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Programme 2019
Wednesday, February 20, 2019
09.00 - 09.30 Registration and mounting of posters
09.30 - 10.00 Poster session and morning COFFEE
10.00 - 10.15 Welcome
Session chair: Lena Falk, Physics
10.15 - 10.30 Novel electrolytes for next-generation supercapacitors
Simon Lindberg, Physics
10.35 - 10.50 How the use of biogas impacts the emissions from heavy-duty
vehicles
Johanna Englund, Chemistry and Chemical Engineering
10.55 - 11.10 Thermomechanical Fatigue Life Prediction of High Specific
Power IC Engine Cylinder Heads
Elanghovan Natesan, Industrial and Materials Science
Session chair: Lars Nordstierna, Chemistry and Chemical
Engineering
11.15 - 11.30 Surface modification of carbon materials for use in lithiumsulfur batteries
Samuel Fretz, Chemistry and Chemical Engineering
11.35 - 11.50 Invited: Presentation of Materials Science Area of Advance
Maria Abrahamsson, Area of Advance Co-director
11.50 - 13.00 LUNCH
13.00 - 13.30 Invited: From forging to additive manufacturing
Niklas Israelsson, Materials Specialist, GE Additive
Session chair: Antal Boldizar, Industrial and Materials Science
13.35 - 13.50 Compaction and sintering of water-atomized iron powder
Johan Wendel, Industrial and Materials Science
13.55 - 14.10 Modelling complete methane oxidation over palladium oxide in
a porous catalyst using first-principles surface kinetics
Carl-Robert Florén, Chemistry and Chemical Engineering
14.15 - 14.30 The effect of workpiece microstructure on tool wear in metal
cutting
Philipp Hoier, Industrial and Materials Science
14.35 - 14.50 The Corundum Conundrum
Vedad Babic, Chemistry and Chemical Engineering
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14.50 - 15.40 COFFEE and Poster session
Session chair: Jan Froitzheim, Chemistry and Chemical
Engineering
15.45 - 16.00 Surface active silica sols with hydrophilic and hydrophobic
functionalizations used in Pickering emulsions
Sanna Björkegren, Chemistry and Chemical Engineering
16.05 - 16.20 Effect of part geometry on the microstructure of 316L parts
produced by laser powder bed fusion
Alexander Leicht, Industrial and Materials Science
16.25 - 16.40 Electrodeposited Fe-W and FeW/Al2O3 protective coatings as a
sustainable replacement for chromium coatings
Antonio Mulone, Industrial and Materials Science
16.45 - 17.00 Catalytic methane oxidation in dry and wet conditions
Peter Velin, Chemistry and Chemical Engineering
17.00 - 17.30 Scientific speed dating
17.30 -->

Poster viewing and buffé DINNER

Thursday, February 21, 2019
09.00 -->

Lab tours
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O1 Novel electrolytes for next-generation supercapacitors
Simon Lindberg*, Ndeye Maty Ndiaye**, Thierry Brousse***, Patrik Johansson* and
Aleksandar Matic*
*Department of Physics, Chalmers University of Technology, Sweden , **Institut des Matériaux Jean
Rouxel, Université de Nantes, France, ***Department of Physics, Institute of Applied Materials, University
of Pretoria, South Africa

The search for energy storage systems with faster charge times, or higher power, than the
traditional lithium ion batteries used today are of great importance for many different
applications ranging from industrial energy storage to the car industry. A certain type that has
very promising high-power capabilities are supercapacitors, in which the energy is stored at
the surface of the electrode instead of in the bulk as in batteries. Activated carbon is the
electrode material mostly used due to the high specific surface area. However, even with an
extremely high surface area the energy content will still be much lower compared to batteries,
which reduces their usability in many applications.
To increase the energy content of supercapacitors two different strategies are often used, the
first strategy is to add materials that are electrochemically active and have a higher energy
content to the electrode. Well studied examples of such materials are MnO2 and RuO2, but
many more have been suggested ranging from inorganic to polymeric materials. The second
strategy is to use an electrolyte with a large voltage window, since the energy content is
proportional to the square of the potential window of the device this would increase the total
energy content.
However, these two different strategies are most used often used separately and according to a
recent review article 95% of all publications on supercapacitor materials use aqueous
electrolytes which limits the potential window to 1.23 V. This can be compared to a quite
novel type of solvents called ionic liquids, that consist only of ions. Ionic liquids can be
extensively tailored and reach potential windows to more than 5 V. By combining ionic
liquid-based electrolytes with MnO2-containing electrodes would enable a higher energy
density than using the approaches separately, while maintaining the power density of the cell.
In this presentation I will present what properties of ionic liquid-based electrolytes are
necessary for the MnO2 to perform, thus increasing both the operating voltage and the
faradaic contribution from MnO2 in a hybrid supercapacitor. A common problem with ionic
liquid-based electrolytes is the relative high viscosity and low conductivity at room
temperature for supercapacitors applications. To mitigate this problem a second approach is
presented in which an aqueous electrolyte is used but the potential window is increased by
using a neutral salt with a high concentration. This electrolyte combined with a novel VO2material results in a cell with both high power and high energy content at fast discharge rates.
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O2 How the use of biogas impacts the emissions from
heavy-duty vehicles
Johanna Englund1*, Kunpeng Xie2, Sandra Dahlin3, Soran Shwan2, Lennart Andersson2 and
Magnus Skoglundh1
1

Competence Centre for Catalysis, Chalmers University of Technology, Gothenburg, Sweden
2
Volvo Group Trucks Technology, Gothenburg, Sweden
3
Department of Chemical Engineering, KTH Royal Institute of Technology, Stockholm,
Sweden
*johanna.englund@chalmers.se
Abstract
The future legislations for emissions from heavy-duty vehicles will be more stringent then today
and this creates pressure to develop the catalysts responsible for cleaning the exhaust, especially
at low temperatures but also to expand the field of biofuels for transportation. Biogas is in many
aspects very similar to natural gas since the main constituent is CH4. The source of the raw
material used for the production of biogas will impact the presence of catalyst poisons in the
fuel. Many studies have investigated the impact from various catalyst poisons like S and P
though many of these studies are investigating single poisons or single component of the
emission control system in the vehicle. The presence of an oxidation catalyst in front of the
SCR catalyst is known to oxidize the catalyst poison SO2 to SO3 which could affect the SCR
catalyst differently and this shows the importance to take all the parts of the system in
consideration when studying the deactivation of the catalytic converters in heavy duty vehicles.
In this study we have used an engine bench to simulate conditions as similar to the vehicle
conditions as possible. The emission control system that we have used is a Euro VI compliant
system with oxidation catalyst, particulate filter, SCR catalyst (three consecutive) and ammonia
slip catalyst in the specified order. Pure biogas has been used to be able to see as much effect
as possible from the fuel.
From the oxidation experiments we could see a very significant decrease in activity for all types
of oxidation and especially for CH4 oxidation as seen in Figure 1. What we could also see was
that the presence of NO and CO increased the CH4 oxidation activity. It was also a clear
difference between the inlet sample compared to the outlet sample from the oxidation catalyst
where the inlet was more deactivated then the outlet.

Figure 1. Methane conversion of the inlet and outlet sample from the oxidation catalyst as well as a reference sample. Test conditions: 1000
ppm CH4, 8 % O2, 5 % H2O and argon as balance, temperature ramp 5°C/min
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O3 Thermomechanical Fatigue Life Prediction of High Specific
Power IC Engine Cylinder Heads
Elanghovan Natesan, Johan Ahlström, Christer Persson
Division of Engineering Materials, Department of Industrial and Materials Science, Chalmers University

The constant drive towards higher specific power and lower displacement engines in recent
years place increasingly higher thermal loads on the internal combustion engine materials.
Further, the advent of hybrid power trains placing higher demands on quick starts and a rapid
approach to maximum power necessitates the automotive industry to move towards a more
robust computational thermo-mechanical fatigue life prediction methodology to develop
reliable engines and reduce developmental costs. The study aims to develop constitutive and
lifetime prediction models with just the necessary and sufficient parameters to predict the
thermo-mechanical fatigue life of the highly loaded engine cylinder head. Uniaxial isothermal
and non-isothermal tests are performed and the model parameters of a suitable constitutive
model are calibrated to predict the non-linear stress-strain response under thermal and
mechanical load cycling. The A356 T7 being the alloy of interest shows plastic and highly
visco-plastic behaviour at room temperature and elevated temperatures respectively. With a
suitable ageing model added, the study aims to successfully predict the lifetime pending
fatigue crack initiation in the cylinder head.

12

O4 Surface modification of carbon materials for use in lithiumsulfur batteries
Samuel J. Fretz a, Christopher T. Lyons b, Ella Levin b,
Christopher E. D. Chidsey b, Anders E. C. Palmqvist a, and T. Daniel P. Stack b
a

Chalmers University of Technology, SE-412 96 Gothenburg, Sweden
b
Stanford University, Stanford, California 94305, United States

Surface functionalization of carbon has a dramatic impact on its materials properties since the
surface determines how it interacts with its surroundings. By grafting the correct groups to the
surface, factors such as the carbon’s hydrophilicity/hydrophobicity, bonding to surrounding
materials, catalytic activity, and biocompatibility can be adjusted accurately. In the context of
a battery using a carbon-based electrode, surface modification influences directly the electrodeelectrolyte interface, one of the key factors in overall battery performance. Herein, we describe
a novel method for surface functionalization of carbon materials for use in lithium-sulfur (LiS) batteries. The method consists of two steps, wherein the first step, called bromomethylation,
installs bromomethyl groups onto the carbon surface. In the second step, nucleophilic
substitution of bromide occurs to graft a plethora of different groups. We show that a wide
range of nucleophiles can be used including azide, amines, iodide, and ammonia.
To demonstrate the utility of this two-step scheme, we synthesize a high surface area carbon
with amine groups for use as the conductive additive for the sulfur cathode in Li-S batteries
(EN-CMK3, Figure 1). Cathodes derived from the amine-functionalized carbon demonstrate
enhanced capacities and improved performance relative to its unfunctionalized precursor. These
preliminary results provide proof of principle of the versatility of bromomethylated carbons as
a useful feedstock for a variety of functional materials.
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Figure 1. Illustration of the two-step reaction scheme used to prepare the amine-functionalized carbon ENCMK3, which was used subsequently as the cathode in lithium-sulfur (Li-S) batteries. The polar amine
groups are proposed to interact strongly with polar sulfur species, called lithium polysulfides (Li2S8),
resulting in enhanced battery performance.
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O5 Compaction and sintering of water-atomized iron powder
Johan Wendel, Swathi K. Manchili, Eduard Hryha, Lars Nyborg
Department of Industrial and Materials Science, Chalmers University of Technology

Abstract
Press and sinter is a manufacturing method that utilizes water-atomized iron powder which is
mixed with a lubricant and then compacted at high pressures. The compacts are delubricated
and finally sintered in order to densify the material and increase its mechanical properties. The
compaction introduces varying levels of density and particle deformation in the material, the
magnitude of which is influenced by the part geometry, compaction pressure and particle size.
This in turn gives rise to anisotropic effects in the subsequent sintering processing where
diffusion acts to bond the material together, ultimately causing unpredictable component
manufacturing.
In this study, the initial state of compacted water-atomized iron powder was investigated for
three different pressure levels. Microstructural anisotropy in terms of local deformation was
analysed with electron backscatter diffraction (EBSD). The sintering behaviour of the
compacted samples was studied with dilatometry using a variety of model sintering cycles in
hydrogen-based atmospheres. Total shrinkage and sintering rates were then correlated to the
initial states of the compacted samples.
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O6 Modelling complete methane oxidation over palladium oxide
in a porous catalyst using first-principles surface kinetics
Carl-Robert Florén, Per-Anders Carlsson, Derek Creaser*, Henrik Grönbeck** and Magnus
Skoglundh
Applied Chemistry, Chemistry and Chemical Engineering, Chalmers Univeristy of Technology,
*Chemical Reaction Engineering, Chemistry and Chemical Engineering, Chalmers Univeristy of Technology,
** Department of Physics, Chemical Physics, Chalmers Univeristy of Technology

The usage of natural gas and biogas for vehicle propulsion is presently increasing. Methane,
which is the main component in both natural gas and biogas, benefits from producing cleaner
exhaust gases compared to diesel and gasoline upon combustion1. Unfortunately, methane is a
potent greenhouse gas and any methane slip must be removed before exhausts are released into
the atmosphere2. Methane abatement is commonly performed by complete oxidation over a
Pd/Al2O3 catalyst. Here, a catalyst model for complete methane oxidation under lean conditions
for a porous Pd/Al2O3 catalyst has been developed. The model is based on first-principles
surface kinetics coupled to mass and heat transport and is used to investigate if the activity can
be enhanced by increasing the total pressure. Simulations reveal three different temperature
regimes with different total pressure effects. At lower temperatures an increased total pressure
has a negative effect on the TOF while at higher temperature the opposite effect is seen (Figure
1). The different total pressure effects originate from temperature dependent surface species.
Below 400°C, the reaction rate is controlled by surface kinetics due to a high coverage of water
and bicarbonate which hinder methane dissociation. When the temperatures is raised the
desorption reactions are faster, which results in increased fraction of free active sites. Above
500°C, the overall reaction rate is controlled by internal mass transport up to 8 atm.

Figure 2 The TOF and controlling regions for complete methane oxidation on 2 wt% Pd / Al2O3 for a gas
composition of 1000 ppm CH4, 10% O2, 5% H2O and 5% CO2.

1. Gambino, M., Cericola, R., Corbo P., and Iannaccone, S., Journal of Engineering of Gas
Turbines and Power 115 (1993) 747-749.
2. Lashof, D. A., and Ahuja, D. R., Nature 344 (1990) 529-531.
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O7 The effect of workpiece microstructure on tool wear in metal
cutting
Philipp Hoier
Department of Industrial and Materials Science, Chalmers University of Technology

Abstract
Even though we might not think about it, we are constantly using different types of mechanical
systems in our everyday life. Each of these systems usually contains many individual
components that have to work together properly so that the mechanical system as a whole
functions. A modern aircraft engine for example contains about 18000 individual components.
During manufacturing of every single component, different metal cutting operations are used
to cut the input material (also called workpiece) into the desired shape. Obviously, the whole
engine can only work safely and reliable if every single component has the exact right shape
and dimension. Small deviations due to problems during the cutting processes can cause
catastrophic failures during the service life of the aircraft engine.
One problem that can arise during such metal cutting operations is excessive wear of the tools
that are used to cut the workpiece. In such a case, the component that is cut can be damaged
and has to be scrapped since it cannot be applied for its purpose. This problem can be compared
to cutting tomatoes with a knife (your cutting tool) in your kitchen at home: After long time or
improper usage, the edge of your cutting tool can wear and get blunt. In such a case it will not
be possible to cut precise, “undamaged” tomato slices any more. In order to avoid this problem
during manufacturing of mechanical components it is therefore important to know or predict
when the cutting tool is too blunt to cut the workpiece precise enough. This is however difficult
because it is not well understood how the different constituents of the workpiece (or tomato)
affect the wear of cutting tools. It is further complicated by the fact that workpieces can vary
slightly depending on their type and the producer. Similarly, the characteristics of tomatoes
vary depending on what kind they are and where they were grown.
The goal of my research is therefore to understand how variations in the microstructure of the
workpiece material affect the rate at which the cutting tools wear down. It can then be possible
to predict how fast cutting tools wear down and replace them before the produced component
is damaged. In that way it can be possible to optimize the cutting process and reduce the risk
for having to scrap components.
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O8 The Corundum Conundrum
V. Babic
Department of Chemistry and Chemical Engineering, Chalmers University of Technology, Gothenburg, 41296,
Sweden.

Alloys used in high temperature applications (~1000 °C) are subject to severely oxidizing
environments which may shorten the life time of the components. It is therefore important to
design oxidation resistant alloys as to reduce costs, downtime, and environmental impact.
Aluminum oxide (alumina) forming alloys are used at temperatures above 900 °C due to the
high stability of the dense α-alumina scale (corundum crystal structure).
Although the transport properties of alumina have been studied extensively, both
experimentally and theoretically, the mechanisms are still under debate. Since alumina is a large
band-gap insulator, the electrons, crucial for oxidation, were thought to be transported in neutral
oxygen vacancies.
Measured oxygen vacancy and aluminum diffusion barriers are reported to be around 6 eV [1],
however oxygen diffusivities are several orders of magnitude larger [2]. This is part of the
reason why the alumina transport properties have also been coined the “corundum conundrum”
[3].
Luckily, we don’t only have to rely on experiments, as there are other tools to analyze and
investigate these phenomena. One of these is the application of quantum mechanics and the
Schrödinger equation. A fairly common quantum mechanical method is density functional
theory, DFT, which through the application of theorems and approximations allows us to
analyze and investigate some phenomena in far greater detail than experimentally possible.
With DFT, we calculated the electron transport barriers in alumina by a jumping mechanism
between vacancies to ~0.5 eV, far lower than the reported oxygen vacancy diffusion barriers.
The resulting charged oxygen vacancies are then shown to be more mobile than previously
thought, thus suggesting a cooperative electron/oxygen vacancy diffusion mechanism in large
band-gap insulators. [4] A process like this would thus solve said conundrum.
[1] J.H. Harding, K.J.W. Atkinson and R.W. Grimes, J. Am. Ceram. Soc., 2003, 86, 554–59.
[2] T. Boll, K.A. Unocic, B.A. Pint, A. Mårtensson and K. Stiller. Oxid. Met., 2017, 88, 469.
[3] A.H. Heuer and K.P.D. Lagerlöf, Philos. Mag. Lett., 1999, 79, 619-627.
[4] V. Babic, C. Geers, and I. Panas. RSC Adv., 2018, 8, 41255-41269.
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O9 Surface active silica sols with hydrophilic and hydrophobic
functionalizations used in Pickering emulsions
Sanna Björkegren*,**, Lars Nordstierna*, Anders Törncrona**, Anders Palmqvist*
*Department of Chemistry and Chemical Engineering, Chalmers University of Technology, Gothenburg,
Sweden, **Nouryon, Bohus, Sweden

We have studied water-based, heterogeneously functionalized silica sols with attached
hydrophilic and hydrophobic groups, with the aim to use these particles as emulsifiers for socalled Pickering emulsions. The degree of hydrophilic functionalization (methyl poly(ethylene
glycol) or mPEG silane) was quantified with NMR. Zeta potential and surface tension
measurements together with turbidity assessments showed that the mPEG functionalization
provides an efficient reduction of surface charge density (up to 60%), achieves a pH dependent
and controllable flocculation behaviour and provides surface active particles (surface tension
was reduced by at least 10 mN/m). These properties are all beneficial for emulsion formulation.
In addition, the mPEG functionalization provides a thermo-responsiveness, explored through
cloud point studies. This enables exploration of phase inversion conditions. A hydrophobic
functionalization of the silica sols, accomplished by attaching organosilanes, is however
required to achieve efficient emulsification; it was found that the combination of both
hydrophilic and hydrophobic groups was most effective in formation of small emulsion
droplets, compared to unmodified or homogeneously modified silica. The pH and the salt
concentration are examples of important parameters that affect emulsion droplet formation that
also the phase inversion temperatures (PIT). A low pH and a high salt content reduce the PIT,
due to the screening of particle surface charge in combination with salting out effects of the
PEG-chain. Understanding the phase inversion conditions has potential for expanding the
particle-stabilized emulsion applications and it could be used for reducing energy requirements
during emulsification, for example by exploiting the PIT emulsification method.

Figure 3. a) Schematic representation of a silica particle functionalized with hydrophilic (mPEG silane) and
hydrophobic (propyl and methyl silane) groups, at the interface of oil and water with the three-phase contact angle
θ. b) A microscope image of a Pickering emulsion stabilized by functionalized silica particles, taken 1.5 years after
fabrication. The oil has been colored with a fluorescent dye.
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O10 Effect of part geometry on the microstructure of 316L parts
produced by laser powder bed fusion
Alexander Leicht, Uta Klement, Eduard Hryha
Chalmers University of Technology, Department of Industrial and Materials Science, Göteborg, Sweden

Additive manufacturing (AM) technology has shown great potential in manufacturing complex
products, such as lattice structures without extensive tooling. The properties of AM products
are determined by the design, but it will also be strongly influenced by the microstructure. The
focus of this study was to understand the effect of the part design, e.g. wall thickness and build
angle, on the resulting microstructure. Laser powder bed fusions (L-PBF) was used for
fabrication of stainless ribs with thicknesses varying between 0.2 and 3.0 mm as well as inclined
ribs the with build angles of 30° and 45°. The feedstock material was a standard gas-atomized
316L powder. The microstructure characterization was conducted by EBSD. This work shows
that epitaxial grain growth takes place, allowing the formation of large elongated grains with a
predominant <101> orientation parallel to the building direction. The investigation of the thin
ribs revealed, that smaller grains were formed close to the surface of the part. The small grains
were observed to about 150 µm from the part surface after which large elongated grains were
formed. The small grains were inclined towards the center of the part and had a random texture.
Hence, manufacturing of parts below 0.4 mm thickness will result in an almost random texture.
The results also indicated that at build angles below 45°, the formed microstructure consisted
of the large grains elongated in the building direction. For the used process parameters, the
critical part thickness to avoid large elongated grains was found to be about 0.4 mm. These
findings allowed us to establish the basics for design rules when it comes to thin wall structures.
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O11 Electrodeposited Fe-W and FeW/Al2O3 protective coatings
as a sustainable replacement for chromium coatings
Antonio Mulone, Aliona Nicolenco*, Uta Klement
Chalmers University of Technology, Department of Industrial and Materials Science, SE-412 96 Gothenburg,
Sweden, *Vilnius University, Department of Physical Chemistry, LT-03225, Vilnius, Lithuania

In the field of coatings for protective applications the attempt to find a sustainable alternative
to chromium coatings is still under investigation. Chromium coatings are characterized with
high hardness, as well as wear and corrosion resistance, but their production involves the use
of carcinogenic compounds (i.e. Cr6+). In this study [1,2], Fe-W and FeW/Al2O3 coatings
electrodeposited from an environmental friendly plating bath are presented as a potential
sustainable replacement for chromium coatings. The influence of the chemical compositions
(i.e. amount of co-deposited W and Al2O3 particles) on the coatings as-deposited microstructure
is studied by means of X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM),
Transmission Electron Microscopy (TEM), and Electron Backscattered Diffraction (EBSD)
technique. The thermal stability, the hardness and the wear resistance of the coatings is also
evaluated. In particular, the influence of the microstructural transformations upon heat
treatment on the hardness and wear resistance of coatings is studied. It is observed that with
increasing the W content and Al2O3 particles content, the structure of the coatings changes from
nanocrystalline to amorphous. The highest hardness both in the as-deposited and annealed state
was measured for the Fe-W coating richest in W (i.e. 24 at.% of W) and the maximum hardness
of 16.5 GPa was measured after annealing for 1 h at 600 °C. The highest wear resistance was
observed for FeW/Al2O3 deposited with 100 g L-1 of Al2O3 particles, i.e. coefficient of friction
and wear rate comparable to chromium coatings. The obtained results are promising and
indicate that Fe-W and FeW/Al2O3 coatings have the prospect to be used as a sustainable
replacement for chromium coatings.

[1]

A. Mulone, A. Nicolenco, V. Hoffmann, U. Klement, N. Tsyntsaru, H. Cesiulis, Indepth characterization of as-deposited and annealed Fe-W coatings electrodeposited
from glycolate-citrate plating bath, Electrochim. Acta. 261 (2018) 167–177.
doi:10.1016/j.electacta.2017.12.051.

[2]

A. Mulone, A. Nicolenco, J. Fornell, E. Pellicer, N. Tsyntsaru, H. Cesiulis, J. Sort, U.
Klement, Enhanced mechanical properties and microstructural modifications in
electrodeposited Fe-W alloys through controlled heat treatments, Surf. Coatings
Technol. 350 (2018) 20–30. doi:10.1016/j.surfcoat.2018.07.007.
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O12 Catalytic methane oxidation in dry and wet conditions
Peter Velin, Magnus Skoglundh and Per-Anders Carlsson
Applied Chemistry, Chemistry and Chemical Engineering, Chalmers University of Technology

Natural gas gains increasingly more attention as a fuel because it is abundantly available and
emits less pollutants during combustion than petrol and diesel [1]. The high global warming
potential of methane (CH4), which is the main component of natural gas, requires careful
control of emissions to low levels. Significant amounts of water vapor is however being formed
during combustion, which strongly inhibits CH4 oxidation over Pd-based catalysts that
traditionally are used for this application [2]. The project objective is to development more
efficient exhaust aftertreatment technologies with higher resistance towards water vapor to
reach increasingly stringent emission standards.
Alumina and ZSM-5 (SAR-2000) supported model catalysts with 2 wt.% Pd loading were
prepared by incipient wetness impregnation and calcined at 500˚C. Operando diffuse
reflectance infrared Fourier transform spectroscopy (DRIFTS) was employed to monitor the
evolution of surface-bound adsorbate species on the catalysts in realistic conditions. Mass
spectroscopy (MS) of the effluent gas enabled catalytic activity measurements and correlation
to adsorbate build-up.
The bottom left panel of Figure 1 reveals a large build-up of hydroxyl groups (~3500 cm-1) on
the alumina supported catalyst when water is added to the reaction feed. An almost absent
hydroxyl coverage is then seen in the bottom right panel for the ZSM-5 supported catalyst. This
is due to the hydrophobic nature of the highly siliceous support. A significantly smaller drop in
catalytic activity, measured by MS, for the ZSM-5 supported catalyst in wet conditions can
hence be correlated to the lower hydroxyl coverage.

Figure 1. The top schematics visualize color coded intensities (blue corresponds to low intensity, red to high
intensity) of the IR bands shown in the bottom panels for Pd/Al2O3 (left) and Pd/ZSM-5 (right) acquired during
dry and wet CH4 oxidation at 350˚C.
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P1 Compounding of cellulose nanofibrils and amphiphilic
copolymer based composites
Abhijit Venkatesh, Johannes Thunberg and Antal Boldizar
Chalmers University of Technology

The sustainable origin of nanocellulose coupled with its commercial availability, excellent
mechanical properties, low thermal expansion and high aspect ratio makes it interesting to be
used as sustainable reinforcements in plastics. However, in order to ascertain their viability in
large scale applications, there is a need for the material to be processable through established
industrial scale melt processing techniques like compression moulding, extrusion and injection
moulding. Unfortunately, nanocellulose tend to have problems during melt processing with
thermoplastics. They are poorly dispersed in the matrix, incompatible with the matrix (poor
fibre-matrix adhesion) and form agglomerates at higher concentrations, all of which lead to
poor mechanical and functional properties.
In this work, a master-batch based on insoluble water dispersion of poly(ethylene-co-acrylic
acid) (EAA15) and cellulose nanofibril (CNF) obtained through a water-assisted mixing was
compounded along with a different grade of poly(ethylene-co-acrylic acid) pellets (EAA7). The
compound was then extruded to obtain 20 vol.% CNF composites. The mechanical properties
of the extruded composites were compared to the compression moulded composites of similar
constitution.
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Hydrogen sensors are a prerequisite for the implementation of a hydrogen economy due to the
high flammability of hydrogen-air mixtures. However, none of the existing solutions meet the
increasingly stringent requirements of possible stakeholders. Here we report on nanoplasmonic
hydrogen sensors based on binary and ternary alloys of Pd with Cu and Au, and rigorously
analyze their performance. By rationally designing a ternary PdAuCu alloy nanoparticle
system, which combines the identified best intrinsic attributes of the constituent binary alloys,
we achieve unprecedented hydrogen sensing metrics of a detection limit in the ppm range,
hysteresis-free response over 5 orders of magnitude hydrogen concentration, sub-second
response time at room temperature, long-term stability and, for the first time, excellent
resistance to poisoning species, particularly carbon monoxide, without any protection in
synthetic air. This constitutes a quantum leap for optical hydrogen sensor technology as it
enables its application under demanding realistic conditions and provides a blueprint for further
material and performance optimization by combining and concerting intrinsic material assets
in multicomponent nanoparticles. In a wider context, our findings highlight the potential of
rational materials design through alloying for gas sensor development, as well as the potential
of engineered metal alloy nanoparticles in nanoplasmonics and catalysis.
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P3 Micro-cantilever bending as a tool for measuring mechanical
properties of oxides
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Switzerland

Abstract
Due to the increasing significance of superalloys in the aviation and power generation
industries, several studies have been carried out in order to understand their high temperature
properties, which point toward oxidation being an influencing factor in the high temperature
crack growth of superalloys. The presence of oxides ahead of the crack tip can lead to
accelerated crack growth. The surface oxides formed during service can crack or spall due to
mechanical loads and these sites can lead to fatigue crack initiation. In both cases, the
mechanical properties of oxides play a crucial role in determining the life of the superalloy
component. It is therefore imperative to determine these properties so that a reliable life
assessment model can be developed.
Micro-mechanical testing enables the measurement of mechanical properties of thin oxides
directly without the influence from substrate, which cannot be done through the conventional
methods. A new micro-cantilever geometry has been developed which enables the isolation of
a thin surface oxide from the substrate in order to perform bending tests. The advantage of this
geometry is that it is possible to determine the deformation and fracture properties of oxide
scales without substrate effects or residual stresses. It was employed in the micro-cantilever
bending of thermally grown sub-micron (about 200 nm) oxide scales on Allvac 718plus. The
oxide scale consisted of a spinel layer on top and a chromium oxide layer beneath, and showed
the presence of plasticity during room temperature tests. Ongoing studies are aimed at the
measurement of room temperature and high temperature fracture properties of chromium oxide
thermally grown on pure Chromium. The results from these studies will also be presented,
which utilizes the same geometry in order to isolate the properties of the oxide from the
substrate.
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P4 3D-printing of β-phase PVDF/PMMA blend
–for piezoelectric energy harvesting devices
Ida Östergren, Anja Lund, and Christian Müller
Chalmers University of Technology, 41296 Göteborg, Sweden

Piezoelectric material generates an electric field when a mechanical stress is applied. This
phenomena can be used in a wide range of applications such as pressure sensors and energy
harvesting devices. Poly(vinylidene fluoride) (PVDF) has the highest know piezoelectric
effect among polymers, if it crystallizes into the polar β phase. Today β phase PVDF is
achieved through solution processing or mechanical deformation. However, β phase
formation through melt processing is challenging.
In this work we developed a new strategy which makes it possible to produce β phase PVDF
through Fused Filament Fabrication (FFF). In a first step PVDF is blended with Poly(methyl
methacrylate) (PMMA) and extruded into filament for 3D-printing. The PVDF/PMMA blend
is then 3D printed onto a cold surface and by quenching the polymer β phase crystals are
formed. In a third step the material is annealed and growth of the β phase crystals occurs.
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P5 Tuning the Acidity of Zeotypes:
Towards Fundamental Understanding
of the Direct Conversion of Methane to Methanol
Simone Creci, Per-Anders Carlsson and Magnus Skoglundh
Competence Centre for Catalysis and Department of Chemistry and Chemical Engineering,
Chalmers University of Technology, Göteborg, 412 96 (Sweden)

The direct oxidation of CH4 to value added products, e.g. CH3OH, via non-syngas based
techniques is desirable from both an energy and a sustainability perspective [1]. It has been
shown that after CH4 is activated on the active site in the zeolite, most of the reaction products
remain adsorbed on adsorption sites [2]. For this reason, the use of solvents, e.g. water, is
needed to extract CH3OH from the zeolite. The acidity of the zeolite is thus of major importance
for ability to desorb the desired reaction product.
MFI silicalite zeotypes are hydrothermally synthesized with and without adding Fe and/or Al
in the framework structure prior to crystallization. The absorption peaks centered at 3630 and
3610 cm-1 in the IR spectra of the Fe- and Al-silicalite samples (Figure 1a) are assigned to Feand Al- Brønsted acid sites, BASs, respectively. Because more covalent -OH groups generate
peaks positioned at higher wavenumbers, the following series of increasing Brønsted acidity
can be outlined: 0 = silicalite < Fe-silicalite < Fe/Al-silicalite < Al-silicalite. The results
obtained by the temperature programmed desorption of CH3OH and the CH4 activation
experiments (Figure 1b and 1c, respectively) indicate that Fe-containing MFI zeotypes are
capable to release CH3OH more easily than their parent Al-containing zeolites and to dissociate
methane to methoxy groups. Thus, we suggest that this material could represent a promising
candidate in the study of the direct conversion of methane to methanol.
Figure 1. a) IR spectra of the
calcined pure silicalite (pure S) and
the Fe-silicalite (Fe-S) and the Alsilicalite (Al-S) samples; b)
Background subtracted TPD IR
spectra recorded after CH3OH
adsorption on the Fe-silicalite and
the Al-silicalite samples. c)
Background subtracted IR spectra
recorded after CH4 adsorption on
the Fe-silicalite sample.

1.
2.

Taifan, W. & Baltrusaitis, J. 198, 525–547 (2016).
Hammond, C. et al. Angew. Chemie - Int. Ed. 51, (2012).

26

P6 Microfluidic synthesis of Pd nanocubes and PdPt core-shell
nanoparticles
Anna Pekkari* , Hanna Härelind*, Victor Sebastian ** and Kasper Moth-Poulsen*
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In recent years, the colloidal synthesis of size- and shape controlled noble metal nanoparticles
have emerged because of their unique physical and chemical properties making them
interesting in the field of catalysis. In particular, Pd and bimetallic PdPt nanoparticles are
important industrial catalysts [1]. Shape-uniformity of the nanoparticles is important since the
type of crystal facet strongly effects the catalytic activity and selectivity[2]. Colloidal
synthesis of nanoparticles have extensively been explored generating high quality shaped
particles but are limited due to low particle uniformity and batch variability [3].
In this work we have developed a method for the synthesis of monodisperse cubic Pd
nanoparticles using a single phase continuous microfluidic reactor. The microfluidic reactor
enables ten-fold reduction of the reaction time and produces uniform Pd nanocubes with a
significantly higher yield compared to batch. Using this type of continuous reactor,
homogeneous bimetallic core-shell PdPt nanoparticles with a dendritic surface morphology
were synthesized in a single-step. The surface morphology of the PdPt nanoparticles is
gradually transformed from cubic to dendritic by increased concentration Pt in the particle. Pd
nanocubes and PdPt nanoparticles were tested in a model catalytic reaction in reduction of NO2
showing its potential in future catalytic applications.
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Finding new routes for chemical valorisation of biological feedstocks is an essential part for
developing a biobased economy that can reduce our dependence on fossil fuels [1]. In this
project we tailor new zeolite-based catalytic materials over which green aromatics, i.e.,
benzene, toluene and xylenes (BTX) from pre-processed low-cost hemicellulose, can be
produced. Furans and furfural, that can be obtained from this biofeedstock, are used as relevant
model compounds to perform a Diels-Alder reaction with alkenes [2].
As catalysts for this reaction we use zeolites, crystalline aluminosilicates with well-ordered
porous systems that include cages wherein metals can be anchored to aluminium cat ions. 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].
For our investigation we use pure zeolites, i.e., ZSM-5 and H-BEA with different silica
aluminium ratio (SAR), as well as copper-functionalized ZSM-5. A recently developed twostep procedure for copper-insertion into zeolites [4] will be explored also for insertion of
gallium. One part is to investigate how the chemical composition of the reaction stream can be
measured continuously on-line. 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.
The first flow reactor experiments have been performed feeding furan (liquid feed of 0.3-5 g/h)
and gaseous propylene with argon as carrier gas in all summarizing to a total flow 1500 ml/min.
Monolith catalysts were prepared by coating a ceramic substrate (400 cpsi, 7 mil) with either
ZSM-5 with the SARs 27, 50 and 300 or zeolite Beta to investigate the setup for the online
analysis in a temperature window from 80-600°C. In comparison to previous studies negligible
BTX formation was observed under these conditions, mainly due to a too short residence time.
To increase the residence time, a ceramic monolith substrate was cut such that an “internal
volume” was created wherein pellets of zeolites were loaded. The first results indicate a
temperature dependent adsorption-desorption behaviour of furan as expected for the zeolite
material. The results also indicate reactions taking place between 120 and 500°C, and the
formation of carbon dioxide at higher temperature. At present, we are evaluating specific
activity and selectivity. For example, there are indications on temperature dependent formation
of the three different xylenes, which need to be further analysed.
The temperature dependencies as observed with flow-reactor measurements will partly give an
indication on important reaction mechanisms. We will however, add DRIFTS to study surface
species on the zeolite and on the anchored metal ions in situ during adsorption-desorption of
furan as well as operando during Diels-Alder reaction conditions.
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The development of solar energy can potentially meet the growing requirements for a global
energy system beyond fossil fuels, but necessitates new scalable technologies for solar energy
storage. One approach is the development of energy storage systems based on molecular
photoswitches, so-called molecular solar thermal energy storage (MOST). A representation of
the MOST concept and a possible domestic implementation can be seen in Fig. 1a. Sunlight is
collected and stored via photochemical reaction under flow conditions. When energy is
required, a solution of the metastable molecule can be passed through a catalytic bed reactor to
release the energy in the form of heat, which could be used for, in this instance, heating water
or creating steam. In order for MOST to be viable, the energy has to be storable for a long
period of time, thus requiring a high energy barrier (ΔH‡ therm) for the thermal conversion
from the high energy isomer to the parent molecule (see Fig. 1b). Yet, at the same time, the heat
release upon demand must be rapid and efficient. Here we present a novel norbornadiene
derivative for this purpose, with a good solar spectral match, high robustness and an energy
density of 0.4 MJ kg−1. By the use of heterogeneous catalyst cobalt phthalocyanine on a carbon
support, we demonstrate a record high macroscopic heat release in a flow system using a fixed
bed catalytic reactor, leading to a temperature increase of up to 63.4 °C (83.2 °C measured
temperature). Successful outdoor testing shows proof of concept and illustrates that future
implementation is feasible. The mechanism of the catalytic back reaction is modelled using
density functional theory (DFT) calculations rationalizing the experimental observations.

Fig 1. a) Operating set up based on the MOST concept. b) Illustration of MOST molecules.
ΔHǂtherm and ΔHǂcat represent the activation enthalpy for QC→NBD by heat and catalyst,
respectively. ΔHstorage corresponds to the energy storage enthalpy.
Ref: Zhihang Wang, Anna Roffey, Raul Losantos, Anders Lennartson, Martyn Jevric, Anne U. Petersen, Maria Quant,
Ambra Dreos, Xin Wen, Diego Sampedro, Karl Börjesson and Kasper Moth-Poulsen. "Macroscopic Heat Release in a
Molecular Solar Thermal Energy Storage System" Energy and Environmental Science, 2018

