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Figure 1. An illustration of the PGA network structure induced by Ca 2+ where the BLG protein decorates the
polysaccharide network.[3] The graph shows the SANS results in different slices of the gel where s1 is the
lower, high concentrated part and s4 the upper, less concentrated part of the gel.
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Energy research with Neutrons (ErwiN) for a sustainable society
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Neutrons are a unique probe for non-destructive structural studies of energy materials and with
the European Spallation Source presently under construction in Lund, Sweden, the neutron
community aims to develop in situ and operando capacities, and expertise in order to take
advantage of the new opportunities ESS will present.
Especially energy storage and energy conversion devices mostly consists of materials with light
elements such as hydrogen, lithium, carbon and oxygen, which neutrons have a high sensitivity
for and are therefore very important for characterization. Diffraction itself offers the most
comprehensive information about the crystal and microstructures of materials. The good
neutron penetration depth allows access to the inner section for instance in a prototype energy
storage/ conversion device with full functionality or even commercially available products.
Therefore, an overview of recent instrumentational advances such as fast neutron powder
diffraction (NPD) measurements and in situ/ in operando NPD measurements is presented in
respects to the development of the ErwiN Energy research with Neutrons NPD beamline at
MLZ, Germany. Furthermore, NPD data of solid-state Mg-ion conductor and quasi elastic
neutron scattering data as examples are elaborated and unpublished structural details are
presented.
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Comparison between Numerical Simulation and Neutron Radiography of
Ammonia Sorption in SrCl 2 for Application in Thermochemical Storage System
for Waste Heat Recovery

To support the transition to fossil-free society and economy, energy storage and particularly thermal
energy storage has been identified as strategic technology. Large quantities of thermal energy – both
per weight and price - can be stored reversibly in many salts upon exo-/endothermal ab-/desorption
of ammonia. To achieve high efficiency of the ammonia-based heat storage system, particular
attention must be taken in the realization of reactor design and heat exchanger, as well as salts
behavior over ammonia cycling. Therefore, we adopted two approaches - theoretical and
experimental. While a 3D COMSOL model was used to study heat and mass transfer in the
thermochemical storage (TCS) system, neutron radiography and tomography were used as
experimental imaging tools to follow in-situ ammonia sorption and spatial behavior of the salts.
The neutron measurements were performed at NECTAR instrument at the neutron source FRM II
(Munich-Germany). Data were collected using one stainless steel honeycomb structure disc that
represents one basic heat exchanger element of our thermochemical storage system prototype.
The images show that during desorption the heat provided is not evenly distributed presumably due
to the relatively poor thermal conductivity of stainless steel. It is also found that ammonia absorption
is homogeneous within the salt bed. The movement of the salt in each honeycomb cell is also probed.
Indeed, there is a large volume expansion of the salt upon ammonia absorption.
The results obtained illustrate the power of neutron imaging to study the system and validate the 3D
model. Indeed, the numerical results are in agreement with the experimental ones. This study will be
further used to develop the prototype using the COMSOL model to identify an optimal bed thickness
as well as an optimal value of the salt porosity that determines such opposing material properties as
thermal conductivity and permeability of the salt bed.

Understanding the magnetic order of Sr 1-x La x Fe 12-x Co x O 19
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The M-type hexaferrites have drawn much attention as hard permanent magnets due to the
combination of good magnetic properties, chemical stability, relative high Curie temperature (T c ) and
low cost. Especially SrFe 12 O 19 (SrM) is interesting due to its non-toxicity and a relatively large
theoretical BH max of 45 kJ/m3.[1]
When cations are substituted into the structure, the magnetic structure and thereby magnetic
properties are changed. In the present work, La and Co was added to the structure giving the expected
formular Sr 1-x La x Fe 12-x Co x O 19 (LaCo-SrM) where 0 < x < 0.4. The cations have shown to improve
the magnetic saturation and coercivity in agreement with Ueda et al.[2]
LaCo-SrM was successfully synthesized using a modified sol-gel method first reported by Sapoletova
et al.[3] This synthesis is interesting because of the high magnetic saturation (72 emu/g) and
coercivity (6.2 KOe) similar to the conventional sol-gel synthesized particles. However, the resulting
particles are plates having the typical dimensions of 50x30 nm.[4] The plate-like particles are
important, because when compacted into dense pellets, the morphology allow the particles to align.
If the particles do align with their magnetic easy axis along a single direction during compacting, the
magnetic saturation will be close to the theoretical value. The LaCo-SrM particles have high magnetic
saturation and coercivity of approx. 66 Am2/kg and 570 kA/m for M s and H c , respectively. The
substitution of La and Co and the platelet morphology make it possible to get high performance dense
magnets.
Neutron powder diffraction is needed to investigate the following questions:
What is the magnetic structure and magnetic moments of Fe/Co atoms in the SrM structure?
How does substituted La and Co influence the magnetic moments of Fe atoms?
What crystallographic sites are occupied by La and Co?
Is the exchange coupling influenced by the substitution of La and Co into the structure?
The neutron scattering experiments have not been carried out yet and the poster mainly focus on what
questions we want to answer and how to perform the experiments.
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Layered LiMO 2 (M = Co, Mn, Ni, Fe etc.), especially LiNi x Mn y Co z O 2 (LNMCO) are still among the
most exploited electrode materials for commercial rechargeable Li-ion batteries. Unfortunately, they
suffer from high cost and toxicity due to Co as well as poor thermal stability due to Ni.[1] To overcome
these issues, Mn-based oxide materials are receiving significant attention during the last decade due to the
low cost and toxicity of Mn and the discovery of manganese oxides with specific capacities 250 mAh
g-1.[2]
In this work, an amorphous ramsdellite-like MnO x have been synthesized using low-temperature
hydrothermal synthesis. Surprisingly, the amorphous material exhibits good electrochemical performance
as Li-ion cathode as opposed to the crystalline phases obtained from similar synthesis. We have
investigated the structural and compositional details about the amorphous phase as well as insight into the
Li-ion intercalation mechanism. This was achieved by electrochemical characterization (CCCV at
different C-rates) and Pair Distribution Function (PDF) analysis both under ex situ and operando
conditions.
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Hydrogen sorption in TiZrNbHfX (X = Ta, V) High Entropy alloys probed by
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High Entropy Alloys (HEAs), have recently
received a lot of attention due to their often
extraordinary properties such as excellent
mechanical
properties
at
elevated
temperatures, good corrosion resistance and
magnetism [1]. HEAs typically contain for or
more constituent elements mixed in nearequimolar ratios that randomly distribute
over a single crystallographic site. This high
Entropy of mixing is believed to be the
reason for them to crystallize in simple
structures such as body-centered cubic (bcc),
face centered cubic (fcc) or hexagonal closepacked (hcp). By combining hydride
forming transition metals into a HEA, Figure 1: In-situ X-Ray diffraction during hydrogen cycling of TiVZrNbHf
hydrogen absorbing bcc alloys are formed
that differ from the binary transition metal hydrides. For instance, TiVZrNbHf has been shown to
accommodate hydrogen in both octahedral and tetrahedral interstitial sites, reaching H/M > 2 which
is commonly only observed in Rare-earth metal hydrides [2].
Hydrides of HEA with composition TiNbZrHfX (X=V, Ta), are here presented to show stable
hydrogen cycling (figure 1) and reaching H/M ratios of up to 2.5 (X=V) by tetragonal distortion of the
cubic lattice [3]. In addition, when X=Ta, the alloy seem to behave almost identical to the V-H system,
with a tetragonal mono-hydride phase although the alloy contains no V [4].
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The macroscopic performance of magnetic materials is inherently rooted in their crystal-, magneticand nano-structures. Understanding their atomic- and nanoscopic structures is therefore essential for
rationally designing and tailoring magnetic materials with certain properties. The magnetic properties
of spinel ferrites, MFe2O4 (M= Mn2+, Fe2+, Co2+, Ni2+, Zn2+), depend on the constituent elements, the
cation distribution in the structure, and the size of the nanocrystallites. It is thus necessary to develop
highly flexible synthesis procedures, which can be easily manipulated into yielding specific products.
In this context, hydrothermal synthesis under near- or supercritical conditions is a promising method.
It has the benefit of being relatively simple, cheap, energy-efficient and easily scalable, and in many
cases product characteristics can be tuned through simple adjustments to the reaction parameters.1-3
In the present work, the crystal-, magnetic-, and nano-structures of different hydrothermally
synthesized spinel ferrite nanocrystallites have been examined by a number of complementary inand ex- situ scattering techniques. In particular, a robust structural description has been achieved by
co-refinement of a constrained structural model to X-ray and neutron powder diffraction data. The
structural modeling reveals how the as-synthesized MFe2O4 nanocrystallites adopt metastable cation
configurations, different from the well-established thermodynamically stable bulk equivalents.4
Notably, mixed ZnxCo1-xFe2O4 ferrite nanocrystallites were also studied and revealed a transition
towards a more bulk-like cation distribution after subjecting the crystallites to an annealing
treatment.5 Interestingly, the smaller as-synthesized ZnxCo1-xFe2O4 nanocrystallites with metastable
cation inversion exhibit a higher saturation magnetization compared to the annealed samples. The
demonstrated control over the nanoparticle size and the spinel ferrite cation distribution is a key step
on the way to designing cheap magnetic oxide materials with tunable properties optimized for specific
applications.
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A mechanistic explanation of the destabilization mechanism in metal
hydrides formed from high-entropy alloys

Recently, a novel alloying strategy has emerged in which four or more principle elements are mixed in an
equimolar composition [1]. Such alloys, that are referred to as high-entropy alloys (HEAs) tend to form
single-phase solid solutions with simple structures, such as body-centered cubic (bcc) and cubic close
packed, in which the different elements are randomly distributed over a single crystallographic site. The
alloys are therefore heavily disordered locally while the crystallinity is preserved over larger distances.
Hydrogen storage has been suggested as an application area for HEAs, but the field is in its infancy with
only a few reported studies [2-6].
We have recently conducted the first systematic investigation into the hydrogen storage properties of a
series of face-centered cubic (fcc) metal hydrides formed from bcc HEAs related to the ternary system
TiVNb. Our investigation has revealed that the hydrogen atoms occupy lattice sites within the hydride
that are surrounded by four closest-neighbor metal atoms in a tetrahedral arrangement. Moreover, small
changes in the chemical composition of the HEA are observed to have dramatic effects on their hydrogen
storage properties. For instance, the onset temperature for hydrogen desorption Tonset correlate linearly
with the valence-electron concentration (VEC) in the HEA. A similar correlation is observed between the
VEC and the expansion in the volume per metal atom from the bcc alloy to the fcc hydride. Hence, it
seems that the destabilization mechanism in HEA-based metal hydrides is intimately connected to the
expansion of the lattice and that this effect can be tuned by altering the VEC. Finally, a combination of Xray and neutron total scattering experiments has been carried out to elucidate how the destabilization
mechanism is dependent on the local coordination environment around the hydrogen atoms.
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Hexaferrites are a class of iron containing magnetic oxides, which are widely used as magnetic
materials. Most common is M-type hexaferrites, but other types are also interesting, particularly the
W-type hexaferrites (WHFs) SrMe 2 Fe 16 O 27 , Me = (Mg, Co, Ni and Zn). These have a high potential
for permanent magnet applications due to their large magnetocrystalline anisotropy and high cation
tunability, additional potential applications include multiferroics (Song et al., 2014) or
magnetocaloric effect (Naiden & Zhilyakov, 1997). However, WHFs are rarely studied due to their
challenging synthesis, and little is known regarding their complex structural and magnetic
characteristics. Here, a series of WHFs (Me = Mg, Co Ni and Zn) were synthesized and their crystal
and magnetic structures were investigated (Mørch M. I. et al., 2019). Rietveld refinements of a
constrained model to the X-ray and neutron powder diffraction data were carried out in order to
determine the atomic positions of the Me atoms within the structure, along with the magnetic dipolar
moment of the individual sites. All four investigated WHFs exhibit ferrimagnetic ordering. For Mg,
Ni, and Zn substitution, the magnetic moments are found to order colinearly and with the magnetic
easy axis along the crystallographic c-axis. In SrCo 2 Fe 16 O 27 , however, the spontaneous
magnetization changes from uniaxial to planar, with the moments aligning in the crystallographic abplane. Macromagnetic properties were measured using a vibration sample magnetometer. The
measured saturation magnetization (M s ) of the different samples follows the same trend as the
calculated M s extracted from the refined magnetic moments of the neutron powder diffraction data.
This agreement consolidates the robustness of the structural and magnetic Rietveld model, as a direct
correlation exist between the calculated M s and the refined atomic positions and occupancies of the
different Me on specific crystallographic sites.

