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MSGSD 2020 Programme
Thursday, February 20, 2020
08.30 - 09.00
09.05 - 09.25

Registration and mounting of posters
Welcome – Angelica Avella and Erika Steyn;
Presentation by Materials Science Area of Advance: Leif Asp - Area of Advance codirector

Morning session
Chaired by Christopher Sauer; Opponents: Alexander Leicht, Pierre Carmona, Rasmus Laven
09.30 - 10.00
Invited talk: Helena Berg - CEO and founder of AB Libergreen
10.05 - 10.35
COFFEE and poster mingle
10.40 - 10.55
1. Waste is the new fuel - Julien Phother-Simon
11.00 - 11.15
2. The gas as a parameter of the Laser-Powder Bed Fusion process - Camille Pauzon
11.25 - 11.40
3. Order and disorder in materials: What’s it all about? - Mattias Ångqvist
11.45 - 12.00
4. Aqueous Organic Redox Flow Batteries - Cedrik Wiberg
12.00 - 13.00
LUNCH and poster mingle
Early afternoon session
Chaired by Erika Steyn; Opponents: Bashar Haseeb, Ehsan Hosseini, Joakim Brorsson
13.05 - 13.35
Invited talk: Fang Liu - Docent at the division of Materials and Manufacture
13.40 - 13.55
5. Cellulose composites - Lillian Forsgren
14.00 - 14.15
6. Nanoparticles: where simulations and experiments have just started to meet Magnus Rahm
14.25 - 14.40
7. Spinning of lignin-cellulose carbon-fiber precursors - Jenny Bengtsson
14.45 - 15.00
8. Weld-cracking in a cast Ni-based superalloy - Sukhdeep Singh
15.00 - 15.30
COFFEE and poster mingle
Late afternoon session
Chaired by Angelica Avella; Opponents: William Hearn, Martin Karlsmo, Giulio Calcagno
15.35 - 15.50
9. Investigation of the electrochemical behavior of Nb-dobed TiO2 microbeads in
ionic liquid electrolytes for next-generation hybrid supercapacitors - Simon Lindberg
15.55 - 16.10
10. Sintering of iron powder - Swathi Manchili
16.20 – 16.35
11. Processing of nanocellulose reinforced thermoplastics - Abhijit Venkatesh
16.40 - 17.15
17.45 - 21:00

Lab tours at IMS
Buffet dinner at Hyllan
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Invited speakers
Dr. Helena Berg has 25 years of experience in the battery field from both
academia and industry, and holds a doctoral degree from Uppsala
University.
For about 10 years she was one of the key persons for the development
of electrified buses and trucks within the Volvo Group. As the Global
Corporate Battery Specialist, she was in charge of the technology plan
and had the responsibility to follow the battery research development.
Before joining Volvo, she worked as a patent attorney at Awa. Since
2012, she is running her own company, AB Libergreen, to support
companies to create strategic plans to meet future battery challenges.
2015 her book Batteries for electric vehicles – electrochemistry and
materials was published and is used as a textbook at several universities.
Fang Liu is an Associate Professor at the Department of Industrial and
Materials Science, Chalmers University of Technology. She received her
Ph.D. degree in Materials Science from the Department of Physics at
Chalmers University of Technology in 2008. Her Ph.D. project focused on
the effect of water vapor on high temperature oxidation of steels. As a
postdoctoral fellow, she worked on the creep property of high
temperature steels with a focus on the effects of boron addition. She
worked as research project leader and assistant professor at the
Department of Physics at Chalmers until 2017.
Her research makes use of various advanced microscopy techniques, such
as transmission electron microscopy and atom probe tomography, to gain
deep insights into the microstructure of materials, and to ultimately
enhance their performance. One of her current research interests is the
multifunctional composite device – structural composite batteries. In particular, she would like to gain
a fundamental understanding on the microstructure of carbon fibres, how it changes under the
interplay between electrochemical and mechanical load, and how it governs the electrochemical
performance of the fibres.
She is one of the “Excellent Researchers” within LIGHTer Programme, one of VINNOVA’s long-term key
strategic innovation areas (Vinnova is Sweden’s innovation agency). She also coordinates the LIGHTer
PhD network.

8

O1. Waste is the new fuel
Julien Phother-Simon
Chemistry and Chemical Engineering Department
“Global warming” and “greenhouse effect” are terms that became well-known to the general public.
The greenhouse effect is a phenomenon which confines the heat on Earth’s surface due to
greenhouse gases (GHG). The more GHGs in the atmosphere, the more heat confined, which makes
Earth’s climate liveable. One of the main GHGs contributing to the greenhouse effect is carbon
dioxide (CO2). The concentration of carbon dioxide has been varying through natural cycles over
hundreds of thousands of years on our planet. However, since the industrial revolution, humans have
increased the concentration of carbon dioxide in the atmosphere more than a third[1]. Such a change
usually occurs over thousands of years but is now happening over decades. This results in changes in
the climate, such as more intense storms, drier droughts and changes faster than some living beings
may be able to adapt[1]. It is, therefore, necessary to decrease the amount of GHGs released to the
atmosphere in order to minimize climate changes.
A significant contribution to the release of carbon dioxide to the atmosphere comes from the use of
fossil fuels[1]. As an example, powerplants started to use fossil fuels such as coal and oil to produce
district heating and electricity through steam generation due to the high temperatures in the
combustion chamber. Unfortunately, the combustion of these fossil fuels leads to the formation of
byproducts such as carbon dioxide. Utilizing more renewable fuels is, consequently, a solution to
decrease the net release of CO2 emissions to the atmosphere. However, the combustion of
renewable fuels, such as biomass and waste, results in the formation of corrosive deposits and gases.
From a corrosion point of view, the resulting flue gas contains mainly water vapor, alkali chlorides
(KCl, NaCl, …), and hydrogen chloride (HCl)[2, 3]. Such species are highly corrosive towards
superheaters (heat exchangers)[4], a critical component of a powerplant. This results in a lower
electrical efficiency and higher maintenance costs.
For this reason, many universities, research institutes and companies are putting efforts forward to
investigate these corrosion phenomena, in order to make energy production of biomass- and wastefired powerplants more competitive.
References
[1]
NASA - Global Climate Change; Available from: https://climate.nasa.gov/.
[2]
Kassman H, Pettersson J, Steenari B-M, Åmand L-E. Two strategies to reduce gaseous KCl and chlorine in deposits during
biomass combustion—injection of ammonium sulphate and co-combustion with peat. Fuel Processing Technology 2013;105:170-180.
[3]
Nielsen HP, Frandsen FJ, Dam-Johansen K, Baxter LL. The implications of chlorine-associated corrosion on the operation of
biomass-fired boilers. Progress in Energy and Combustion Science 2000;26(3):283-298.
[4]
Okoro SC, Montgomery M, Frandsen FJ, Pantleon K. High temperature corrosion during biomass firing: improved understanding
by depth resolved characterisation of corrosion products. Materials at High Temperatures 2015;32(1-2):92-101.
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O2. The gas as a parameter of the LaserPowder Bed Fusion process
Camille Pauzon
Laser-Powder Bed Fusion (L-PBF) is one of the processes designated by the more general term
Additive Manufacturing or 3D Printing. By adding material where it is needed in a layer-upon-layer
strategy, L-PBF allows to produce rather complex designs and allows for example for function
integration and the production of lightweight structures. For these reasons, it has gained a lot of
interest from the scientific and industrial communities. In order to establish this technology as a
robust manufacturing process and not only a solution for prototype production, great effort is put
together to identify, understand and develop the major process parameters. Recently, the effect of
the process gas, both its nature and its purity, have been put in evidence as significantly affecting the
process stability. This presentation will give an insight about the L-PBF process and discuss gas related
aspects.
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O3. Order and Disorder in Materials: What’s
it all about?
Mattias Ångqvist
Chalmers University of Technology, Department of Physics, Gothenburg Sweden
Chemical ordering in materials describes how the different atoms are distributed in a material.
Ordering phenomena in materials often have a crucial impact on materials properties. Ordering is
governed by the competition between entropy (the measure of disorder) and energy. At low
temperatures energy is the dominant term and the atoms tend to be ordered. As the temperature
increases the material tend to become more disordered and at high temperature the entropy is
dominant and the atoms are completely disordered. At intermediate temperatures, however, the
ordering of the material is not trivial. To study ordering we have constructed models which allow
accurate and computationally effective simulation of these aspects. One of the outcomes of my thesis
is a software tool called icet[1] that provides a user-friendly interface for doing these simulations. icet
has then been applied to study ordering phenomena in several different classes of materials. In my
talk I will introduce icet and the concepts of energy, entropy and chemical ordering and its relevance
for understanding materials.

[1] icet - A Python library for constructing and sampling alloy cluster expansions. M. Ångqvist, W. A. Muñoz, J. M. Rahm, E. Fransson,
C. Durniak, P. Rozyczko, T. H. Rod, and P. Erhart Advanced Simulation and Theory 2 , 1900015 (2019)
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O4. Aqueous Organic Redox Flow Batteries
Cedrik Wiberg, Lars Nordstierna and Elisabet Ahlberg*
Chalmers University of Technology, *Gothenburg University
In the pursuit of environmentally friendly energy storage solutions, redox flow batteries have recently
gained much popularity. The battery functions by pumping electrolytes comprising aqueous solutions
of positive or negative redox-active material through a fuel cell-like electrochemical reactor. By using
abundant organic molecules as redox-active material, the system has the potential to be much less
harmful for the environment than current technologies.
Naphthalene Diimides show promise as a viable candidate for use as negative redox-active material
and is investigated physically and electrochemically in this work.

Figure 1: Schematic of a redox-flow battery using quinonoid organic material.
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O5. Cellulose Composites
Lilian Forsgren, Karin Sahlin-Sjövold*, Gunnar Westman* Mikael Rigdahl and Antal
Boldizar
Department of industrial and materials science Chalmers university of technology Gothenburg,
*Department of chemistry and chemical engineering Chalmers university of technology Gothenburg
To create a more sustainable future and meet the requirements from the society, there is a necessity
for lightweight materials with high mechanical properties but with a reduced use of material from
fossil sources. Composite materials are a great option when customizing mechanical properties, and if
using the highly abundant cellulose as reinforcement in a polymer matrix, a reduction in fossil-based
materials could be achieved simultaneously.
Cellulose is the main component in all plants on earth, providing the rigidity and strength to wood
with its complex structure. Cellulose is a highly promising material for reinforcement in a polymer
matrix, with its high aspect ratio, high specific strength and of course the advantage of being bio
based and from a renewable resource. However, there are challenges when mixing cellulose with a
polymer matrix, in terms of adhesion and mixability but also thermal stability of the cellulose.
Could we change the structure of the cellulose and customize our materials? In this project, we are
trying to modify the smallest entity of cellulose, the cellulose nanocrystal (CNC), to increase
compatibility with the polymer matrix and increase the thermal properties of the cellulose. With
these modifications, we can produce transparent composite with 10% CNC, with increased
mechanical properties and thermal resistivity. The aim for the future of the project is to size the
system and be able to implement this into a larger scale production, going from lab scale into possible
industry scale. Increasing the knowledge about cellulose reinforced polymers and the ability to tailor
the properties of these.
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O6. Nanoparticles: where simulations and
experiments have just started to meet
Magnus Rahm
Department of Physics, Chalmers University of Technology
The development of computers has marked a revolution in materials science. With fast computers,
we can attack equations that were once considered practically unsolvable, and gain a deeper
understanding of materials. Yet, some materials remain very hard to approach with computer
simulations. Nanoparticles is one such example, because although they are too small to be seen with
the naked eye, or even with very good microscopes, they are still often too large to be handled even
with fast computers. As computers and algorithms improve, however, we are able to handle larger
and larger nanoparticles. In the laboratory, chemists and other researchers have the opposite
problem – since nanoparticles are so small, they are very difficult to study. But with the development
of more sophisticated microscopes and methods, experimentalists are attacking smaller and smaller
nanoparticles. We are now at an exciting point in nanoscience were the limits of computer
simulations and experiments are beginning to meet. In this talk, I will discuss what this means: what
do we want to study and what can we expect to find?
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O7. Spinning of lignin-cellulose carbonfiber precursors
Jenny Bengtsson*,**, Kerstin Jedvert*, Tobais Köhnke* and Hans Theliander**
* Fibre Development, RISE,
** Department of Chemistry and Chemical Engineering, Chalmers
Co-processing of lignin and cellulose has been identified as a potential route for production of
inexpensive bio-based carbon fibers. Carbon fibers have high specific strength and are often used in
composites for light-weight constructions. Cellulose or lignin may be spun into precursor filaments
individually, or, as in this work, together. The aim of combining cellulose and lignin is to gain strength
of the carbon fiber from the linearity of cellulose and obtain an improved yield during the conversion
to carbon fibers from the high carbon content of lignin. Filaments were spun from solutions
containing different ratios of lignin, from 0 to 70 wt%. To assess the full potential of the system, the
lignin-cellulose filaments that were produced were also converted into carbon fibers.
It was shown that minor parts of the lignin leach out during the spinning process and leaching of
lignin may complicate solvent recovery. On the other hand, the addition of lignin did result in an
increased yield compared to pure cellulose filaments after conversion to carbon fibers. Additionally,
lignin-cellulose filaments were flexible, see the small knot in Figure 1, and had promising mechanical
properties.

Figure 1. Scanning Electron Microscope image of a precursor filament with Softwood Kraft lignin and Softwood
pulp (70:30).
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O8. Weld-Cracking in a Cast Ni-based
Superalloy
Sukhdeep Singh, Joel Andersson*
Chalmers University of Technology, *University West
Haynes® 282® is a Ni-based superalloy that is used in manufacturing of cast components of aero
engines. However, it is considered as “hard to weld” material due to complex metallurgical reactions
that occur due to very rapid heating and cooling cycles and to the fact that stresses build up in the
material to the point that cracking occurs. The type of cracking that is associated with the presence of
a liquid phase, is classified as hot cracking. The weld cracking tendency increases for cast superalloys
as compared to their wrought counterparts mainly due to higher amount of segregation which
generally aids the formation of a more extensive liquid phase network along the grain boundaries.
Usually, high temperature homogenization heat treatments are applied to homogenise the material
prior to welding.
Varestraint (Variable-Restraint) weldability testing and Gleeble thermomechanical simulation of the
newly developed cast form of Haynes® 282® was performed to understand how the heat affected
zone (HAZ) liquation cracking is influenced by different pre-weld heat treatments. In contrast to
common understanding, the cracking susceptibility did not improve with higher degree of
homogenisation achieved at higher heat treatment temperature. Heat treatments for four-hour dwell
time at 1120˚C and 1160˚C exhibited low cracking sensitivity, whereas with increasing temperature to
1190˚C the cracking exacerbated (Figure 1). Nano second ion mass spectrometry analysis was used to
characterize segregation of B at the grain boundaries which at the 1190˚C heat treatment indicates to
be liberated from the dissolution of C-B rich precipitates.

Figure 1. Average total crack length (Avg. TCL) measured after Varestraint testing.
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O9. Investigation of the electrochemical
behaviour of Nb-doped TiO2 microbeads in
ionic liquid electrolytes for next-generation
hybrid supercapacitors
Simon Lindberg, Giulio Calcagno*, Carmen Cavallo**, Patrik Johansson
and Aleksandar Matic
Department of Physics, Chalmers University of Technology, SE-41296 Göteborg, Sweden,
*Department of Chemistry, Chalmers University of Technology, SE-41296 Göteborg, Sweden,
**Department of Physics, Chalmers University of Technology, SE-41296 Göteborg, Sweden
Several approaches have been suggested to increase the energy density of supercapacitors to make
them more viable in different applications while maintaining a high-power performance. The most
common strategies can be divided into three categories: (I) High-voltage electrolytes to widen the
potential window and thereby increasing the energy content. (II) Adding electrochemically active
materials, such as different oxides, to add a faradic contribution to the capacity in addition to the
double layer, relying mostly on surface reactions to ensure a good high-power performance. (III)
Using a battery type electrode on either the anode or the cathode side and a supercapacitor material
in the other, creating real battery/supercapacitor hybrids. The two first approaches have been
thoroughly investigated separately but very little has been done when it comes to combining the
three concepts. In fact, around 85% of all publications on supercapacitors use traditional aqueous
electrolytes[1].
The focus of our work lies in the combination of high-voltage electrolytes and high-capacity TiO2
electrode materials. With the aim to improve both energy density and safety we investigate the
applicability of ionic liquid-based electrolytes and the doping of the TiO2 material with Nb-ions. The
aim is to understand the mechanisms of the interaction between the TiO2 and ionic liquid and how it
differs from normal LP30 electrolyte. The understanding of these processes is essential to ultimately
maximize the energy density at a high-power out take. Furthermore, next-generation electrolytes and
electrodes should have other advantages such as low (or no) flammability, low vapor pressure,
generally be more environmentally benign and come from abundant resources. To facilitate the
transition to these new devices the following issues have been investigated: How does high-capacity
faradaic electrodes interact with ionic liquid-based electrolytes? Can the interaction between the
electrode and electrolyte be improved by doping the TiO2-material?
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In this contribution we present results from several different electrochemical studies, using ionic
liquids and comparing them with novel electrolytes. We discuss possible mechanisms behind the
difference between organic and ionic liquid electrolytes. Mainly electrochemical techniques are used
to investigate the reactions and structures in the electrolyte during in-situ cycling and ex-situ analysis
of the electrode.
References
[1]
C. Zhong, Y. Deng, W. Hu, J. Qiao, L. Zhang, and J. Zhang, “A review of electrolyte materials and compositions for
electrochemical supercapacitors,” Chem. Soc. Rev., vol. 44, no. 21, pp. 7484–7539, 2015.
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O10. Sintering of iron powder
Swathi Kiranmayee Manchili, Johan Wendel, Eduard Hryha, Lars Nyborg
Department of Industrial and Materials Science, Chalmers University of Technology, Gothenburg,
Sweden
Press and sinter powder metallurgy (PM) steel offers cost-effective solutions for structural
applications. There is a constant drive for improvement of the density of these PM steels, which will
expand their usage in applications demanding higher performance than what they deliver today. Of
the different ways to improve the sinter density, addition of nanopowder to the conventional
micrometer sized metal powder is considered to be an effective solution. The higher surface to
volume ratio in nano powder is hypothesized to suppress the melting point and can further
contribute to densification (liquid phase). Even when the nano powder does not melt at the desired
sintering temperature, it is expected to increase in the inter-particle contact area. Nanopowder,
owing to high surface-to-volume ratio could activate the sintering process at lower temperatures and
enhances the density. Therefore, it can said that blending nanopowder to the conventional
microsized metal powder increases the sinter density by increasing the inter-particle contact area.
Before venturing into the sintering aspects, surface characteristics of the nanopowder were studied
using X-ray photoelectron spectroscopy as sintering being a surface phenomenon. Thermal
characteristics of nanopowder were studied using simultaneous thermal analyzer. Nanopowder was
mixed with the micropowder and the powder blends were subjected to uniaxial compaction and
subsequent sintering. The presence of nanopowder reduced the green density of the compacts,
however, a clear influence was observed on the sintering behavior especially in the temperature
regime as low as 500-700 °C in comparison to the compacts containing only micropowder. Further
analysis on the fracture surface of the sinter compacts revealed that the nanopowder underwent
sintering between 500-700 °C which contributed to the difference in behavior. An increase in the
nanopowder content increased the densification proportionally.
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O11. Processing of nanocellulose
reinforced thermoplastics
Abhijit Venkatesh, Johannes Thunberg*, Karin Sahlin-Sjövold**, Gunnar Westman**,
Mikael Rigdahl*, Antal Boldizar*
*Chalmers University of Technology, Department of Industrial and Materials Science,
**Chalmers University of Technology, Department of Chemistry and Chemical Engineering,
SE-412 96 Gothenburg, Sweden
Cellulose had been used as a reinforcement/filler in plastic industry for decades. However, with the
recent commercialization of the nanocellulose, the possibilities to use them as reinforcement has
been rekindled. This makes it logical to explore their processability through current industrial melt
processing technologies like compression moulding, extrusion and injection moulding. However, this
can be tricky due to the hydrophilicity of nanocellulose which results in poor dispersion in the
hydrophobic matrices. The poor adhesion to the matrix and formation of agglomerates lead to poor
mechanical properties.
In this work, the issues involved in the processing of nanocellulose has been discussed. A masterbatch of poly(ethylene-co-acrylic acid) (EAA15) and nanocellulose was obtained via water-assisted
mixing and compounded along with a different grade of poly(ethylene-co-acrylic acid) pellets (EAA7).
The mechanical properties of the extruded 20 vol.% nanocellulose composites was analysed along
with their behaviour in melt. It was found that the dispersion at melt compounding remains
challenging. The results also show that the cellulose network can still be obtained despite repeated
extrusions.
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P1. Reactive extrusion as green interface
compatibilization strategy for
lignocellulose biocomposites
Angelica Avella, Cameron Atwood, Giada Lo Re
Department of Industrial and Materials Science, Chalmers University of Technology-Göteborg
Latest figures on plastic manufacturing show that of the 448 million tons of plastic globally produced,
the 40% consists of single-use packaging and less than the 20% is recycled [1]. This leads to
accumulation of plastic waste in landfills and marine environment, arising the urgent need for new
alternatives to conventional plastics. However, less than the 1% of plastic produced in 2019 was biobased or biodegradable [2]. Among the available biopolymers, poly(ε-caprolactone) (PCL) is a
biodegradable polyester, with low melting temperature, high ductility and toughness [3]. To improve
its mechanical performance, PCL can be melt-blended with lignocellulosic reinforcements to produce
biodegradable biocomposites. Cellulose represents the most abundant natural polymer on earth [4]
and it is characterised by high stiffness, low density, complete biodegradability and renewability. The
challenge in biocomposites production is achieving high dispersion and strong interfacial adhesion
between the natural hydrophilic reinforcement and the thermoplastic matrices, generally
hydrophobic. For this purpose, different strategies have been explored in literature [5] such as
tailoring of polymer backbone, modification of cellulose surface or addition of a third component as
compatibilizer. Regarding the first strategy, a potential approach is the introduction of hydrophilic
moieties as secondary amines (NH2) or hydroxyl groups (OH) via aminolysis/alcoholysis of polyesters.
In particular, the reaction can be carried through reactive extrusion, as sustainable continuous
process, providing cost-efficient in-situ modification of the polymer backbone to achieve stronger
interactions between PCL and lignocellulose.
References
[1]
R. Geyer, J. R. Jambeck, and K. L. Law, “Production, use, and fate of all plastics ever made,” 2017.
[2]
“European Bioplastics.” [Online]. Available: https://www.european-bioplastics.org/market/. [Accessed: 29-Jan-2020].
[3]
T. Kaldéus, A. Träger, L. A. Berglund, E. Malmström, and G. Lo Re, “Molecular engineering of the cellulose-poly(caprolactone)
bio-nanocomposite interface by reactive amphiphilic copolymer nanoparticles,” ACS Nano, vol. 13, no. 6, pp. 6409–6420, 2019.
[4]
J. M. Raquez, R. Narayan, and P. Dubois, “Recent advances in reactive extrusion processing of biodegradable polymer-based
compositions,” Macromol. Mater. Eng., vol. 293, no. 6, pp. 447–470, 2008.
[5]
B. Imre, L. García, D. Puglia, and F. Vilaplana, “Reactive compatibilization of plant polysaccharides and biobased polymers:
Review on current strategies, expectations and reality,” Carbohydrate Polymers, vol. 209. Elsevier Ltd, pp. 20–37, 01-Apr-2019.
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P2. Sustainable pathway towards large
scale melt processing of cellulosepolyamide composites
Bashar Haseeb, , Antal Boldizar, Giada Lo Re
Department of Industrial and Materials Science IMS- Chalmers University of Technology
Sustainable polymer composites with cellulosic reinforcements have been of considerable interest for
several decades. The main favorable features of cellulose reinforcements have been their relatively
high mechanical properties combined with their low weight, renewability and availability. However,
the process of structuring and shaping cellulose reinforced polymer composites has been shown to
be quite challenging, especially for large-scale melt processes. One of the major difficulties
encountered is the relatively low thermal stability of cellulose when compared to common processing
temperatures used for conventional thermoplastics such as polyamides. The method of waterassisted melt compounding is presented here as an alternative to alleviate cellulose degradation 1–4.
An additional benefit is being able to use never-dried cellulose materials, thus circumventing
agglomeration and hornification issues associated with drying cellulosic materials, in addition to the
cost reduction of drying. Furthermore, the use of water as a plasticizer for polyamide materials may
take advantage of cryoscopic effects, further decreasing required melt-compounding temperatures,
including glass transition temperature (Tg)5,6. Bio-sourced polyamide 11 composites reinforced with
cellulosic materials have been produced via conventional as well as water-assisted melt processing.
Resultant mechanical and thermal properties suggest an improvement of dispersion for the wet fed
composites compared to the traditional dried fed ones. Rheological and structural characterization
are in progress to evaluate the effect of water during melt processing on the polyamide molecular
mass, owing to the effects of hydrothermal hydrolysis. The overall study aim is to assess the
feasibility of a wet fed approach for the large scale melt processing of polyamide 11, enabling novel
polyamide processing approaches for a new generation of sustainable cellulose composites.
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Composite materials with a matrix of ethylene-acrylic acid (EAA) copolymer and reinforced with 20
weight-% cellulose fibres were produced and compounded by two runs in a twin-screw extruder.
Both the composite material with cellulose fibres and a reference sample of unfilled EAA were
injection moulded into plaques. The effect of processing temperature was to be evaluated and hence
three different temperature profiles with end zone temperatures of 170, 200 and 230 °C were used.
The injection moulded samples were characterized in terms of their appearance (colour and gloss),
surface topography, mechanical properties and thermal properties.
Higher processing temperatures caused a clear discoloration of the composites, as can be shown in
figure 1, but no deterioration in the mechanical performance could be observed. The addition of
cellulose typically gave a higher tensile modulus but a more brittle behaviour of the material. The
different processing temperatures had no substantial effect on the mechanical properties of the
composites.
The difference in gloss between samples injection moulded at the different temperature profiles
were negligible but the surface smoothness was slightly increased when using higher processing
temperature. In general, addition of the cellulose to the EAA reduced the gloss level and the surface
smoothness.

a)

b)

c)

Figure 1. Injection moulded composites with 20 weight-% cellulose fibres, processed at a) 170 °C, b) 200 °C and
c) 230 °C.
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Cellulose nanocrystals (CNC) extracted from abundant, renewable natural polymer cellulose, show
huge potential for a number of applications, either as material on its own or as renewable
reinforcement in polymers. In this context, surface modification of CNC is essential to enhance
properties and seek new applications. Flow structuring of suspensions, multiphase systems and
composites requires large / fast deformations. Therefore, it is highly relevant to implement proper
and precise analyzing methods sufficiently sensitive to detect changes in the microstructure. In the
case of CNC suspensions, most of the research in the scientific literature focuses on linear viscoelastic
material parameters. In contrast, non-linear material response is the effect of microstructural
changes due to the applied flow field.
In this framework, the project focuses on investigating the relevance of nonlinear material
rheological parameters on flow-field CNC interactions. Thus, the response characteristic in the
nonlinear viscoelastic regime is highly relevant. To start with, the non-linear analysis is performed in
the framework of Fourier-Transform Rheology and Tschebyshev polynomial decomposition. The PhD
project outlined is a part of the Wallenberg Wood Science Centre.
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Finding new routes for chemical valorisation of biological feedstocks is an essential part for
developing a bio based economy that can reduce our dependence on fossil fuels [1]. In this project
we tailor zeolite-based catalytic materials over which green aromatics, i.e., benzene, toluene and
xylenes (BTX), can be produced from natural five-membered ring aromatics.
Furans, that can be obtained from pre-processed low-cost hemicellulose, are used as relevant model
compounds to perform a Diels-Alder reaction with alkenes [2]. Following the green principle of
conserved chemical complexity, molecules should not be unnecessarily broken down to smaller
molecules to use them as building blocks for more complex molecules as this inevitable leads to
energy losses. Instead we build on the complexity of the five-membered ring aromatics in the
conversion to six-membered ring BTX aromatics.
For our investigation we use pure zeolites as catalysts, i.e., ZSM-5 and H-BEA with different silica
aluminium ratio (SAR), as well as copper-functionalized ZSM-5. The zeolite Brønsted and Lewis acidic
sites and metal functionalization are important aspects when tuning the desired catalytic properties
to enhance the activity in the reaction [3].
One part is to investigate how the chemical composition of the reaction stream can be measured
continuously on-line. This is one reason for using a continuous flow reactor where the gaseous
reactants and liquid furan, which is evaporated in argon carrier gas, can be well adjusted by mass
flow controllers (MFC) to facilitate kinetic studies. A gas phase FTIR analyser and mass spectrometer
are used in tandem for compositional analysis of the effluent stream. Thanks to the continuous
stream analysis, reactant conversion and product selectivity can be tracked over time exploring feed
concentration, reaction temperature windows and catalyst deactivation and regeneration. Flow
reactor experiments have been performed feeding dimethylfuran (concentration of 100-1000 ppm)
and gaseous ethylene with argon as carrier gas in all summarizing to a total flow of 1500 ml/min.
Monolith catalysts were prepared by coating a ceramic substrate (400 cpsi, 7 mil) with zeolite to
investigate the setup for the online analysis in a temperature window from 80-600C. Together with
GCMS, compounds like 2-methyl-2-cyclopentenone and 3-methyl-2-cyclopentenone have been
detected and calibrated in a way that a continuous stream analysis is possible.
The results also indicate a temperature dependent adsorption-desorption behaviour of dimethylfuran
as expected for the zeolite material. Furthermore, reactions taking place between 170 and 550 °C,

25

and at higher temperature carbon dioxide and methane is formed. At present, we are evaluating
specific activity and selectivity. There are indications on selectivity changes at steady temperature
due to coking and adsorbing effects of other species that are reversible. Other competing pathways
than the desired Diels-Alder reaction like ring opening, re-arrangements and cracking are taking
place. For example, it has been shown that an additional feed of ethylene has no significant influence
on the BTX formation, instead enough ethylene is formed due to cracking of dimethylfuran.
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There has been a lot of efforts to make biocomposites from thermomechanical pulps and increase its
content, one of the major challenges is increasing the hydrophobicity of the fibers to have a good
interface between the pulp and the matrix. MgStearate is an organic compound that is used widely in
pharmaceutical industry as a lubricant, MoS2 is an inorganic compound that is used as an additive for
lubricating fluids. In order to explore the reinforcement capacity of Thermomechanical pulp (TMP)
and dissolving pulp (DP) and the effect of different additives (MgStearate and MoS2) on the
mechanical and interface properties, composites containing high contents of pulp were prepared
through a combination of water-assisted mixing and compression moulding, the matrix that is used in
this study is polyolefin copolymer poly(ethylene-co-acrylic acid). Different techniques such as DMA,
tensile test, TGA, ATR-IR and SEM was done to analyse mechanical and chemical properties. From IR
and TGA, the degree of the heterogeneity was investigated. MgStearate behaved better in the
interface for both pulp-biocomposites. The combination of additives on the other hand had a positive
influence on the DP based samples than the TMP based samples. MoS2 has a better effect on TMP
based biocomposites as there is lignin in the structure, SEM pictures supported the results from
mechanical tests regarding DMA.

SEM picture, TMP+5% MgStearate
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Mesoporous titanium oxides are increasingly attracting interest as potential candidates for fast
electrochemical energy storage. In this work, mesoporous titania of different polymorphs have been
evaluated in relation to their ability to reversibly store Li+ ions inside their structure. Mesoporous
anatase beads with high crystallinity and specific morphology show high electrochemical capacity and
high rate performance. The materials store charge through Li+ ion insertion of both faradaic and
extrinsic pseudocapacitive nature. Moreover, the discharge capacity retention after 150 cycles is
>95%. On the other hand, ordered mesoporous titania, prepared via low-temperature spray
deposition and mainly amorphous, shows a linear correlation between voltage and capacity, typical
of an intrinsic pseudocapacitive material of insertion type. The material exhibits exceptionally high
electrochemical capacity of 680 mAh g-1 during the first cycle, which, however, rapidly decreases over
the following cycles. A combination of electrochemical and structural characterization techniques is
used to study the charge/discharge behavior of the material and the origin of the irreversible
capacity. X-ray absorption spectroscopy and energy-filtered TEM are carried out to analyse pristine
and cycled samples in charged and discharged state. The results suggest that the irreversible loss in
the capacity is due to the formation of electrochemically inactive phases mainly located at the surface
of the material. Additionally, electrodes based on mesoporous anatase beads are paired with a
commercial activated carbon electrode that presents a broad distribution of mesopores and very high
surface area to design a hybrid asymmetric supercapacitor. The device shows extraordinary stable
performance with energy densities of 27 Wh kg-1 at the relatively fast discharge current of 2.5 A g-1
for 10 000 cycles and high power densities during fast cycling.
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The efficiency of thermoelectric materials is often quantified by the figure-of-merit, 𝑍𝑇 = 𝜎𝑆 2 𝑇⁄𝜅,
where 𝜎 and 𝜅 are the electrical and thermal conductivities, 𝑇 is the absolute temperature and 𝑆 is
the Seebeck coefficient. The strong interdependence between these parameters is the main principle
obstacle that must be overcome in order to develop materials with high values of 𝑍𝑇, which is
needed for large scale adaptation of thermoelectric applications. [1]
The main aim of this project is to study type-I clathrates, which have complex unit cells with eight
guests atoms that reside within the two small and six large cages, formed by the 46 host atoms. The
most attractive attributes of these materials are the low thermal conductivities, combined with the
relatively good electrical conductivities and Seebeck coefficients. Moreover, the strong links that exist
between the composition, site occupancy factors, the material properties and the synthesis method
means that there are several ways to tune the efficiency.[2]
For complex materials, such as clathrates, only a very small subset of all possible structures can be
considered solely with help of density functional theory (DFT) calculations. Recently, however,
attempts have been made to circumvent this problem by constructing cluster expansions (CE:s) based
on a comparatively small pool of relaxed structures, which are then sampled using Monte-Carlo (MC)
simulations. Specifically, this procedure has been used to study four different ternary clathrates,
namely Ba8GaxGe46-x, Ba8AlxGe46-x, Ba8GaxSi46-x, and Ba8AlxSi46-x.[3]
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Hybrid organic-inorganic perovskites have recently attracted an enormous scientific interest due to
their applications as highly efficient solar-cell materials synthesized by low-cost methods. Now, the
best performing perovskite solar cells are based on mixed systems, one of which has the chemical
formula MA1-xFAxPbI3 (MA = methylammonium, CH3NH3; FA = formamidinium, HC(NH2)2) [1,2]. An
important open question with respect to MA1-xFAxPbI3 concerns the dynamics, and impact, of the
organic cation (MA and FA) on the performance of the perovskite solar cell. Therefore, it is important
to gain a full understanding of the dynamics of the organic cation at the atomic scale. In this
contribution, we will present recent data on the dynamical nature of the MA and FA molecular
cations in MA1-xFAxPbI3 (x = 0.0, 0.4, 0.75, and 1.0), obtained from quasielastic neutron scattering
(QENS).
The results show a strong quasielastic scattering, which increases in intensity with temperature (75 –
350 K), for all samples and which is associated with localized diffusional motions of the MA and FA
molecules, with different relaxation times and activation energies depending on temperature and
composition. At room temperature, all samples showed similar relaxation times on the order of ps.
However, for lower temperatures (< 200 K), some differences were seen for the mixed samples.
Based on analysis of the elastic incoherent structure factor, we could obtain information of the
spatial geometry of the motions. For MAPbI3, the data was consistent with methyl and/or ammonia
rotations around the C-N axis, and reorientations of the C-N axis which become activated when
entering the tetragonal phase at 165 K. For FAPbI3, the data indicates that the FA organic cation
undergoes reorientational motions involving reorientations around different axes, which occur on
similar timescales. The QENS results provide new insights into the dynamics of the FA and MA
molecules in MA1-xFAxPbI3, which are expected to help in the development of these materials towards
technological applications.
[1] N. J. Jeon, J. H. Noh, W. S. Yang, Y. C. Kim, S. Ryu, J. Seo and S. I. Seok, Compositional engineering of perovskite materials for highperformance solar cells, Nature (2015) 517 476.
[2] A. Pisanu, C. Ferrara, P. Quadrelli, G. Guizzetti, M. Patrini, C. Milanese, C. Tealdi, and L. Malavasi, The FA1-xMAxPbI3 System:
Correlations among Stoichiometry Control, Crystal Structure, Optical Properties, and Phase Stability, J. Phys. Chem. C (2017) 121 8746.
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Electric Vehicles (EVs) are becoming increasingly popular with advancements in technology used
inside them, however there is one key factor that hinders the advancement of vehicle electrification,
the range. The current prevailing battery technology that is in common use today is the Lithium-ion
(Li-ion) battery that has been in commercial use since 1991, however the technology has progressed
to the point where it has reached the theoretical capacity as governed by its intercalation chemistry
(275mAh g-1 for the Lithium Cobalt Oxide cathode). A potential alternative to the Li-ion battery is the
Lithium-Sulfur (Li-S) battery. The Li-S chemistry is based on conversion rather than intercalation,
where elemental sulfur undergoes a series of reactions that can be summarised as:
S8 + 16e- + 16Li+ ↔ 8Li2S
Based off these reactions, the Li-S cell has a high theoretical specific capacity (1675mAh g-1) and a
high energy density (2500Wh kg-1). The benefits of the Li-S battery go beyond the additional capacity,
but that it is a sustainable alternative to the Li-ion battery due to the abundance of sulfur, low
toxicity, and low price of raw materials. However, there are issues preventing the commercialisation
of the system, including: low practical capacity, capacity fade, and a low rate capability. Many issues
stem from the parasitic ‘shuttle’ reaction of sulfur species between the anode and cathode, and the
underutilisation of sulfur within the cell.
Recently we have reported on the creation of a cathode structure [1] that was able to provide a high
specific capacity (>1500mAh g-1) and a practical energy density of over 360 Wh kg-1, exceeding the
energy density of current Li-ion cells. However, the cell with this cathode still suffered from low rate
performance. To combat the shuttle mechanism and subsequent capacity fade, we have developed a
next generation electrolyte that creates a novel SEI layer on the lithium anode [2] to help combat
these previously mentioned issues. However, investigations are still needed to improve the rate
performance and practical capacity of the LiS cell.
Herein, we report the use of Synchrotron X-ray Tomography measurements, performed at the
TOMCAT beamline (X02DA) PSI, to visualise the dissolution mechanism of sulfur particles inside the
cathode structure. The tomography measurements of the cathode material atdifferent states of
discharge allowed us to study the cathode sulfur particles in 3D and observe how their shape and size
evolve during discharge, giving key insights into the unique chemistry of the LiS cell.
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Controlled drug release formulations are used to deliver drugs at predetermined rates and
predefined periods of time in the body with the aim of increasing the efficiency and minimizing the
side effects. Pellet coatings made of porous phase separated films are very effective in tailoring mass
transport [1]. And by designing the porous microstructure, the mass transport can be tailored. Waterinsoluble ethylcellulose (EC) and water-soluble hydroxypropylcellulose (HPC) are two cellulose
derivatives commonly used in the pharmaceutical industry. HPC and EC form a one-phase polymer
blend that can be mixed in a common solvent e.g. ethanol. Phase separation occurs during solvent
evaporation and a film is produced. In contact with water, HPC is leached out and a porous network is
formed through which the drug is transported (see Figure 2).

Figure 2 Formation of porous film made of HPC and EC for the delivery of drugs. From left to right, the different
steps: ethanol evaporation, phase separation and kinetic trapping, HPC leaching, and drug release

The aim of the project is to understand the mechanisms controlling the formation of the porous
microstructure in the film. Spin coating is a widely used technique for making uniform polymer films
and was chosen to study the phase separation of HPC\EC in thin films. Information on the influence of
spin coating parameters and HPC:EC composition on the final phase separated structure will be
presented on the poster. The microstructure was imaged using Confocal Laser Scanning Microscopy
(CLSM) and the thickness of the films was obtained using profilometry. Initial results showed that the
system phase separate through the spinodal decomposition phase separation mechanism. It was
found that the characteristic lengthscale of the structure increases with decreasing spin speed and
increasing composition. Spin curves [2] for different compositions HPC:EC showed that the thickness
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of the spin coated films decreases with increasing spin speed. The findings give good basis for
understanding the mechanisms responsible for the morphology development and open a route
towards the tailoring of the thin film structure. The project is financed by the Swedish Foundation for
Strategic Research (SSF).
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