMR 5265, C2P2 (Chemistry, 
Catalysis, Polymers & Processes), LCPP, 69616 Villeurbanne, France 

e-mail: joengstr@kth.se  
 
Cellulose is an interesting natural polymer due to its renewability, large abundance 
and mechanical properties.[1] It has been shown that by adsorbing block copolymers 
onto its surface, cellulose nanofibrils (CNF) can be compatibilized with hydrophobic 
matrices in composites applications.[2] Our group has previously implemented 
amphiphilic latex nanoparticles synthesized by RAFT-mediated surfactant free 
emulsion polymerization [3, 4] with polymerization-induced self-assembly (PISA) [4, 
5], subsequently adsorbed to cellulose surfaces.[6] In this study we have extended the 
work to produce different types of latex particles of a hydrophilic, cationic charged 
block and hydrophobic blocks of either poly(methyl methacrylate) (PMMA) or 
poly(n-butyl methacrylate) (PBMA), where the degree of polymerization (DPn) of the 
hydrophobic blocks have been varied [7]. PMMA and PBMA were chosen as high 
and low Tg polymer, respectively, to investigate the influence of the Tg of the core. 
Increasing the DPn of the hydrophobic block (from 176 to 1410) increased the latex 
particle diameter (from 35 to 140 nm). The effects of adsorption of the latexes were 
studied in composite applications, CNF aqueous dispersions and onto cellulose model 
surfaces in a QCM-D. 
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Cellulose derived reduced nano graphene oxide as a property 
enhancer in PCL nanocomposites 

 
Nejla Erdal, Karin H. Adolfsson, Minna Hakkarainen 

KTH Royal Institute of Technology, School of Chemical Science and Engineering, 
Fibre and Polymer Technology, SE–100 44 Stockholm, Sweden 

e.-mail: nejla@kth.se 
 
Previously we utilized cellulose as raw material for production of graphene oxide 
quantum dots (GOQD) with a mild hydrothermal microwave treatment via carbon 
nanospheres as an intermediate product1,2. An interesting property of these GOQD 
nanoparticles is that they can be partly reduced to graphene like materials by 
removing oxygen functionalities to recover a more uniform conjugated structure. 
Here, we developed a green microwave process to produce nanosized reduced 
graphene oxide (nano-rGO) with the inclusion of a green, naturally abundant reducing 
agent. The hydrothermal microwave process carries advantages such as the use of 
water as a solvent, no toxic or explosive reducing agents involved that are generally 
employed to reduce graphene oxide3, 4 and effective heating through microwave 
irradiation. In addition to developing the synthetic route to nano-rGO, the produced 
nano-rGO was characterized and tested as property enhancer in PCL composites. An 
evident decrease in oxygen functionalities after the microwave process was found 
with FTIR and XPS and an increased thermal stability was shown by TGA. Nano-
rGO had good cell viability and functioned as property enhancer in PCL. Composites 
of nano-rGO and PCL were formed with extrusion and compression molding to allow 
for proper mixing and to create homogeneous films. After processing the bioactivity, 
in the form of mineralization test and the rheological properties were assessed. 
Mineralization, as shown by calcium phosphate growing on the surface of the films, 
could be detected on the surface of the PCL films after addition of nano-rGO, in 
accordance with previous results shown for PCL/GOQD composites.5 The rheological 
properties such as storage modulus and loss modulus were improved with increasing 
loading of nano-rGO further suggesting advantages for e.g. biomedical applications.  
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Polymeric materials in corrosive environments 
 

Klas Esbo 
 Swerea KIMAB, Box 7047, 164 07 Kista,  

e-mail: klas.esbo@swerea.se 
 
The Polymer Group at Swerea KIMAB (former Swedish Corrosion Institute) has 
more than 30 years of experience of the use of polymeric materials in process 
equipment. Our work aims at characterizing and understanding the corrosion 
resistance properties of different polymeric materials and how they affect the potential 
use of these materials. The work, which is carried out in close cooperation with the 
industry, include studies on materials, such as PVC, fluoroplastics, polyethylene and 
polypropylene plastics, fibre-reinforced plastics (FRP), etc. The corrosive 
environments include pickling acids, chlorine, sulphuric acid, pulp and paper 
chemicals, flue gas, petrochemicals, disinfection agents, and others. Experience from 
our previous work has shown that valuable knowledge about the corrosion properties 
and the durability of plastics and rubber in different applications under practical 
conditions may be achieved by corrosion analysis of samples which have been taken 
from various process equipment that have failed, have been replaced or are still in 
service. Another important area is welding in process equipment after exposure to 
chemicals during service. This is a frequently encountered problem among end users 
of plastic process equipment where there are no general guidelines to rely on. 
 
In short, this presentation aims to highlight the polymeric materials importance for 
corrosive environments and thereby clarify, with examples, the most important 
failures as well as give an outlook for the future challenges and demands. 
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Surface grafting of CNC – characterization and dispersion rheology 
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Recognizing the great importance of cellulosic fibres in the pulp and paper industry, there 
are also other potentially interesting applications of this material. Inherent advantages of 
cellulose are for instance the renewability, its biodegradability and the possibilities for 
interesting modifications. With the use of different treatments, cellulosic fibres or similar 
substances can be transformed into cellulose nanonfibrils (CNF) or cellulose nanocrystals 
(CNC). Both CNF and CNC are expected to exhibit good stiffness and strength properties 
which has resulted in an interest in these as reinforcing elements in polymer matrix 
nanocomposites. This presentation will focus on CNC which was obtained from 
microcrystalline cellulose via a treatment with sulphuric acid. 
 
Incorporation of CNC into a hydrophobic polymer matrix is quite often associated with 
dispersion problems in the form of an unwanted aggregation of the nanoparticles and an 
insufficient adhesion between the hydrophilic nanocellulose and the polymer. A surface 
treatment of the cellulosic elements is a potentially possible route for reducing such 
difficulties. In addition, processing or compounding of the blend CNC/polymer benefits 
from an understanding of the rheological properties of the individual components, 
especially if the CNC is available in the form of an aqueous dispersion. Thus, the effect of 
the surface treatment on the rheological properties of CNC dispersions is of interest and 
relevance. It can also be argued that rheological measurements in themselves constitute in 
a sense a characterization of the dispersed system. 
 
In this study, CNC was modified by grafting ring-opened azetidinium salts on the 
sulphate groups on the CNC surface, leading to an increased hydrophobicity. The changes 
in surface characteristics due to this treatment have been assessed using several 
techniques such as NMR, FTIR and ς-potential measurements. An interesting finding was 
that the onset temperature of the thermal degradation of the CNC was, due to the surface 
modification, increased from about 150 oC to approximately 250 oC according to TGA 
measurements. A focus of this study has been the rheological properties of aqueous CNC 
dispersions and their dependence on the applied surface grafting. The CNC concentration 
was kept quite low (0.65 and 1.3 weight-%) and the viscosity (as a function of the shear 
rate) as well as the dynamic-mechanical viscoelastic behaviour in shear were evaluated. 
The grafting of the azetidinium salts on the CNC had a pronounced effect on the 
rheological behaviour of the dispersions. The viscosity increased, the shear-thinning 
character changed and the dynamic moduli clearly increased in magnitude due to the 
surface treatment. This can be interpreted in terms of a network formation, since also the 
gel point of the dispersions was significantly lowered in case of the grafted systems. This 
behaviour is suggested be attributed to hydrophobic interactions between the grafted 
entities. 
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Bone adhesive based on thiol-ene coupling 
 

Viktor Granskog, Sandra García-Gallego and Michael Malkoch 
KTH Royal Institute of Technology, School of Chemical Science and Engineering, 

Fibre and Polymer Technology, SE-100 44 Stockholm, Sweden 
e-mail: vikgra@kth.se 

 
Bone fractures remind us abruptly of our fragile nature and induce a major burden for 
both patients and society. In the coming years, an increased fracture incidence is 
foreseen due to an older population, violence, road accidents and sport injuries[1]. 
The combined load from surgeries, hospital stay and lost working days for the patient 
motivate a major interest to improve surgical methodologies. A revolutionary step 
towards optimal fracture fixation, long desired by orthopaedic surgeons, would be to 
use an adhesive as complementary fixator in multi-fragmented fractures or in non-
load bearing reduction of fractures, holding bone pieces in place during healing. 
Despite intensive research over the last decades, where various approaches have been 
evaluated, the struggle with either poor adhesion, low biocompatibility or an 
inadequate fixation methodology have delayed the expansion of the area further than 
the present use of bone cements[2]. 
 
One promising adhesive-based fracture fixation method is the Fiber Reinforced 
Adhesive Patch (FRAP)[3]. FRAP is applied as a plate over the fracture without 
entering the cross-section of the bone, thus diminishing the interference with the 
healing of the fracture compared with inserting the adhesive into the fracture. The 
FRAP technology can enable a quick and mild fixation of various fractures that today 
are considered difficult due to sensitive locations; near joints or when drilling is not a 
possible option. FRAP exploits the mild and efficient Thiol-Ene Coupling (TEC) 
crosslinking chemistry[4]. The robust stepwise polymerization reaction through TEC 
leads to gelation at high conversions, which can induce a tough and highly connected 
network with minimized leakage of low molecular weight compounds.  
 
Here, we present a FRAP composition with exceptional bond strength towards wet 
bone. To tackle the difficulty in adhering to wet surfaces and then remain stable in the 
wet environment, the adhesive system consists of components that are designed for 
different purposes and used in combination to create a synergistic effect on the bond 
strength. The influence of adhesion-enhancing groups, the molecular architecture and 
linking strategy were evaluated in order to optimize the FRAP composition and create 
a high-performance TEC adhesive system for bone repair. 
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Biosourced heavy metal-ion waste water adsorbent — Design, 
synthesis and characterization of a hydrogel 

Geng Hua and Karin Odelius 
KTH Royal Institute of Technology, School of Chemical Science and Engineering, 

Fibre and Polymer Technology, SE–100 44 Stockholm, Sweden 
e-mail: gengh@kth.se 

 
Waste water pollution is an increasing environment concern and has been so for the 
past decades, especially in countries where pollution-generating industries are 
located.1 Among which, heavy metal-containing waste water is a large difficulty, as 
the metal ions accumulate in the human body and the subsequent harm that arises.  
 
Adsorption of heavy metal ions through filtering is an efficient and widely applied 
strategy. Biosourced adsorbents for heavy metal waste water have been developed 
with examples including crosslinked chitosan and cellulose.2 In this study, we 
designed a new crosslinked polyester based adsorbent with the naturally occurring 
and hence biobased δ-gluconolactone as the starting material. Aminolysis of the 
lactone was performed to ring-open the cyclic lactone which resulted in a poly-ol 
building block. Due to the well-defined structure of the poly-ol, some well-tuned and 
controlled networks were synthesized using ethylenediaminetetraacetic (EDTA) 
dianhydride as the crosslinker. A great benefit of the system is the use of EDTA, 
which is known as a strong and efficient metal chelating reagent and within our 
system this moiety is evenly and densely distributed throughout the network.3  
 
The metal ion adsorption ability of the network was determined via titration, thermal 
gravimetric analysis and isothermal kinetics. An outstanding chelating ability was 
showing with the maximum adsorption capacity of Cu(II) of ∼ 121 mg·g−1, which 
out-performed most of the existing biosourced adsorbents. The corresponding strength 
of the swelling adsorbent hydrogel was also examined under different pH conditions, 
where a responsive gel structure was shown. 
 
This financial support of this project comes from The Swedish Research Council, VR 
(grant ID:  621201356 25). 
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Fluoride-promoted polymerizations using imidazolide-activated 
monomers towards poly(esters and carbonates)  
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Based on the growing demand for facile and more sustainable synthetic methods 
towards functional biomedical materials, we present a new approach for the synthesis 
of polyester dendrimers and linear polycarbonates, capitalizing on 1,1’-
carbonyldiimidazole (CDI). Cesium fluoride (CsF) is shown to be an essential catalyst 
for these reactions to reach high conversions, and in situ generated imidazole indicate 
no inhibition of the catalytic activity through competitive H-bonding. This approach 
was successfully applied to synthesize a sixth generation bis-MPA polyester 
dendrimer with a molecular weight of 22.080 g mol-1 and 192 peripheral hydroxyl 
groups. [1] Dendrimers were obtained on a large scale with high yields using simple 
purification steps and under more sustainable reaction conditions [2]. To further 
expand the scope of CsF for alcohol-induced displacement of imidazolide-activated 
monomers, a new synthetic approach with emphasis on operational practicality was 
sought to produce linear polycarbonates. The overall two-step strategy capitalizes on 
the synthesis and step-growth polymerization of bis-carbonylimidazolide and diol 
monomers of 1,3- or higher configurations. The methodology serves to complement 
ring-opening polymerization (ROP) [3] and allows fabrication of a wider range of 
previously inaccessible functional polycarbonate-based materials with structurally 
diverse backbones. The bis-carbonylimidazolide monomers can be synthesized as 
bench-stable white solids, easily obtained on 50-100 g scales from their parent diols 
using cheap commercial CDI as activating reagent. The polymerization works well in 
both solution and bulk, does not require any stoichiometric additives or complex 
setups and produces only imidazole as a relatively low-toxicity by-product. The 
synthesis enabled the production of a unique library of polycarbonates covering rigid, 
flexible and reactive polycarbonate backbones, with glass transition temperatures, 
covering -45 up to 169°C.  
 
References 
 
[1] S. Garcia-Gallego, D. Hult, J. V. Olsson and M. Malkoch, Angew. Chem., Int. 
Ed., 2015, 54, 2416-2419. 
 
[2] K. Alfonsi, J. Colberg, P. J. Dunn, T. Fevig, S. Jennings, T. A. Johnson, H. P. 
Kleine, C. Knight, M. A. Nagy, D. A. Perry and M. Stefaniak, Green Chemistry, 
2008, 10, 31-36. 
 
[3] J. V. Olsson, D. Hult, Y. Cai, S. Garcia-Gallego and M. Malkoch, Polym. Chem., 
2014, 5, 6651-6655. 
  



 

1D
T

Mat
mem
PEM
mob
emi
perf
cell
draw
stren
thus
 
We 
surf
fluo
thic
ATR
allo
the 
by s
mor
con
dire
this 
perf
 

 
Lon

N

Surface

Danish Poly
Technical Un

terials for p
mbranes (PE
Ms especial
bile or stati
ission are 
fluorinated 
s is often 
wbacks sinc
ngth and c
s alternative

here prese
face-initiate
oride-co-chl
ck mat, whic
RP of 4-sty

ows adjustm
grafted iono
spectroscop
rphology is
ductivity as

ect methano
novel facil

formance si

ng-term durab
Nafion 117 a

e-initiated
electros

Sø
lymer Centr

University of 
2Colopl

proton exch
EMs) have 
lly aiming 
ionary ener
of immens
polyether w

considere
ce it requir
onductivity
es with impr

ent our nov
ed (SI) atom
lorotrifluoro
ch is then e
yrene sulfon

ment of the m
omer. The s

pic means an
s probed by
s high as 1

ol fuel cells 
le approach.
imilar to Na

bility tests fo
and electrosp

d atom tra
spun mats

øren Hvilste
re, Departm
f Denmark, B
last A/S, Ho

e-ma

hange mem
been inten

for low tem
rgy convers
se interest. 
with sulfon
d the mar
res high deg
y at tempera
roved prope

el PEMs fo
m transfer r
o-ethylene) 
mployed as
nic acid so

membrane’s
structure an
nd thermog
y scanning 
100 mS cm
is conducte

. Thus our a
afion. 

or direct meth
un P(VDF-c

1000 1100
300

350

400

450

500

550  ES-
 Naf

C
el

l P
o

te
n

ti
al

 [
m

V
]

ansfer rad
s: An alte

 
ted1, Irakli J

ment of Chem
Building 22
oltedam 3, D
ail: sh@kt.d

mbranes ofte
nsively rese
mperature fu
sion device
 Nafion®, 

nic acid gro
rket leader
gree of hum
atures abov
erties and p

or fuel cell
radical poly
(P(VDF-co

s multifunct
odium salt. 
s ion exchan
nd composit
gravimetric 

electron m
m−1 is obtain
ed for over 
alternative i

hanol fuel ce
co-CTFE)-g-P

 

0 1200 1300 14

-P(VDF-co-CTFE
fion 117

Time [h]

dical poly
ernative to

Javakhishvi
mical and B
27, DK-2800
DK-3050, D
dtu.dk 

en referred 
earched for 
fuel cell app
s due to it

the DuPo
oups that ar
r. Nafion, 
midification
ve 90oC, fu
erformance

 application
ymerization
o-CTFE) is 
tional initia
Fine-tuning

nge capacity
ion of the m
analysis, re

microscopy. 
ned. A lon
1500 h dem

is simple to 

ells: Membra
PSSA. Curre

400 1500

E)-g-PSSA

ymerizatio
o Nafion  

li2 
Biochemical 
0 Kgs. Lyng

Denmark 

to as poly
more than 

plications a
s high effic
ont membra
re employed
however, 

n and has l
urthermore i

are still in 

ns that are 
n (ATRP). P

electrospun
tor for copp
g of the AT
y by varying

membranes a
espectively. 

A membra
g-term dura

monstrating 
produce an

 

ane electrode
ent density: 1

on from 

l Engineerin
gby, Denma

ymer electro
half a cent

as alternativ
ciency and 
anes based
d in many 
suffers sev
low mechan
it is expens
great dema

synthesized
Poly(vinylid
n into a 50
per-mediate
TRP condit
g the loadin
are investig
The memb

ane with pr
ability stud
 the viabilit

nd have fuel

e assemblies 
18.6 mA cm-

 

41 

ng 
rk 

olyte 
tury. 
ve to 

low 
d on 

fuel 
veral 
nical 
sive; 
nd. 

d by 
dene 

0 μm 
ed SI 
tions 
ng of 
gated 
brane 
roton 
dy in 
ty of 
l cell 

with 
-2. 



42 
 

Structural battery electrolytes via reaction induced Ppase-
separation: high storage modulus and high ionic conductivity 
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Structural batteries has evolved as one possible route to enhance the system 
performance of Lithium ion (Li-ion) batteries in vehicle applications addressing future 
demands on more efficient systems.1,2 The structural battery should have sufficient 
mechanical performance to allow it to be an integrated part in a device or a vehicle 
and thus not only contribute with energy storage but also be a part of the structure.3 
Earlier research has shown that carbon fibres can be used as electrodes in Lithium ion 
(Li-ion) batteries, they have excellent mechanical properties and are electrically 
conductive moreover they readily intercalate Li-ion’s.4,5 To fully utilize the 
loadbearing potential of carbon fibres they need to be combined with a suitable matrix 
(electrolyte), which exhibits both Li-ion conduction and load-transferring. This study 
focuses on the preparation and characterization of a structural battery electrolyte 
(SBE) that can be used as a matrix in a structural battery using carbon fibres as 
electrodes.  
 
A series of phase separated SBE films with varying degree of crosslink-density and 
liquid electrolyte concentration has been produced. By utilizing Hansen solubility 
parameters, a system where the monomers and liquid electrolyte are miscible prior to 
curing was found. During the UV-light initiated polymerization the miscibility of the 
system changes, the liquid electrolyte is no longer miscible with the growing polymer 
which induces a phase-separation, creating a two-phased SBE. The crosslinked 
polymer provides the film with stiffness, while the liquid electrolyte is responsible for 
transporting Li-ion’s. At ambient temperature the ionic conductivity can reach 2,1 x 
10-4 S cm-1 with a corresponding storage modulus of 530 MPa. As a final step, a SBE-
carbon fibre lamina half-cell is prepared and cycled against lithium metal for 10 
cycles.  
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A new solvent for polyamides and its application in preparation of 
all-polyamide composite coated fabrics 

 
Mostafa Jabbari1, Mikael Skrifvars1, Dan Åkesson1, Parviz Rashidi Ranjbar2, 

Mohammad J Taherzadeh1 
Swedish Centre for Resource Recovery, University of Borås, Sweden 

University of Tehran, School of Chemistry, Tehran, Iran 
e-mail: Mostafa.jabbari@hb.se 

 
Polyamides (PAs) are one of the most important engineering polymers; however, the 
difficulty in dissolving them hinders their applications. Formic acid (FA) is the most 
common solvent for PAs which has detrimental effects on the environment and also 
has industrial limitations. 
 
In this contribution, we proposed a new solvent system for PAs by replacing a portion 
of FA with urea and calcium chloride (FAUCa). Urea imparts the hydrogen bonding 
and calcium ion from calcium chloride, as a Lewis acid, was added to the system to 
compensate the pH decrease because of adding urea. The results showed that the 
proposed solvent (FAUCa) could readily dissolve PAs and less degradation during 
dissolution happens. The film prepared by FAUCa has superior properties than the 
film prepared from FA solution. The solution was applied on a polyamide fabric to 
make all-polyamide composite coated fabric which then was characterized.  
 
As the FAUCa solution had a lower viscosity than the one prepared from the neat FA 
solvent, less solvent is required to prepare the same amount of coating material on the 
fabric which decreases the use of the solvent. In conclusion, using the FAUCa solvent 
has two merits:  
 
1. replacement of 40% of FA with less harmful and environmentally-friendly 
chemicals,  
2. enabling the preparation of higher concentration solutions, which means less use of 
solvent. 
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Lignoboost Kraft lignin in thiol-ene thermoset resins: fractionation, 
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Utilizing lignin as a resource for new high value applications puts high demands on 
the processing of this renewable, aromatic, raw material. Tools to extract technical 
lignins feasible for different applications are being developed and one such method is 
the Lignoboost process for Kraft lignin recovery[1]. Further refining by 
“green“ solvent fractionation to obtain more well defined fractions with a 
significantly more narrow dispersity (ÐN) has been established[2]. One of these is the 
ethanol soluble fraction which has a molecular weight of about 2000 g/mol and a ÐN 
of about 1.9.  
 
Chemical modifications of lignin provide further tools to tailor the properties for 
different applications. In previous work a model recipe for selective allylation of 
phenol hydroxyls under benign conditions was developed[3].  
 
Based on the model recipe, selective allylation has been employed on the ethanol 
soluble fraction of Lignoboost Kraft lignin and used as a thiol-ene thermoset resin 
constituent. The lignin fractionation and modification was thoroughly characterized 
using SEC as well as various NMR techniques. The crosslinking of the thiol-ene resin 
was confirmed by FT-IR and material properties were examined by DSC 
measurements.      
 
In a presentation the solvent fractionation procedure will be mentioned and argument 
for the use of selective allylation of the ethanol fraction will be detailed. Furthermore 
the thiol-ene resin system will be discussed. 
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Post-polymerization modification of printable polycation materials 
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The effect of post-polymerization modification on the thermal and mechanical 
properties of crosslinked polycation materials is still a largely unexplored topic. This 
kind of an approach would be highly useful in inkjet printing, since there would be a 
need to optimize the printing conditions only for one ink. The printed polymers could 
then be diversified to many different types of materials using simple reactions to 
achieve post-polymerizaton modification. 
 
In this study, a family of different polycation materials has been synthesized by 
modification of cross-linked copolymer films prepared by UV polymerization of 
commercially available monomers. Afterwards, the materials have been modified by 
altering their protonation state of the amine groups in the monomers or by covalent 
attachment of alkyl groups to the amines by quaternization reactions. The effect of 
counterion on the protonated or quaternized films was also studied.  
 
With this methodology, it is possible to vary the properties of the films from soft and 
flexible to hard and brittle – all starting from the same original film. A variation of 
approximately 150 °C in the glass transition temperature could be achieved by 
modifying the preformed film. Also, the films could be turned from hydrophobic to 
hydrophilic and back. The thermal decomposition behavior of the films also changed 
significantly with the modification reactions. 
 
The approach of manipulating the material properties by simple post-polymerization 
modification will be highly useful in additive manufacturing (3D-printing). It was 
demonstrated that the materials could be processed by inkjet printing to regular shapes 
and the printed materials could be modified by similar reactions than the traditionally 
polymerized films. 
 
The methodology allows the manufacture of very different materials from the same 
original composition. The properties of the product can be then tuned by the 
modification reactions after the final shape has been achieved. The method removes 
the need of optimizing the printing conditions separately for each type of material. 
The approach will significantly increase the amount of materials available for printing 
by making it possible to print materials that are not directly printable because of e.g. 
high viscosity or insolubility. 
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We present a variety of melt spun textile electronics fibres fabricated from 
poly(vinylidene fluoride) (PVDF). Depending on the processing parameters and 
textile architectures the fibres can function as piezoelectric sensors, thermally 
activated actuators or piezoelectric energy harvesting fabrics.  
 
Piezoelectric yarns can be fabricated through melt-spinning of PVDF into fibres with 
a core/sheath configuration. The core is a composite of 10% carbon black in 
polyethylene, and serves as the inner electrode. A single yarn can generate an output 
of several volts at less than 1% strain, and functions as a sensor e.g. for footsteps 
integrated into a sock, as well as for heartbeats when placed close to the chest. The 
presence of polar β phase crystals, and thereby the piezoelectric effect of PVDF, can 
be further enhanced by adding minute amounts of carbon nanotubes. 
 
Further, we have fabricated woven straps where the piezoelectric yarn is combined 
with a variety of electrically conducting yarns constituting the outer electrode. This 
textile was used as a shoulder strap attached to a laptop case, and permits to scavenge 
energy during walking using a standard energy harvesting circuit. 
 
The thermal stability and high mechanical properties of PVDF also makes it 
appropriate for use as a thermally activated actuator, where the actuating effect is due 
to the reversible fibre-direction negative thermal expansion of highly oriented tie 
molecules. This effect was studied both experimentally and by computational 
modelling. 
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Click-chemistry crosslinking of an ethylene-glycidyl methacrylate 
copolymer 
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Polyethylene constitute the most widely used family of commodity polymers. For 
electrical and medical applications, were a particularly clean material is required, low 
density polyethylene (LDPE) typically is the material of choice because it can be 
polymerized at high pressures without the need for catalysts. LDPE however must be 
crosslinked in order to ensure dimensional stability at high temperatures and to 
prevent stress cracking,1 and to improve the resistance towards chemicals.2 Peroxide 
crosslinking is the most common process, but results in unwanted by-products that 
must be removed,3 which is typically achieved by degassing for an extended period of 
time at elevated temperature; however, degassing of thick XLPE architectures is both 
time and energy consuming.4 Moreover, peroxide products and their decomposition 
by-products pose a considerable health hazard. These problems related to peroxide 
crosslinking drive the research toward alternative crosslinking concepts for 
polyethylene. One attractive alternative is crosslinking with the help of epoxy 
functional groups.5-7 In order to convert epoxy resins into solid, infusible thermoset 
networks it is necessary to use crosslinking agents. Nucleophilic substitutions on 
small tensioned rings like epoxides are a well-known class of click-chemistry 
reactions that involve one step and release no byproducts. Epoxy-opening click 
chemistry reactions occur in one-pot, generating no or minimal and inoffensive by-
products.  
In this work we studied the use of different crosslinking agents in combination with a 
polyethylene-glycidyl methacrylate copolymer (PE-stat-GMA), demonstrating that 
efficient network formation without the formation of undesirable by-products is 
possible. 
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Three-dimensional printing (3DP) has drawn tremendous attention from both 
academia and industry with its potential applications in various fields. The integration 
of nanotechnology into 3DP offers new opportunities for the manufacturing of 3D 
engineered materials exhibiting optimized properties and multifunctionality. In fact, 
the incorporation of nanomaterials, such as metal and oxide nanoparticles, into 3DP 
can result in improved functional and structural properties of the manufactured device 
[2-3]. 3D printing of nanocomposites usually concerns the mixing of ex situ 
synthetized nanoparticles in a commercially available acrylated monomer, followed 
by the proper printing process. Nevertheless, in all the cases, the addition of 
nanofillers strongly affects the printing process: solution viscosity, light penetration 
depth and nanoparticles dispersion and stability [4-5]. 
In this work, a novel approach for the preparation of 3D nanocomposites by means of 
stereolithography (SLA) is proposed: the simultaneous photo-reduction of metal 
precursors (silver acetate) with the photo-polymerization of the acrylated monomer 
mixture to form a nanocomposite using the SLA technology, is presented and 
discussed. The focused ultraviolet laser beam of the printer is used to locally photo-
induce the reduction of silver cations, generating silver nanoparticles (AgNPs), and at 
the same time photo-polymerize the acrylated monomers, by means of the homolytic 
photo-cleavage of the photoinitiator [6]. 
The SLA printing process is used to produce 3D-printed specimens, tested for thermo-
mechanical characterization (dynamic-mechanical and tensile analysis). Structure of 
AgNPs and microstructure of Ag nanocomposites are analysed respectively using X-
ray diffraction and transmission electron microscopy. The antimicrobial and 
cytotoxicity tests are also performed to verify the presence of these functional 
properties due to AgNPs.   
The result of this study shall provide a new way of developing a product for 
biomedical use as well as providing further rapid prototyping option to research and 
development. 
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Morphology control has been one major key to the recent improvements in energy 
conversion efficiency of polymer-based bulk heterojunction solar cells. The 
distribution of the electron-donor polymer and the fullerene-based electron-acceptor 
material, PCBM, has strong effect on the charge generation and transport processes in 
the solar cell. The nanostructure in the solution-cast thin film is influenced by the 
polymer-fullerene-solvent interactions, the molecules’ tendency to self-organise, and 
the kinetics of the film formation. During spincoating, characterized by rapid solvent 
evaporation, the kinetics of nucleation and of liquid-liquid phase separation compete. 
The formation of vertical concentration gradients has been reported for several blend 
systems. Characterization of the composition and molecular orientation at the 
interfaces is a major challenge, because very few techniques exhibit both the chemical 
contrast and the lateral or depth resolution required to unveil the nanostructure of 
these bulk heterojunctions.  
 
We have used a combination of Atomic Force Microscopy (AFM), dynamic 
Secondary Ion Mass Spectrometry (d-SIMS), Near-Edge Absorption Fine Structure 
(NEXAFS) spectroscopy and Scanning Transmission X-ray Microscopy (STXM), to 
probe the surface and bulk composition of polymer:fullerene blends. To rationalize 
the lateral and vertical phase separation, we use Flory-Huggins interaction parameters, 
surface energies, and solvent properties. The organisation of molecules gives us new 
insights on morphology-performance relations in polymer-based solar cells.  
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The extraction of biomass from forests to produce paper, furniture and energy 
generates large amounts of forest residues (branches, tops, bark and un-merchantable 
wood). These logging residues are often subjected to controlled burning or are left in 
large piles, causing a negative environmental impact and risks of pests and fire1. The 
use of forest biomass residues to produce environmentally friendly materials 
constitutes an attractive waste management solution from a biorefinery perspective, 
contributing to a sustainable future economy. Residual biomass has many significant 
advantages over fossil resources, such as renewability, sustainability, 
biodegradability, low cost, lower impact on global warming and non-dangerous 
emissions during processing, storage and disposal2. Nevertheless, interest in using 
forest residues for polymeric material applications is relatively recent. In this study, 
the potential of three different logging residues (woody chips, branches and pine 
needles from softwood) were assessed to be used as raw materials to isolate cellulose 
nanocrystals (CNCs) for designing sustainable composites for packaging applications. 
The forest residues were critically evaluated in terms of structure, chemical 
composition and thermal properties3. Woody chips showed the highest carbohydrate 
content but a lower proportion of hemicelluloses/pectins than branches and pine 
needles. The higher cellulose content of woody chips rendered a more crystalline and 
thermal stable biomass. However, the cellulose from pine needles was more 
crystalline than the cellulose in the branches and woody chips. Therefore, specific 
cellulosic fibres with different structure and morphology were possible to extract from 
the different forest residues. All the extracted fibres provided a suitable raw cellulosic 
material for the isolation of CNCs, reaching higher yields than those found from 
microcrystalline Norway spruce cellulose. The physico-chemical properties of this 
residual biomass during conversion from macro- to nano-dimensions were studied 
together with their capacity of using the resulting CNCs as reinforcements in 
nanocomposites4. The high aspect ratio and crystallinity along with the good thermal 
stability of the isolated CNCs from logging residues correlated well with their 
chemical composition, showing great possibilities to be used as reinforcing agents in 
composites and target specific properties. The reinforcing capability of forest residue 
CNCs in polysaccharides-based biocomposites was also studied with different 
matrixes (arabinoxylan and pectin)5,6, showing good thermo-mechanical 
performances, high oxygen-barrier properties and therefore a great potential to be 
used in packaging applications. 
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Teaching and especially learning are in focus when it comes to development of 
university education. Assessment clearly guides students’ learning. One way to guide 
learning towards deeper learning is to apply so called continuous assessment in form 
of learning assignments that are due throughout the course instead of conventional 
practice of having an exam in the end of the course.  Continuous assessment can help 
students to define the levels of understanding required and it enhances high-level 
engagement in guiding students form memorizing and describing towards explaining, 
relating and applying. 
  
The value of continuous assessment is the enhancing of deep learning when students 
are actively involved during the whole course, which is also appreciated in the 
students’ feedback. Another benefit is that learning is divided into smaller parts and it 
takes place evenly during the whole course instead of concentrating on the assessment 
period. Furthermore, this way of assessment provides the teacher feedback of 
students’ learning throughout the course and the difficult issues can be reviewed if 
needed. 
 
Challenges in continuous assessment deal with creating meaningful exercises, keeping 
the workload of the teachers reasonable and ensuring coherency in assessment if 
various teachers are involved. Individual tasks and feedback is the optimal case but 
the available teaching resources have to be ensured. Essays were observed to be 
suitable for courses with limited number of students to ensure constructive feedback 
whereas automatically corrected quizzes were better for larger courses. 
 
In this presentation, three case studies are introduced which describe the application 
of continuous assessment. The aim was to find out how to engage students to work 
continuously during the course to result in deep learning and how to manage the 
workload of both teachers and students to support high quality in learning. Based on 
our observations we think that continuous assessment helps the students to direct their 
activities in deeper learning. In addition, we think that continuous assessment gives us 
tools to guide the students to constructively align their learning by providing them an 
active role in their learning process. 
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Poly(2-isopropyl-2-oxazoline)-block-poly(lactide) (PiPOx-b-PLA) block copolymers 
(BCPs) are interesting from fundamental and biomedical viewpoints.  
In solid state, organization of the BCPs is driven by crystallization of at least one of 
the blocks. The observed thermal transitions depend on the molecular weights of the 
constituting blocks and the stereo-chemistry of PLA. PiPOx and PLA influence each 
other’s ability to crystallize resulting in varying morphologies after isothermal 
crystallization.  
 
Aqueous self-assembly of PiPOx-b-PLA is driven by the hydrophobicity of PLA. 
Micelles with either amorphous PDLLA or semi-crystalline PLLA core and PiPOx 
corona were studied by scattering techniques. PiPOx is a thermo-responsive LCST-
type polymer which can crystallize in heated, phase-separated aqueous solutions. This 
irreversible transition is unique to PiPOx and an additional handle to engineer 
polymeric nanoparticles. 
 
In order to clearly relate the properties of PiPOx and PLA in the block copolymers to 
their parent homopolymers the synthesis is based on conjugation by click-chemistry. 
This allows us to study all homopolymers, their blends and BCPs. 
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Wheat bran is a major by-product of cereal production that still has limited use for 
advanced nutritional and material applications. Arabinoxylans (AXs) are the most 
abundant hemicellulose in cereals, consisting of a backbone of (1→4)-linked β-D-
Xylp units, substituted by α-L-Araf in Ο−2 and/or O-3 positions to different extents 
and intramolecular distributions, depending on the biological source and tissue. The 
L-Araf residues can be further substituted by phenolic acids (e.g. ferulic acid), which 
can dimerise creating a complex covalently crosslinked supramolecular architecture. 
The molecular heterogeneity of the native biopolymers and the crosslinked nature of 
such cereal tissues have great impact on the extractability of these hemicelluloses and 
on their macroscopic properties (e.g. rheological and mechanical properties). 
 
A sequential process using subcritical water, membrane filtration and selective 
enzymatic treatments has been designed for the combined fractionation of functional 
high molar mass hemicelluloses (over 105 g mol−1) and oligosaccharides from wheat 
bran. This process not only offers increased total solid yield compared with 
conventional protocols based on alkaline extraction, but it also preserves the inherent 
functionalities of the phenolic groups that substitute the carbohydrate structures of the 
extracted hemicelluloses. The extractability of different wheat bran polysaccharide 
components is influenced by their molecular structures, which enables the isolation of 
hemicellulose fractions with specific structure by tuning the temperature, time and pH 
conditions of hydrothermal treatment. Feruloylated arabinoxylans (F-AX) with high 
molar mass and significant radical scavenging activity can be isolated from the 
subcritical water extract. Structurally different oligosaccharides, including mixed-
linkage β-D-glucan oligosaccharides (BGOs) and arabinoxylo-oligosaccharides 
(AXOs) can be recovered from the eluent after membrane filtration. The crosslinked 
residue after subcritical water extraction was further treated with xylanolytic enzymes 
to release valuable feruloylated arabinoxylo-oligosaccharides (FAXOs). The oligo- 
and polysaccharide fractions isolated from this sequential process show great potential 
for use in food and biomedical applications as prebiotic or platform chemicals, and as 
polymeric matrices for carbohydrate-based materials with radical scavenging 
properties, respectively. 
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Wood based cellulose is the largest cellulose source on earth, and it has been used in 
paper and board manufacturing over the last two millennia. Cellulose microfibrils can 
be liberated as micro- and nanofibrils from various plant fibers using mechanical-, 
chemical- or enzymatic treatment, or combinations thereof. The most typical 
mechanical methods include homogenization, microfluidization, microgrinding or 
cryocrushing. After fibrillation, the width of the micro/nanofibrils is typically between 
5 to 20 nm and the length ranges in several micrometers. Micro/nanofibrils have 
inherent affinity to wood and also to various small scale particles such as color 
pigments. This property has been exploited to create a colored coating on wood 
surfaces using only nanocellulose as binder, to create an interior design element called 
“Rag Rug”.  
 
Cellulose nanofibrils have different affinity and surface chemistry depending on the 
fibre origin and processing method. Micro/nanofibrils can easily be dyed for visual 
effects. Films and structures made from nanofibrils in general have comparable tensile 
strength to that of aluminium, although the surface appearance is paper-like. In 
addition, the films and structures are also completely recyclable. Micro/nanofibril 
paint can be washed away from surfaces using water. The CNF based paint has a 
solids content between 10-15%, and the drying time is comparable to conventional 
water based paints.   
 
Micro/nanofibril coating as paint may provide for interior decoration a new eco-
friendly option for surface coating and treatment. Non-permanent markings that are 
easily removed using water spray and cloth e.g in construction, stencils, temporary 
protection during transport or dressing paint could apply the technology. The 
technology will be developed further to provide enhanced wear and water tolerance. 
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The preparation of electrically conductive acrylic and epoxy resins containing reduced 
graphene oxide (rGOx) by photopolymerization is presented. The synthesis consists 
of a single-step procedure starting from a homogeneous dispersion of GOx into a UV-
curable monomer, which undergoes reduction induced by the UV radiation during 
UV-curing of the photocurable formulation. The role played by the amount of 
photoinitiator added to the resin has been evaluated in relation to the in-situ reduction 
of GOx, that was monitored by X-rays photoelectron spectroscopy (XPS). Epoxy 
nanostructured coatings with enhanced viscoelastic and electrical conductive 
properties were achieved [1].  
In radical photopolymerization results show that the UV-induced photopolymerization 
of acrylic resins containing GOx gives rise to conductive materials, thanks to the 
simultaneous reduction of GOx to rGOx and crosslinking of the resin [2,3].  
On this basis UV-induced photopolymerization is proposed as a sustainable strategy 
for the production of conductive graphene/polymer composites or conductive inks. 
Printed samples of the nanocomposite material were obtained by inkjet direct printing 
through a commercial piezoelectric micro-fabrication device [4]. Printed samples of 
the nanocomposite material showed a decrease of resistivity with respect to the 
polymeric matrix. 
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In this work polymer bonded soft magnetic composites (PBSMC) of liquid silicone 
rubber and the nanocrystalline alloy Vitroperm 250F were investigated to reveal the 
quantitative effect of particle size and size distribution on the magnetic permeability 
of the composite. Originating from solid tape wound cores different size fractions of 
the magnetic filler were prepared by milling and sieving. The actual particle size was 
determined using a video microscope and image processing software. A simple model 
proposed by Schubert et al. was used to describe the magnetic permeability of toroidal 
PBSMC cores as function of the degree of filler requiring only one adjustable 
parameter k [1]. At a constant degree of filling a correlation was found between the 
size of the particles d and the parameter k. By mixing fractions of small and large 
particles suggestions were made for the mathematical form of a governing mean, 
taking into account the particle size distribution ni.  
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The obtained mean shows self-consistent behaviour and holds for different mixtures. 
Therefore the simple one-parameter-model can be modified to predict the 
permeability of PBSMC from the particle size distribution and the degree of filling.  
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Several strategies were used to modify cellulose. For example, cellulose was first 
either TEMPO oxidized or hydroxypropylated or used as is. Cellulose or 
hydroxypropylated cellulose was modified in alkaline aqueous tert-butanol (tBuOH) 
using allyl glycidyl ether (AGE). Degree of substitutions for modified celluloses were 
varied typically in the range of DSallyl 0.02-0.20. TEMPO oxidized cellulose was 
converted to allyl amide derivative.  
 
The obtained alkylated cellulose samples can be dissolved in sodium zincate (6.5 wt% 
NaOH with 1.3 wt% ZnO) or in ionic liquid (IL) like [emim][OAc], 1-ethyl-3-
methylimidazolium acetate for fibre spinning or membrane preparation processes. The 
results showed that the substitution clearly improves the solubility of modified 
celluloses in the NaOH/ZnO system up to 7-8 wt% compared to unmodified cellulose 
with 5.8 wt% solutions. The solubility in the IL was even up to 10-15 wt%. 
 
The membranes were prepared first by casting a thin layer (250 m) of 9 wt% 
cellulose IL solution onto a glass plate and then by regenerating to a membrane in 
aqueous coagulation bath. 
 
The allyl group of cellulose derivatives as fibres or membranes can be used further for 
crosslinking and/or grafting reactions or also for so-called thiol-ene “click” chemistry 
to adjust the final properties of fibrous or membrane materials. For example, water-
soluble hydroxypropylated (DSHP 0.8) and allylated (DSallyl 0.2) cellulose reacted very 
efficiently and fast in 5 min and quantitatively with the thiol group of amino acid 
cysteine in mild aqueous reaction conditions. 
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Synthesis of clickable, thermoresponsive PVCL-based microgel 
particles and conjugation via click chemistry 

Joonas Siirilä, F. Winnik, H. Tenhu 
Laboratory of Polymer Chemistry and Colloids, Department of Chemistry, 

University of Helsinki, Finland 
e-mail: Joonas.siirila@helsinki.fi 

 
Poly(N-vinylcaprolactam) is a thermoresponsive, biocompatible polymer and as such 
promising template for the biomedical field. [1,2] 

 
Here, clickable PVCL-based hydrogel particles were made via precipitation 
polymerization in buffered water. Propargyl acrylate was used as comonomer to 
introduce alkyne moieties to the particles. The alkyne moieties where used in a click 
reaction i.e copper-catalyzed azide-alkyne cycloaddition, to decorate the particles. 
 
PVCL particles were decorated with gold nanoparticles bearing azide containing 
ligands.  The resulting particles were thermo- and light responsive. This represented 
an approach to use click chemistry to introduce new stimuli-responsiveness to the gel 
particles.  
 
In another approach click chemistry was used to introduce new functionality to the 
particles for interactions with biomolecules. 4 different sugar-azides were attached to 
PVCL-based gel particles. Titration studies with sugar binding protein, concanavalin 
A, showed the sugar moieties being available for protein binding.          
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Extraction of hemicelluloses from rapeseed straw for renewable 
plastic film 

 
Antonia Svärd, Elisabet Brännvall and Ulrica Edlund 

KTH Royal Institute of Technology, School of Chemical Science and Engineering,  
Fibre and Polymer Technology, SE-100 44 Stockholm, Sweden 

e-mail: antsva@kth.se 
 
A more efficient utilization of bio-based resources is needed to meet the sustainability 
demand of the future. One such biobased resource is rapeseed straw - an agricultural 
residue with little to no utilization except burning. The straw contains valuable 
biopolymers such as the hemicelluloses xylan and glucomannan. Hemicelluloses with 
high molecular weight were extracted from rapeseed straw by hydrothermal extraction 
and with the purpose to obtain a bio-based raw material for material production.  
 
The extraction method was purposely designed to be industrially viable and extensive 
purification steps were avoided. The extraction of the hemicelluloses is a first step in 
a full scale biorefinery approach on rapeseed straw. The influence of extraction 
conditions, such as time, temperature and extraction medium, on the extracted 
hemicelluloses composition, molecular weight and mass flow was analyzed. Three 
kinds of extraction mediums were used to extract hemicelluloses, water, acid and 
alkali. Water and acidic extraction yielded an extract rich in glucomannan and some 
co-extracted lignin. The acidic extracted glucomannan was more degraded compared 
with the water extracted glucomannan. Extraction with water at high temperature 
resulted in xylan co-extracted with glucomannan in nearly equal quantities. Alkaline 
extraction medium yielded mostly an extract rich in xylan and co-extracted lignin. 
The straw was not fully delignified and the cellulose fibres were not liberated during 
the extraction process.  
 
Extracted xylan and glucomannan were used to make renewable plastic films. The 
glucomannan films were very fragile. The xylan films on the other hand demonstrated 
remarkable strain-at-break values of 70 – 90% without any added plasticizer. 
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Influence of deep eutectic solvent composed of choline chloride and 
urea on wood based cellulose fibres 

 
Tiia-Maria Tenhunen, Anna E. Lewandowska, Hannes Orelma, Leena-Sisko 

Johansson, Tommi Virtanen, Ali Harlin, Monika Österberg, Stephen J. Eichhorn, 
Tekla Tammelin 

VTT Technical Research Centre of Finland Ltd,  
P.O. Box 1000, 02044 VTT, Finland, 
e-mail: tiia-maria.tenhunen@vtt.fi 

 
Deep eutectic solvents (DESs) composed composed of choline chloride and urea has 
gained recently a lot of attention been and it has been successfully used in different 
cellulosic applications (Abbott et al. 2006, Sirviö et al. 2015, Suopajärvi et al. 2017, 
Park et al. 2013, Wang et al. 2015, Tenhunen et al. 2016, Xu et al. 2016). This 
mixture has been found suitable for e.g. facilitating the nanocellulose production and 
for textile fibre spinning directly from wood pulp (Sirviö et al. 2015, Tenhunen et al. 
2016). Despite the suitability the mixtures of choline chloride and urea does not 
dissolve cellulose or alter the crystalline structure.  
 
In this work, we clarify the influence of such solvent system on the structure and 
chemical composition of the wood based cellulose fibres before and after soaking 
fibres for 16 hours in DES at 100°C. We investigated changes in morphology (SEM, 
AFM) the dissolution of other wood fibre components (Carbohydrate analysis) or 
reactions with DES components (elemental composition) The detailed structural 
characterisation of the fibres  was carried out using spectroscopic methods which 
include X-Ray Photoelectron Spectroscopy (XPS), solid state Nuclear Magnetic 
Resonance (13CP/MAS NMR) and Raman Spectroscopy. Methylene blue adsorption 
was done in order to investigate changes in charge due to DES treatment. This work 
can be considered relevant in order to efficiently utilize DES solvent system for 
cellulosic materials. 
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Developing dual responsive PNIPAM copolymers 
 

Luis Valencia1, Si Wu2, Hans-Jürgen Butt2 
1Division of Materials and Environmental Chemistry, Stockholm University, SE-

10691 Stockholm, Sweden. 
2Max Planck Institute for Polymer Research, Ackermannweg 10, 55128, Mainz, 

Germany. 
e-mail: Luis.alexandro@mmk.su.se 

 
 

The current advancement in biomedical research have demanded the development of 
new smart polymers that respond in a specific manner to external stimuli, for 
applications such as controlled drug delivery, cell patterning, etc.  
Special the research effort was focused on PNIPAM, which polymer has been 
considered an asset for biomedical applications due to its LCST at 32 Celsius. In this 
work, Thioether functionalities were randomly inserted onto the PNIPAM backbone 
via RAFT (co)polymerization, and which were proved to grant light and redox-
responsiveness to PNIPAM, upon oxidation with hydrogen peroxide or coordination 
with photosensitive Ruthenium complexes. 
 

 
The figure above schematized the methodology followed in this work. Our results 
demonstrate the capacity of PNIPAM to be coordinated by photocleavable Ruthenium 
complexes, and the capacity of tuning the LCST of PNIPAM upon oxidation 
reactions. 
 
References 
 
1) L. Valencia, F. J. Enríquez, M. Valencia, R. Díaz, Macromol. Chem. Phys. 
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Long-term performance of polyamide-based multilayer (bio)diesel 
fuel lines aged under “in-vehicle” conditions 

 
Xinfeng Weia, Shahin Akhlaghia, Kai J. Kalliob, Stefan Bruderc, Martin Bellanderc, Ulf 

W. Geddea, Mikael S. Hedenqvista,* 
a KTH Royal Institute of Technology, School of Chemical Science and Engineering, 

Fibre and Polymer Technology, SE-100 44 Stockholm, Sweden 
b Polymer Centre, Volvo Car Corporation, SE–40531 Göteborg, Sweden 
c Materials Technology, Scania CV AB, SE–151 87 Södertälje, Sweden 

e-mail: xinfengw@kth.se 
 
The behaviour of a polyamide (PA)-based multilayer fuel pipe exposed to petroleum 
diesel (B0) and its mixture with 20 vol.% biodiesel (B20) was investigated. The pipes 
were aged under a “close to real” condition using a specially-designed ageing 
equipment with a program designed according to known customer driving modes and 
conditions. The plasticizer migrated from the PA6 innermost layer of the pipe to the 
fuel, and from the PA12 outer layer to the air surrounding the pipe. After 1000 h 
ageing, almost all plasticizer had left the pipe, and ca. 7 wt.% fuel was absorbed in the 
inner layer of the pipe. The EVOH barrier layer located in the middle of the pipe 
hindered the diffusion of the fuel from the inner surface to the outer part of the pipe. 
The oxidation of the PA6 innermost layer was promoted by the oxidation products of 
biodiesel. The diffusion limited oxidation of the PA6 layer led to the formation of a 
30 �m highly oxidized zone at the inner surface of the pipe, resulting in discoloration 
and oxidative crosslinking of the polymer. The Young’s modulus and tensile strength 
of the pipe increased with increasing exposure time, due to plasticizer loss and 
oxidative crosslinking. The toughness and extensibility of the pipe decreased 
significantly after prolonged ageing, the extensibility was only 7 % of that of the 
unaged pipe after 2230 h. The low extensibility was due to cracks developing at the 
highly oxidized brittle PA6 inner layer when the pipe was exposed to tensile stresses, 
which grew outwards and caused pipe fracture through a two-stage process. 
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A new solvent-free method for production of pectin-based biofilms 
reinforced with fungal biomass 

 
Rajesh Gurram, Pedro F Souza Filho, Mohammad Taherzadeh and Akram Zamani 
Swedish Centre for Resource Recovery, University of Borås, 501 90 Borås, Sweden. 

e-mail: Akram.Zamani@hb.se  
 

Approximately half of the weight of the orange processed for juice extraction is 
converted into waste, containing both fruit peel and pulp, and composed of 
considerable amounts of poly-, di- and monosaccharides. Among the polysaccharides, 
pectin has a good potential to be used for the production of edible films for food 
packaging. Traditionally, pectin films are produced by casting technique where pectin 
is dissolved in water, solution is spread on a surface, and then the solvent is 
evaporated [1, 2]. Moreover, the free sugars present in the orange waste can be 
utilized for the cultivation of different microorganisms such as filamentous fungi [3]. 
In this study, a new solvent-free method was developed for production of pectin films. 
Accordingly, pectin from citrus peel (Sigma-Aldrich, USA) was mixed with glycerol, 
which was used as a plasticizer. The mixture was kept at 5 °C overnight to obtain a 
homogeneous paste-like material. The paste was then subjected to a compression 
molding process between two polystyrene sheets under a force of 30 kN at 120 °C, for 
10 min to form a film. The obtained pectin film exhibited a tensile strength of 15.7 
MPa, and elongation of break of 5.5%. The water vapor permeability for this film was 
0.84 mg.mm/h.m2.kPa. Pectin films produced by casting method have been reported 
to exhibit tensile strength values in the range of 10 to 50 MPa and elongation of break 
up to 3% [1, 2]. Enhancement of the pectin films characteristics was investigated by 
incorporation of fungal biomass. The edible fungal strain Rhizopus oryzae (CCUG 
28958) was cultivated in the free sugar solution obtained from orange waste in a 26 L 
bubble column bioreactor. The obtained biomass contained 30% proteins and 20% 
lipids. The fungal biomass was freeze-dried and milled to a particle size smaller than 
0.25 mm. Blends of glycerol (30%), fungal biomass, and pectin were prepared with 
various pectin-biomass ratios being tested (namely 60/10; 55/15; 50/20; 45/25; 40/30; 
and 35/35 g/g). Pectin-biomass films were generally more opaque than pectin films. 
At pectin-biomass ratio of 60/10, the obtained film exhibited almost the same tensile 
strength and more than 65% of the elongation at break compared to the pure pectin 
films. The water vapor transfer rate for this film was 0.5 mg.mm/h.m2.kPa. At a ratio 
of 55/15 the pectin-biomass film still preserved more than 80% of the strength of the 
pure pectin film. Higher biomass ratios, however, decreased the strength of the 
obtained films. The results demonstrate the possibility of producing pectin films by 
compressing molding press technique without utilization of solvent. Fungal biomass 
incorporation in the films up to 15% of the blend enhanced the water vapor transition 
resistance while did not result in severe loss of the mechanical properties of the films.  
References  
1. Chambi, H.N.M. and C.R.F. Grosso, Mechanical and water vapor permeability properties of 
biodegradables films based on methylcellulose, glucomannan, pectin and gelatin. Food Science and 
Technology (Campinas), 2011. 31(3): p. 739-746. 
2. Giancone, T., et al., Effect of surface density on the engineering properties of high methoxyl pectin-
based edible films. Food and Bioprocess Technology, 2011. 4(7): p. 1228-1236. 
3. Satari, B., et al., Co-Production of Fungal Biomass Derived Constituents and Ethanol from Citrus 
Wastes Free Sugars without Auxiliary Nutrients in Airlift Bioreactor. International journal of molecular 
sciences, 2016. 17(3): p. 302.  
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The use of nanomaterials in polymeric materials is a rapidly expanding field, and the 
polymer nanocomposites are being introduced into various markets. But there is still 
little known about the fate of nanocomposites and nanoparticles during service life 
and end-of-life of the materials. To avoid possible environmental, health and safety 
problems, simulating different scenarios for nanoparticles release from the polymer 
matrix plays a key role in commercialization of these advanced materials. The 
polymer/nanoclay nanocomposites show superior material properties in comparison 
with the pure polymers, such as improved mechanical properties, heat resistance, 
flame retardancy and decreased gas permeability. Polypropylene (PP) nanocomposites 
have attracted a considerable interest due to the material’s low cost, low density and 
extensive production volumes. In this study, in order to obtain reliable results 
regarding the release of nanoclays from PP nanocomposites, homogenous composite 
with predetermined content of nanoclay was produced and characterized to obtain 
information regarding content, dispersion and size of the nanoclays in the matrix. The 
PP nanocomposite was degraded under controlled conditions and the surface 
morphology as well as oxidation of the material was characterized with scanning 
electron microscopy (SEM) and infrared spectroscopy/microscopy during 
degradation. A prototype environmental chamber was designed in order to collect 
nano-sized particles in a controlled manner and subsequent characterization of the 
released or formed particles was performed with transmission electron microscopy 
(TEM) and the exposed nanocomposite was analysed with thermogravimetric analysis 
(TGA).  
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Since many years ago applying an antioxidant material to scavenge the free radicals 
has had an extremely important role in many products e.g., food, cosmetic, medicine 
and polymeric materials. Due to the increasing public awareness regarding the 
application of synthetic antioxidants, an attention has shifted towards the natural 
antioxidants. Naturally derived antioxidants i.e., flavonoids, lignin, etc., are currently 
considered as a promising avenue for future application. However, purification and 
especially fractionation of technical lignins is necessary in order to increase its 
antioxidant activity. In respect to the potential applications, low molecular weight 
lignin possessing high phenolic content is of interest as it can be used as an 
antioxidant in various systems. The main aim of this study was to investigate the 
properties of low Mw lignin, obtained by ultrafiltration of Lignoboost lignin in 
alkaline solution with 1kDa ceramic membrane. The detailed structural 
characterization of the initial lignin and fractionated low Mw lignin was performed by 
SEC, NMR analysis (2D-NMR and 31P NMR) and by analytical pyrolysis (Py-
GC/MS). Molecular weight of LignoBoost lignin and low Mw lignin were around 
5500 Da and 500 Da respectively. Different types of interunit linkages and phenolic 
structures were analyzed by 2D NMR and Py-Gc/Ms. It was shown that, the low Mw 
lignin fraction consists of the fragments with shortened aliphatic chains, rich in 
phenolic and methoxy groups. The antioxidant activity of lignin samples was 
evaluated based on the results from ABTS+, DPPH and ORAC assay as well as from 
the Oxipres test which evaluates inhibition properties of lignin in the oxidation of 
rich-in-lipids substrates. The results of the antioxidant tests demonstrated good 
potentials of the low molecular weight lignin fraction as a naturally originated 
antioxidant, in particular, for lipids containing systems. It was shown by the kinetic 
ORAC test that the inhibition effect of low molecular weight lignin on the substrate 
(fluorescein) oxidation was three times stronger in comparison with that for a 
reference antioxidant Trolox (a water-soluble derivative of vitamin E). Additionally, 
low Mw lignin fraction showed improved inhibition properties in the test with rich-in-
lipids substrate (mayonnaise). The good antioxidant properties of the low molecular 
weight lignin fraction are in conformity with certain structural features established by 
Py-GC-MS analysis, e.g., lower condensation, higher portions of methoxylated 
phenyl-propane units (PPU) and PPU with shortened aliphatic side chains in 
comparison with the non-fractioned lignin. 
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Polymeric nanoparticles (NPs) for drug delivery applications have great attention 
during last decades. Amphiphilic block copolymers, composed of core-shell 
nanostructures, are used to encapsulate small chemotherapeutic drugs in the 
hydrophobic core. The hydrophilic shell is utilized to protect the drug from 
physiological degradation, diminish capturing by mononuclear phagocyte system 
(MPS)[1, 2]. Recently, polymerization-induced self-assembly (PISA) is an important 
approach developed to synthesize amphiphilic polymeric NPs. A water-soluble 
polymer, synthesized by controlled radical polymerization, can initiate the 
polymerization of hydrophobic monomer in either polar or non-polar solvents. The 
chain extension with the hydrophobic block from the water-soluble polymer and the 
self-assembly of the resulting amphiphilic block copolymer chains lead to the 
formation of stabilized particles with well-defined and monodispersed molecular 
weight[3, 4]. Non-toxic amphiphilic latex nanoparticles were obtained in aqueous 
solution by PISA mediated-reversible addition fragmentation chain transfer (RAFT) 
technique. A macroRAFT based on hydrophilic polymer such as poly(oligo (ethylene 
glycol) methyl ether methacrylate) P(OEGMA) is chain extended by hydrophobic 
monomer to produce well-defined latex particles in nanoscale suitable for drug 
delivery purposes. The latex NPs are obtained by emulsion polymerization under 
RAFT control using redox initiator. Bio-functionalization of the latex nanoparticles 
by conjugating a target ligand was investigated for targeted drug delivery. The latex 
NPs were characterized by 1H-NMR, SEC, DLS, SEM and UV-vis 
spectrophotometry. The cell viability of the latex NPs was evaluated in MCF-7 and 
RAW 264.7 cell lines. The DLS results showed that the average hydrodynamic 
diameter of the formed latex was 50 nm with narrow distribution and that increasing 
solid content from 7 to 10 % resulted in increasing NPs diameter from 50 to 190 nm. 
The latex NPs don’t induce major toxicity up to 1mg/ml NPs concentration after 
incubation 72 h with MCF-7 cell line.  
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Itaconic acid (IA) is a fully bio-based monomer that is produced industrially through 
fermentation of carbohydrates using the fungi Aspergillus terrus.1,2 With an 
increasing demand for renewable materials, IA and its derivatives such as dimethyl 
itaconate (DMI) are very interesting monomers. IA is a diacid which makes it possible 
to use in polyester synthesis and additionally it has a vinyl group. There are many 
studies on polyester synthesis from IA and DMI and the synthesized polyesters have 
been further crosslinked both thermally and with UV initiation into thermosets and 
coatings. 1,3  
The aim of this study was to provide insight in how the choice of catalyst affects the 
material properties of networks formed from DMI-based unsaturated polyesters (Fig. 
1). Biocatalysis (Candida antarctica lipase B, CalB), acid catalysis (p-
Toluenesulfonic acid, pTSA) and an 
organometallic compound (Titanium (IV) 
butoxide, Ti(OBu)4) were used for the synthesis 
of unsaturated polyesters. The different catalysts 
showed different selectivity towards the 
conjugated and the non-conjugated side on DMI 
and this led to a varied distribution of the 
monomers in the polymeric chains. Polyester 
synthesized with CalB showed a significant 
selectivity towards the non-conjugated side and 
this led to that the double bonds were mainly 
found at the ends of the polyester chains. The 
Ti(OBu)4 had a much lower selectivity which led 
to a more random distribution of unsaturations in 
the polymer chains. This difference has been 
seen to affect both the crosslinking and final 
material properties. Synthesis with pTSA was not 
successful because it caused side reactions.  
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Figure 3. Unsaturated polyesters from DMI, 
dimethyl succinate (DMS) and 1,4-
butanediol (BD) were synthesized and cross-
linked with UV light and irgacure 651 
(photo initiator).
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In recent years, the functional polymeric compounds have been widely used to modify 
the silica surface, which allows one to obtain the corresponding organomineral 
composites for broad application prospects. In this case, lignin – cross-linked phenolic 
polymer – is of great interest according to its valuable properties and abundance as a 
by-product of pulp and paper industry.  
 
Hybrid materials based on lignin and silica in different mass ratios were prepared by 
several synthetic approaches: via electrostatic attraction of modified lignin to 
aminosilica surface, by using sol-gel method in the acidic and basic media, 
crosslinking of functional groups of organic polymer and inorganic carrier with 
different agents, such as epichlorohydrin and formaldehyde. Lignin materials used in 
this study are kraft softwood lignins coming from the Lignoboost (LBL) and 
CleanFlowBlack (CFBL) processes. The molecular weights, determined by size 
exclusion chromatography were 5500 and 3000 Da, respectively and the number of 
phenolic OH groups, determined by 31P nuclear magnetic resonance spectroscopy was 
4.3 mmol/g and 5.5 mmol/g, respectively in these samples.  
 
The peculiarities of different approaches to synthesis of lignin/silica hybrid materials 
were studied and the influence of synthetic conditions on physicochemical properties 
of obtained composites were investigated, by scanning electron microscopy, 
thermogravimetric analysis, and nitrogen adsorption/desorption. 
 
It was found that changing of pH of system, variations with inorganic filler (carrier) 
mass content, type of crosslinking agent applied, time of preparation are greatly affect 
of physicochemical characteristics of obtained materials, such as specific surface area, 
porosity, morphology, and thermal characteristics. Such structural differences will 
affect the ability to sorb and release different active compounds, antibacterial 
properties of hybrid composites, etc. 
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Polymer-based nanocomposites (PNCs) have been engineered and demonstrated for 
improving the arc interruption capability in low power electrical switching 
applications. PNCs, which are the combination of inorganic nanoparticles (NPs) and 
polymers, opened up new developments in materials science that includes their 
utilization for several electrical switching applications. Inorganic NPs are selected 
based on their physical and chemical properties which could make multifunctional 
PNCs in order to interrupt the electrical arcs effectively. In particular, we present on 
the PNCs fabricated by using ZnO NPs in a poly (methyl methacrylate) (PMMA) 
matrix via in-situ polymerization method, to avoid NPs agglomeration, leading to 
good spatial distribution of NPs in the polymer matrix. Thus, several samples with 
various wt% of NPs in PMMA matrix have been fabricated. These PNCs have been 
characterized in detail for the morphology of NPs, interaction between NPs and 
polymer matrix, and radiative absorption properties. In the next stage, PNCs are tested 
to determine their arc interruption performance and impact on the electrical arcs of 
current 1.6 kA generated using a specially designed test set-up. When PNCs interact 
with the electrical arcs, they generate ablation of chemical species towards core of the 
electrical arc, resulting in cooling-down the arc due to strong temperature and 
pressure gradient in the arc quenching domain. In conclusion, results demonstrate for 
the first time that these engineered PNCs are easily processed, reproducible, and can 
be used to improve the arc interruption process in electrical switching applications. 
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Polymer-based nanocomposites, Nanoparticles, Electrical arcs, Circuit breakers, 
Ablation/Outgassing, Arc interruption capability, PMMA, ZnO, Radiative energy, 
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NEW SILK – The new road to silk 
 

Sami-Pekka Hirvonen1, Heikki Tenhu1, Sesilja Aranko2, Kirsi Niinimäki3, Pirjo 
Kääriäinen3 and Markus Linder2 

1) University of Helsinki, Department of Chemistry, Polymers and Colloids 
2) Aalto University, Biomolecular materials, Department of Bioproducts and 

Biosystems 
3) Aalto University, Fashion Research, Department of Design 

e-mail: sami.hirvonen@helsinki.fi 
 
In the recent years there has been increasing interest in replacing oil based fibers with 
fibers made from renewable starting materials and to find more environmentally 
friendly ways to produce some biological ones. Silk as a material has been used for 
millennia and has many desirable properties. It has nice appearance, is relatively 
strong and thus suitable for light weight and premium garments, and is biodegradable. 
However, at the moment the production costs are high and the production is 
geographically limited to areas in which silkworm is native species. 
 
When the term silk is used it almost always refers to fiber made by a silkworm, 
usually B. Mori, but there is a plethora of other silk producing species with a wide 
variety of fiber properties. One of the most studied of non-silkworm silks are spider 
silks, as there are several different types according to the intended use and some of 
them, like dragline silk, can be very strong and tough. 
 
In this project we are using biotechnology to design and prepare new types of 
recombinant spider silk proteins that are based on already known structures. In 
combining the sequences for different structural motifs we hope to be able to tailor the 
mechanical properties of the fiber as well as optimize the fiber formation in the 
spinning process. Furthermore, the recombinant spider silk proteins are produced 
either in bacteria or in yeast so low-value feedstock, like waste or side streams, could 
be used.  
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Novel method to measure surface crystallinity of fibers and 
nonwovens 

 
Franz J. Lanyi, Nicolai Wenzke, Joachim Kaschta and Dirk W. Schubert* 

Institute of Polymer Materials, Friedrich-Alexander-University Erlangen-Nürnberg, 
Martensstraße 7, 91058 Erlangen, Germany 

*Bavarian Polymer Institute, Dr.-Mack-Straße 77, 90762 Fürth, Germany 
e-mail: Franz.Lanyi@fau.de 

 
The production of fibers from a polymer melt is an important process in many 
industrial sectors where fibers and nonwovens are utilized as hygiene and medical 
products, as geotextiles or as filter materials. The properties of such highly oriented 
products, like nonwovens or films, strongly depend on their crystallinity. As fibers are 
exposed to high cooling rates and draw ratios during their production, crystallinity 
normally is not a bulk property but a function changing with the diameter of the fiber 
or film and therefore bulk properties often are not informative for end consumer 
characteristics like a soft feel or the migration of additives to the surface.  
Currently the crystallinity of polymers is determined via differential scaling 
calorimetry (DSC) or via X-ray diffraction (XRD). Even though DSC is an easy and 
fast way to determine crystallinity, it suffers several disadvantages. In DSC studies 
sample preparation of fiber material is difficult, results are not calibration free and 
heat is introduced in the measuring process which might change instable crystal 
structures in the polymer. XRD is able to overcome these problems but is time 
intensive and complicated in terms of sample preparation and evaluation of the 
measurements. Furthermore, it is not possible to determine surface crystallinity with 
both methods. 
This study shows a novel approach to utilize Fourier transform infrared spectroscopy 
in attenuated total reflection mode (FTIR-ATR) as a highly sensitive, non-destructive 
and fast way to measure surface crystallinity of fibers in a penetration depth of 0,5 – 
2,5 µm. Samples without crystallinity gradient produced with different cooling rates 
from 1 – 3500 K/min were measured via XRD and FTIR-ATR to calibrate the method 
(Figure 1). Subsequently fibers were produced at different processing conditions on a 
pilot spunbond line to verify the method and show its applicability to measure surface 
crystallinity of fibers and nonwovens. 
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Characterization of Biopolymers and Synthetic Polymers using 
Asymmetric Flow Field-Flow Fractionation (AF4) and Thermal 
Field-Flow Fractionation (TF3) coupled to Multi-Angle Light 

Scattering (MALS) 
 

Michel Palu, Gerhard Heinzmann and Thorsten Klein 
Postnova Analytics GmbH, Landsberg, Germany. 

e-mail: michel.palu@norlab.fi 
 

Field-Flow Fractionation (FFF) has become a reliable analytical tool for the 
separation and comprehensive characterization of polymers, biopolymers, proteins 
and nanoparticles. Four different FFF techniques are commonly used today: 
asymmetric flow FFF, centrifugal FFF, thermal FFF and gravitational FFF. By 
coupling the FFF systems to suitable light scattering detectors, such as multi-angle 
light scattering (MALS) and dynamic light scattering (DLS) and concentration 
detectors such as UV and refractive index, the molecular weight distribution of 
synthetic polymers and biopolymers can be measured together with the molecular 
structure (degree of branching, copolymer composition and aggregation) of these 
samples.  
 
In this poster the application of asymmetric flow FFF (AF4) for the characterization 
of biopolymers in aqueous solvents and thermal FFF for the characterization of 
synthetic polymers in organic solvents will be demonstrated. Several application 
examples will show the possibilities of the FFF techniques and the results that can be 
achieved when FFF separation methods are coupled to multi-angle light scattering 
(MALS) detection. 
 
 
 



99 
 

Thermoplastic micro-fibrillated cellulose-reinforced composites: 
dependence of mechanical properties on the cellulose fiber network 

 
Anna Peterson1, Abhijit Venkatesh2, Johannes Thunberg2, Lars Nordstierna1, 

Christian Müller1, Antal Boldizar2 

1Department of Chemistry and Chemical Engineering 
2Department of Materials and Manufacturing Technology 

Chalmers University of Technology, Sweden 
e-mail: anna.peterson@chalmers.se 

 
Cellulose fibers are an attractive, yet elusive, reinforcing material for thermoplastics 
due to their high strength, low cost and abundant availability. However, cellulose as 
a hydrophilic material has an inherent incompatibility with a hydrophobic polymer 
matrix. Aggregation within the composite leads to inferior mechanical properties. 
We combine the use of a compatabilizing agent; the amphiphilic copolymer 
poly(ethylene-ran-acrylic acid), and a gelled cellulose system in order to form 
thermoplastic composites with improved mechanical properties. The system 
promotes the dispersion and optimizes the strength of the interfacial bonding 
between the filler and the matrix. 
 
We report a route for manufacturing micro-fibrillated cellulose (MFC) reinforced 
composites of poly(ethylene-ran-acrylic acid) (EAA) using water assisted mixing. 
We have studied the mechanical properties of the resulting composite as a function 
of the number of network points in the cellulose network. In the method MFC is 
mixed with a micellar suspension of EAA in water. The MFC concentration in the 
suspension is held above the onset of gelling. Hence EAA micelles are kinetically 
trapped within the continuous fiber network. This phenomenon is visualized using 
diffusion NMR spectroscopy. Micrographs of the composites show the MFC to be 
well dispersed within the matrix. Dynamic Mechanical Analysis of composites 
containing 10wt% cellulose shows an increase in mechanical stiffness compared to 
the neat matrix, which correlates to the number of network points within the 
composite.    
 
In summary; EAA-MFC composites of increased strength and stiffness compared to 
the neat matrix were prepared using water assisted mixing while controlling the 
MFC concentration. The mechanical properties of the composite can tentatively be 
fine-tuned by careful control of the number of network points in the initial aqueous 
suspension.  
  



 

2 K

Con
as a
con
con
form
effe
The
max
betw
 
In th
as P
plot
Mor
cont
clos
mea
sign
com
 

 
 
 
 
 
 
 
 
 
 
 

 

F

(b
fi

 

Electric

1 Institute

KTH Royal 
Fib

nductive po
anti-static m
ductors. Ca
ductive fille

mation of a 
ect of the 
erefore, the 
ximum align
ween the CF

his study, p
PMMA/CF 
t for PMM
reover, a n
taining two
se to corre
asurements 
nificantly im
mposites is g

Fig 1. (a) Ex
function o

b)Calculated
iller volume

cal conduc
fiber

Muchao Q
e of Polymer

Nure
Institute of 

bre and Poly

lymer comp
materials, e

arbon black 
ers, which c
CPCs. To e
CFs-pathw
melt spinn

nment of th
Fs. 

percolation 
and PMMA

MA/CF/CB 
ovel equati

o kinds of c
esponding 
of tensile 

mproved e
given. 

   (a)         
xperimental
of filler vol
d logarithm
e fraction of

ctivities o
rs/carbon

Qu1, Fritjof
r Materials,

emberg, Mar
f Technology
lymer Techn

e-mail: M

posites (CP
electromagn
(CB) and c

can be incor
evaluate a p

ways in a 
ning proces
he CFs in th

thresholds 
A/CB comp
composites

ion for pred
onductive f
experiment
strength fo
ffective-me

                  
l logarithm 
ume fractio

m value of co
f CFs and C

no
 

of melt spu
n black fib

 
f Nilsson2 an
, Friedrich-
rtensstr. 7, 
y, School of
nology, SE-
Muchao.Qu

 
PCs) have b
netic interf
carbon fiber
rporated int

potential syn
PMMA/CB

ss is applied
he CPCs and

of ternary c
posites were
s is presen
dicting the 
fillers was p
tal data. O
or the PMM
edia equatio

                  
value of co

on of CFs an
onductivity 

CB in a cont
ovel equatio

un PMMA
ber compo

nd Dirk W. 
-Alexander-
91058, Ger
f Chemical 
10044 Stock

u@fau.de 

een widely 
ference (EM
rs (CFs) are
to a polyme
nergic effect
B/CF system
d in this st
d consequen

composites 
e investigate
nted for th
electrical c

proposed (F
Our work 
MA/CB/CF 
ons for con

                  
onductivity o
nd CB in a c
of fiber com

tour plot dia
on. 

A/aligned
osites 

Schubert1 
-University E
rmany 
Science and
kholm, Swed

used in ma
MI) shieldin
e the most c
r matrix for
t between C
m should 
tudy, in ord
ntly, to redu

of PMMA/
ed. A condu
e first tim

conductivity
Fig. 1 (b)), s
comprise a
composites

nductive th

            (b) 
of fiber com
contour plot
mposites as 
agram, as ge

d carbon 

Erlangen-

d Engineeri
eden 

any fields, 
ng, sensor 
commonly u
r facilitating
CFs and CB

be minimi
der to indu
uce the cont

/CF/CB as 
uctivity con

me (Fig. 1 
y of compo
showing re
also system
s. A novel 
hree-compo

mposites as 
t diagram. 
 a function 
enerated wi

100 

ing, 

such 
and 

used 
g the 

B, the 
ized. 

uce a 
tacts 

well 
ntour 
(a)). 
sites 
sults 

matic 
and 

onent 

a 

of 
ith 



 

An
 

M

b N

c De

 
Bac
imp
food
amm
tran
Our
islan
den
topo
NM

 

 
Refe
 
[1] Z
H.; 
Hea
[2] Z
Wen
118
 

ntibacteri

M. Sánchez-M

a Depar

Networking

epartment o

cterial resist
portant the d
d protection
monium (Q
nslate their a
r group hav
nds by the 
drons emp
ology (den

Me2H+, NH3+

Figure 1: a)

ferences 

Zhou, J.; Zh
Liu, C.; Ch

alth, 13(1), 9
Zhou, Fei (2
ng, Y.; Guo
 (5). 531-53

a) 

al silica w

Millaa,b, E. 
Copa-

rtment of Or

g Research C

of Biomedic
e

tance and m
design of no
n, etc. One w
QA), and th
activity to th
ve synthesiz

use of de
loyed will 
drons vs d
+) of dendri

) Silica with

hao, L. (201
hen, Y. Inter
99.  
2011). Prog
o, X.; Greg
34. 

with carbo

Fuentes-Pa
-Patiñoc, R.
rganic and I

M
Center on B

(CIBE
cine and Bio
e-mail: mar

microorganis
on-antibioti
widely stud
heir introdu
hese materia
zed silica w
ndritic stru
allow test

dendrimers)
itic systems

h dendron o

16) Scientifi
rnational Jo

gress in Env
ory, R.; Xie

 

osilane de

aniaguaa, J.
Gómeza,b, F
Inorganic C

Madrid,Spai
Bioengineeri
ER-BBN), S
otechnology
rias_9108@

sm contami
ic antibacte
dy group wi
uction on 
als [2].  
with QA on
uctures (Fig
ting the eff
), generatio
s.  

on the surfac
surface. 

fic Reports, 
ournal of En

vironmental
e, D. (2010

endritic sy

 Sánchez-N
F. J. de la M
Chemistry, U
in. 
ing, Biomat
Spain. 
y, University

@hotmail.com

ination is a 
erial materia
th bacterici
material su

n the surfac
g. 1). The l
fect in the 
on (size) a

ce. b) Silica

6, 29069. C
nvironmenta

l Science an
0) European

b) 

ystems on

Nievesa,b, J.S
Mataa,b. 
University of

terials and N

y of Alcalá, 
m 

huge probl
als [1] for w
de propertie

urfaces has 

ce grouping
library of d

bactericide
nd type of

a with dendr

Chen, C.; W
al Research 

nd Technolo
n Journal of

n the surf

Soliveric, J. 

of Alcalá, 

Nanomedic

 Madrid, Sp

lem, being 
water treatm
es is quater

s been don

g then in s
dendrimers 
e propertie
f QA (NM

rimer on the

Wu, H.; Huan
and Public 

ogy, 3, 228-
f Oral Scien

101 

face 

L. 

ine 

pain. 

very 
ment, 
rnary 
ne to 

mall 
and 

es of 
Me3+, 

 

e 

ng, 

-232. 
nces, 



102 
 

Transparency of suture able polycaprolactone nanofiber hydrogel 
compounds for medical application in the eye 

 
Piotr Stafiej1,2, Thomas A. Fuchsluger2, Dirk W. Schubert1,3 

1. Institute of Polymer Materials, Friedrich-Alexander University Erlangen-
Nürnberg, Martensstr. 7, 91058 Erlangen, Germany 

2. Department of Ophthalmology, Friedrich-Alexander University Erlangen-
Nürnberg, Schwabachanlage 6, 91054 Erlangen, Germany 

3. Bavarian Polymer Institute, Friedrich-Alexander University Erlangen-Nürnberg, 
Dr.-Mack-Straße 77, 90762 Fürth, Germany e-mail: piotr.stafiej@fau.de 

 
The treatment of corneal wounds in ophthalmology often requires donor tissue as 
replacement or wound closure material. Because of insufficient amounts of donor 
tissue and the inconsistent properties of these biological scaffolds a strong focus was 
made on development of synthetic materials. Augmented replacements need to be 
able to resist the force applied on the scaffold during suturing while maintaining its 
transparency.  
 
Here we developed scaffolds consisting of alginate hydrogel, which were reinforced 
with electrospun nanofibers made out of polycaprolactone and a blend with chitosan.  
The transparency of our scaffolds was quantified with a UV-Vis spectrophotometer 
over the visible light area ranging from 400 to 800 nm. For application relevant 
measurements a method described by Schubert et. al. [1] was used. A line of text was 
printed out in different font sizes on which the scaffolds were placed to evaluate the 
readability of the text lines.  
 
To examine the suture ability of the scaffolds a method developed by Küng et. al. [2] 
was used. A suture was passed through the sample in a distance of 1 mm to the rim 
before the sample was clamped in a tensile testing machine. While pulling out the 
suture the force load was measured which gives us the suture retention strength of the 
scaffolds.  
 
Compounding both materials leads to scaffolds with high transparency (60-80 %) 
while maintaining enough mechanical strength for suturing the material in ophthalmic 
applications [3].  
 
 
References 
 
[1] Schubert, DW; et. al.; Macromol. Symp., 2016, 365, 87-94  
[2] Küng, F.; et. al.; Mater Sci Eng C, 2016, 69, 941-946  
[3] Küng, F. et. al.; EU-Patent notifying number: 16185130.8-1455  
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Cellulose-fiber-based insulation materials with improved reaction-to-
fire properties  

 
Chao Zheng, Dongfang Li, Monica Ek 

KTH Royal Institute of Technology, School of Chemical Science and Engineering, 
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The poor reaction-to-fire properties of cellulosic thermal insulation need to be 
improved to meet the safety regulations for building materials. In this study, cellulose-
fiber-based insulation foams were prepared from formulations containing mechanical 
pulp and commercial fire retardants. Results of single-flame source tests showed that 
foams developed from the formulations with 20% expandable graphite (EG) or 25% 
synergetic (SY) fire retardants had substantially improved reaction-to-fire properties, 
and passed fire class E according to EN 13501-1. The results indicated that the foams 
could resist a small flame attack without serious flame spreading over a short period 
of time. Compared with the reference foam that contained no fire retardant, the peak 
heat release rate of the 20% EG and 25% SY foams decreased by 62% and 39% 
respectively when the samples were subjected to a radiance heat flow of 25 kW m-2 in 
a cone calorimeter, which suggested enhanced reaction-to-fire properties of these 
foams. 
 


