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Face to Face at the Solid Electrolyte Interphase
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In most of today’s lithium-based batteries, formation, composition, morphology, properties and dynamics
of a protective solid electrolyte interphase (SEI) at the electrode|electrolyte interface, play a
simultaneous key and critical role in minimizing side reactions and enabling long and safe battery cycle
life. Despite numerous efforts and attempts displayed in wide spectrum of literature references and
sources, SEI still remains the most important and the least understood solid electrolyte in rechargeable
lithium-based batteries.1 Fundamental understanding on relevant structural/compositional
characteristics, chemical/electrochemical reactions as well as thermodynamic/kinetic behavior thereof,
hand in hand with the practical strategies for enhancing the interphase properties are of paramount
importance for advancement of the overall battery cell performance for targeted application.2,3 Effective
strategies are required to develop robust and predictable interfacial layers that can promote Li+ ion
conduction and reduce the interfacial resistance. The focus is set on comprehensive understanding of
the ionic and electronic transport phenomena across and along functionalized interfaces, as well as in
electrolyte and surface layers, and elucidation of the main pathways and governing mechanisms of
charge transport. The complexity involved in interphase behavior, calls for profound research and
development comprising collaborative efforts in chemistry, physics, materials science, nanoscience/nanotechnology, complemented with computational simulation/modeling. To accomplish the
dynamic studies, sophisticated in operando, in situ and post mortem techniques are indispensable tools
to capture the dynamic information of the interphases under real battery working conditions. Designer
interphases formed from heterogeneous materials, which exhibit a controlled nanostructure by selfassembly will lead to enhanced charge transport, improved stability and high efficiency.
This talk is an invitation to an interphasial journey through diverse world of battery cell chemistries
highlighting the well-recognized achievements of Prof. Petr Novak and the team around him.
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Limiting processes in metal sulfur batteries
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Metal sulfur batteries offer high theoretical energy density and they can be considered as one of the
most promising candidates for the next generation batteries, however, their performance is not yet
suitable for large-scale commercialization. This is due to several obstacles including shuttle problem,
continuous consumption of electrolyte for lithium passivation, and as suggested, passivation of the
host matrices with end discharged product. Polysulfide shuttle can be mitigated by proper encapsulation of sulfur in a porous matrix. [1] A similar methodology can be applied for the protection of lithium
metal which stability is required for sulfur batteries operation with a lean amount of electrolyte. [2-4] As
mentioned, the impact of solid deposits on the cathode (as well on metal electrode) has a much
smaller influence on overall performance as proposed in the past. We have recently performed a set of
well-designed experiments using special cells and well-defined characterization where we showed that
the growth of the surface films is much more complex than generally assumed. [5,6] Formation of the
film on the surface does not represent the most important barrier for end discharge condition, rather
than that polysulfide diffusion and depletion of polysulfide concentration in electrolyte determines final
capacity.
The use of multivalent metals in combination with sulfur cathodes complicates even more performance
of sulfur batteries due to the limited number of electrolytes with non-nucleophilic character, although
the basic conversion of the sulfur electrode is similar as in Li-S batteries. [7-9]
References:
[1] R. Dominko, et al., Polysulfides formation in different electrolytes from the perspective of X-ray absorption spectroscopy. J. Electrochem. Soc.,165 (2018), A5014-A5019.
[2] N. Pavlin, et al., The role of cellulose based separator in lithium sulfur batteries. J. Electrochem
Soc., 166, (2019), A5237-A5243.
[3] C. A. Calderon et al., Lithium Metal Protection by a Cross-Linked Polymer Ionic Liquid and Its Application in Lithium Battery, ACS Appl. Energy Mater. 2020, in press
[4] J. Bobnar, et al., Fluorinated reduced graphene oxide as a protective layer on the metallic lithium
for application in the high energy batteries. Scientific reports, 8 (2018), 5819-1-5819 -10
[5] S. Drvarič Talian, et al., Which process limits the operation of a Li-S system? Chem.mater. 31
(2019), 9012-9023.
[6] S. Drvarič Talian, et al., Impedance response of porous carbon cathodes in polysulfide redox system. Electrochimica Acta, 302 (2019) 169-179.
[7] A. Robba, et al. Role of Cu current collector on electrochemical mechanism of Mg-S battery. J.
Power Sources, 450 (2020), 227672-1-227672-7.
[8] A. Robba, et al., Mechanistic study of magnesium-sulfur batteries. Chem. Mater., 29 (2017), 95559564.
[9] A.Scafur, et.al., Spectroscopic Insights into the Electrochemical Mechanism of Rechargeable Calcium/Sulfur Batteries, Chem. Mater. 2020, 32, 19, 8266–8275

Understanding Formation, Morphology and Function of the Solid
Electrolyte Interphase (SEI)
Arnulf Latz a,b,c, Lars von Kolzenberga,b, Fabian Singlea,b, Birger Horstmanna,b
a
German Aerospace Center, Stuttgart, Germany
b
Helmholtz Institute Ulm, Ulm, Germany
c
University Ulm, Institute of Electrochemistry, Ulm, Germany

E-mail: Arnulf.Latz@dlr.de
The growth of a stable solid electrolyte interphase (SEI) is one of the most important interface
processes in Lithium Ion Batteries. It plays a vital role in stabilizing the interface between the
anode and electrolyte, protecting the electrolyte from uncontrolled reduction due to electron
transfer reactions. On the downside, SEI growth is also one of the major aging mechanisms in
lithium ion batteries. Therefore, even more than 40 years after the identification of the SEI
concept by Peled [1], a thorough and systematic understanding of the SEI, its underlying growth
mechanisms, transport limitations, electrochemical-mechanical behavior under operation
conditions and the understanding of the factors influencing its morphology remain an important
scientific challenge.
The development of the mesoscopic structure of a SEI is initiated on atomistic scale via
electrochemical and chemical reactions at the interface of anode and electrolyte and continues
to grow into a nanoscale structure. The growth is mediated by a complex interplay of reactions
and transport mechanisms. The evolved structures change decisively the local nanoscale
electrochemical environment at the interface and have influence on the macroscopic behavior
and functionality of the battery. A thorough understanding of these multiscale processes in
batteries requires going beyond a pure atomistic description on one side and a pure macroscopic
porous electrode modeling on the other side. The challenge for a theoretical description on the
intermediate scale from nanometer to micrometers scale is to capture and predict local spatial
structures, which are formed by and influence the interplay of transport and electrochemistry
on the nanoscale and to identify unambiguously the transport limitations by comparing theorybased models with experiments.
In our contribution, a class of new theory-based models for SEI growth [2-6] combined with
detailed predictions for consequences of transport limitations on calendar aging, cycling
experiments, impedance spectroscopy and long-time mechanical properties is presented.
References:
[1] Peled, E. and Yamin, H. (1979), Isr. J. Chem., 18: 131-135. https://doi.org/10.1002/ijch.197900016
[2] Single F., Horstmann B. and Latz A. (2016), Phys. Chem. Chem. Phys. 18 (2016) 17810–17814.
[3] Single F., Horstmann B. and Latz A. (2017), Journal of The Electrochemical Society 164 (2017), E3132–
E3145.
[4] Single, F., Latz, A. and Horstmann, B. (2018). ChemSusChem, 11, 1950–1955.
https://doi.org/10.1002/cssc.201800077
[5] Single, F., Horstmann, B. and Latz, A. (2019). The Journal of Physical Chemistry C.
[6] von Kolzenberg, L., Latz, A. and Horstmann, B. (2020). ChemSusChem, 1–11.
https://doi.org/10.1002/cssc.202000867

Carbon Materials in Li-ion and Other Batteries of the Future
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Carbon materials in different forms and shapes have always played a role in different primary and secondary batteries. One of the strongest scientific contributors in this field is Professor Novak from PSI
and ETH in Zurich. This presentation aims at discussing the latest examples on how to shape carbon
materials for next generations of lithium-ion batteries when it comes to porosity, shape, aromaticity,
particles size and also in manufacturing electrodes as well as different cell designs. Answers to the
success of carbon materials can be found in understanding the interfaces between the material and the
electrolyte. What more do we need to understand and study in the future to refine the properties even
more? The presentation aims also to give some perspectives of the future.

Innovation in cathode materials for future mobility

Dr. Andreas Fischer
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BASF is one of the largest producers of high Ni cathode active materials worldwide. Cathode materials
are the key driver for performance improvements but also for cost in lithium ion batteries. At BASF, we
are not only pursuing to optimize cathode materials as such but are the same time taking environmental
issues like CO2 emission and recycling into account. Supporting our material development activities,
we tap into the potential of our scientific community to fundamentally understand material behavior the
best way possible.
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Gas-phase surface fluorination of high-voltage layered transition metal oxide
LiNi0.8Co0.15Al0.05O2: An effective path to improve the cycling stability of Li-ion
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Layered transition metal oxides (LTMO) promoted a rapid advance of Li-ions batteries in the last
decades. In order to fully access their theoretical capacities, a higher cut-off potentials (> 4.3 V vs.
Li+/Li) need to be applied, however, this compromises the battery performance, with a rapid capacity
and voltage fading. The fading is mainly caused by the oxygen instability at the particles surface leading
to the migration of the transition metals (TMs) into the Li layers, resulting in a gradual structural
degradation from layered to spinel to rock salt, and to the dissolution of the TMs into the electrolyte.
Additionally, at high operating voltages, undesirable side reactions occur also at the interface with the
electrolyte, including formation of CO2, Li2CO3, HF and PF5. Therefore, many worldwide efforts have
been devoted to stabilise the surface and interface of Li-LTMO. For instance, the formation of core-shell
particles with Al2O3 and Nb2O5 surface coating1, use of electrolyte additives2 and heavy ions (Nb5+, Ti4+
and Zr4+) surface doping3 have proved to significantly enhanced the electrochemical properties of
cathode materials. Besides these approaches, the partial substitution of oxygen anions with fluoride
anions has also been shown to improve the electrochemical properties.4 Moreover, higher near-surface
structural stability was also observed in fluoride containing cathode materials.5
In this presentation, we introduce, for the first time, the surface fluorination of high-voltage cathode
material, Ni-rich LTMO (LiNi0.8Co0.15Al0.05O2), using a mild fluorinating agent in a flow-type reactor. The
increased electrochemical performance of the synthesised materials was systematically followed with
long-term galvanostatic and cycling voltammetry, and C-rate capability tests. A long-term cycling at the
C/10 rate revealed that the fluorinated material retains 97.9% of its initial capacity after 100 cycles,
while pristine material retains only 90.4% at cut-off potential of 4.3 V vs. Li+/Li. Furthermore, the positive
effect of the surface fluorination is even more evident at cut-off potential of 4.5 V vs. Li+/Li, where
fluorinated material retains 94.0% of the initial capacity after 100 cycles compared to the 80.3%
observed in the pristine material. The benefit of the surface fluorination and the interface evolution were
thoroughly investigated with X-ray photoemission spectroscopy (XPS), and X-ray absorption
spectroscopy (XAS) in both total electron (TEY) and total fluorescence (TFY) yield modes, as well as
with X-ray photoemission electron microscopy (XPEEM). Based on the initial XPS (F 1s core level) and
XPEEM (elemental mapping at F K-edge), we have identified the formation of a uniformly distributed
nao-sized (1-2 nm thick) LiF layer upon fluorination at moderate temperatures (250 – 350 oC), while the
XAS measurements at TMs L-edges show no obvious oxygen substitution in the TMs coordination.
Hence, our results show that fluorination of Ni-rich LTMO (LiNi0.8Co0.15Al0.05O2) provides an effective
route to improving the cycling stability of Li-ion batteries at high voltage operation.
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Water-in-salt electrolytes are a class of alternative liquid electrolytes that combine the non-flammability
of traditional aqueous electrolytes with a wide electrochemical stability window.1-3 While this approach
has enabled stable cycling of relatively high-voltage batteries, in our experience, some of the highly
concentrated aqueous electrolytes that have been proposed do not live up to this task. This presentation
will discuss key anion properties that direct the stability of high-voltage batteries based on water-in-salt
electrolytes.
The most basic requirement is high solubility of the salt in water. Particularly in the case of sodium, it
remains a challenge to identify suitable salts or salt combinations with the required solubility.4 We
recently showed that some anions with an asymmetric structure kinetically stabilize highly concentrated
solutions by suppressing salt crystallization. Using this approach, we could demonstrate stable cycling
of a 2 V class sodium-ion battery based on a NaTi2(PO4)3 anode and a Na3(VOPO4)2F cathode at various
temperatures down to –10 °C.5 The asymmetric lithium (pentafluoroethanesulfonyl)(trifluoromethanesulfonyl)imide (LiPTFSI) salt even has such a high solubility at room temperature that
20-molal mixed LiPTFSI/lithium triflate solutions are thermodynamically stable in the liquid state down
to –14 °C.6 While lithium and sodium bis(fluorosulfonyl)imide (LiFSI/NaFSI) also have a very high
solubility in water, the FSI anion is prone to hydrolysis, making aqueous FSI solutions only suitable for
short-term lab experiments.7
A key property of stable water-in-salt electrolytes is a low fraction of free water molecules in the solution,
i.e. most water molecules are located in the solvation shell of the alkali cations. We find that depending
on the nature of the anion, the fraction of free water molecules as derived from Raman experiments
varies widely. The observed trend correlates well with the position of the anion in the Hofmeister series.
Solutions based on kosmotropic anions such as acetate display a large fraction of free water molecules.
In contrast, in highly concentrated solutions based on chaotropic anions such as perchlorate most water
molecules strongly interact with the alkali cations, resulting in the desired low fraction of free water
molecules.4
Finally, the anion also has to enable the formation of a solid-electrolyte interphase (SEI) on the anode
to suppress the hydrogen evolution reaction. While perchlorate is highly chaotropic, our results confirm
that this anion does not contribute to SEI formation. In contrast, salts based on
perfluoroalkylsulfonylimide-type anions such as PTFSI enable formation of a stable SEI while also
fulfilling the other criteria discussed here. It is this unique combination of properties that makes this
family of salts particularly suitable for water-in-salt electrolytes.4
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Alkali-metal anodes enable batteries with high energy density. Their combination with chemically
and electrochemically stable solid electrolytes removes the need to form protective solid electrolyte interphases during battery cycling, thereby enabling fast cycling rates. Nevertheless, shortcircuiting due to dendrite formation remains a major challenge for batteries with alkali-metal anodes and currently still prevents high power densities.
Here we investigate cycling of sodium-metal anodes with ceramic Na-β”-alumina electrolytes at
different operating temperatures. We show how surface treatments increase the maximum current
density before dendrite formation in room-temperature applications. As a result, the critical current density for sodium plating and stripping on Na-β”-alumina reaches > 10 mA/cm2 at room
temperature [1]. This is ten times higher than that measured for lithium on a garnet-type
Li7La3Zr2O12 electrolyte under equivalent conditions. We ascribe the improved rate capability of
sodium over lithium to a higher self-diffusivity of the former. This prevents void formation and
current constrictions at the electrode/electrolyte interface at high cycling rates.
Such mass transport limitations are further reduced by increasing the operating temperature. We
demonstrate that, above the melting temperature of sodium, a cumulative capacity of >10 Ah/cm2
can be plated and stripped at an enormous current density of 1000 mA/cm 2, without dendrite
formation [2]. Furthermore, more than 95% of the molten sodium can be stripped galvanostatically
even at high rates, requiring less than 5% of excess sodium in the anode [2]. This shows that alkalimetal anodes in combination with solid electrolytes support extreme power densities.
Thus, a next step towards realistic application is integration into battery cells. Volume changes of
alkali-metal anodes at different state-of-charge (amounting to ≈0.9 cm3/Ah for sodium, or to
≈0.4 cm3/Ah for lithium) can cause significant pressure differences, and thus stresses in solid-electrolyte battery cells. We discuss the implications of volume changes at both metal anode and
cathode at the example of the sodium-nickel chloride technology, and suggest measures for a
successful battery cell design comprising brittle solid electrolytes and alkali-metal anodes [3].
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In search of new solid electrolytes our group investigated the influence of preparation method, synthesis
of
new
compounds
and
substitution
on
various
halide-based
compounds
(Li3(Er/Y)Cl6,[1][2]Na3ErCl6,[3]Li3ErI6[4]). We find that local distortions and disorder appears in this material
class, which we were able to correlate to the resulting transport properties (Figure 1). Our recent, neutron diffraction investigation on differently prepared Li3YCl6 and Li3YBr6 samples furthermore sheds light
on the local lithium coordination environment and gives an in-depth insight into the structural features
of those materials. In different compositions we were able to decrease the observable activation energy,
governed by an increase of the ionic conductivity by several orders of magnitude.

Figure 1: Representative influence of substitution and preparation on the transport properties in Na3xEr1-xZrxCl6 , b) with correlation to in-depth structural distortions.
We believe that our work is helpful in obtaining a better understanding of this material class that has
gained impressive momentum in the last months and can potentially help to further drive the solid
electrolyte research.
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Demand for transparent electronic technology is rapidly increasing for potential applications such as
notably displays, virtual/augmented reality or body-friendly sensors.1 For some of these applications,
transparency could ideally be combined with stretchability. In most cases, the battery as an energy
source is fully integrated in the electronic device, and thus must also be transparent and stretchable.
However, it is very challenging to fabricate this battery because all components (electrodes, separator/electrolyte and packaging) have to be made transparent and stretchable and, most importantly, they
have to be assembled in a battery that does not lose these properties in the entire device.
Here, a transparent and stretchable zinc ion full battery which comprises two electrodes deposited on
PDMS stamp, and a polyacrylamide (PAM) hydrogel electrolyte is developed. Zn and α-MnO2 as electrode materials were filled into hexagonal microchannels in a polydimethylsiloxane (PDMS) substrate,
allowing for reversible deformation (Figure 1a and b). The resulting stretchable battery showed a high
transmittance of 72.6% and 64.7% at 550 nm under no strain and 50% strain, respectively (Figure 1c).
The battery delivered a capacity of 174 mA h g−1after 120 cycles up to 50% strain under stretch−release
conditions. Such a battery can simultaneously achieve high transparency and stable capacity under
strain, demonstrating the potential to power future transparent and stretchable electronics.

Figure 1: a) Photograph of the transparent zinc ion battery under 50% strain, b) optical microscopy
image of the electrode at 50% strain, c) optical transmittances of the full cell without and with applied
50% strain, d) cycling performance of transparent battery with applied strain ranging from 0 to 50% for
120 cycles at a current density of 1C.
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The ever-growing demand for consumer grade electronics as well as the great challenge of
electromobility call for development of batteries with higher energy densities and longer cycle live
compared to the state-of-the-art technologies. Introduction of (multi)-functional electrolyte additives into
existing battery systems in order to increase their operating voltage and/or life time is one of the viable
approaches in respect to the effectiveness and cost.1 However, as the chemical space of possible
functional additive structures is virtually unlimited, smart approaches are required to select suitable
candidate structures for experimental validation and analysis. A key point in this respect is related to
deep and comprehensive understanding of the underlying principles governing the behavior of (multi)functional additives in a battery under operation and in which way this behavior influences the overall
performance and safety of a battery and its chemistry.2-3 In line with this, two possible mechanisms were
proposed and key reaction steps were analyzed computationally. Based on our findings we developed
a model to make predictions about the performance impact of a series of phospholane molecules that
feature small, incremental changes to their structure. Obtained results clearly point out that minute
changes to the phospholane functional additive structure have a significant impact on the overall battery
performance. This model was experimentally validated in battery cells under high voltage conditions and
paves the way for the tailored synthesis of novel, advanced phospholane molecules as (multi)-functional
electrolyte components, thus demonstrating the feasibility of computational screening endeavors for
identifying promising electrolyte components for targeted application.

Figure 1: General structural motifs of the studied phospholane functional additives.
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Exploring the Structural-Gas-Interface Evolution of Co-free Li-rich Layered
Oxide Cathode
Hieu Quang Pham,* Łukasz Kondracki, Sigita Trabesinger
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5232 Villigen PSI, Switzerland
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Lithium-rich layered xLi2MnO3∙(1−x)LiNi1−y−zCoyMnzO2 cathode materials (LMNCs) have
received a considerable attention because of their high capacity of over 250 mAh g−1. However,
the practical applications of this kind of cathode materials is restricted by severe capacity and
voltage fade, caused by structural transformations upon long-term cycling. In order to
overcome this problem, we have been searching for a low-cost, Co-free Li-rich cathode
material that has a higher surface structural stability than LNMCs. In this presentation, we
report high performance of Li1.16Ni0.19Fe0.18Mn0.46O2 (LNFM) cathode performance in both
half- and full-cells, cycled up to upper cutoff voltage of 4.8 V vs Li+/Li. We apply operando/in
situ and ex situ techniques to systematically characterize the structural changes and gas
evolution for LNFM cathode material, as well as elucidate cathode−electrolyte interfacial
reactions and their correlation to improved electrochemical performance.
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Figure: (Top) Long-term cycling performance of Li||LNFM half-cell and (bottom) charge-discharge
voltage profiles along with contour XRD plots, reflecting structural evolution of Co-free LNFM cathode
material during cycling between 2.0 and 4.8 V.
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Li7La3Zr2O12 (LLZO) has gained increasing attention owing to its high Li-ion conductivity and wide
electrochemical stability window, making it a promising candidate for the development of solid-state
batteries, especially batteries employing high-capacity lithium metal as the anode. The crystalline
LLZO suffers from lithium dendrite growth along grain boundaries with non-negligible electronic conductivity. In contrast, the amorphous phase of LLZO possesses a grain-boundary-free microstructure,
which in the form of a thin coating on the bulk ceramic electrolyte could offer resistance to lithium dendrite penetration. We deposit amorphous Li-La-Zr-O (aLLZO) films by magnetron sputtering and investigate the ionic conductivity of aLLZO electrolytes as a function of the overlithiation. Adjusting the Li
concentration allows increasing the ionic conductivity over three orders of magnitude, with a maximum
at about 10-7 S cm-1, while maintaining an electronic conductivity of 10-14 S cm-1

Figure 1: a) SEM cross-section of a thin-film solid-state battery with a 70 nm aLLZO electrolyte film, b)
Li platting-stripping in a symmetric Li/aLLZO/Li cell, and c) in-operando microscopy of an aLLZOcoated and uncoated LLZO pellet during Li plating-stripping.
Thanks to the amorphous nature of the conformal aLLZO films, it is possible to realize thin-film solidstate batteries with an unprecedented electrolyte thickness of only 70 nm (Fig. 1.b). Such microbatteries are capable of withstanding charge-discharge at currents of 0.2 mA cm-2 (10C) for over 500 cycles.
In Li/Li symmetric cells, plating-stripping can be performed at currents up to 3.2 mA cm-2 across the
ultrathin electrolyte with no signs of lithium penetration. Finally, in-operando microscopy measurements reveal that aLLZO coatings can mitigate the formation of dendrites in bulk LLZO ceramic pellets
cycled at current densities up to 1.6 mA cm-2 (Fig. 1.c).
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The growing market for battery electric vehicles has resulted in an increasing demand for battery materials that meet the requirements for low costs, high safety, long lifetime and high energy density.1 As
the space for batteries, e.g. in a car, is limited and a heavier battery impacts the available vehicle
range, the targets for energy density are constantly moving higher. To achieve these targets, intensive
research is in progress on alternative electrode materials with high specific and volumetric capacity. 2
Silicon is a promising negative electrode material for next-generation lithium ion batteries as the theoretical capacity is about 10 times that of the conventional graphite active material.2,3 However, large
volume changes of about 280% during repetitive (full) lithiation and delithiation impede the widespread
implementation of silicon to date. These volume changes lead to a variety of problems, including irreversible loss of lithium and eventual disintegration of the electrodes, which results in dramatic capacity
fade.2,3 Given the large internal stress induced by both reversible and irreversible volume changes, it
is expected that the application of external pressure, as would be the case when cells are braced in a
module, will significantly further influence the cycling stability particularly as compared to conventional
cells containing graphite anodes.
In this work, the influence of external pressure on silicon electrodes was investigated in pouch-type full
cells with a lithium reference electrode. The influence of the positive electrode on the overall pressure
evolution was minimized by using pre-lithiated lithium titanate (LTO), which shows a zero-strain behavior during de-/lithiation, as positive active material.4 The charge capacity was limited to 1200 mAh/gSi
to reduce volume expansion and related degradation mechanisms. The performance of rigid compressed LTO/Si cells under different pressures was compared to unconstrained cells where the electrode stack is allowed to swell during cycling. The results reveal that a minimal external pressure is
needed to ensure a good contact between the cell components. However, high external pressure
leads to increased mass transport overvoltage once the lithium ion concentration in the system runs
low, which happens as lithium ions are continuously consumed at the silicon surface due to repeated
SEI breakage and reformation. This leads to significant capacity fading, whereas cells with lower pressure levels still perform stable cycling at the same level of available lithium. Furthermore, in addition to
its function as reference, the lithium electrode served as lithium reservoir to re-lithiate the LTO electrode. This not only proves that lithium depletion is the reason for the observed capacity fading in the
more highly constrained cells, it actually allows stable cycling for 1000 cycles at 1200 mAh/gSi with the
columbic efficiency reaching values higher than 99.9 %.
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In the last couple of years, we have developed new methodology for characterizing battery cells nondestructively and quickly using so-called “inside-out” magnetic resonance imaging (ioMRI)1 and sensitive
atomic magnetometry.2 Several electrochemical process produce tiny magnetic fields whose distributions can be measured with these techniques around the cells. In doing so, one gains access to information about changes in the magnetic susceptibilities of battery materials, but also changes in electrical
current distributions.
Magnetic susceptibilities are known to correlate with Li-intercalation and staging, and hence this new
observable provides access to localized state of charge information. Electrical currents, by contrast, can
be measured during charging, discharging, and during the relaxation periods.
These new observables have already been tested for their ability to produce cell classification and characterization powers (e.g. identifying and localizing defects, detect iron impurities, sense relaxation currents).
Both techniques have recently been improved to enhance speed, resolution, and sensitivity. Projections
are that magnetometry will give access to sensing nA current levels via contact-free measurements, and
ioMRI has been recently adapted to measure alternating currents in an effort to develop a type of contact-free electrical impedance spectroscopy. ioMRI has been shown to provide cell classification in under one second.3 Recent work has also enabled the detection of 7Li NMR signals from within prototype
and commercial cells, thereby giving access to additional cell characterization potential.4

Figure 1: a) schematic for ioMRI, b) atomic magnetometry setup, c) alternating current mapping with
ioMIR.
Recent work has also enabled the detection of 7Li NMR signals from within prototype and commercial
cells, thereby giving access to additional cell characterization potential.4
All these new methods are aimed at enhancing our ability to characterize cells at all stages from research
and development to production, deployment, and recycling.
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The growing demand for raw materials in lithium-ion batteries increasingly requires the increased use
of secondary raw materials in the co-precipitation of NMC battery chemicals. Traditionally, pure raw
materials as metal solutions are required for co-precipitation, which is a challenge for battery producers.
Removal of impurities is also expensive and challenging step. Aim of this research is to study the impact
of impurities present in metal sulfate solutions on the battery cell performance. These metal sulfate
solutions were obtained from metal industry’s side-stream and from recycled spent batteries.

Figure 1: Co-precipitated NMC811 from a) pure metal solution, and b) impure solution with tap densities.
Key impurities in the precipitates were calcium, magnesium, zinc and iron.

Based on the initial results, co-precipitation of impurities to the NMC particles followed the thermodynamic calculations. As expected, iron, zinc, magnesium and calcium co-precipitated in NMC811 to a
large extent, but potassium and lithium remain in the mother liquor. The presence of impurities was also
confirmed by several characterizations. Impurities did not affect the particle morphology or tap density
of NMC811. Surprisingly, the effect of impurities was also minor to the cell performance. During the
cycling, these cells provided good cyclability and remain high retention (>80%) after 1100 cycles compared to reference samples.
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On the path towards decarbonized economy modern society requires advanced batteries with higher
energy density, improved safety, lower cost and long term durability, in addition to the other functional
characteristics. Advanced solid state batteries (SSB) with lithium metal anode and conventional intercalation cathode (LiFePO4, LiNixMnyCozO2, etc.) are currently considered as a potential game changer
for many applications such as electrical propulsion (e.g., land, marine, aerospace), energy storage,
emerging niche applications (robotics etc.), etc.
In this light, CIDETEC Energy Storage is actively working on the research and development of different types of lithium ion conductive solid electrolytes1-4: solid polymer, gel polymer, hybrid, and hybrid
gel polymer, as shown in Figure 1a. In our work, special focus is paid to the development and adaptation of environmentally friendly and cost effective solid electrolyte processing and SSB assembling
methods. Moreover, using a holistic approach all the value chain of solid state battery development is
covered including the optimization of composite positive electrode, cell design and other technological
aspects. Here we demonstrate an outstanding electrochemical performance of the developed solid
state battery prototype based on Li/Hybrid electrolyte/LiFePO4 system4 (cf. Figure 1b).
More experimental results on the research and development of several above-mentioned solid electrolyte types and solid state batteries will be discussed further in detail.

Figure 1: a) Electrolyte R&D ecosystem at CIDETEC (SPE- solid polymer, SIE- solid inorganic, LECliquid electrolytes and components, 1- hybrid, 2- gel polymer, 3- hybrid gel polymer, 4- pseudo/quasi
solid); b) Cyclability of 0.5 Ah solid state pouch cell (60ºC, 0.2C charge, 0.5C discharge, cycling range
2.5-3.8V, DoD80%).
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Effects of ALD niobium oxide on long term cycling of LiCoO2 cathodes:
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Layered oxide cathode materials are used in modern Li-ion batteries. However, during prolonged device
operation they suffer from the surface degradation, transition metal dissolution and destructive phase
transitions at the cathode-electrolyte interface. One way to suppress the chemical instability and reactivity of the cathode with the electrolyte is to coat the cathode surface with inert oxides such as niobium
oxide (Nb2O5). To investigate the effect of oxide coatings, all functional battery layers can be deposited
as thin films, which offers a flexible platform for investigating interfacial phenomena. The anode, electrolyte and cathode layers are clearly distinct over a large area, isolating interfacial phenomena and
simplifying their investigation.

Figure 1: a) Cross-section SEM image of the coated cathode, b) schematic illustration of the half-cell
configuration, c) Normalized discharge capacity at 10 C for different niobium oxide coating thicknesses
with inset depicting cycle life for each thickness.
We investigate niobium oxide as a cathode coating with the intention of improving long-term cyclability
of Li-ion batteries. The effect of the coating was evaluated in a thin-film model system with LiCoO2 as
the cathode layer, which is a simplest representative of the layered oxide. The niobium oxide coating
was applied via atomic layer deposition (ALD), which enabled a conformal coating over the whole cathode-electrolyte interface. Impedance measurements showed that it was necessary to lithiate the niobium
oxide coating for an adequate ion transport, which was achieved by annealing the coated cathode at
700 °C for 1 hour. Systematic investigations of the battery performance as a function of coating thickness
revealed a significantly improved rate capability. The 30 nm niobium oxide-coated cathode films showed
no degradation at 10 C and up to 47 % remaining initial capacity was observed at 100 C. Consequently,
the long term cycling was conducted at 10 C and a retention of up to 80% of the initial capacity after 493
cycles was measured, more than doubling the cycle life of the uncoated cathodes. Detailed elemental
analysis with TOF-SIMS and XPS revealed both bulk and surface effects of the niobium oxide coating.
These results suggest that ALD as a coating method can stabilize the cathode-electrolyte interface and
improve the long-term performance of layered transition-metal oxide cathodes.1
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Lithium-sulfur (Li-S) batteries are potential candidates for overcoming the energy density limitations of current generation Li-ion batteries. Nevertheless, low electronic conductivity of sulfur, volume
expansion during lithiation and lithium polysulfide formation/shuttling challenges the electrochemical
performance and commercialization of Li-S batteries.1 Controlled formation of a protective solid electrolyte interface (SEI) layer on the positive electrode (cathode) surface is one of the many strategies
developed to mitigate the polysulfide shuttling issue. A surface film that can prevent electrolyte attack
of the sulfur cathode without hindering lithium (Li) ions’ diffusion is crucial in this case. Electrolyte additives are commonly used to achieve the formation of surface films on cathodes and anodes.2 Another
approach is the ex-situ coating of electrodes with appropriate metal oxides/sulfides. However, this
method is complicated, time consuming, and use of electrolyte additives such as LiNO 3 often reduce
the shelf-life of Li-S batteries. Most of these studies also use expensive carbonaceous materials,
which also hinder their commercialization.
Herein, we demonstrate a strategy (Figure 1) for the in-situ formation of a hybrid SEI on carbonsulfur hybrid cathode.3 This method implements organic acid additive in the cathode and inexpensive
carbon matrix (carbon black). In-situ reaction between the carboxylic acid and Li ions during the first
charge-discharge cycle result in the formation of a hybrid SEI composed of Li-carboxylate and other
inorganic salts (Li2O, LiF, etc.). This organic-inorganic hybrid SEI effectively prevents polysulfide shuttling without affecting Li-ion diffusion. For instance, Li-S batteries containing carboxylic acid modified
sulfur cathode demonstrated only 0.07 % per cycle capacity loss during galvanostatic cycling, so that
the battery can deliver 405 mAh g-1 at a current density of 500 mA g-1 after 500 cycles. Hybrid SEI also
remarkably minimizes the impedance during cycling and storage (minimum self-discharge) of the battery for over 100 days. This study demonstrated in-situ hybrid SEI formation enabled by organic acids
electrode additive as a promising strategy to improve the electrochemical performance of Li-S batteries and facilitate their future commercialization.

Figure 1: (a) Schematic of SEI formation mechanism. Cross-sectional SEM images of (b) modified and
(c) standard cathodes after 5 charge-discharge cycles. (d) Galvanostatic long cycling and coulombic
efficiency of modified (blue) and standard (black) cathodes at a current density of 0.5 A g -1.
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Room-temperature operation of high-voltage all-solid-state batteries requires solid electrolytes that
combine high cation conductivity (≥1 mS cm−1), compatibility with lithium or sodium metal anodes and
high-voltage cathodes, and intimate electrode/solid electrolyte interfaces. However, none of the solid
electrolytes has fulfilled these material properties so far. Hydroborates, a yet underexplored class of
solid electrolytes,1 are highly conductive at room temperature and compatible with lithium and sodium
metal anodes. However, the cell voltage was limited up to 3 V in previous reports,2–4 due to the limited
electrochemical oxidative stability of the solid electrolytes.5
Here we show that a hydroborate solid electrolyte, consisting of two kinds of hydroborate anions with
different oxidative stability limits, can be effectively stabilized in contact with a 4 V-class cathode.6 At
high voltage, the less stable anions tend to form a passivating interphase layer upon electrochemical
oxidation at the cathode/solid electrolyte interface, while the more stable anions remain intact in the
interphase layer, maintaining cation conduction. The self-passivating interphase enables the first stable
cycling of a 4 V-class hydroborate-based all-solid-state battery employing a sodium metal anode and a
cobalt-free, high-voltage cathode. The cells exhibit a discharge capacity of 100 mAh g−1 at C/5 and an
excellent capacity (78%) and energy (76%) retention after >800 cycles at room temperature. Applying
external pressure enables a discharge capacity of >110 mAh g−1 at C/10 with a high areal capacity close
to 1.0 mAh cm−2. This work records the highest discharge cell voltage and specific energy at the active
material level among all reported all-solid-state sodium batteries, demonstrating the attractive material
properties and potential of hydroborates that surpass intensively investigated oxides and sulfides as
solid electrolytes for high-voltage all-solid-state batteries.

Figure 1: Long-term cycling performance of 4 V all-solid-state sodium cells.
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There is an urgent need to further improve the energy content of future lithium-ion batteries (LIBs), while
decreasing costs along the whole battery value circle, to enable extensive market penetration of electric
vehicles (EVs) in the coming years. The cathode is believed to be the most important cell material and
major bottleneck in pursuing these goals, as it currently contributes significantly to cell mass and contains most critical and costly raw materials (e.g., Li, Ni, Co).1,2 The energy density and production costs
of NMC-based layered oxide cathode materials can be improved by increasing the Ni content (>80%)
and lowering or even completely eliminating Co, which is considered as the most critical raw material
with respect to cost, supply reliability as well as environmental and ethical implications. Besides energy
density improvements, there is also interest in replacing current electrode processing based on toxic
organic processing solvents and fluorinated binders by aqueous process routes for cathode electrode
manufacturing to further reduce environmental impact. However, Ni-rich cathode materials suffer from
dramatically shorter cycle life and several instability issues with increasing Ni content, particularly >80%
Ni. Herein, major challenges and modification strategies for the development of low-cost Co‐less Ni‐rich
layered oxides with focus on tailored particle and composition engineering, surface modifications and
aqueous processing routes are discussed. A continuous Couette-Taylor-Flow-Reactor (CTFR) is used
as a novel route for the co-precipitation of transition metal hydroxides to achieve cathode materials with
spherical secondary particles with high tap density, narrow particle size distribution and good chemical
homogeneity.3 Tungsten oxide-based coatings are evaluated as protective inorganic coating layers for
the electrochemical stabilization of the Ni-rich cathode materials.

Figure 1: a) Schematic illustration of the experimental setup for coprecipitation of metal hydroxides in a
continuous CTFR and Taylor vortex flow patterns induced along the reaction tube ,3 b) SEM images of
Ni0.9Co0.05Mn0.05(OH)2 precursor materials synthesized via the CTFR.
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During the last decade, the (dis)charge behaviour of LiFePO4 (LFP) particles has been widely studied.
While LFP typically charges in a phase separation reaction forming LiFePO4 and FePO4-rich domains,
these domains vanish into a single LixFePO4 solid solution at faster rates or smaller particle size.1 Using phase-field modelling, an involvement of the interface has been proposed where autocatalytic reactions and resistances may affect the LFP charging dynamics and hence the rate-limiting steps.2,3
However, due to the lack of understanding of the LiFePO4 interfaces, existing experiments do not suffice to validate this model.
Here, we rationalize the interface dependent delithiation mechanism in LFP particles by introducing
coatings that affect ion dynamics and hence the resistances.4 With a combination of electronic structure calculations and ab-intio molecular dynamics modelling, we show that insulating oxide coatings
such as ZnO hamper lithium ion interface diffusion, whereas carbon coatings lead to faster Li ion
transport. We validate our models by synthesizing coated LiFePO4 nanoparticles and measuring their
electronic structure using ultraviolet absorption and x-ray photoemission spectroscopy. Measuring lithium ion interface diffusivity on the coated LFP nanoparticles via muon spin spectroscopy confirms our
calculations.5 Finally, using operando x-ray diffraction, we can track interface dependent changes in
the delithiation behaviour. Based on our findings, we offer a rational design strategy for interfaces in
lithium ion batteries that homogenize the current density and reduce the strain throughout the battery
materials providing longer battery lifetime at increased rate capabilities.
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The spinel-type LiMn2O4 (LMO) has been widely studied as an attractive cathode material for lithium ion
battery (LIB) due to its low cost and for being environmentally friendly in comparison to others cathode
materials1. However, this material still requires further in-depth investigation to improve its structural
stability upon cycling, which directly affects its cycling performance. In order to achieve this, cationic
doping to minimize the Jahn-Teller distortion2 and controlled particle size reaching nanometer scales for
improving the Li-ions diffusion have been adopted3. For the first time, by applying the microwaveassisted hydrothermal synthesis, nanoparticles of LMO were successfully obtained and the Mn cations
were partially substituted with either Al, Co or Ni cations in the structure.
The chemical composition of the four synthesized materials, determined using ICP-AES analyses, are:
Li1.24K0.05Mn1.92O4.00 (undoped LMO);
Li1.46K0.06Al0.04Mn1.85O4.00 (Al-doped LMO);
Li1.39K0.07Co0.02Mn1.85O4.00 (Co-doped LMO);
Li1.30K0.10Ni0.02Mn1.87O4.00 (Ni-doped LMO);
The most enhanced electrochemical performance was achieved by the Al-doped LMO, where the initial
specific discharge capacity of near 100 mA h g−1 at C/10 rate and with a capacity retention of 93% after
the 100th cycle was obtained.
In this contribution, a combination of various post mortem and operando characterization techniques
have been used to characterize the synthesized materials, as well as, their evolution upon short- and
long-term cycling. The lattice structure change was determined by employing ex situ X-ray diffraction
(XRD), in-house and at the MS-Powder beamline (SLS). While the transition metals valence changes
were monitored by operando X-ray absorption spectroscopy (XAS) at the Super XAS beamline (SLS)
at the Mn K-edge and ex situ at the Co and Ni K-edges. Ex situ XAS in total electron yield (TEY) and
total fluorescence yield (TFY) modes were also performed at the SIM beamline (SLS) at the Mn, Co and
Ni L-edges. Herein, the obtained results will be correlated with the electrochemical performance data in
order to establish the influence of each of the dopants on the LMO cathode material.
Acknowledgements: CNPq, CAPES and FAPESP (process 2018/16158-6 and process 2019/25700-1)
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Increasing the use of renewable energy sources with an eye on environmental issues cannot be
achieved without the use of electrochemical energy storage devices. Rechargeable Li-ion batteries
(LIBs) represent one of the most important breakthroughs of the last century in terms of electrochemical
devices. However, this brings to a constantly growing demand for lithium and cobalt with consequent
price increases and related concerns about ethical sourcing and long-term material availability. The
abundance, low cost of foreseen raw materials and their uniform distribution are the leading factors in
choosing new battery systems with lower economic and geopolitical impact. Sodium is the fourth most
abundant element in the Earth’s crust and, therefore, represents the most appealing alternative to lithium. Furthermore, Na-ion batteries (NIBs) are based on the same “rocking chair” electrochemistry as
LIBs, and can benefit from the great advances made in the LIB field in the last 30 years. This has
accelerated knowledge-development and will ease the transition to manufacturing.
In the vast plethora of anodes for Na-ion batteries, alloying anode materials promise high achievable
cell energy density values, but often lose capacity quickly when cycled and operate outside desirable
voltage ranges1. On the other hand, conversion-type electrodes generally show high capacity and operating voltages, but large voltage hysteresis between sodiation and desodiation arising from the poor
reversibility of the conversion reactions. The combination of alloying and conversion mechanisms in
anode materials represents a strategic way to obtain lower voltage values and reduced hysteresis.
BiVO4 is a promising conversion/alloying anode material that needs to be nano-sized (by a time-consuming ball milling process) to enable better accommodation of the strain associated with SIB cycling.
Furthermore, the amount of active material in the battery never exceeds 60/70%, due to the low conductivity of these compounds, restricting the gravimetric capacity. Herein, we propose innovative Bibased reduced graphene oxide (RGO) composite anode materials for Na-ion batteries. We have devised
one-pot ambient synthesis routes for an higher Bi:V ratio compound, Bi4V2O11/RGO, anodes never reported before in Na-ion batteries, avoiding the need for a controlled atmosphere2. The use of reduced
graphene oxide (RGO) as a component of the composite materials increases the conductivity of the
compound, allowing the use of high percentages of the active materials. Operando X-ray studies3 and
preliminary electrochemical studies in half-cells vs. Na metal show promising results. Over 120 stable
cycles at about 200 mAh·g-1 are reported in Figure 1, paving the way to a renewed interest in bismuthbased anodes for Na-ion batteries.

Figure 1: a) Specific capacity over long-term cycling at 100 mAh·g-1 and b) Galvanostatic Charge/Discharge curve (left panel) and differential curves, dQ/dV (right panel) of RGO/Bi4V2O11.
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Properties and function of next generation electrochemical energy storage are not only rooted in the
chemistry but at least as much in the structure all the way from atomic to sub-micrometer lengthscales.
This concerns specifically complex transformations such as the electrodeposition of insulating materials
in conversion-type lithium-air (Li-O2) or lithium-sulfur (Li-S) battery electrodes. Substantial performance
improvements, therefore, rely on a quantitative physico-chemical understanding at all relevant length
scales, which puts high demands on (operando) analytical techniques.
Here we present operando small and wide angle X-ray scattering (SAXS/WAXS) as a novel method to
study the nanoscale phase evolution of solid Li2O2 during charging and discharging a custom-built in
situ Li-O2 cell. For data analysis our recently developed method used for supercapacitors was adapted
1
and synergistically combined with modelling of Li2O2 nucleation and growth in a realistic 3D carbon
pore model. This allows visualizing the nanoscale product formation in real-time and distinguishing
between Li2O2 formed via disproportionation (solution mechanism) or a second, consecutive electron
reduction (surface mechanism). Contrary to what current knowledge predicts, we find that Li2O2 is
formed exclusively via solution mediated disproportionation of LiO2 across the whole range of organic
electrolytes and electrode potentials (backed up by hydrodynamic voltammetry and numerical
modelling). Results explain capacity limitations, ways to overcome them, and overturn parts of the
currently accepted reaction model in Li-O2 batteries2.
Apart from Li-O2 batteries, the potential of the method is demonstrated by showing the unexpected
reversible electrodeposition of solid reaction products in carbon nanopores (< 1 nm) during charging
and discharging a custom-built operando NaI-based hybrid supercapacitor cell3.
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Nickel-rich LiNixMnyCo1-x-yO2 (NMC) is one of the most promising cathode materials in Li-ion batteries
1

because of its high specific capacity, cycle life stability and low cobalt content . Indeed, the increase
2

of Ni content in this oxide provides an enhancement of its specific capacity . Still, several works have
3
evidenced that the higher the Ni content, the less stable the NMC towards electrochemical oxidation .
4

Furthermore, the storage conditions can also affect the structure and properties of the material , e.g.
5
surface modification of LiNi0.8Mn0.1Co0.1O2 (NMC811) particles exposed to ambient moisture . However, there is not much information regarding the mechanisms leading to the degradation of moistureexposed NMC811 electrodes or the comparison against electrodes processed with aged NMC811.
In this study, physicochemical and electrochemical properties of NMC811 powder materials and electrodes stored under different conditions are compared. Electrodes were prepared using both NMC811
stored under dry room conditions and exposed at ambient air for one year. To get the full picture, electrodes processed with fresh NMC811 were equally exposed to ambient air. Electrochemical performances were studied in full cell using graphite-based anodes. Morphology and composition of the
NMC samples, as well as the pristine and post-mortem electrodes were studied by means of XRD,
XPS and FE-SEM in order to elucidate the degradation mechanisms of NMC in contact with moisture.
Results show that electrochemical performance is highly impacted by exposure to moisture at the
electrode level. With ambient storage, a resistive layer is deposited onto the electrode surface that affects the cycle life and the power capability. Interestingly, the electrodes made of ambient-stored NMC
powder provided an improved performance when compared versus the moisture exposed NMC811
electrodes, meaning that the electrode processing removes the resistive layer generated on particles.
As expected, the dry-stored NMC811 powder still provides the best cycling performance.
Acknowledgment: This work has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 814389 (SPIDER project).
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The ever-increased demand in energy and consumable goods have led to a high necessity for sustainable catalysts[1,2] and innovative energy storage systems [3,4,5] with high energy densities, such as Li-ion
batteries (LiBs). To maximize the anodic charge storage capacity of LiBs, alloying-type anode materials
such as Sn and Sb have attracted considerable interest because of their high theoretical capacity of 992
and 660 mAh g−1 and a suitable lithiation/delithiation voltage window of 0.01–1.5 V vs. Li+/Li. Recent
advances in nanostructuring of the alloying-type anodes provide an effective way of mitigating the challenges of their volume expansion upon lithiation that severely hinder the cycling stability.[6] Besides, one
of the prevailing approaches toward stabilization of such electrodes is the embedding of Sn or Sb in the
form of nanoparticles (NPs) in a matrix. The matrix helps to buffer the volume changes, impart better
electronic connectivity, and prevent particle aggregation upon lithiation/delithiation. In this context, polymer‐derived ceramics, namely, silicon oxycarbide (SiOC), is an appealing candidate for stabilizing Sn
and Sb inclusions. This matrix features a high Li‐ion storage capacity ranging from 600 to 700 mAh g−1,
low volume expansion upon lithiation of about 7%, and high electronic conductivity. In this study, we
report a facile synthesis of Sn[7] and Sb[8] NPs embedded in a SiOC matrix via the pyrolysis of a crosslinked preceramic polymer. The NPs are formed in-situ via a carbothermal reduction during the pyrolysis.
We determined that a key element to obtain a homogeneous distribution of NPs in SiOC is the employment of precursors with compatible polarities, allowing for an intimate blending of the functionalized
polysiloxanes with the Sn or Sb precursors. This approach proved to be effective for buffering volume
changes while retaining practical energy densities and high rate capabilities. For instance, SiOC/Sn
nanocomposite exhibited a high rate capability, delivering a high capacity of 553 mAh g ‐1 at a current
density of 2232 mA g‐1 (≈ 6C for a graphite anode). Additionally, the electrochemical performance of
SiOC was assessed in full cell configuration using areal capacities of 1.3 mAh cm -2 being relevant for
high-power industrial applications. The mechanism of Sn lithiation in SiOC was evaluated by in-situ
powder X-ray diffraction.
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The ever-increased demand in energy and consumable goods have led to a high necessity for innovative
energy storage systems[1-4] with high energy densities. To achieve both, a high energy density and a
high power for fast-charging applications in electric vehicles, a simple reduction of mass contribution of
non-active battery components to the overall mass of the battery is not sufficient. Indeed, the rate-capability of high-mass-loading electrodes, remains a notoriously challenging issue, as a result of slow Liion diffusion within thick electrodes leading to severe cell polarization and a significant reduction of the
accessible capacity of the electrodes under fast-charge conditions. To circumvent the issues associated
with the diffusion-limited rate capability of thick electrodes, a novel electrode architecture with embedded, periodically structured micro channels has recently been proposed.[5,6] Periodically structured micro
channels lead to a reduced through-plane tortuosity which has an enormous impact on the diffusion of
Li in electrodes where the particles are not ideally spherically shaped, i.e. graphite. The method of choice
for the introduction of such channels is without doubt laser patterning, as it can be directly integrated
into the existing roll-to-roll manufacturing lines of electrodes. In similar works, a mistake is very often
made by failing to account for the resulting volumetric energy density after laser patterning, a highly
important parameter when talking about high energy applications. In this work, we show that the rate
capability of graphite electrodes with high areal capacity of 4.5 mAh cm -2 and a density of 1.79 g cm -3
(15% of porosity) can be considerably improved by laser patterning.[7] Resultant laser patterned graphite
electrodes deliver enhanced volumetric capacity as compared to that of non-patterned electrodes (450
vs. 396 mAh cm-3 at C/2 rate). We assess what conditions must be met for a successful implementation
of such a technique and calculate the total steady-state concentration drop within the graphite electrodes
after patterning.
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Monitoring and quantifying morphological and
structural changes in electrode materials under
operando conditions
Content
In this talk I want to highlight how small-angle x-ray scattering (SAXS) can be used in an elegant way to gain
reliable and quantifiable information on battery electrode bulk morphology under operando conditions. By
coupling the SAXS with simultaneous x-ray absorption spectroscopy (XAS) of the redox active element the
observed morphological changes can be directly linked to the state of the electrochemical reaction. Hence,
this approach allows one to closely follow the electronic and local structure evolution, as well as monitor
and quantify the morphological and nanostructural changes occurring during electrochemical cycling. In my
presentation I will demonstrate its potential on the example of doped and non-doped Fe2 O3 anode material
vs. Li. Our results reveal that upon discharge Fe3+ is gradually reduced to the metallic state and segregated
as nanoparticles. For the relithiation reaction, upon subsequent charge, we observe improved reversibility
for the Sr-doped compared to non-doped and Ca-doped Fe2 O3 . We accentuate that this combined technique
approach is a reliable, facile and powerful tool to investigate electrode materials under realistic cycling condition. It provides an unbiased and holistic picture of the morphological and structural changes occurring
during operation, which foster our understanding and allow for adequate material tailoring.

Figure 1: Simultaneous acquisition of SAXS and XAS under operando conditions to elucidate morphological, electronic and local structural evolution
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Polymer-Inorganic Nanocomposite Coating with
High Ionic Conductivity and Transference Number
for Stable Lithium Metal Anodes
Content
Lithium metal is considered the “holy grail” for battery anodes. However, non-uniform lithium plating and
stripping has hindered the commercialization of lithium metal batteries at scale. During cycling, the solid
electrolyte interphase (SEI) formed on lithium metal tends to break continuously, exposing unreacted lithium
metal to the electrolyte. This results in further SEI formation during plating, but also the formation of electrically isolated ‘dead’ lithium during stripping. Both mechanisms lead to rapid capacity fading and cell failure.
Here, we report a nanocomposite coating for the lithium metal protection, which consists of nano-sized
LiF particles embedded into a PEO polymer matrix.[1] The composite offers a large LiF/PEO interface area
throughout the coating, promoting exceptionally high ionic conductivity of 0.97 mS/cm and high lithium-ion
transference number of 0.77 at room temperature in contact with a carbonate-based liquid electrolyte. Both
properties are key to realize uniform lithium plating and stripping and prevent lithium dendrite formation.
Lithium metal electrodes coated with this protective coating enable stable lithium plating and stripping at 1
mA/cmˆ2 for over 1000 h. A full cell with the coated lithium metal anode and a NMC622 cathode with an areal
capacity of 1 mAh/cmˆ2 shows much improved specific capacity and cycling stability. The cell exhibits a high
initial capacity of 135 mAh/g and a capacity retention of 83% after 500 cycles at 1 mA/cmˆ2. Even at a high
current density of 3 mA/cmˆ2, the full cell shows an initial capacity of 125 mAh/g and a capacity retention of
74% after 300 cycles.
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Electrochemical noise measurements are known in the corrosion literature and are frequently used in
the detection of corrosion in the material where the noise that is to be measured is appreciable in
amplitude. The noise data obtained from electrochemical noise measurement play an important role in
distinguishing the type of corrosion that is beginning to occur. In one of the our studies we started to
investigate the electrochemical noise of new generation Li batteries to ultimately use electrochemical
noise as a non-invasive tool to diagnose the battery health and our group has shown that nonrechargeable batteries with Li / MnO2 chemistry shows increase in voltage noises after being exposed
to a short circuit. 1 In another study, it was aimed to investigate the causes of electrochemical noise that
increased after short circuit in batteries. For this reason, the batteries were opened in an inert
atmosphere and every material inside the battery (anode, cathode, separator and current collector) was
examined with the necessary characterization methods. As a result of this research, which was inspired
by the corrosion literature, it was observed that the pure lithium metal on the anode surface of the
batteries exposed to the short circuit decreased inhomogeneously.2 After it was determined that the
electrochemical noise increase was due to the deformation occurring in the lithium anode, we decided
to proceed with the investigation of the lithium anode. The main reason why pure lithium metal is not
used in the anode of rechargeable lithium batteries is the formation of dendrite-like formations on the
lithium surface during charge and discharge processes, making the use of the battery dangerous.
Therefore, it is important to examine the formations that can be detected by electrochemical noise on
the surface of pure lithium during charging and discharging. Some preliminary studies show that noise
level increase drastically after it is charging and discharged. (Figure 1) Just like noise measurements
on non-rechargeable batteries with lithium chemistry exposed to short circuits, it is worthy to study on
noise measurements during charging and discharging cycles in lithium batteries that are prone to form
dendrite. Some other preliminary noise measurements on Lithium anode indicated that noise levels
increase after charge and discharge cycles. (Figure 2) In this presentation, we will first explain the
details regarding electrochemical noise measurements and continue to investigate the origin of increase
in noise levels in Lithium anode. We will present optical and electron microscopy to correlate the noisy
features in noise measurements with mossy and dendritic structures that forms during the charge and
discharge processes.

Figure 1 The noise measurement of
discharged CR2032 (black) and the noise
measurement of CR2032 after charged
(red)

Figure 2 The noise measurement of
pristine Li anode of CR2032 (black) and the
noise measurement of Li anode of CR2032
after charged (red), and discharged (blue)
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Recently, ab-initio molecular dynamics (AIMD) simulations [1] predicted the room-temperature ionic conductivity of Li10GeP2O12 (LGPO) to be in the range of one of the most conductive solid-state electrolytes,
Li10GeP 2S12 (LGPS, σRT = 1.2×10-2 S/cm, Ea = 0.25 eV [2,3]), if in the same P42/nmc tetragonal phase
(α-t-LGPO). Though not being reported in the experimental literature so far, α-t-LGPO possesses the
same density and stoichiometry of the LISICON solid solution (x= 0.33) Li 3+xGexP1-xO4 (Pnma orthorhombic, α-o-LGPO), that shows only moderate ionic conductivity (σ RT = 1.2×10-6 S/cm, Ea = 0.54 eV
[4]).
Aim of this work is shedding light on possible entropy-driven phase transitions from the existing α-oLGPO to the hypothetical (tetragonal and more conductive) α-t-LGPO. We use variable-cell (NPT) CarParrinello molecular dynamics, as implemented in the cp.x package of the QUANTUM ESPRESSO
distribution [5], at temperatures ranging between 600 K and 1200 K. Simulations are conducted starting
from both α-o-LGPO and α-t-LGPO structures. We show that, at T1100 K, both α-o-LGPO and α-tLGPO transform into a quasi-tetragonal new phase (β-t-LGPO, resembling the orthorhombic CmCm
phase of Li4GeO4), that we predict from DFT cell-relaxation to be the lowest-energy phase of LGPO.
Interestingly, the same structure is formed from α-o-LGPO and α-t-LGPO also at x= 0.67 in Li3+xGexP1xO4. Experimental work is being conducted to investigate the formation of β-t-LGPO, and the possible
competing processes that could dominate over α-o-LGPO phase transformations at high temperatures.

Figure 1: a) α-o-LGPO lattice parameters in 1100K-NPT AIMD, showing the transition from α-o-LGPO
to β-t-LGPO. b) Top view (left) and energetics of the α-o-LGPO, α-t-LGPO and β-t-LGPO phases, at
600 K from variable cell AIMD (center) and at 0 K from DFT variable-cell relaxation (right).
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Optimized carbon-coated Na3V2(PO4)2F3 showed exceptional rate and electrochemical
cycling capabilities, more than 4000 times at 1 C rate, as demonstrated by performance of the
first hard carbon//Na3V2(PO4)2F3 18650 prototypes of 75 Wh kg−1 prepared by our partner
CEA.1 These attractive results, among others, participate to a renewed interest in the field of
Na-ion batteries considering vanadium fluorophosphates at the positive electrode.
The optimization of their electrochemical performance requires the control of the carbon
coating,1 and the careful tuning of the oxygen and thus vanadyl-type defects’ concentration
through a deep understanding and control of the reaction synthesis. Indeed, the competition
between the ionic V3+−F bond and the covalent V4+=O bond has a major effect on the structure
of the pristine materials, and then on the phase diagram and redox mechanisms involved upon
their cycling in batteries.2 For instance, the substitution of oxygen for fluorine leads to the oxidation of V3+ into V4+ and to the formation of highly covalent vanadyl-type bonds, {V=O}2+,
which induces a progressive decrease in their operating voltage (Figure 1). In this presentation,
the influence of the anionic and cationic substitution will be illustrated for series of phases
Na3V2-xMx(PO4)2F3-yOy (M= transition metal) combining mainly Synchrotron X-ray diffraction,
electrochemistry and spectroscopic studies.
Figure 1. (Left) Comparison of the electrochemical
charge/discharge curves obtained for the carbon-coated
Na3V2(PO4)2F3, Na3V2(PO4)2F2O, Na3V2(PO4)2F1.5O1.5 and
Na3(VO)2(PO4)2F in half sodium cells at the cycling rate
of C/10 per Na- ion; (Right) The first derivatives of the
corresponding electrochemical curves.
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High temperature thermal annealing for the crystallization of cathode films in thin-film solid-state
batteries (TF-SSBs) restricts the choice of current collector and causes lithium loss in the cathode.
This study explores photonic-based alternatives for the cathode crystallization, and specifically flashlamp annealing (FLA), ultra-violet excimer laser irradiation (UV-laser), and infrared laser (IR)
annealing. These three methods are systematically investigated and compared to the reference
thermal annealing in terms of processing time, crystallinity, and electrochemical performance of two
model thin-film cathodes: LiMn2O4 (LMO) and LiCoO2 (LCO).

Figure 1: a) schematic of the flash lamp annealing (FLA) system, b) SEM cross-section image of a
flexible TF-SSB on Al foil with an FLA-processed LCO cathode film.
FLA can crystallize LMO cathode films in less than 6 minutes compared to the reference thermal
processing time of 60 minutes at 600 °C. The performance of the FLA-processed LMO cathodes
(crystallinity, capacity, Li diffusion coefficient) is comparable to that of the thermal reference. LCO
cathodes with thicknesses up to 3 µm could be crystallized by FLA.
To demonstrate the fast crystallization on temperature-sensitive substrates, we applied FLA to LCO
cathode films on aluminum foils. Flexible thin-film batteries consisting of an LCO cathode, lithium
phosphorous oxynitride (LiPON) electrolyte, and Li metal anode were fabricated and exhibited an
energy density and power density up to 800 µWh cm-2 and 7000 µW cm-2, respectively. Such
performance is comparable to state-of-the-art thermally-annealed TF-SSBs on rigid substrates.
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Cation-disordered Li-excess cathodes with oxygen redox reactions are promising candidates for
high-energy-density Li ion batteries. Nevertheless, the oxygen redox process that is required for
the high capacity often comes with the oxygen loss, which leads to severe capacity degradation
and voltage decay. In this work, we have successfully synthesized a series of Li-excess cationdisordered cathodes (Li1.2Mn0.4+xTi0.4-xO2-xFx) (0 ≤ x ≤ 0.2) with different fluorine (F) contents. The
electrochemical performance results show that the Li1.2Mn0.55Ti0.25O1.85F0.15 (LMTOF0.15) exhibits
the highest reversible capacity (275 mAh g-1, under 30 mA g-1), cyclability, and voltage retentions.
The mapping of resonant inelastic X-ray scattering (mRIXS) and differential electrochemical mass
spectroscopy (DEMS) results reveal that the fluorination enhances the reversible lattice oxygen
redox reaction while suppressing irreversible gas release and surface reactions. The X-ray Absorption Spectroscopy (XAS) during the initial two cycles shows that F-substitution alleviates the reduction of the Mn valence state during the whole (dis)charge processes in the bulk and at the surface
of the material, results in higher average discharge voltage. In addition, the introduction of F improves the structural stability and suppresses local lattice distortion of the material. Therefore,
LMTOF0.15 is able to cycle with smaller polarization, less interfacial side reaction and Mn dissolution, and therefore results in enhanced cyclability.
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Figure 1: a) The first cycle voltage profiles of the LMTO, LMTOF0.05, LMTOF0.1, LMTOF0.15 and
LMTOF0.2 between 1.5 and 4.8 V under current density of 30 mA g-1 at room temperature. b) The O Kedge mRIXS images of LMTO and LMTOF0.15 electrodes at representative electrochemical states. The
red arrows indicate the oxygen oxidation state that is clearer in LMTOF0.15 than LMTO. c) Oxidation
state evolution of Mn in the bulk for LMTO and LMTOF0.15 in the 1st cycle and 2nd charge at 30 mA g-1
by hXAS.
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Graphite intercalation compounds using various anions as the inserted species have recently become
the subject of study within the field of dual-ion batteries (DIBs). DIBs are electrochemical storage devices
that operate by utilizing both the anion and cation in the electrolyte. Upon charge, the anion intercalates
in the positive graphite electrode and the cation is inserted in the negative electrode. The discharge
process corresponds to the release and recombination of both charge carriers in the electrolyte.1 The
DIB technology exhibits many attractive features, herein including its environmental friendliness, low
cost, increased safety and competitive energy density compared to other battery concepts. The main
challenge hampering the performance of DIBs is related to irreversibility on the cathode side, as the
exceptionally high operating potentials required for anion intercalation (> 4.5 V vs Li+/Li0) frequently lead
to the degradation of the electrolyte and current collector. Hence, careful electrolyte design and interface
engineering is essential in order for progress to be made.2
In this work, we explore the cathode-electrolyte interface formed on the positive graphite electrode
in DIBs, cycled in highly concentrated electrolytes (HCEs) based on typical lithium salts (LiPF6, LiFSI
and LiTFSI) and an EC-DEC solvent mixture. In addition, an ionic liquid (IL) electrolyte (1 M LiFSI in
Pyr14FSI) is studied for comparison. Electrochemical characterizations suggest that the 4 M LiFSI and
4 M LiTFSI in EC:DEC HCEs perform better than the concentrated LiPF6-based electrolyte and the ionic
liquid, attaining specific discharge capacities between 80-100 mAh g-1 and a Coulombic efficiency higher
than 90 %. Cycling in LiPF6-based electrolytes resulted in Coulombic efficiencies below 70% and specific capacities of approximately 60 mAh g-1. X-ray photoelectron spectroscopy (XPS) and electron microscopy reveal that the LiPF6 based electrolytes perform poorly due to continuous electrolyte degradation and accumulation of decomposition products at the cathode-electrolyte interface. On the contrary,
the LiFSI and LiTFSI HCEs and IL do not form any significant surface film, indicating that the good
electrochemical performance is not based on interface passivation, but rather stabilization due to the
high salt concentration. Finally, preliminary results on promising surface-film forming additives are also
highlighted as a part of this study.
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The integration of highly crystalline (lithium-based) oxide thin films on silicon substrates is essential in
order to fabricate high performance solid-state devices, especially for microbattery and memristor applications.1 However, growing epitaxial oxide films directly on silicon requires high deposition temperatures
(≥600°C) and often high oxygen partial pressures, which leads to undesirable species (e.g. SiO2 and
silicates) that compromise the crystal quality of the oxide.
To overcome this, a thin (2-3 nm) γ-Al2O3 film grown by MBE on highly doped Si(111) substrate acts as
an efficient passivation layer due to its stability up to 900°C and 10-5 Torr oxygen pressures.2 A technological relevant and well-known oxide, Li4Ti5O12 (LTO), was chosen for subsequent growth by pulsed
laser deposition due to its favorable properties (zero strain insertion/extraction material) and potential
use for both energy and memory-based storage. XPS as well as in- and out-of-plane XRD measurements confirmed the sharp heterostructure interface and the high growth quality of the polycrystalline
LTO(111) films, respectively. Additional evidence is provided by TEM images, where the intergranular
LTO structure can be observed. The lithium intercalation characteristics of different LTO thicknesses
were studied by galvanostatic cycling over a wide range of (dis)charge rates including long-term tests
against lithium metal in a conventional liquid electrolyte. Impressive high-rate performance up to 1,000C
(with nearly half the theoretical capacity of LTO at 3 mA/cm2) was achieved for LTO/γ-Al2O3/dopedSi(111) stacks with a thinner (50 nm) LTO layer. Additionally, long-term galvanostatic cycling showed
no capacity fading up to 1,000 cycles at a 3C rate. This study offers a commercially viable route to grow
high quality oxide films onto silicon substrates and potentially improve the performance of solid-state
storage devices.
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Dendrite formation limits the cycle life of lithium and sodium metal anodes and remains a major
challenge for their integration into next-generation batteries, even when replacing the liquid electrolyte by a solid electrolyte. Recent studies have pointed out that lithium and sodium metal creep
rather than lithium and sodium diffusion is the primary mechanism for replenishing the voids forming
in solid metal anodes at the interface to a solid electrolyte upon stripping. Void formation upon stripping causes current constrictions upon plating, promoting dendrite formation. Here we investigate
plating and stripping of liquid sodium metal from a ceramic Na-β"-alumina electrolyte at 250 °C,
thereby eliminating mass transport limitations due to creep. Employing a porous carbon electrode
coating to (1) prevent dewetting of plated liquid sodium from and (2) to supply liquid sodium upon
stripping to the sodiophobic Na-β"-alumina surface, we demonstrate extremely high current densities above 1000 mA/cm2 and cumulative plated capacities of 10 Ah/cm2 without dendrite formation
[1]. These values are two orders of magnitude larger than the corresponding values measured at
room temperature [2]. We further show that liquid sodium occupies 60% of the porosity of the carbon
coating, while excess sodium accumulates on top of the coating. Increasing the thickness of the
carbon coating from 50 μm to 200 μm does not affect the Coulombic efficiency, but reduces the
constant current rate capability due to the increased flow resistance for liquid sodium in the porous
coating. Our results confirm that eliminating void formation is effective in suppressing dendrite formation.
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All-solid-state batteries (ASSB) are receiving increasing attention due to their non-flammable solid
components and promising electrochemical performance compared to conventional batteries using
liquid electrolytes. Among the available solid electrolytes, sulfide-based materials such as Li2S-P2S5
(LPS) have shown interesting properties, including high ionic conductivity and ease of processing.
Nevertheless, electrode/electrolyte interfacial issues associated with solid electrolyte electrochemical
and chemical stability1 need to be addressed as they limit the performance of the sulfide ASSB.
In this study, we elucidate the interface reactivity between NCM111 active material and LPS solid
electrolytes by employing the recently developed electrochemical cell dedicated for operando X-ray
photoelectron spectroscopy (XPS)2 and X-ray absorption spectroscopy (XAS). By combining
measurements with tender and soft X-rays, we are able to follow the electrochemical decomposition of
LPS by probing the S and P K-edges spectra, while monitoring the chemical reaction at the surface of
the active material by probing the L-edges of Ni, Co and Mn. Our results in Figure 1A show that LPS is
oxidized during the 1st charge as the ratio between bridging and terminal S atoms is increasing.
Besides, in Figure 1B, by probing the Co L-edge, we identify a new feature associated with Co in a
more reduced state Co2+, which evidences the chemical reaction of NCM111 with LPS. Our approach
paves the way to verifying the benefits of passivating the surface of the active material and/or of
testing new solid electrolytes with higher electrochemical stability, aspects that are of utmost
importance to ensuring long cycle life and high-energy density.

Fig.1 (A) S K-edge and (B) Co L-edge XAS spectra acquired on the NMC111:LPS working electrode at
the pristine state and after the 1st charge.
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The separator’s structure has a primary impact on the mitigation of the thermal runaway risk of Li-ion
batteries. As a fundamental component of the cell, the main function of the separator is to prevent
physical contact between the electrodes while allowing for sufficient ionic conductivity. These porous
membranes are normally made of polyethylene (PE) or polypropylene (PP), whose melting point is
140°C and 170°C, respectively. When a battery is submitted to abuse conditions such as overcharging,
overdischarging or mechanical damage, it might reach said temperature at which the separator shrinks
and is no longer capable of maintaining the electrodes apart. The battery is thus short-circuited, and the
thermal runaway is unavoidable.
High-performance separators are being investigated to suppress thermal shrinkage after their melting
point. Strategies include the use of polymers with higher thermal integrity, but these cost considerably
more that PP and PE and have therefore not been adopted by the industry yet. In this work we show
the total suppression of thermal shrinkage of a PE membrane with atomic layer deposition (ALD) of AlOx
(Fig. 1a). Total suppression of thermal shrinkage without hindering the battery performance by the use
of ALD has not been previously reported1,2. The main challenge is achieving optimal deposition
conditions in order to yield a conformal coating that has minimum thickness and does not hinder the
transport of lithium ions through the separator. In this study, a plasma treatment of the separator and
the deposition process have been optimized to yield an ultra-thin AlOx coating that after 100 cycles of
ALD is capable of preventing dimensional failure at T>160°C for commercial PE membranes. The
coating thickness is estimated to be less than 10 nm and as Figure 1b) shows, the ionic conductivity of
the separator is not hindered, suggesting that pores are not significantly obstructed by the AlOx shell.
The suppression of thermal shrinkage for different types of separators by the use of an optimized ALD
process will be shown and discussed.

Figure 1: a) thermal shrinkage of 16 µm thick PE separator increases up to 80% after 150°C, while
coated membranes have reduced thermal shrinkage with increasing number of ALD cycles, b) ionic
conductivity of coated membranes compared to the bare PE separator, calculated from EIS
measurements performed on a CR2025 cell with stainless steel electrodes.
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Sodium-ion (Na-ion) batteries attract great interest because of wide range of their potential applications
and sodium abundance. In order to make Na-ion batteries competitive to Li-ion batteries, the research
of Na-ion batteries should be focused on the development of new electrode materials offering specific
charges, voltages, and cycle life time comparable to or higher than those of state-of-the-art Li-ion batteries.1 One promising approach to achieve this goal is the substitution of one of the transition metals
by lithium.
The aim of this work was to substitute in the cathode material P2−Na0.67Mn0.6Fe0.25Al0.15O2 (which was
demonstrated to possess high specific charge and good cycling stability2) the aluminium with lithium,
which was expected to improve the electrochemical performance due to the stabilizing effect of lithium.
A detailed electrochemical and structural investigation of Na0.67Mn0.6Fe0.25Al0.15-zLizO2 (z = 0; 0.075 and
0.15) is presented with the use of galvanostatic cycling and operando XRD measurements.

Figure 1: a) Rate tests of Na|Na+|NaxMn0.6Fe.025Li0.15O2 and Na|Na+|NaxMn0.6Fe.025Al0.15O2,
b) charge and discharge curves of first two cycles of Na|Na+|NaxMn0.6Fe.025Li0.15O2 operando cell,
along with structural evolution of NaxMn0.6Fe.025Li0.15O2.
Two new P2-type sodium layered oxides were successfully synthesized by partly and completely substituting aluminium in P2 - Na0.67Mn0.6Fe0.25Al0.15O2 by lithium. The electrochemical performance showed
better initial specific charge values for lithium containing materials during rate testing if 1 M NaPF6 in PC
is used as the electrolyte.
In the case of P2 - NaxMn0.6Fe.025Li0.15O2, the observed charge values are further improved with
1 M NaPF6 in EC/DEC as the electrolyte for all tested rates, and the capacity during long-term cycling
is expected to exceed that of P2- Na0.67Mn0.6Fe0.25Al0.15O2.
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The reduction of capacity fading is one of the challenges addressed in current lithium ion battery (LIB)
research. Active lithium loss is one effect that is correlated with this capacity fading and is examined
by different research groups.1 One approach to compensate the lithium loss in the first cycles caused
by the formation of the solid electrolyte interphase on the negative electrode, is the addition of supplementary lithium to the cell prior to cell assembly.1 Different techniques for this so called pre-lithiation
are known in literature, e.g. electrochemical or direct contact pre-lithiation of the negative electrodes.1
In order to improve the lifetime of the cell, the pre-lithiation technique has to create a homogeneous
lithium distribution throughout the electrode. Otherwise, occurring lithium gradients could result in
lower capacity and electrode potentials, facilitating lithium plating.2 Furthermore, lithium ion gradients
promote structural stress in electrode particles, causing particle cracking.2 Although, these influences
of lithium ion gradients are known to influence the performance of LIBs, surface and depth characterizations of pre-lithiated electrodes are rarely described in literature.2
In order to evaluate the homogeneity of the lithium distribution in pre-lithiated negative electrodes, two
element selective analytical methods were used, namely glow discharge-sector field-mass spectrometry (GD-SF-MS) and laser ablation-inductively coupled plasma-optical emission spectroscopy (LA-ICPOES). In comparison to surface sensitive techniques like X-ray photoelectron spectroscopy (XPS) or
scanning electron microscope-energy dispersive X-ray analysis (SEM-EDX), GD-SF-MS offers the
possibility of a fast depth-profiling and semi-quantitative measurements without standards. Complementary, LA-ICP-OES analysis offers the possibility to evaluate the lateral distribution of various elements. In this work, two different pre-lithiation techniques for graphitic electrodes (direct contact and
electrochemical pre-lithiation) were compared regarding lateral and in-depth distribution of lithium.
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Designing Lithium-Ion-Batteries is a complex process with many parameters. To speed up the design
process, it is vital to use simulation tools alongside real-life experiments. Several simulation models for
Lithium-Ion-Batteries exist, ranging from very simple analytical to highly complex physical models. For
determining the electrochemical specifications of a new battery, the use of a physical model is necessary.
The standard physical model for Lithium-Ion-Batteries is the pseudo-2-dimensional-model (P2Dmodel) from Doyle, Fuller and Newman (thus sometimes also called DFN-model) developed in the
1990s1. This model accurately describes the electrochemical processes inside the battery. The disadvantage of this model is the complexity, which can lead to long simulation times. Today however, with
vastly more computational performance and better numerical algorithms than in the 1990s, this model
can be usable in a lot of cases. At the moment there are several software packages available for simulating this model, both commercial and free.
Because of the strong theoretical background of the P2D-model it is used often in the research field.
Today there is no widely accepted standard implementation of the model. As a result, many researchers make an own implementation of the model for their publication. This is unnecessary effort and
prone to errors. Ideally there would be a free and modular implementation of the P2D-model, that can
be adapted for specific use cases.
In this contribution the software LiFE (Lithium-Ion Finite Element) is introduced. LiFE is based on the
free finite element software package FEniCS. LiFE solves the full P2D-model including thermal effects
and is easy adaptable because of the simple syntax of FEniCS.

Figure 1: Simulated cell voltage and mean temperature during discharging with different C-rates
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In the transition from conventional to all-solid ion-batteries, the initial main effort is usually focused on
the ionic conductivity optimization of the solid electrolyte (SE) that can efficiently replace the liquid counterpart. Secondly SE must be also thermally and electrochemically stable. However also mechanical
aspect plays a crucial role in the overall cell performance. Dendrite penetration and critical current density can be addressed to the electrolyte mechanical properties as a function of the cell stack pressure,
as recently discussed for Li-ion conductors.1–3
Closo-hydroborates represent a novel class of compounds that, when mixed in a binary anion solid
solution, form a well performing series of Na-based solid electrolyte.4
However, because of their early ages in the battery community, they lack in the mechanical characterization, and only one preliminary result, reported by Duchêne5 showed a clear improvement of a 3-V cell
performance with an increased stack pressure.
Analyzing the SE Na4(CB11H12)2(B12H12), here I present its tendency to limit the dendrite propagation
depending on the hydroborate chemical composition (Figure 1), and how this aspect is beneficial for
long-term cycling. The evolution of the ionic conductivity and critical current density as a function of the
cell stack pressure will also be discussed.

Figure 1 Ionic conductivity, measured with blocking electrodes (grey squares) and non-blocking electrodes (grey
triangles), and area specific resistance (red circles) as function of the cell stack pressure.
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Aqueous rechargeable Zinc-metal batteries (AZMBs) have received great attention owing to their intrinsic safety, low cost, easy handling, and environmental friendliness. The advancement of AZMB technology beyond the lab-scale largely depends on the development of cost-effective cathode materials with
high Zn2+ storage capacity and high stability during the cell operation. However, the charge storage
performance of the AZMB cathode is often challenged by the strong electrostatic interaction between
the divalent Zn2+ and the host material's crystal structure. Nevertheless, the large hydrated radius of
Zn2+ brings additional hurdles toward the back and forth movement of Zn2+ into the cathode during the
reversible cycling of AZMBs.1 In this work, we have adopted a facile and scalable approach for synthesizing interlayer expanded hydrated vanadium oxide (represented as V2O5-W, where 'W' stands for the
lattice water) as the cathode for AZMB using sodium dodecyl sulfate anionic surfactant. Apart from
generating porous architecture, the rationally selected anionic surfactant partially reduces the V5+ oxidation state to V4+, which helps in improving the charge transfer resistance of the sample. The lattice
water molecules present in the interlayer space of V2O5-W result in large interlayer spacing of 11.2 Ao
and partially shield the high charge density of Zn2+, thereby allowing fast insertion/extraction of Zn2+ with
a specific discharge capacity of ~330 mAh g-1. Furthermore, the present work reveals that the pre-insertion of Mn2+ between the layers of VO6 octahedron in V2O5-W (Mn-V2O5-W) expands the interlayer spacing to 13.3 Ao and increases V+4 to V+5 ratio in the sample. Such structural modulation helps reduce the
electrostatic interaction of Mn-V2O5-W cathode toward Zn2+ insertion and maintains the structural integrity during prolonged charge/discharge cycles. The synthesis method's scalability is demonstrated by
fabricating a quasi-solid-state AZMB pouch cell with a 5.3 cm2 area using Mn-V2O5-W cathode and
PVA/Zn(CF3SO3)2 gel electrolyte showing appreciable electrochemical performance.2 Ultimately, the
low-temperature and green synthesis protocol for Mn-V2O5-W can be adopted for tuning the physicochemical of other hydrated vanadium oxides pre-inserted with the different metal or non-metal cations.

Figure 1: a) X-ray diffraction patterns of V2O5-W and Mn-V2O5-W samples; b) cycling stability of AZMB
pouch cell fabricated with Mn-V2O5-W cathode, metallic Zn anode, and PVA/Zn(CF3SO3)2 gel electrolyte.
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Magnesium batteries attracted great interest as post lithium technology due to its large theoretical volumetric capacity (3833mAh/cm3), natural abundance (~2.7%), low material cost (~$2/Kg) and dendrite
free redox reactions1. However, practical energy/ power densities and cycle life of Mg-batteries are limited due to the sluggish ion diffusion kinetics caused by the electrostatic interference between Mg2+ ions
and cathode charge cloud2. Mg-Na hybrid batteries are a promising adaptation to mitigate these drawbacks of conventional Mg batteries 3. However, the realization of dual ion compatible high-performance
cathodes is the practical hurdles of this hybrid battery system.
Herein, we present for the first time, hierarchical bronze TiO2 nanosheets as a feasible Mg-Na hybrid
battery cathode. The long-lasting, fast-charging Mg-Na hybrid battery in this case also consist of a metallic Mg-anode and 0.2M Mg(BH4)2 + 2M Na(BH4) / Diglyme electrolyte.
Hierarchical bronze TiO2 nanosheet cathode composed of numerous nanocrystallites exhibited excellent specific capacities (200 mAh/g @ 25 mA/g) and rate performance (140 mAh/g @ 1A/g) outperforming all the existing oxide type cathode materials. Ion storage mechanism in this case followed an intercalation type pseudocapacitance (up to 94%) pathway.
Mg-Na hybrid battery demonstrated outstanding cycling stability (~76% capacity retention after 6000
cycles @ 1A/g current density) and ~100% coulombic efficiency. Hybrid battery presented herein is also
capable of full charging in ~9 minutes.
Exceptional electrochemical performance of bronze TiO2 nanosheet cathode is credited to the pseudocapacitive type Mg/Na ion intercalation through interfaces between bronze nanocrystallites. Two-dimensional morphology, mesoporosity, high surface area and ultrathin nature of the TiO2 sheets are also
contributed as secondary factors. The demonstrated methodology of nanointerfaces driven pseudocapacitance can be further extended for the development of numerous high performing electrodes for
next-generation Mg-Na hybrid batteries.
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The successful implementation of a water-based electrode manufacturing process for the cathode
electrode can pave the way to cost-reduced and sustainable electrode production.1 However, the implementation of this process for Ni-rich layered oxide cathode materials remains challenging due to
harmful effects of water contact. Herein, different layered oxide cathode materials were evaluated in
terms of metal leaching and time-dependent pH evolution in water to identify correlations between water-sensitivity and cathode material composition.2 The results demonstrate that mainly nickel-driven
processes lead to lithium leaching. For LiNi0.8Co0.15Al0.05O2 (NCA), an additional aluminum-involving
degradation mechanism is likely. Further studies with NCA reveal that water exposure results in the
continuous formation of detrimental surface species.3 These water-induced species are mainly adsorbed CO2, nickel carbonate and NiOOH-like species and lead to a severe deterioration of the cells
due to their resistive nature and involvement in side reactions during cycling. To combat these issues
NCA particles are coated with lithium phosphate and the subsequent protection of the NCA core
during aqueous processing is investigated.4 The results demonstrate that in terms of the coating
amount, a compromise has to be made between sufficient protection against water and a low charge
transfer resistance. This coating approach can remarkably improve the performance of cells containing
aqueous-processed NCA electrodes. Full cells with a graphite anode and water-processed cathode
electrodes with an optimized coating amount demonstrate long-term 1C cycling performance with a
capacity retention of 80.0% reached only after 737 cycles.
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To keep pace with the ever-increasing demands for high energy density, low cost, and long cycle life of
rechargeable batteries, advanced battery designs are needed. The greatest improvement over conventional batteries is expected to come from the use of metallic lithium as an anode. However, non-uniform
electroplating of lithium metal results in the formation of dendrites, which greatly shortens battery life.
Researchers from Samsung have recently shown that introducing an amorphous interlayer of Ag-C
composite leads to a long term stability without dendrite formation.1 However, the reason why the interlayer shows this advantageous behaviour is not understood. We deposit amorphous carbon interlayers
with different properties between anode and solid-state electrolyte by direct current and high power
impulse magnetron sputtering. We show the influence of the microstructure and conductivity of the carbon interlayer on lithium plating through lithium phosphorus oxynitride. We find that both the overpotential for lithium plating and the initial lithium loss due to interphase formation strongly depend on the
carbon deposition temperature. Finally, we show how the carbon interlayer improves the performance
during cycling of a thin-film solid-state battery. Our results shed light on the key factors that enable
homogeneous lithium plating and thus the use of lithium metal in solid-state batteries.
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Seeking better performing solid-state electrolytes for post-Li batteries, complex hydride-based
compounds have recently drawn attention thanks to their chemical robustness and good thermal
stability, but also superior oxidative stability and lower density with respect to oxides and sulphides.12
Interestingly, such class of materials displays order-disorder phase transitions that dramatically
increases the ionic conductivity, achieving superionic regime (σ > 1 mS cm-1).3 However, such
rearrangement generally occurs far from room temperature (rt), thus limiting practical applications.
Therefore, increasing the disorder in the structure to lower the phase transition towards rt is the key for
further development. Recently, electrochemical studies on a wide series of binary anion mixtures based
on closo- and carbacloso-hydroborates pointed out that their oxidative stability is limited by the
decomposition voltage of the less stable anion.4 Moreover, CB11H12- resulted as the most robust
compound of the pool. However, its use as stand-alone material for SE has hampered by its poor rt
conductivity.5 On this basis, by means of high-energy ball milling, we obtained a strain-induced
NaCB11H12. Temperature-dependent electrochemical impedance spectroscopy (Figure 1) reveals a nonArrhenius behavior of the DC conductivity between – 50°C and 150 °C, suppressing the order/disorder
phase transition.

Figure 1 - Arrhenius plot of crystalline5 and amorphous NaCB11H12

The electrochemical characterization of the oxidative stability by means of slow-rate scan cyclic
voltammetry evidenced a wide voltage window up to 4.35 V vs. Na+/Na, in agreement with a recent
report.6 Such improvement opens the gate to the use of high-voltage positive electrodes, such as
Na3V2(PO4)2F3 (NVPF), thus achieving post-Li solid-state batteries with more competitive
electrochemical performance.
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Amongst different battery chemistries, appealing alternatives for Li-ions involve the use of multivalent
charge carrier ions (Mg2+, Ca2+, etc.). Magnesium (Mg) is especially interesting due to the abundance
of Mg raw materials, its low cost as compared to Li, high safety due to a lack of dendrite formation, nontoxicity, and stability. The high energy density conversion type cathode materials like sulfur are promising in combination with Mg due to high theoretical capacity (1,672 mAh g-1), as well as their abundance
and low cost. However, electrochemical performances of Mg/S cells face several issues in connection
with electrolytes and electrodes. Recently, we verified that the Mg metal anode/electrolyte interphase
has a higher contribution to the resistance of an Mg/S cell compared to the sulfur cathode, and this is
also correlated with the polysulfide dissolution from the sulfur cathode.1 Therefore, a thorough understanding of the interphase evolution and Mg ion dynamics at the Mg anode/electrolyte interphases in
the presence of sulfur detrimental species and different electrolyte additive species is important. The
electrolyte additives should protect the Mg metal anode from the detrimental species by introducing an
electrochemically stable and Mg ion conductive interphase between electrolyte and electrode.
In this work, we have investigated the electrochemical Mg2+ deposition/dissolution on Mg metal anode
in (i) a non-nucleophilic magnesium electrolyte (Mg[B(hfip)4]2/DME), (ii) Mg electrolytes with either polysulfide or iodine additives and (iii) Mg electrolyte both polysulfide and iodine added.2 The detailed electrochemical studies demonstrate that the sulfur species are leading to a large overpotential at the Mg
anode during the cycling. Furthermore, the spectroscopic (X-ray photoelectron spectroscopy with depth
profiling) and microscopic (FIB-SEM) characterizations reveal significant corrosion of the Mg metal electrode in the presence of polysulfide species and the formation of a highly resistive thicker interphase
layer, which increasingly blocks the Mg stripping/plating process. Later the large overpotential on Mg
anodes observed in the presence of sulfur species is considerably reduced upon the addition of iodine.
The formation of a MgI2 layer on the Mg anode helps (i) to reduce the detrimental side reactions of the
sulfur species on the Mg metal anode and (ii) to form an electrochemically stable and thinner Mg ion
conductive interphase between the Mg metal and fluorinated alkoxyborate magnesium electrolyte. From
DFT calculations, obtained lower vacancy/interstitial formation energies and a very low diffusion barrier
of interstitial Mg in MgI2 compared to other MgX (X=F2, S, O) phases, which supports the high mobility
of Mg in MgI2 phase contained in the electrolyte/electrode interphase. The present studies underline
that the proper choice of electrolyte additives can strongly modify and even determine the physicochemical properties of the solid electrolyte interphase and this way influence the performance on the Mg
anode side of an Mg/S cell.
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Energy storage is an essential component of any microelectronic system and its autonomy is key to the
device functioning, which is important for the upcoming Internet of things (IoT) based applications1.
However, engineering at such narrow dimensions is challenging, especially when there are simultaneous requirements for high energy and power density from limited surface area. Microsupercapacitors
can store and deliver high power with extended lifetimes but suffer from poor energy density. On contrary, microbatteries can provide large energy densities but with low power output and lifetime. In the
current work, we thus present porous metallic micro-architectures and their conformal coating with a
novel heteroatom doped RuOxNySz material through facile optimized electrodeposition2 process, which
can be used for both micrsupercapacitors as well as for microbatteries. The presence of heteroatoms
like N and S, in RuOx framework, not only affect the microstructure and surface area but also can be
beneficial in providing better access to active sites in supercapacitors and batteries. The microporous
structure with nanodendritic networks show the highest areal capacitance ever reported (14.3 F cm-2 at
an energy density of 5.2 J cm-2) and stable performance (>80% retention after 5000 cycles) as microsupercapacitor electrodes towards H+ storage (3 electrode configuration). Remarkable Li+ storage capability with high areal capacity (5 mAh cm-2) and rate characteristics (1.5 mAh cm-2 at 3C) is also
observed (in half-cells). To assess the performance of this electrode material in a microdevice, we also
created an all-solid-state microsupercapacitor in an interdigitated configuration integrated on a silicon
wafer, which also exhibited remarkable stability and performance characteristics. We firmly believe that
these exceptional results coupled with facile synthetic strategy (for heteroatom doped transitional metal
oxides) can thus offer inspiration for large-scale production of 3D porous electrodes for microbatteries
and microsupercapacitors.
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Figure 1. (a) SEM micrographs at different magnifications of the porous RuOxNySz electrodes (b) Galvanostatic charge discharge profile at 0.1 mA cm2 for porous electrode in half-cell configuration (c) a prototype micro
device
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Closo-hydroborates and carba-closo-hydroborates recently emerged as a promising, yet costly class of
solid electrolytes for all-solid-state batteries.1-7 Here, we introduce nido-hydroborates, MB11H14 (M = Li,
Na),6 with open cage-like structures as a building block for solid electrolytes. We synthesized and purified MB11H14 (M = Li, Na) starting from NaBH4 as a cost-effective chemical feedstock.8,9 Nuclear magnetic resonance combined with mass spectrometry techniques were used to analyze the structure of the
building blocks. High Li/Na ionic conductivity of up to > 1 mS/cm at 25 °C is achieved by combining nidowith closo/ carba-closo-hydroborates into cubic unit cells. Crystal structures are solved and refined using
X-ray powder diffraction and density functional theory. Linear sweep voltammetry reveals electrochemical stability of ~ 2.6 V vs Li+/Li or Na+/Na, respectively. Galvanostatic cycling in symmetrical cells with
lithium or sodium metal electrodes shows only a small overpotential increase after > 500 cycles at 50
μA/cm2. These results demonstrate that despite the thermodynamic instability of nido-hydroborates versus metallic anodes, stable interfaces are formed. The electrolytes were successfully employed in half
cells using a Li metal anode and TiS2 as cathode active material showing capacity retention of 88 %
after 100 cycles at C/5. Finally, we discuss routes to synthesize carba-closo-hydroborates from nidohydroborate precursors by closing the cage with a carbon atom, opening a way for the cost-efficient
synthesis of hydroborate-based solid-state electrolytes for Li/Na batteries.
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One of the biggest obstacles to the widespread adoption of fully electrified vehicles is the limited volumetric/gravimetric energy density of lithium-ion batteries to achieve driving ranges comparable to vehicles with internal combustion engines. Electrode thicknesses are being increased to enhance the energy
density of the battery cells. Furthermore, the space within the confinements of the cell housing is utilized
as much as possible. Today’s state-of-the-art (SoA) electrode materials exhibit volume change during
formation and cycling, e.g. up to ~10% for graphite and up to ~1% for NCM1111. This leads to a pressure
build up within the cells due to reversible and irreversible volume changes, especially of the anode
materials, during cycling. The optimized packing for SoA electrodes and the volume changes of the
electrodes result in increased electrochemical/mechanical interactions that leads to stress inside the
cells.
In this work, the interactions between (in)homogeneous mechanical pressure on the cell and volume
expansion are studied for SoA materials. The influence of the volume changes, primarily of the anode,
on the electrochemical processes occurring in the cell is investigated using a dilation sensitive test setup2 based on the system reported by Sauerteig et al.1, but with the addition of a reference electrode
which allows the anode and cathode potentials to be distinguished.
During initial investigations of graphite vs. NMC 111, an irreversible thickness change of 8% occurs in
the first cycle (see Figure 1) due to formation of the solid electrolyte interphase (SEI), particle rearrangement and graphene layer spacing in the graphite anode. In the following cycles, the irreversible thickness
change decreases and a reversible thickness change between 8% - 10% is observed. Inhomogeneous
pressure distribution as well as high applied pressures accelerate aging of the electrodes significantly.
During CCCV charging, the anode potential drops below 0 V, causing lithium plating at an earlier state
of charge for the inhomogeneous pressure distribution compared to the homogeneous pressure distribution due to localized exchange currents.

Figure 1: Formation of graphite vs. NCM111 with an initial 0.1 C cycle, followed by three 0.2 C cycles.
Cell potential, anode potential (a) and dilation (b) as a function of time.
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Recently, potassium-ion batteries (PIB) have gained substantial attention owing to their perceived low
cost and the widespread availability of potassium1. The relationship between electrolytes and electrochemistry of PIB host materials is a yet largely unexplored area. Here we present a detailed study of
the solvation of K+ ions in monoglyme (DME) as electrolytes by using Raman spectroscopy combined
with computational chemistry. DFT-calculated electronic energies and applying a Boltzmann distribution indicate that TGT is the most populous conformer in liquid DME, in a good agreement with previous works2,3. By comparing the binding energies of K+ to DME, we find [K(TGT)x]+ complexes to dominate. The artificial spectra of both DME conformers and [K(TGT)x]+ complexes, constructed from DFT
calculated frequencies and Raman activities, correspond well to those experimentally recorded for X M
KFSI in DME. In particular, the intensity of the peak at 855 cm-1, corresponding to K+ coordinated DME
in TGT conformation, increases linearly as function of the KFSI salt concentration < 5 M, and hence
the solvation number is almost constant, while ≥ 5 M the solvation number is lowered. This change in
solvation number fundamentally affects the electrochemical intercalation mechanism of e.g. K+ in
graphite, as indeed reported for different KFSI concentrations in DME4.

Figure 1: a) Experimental Raman spectra for differently concentrated KFSI in DME electrolytes and
pure DME including deconvoluted peaks, and b) the corresponding evolution of the 855 cm-1 peak intensity, together with the geometry and the artificial Raman spectrum of the [K(TGT)]+ complex (inset).
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Hydroborate salts based on borohydride anion BH4− find their place as solid stores for hydrogen and as
solid electrolytes in Li-ion batteries. Since recently, the salts based on closo-hydroborate anions
B12H122−, B10H102− and their carba-analogous CB11H12−, CB9H10−, originally considered as undesirable
hydrogen sinks, were rediscovered as excellent solid electrolytes, especially in Na-ion batteries. They
combine high ionic conductivity with (electro-)chemical and thermal stability, low density and favourable
mechanical properties.
The high cations mobility in the hydroborates is related to their simple, high-symmetry structures based
on one of three common anions sub-lattices: cubic-close, hexagonal-close and cubic-body-centered
packing [1,2]. The high symmetry structures are stabilized by tumbling and rotation dynamics of anions,
letting them to approach the spheres packing. The anions dynamics when coupled on the frequency
scale to cations jumps has also favorable effect on the latter. The crossover between static and dynamic
anion orientation is linked by the required thermal energy, which defines the onset temperature. The
latter may be lowered down to room-temperature by various strategies which perturbate the crystal
energy landscape: anions mixing, anions modification and, less successful, cations mixing.
In my contribution, I will show how the hydroborates with their not fully accessible hydrogen storage
potential became the most promising room-temperature solid electrolytes. The examples start with
highly conducting, but unstable, phases Na3BH4B12H12 and Na2B12H12-xIx [3,4] ending with the highlight
of successful anion mixing in the series of six compounds with a Na-conductivity close to 1 mS cm-1 at
room-temperature achieved by mixing the four above-mentioned closo-hydroborates [5]. Due to the
three-dimensional aromatic nature of the boron cage, closo-hydroborates are among the most robust
available polyanions; the six mixed-anion phases are indeed thermodynamically stable in the
investigated temperature range 100 < T < 700 K, while depending from the mixture the electrochemical
stability window varies from 3 to 4.1 V versus Na+/Na, allowing their implementation in high-voltage next
generation solid-state batteries [6-8].
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The sustainable development goals create demand to reconsider the methods of production of Li-ion
batteries. This research focuses on replacing toxic NMP with less harmful solvents, without compromising the batteries' performance. From the perspective of printed electronics, the replacement is especially
desirable because the aggressiveness of NMP has a negative impact on various components of printers.
In this research, the NCM523 material has been used to fabricate the cathode layers of an approximate
thickness of 55 µm. Two fabrication methods (blade-coating and screen-printing) and two different
slurry/ink formulations (NMP- and DMF-based) have been analyzed. The fabricated cathodes have further been used to prepare half-cells with metallic lithium as counter electrode for the electrochemical
characterization.

Figure 1. Morphology analysis of (a) screen-printed (DMF) and (b) blade-coated (NMP) NCM523 cathodes. c) Comparison of specific capacity of cathode material with blade-coated and screen-printed cathodes. Cross-sectional SEM analysis of (d) screen-printed and (e) blade coated cathodes. f) Comparison
of average (Ra) and mean roughness (Rq) of differently fabricated cathodes.
The initial results indicate that the utilization of DMF-based inks and screen-printing enables the fabrication of NCM523 cathodes of similar performance as blade-coated NMP slurries. The morphology
analysis depicted in Figure 1 a,b reveals that the surface of the screen-printed electrodes is smoother
than their blade-coated counterparts. The cross-section SEM images show that appropriate DMF-based
ink formulation and fine-tuned printing process allows screen-printing of NCM523 layers of almost identical thickness and material distribution withing the fabricated layer, as for NMP-based slurries. The
performance measurements show an insignificant difference between the analyzed samples that require
additional investigation. Our further research includes more comprehensive physicochemical and electrochemical characterization of the printed cathodes and fully printed batteries. Although more research
is needed, the already achieved results suggest that screen printing and DMF-based solvents offer a
pathway towards more environmentally-friendly battery fabrication.
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The commercial realization of promising all-solid-state batteries (ASSBs) demands up-scaling of materials synthesis and processing, resulting in growing interest for solution-based approaches. With this
comes the need to more deeply understand potential detrimental effects of solvents used in the processes on electrolyte materials, as well as effects on the cell performance that may not have been
evident by structural characterizations of the materials alone.
We have investigated the impact of five organic solvents (see Figure 1a) on the superionic solid electrolyte Li6PS5Cl (a member of the argyrodite family), observing structure/property changes and ultimately
performance in solid-state battery cells. Ethanol and methanol decompose the material, while treatment
with acetonitrile (ACN), tetrahydrofuran (THF), and toluene do not cause structural changes (as observed by X-ray diffraction and Raman spectroscopy). For this latter subset of treated materials, a decrease in the ionic conductivity can be observed; however, even the structurally sound material after
treatment with toluene showed drastically reduced conductivity. In/LiIn│Li6PS5Cl│NCM-622:Li6PS5Cl
cells were assembled to study performance. Besides a decrease in the accessible capacities (see Figure
1b), the interface resistance of the active material and the electrolyte RSE/CAM is more pronounced, showing that seemingly compatible solvents can impact the cell performance. This work reveals the need for
tailoring solution-based processing by detailed examination of the solvent impact on all cell components,
helping pave the way for better understanding of ASSBs.

Figure 1: a) Li6PS5Cl immersed in ACN, THF, toluene, ethanol, and methanol forms different colored
solutions or suspensions, b) Charge and discharge capacities over fifty cycles for solid-state battery
cells assembled with the solvent-treated material in the cathode composite.
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The manufacturing technologies for battery production research group at Bern University of Applied
Sciences (BFH) leads research activities on battery manufacturing. The team supports battery production industry, its equipment manufacturers and material suppliers with innovative and cost-effective solutions. In their self-developed and implemented pilot production line, test batteries for flexible geometries up to 300x150 mm dimension and for various types of electrodes can be produced. The current
activities are focused on pouch battery cell manufacturing especially electrode cutting, cell stacking in a
mini cleanroom environment and cell assembly with electrolyte filling in a glove box.

Figure 1: BFH – Battery manufacture pilot line, a) Electrode cutting and stacking units in mini cleanroom environment, b) Mini cleanroom environment and glove box
One of the advantages of BFH - Battery manufacture pilot line, it is possible to feed the electrode roles
directly into the laser cutting unit and stacking them automatically under the controlled cleanroom conditions. That means, after their cutting with pulsed fiber laser, anode and cathode sheets are transported
separately and are stacked completely robot-assisted in a cleanroom environment (see Figure 1a). Once
the cell body production is finished, they can be assembled and sealed in the glove box (see Figure 1b)
under the inert gas atmosphere. Subsequently forming of battery cells are performed in the last step of
pilot production line.
Because of its flexibility this pilot line allows to get deeper understanding of battery manufacture and
serves as an application platform for industry partners and research groups. Recently, with cooperation
of different disciplines and integration of smart sensors to the system, „Industry 4.0" revolution is implemented. Hence, temperature, humidity and amount of fine particle, can be measured in real time during
electrode cutting and stacking steps. Continuously controlling of this process parameters for cell stacking, enables to adjust them, if required. Thus, it is aimed to improve product quality and processing steps
with cost effective solutions. In parallel, a digital twin was created of the production line to optimize the
productivity and production costs. Mentioned virtual copy enables for instance to find out the optimum
machinery requirement to increase the throughput approx. 150 % units/week under the pre-defined conditions with 10.6 % cost reduction per battery cell.1
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Although NASICON-type Na3V2(PO4)3 is promising as positive electrode material for Na-ion batteries
providing long cycle life and great rate capability, it delivers a moderate specific capacity of 118
mAh/g. [1-3] To increase the specific capacity and have better sustainability, Na4FeV(PO4)3 has been
attempted, with the possible extraction of three Na+ ions per two transition metals. Direct syntheses
performed in different conditions will be discussed and were shown to give next to the NASICON-type
phase impurities such as NaFePO4 and Na3PO4. To obtain the pure phase, Na3FeV(PO4)3 has been
synthesized and electrochemically sodiated to form Na4FeV(PO4)3. Herein, we present for the first time
crystal structures of the NASICON materials, Na3FeV(PO4)3 and Na4FeV(PO4)3, with high resolution
synchrotron X-ray diffraction (XRD). We could clearly observe a superstructure in Na3FeV(PO4)3 due
to Na+ ordering, which is different from the structure reported in the literature. [4] Thermal analyses of
Na3FeV(PO4)3 were performed combining in situ temperature XRD and differential scanning calorimetry. Two phase transitions were observed, the ordered phase (space group: C2/c) becoming disordered (space group: R-3c) above 123 ˚C. Synchrotron X-ray absorption spectroscopy at V and Fe K
edges and Mossbauer spectroscopy allow to compare the local V and Fe environments and their oxidation states in Na3FeV(PO4)3 and Na4FeV(PO4)3. Na4FeV(PO4)3 belongs to the rhombohedral system
(R-3c) with all the sodium sites fully occupied.
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Although secondary Li-ion batteries are widely used for electrochemical energy storage, their low
energy (100-300 Wh kg-1) and power density (250-400 W kg-1) are limiting applications in several
areas including long-range electric vehicles.1,2 In this work, we demonstrated a high energy (450 Wh
kg-1) and power density (980 W kg-1) rechargeable Li-ion full-cell through nanograin-boundary induced
pseudocapacitance of polycrystalline cobalt oxide nanorod anodes.3 These values are 3-fold and 2.2fold higher respectively compared to graphite/LiNiMnCoO2 full-cells under similar experimental
conditions. Polycrystalline Co3O4 nanorod anodes exhibited extreme pseudocapacitance (81% at 1
mV s-1) with a maximum reversible capacity of 1593 mAh g-1 at 50 mA g-1, retaining 800 mAh g-1 even
at 30 A g-1. These specific capacities and rate performances are outstanding and unusual compared
to any conversion type transition metal-oxide anodes reported earlier. Long-term cycling stability
(1520 mAh g-1 at 1 A g-1) and coulombic efficiencies (~100%) are also excellent. Full-cells containing
Co3O4 nanorod anode and LiNiMnCoO2 cathode retained 80% capacity after 200 cycles at a current
density of 1 A g-1. Outstanding performance of this anode is credited to the synergy between
conversion mechanism of Co3O4 and pseudocapacitive Li-ion storage at numerous
Li2O/Co/Li1.47Co3O3.72 nanointerfaces resulting from the nanograin-boundaries. Demonstrated strategy
of nanograin-boundary induced pseudocapacitance can also be extended for numerous other
conversion and insertion type transition metal-oxide anodes for next-generation high energy/ power
density batteries.
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Since the early days of battery research, metallic lithium as an anode material has been considered a
“holy grail” due to its highly negative potential (-3.04 V vs. SHE) and high theoretical capacity
(3860 mAh·g-1).1 In a society shifting to renewables and electric mobility, exploiting the resulting high
energy density of lithium metal batteries (LMBs) has become more attractive than ever,2 despite the
intrinsic issues remaining yet to be solved. For that reason, Li metal has experienced a renaissance in
the research community over the past few years, with many studies trying to address the issues leading
to safety concerns, such as dendrite formation and high reactivity.
However, when looking at contemporary publications in the field, two main issues can be identified:
firstly, the lack of consensus on stringent testing conditions, even though there are increased calls from
the community to address this issue.3 Secondly, most approaches only aim to mitigate the shortcomings
of metallic Li instead of getting down to the root of the trouble and trying to properly understand the
processes governing plating and stripping.4
To address these points, we have taken a systematic approach to investigate fundamental parameters
influencing the outcome of LMB cycling. Well-known contributing factors such as current density and
type of electrolyte were quantified in long-term experiments with both symmetric and asymmetric configurations, complemented by morphology studies employing operando dilatometry and post-mortem
scanning electron microscopy. These enabled us to identify typically overlooked aspects, such as protection of electrode edges and electrolyte quantity, which were eventually found to have a drastic impact
on Li metal deposition behaviour and failure mechanisms, as can be seen in Figure 1.

Figure 1: Thickness change of Li electrodes during cycling (2 mAh·cm-2, 2 mA·cm-2),
a) without protected electrode edges, b) with edge protection.
Finally, in addition to the aforementioned techniques, we have also started to develop a novel neutron
imaging methodology, which allows for high-resolution, operando monitoring of cycling experiments and
thus provides further insights into the onset of lithium nucleation and the formation of dendrites.
Bringing all these findings together, we will discuss our baseline for future LMB tests, which will eventually pave the way towards sustainable solutions for the known shortcomings of lithium metal.
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Recently discovered cation disordered rocksalt (DRS) materials have shown high reversibility towards Li
ions due to facile insertion and extraction in the structure. Nonetheless, issues with manganese containing compounds have been identified due to instabilities of the structure and/or solubility of manganese
in the electrolyte. In our study, we combined the use of high-valent cations with partial substitution of
fluorine for oxygen anions in DRS-structure phase to achieve optimal Mn2+/Mn4+ double-redox reaction
in the composition system Li2MnxTi1-xO2F (1/3 ≤ x ≤ 1). Four different compositions (Li2MnO2F,
Li2Mn2/3Ti1/3O2F, Li2Mn1/2Ti1/2O2F and Li2Mn1/3Ti2/3O2F) have been synthesized and optimized according
to the starting precursors and their oxidation states. By studying the electrochemical behavior of different compounds, we found that Ti+4 keeps Mn at the second state of charge in the structure which lead
to double redox reaction of Mn2+/Mn4+. Galvanostatic cycling and rate capability tests of the sample
with the composition Li2Mn2/3Ti1/3O2F showed notable electrochemical kinetics and cycling performance,
with initial high discharge capacity of 227 mAh g-1 in the voltage window of 1.5-4.3 V and 82% coulombic
efficiency after 100 cycles. In a further study, synthesis related issues and limitations due to fluorination
were examined. In fact, lithium diffusion can be impeded due to preferable strong Li-F bonds. Thus, two
more samples based on the Li2Mn2/3Ti1/3O2F composition were synthesized and their properties were
investigated (Li1.5Mn2/3Ti1/3O2F0.5 and Li1.25Mn2/3Ti1/3O2F0.25), in order to find the proper amount of fluorine
which compromises the structural/chemical stability and electrochemical storage against Li-ions. We will
present and discuss the structural characteristics of these selected DRS materials using XRD-Rietveld
refinement analysis and scanning electron microscopy. The oxidation states and charge transfer mechanism using a combination of CV and XPS will be also addressed, in which the results approve the double
redox mechanism of Mn2+/Mn4+ in agreement with Mn-Ti structural charge compensation. The findings
pave the way for designing high capacity electrode materials with multi-electron redox reactions.
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Figure 1: a) DRS crystal structure and b) the XRD pattern of the synthesized powder including
Rietveld refinement. c) Voltage profiles for 1st, 3rd, 10th and 100th cycles.
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Temperature Dependent Electrochemical Impedance Spectroscopy Analysis of
Metallic Li Anode Electrochemical Processes in Li\SOCl2 Primary Batteries
Mohammed Ahmed Zabara*, Burak Ulgut
*mohammed.zabara@bilkent.edu.tr
Department of Chemistry, Bilkent University, 06800 Ankara, Turkey

Metallic Li is used as anode in Lithium Thionyl Chloride (Li\SOCl2) primary batteries which result in high
gravimetric and voltametric energy densities1. The stability of the Li is governed by the formation of Solid
Electrolyte Interface (SEI) formed by the chemical reaction of the Li with the electrolyte Thionyl Chloride
(SOCl2). The SEI plays a very important role in the battery’s voltage behavior, safety and stability2.
The electrochemical impedance of this type of batteries can be measured using Galvanostatic-Electrochemical Impedance Spectroscopy (EIS) at discharge. Using proper excitations, information about the
electrochemical processes of the cell such as, anodic and cathodic mass and charge transfer can be
obtained3. Here, temperature dependent EIS measurements are applied to study the electrochemical
processes at Li anode and the SEI. As can be seen from the Nyquist plots in Figure 1(b) there is a large
decrease in the size of the obtained semicircles as the temperature increases.
The investigation of the temperature dependency is achieved utilizing Equivalent Circuit models. Kinetic
parameters are studies using the resistance values obtained for each time constant. The results show
the formation of two-layer structure SEI each has different temperature dependency. The transport of
Li+ through the second layer is facilitated as the temperature increases while it is almost constant for the
first layer. Oxidation of Li appears at time constants around 20ms which shows linear decrease in the
process resistance as the temperature increases. The analysis is repeated for high and low States-ofCharge to have a complete understanding of the electrochemical processes at the metallic Li.
(a)

(b)

Figure 1: a) Structure of Li\SOCl2 primary battery, b) Nyquist plots of the T-dependent EIS of
Li\SOCl2 at high frequency region (1MHz – 10Hz)
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In the picturesque landscape of Appenzell, a globally active SME in the field of tailor-made microbatteries has emerged over the past 20 years. By offering a unique variability of cell shapes within a plastic housing, our customers are enabled to design rechargeable implants at the limit of what is possible
today.
The global trend in implants is clearly moving towards miniaturization, increased safety and
longer cycle life. To be successful in this market, Wyon must innovate and create added values. One
of our answer is a new battery project with an extreme small titan-based cell housing (2x2 mm), a new
0V-technology, and a new glass feedthrough. These technologies and processes are not yet marketable. However, we would like to present the current status and challenges.
In the Medical Device market, the button cell has by far the largest share. In order to survive in
this mass market of button cells, constant improvement and further development of the batterie technology is necessary. Wyon is positioning itself as a niche player and will increasingly optimize the
chemical inner workings of the battery in the future. Besides miniaturization, the growing demands on
batteries in terms of higher energy and power density combined with longer cycle times are the main
topics on our development agenda.

Figure 1: a) Wyon Battery VP13, b) Cycle Life of current battery technology
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Innovation brought by startups for new b(e)tteries
Content
In this talk, an overview of developments of startups in the space of batteries will be shown and what new
and exciting technologies are introduced by them.
Additionally, a comparison of innovation from startups and incumbents like CATL & LG Chem will be given
to highlight different pathways for innovation.
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