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RECENT PROGRESSES IN POLYMER ELECTROLYTES

Michel Armand?

! Centre for Cooperative Research on Alternative Energies (CIC energiGUNE), Basque Research and
Technology Alliance (BRTA), Alava Technology Park, Albert Einstein 48, 01510 Vitoria-Gasteiz, Spain
marmand@cicenergigune.com

Polymer electrolytes are contenders for the future solid-state batteries due to their easy
processability as compared to the ceramic ion conductors. The three main difficulties
associated with polymer electrolytes are:

e  Alow room temperature conductivity even with the best materials;

e  Alow transference number of the cations (Li*, Na*), = 0.25

e Alimited anodic stability of poly(ethers) beyond 3.9 V

Poly(ethylene oxide), —PEO—, is still the workhorse of solvating macromolecules due to
its outstanding capacity to wrap around cations and dissolve salts. The polymer is however
crystalline and the ordered complexes are not conductive. From this simple linear polymer, we
searched for means to suppress crystallinity and found that easily synthesized comb polymers
where medium-length (Mw 1000 — 2000) PEO segments are tethered to a robust carbon-carbon
backbone [poly([ethylene-alt-maleic anhydride)]] —PEMA— give rise to improved
conductivities down to RT. Furthermore, the mechanical properties can be further augmented
with the co-grafting of polystyrene segments with minimal impact on the electrochemical
performances.

To address the problem of improving the transport number of the cation, several strategies
have been employed: i) to attach the anions to a polymer (polysalt) forming an alloy with PEO
or other solvating backbone. Recently, the grafting of delocalized anions to a cellulose
backbone was found to give high T+ alloys with excellent mechanical properties, thanks to the
rigidity of the poly(anhydro glucose) units. Besides, the synthesis of the cellulose polysalt is
remarkably simple. ii) in another development, anions are attached to nanoparticles (SiO2,
Al203...) using silane coupling chemistry and the particles dispersed in PEO. Again, excellent
mechanical properties of the composites are displayed, and batteries can operate with high
utilization of the cathode material. iii) in a last strategy, new discrete salts are designed so as
the mobility of the anion is diminished. Starting from well-known TFSI [(CF3S02)2N];, we
synthesized [RSO2NSO2CF3], where R = CF2H— (hydrogen bonds), (CH3)2N— (dipolar
interactions), (CH30CH2CH2)2N— (entanglement with the polymer chains), C6H5—
(“p”’stacking). In all cases, there was a marked increase in T+ and despite a lowered total
conductivity, the sLi+ was increased.

The competitors to polyethers (PEO) are poly(esters) like poly(propylene carbonate) (PPC).
The latter macromolecule is stable to high voltages like those for operation of layered oxides
(NMC) but decomposes in contact with lithium. PEO is stable to Li°. The quite obvious remedy
to have a two-layer electrolyte with the sequence Li°|PEO/PPCNMC does not work with
conventional polymer electrolytes, as the far more solvating power of PEO results in the total
transfer of all the salt available into its compartment. We found a solution by using, in both
layers, a polysalt which prevents migration and allows cycling of the cell quite efficiently, with
a4.2Vemf
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ELECTRONIC STRUCTURE ENGINEERING IN THE DEVELOPMENT OF
HIGH VOLTAGE CATHODE MATERIALS FOR Na-ION BATTERIES

Janina Molendal

! Department of Hydrogen Energy, Faculty of Energy and Fuels, AGH University of Krakow, Poland

Transition metal compounds with a general formula AxMaX, (A = Li, Na, M = transition
metal, X = O, S) constitute a group of potential electrode materials for a new generation of
alkaline batteries. This application is related to the fact that these compounds can reversibly
intercalate high amounts of alkaline ions (1 or more moles per mole of MaXy) already at room
temperature, without significant changes in their crystallographic structure. Nowadays, further
development of rechargeable batteries is focused on the discovery of new, high-performance
and low-cost electrode materials. Recently, Na-ion batteries have attracted much attention due
to their many advantages, such as: high abundance of sodium in the Earth’s crust, its low cost
and suitable redox potential (only 0.3 V above that of lithium).

The author of this work basing on her own investigations of numerous group of cathode
materials has demonstrated that the electronic structure of the electrode materials plays an
important role in the electrochemical intercalation process. The paper reveals correlation
between crystal and electronic structure, chemical disorder, transport and electrochemical
properties of layered NaxNiysCousFeysMnysTiysOz high entropy oxides and polyanions
NazFe2(SOa4)3 cathode materials. The complex studies, including experimental as well as
theoretical parts (electronic structure calculations performed using the Korringa-Kohn-
Rostoker method with the coherent potential approximation KKR-CPA to account for chemical
disorder), showed a strong correlation between structural, transport and electrochemical
properties of these materials.

The detailed analysis presented in this work provides a strong proof that the high-entropy
NaxMno2Feo 2C00.2Nio2Tio202 oxide with reduced content of cobalt and nickel and
NazFe2(S0a4)3z might be applicable in sodium batteries technology, especially in terms of large-
scale energy storage units.
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STRUCTURE AND CONDUCTIVITY IN SOLID ELECTROLYTES: A
HISTORICAL PERSPECTIVE ON A HIGHLY SUCCESSFUL RELATIONSHIP

Isaac Abrahams!

! Department of Chemistry, Queen Mary University of London, Mile End Road, London E1 4NS, UK

lonically conducting solids can be used as electrolytes in a variety of electrochemical
devices, ranging from fuel cells and batteries to gas sensors. Their conducting properties are
intimately related to their structures and an understanding of the relationship can allow for
optimisation of the material for particular applications. In parallel, relationships forged between
scientists of different disciplines has led to the development of the field now known as solid
state ionics. This talk focuses on the near 40 year relationship between a chemist (lsaac
Abrahams) and a physicist (Franciszek Krok) that has developed into a highly successful
collaboration that has sought to understand fundamental aspects of the interaction between
structure and conductivity in solid electrolytes.

From their early work on the oxide ion conducting BIMEVOXes, to more recent work doped
cerias (Fig. 1), this talk will take a retrospective look at how the complementary skills of
structure determination and electrical characterization have allowed for a comprehensive
understanding of conduction mechanisms and defect structure in relatively complex solids.
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Fig. 1. Structure and conductivity in Ce;xNdO:..;> (a) Arrhenius plots of total conductivity, (b) compositional
dependence of high and low temperature activation energy, (c) representative RMC configuration for
CepsNdy.20;.9 at room temperature showing three types of local structure features as indicated [1].

References:
[1]J. Ming, M. Leszczynska-Redek, M. Malys, W. Wrobel, J. Jamroz, M. Struzik, S. Hull, F. Krok and
I. Abrahams, J. Mater. Chem, A, 2024, Advance Article DOI: 10.1039/d3ta07668g



IL4

MULTICOMPONENT OXIDES AS ION- AND MIXED CONDUCTORS

M. Gazda!, D. Jaworski', A. Dawczak!, A. Mielewezyk-Gryn!, T. Miruszewski', S.
Wachowski!

!nstitute of Nanotechnology and Materials Engineering, Faculty of Applied Physics and Mathematics,
and Advanced Materials Centre, Gdansk University of Technology, Poland
margazda@pg.edu.pl

Multicomponent oxides accommodate multiple metal cations in equimolar or nearly
equimolar ratios occupying equivalent lattice sites, leading to a high degree of short-range
disorder and complexity. Because of that, they may have unexpected properties. Exploring their
electrochemical and electrical properties opens up new possibilities for diverse applications,
ranging from energy storage and conversion to catalysis.

In this work, selected properties of four groups of either multicomponent or high-entropy or
entropy-stabilised oxides are presented and discussed. Perovskites, ABOs, fergusonites, ABOs,
pyrochlores, A2B>07 and zirconium and hafnium niobates and tantalates A¢B2017 (A=Zr, Hf,
B=Nb, Ta) are discussed. What these diverse groups of materials have in common is the
presence of disorder, strain and lattice distortions though their origins are different. In this
presentation, structural, vibrational, thermochemical and charge transport properties are shown.
Special attention was focused on the properties related to ionic conduction.

Acknowledgment: The research was partially financially supported by the National Science Centre (NCN),
Poland, within the project 2019/35/ B/ST5/00888.
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BEYOND LITHIUM-ION BATTERIES: TRANSITION METAL
DICHALCOGENIDES AS NEGATIVE ELECTRODE MATERIAL

A.P. Nowak!?

1 Faculty of Chemistry, Gdansk University of Technology, Narutowicza 11/12 80-233 Gdansk
2 Advanced Materials Center, Gdansk University of Technology, Narutowicza 11/12, 80-233 Gdansk
andnowak@pg.edu.pl

Lithium-ion batteries (LIBs) are the most common energy storage sources utilized
worldwide [1]. However, the rarity in the earth’s crust of lithium (0.0017 wt%) and the
increasing cost of lithium compounds have raised concerns over the long-term and large-scale
supply availability of LIBs. Therefore, great efforts have been devoted to exploring new
rechargeable battery alternatives to LIBs, i.e., sodium-ion batteries (SIBs) [2] or potassium-ion
batteries (PIBs) [3]. Regardless of whether we are dealing with LIBs, NIBs or KIBs, the choice
of battery components i.e. cathode material, anode material, electrolyte and separator play a
vital role in the electrochemical performance of battery.

Transition metal dichalcogenides (TMDs) have attracted significant attention in recent years
due to their unique electronic, optical, and electrochemical properties, making them promising
candidates for various applications, including energy storage devices. Among TMDs,
molybdenum sulphide (MoS>), tin sulphide (SnSx, x=1,2) has attracted attention as a potential
anode material in battery application, owing to their layered structure and remarkable
performance in energy storage systems [4,5].

Synthesis and characterization of MoS; and SnSx as electrode material for NIBs and/or PIBs
will be discussed. Utilization of solid-state physics techniques coupled with electrochemical
measurements will be shown demonstrating the importance of the synthesis route on the
electrochemical performance of anode.

References:

[1]IEA, Renewables 2021, Int. Energy Agency Publ. Int. (2021) 167.

[2] C. Wang, C. Yang, Z. Zheng, Adv. Sci. 9 (2022) 2105213.

[3] M. Mojtaba, Q. Abbas, M.R.C. Hunt, A. Galeyeva, R. Raza, Smart Mater. 2 (2022) 135-147.

[4] X. Wei, C.C. Lin, C. Wu, N. Qaiser, Y. Cai, A.Y. Lu, K. Qi, J.H. Fu, Y.H. Chiang, Z. Yang, L. Ding,
0.S. Ali, W. Xu, W. Zhang, M. Ben Hassine, J. Kong, H.Y. Chen, V. Tung, Nat. Commun. 13 (2022) 6006-
6017.

[517J. Liu, X. Yu, J. Bao, C.F. Sun, Y. Li, J. Phys. Chem. Solids 153 (2021) 833-838.
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BEYOND LITHIUM ION BATTERIES - DEVELOPMENT OF ELECTROLYTES
FOR Li-S AND BIVALENT BATTERIES SYSTEMS

M. Marczewski!

! Faculty of Chemistry, Warsaw University of Technology, Noakowskiego 3, 00-664 Warsaw, Poland
maciej.marczewski@pw.edu.pl

EU has set an ambitious target of reducing greenhouse gas emission by 50% till 2030 and
becoming completely climate neutral in 2050 [1]. To enable this energy transfer we need to
design short and mid-term storage capacities enabling us to store energy produced by renewable
energy resources, which are often intermittent in their nature (wind, solar), causing big
fluctuation in their power output. Batteries are one of the prime candidates for this task due to
their high energy efficiency and the fact that they are compact and can be used on dispersed
locations. Currently, Li-ion batteries are dominating the market and their future demand is
projected to increase. However, with the huge increase in the market demand, availability and
sustainability as well as future price of used materials are being actively questioned. At the
moment EU lists several materials used in contemporary Li-ion cells as critical (Li, Co, Ni,
graphite) [2]. Hence, a new generation of batteries based on abundant, cheap and
environmentally benign materials is needed.

One idea is to replace the graphite electrode for lithium and metal oxide cathode with more
capacious sulfur electrode (lithtum-sulfur batteries — Li-S) or oxygene/air (lithium-air batteries
— Li-Oy). This enable to obtain significantly higher theoretical capacity, up to 2500 Wh/kg and
more than 3000 Wh/kg, respectively in case of Li-S and Li-O; batteries. Both technologies,
although very promising, are facing with a huge amount of principal problems. Firstly, they
need to be solved at the level of the basic research to be able to consider application of these
high capacious technologies eg. in electric vehicles [3]. Another idea is to replace Li based
systems with elements which are more abundant in Earth’s crust like Na, Ca, Mg and Al [4,5].

This presentation will focus mainly on historical and recent development of electrolyte in
Li-S and bivalent batteries systems. The particular emphasis will be placed on the work carried
out in Conversion & Energy Storage group at WUT, where research on beyond LIB’s systems
is conducted since 2011.

References:

[1] EU climate action and the European Green Deal

[2] S. Bobba, S. Carrara, J. Huisman, F. Mathieux, C. Pavel, Critical Raw Materials for Strategic
Technologies and Sectors in the EU - a Foresight Study, 2020.

[3] P. G. Bruce, S. A. Freunberger, L. J. Hardwick and J.-M. Tarascon, Nature Materials, 2012, 11, 19
[4] J.-M. Tarascon, Joule, 2020, 4, 1613

[51Y. Liang, H. Dong, D. Aurbach and Y. Yao, Nature Energy, 2020, 5, 646
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BRIDGING THE GAP BETWEEN THEORETICAL MODELLING AND
EXPERIMENTS - SOLID ION CONDUCTORS

M. Krynski!, A. Dziegielewska!, K. Kwatek!, M. Malys!, J. Jamroz!, W. Wrobel',
H. Zhang?, I. Abrahams?, F. Krok!

!"'Warsaw University of Technology, Faculty of Physics, 00-662 Warsaw, Poland
2 Department of Chemistry, Queen Mary University of London, Mile End Road London, E1 4NS UK.
marcin.krynski@pw.edu.pl

At temperatures just above 1000 K, the pure bismuth oxide in its high temperature cubic d-
phase demonstrates remarkable oxide ion conductivity, reaching approximately 1 S cm-1.
However, a phase transition occurs below this threshold, resulting in a sudden decline in
conductivity. Extensive scientific endeavors have been directed towards developing bismuth
oxide-based compounds capable of maintaining the high conductivity observed in the 6-phase
at lower temperatures. Strategies encompass doping techniques or the synthesis of materials
where bismuth does not predominate among the cations. In this study, we illustrate how a
comprehensive understanding of conduction mechanisms in novel solid electrolytes can be
attained through a combination of experimental approaches and theoretical modeling,
specifically employing molecular dynamics simulations.

We employ a variety of Density Functional Theory (DFT) methods, with a focus on utilizing
versions of the general gradient approximation within molecular dynamics simulations,
particularly at high temperatures of up to 1200 K. Depending on the particular aspect being
studied, we adapt the traditional ab initio approach by integrating van der Waals interactions or
Hubbard corrections as required. All simulations are executed using the Vienna Ab initio
Simulation Package. Our calculations typically involve systems ranging from as large as three
hundred atoms, particularly when modeling lighter elements, to as small as one hundred atoms
for compounds predominantly comprised of heavy ions.

In the rhombohedral Bi1.xPxO1.5s system, characterized by a layered structure we look at a
tremendous level of dynamical heterogeneity, with centers of the diffusion processes migrating
between the fluorite-like blocks and the van der Waals gap as the Bi/Pr ratio is changed. Within
the perovskite sodium bismuth titanate structure, we elucidate the modulation of ionic
conductivity attributed to the presence of composition-dependent polarons, which results in the
formation of uncommon clusters of oxide ion vacancies. This phenomenon has been leveraged
to account for a rapid decline in ionic conductivity observed experimentally with minor
alterations in the Bi/Na ratio. In the case of two BIMEVOX Bi2V(9Geo10s545 and
Bi2V0.95Sn0.0505.475 compositions a combination of first principle simulations and machine
learning methods was used to distinguish between the polar (C2) and nonpolar (C2/m)
structures of a-phase, both being considered based on the experimental data.

Acknowledgements: This work was supported by the National Science Centre (Narodowe Centrum
Nauki), Poland under grant number UMO-2018/30/M/ST3/00743 UMO-2018/31/B/ST5/03161.
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SIZE AND STRAIN-RELATED PHENOMENA IN HEAT AND PRESSURE-
TREATED GLASSES AND RESULTED NANOCOMPOSITES

T.K. Pietrzak', J.E. Garbarczyk!, M. Wasiucionek!, P. Keblinski?, S.J. Rzoska®

! Faculty of Physics, Warsaw University of Technology, Koszykowa 75, 00-662 Warszawa
2 Materials Science and Engineering Department, Rensselaer Polytechnic Institute, 110 Eighth Street,
Troy, NY, 12180 (USA)
3 Institute of High Pressure Physics, PAS, Sokotowska 29/37, 01-142 Warszawa
tomasz.pietrzak@pw.edu.pl

It is well known that nanostructured materials for energy applications (cathodes, anodes,
solid electrolytes) exhibit better performance than their coarse-grained polycrystalline
counterparts. Most of these nanomaterials were obtained by solid-state reaction techniques.
However, our group, has systematically explored the thermal crystallization of glasses as a
simpler alternative way to synthesize nanostructured materials for energy storage. We have
carried out a series of studies on thermal nanocrystallisation [1] of glassy analogues of cathode
materials for sodium/lithium batteries [2, 3] or oxygen ion conductors [4]. Thanks to this
alternative technique, it was possible to synthesize nanostructured cathodic materials exhibiting
interesting morphology and unique physical properties. An application of a high pressure (abbr.
HP, orders of gigapascals) during high-temperature treatment becomes a new player that may
introduce further modifications of material properties, e.g. non-linear increase in the glass
transition temperature in HP-treated materials [5].

On the one hand, nanocrystallisation may lead to a giant and irreversible increase in
conductivity (even by a factor as high as 10°) in improving the poor conductivity of the starting
glasses without introducing carbon additives [1]. The microstructure of the samples consisted
of 5-50 nm nanocrystallites. The conductivity increase has been attributed to the appearance of
highly disordered shells around such small grains (cores), which facilitated the electron
hopping, e.g. between aliovalent V**/V>* or Fe?'/Fe’" centres. Additional HP treatment
facilitated the formation of easy-conduction paths because of the reduction of the average
distance between the hopping centres.

On the other hand, nanocrystallisation of Bi2O3-like glass led to the stabilization of delta and
beta-like phases, presumably due to confinement effects of the nanocrystallites embedded in a
residual glassy matrix. Application of HP led to a better understanding of the role of Si0> and
AL O3 glass formers in this phenomenon [6].

Acknowledgments: This research was supported by the National Science Centre (NCN) through grant
OPUS-23 no. 2022/45/B/ST5/04005 and Preludium BIS-2 no. 2020/39/0/ST5/00897.

References:

[1] T.K. Pietrzak, M. Wasiucionek, J.E. Garbarczyk, Nanomaterials 11 (2021) 1321.
[2] T.K. Pietrzak et al., J. Power Sources 194 (2009) 73-80.

[3] M. Nowagiel et al., Energies 15(7) (2022) 2567.

[4] T.K. Pietrzak et al., Scientific Reports 11 (2021) 19145.

[5] A. Drozd-Rzoska et al., J. Phys. Chem. Lett. 13(31) (2022) 7269-7272.

[6] A. Szpakiewicz-Szatan et al., Materialia 33 (2024) 101975.
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DEVELOPMENT OF QUASI-SOLID LITHIUM-CONDUCTING POLYMER
ELECTROLYTES WITH NOVEL SALTS AND PLASTICIZERS

L. Niedzicki!, K. Rogalal, J. Tanska!, A. Kowaluk!, M. BroszKkiewicz!, A. Zalewska!,
M. Kasprzyk!

! Faculty of Chemistry, Warsaw University of Technology, ul. Noakowskiego 3, 00-664 Warsaw, Poland
leszek.niedzicki@pw.edu.pl

Lithium-ion batteries are well known for their high energy and power density which caused
their popularity in electronics and electric vehicles of all types. However, their disadvantages
are inadequate high-temperature stability, the potential for the leak after damage, and
degradation over time - slow but still troublesome in the case of bigger battery packs. Solid
polymer electrolytes can help with the leak issue, as well as they can mitigate the degradation
over time. However, they come with their own issues, such as low conductivity limiting the
power density and the requirement to use lithium salt that could withstand the high temperature
of anolyte and catholyte processing. The use of plasticizer can improve the conductivity of the
solid electrolytes. However, issues of high-temperature stability of the salt or ionic liquid
plasticizer and the cell degradation over time should be addressed by the anion choice.

The currently available and long-used salts are LiPFs for liquid electrolytes and LiTFSI -
mostly for solid polymer electrolytes and ionic liquids. Both have their downsides. Namely,
LiPFs is unstable in the presence of any water trace or temperature higher than 70°C (in
carbonate solutions), so it limits the stability of the whole cell. Also, it cannot be used in
polymer processing taking place usually above 150°C. LiTFSI is known for its corrosivity of
aluminum current collectors. Thus, new salts have their chance. LiTDI, developed at the
Warsaw University of Technology, is one such salt, which has been in production since 2019.
It has much higher thermal stability than LiPFe, similar lithium cation conductivity (in liquid
electrolytes), and uses much less fluorine. TDI anion works well with various cations to form
ionic liquids with good stability properties. LiPCP, developed recently at the Warsaw University
of Technology, is a fluorine-free salt that exhibits great lithium cation conductivity (better than
LiPFs) and even higher thermal stability. PCP anion can also be used to form room-temperature
ionic liquids.

The presentation will show how the use of LiTDI, LiPCP and ionic liquids based on new
anions improved the effective conductivity of lithium-conducting electrolytes and the overall
stability of cells. Thermal stability, electrochemical stability, conductivity, lithium cation
transference numbers and galvanostatic cycling of the novel salts, ionic liquids and ready
electrolytes will be presented.
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The latest market analyses and the forecast for worldwide battery energy storage systems
reveal the demand can easily exceed STWh/year in 2030 with a target value of over $400 billion.
This is at least a 5-times increase from the year 2023. The very fast growth rate will be mainly
driven by the emerging market of electric vehicles (EV) but the rising renewable energy sector
should be stated as well. Especially the latest one is crucial for green transformation and
decarbonization of the energy sector. Huge demand for Li-ion batteries production strongly
affects the existing raw materials market, especially for key metals (Li, Co, Ni) and graphite,
which results in price increase and instability, as well as supply shortages disturbing the value
chain. The fast scaled-up technologies, especially those dedicated to green energy
transformation, need to be sustainable obviously, and this could be a challenge as well. The
sustainability of Li-ion batteries technology is required at any level of the value chain, from raw
materials to recycling and production processes, and with respect to carbon footprint to achieve
green transformation targets. Moreover, preferably the sustainability of batteries should be
implemented without sacrificing their performance. Is it possible?

In the work, we demonstrate a concept — solution for carbon additives free electrodes (CA-
free electrodes) based on Conductive Carbon Layers (CCL) nanocomposite technology [1]. For
this purpose, a set of CCL/LFP nanocomposite materials was prepared from two commercial
sources of LFP (Freyr, Pulead) diversified with basic powder properties (texture, morphology).
The cathodes for test cells were prepared without using any carbon additive, i.e. carbon black
(CB), only composed of CCL/LFP and PVDF binder. As reference standard C/LFP+CB
electrodes were prepared. The results clearly indicate that the performance of CA-free
electrodes and energy density was at least the same or better than for standard types of
electrodes. Thus, the CA-free solution simplifies the electrode production, needs less energy for
slurry homogenization and assures less carbon waste in the recycling process. This seems to be
a sustainable alternative for State-of-the-Art cathodes with carbon additives and is not only
limited to LFP cathode material.
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Lithium-ion batteries are among the most modern energy sources for consumer electronic
devices. Each reversible lithium cell consists of components responsible for delivering charge
and electrochemically inactive materials. The active components of a lithium-ion cell include
electrode materials (such as graphite and lithiated cobalt oxide) and electrolyte. These
compounds participate directly in the electrode reactions, generating the voltage and energy
supplied by the battery. In addition to electrochemically active materials, lithium-ion cells
contain several components that are not electrochemically active but perform important
functions in the battery. Such components include the outer casing, internal and external leads,
the separator, and the copper (for the negative electrode) and aluminium (for the positive
electrode) current collectors. Current collectors are essential components connecting lithium-
ion batteries to external circuits. They serve as a matrix that holds the active material in a
mechanically stable form and are also involved in dissipating the charge generated by electrode
processes. Thus, current collectors largely determine the capacity, performance, and long-term
stability of lithium-ion batteries. Conventional current collectors, aluminium and copper foils,
have been used since the first commercial lithium-ion battery. They account for about 15
percent by weight of the total cell, and because they are inactive components of the battery,
there is a continuing need to reduce their mass share without losing functionality. Over the past
two decades, in order to increase the energy density of lithium cells, the thickness of current
collectors has decreased significantly. However, to further improve performance, alternative
materials and structures are being explored, as well as specific collector treatments such as
etching or carbon coating. These treatments aim to enhance the electrochemical stability and
electrical conductivity of current collectors for the next generation of lithium-ion batteries with
higher capacity and longer life. The presentation will review various types of current collector
materials in terms of their electrochemical stability, electrical conductivity, mechanical
properties, and durability. It will also include alternatives to traditional structures, such as 3D
current collectors. Two types of three-dimensional current collectors will be presented: a 3D
structure on a copper film collector and conductive porous carbon. The electrochemical
properties of lithium-ion batteries utilizing these collectors will be demonstrated.

Acknowledgements: This presentation include the results of research funded by The National Centre for
Research and Development (grant no. LIDER/28/0148/L-10/18/NCBR/2019) and European Union’s Horizon
2020 Research and Innovation Program (grant agreement No. 875514).
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Solid-state electrolytes based on lithium garnet frameworks, such as Li7LazZr,O12 (LLZO),
offer a promising avenue for enhancing the safety and performance of next-generation lithium-
ion batteries. Despite the promise of higher energy and power density than liquid electrolyte-
based cells, superiority of their solid-state counterparts has not yet been demonstrated in the
working system. One of the explanations can be attributed to the mismatch of the design and
composition of the currently used battery electrodes to work with the solid electrolyte. One
possible scenario for improving the electrochemical performance of solid-state electrolyte cells
could be the use of composite electrodes, one component of which would be LLZO-based
material modified to conduct both lithium ions and electrons to serve as a medium between the
solid electrolyte and the electrochemically active material.

In this study, we report on the simultaneous doping of transition metals on both La- and Zr-
sites in LLZO to achieve a mixed ionic-electronic conductor with enhanced overall
conductivity. We investigate the crystal structure using X-ray diffraction (XRD) and elucidate
the local structural changes through Raman spectroscopy. The electric transport properties,
crucial for battery performance, are thoroughly characterized via impedance spectroscopy and
DC measurements.

Our results reveal a systematic enhancement in the electronic contribution to total
conductivity. These findings not only advance the fundamental understanding of LLZO doping
mechanisms but also offer practical insights into tailoring solid electrolytes for high-
performance lithium-ion batteries.
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It has been common knowledge for over half a century that the photoelectrchemical
decomposition of water into oxygen and hydrogen can be carried out thanks to titanium dioxide
used in the PEC cell as a photoanode [1]. The first problem that had to be taken into account
when working with TiO> electrode was the frequency range of the light absorbed by this
semiconductor, where for none of the pure forms of anatase and rutyle the size of the energy
gap Eg does not allow for the absorption of visible light. Without losing any absorption in the
UV range of the electromagnetic wave, attempts can be made to introduce changes in the
electronic structure of the semiconductor in order to reduce the bandgap width. Good results
were achieved by doping TiO; with non-metals N, I, B capable of occupying interstitial
positions in oxide structure. The effectiveness of the procedure applies to both the doping of
TiO> particles with simple morphology and to specially prepared anodic nanostructures known
as Titania nanotubes TNTs. The activity of nanotubes is influenced by hydrothermal
modification and the type of electrolyte used in the hydrothermal process [2].

In another strategy, doped or pure TiO; electrode layers constituting the photoanode are
subject to surface modification by creating systems capable of relay charge transfer at the phase
boundary. The essence of this approach is the precision of the selection of the position of the
conduction and valence bands of TiO> and electronic structure of the modifier used. An effective
system illustrating this strategy may be the use of polymer layers of conductive p-type
conductors with redox systems imbedded the use of organic p-type conductors also plays a role
in the separation of photogenerated charges. In addition, experience gained from
electrocatalysis translates into the use of surface modifiers in PEC cells. The reaction of water
oxidation to O is effectively catalyzed by cobalt compounds like Co[Co(CN)e)], CoOx and
CoO(OH) oxides [3]. Therefore, the use of oxygenated cobalt compounds is a good choice of
cocatalyst for surface modification of TiO2 nanotubes. Effective optimization of the amount of
cocatalyst is achievable through the wuse of electrochemical techniques. This is
chronoamperometry, forgotten as a technique that allows determining the type of nucleation
and crystal growth without using microscopic methods. These two types of cobalt compounds
have the characteristics of an OER reaction catalyst thanks to the ability to change the oxidation
state of the Co(II/III/IV) center. Comparison of the activity of both OER reaction cocatalysts
on the TiO; photoanode indicates a better effect of CoO(OH) as a result of proton assisted
electron transport during RDS. Photoanode research is important for applications in the area of
photoassisted water splitting, in environmental protection for the mineralization of organic
pollutants. It was found that the use of CoO(OH) significantly increases the effectiveness of the
anodic process compared to the use of cobalt oxides CoOx. This is due to the availability of
protons for electron transfer reactions at RDS.
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The presentation reflects a point of view of a person who witnessed the development of
Composite Polymer Electrolytes (CPEs) from the very beginning. It is dedicated primarily to
younger researchers who have just started or plan to start their research activity in this area. The
author believes that such a concise review can be useful in the face of a huge amount of related
information. There is about nine thousand documents in the SCOPUS database dedicated to
polymer electrolytes and as many as 881 publications with the keywords “composite polymer
electrolytes” having appeared during the last year (2023).

The concept of technological applications of complexes of polar polymers with inorganic
salts is 45 years old [1]. Within these years it has become clear that Solid Polymer Electrolytes
(SPEs) have unique properties predestinating them to use in modern batteries as well as in other
devices. These materials, however, exhibit some serious deficiencies like too low total
conductivity, too low contribution of cations in conduction as well as frequently insufficient
electrochemical stability. Starting from a rather unexpected observation that addition of a fine
inert powder into SPE significantly increases its conductivity [2] this procedure became one of
important pathways of SPEs improvement. The name Composite Polymer Electrolytes (CPEs)
was coined for materials prepared in this way.

The most frequently used matrix polymer in CPEs is poly(ethylene oxide) (PEO), however,
other materials like poly(propylene oxide), polyacrylonitrile, poly(methyl methacrylate),
poly(vinylidene fluoride), their blends and many others were studied. The salts delivering
cations upon dissociation in polymer matrices comprise typically the so called weakly
coordinating anions (WCAs) like ClO47, I, PFs or N(CF3SO»),™ for example. The additives
can be inert but modifying properties of the matrix (Al>O3, TiO, SiO2, YSZ, etc.) or active ionic
conductors contributing to the ion transport in CPE (NASICON, Li3N, LATP etc.). The latter
additives must form continuous networks within CPE foils.

There are a few critical features of a solid electrolyte designed to work in a solid state
batteries. Probably the most important are ionic conductivity, cation transference number,
electrochemical stability, electrolyte/electrode impedance and flexibility. These properties of
some selected CPEs are commented in the presentation.

At present the ionic conductivity of the best CPEs is only slightly above 10* S/cm at RT.
This feature as well as some other deficiencies impede wide applications of CPEs (and SPEs as
well) in commercial technologies. Despite the apparent lack of a significant progress the
ceaseless efforts continue. They are propelled by the vision of all solid state lithium batteries
(ASSLBs) regarded as a Holy Grail of the energy-storage community.
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Low temperature lithium-sulfur (Li-S) batteries have recently emerges as one o the
candidates for next-generation lithium-based storage system, especially for mobile applications.
They potentially offer some important advantages over the existing Li-ion technologies, like
significantly higher gravimetric energy densities and reliance on inexpensive and abundant
cathode active material. After a short introduction about Lukasiewicz Research Network and
its activities in the field of electrochemical energy storage, this presentation focuses on current
state-of-the-art in so-called post-Li-ion” concepts in the area of lithium-based battery systems
with particular attention to Li-S batteries. Main mechanisms of the cell operation will be briefly
reviewed, as well as state-of-the-art materials concepts for composite sulfur cathodes and how
they respond to the key performance issues faced by modern Li-S cells being under
developments in labs. Scientific results recently obtained at Lukasiewicz-IMN will then be
briefly reviewed. Among them, preliminary attempts to apply sub-stoichiometric titanium
oxides as new promising idea for a component of the sulfur cathode will be presented. These
materials, especially so-called Magneli phases, offer some appealing properties, such as high
electronic conductivity and the presence of lattice defects, making them potentially attractive
by hindering polysulfide (PS) dissolution and catalytically enhancing the PS reaction kinetics,
while at the same time not impairing the cathode conductivity. The extent of these favorable
effects is, however, yet to be confirmed in real life. In the second part of this presentation, a
case study of the development works on prototype pouch-type Li-S cell and battery will be
presented. Steps of the pouch fabrication using relatively simple, lab-scale equipment will be
briefly reviewed and the results will be shown in terms of electric battery tests and trials in
model vehicle. The presentation will end with conclusions as for future prospects of Li-S
technology.
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Due to their compositional flexibility, perovskite-type and related oxides often exhibit
unique structural features, e.g. with formation of various superstructures and localization of the
oxygen vacancies. Consequently, their physicochemical properties, including mixed ionic-
electronic conduction (MIEC), as well as thermomechanical characteristics, are often complex
and may be highly anisotropic. Nevertheless, those properties can be optimized, and the
compounds can be tuned for using in various electrochemical applications. For example,
different perovskites showing sufficient electrocatalytic activity are utilized as the oxygen
electrode materials in Solid Oxide Cells (SOCs).

In this work several perovskite groups are described in more detail, including the A-site
layered RE(Ba,Sr)Co2.yMnyOs+5 (RE: selected rare-earth cations; 0 <y < 2). It is documented
that through a proper selection of the Mn content, the oxides can be optimized for application
as the oxygen electrode materials for SOCs, or alternatively, as candidate oxygen storage
materials [1,2]. If copper is used to replace Co instead of Mn, an interesting family of
RE(Ba,Sr)Co2-yCuyOs-+;5 oxides is formed, which shows decreased thermal expansion, but still
very high electrocatalytic activity toward the oxygen reduction reaction (ORR) [3]. Also, a
subgroup of oxides with a formula of Laix(Ba,Sr)xCuOss shows unique oxygen vacancy
ordering phenomenon, but at the same time, exhibits sufficient catalytic activity toward ORR
at high temperatures, with several oxides showing very promising performance when applied
in SOCs [4]. In order to improve electrocatalytic characteristics at moderate temperatures,
possibility of finding (partially) disordered at the anionic sublattice systems can be explored
[5]. Finally, with the so-called high entropy approach, multicomponent perovskites, either at
the A- and/or B-site are also of interest. In this case, however, no definitive description of how
the high entropy really affects various physicochemical properties is yet provided [6].
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The thermal analysis of materials encompasses a range of techniques employed to assess the
functionality of engineering materials. The analysis of water uptake phenomena of proton
conducting oxides is a research topic that has been explored for the last two decades by different
groups [ 1,2]. However, the new developments of materials for protonic ceramic electrochemical
cells (PCECs) [3] have shown the need to develop, or adapt, methods for the determination of
water uptake in not only proton conductors but also in MIEC (Mixed Ionic and Electronic
Conductor) [4]. The latter can exhibit multiple different phenomena which are often hard to
describe. Furthermore, an integral part concerning the thermodynamic characteristics of
materials for PCECs relates to their stability. We believe that evaluating the stability of materials
for PCECs should encompass both structural stability at elevated temperatures and an analysis
from a thermodynamic perspective.

This presentation will showcase research dedicated to identifying crucial attributes within
various protonic conductors and MIEC systems. The utilization of cutting-edge techniques will
be elucidated, accompanied by the presentation of the collected data.
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(2016/22/Z/ST5/00691), the Spanish Ministry of Science and Innovation (PCIN-2017-125, RTI2018-102161,
and IJCI-2017-34110), and the Research Council of Norway (grant no. 272797 “GoPHy MiCQO”) through the
M-ERA.NET Joint Call 2016. The calorimetry at Arizona State University received financial support from
the U.S. Department of Energy, Office of Basic Energy Sciences, grant DE-SC0021987. The research was
financially supported by the National Centre for Research and Development (IX Polish-Taiwanese project,
no. DWM/POLTAJ9/3/2022).
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Solid Oxide Cells and Stacks are gaining technical maturity and entering commercialization,
especially for highly efficient high-temperature electrolysis. However, further research is
needed to increase power density and address degradation issues. Corrosion of steel
interconnects is a significant contributor to stack degradation and requires advancements in the
near future.

Our group has extensive experience in high-temperature corrosion and protective coatings
development, with over 15 years of national and international collaborations. We have
investigated various alloys and developed and tested diverse coating materials. This
presentation will provide an overview of historical and recent developments in ceramic
protective coatings. It will address alloy selection, coating materials, deposition techniques, and
other factors, emphasizing next-generation coatings for lower-temperature stack technology.
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Lanthanide doped bismuth oxides with the rhombohedral Bi-Sr-O type structure exhibit one
of the highest oxide ion conductivity, comparable to the fluorite 6-Bi>O3 type compounds [1].
A characteristic property of bismuth-oxide rhombohedral type systems is order-disorder phase
transition at ca. 700 °C, associated with a step change of total conductivity of 1 order of
magnitude [2]. In our previous work, we concluded that this change of conductivity is related
with redistribution of O atoms [3]. This anion redistribution is followed by subtle rearrangement
of cations, which is not yet fully understood.

The crystal structure of BixPri-xO1.5 oxide ion conductors with compositions x=0.20, x=0.25
and x=0.325 was studied by using synchrotron radiation X-ray powder diffraction (SXRPD).
The measurements were focused on the phase transition from the low-temperature B> phase to
the highly conducting disordered phase 1 which is observed near 730°C[3]. In order to avoid
large absorption of Bi and Pr ions the measurements were done with high energy x-rays
corresponding to a wavelength A=0.3267A. For each sample the SXRPD measurements were
done in two cycles, i.e. 300°C— 800°C—300°C—-800°C— 300°C.

The present studies confirm the earlier findings obtained by laboratory X-ray diffraction and
neutron time-of-flight diffraction done with the instrument Polaris@ISIS [3]. Due to the
combination of high flux and high angular resolution SXRPD patterns provide some additional
information. The SXRPD patterns can be described by using the usual rhombohedral structure
model with the space group R-3m. At all temperatures, i.e. both below and above the transition
better fit quality is obtained with a modified symmetry model assuming monoclinic symmetry
with the space group C2/m. The monoclinic space group C2/m is obtained from R-3m by
removing the 3-fold rotations around the hexagonal [001] axis. The Rietveld refinements in
monoclinic symmetry were done with a pseudo-hexagonal unit cell which is similar to unit cell
of the hexagonal setting of R-3m. In this non-standard monoclinic unit cell the pseudohexagonal
angles may deviate from the values of 90° and 120°, i.e. B~90° and y=120°. For all BixPrixO15
samples with x=0.20, x=0.25 and x=0.325 the value of y is equal to 120° within experimental
error (£0.01°) while the angle B is larger than 90°, i.e. about 90.04(1)° outside the phase
transition region. At temperatures close to the phase transition the angle 3 show a narrow peak
with a maximum of about 90.08(1)° in all heating and cooling cycles. The refined monoclinic
structure model of BixPrixO1 5 is discussed in the context of possible stacking faults.
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The widespread adoption of the technology used to produce hydrogen by means of solid
oxide electrolyzer cells (SOECs) from surplus electrical energy generated by wind and solar
power sources, which are themselves affected by weather conditions, will only be possible if
the price of such devices is not overly high and provided that they can offer several dozen
thousand hours of failure-free operation. The lowest possible manufacturing cost and the
highest achievable durability are therefore concerns that need to be taken into account as early
as at the research stage.

These requirements have been addressed by designing a new type of composite material for
protective-conducting coatings applied on metallic interconnects for solid oxide electrolyzer
cells (SOECs); the developed material features a matrix consisting of the Cu;3sMni704 (CM)
spinel, in which the lanthanum-containing LaNiFeOs.s (LNF) perovskite is dispersed. The
material serves two main functions. It acts as a barrier that prevents the formation of volatile
chromium compounds responsible for the so-called "electrode poisoning" effect, and in this
respect it should be more effective than the currently applied Mn-Co-O spinel coatings. In
addition, it serves as a reservoir of the reactive element in the layered system consisting of the
steel substrate, the reaction zone, and the coating, which effectively improves not only the heat
resistance but also the electrical conductivity of materials that form protective Cr203 scales,
such as high-chromium ferritic steels used as interconnect materials. It should be emphasized
that — unlike the coating materials currently applied with interconnects — the newly developed
coating does not contain the scarce and environmentally unfriendly cobalt, which has been
replaced with the much less expensive copper.

The presented study evaluated the effect of the performed LNF addition on the
physicochemical properties of the tested CM/LNF composite material samples via a number of
investigations, including electrical conductivity and Seebeck coefficient measurements as well
as XRD, IR, XAS, and SEM observations. Adding LNF to the CM matrix yields a composite
system that exhibits significantly improved electrical properties at temperatures below 800°C
and increases stability in the presence Cr20s, confirming that CM/LNF can be applied as a
material for functional protective-conducting coatings on SOEC metallic interconnects.

Acknowledgements: Funding of National Science Centre (NCN) project No. 2021/41/B/ST8/02187 is
gratefully acknowledged (TB).
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The ongoing technical development and global industrialization have resulted in a growing
demand for fossil fuels. The reduction of the amount of the carbon dioxide and the development of
the renewable energy sources are the challenges we are facing nowadays. One of the most promising
methods to utilize CO, from fossil fuels, is the conversion of carbon dioxide into valuable
chemicals. Affordable production of the hydrocarbons can be achieved using e.g., Fischer-Tropsch
synthesis from Hzand CO. Unfortunately, green hydrogen and carbon monoxide production is still
problematic. Electrochemical reduction of CO and H20 is believed to be one of the most promising
conversion strategies, that could possibly consume excess energy to efficiently produce value-added
chemicals.

Higher operating temperature of the SOECs enhance the kinetics of the water electrolysis
process. Furthermore, these are capable of simultaneous reduction of COy, if it is delivered to the
inlet mixture along with water vapor. Although coelectrolysis of H,O/CO; has been studied for a
long time, a clear description of the process is still lacking due to its complex nature. In spite of the
increase in catalytic activity, a proper catalysts should be used to the cells. An interesting group of
catalysts are metal-based nanoparticles supported on the SOEC’s electrode.

In this study, a series of novel SOECs has been fabricated by pCD-assisted fast impregnation
method. The conventional Ni-YSZ bulk cermet electrodes were enriched with 3.6 wt.% of the
nanoparticles of the Mn, Co, Fe, Cu, and Zn oxides which upon reduction formed mixed core-shell-
like structures on the Ni grains. The obtained structure was deeply characterized using synchrotron
radiation in Scanning Transmission X-ray Microscopy (STXM) to reveal the complexity of the
structures. The chemical imaging studies were accompanied by the measurements using Near-
Ambient Pressure X-ray Photoelectron Spectroscopy (NAP-XPS) performed under the flow of
reactant mixture at elevated temperature. The addition of the secondary metal alters the energy
levels on the Ni surface and increases the tendency to form carbonates, what prolongs the retention
time of CO,. Finally, the cells with infiltrated electrodes were tested i.a. in the H>O/CO;
coelectrolysis regime at 700 °C. The addition of the guest catalytic metal increased the CO-
conversion and selectivity towards CO production due to the existing surficial modifications of e.g.
basic-acid sites. Long-term tests revealed low degradation levels of the modified cells. This simple
approach for modification of the SOEC can lead to better understanding of the correlation between
the properties of the fuel electrode material and the overall efficiency of the coelectrolysis process.

Acknowledgements: This work was supported by a project OPUS22 funded by National Science Centre
Poland, based on decision UMO-2021/43/B/ST8/01831. We also acknowledge SOLARIS Centre for the
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European Synchrotron Radiation Facility (ESRF), Grenoble, France.
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The degradation of stoichiometric lithium-manganese spinel (LiMn2O4, LMO) is a critical
concern in the longevity and efficiency of eco-friendly, cheap lithium-ion batteries. The
complex mechanisms of degradation, involving Jahn-Teller distortion of Mn**, as well as Mn*"
dissolution, are well-known to be accelerated by reactive species like HF.

This study explores sulfur substitution into the LMO’s oxygen sublattice as a targeted
approach to mitigate these aging factors.

The effect of sulfur doping is revealed to have multiple impacts. Firstly, S limits the passive
dissolution of manganese in the electrolyte which occurs in the cell regardless of working
regime. Secondly, the S-stretched spinel structure has less diffusion limitations and is less
susceptible to mechanical strains, and arising from this electrode cracking and material loss
under high current flows. Thirdly, the results suggest higher stability of the passivation layer
formed on the LMOS surface. Finally, sulfur presence in the electrode influences PVDF binder
stability, limiting the defluorination of the polymer at higher working potentials, which
enhances the electrode’s durability and restricts fluorine content in an electrolyte.
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Although a full understanding of sulfur’s role in the cell aging process remains intricate, the
findings affirm that sulfur substitution significantly increases the structural stability of the
material and overall cell performance, especially under severe working conditions. These
insights into sulfur doping open new avenues for developing more robust and environmentally
friendly LMO-based materials for large-scale battery systems, and this work offers valuable
contributions to ongoing efforts in advancing energy storage technology.
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Nowadays, the increase in energy production from renewable power sources is an
indisputable fact. One of their biggest disadvantages is the fact that such power sources are
heavily dependent on weather conditions. This causes the need for assembly battery systems to
stabilize the power grid during bad weather or night.

Vanadate-phosphates are a wide group of materials — candidates for cathodes in Li-ion
batteries, and they have a long history of research & development, including crystalline VOPO4
[1], or Li3V2(PO4)3 [2]. At the same time, our group studied glassy analogues of different
vanadate-phosphate glasses [3] and proved that their thermal nanocrystallisation may lead to a
significant increase in their electronic conductivity. E.g., 90V205-10P205 glasses exhibit
conductivity around 6 = 7 - 10~° S/cm but after nanocrystallization the electronic conductivity
dramatically increased to o =7-10"2 S/cm at room temperature [4]. Moreover, the
gravimetric capacity of these nanomaterials reached 225 mAh/g in first cycle (C/20 current),
but it dropped to 140 mAh/g in the subsequent cycles.

The objective of this work was to synthesise glassy analogues of 95V205-5P205 and to
optimise their conductivity even further. For this purpose, many different measurement methods
were applied: XRD, SEM and EDX to confirm the glassy state, to investigate their
microstructure and elemental compositions, DSC to check the thermal stability of the pristine
glasses, and DC for electrical measurements. With these methods, changes in material during
heat treatment can be observed, and correlations with changes in conductivity and other
structural factors will be shown.

This work is also a starting point for high temperature — high pressure optimisation, which
is expected to bring even better results in terms of electrical conductivity.
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Recently, lithium tantalum phosphate LiTa;POg (LTPO) has emerged as a promising
candidate as a solid electrolyte, meeting strict requirements, such as high ionic conductivity, as
well as robust thermal, mechanical, and chemical stability [1,2]. LTPO exhibits outstanding
bulk ionic conductivity on the order of 1 mS/cm at room temperature. However, its total ionic
conductivity is hindered by highly resistive grain boundaries. The overall electrical properties
of LTPO ceramics are heavily influenced by processing parameters, such as sintering time and
temperature [3]. Notably, LTPO requires high sintering temperatures exceeding 1000°C, which
can lead to the evaporation of Li2O and adversely affect its ionic conductivity.

To address Li" loss at elevated temperatures, we have modified and optimized the synthesis
procedure by introducing an excess of lithium ranging from 5 to 15 wt.% (with respect to the
stoichiometric amount). The electrical and structural properties of the LiTaxPOg ceramics
including the selection of different lithium-containing substrates (Li2CO3, LiNO3, LiOH.H>O,
Li2O) and their excess, were studied applying several different and complementary methods,
like X-ray diffractometry (XRD), °Li and *'P nuclear magnetic resonance (MAS NMR),
scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX),
thermomechanical analysis (TMA), impedance spectroscopy (IS), density (Archimedes) and
Hebb-Wanger polarization methods.

The samples prepared without an excess of LiNO3 or Li2COs sources exhibited the highest
value of 601, ca. 5 x 107* S/cm at 30°C. Notably, the grain conductivity remained constant at ca.
3 mS/cm, irrespective of the chosen lithium source and excess. The microstructural analysis
uncovered correlations between variations in total ionic conductivity and changes in the nature
and concentration of secondary phases. Additionally, it revealed the influence of the
arrangement of grains affecting the grain boundaries and porosity regions.
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Electrochemical energy storage requires development of low-cost, high-energy density
battery technologies, beyond current Li-ion. Solid state sodium batteries offer many advantages
such as elimination of scarce elements, increased energy density due to application of metal
electrode as an anode with prevented dendrite growth through ceramic solid electrolyte barrier,
and improved safety owing to elimination of highly reactive and flammable liquid electrolyte
[1,2]. On the back side, however, are issues related to high polarization resistance of solid-solid
interfaces at the electrolyte/electrode contacts.

This work reports investigations of symmetrical cells built with standard Na-B-alumina solid
electrolyte sintered discs with metallic sodium anode using galvanostatic and AC impedance
techniques. Various surface treatments of solid electrolyte were used in order to reduce
interfacial resistance, cell polarization and prevent dendrite growth, as well as to improve
tolerance to high current loads. X-ray Photoelectron and Raman spectroscopies were applied to
reveal chemical composition of surface after heat treatment at various temperatures in
controlled atmosphere and explain high interfacial resistance of the untreated electrolyte.
Optical profilometry allowed to estimate surface roughness of the electrolyte after polishing
with several grits and discuss the effect of surface roughness on electrode polarization under
various current densities, as well as maximum achievable current density.

In search of further ways to improve the electrode-electrolyte between sodium metal and
ceramic solid electrolyte contact, we communicate here the results obtained after increased
temperature (up to 60°C) and applied external pressure (up to 19 MPa). Whereas the former
increases the rate of all processes in the electrochemical cell decreasing resistance and
polarization, the later is closely related to creep deformation of sodium metal electrode, which
helps to fill in the voids formed when the sodium is stripped from the electrode during discharge
and should affect performance chiefly at higher current densities.

Last part of the work is focused on the effect of alloying additives introduced to sodium
metal electrode on wetting angle, polarization resistance and maximum current density. A
positive correlation was observed between wetting angle, polarization resistance and maximum
current density suggesting that this factor can be a good criterion of selection of new metal
electrodes for solid state batteries.
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The rapid growth in the areas of batteries and fuel cells lead to the need for deep analysis of
their component materials. More often than not these materials are porous or multiphased,
where traits such as composition, gradient of concentration of various material components, as
well as electrochemical properties are vital in their characterization. Electrochemical/Dielectric
Immitanceance Spectroscopy (E/DIS) offers the possibility of insight into their structure and
estimation of the various qualities of said materials. This is invaluable for proper understanding
of processes that can occur during the operation of batteries or fuel cells.

In the ‘electrochemical’ spectra of such materials, one can observed specific elements that
are related to their inner structure in the lower frequency region. In earlier works by De Levi
[1], a selection of diffusion elements have been purposed that can be used to characterize ionic
transfer occurring inside of a medium, including a solid state or a porous one. However, the
later introduction of the Gerischer element [2], and the development of its modifications [3]
proved to be an invaluable asset in the field of electrode material science. As it lead to better
understanding of the changes that occur during a battery operation such as changes in porosity,
electrode active surface and other structural changes that might occur due to ageing processes.
Furthermore, same principles can also be applied to the fuel cell operation.

On the other hand the relaxation elements present in high frequency ‘dielectric’ part of the
spectra of many highly dispersive materials [4] including porous conductive glasses are very
similar in nature to the Gerischer ones, as well as, their modified counterparts. It was observed
that glasses with different composition exhibited different dispersion elements, related to their
internal structure. Furthermore the changes in these elements’ values in the function of
temperature could be related to the changes in the phase composition of the glass and their
electrochemical properties such as ionic transfer capabilities.

Finally, it worth to conclude that whereas the high frequency ‘dielectric’ dispersion of
various materials is often and usefully studied the counter-parting Impedance Spectroscopy of
the lower frequencies, is most often overlook, but can prove to be an invaluable if not
complementary tool in the fields of material science. The interpretation of these elements -
modified and unmodified Gerischer, as well, of symmetrical and asymmetrical dispersion
elements can help understand the processes occurring during the operation of fuel cells and/or
batteries, such as defining ionic transfer and phase shifts.
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This study presents a comprehensive analysis of the synthesis techniques and the impact of
aluminum doping on Nickel Manganese Cobalt (NMC) 811 cathode materials. Our research
focuses on comparing two distinct synthesis methods: hydroxide co-precipitation followed by
solid-state calcination for polycrystalline (PC) cathodes and molten salt calcination for single-
crystalline (SC) cathodes. Additionally, the study systematically integrates aluminum dopants
at various stages of these processes. The objective is to explore the influence of doping via
various approaches on the structural, morphological, and electrochemical properties of NMC
cathodes. Through extensive characterizations using methods like X-ray diffraction (XRD),
scanning electron microscopy (SEM), and galvanostatic cycling tests, our results highlight the
promise of aluminum doping in enhancing the performance of polycrystalline NMC cathodes.
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Lithium-ion batteries are one of the most important components in energy transformation as
a prime candidate for energy storage and electric vehicle applications. The key component of
lithium-ion batteries determining their properties in terms of safety, capacity retention and
operating conditions limits is an electrolyte. Improving electrolyte properties can be achieved
by replacement of the salt or solvent. In the presented research we are investigating electrolytes
containing lithium 4,5-dicyano-2-trifuoromethylimidazolide (LiTDI), which is the most
promising salt to replace LiPFs, in acetonitrile (AN). The acetonitrile is a good solvent,
possessing high dielectric constant, low viscosity, and excellent electrochemical stability. The
physicochemical properties of LIiTDI-AN electrolytes were investigated, including
conductivity, lithium transference number, thermal properties, and electrochemical stability.
The maximum of conductivity was observed at 0.6 mol-kg™ having a value of 18.6 mS-cm™ at
20°C. The electrochemical stability is sufficient for operation with commonly used electrodes.
A very low melting point of the electrolyte expands lower temperature limit of its application.
Galvanostatic cycling was also performed using lithium titanate (LTO) and graphite as anodes
with nickel-manganese-cobalt oxide (NMC) as a cathode. LiTDI-AN electrolytes provide
excellent capacity retention and rate capability in LTO-NMC cells without the necessity of
using any additives. Acetonitrile is incompatible with graphite anodes, which demands the
application of a SEl-stabilising additive. Vinylene carbonate (VC), fluoroethylene carbonate
(FEC), ethylene sulfite (ES) and ethylene sulfate (DTD) were tested. The best results were
obtained using 10% VC while other additives were not effective.
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Today, lithium-ion batteries are among the most crucial energy storage devices, dominating
both, portable electronic products and the electric vehicles (EV) sector. The burgeoning EV
market is driving a surge in demand for greater cruising ranges, prompting the necessity for the
development of high-energy-density cathodes and anodes. Concerning cathode materials,
currently there are two noteworthy approaches. One involves further development of Ni-rich
layered oxides [1], and alternatively, so called Li-rich oxides, having a specific structural
properties, are also gaining significant attention [2]. Both categories of materials hold promise
for a significant advancement in constructing high-capacity and high-power density cells, which
can be attributed to their very high reversible discharge capacity (> 200 mAh g!), high operating
voltage (~3.7 V vs. Li/Li"), and comparatively low costs. However, these oxides still suffer
from severe issues, including surface sensitivity, structural problems, such as Li/Ni mixing
effects, and inadequate thermal stability, limiting their practical application. Of the particular
concern is presence of lithium residuals like LiIOH/Li2COs in the active material, stemming
from the synthesis process.

In this study, we systematically produced a range of Ni-rich materials with varying lithium
excess using the commercial [Nig.905C00.043A10.052](OH)2 precursor, and carefully selected them
to create a high-nickel layered oxide cathode demonstrating outstanding performance.
Additionally, an advanced lithium-rich layered oxide cathode Lii2Mng.54Co00.13Ni0.1302 was
synthesized using a co-precipitation method and small amount of Al element doping. Both
cathodes were assembled alongside with the next class of anode materials, the high-
performance high-entropy Snos(Coo2Mgo2Mno2Nio2Zno2)2204. Various issues related to
combining of those electrodes into a full cell were studied, including selection of N/P ratio,
electrode prelithiation process, and electrolyte additives. The resultant, optimized full cells
exhibited very good performance. For example, the NCA905@high-entropy anode full cell
delivered an initial discharge capacity more than 206 mAh g at 0.5 C (cathode limited), and a
very high energy density of 377 Wh kg™!. A capacity retention of 77.9% was measured after 50
cycles, indicating promising electrochemical characteristics.
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Currently, one of the most promising directions for development of oxygen electrode materials
for Solid Oxide Fuel Cells (SOFCs) is stabilization of SrCoOs.5 (SCO) perovskite by chemical
doping at the B-site. Typically, such modified oxides have a high catalytic activity toward the
oxygen reduction reaction (ORR), and exhibit excellent mixed ionic and electronic conductivity
(MIEC). The most effective way to stabilize the structure of SCO is to substitute cobalt with higher
valence, 4d/5d ions. Those elements have a relatively small ionic radius, adjusting the Goldschmidt
tolerance factor, and with +4 or +5 oxidation state are strongly affecting the oxygen content. The
most established materials in the literature Nb- and/or
Ta-doped SCO-based oxides [1]. Importantly, the reported electrochemical performance of such
electrodes exceeds that of the current state-of-the-art materials, resulting in a possible, significant
reduction in the operating temperature. This should not only improve the cell’s longevity, but also
portability, and may mitigate typical shortcomings associated with presence of alkaline ions.

In this work, possibility of obtaining phase-pure SCO-doped materials is studied for several
compositions, including SrCoosTao203.5 (SCT20), SrCoosNbp2035 (SCN20), as well as
SrCo0.8Nbo.1Tag. 1035 (SCNT10), which were synthesized and tested toward their functional
properties. Attempts were also made to obtain material with additional Mo/W elements, e.g.
SrCoo.7Tap.1M00.1Mno.103.5 (SCTMM10) with the aim to develop high-entropy oxides [2]. The
conducted experiments involve structural measurements, studies of the transport properties,
evaluation of thermal expansion behavior and chemical stability at high temperatures. It is found
that the maximum conductivity of the doped samples remains sufficiently high, e.g. ~200 S cm™ at
350 °C for SCNT10. The main disadvantage of the materials is still too high thermal expansion,
with the TEC coefficient reaching values as high as ~27-10° K™'. However, some decrease can be
obtained, for instance, ~21-10° K!' for the novel SCTMM10. Evaluation of the electrochemical
performance is also carried out by the cathodic polarization resistance measurements, with a
composite cathode approach used. Low values of 0.172, 0.118, and 0.082 Q cm? are recorded
respectively at 700, 750, and 800 °C, for the 60:40 wt.% SCNT10:GDC composite oxygen
electrode. This corresponds to a decrease of almost 30 °C of the threshold temperature (0.15 Q cm?
at ca. 750 °C) in relation to the pure SCNT10. With the encouraging initial results, further
experiments are needed to optimize the electrode composites.
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To increase the energy/power density and safety of Li-ion batteries, the commercial graphite
anode needs to be replaced with other chemistries. A particularly interesting direction to obtain
high-energy-density anodes is to utilize the so-called conversion-alloying materials (CAMs)
[1,2]. However, despite having numerous advantages, CAMs suffer from poor cycling stability.
The only solution proposed in the literature so far is to employ advanced synthesis methods and
additives, which are often expensive and difficult to scale.

We have utilized the high-entropy approach to a solid-state synthesized CAM, introducing a
new method to achieve good cyclability for micrometer-sized powders. Specifically, a spinel-
structured anode material, Sno.80Co00.44Mgo.44Mno.44Nig.44Z10.4404, was found to deliver 680
mAh g! at 50 mA g'!, with excellent capacity retention of nearly 100% after 500 cycles at 200
mA ¢!, outperforming conventional CAMs. To understand the mechanism behind this, we
thoroughly studied that HEO and found that the stability results from the altered Li-storage
mechanism, with the reversible lithiation of an amorphous multicomponent matrix [1]. In the
follow-up study, we decided to approach the problem differently, and tried to improve the
stability of the solid-state synthesized low-entropy Zn2SnOs anode, i.a. by the electrochemical
prelithiation. The material was evaluated in half-cells and full Li-ion cells with a commercial
layered cathode. Although the obtained capacity was higher than that for the previously studied
HEO, the capacity retention was found to be inferior (41% retention at 500 mA g™!, 200" to 2™
cycle) [2]. Based on what we have learned from those studies, we formulated a hypothesis that
to significantly improve cycling stability it is not necessary to maximize the configurational
entropy, as long as multiple cations are well-mixed in the initial CAM structure. To verify this,
we synthesized a new multicomponent single-phase spinel, Zni6Coo.1Mgo.1Mno.1Nio.1SnO4,
chemically much closer to the low-entropy Zn2SnO4, but with a mixture of Co/Mn/Mg/Ni
substituting partially for Zn. The material exhibits improved long-term stability, being equally
good to the mentioned HEO (91% capacity retention at 500 mA g™!, 200" to 2" cycle), while
delivering a higher capacity at a lower potential. The results provide strong evidence that to
design high-energy-density CAM anodes, it is desirable to use multicomponent complex oxides,
and not necessarily near-equimolar high-entropy materials.
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Further improvement of low-emission technologies is hindered by the intrinsic limitation of
their key elements, Li-ion batteries, where the positive electrode is one of the major bottlenecks
that restrains their electrochemical performance. A significant increase in the energy density of
the cathode materials for lithium-ion batteries may be realized by accessing the reversible redox
reactions involving lattice oxygens (anionic redox) within Li- and Mn-rich NMC cathode
materials (LMR-NMC). However, the reactions associated with the occurrence of oxygen redox
are believed to be the primary cause of the observed voltage fade in LMR-NMC impeding
practical applications of those electrodes. Importantly, the voltage fade progresses gradually
over the cycling, thus the evolution of the deterioration processes driven by extended cycling
needs further investigation. In this report, we present detailed studies of the evolution of the
structural and electronic properties of Lii 1Nio.13Mno54C00.1302 electrode material during
cycling. The synthesized material with optimized round-shaped morphology was subjected to
electrochemical testing that included galvanostatic cycling, voltammetry tests, operando XRD
and GITT measurements. To evaluate the evolution of oxygen redox reactions occurring within
the electrode during cycling, ex situ resonant inelastic X-ray scattering measurements of the O
K-edge (mRIXS) were conducted for charge samples after various number of cycles (1 — 300).
Apart from the oxygen redox reaction, TM oxidation state spatial redistribution was proposed
to influence the voltage modification during the extended cycling. Thus, to assess the evolution
of the heterogeneities of the oxidation state of Mn within the primary particles of the electrodes,
the selected samples in the discharge state were subjected to X-ray ptychography in the energy
range corresponding to the Mn L3-edge. To further elaborate the evolution of the Co and Ni
during the electrode processes, the operando XAS experiments (charge-discharge step) for the
Co and Ni K-edges were performed for studied electrodes during the first two cycles and for
electrode after cycling. The minor specific capacity fade over the cycling was recorded, starting
from around 270 mAh/g for the first cycle, while substantial change in voltage profile was
recorded after 300 cycles. The capacity fade observed within the Lii.1Nio.13Mno 54C00.1302
material during cycling is in good agreement with the decrease in the intensity of the unique
anionic redox feature spot on mRIXS spectra at an emission energy of ~524 eV and an
excitation energy of ~531 eV. The operando XAS studies showed complex redox reactions of
Ni and Co ions changing their oxidation states both during initial charge and discharge. The
operando XAS for the electrodes after cycling showed different behavior of the redox reaction
involving Co and Ni, comparing to first cycles.
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Slow surface reaction kinetics is a limiting factor in the electrochemical performance of air-
electrodes and increases the concentration polarization which results in increased cathodic
losses [1]. Electrochemical processes occur at the double-phase boundaries of triple-conducting
oxides. Thus, it is essential to increase the number of reaction sites. To improve the rate of
oxygen reduction reaction on the cathode’s surface, several approaches such as infiltration and
physical vapor deposition of noble metallic catalysts have historically been explored with less
desirable outcomes. Infiltration and deposition techniques tend to produce agglomerated and
unevenly distributed nanoparticles [2]. The results can also be non-reproducible. As such, this
has created the need for ‘intelligent’ catalysts using a novel approach known as exsolution [1,
2]. Exsolution of nanoparticles refers to the spontaneous expulsion of catalytically active
cations from either the A-site or B-site of the host perovskite. They co-segregate with oxygen
vacancies, diffuse through the lattice and nucleate to form partially submerged metallic or oxide
nanoparticles on the surface [2]. The exsolution method is deemed to be an efficient way to
produce resilient and evenly distributed nanoparticles. Exsolution can be achieved in reducing
conditions, lattice strain or via voltage induction [1, 2].

In this work, we present the results of exsolution achieved from both the A-site and B-site
of silver doped (BaGdglLag;)1-xAg,C0,04_s (x=0.04,0.10 & 0.20) perovskite. Notably, the
exsolution of nanoparticles is often achieved from either the A-site or B-site of the perovskite
structure [2]. The concept of double exsolution is enabled by the ease in reduction of Ag cations
to their metallic state. At the right temperatures in reducing conditions, this leads to exsolution
of metallic Ag from the A-site, creating a non-stoichiometric compound. Due to the resultant
A-site deficiency, subsequent exsolution of B-site transition metals follows which results in a
heterogeneous mixture of catalytically active metal and oxide nanoparticles at the surface.
Given that not all exsolved nanoparticles will produce electrochemically active sites, it is crucial
to have a high density of nanoparticles. Moreover, silver nanoparticles exhibit good catalytic
effects even at room temperature [3]. Cobalt oxide nanoparticles equally have high catalytic
activity that could improve electrochemical activity on the cathode [4]. The aliovalent
substitution of Ag* and Ba®* in the A-site of the host perovskite not only increases hydration
properties but also increases the formation of oxygen vacancies which are essential for
exsolution [4]. The presence of multi-valent Co cations enable electronic conductivity. Hence,
the host perovskite has desirable ionic-electronic properties [4]. The results to be presented
include scanning electron microscopy micrographs, X-ray diffraction patterns,
thermogravimetric data, hydration, iodometric titration, total conductivity in dry and wet air. In
addition, the chemical diffusion and reaction coefficients from conductivity relaxation
measurements in oxidizing and reducing atmospheres will also be presented.
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Multicomponent high-entropy oxides (HEOs) boast unique attributes including exceptional
thermal stability, adjustable electronic properties, and a rich array of chemical compositions,
rendering them highly promising for applications in thermoelectric devices. These oxides,
characterized by their intricate and disordered crystal structures resulting from the presence of
multiple cations, present exciting opportunities for tailoring thermoelectric performance.
Various synthesis methods, such as solid-state reaction and the sol-gel approach, are employed
to craft HEOs with precise compositions and microstructures. Subsequently, the Seebeck effect
is measured across a wide range of temperatures to assess the thermoelectric performance of
HEOs. Investigation into the influence of composition, crystal structure, and microstructure on
the Seebeck coefficient represents a nascent area of research, shedding light on the underlying
thermoelectric mechanisms in multicomponent HEOs [1,2]. Furthermore, diverse strategies,
including compositional engineering and doping with multiple elements, are being explored to
enhance the thermoelectric figure of merit (ZT) of multicomponent oxide materials [3].

The present work consisted in characterizing the thermoelectric and electrochemical
properties of selected multicomponent oxides based on perovskite ABOs structure. Analyzed
materials contain barium in the A-site and multiple elements - Fe,Zr,Hf,Sn,Ti,Ce,Co,In,Sm,Y
and/or YD - in the perovskite B-site. The structure and microstructure of these materials were
analyzed by X-ray Diffractometry (XRD) and Scanning Electron Microscopy (SEM). To
determine the temperature dependence of total Seebeck coefficient, the 4-wire technique was
performed at different water-vapor containing atmospheres. Electrical studies of total electrical
conductivity were performed by 4W-DC and EIS techniques also as a function of pO2 and
pH20. An important aspect of the work was to discuss the transport properties of HEOs in the
presence of protonic defects, which can significantly improve thermoelectric effects.
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In recent years, solid oxide fuel cells (SOFC) have become increasingly popular due to the
crucial role they can play in energy systems based largely on renewable energy
sources (RES). Year by year, power capacity installed in RES grows systematically around the
world and this trend is expected to accelerate in the future [1]. Nevertheless, RES are
characterized by intermittent electricity production, which requires energy storage systems,
while present technologies are not fully fit for this purpose. SOFCs can be an important
integrated part of modern energy systems, and during the oversupply of electricity, the surplus
energy can be stored in the hydrogen produced by SOFCs in electrolysis mode. Moreover, the
hydrogen can also be used to generate electricity by SOFCs to meet the high demand.
Unfortunately, the high operating temperature of SOFCs (>800 °C) generates problems
including fast material degradation and thermal compatibility, limiting the commercialization.
The limiting factor hindering the reduction of operating temperature is the drastic decrease of
the electrochemical performance of electrodes at the desired temperatures (<700 °C). The
development of electrodes with enhanced electrocatalytic activities at lower temperatures is
crucial for advancing cost-effective and high-performance SOFCs. Recently, there is a growing
interest in fabricating heterostructured electrodes, employing methods like mechanical milling,
infiltration, in situ assembling, and in situ exsolution of nanoparticles. The undeniable benefit
of heterostructured electrodes lies in their ability to exhibit high mixed ionic-electronic
conductivities (MIEC) and improved catalytic activities [2-3].

In this work, A-site deficient SroxFe14Tio2Mo2Nio1C001065 (M = Cr, Mn, Mo, W)
perovskites were systematically investigated as new electrode materials for SOFCs. It has been
found that the A-site deficiency and the phase transition from simple perovskite to Ruddlesden-
Popper structure in reducing conditions significantly promote the in situ exsolution of
nanoparticles, leading to the enhancement of electrochemical performance of cells. The
morphology of electrodes was further optimized by fabricating nanofibers using the
electrospinning technique, contributing to a significant improvement of performance at
intermediate temperature range (<700 °C).
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The barium lanthanum cobaltite with a perovskite structure can be classified as triple
conducting oxide (TCO), which exhibits conductivity of three mobile charge carriers, namely
oxygen ions, electrons/holes, and protonic defects. Because of the possibility of reaction of
those three charge carriers in the bulk, it is considered as potential electrode material for proton
ceramic electrochemical cells (PCEC). The total electronic conductivity and formation of
proton defects have already been determined for that composition [1,2]. Furthermore, studies
have demonstrated that B-site substitution with a more basic transition metal might increase the
concentration of protonic defects [3]. Studies of the charge carriers' transport in barium
lanthanum cobaltite are necessary to fully evaluate the possible application of that material in
electrochemical devices.

This work was devoted to understanding the charge transport in barium lanthanum cobaltite
substituted by iron (BaosLaosCo1xFexOs.5 - BLCFX). The compound was synthesized using a
solid-state reaction route and its structure and phase composition were characterized by X-ray
diffraction. To provide information about the oxygen ionic conductivity, the modified Hebb-
Wagner polarization method was performed. To investigate the oxygen transport in materials,
the Electrical Conductivity Relaxation (ECR) method was performed in a wide range of
temperatures. The chemical surface exchange coefficient (k) and the chemical diffusion
coefficient of oxygen (D) were established and the activated energies for both processes were
calculated. To investigate predominant mobile charge carriers, the temperature dependence of
the total Seebeck coefficient was also analyzed. Measurements were carried out in galvanic
cells (Pt/BLCFx/Pt) by the conventional 4-wire method at different pO2 and pH-O.
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The escalating global energy demands require development of clean energy sources
and efficient energy storage systems. In this pursuit, a range of energy storage devices,
including batteries, fuel cells, and supercapacitors, have been subject to extensive investigation.
At this point, lithium-ion cells have been the dominant choice for portable power storage
devices for over 30 years. Despite their many advantages, continuous research is being carried
out to improve the performance of the cells. There is a need to search for new battery
components including electrodes and electrolytes, assuring higher battery capacity, better
safety, and enhanced -electrochemical stability range. Critical research area involves
understanding and controlling the phenomena at the anode-electrolyte interface where energy
storage occurs, and the initiation of degradation takes place. The formation of solid electrolyte
interphase (SEI) is a crucial property responsible for ensuring cycling stability and extended
thermodynamic stability of organic electrolytes in Li-ion batteries.

Metal halide perovskites (MHPs) represent a revolutionary class of compounds that can
be used in lithium-ion batteries. While metal halide perovskites are predominantly recognized
for their applications in energy conversion, their unique structure allowing fast lithium-ion
diffusion has prompted exploration in energy storage. The typical preparation of halide
perovskites relies on solution-based methods, yet this approach encounters challenges in both
compositional engineering and long-term storage. In this context, solid-state chemical reactions
induced by mechanical forces have emerged as an effective and straightforward method for
solvent free compositional engineering within a relatively short timeframe.

In this work we present the development of a new generation of electrodes using
all-inorganic and hybrid inorganic-organic halide perovskites. Different MHPs have been used
as the main active material for high-performance electrodes. Beyond serving as anodes, MHPs
have also found application as an electrode additive. In this case, the use of another well-known
active material as the head component of the anode and MHPs as an additive involved in the
formation of the SEI layer is likely to improve the cyclability, capacity and lifetime of the cell.
Our study includes electrochemical characterization and cycling performance analysis of
electrodes based on carbonous materials and tailor-made halide perovskites.
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Selected medium-entropy subsystems of Sr-free La(Co,Cu,Fe,Mn,Ni)Os perovskite are
synthesized and investigated in the context of their possible application as cathodes in solid
oxide fuel cell technology. Using the Pechini sol-gel method, the following materials are
obtained: La(Co,Fe,Cu,Mn)O3, La(Co,Fe,Mn,Ni)Os;, La(Co,Fe,Cu,Ni)O3;, La(Co,Fe,Ni)Os,
La(Co,Fe,Cu)O3, La(Co,Fe,Mn)Os. Special attention is paid to the influence of individual
elements, such as copper, nickel, and manganese, on the properties of the obtained
compositions. SEM+EDS measurements show typical single-phased perovskite R-3¢ and Pnma
structures for Mn-free and Mn-containing materials, respectively, with only a small amount of
Ruddlesden-Popper-type phase for La(Co,Fe,Cu)O3 at temperatures greater than 1000°C.
Relatively high amounts of oxygen vacancies at room-temperature combined with near lack of
a temperature dependence of the oxygen non-stoichiometry, exemplify the beneficial behavior
of the presented materials. The thermomechanical performance is evaluated using the
dilatometry method and, apart from highly atypical results for La(Co,Fe,Mn,N1)O3, all thermal
expansion coefficients are moderate, varying in the range of 15-17-10" 1/K. Most importantly,
no sign of deleterious chemical expansion mechanism is visible. The results of the electrical
measurements display profound influence of manganese on the character of conductivity, with
the values ranging from 32.4 S/cm up to 643.8 S/cm. The observed good chemical stability
toward GDC and LSGM electrolytes confirms the possibility of applying all of the studied
materials as cathodes in SOFC technology. The electrochemical performance is investigated
using electrochemical impedance spectroscopy for symmetrical cells with both GDC and
LSGM electrolytes. Obtained values of cathodic polarization resistance, in Sr-free
compositions, of 0.101 Q-cm? at 750°C for La(Co,Fe,Cu)Os and 0.122 Q-cm? at 700°C for
La(Co,Fe,Cu,Ni)Os are superior to most state-of-the-art cathode materials including LSM, LSF
and LSCF. In general, the Cu-based materials are markedly superior to Mn-containing ones in
terms of the overall performance in SOFCs. These results allow us to state that medium-entropy
approach is a promising alternative for improving SOFC-relevant properties.

Acknowledgments: This research was supported by the Polish National Science Center (NCN) under
project No. UMO-2021/41/B/ST8/04365.

45



O18

TAILORING EFFICIENT AND STABLE ANODE CANDIDATES FOR SOLID
OXIDE FUEL CELLS — CHALLENGES IN OUR RESEARCH PROJECTS

B.Bochentyn!, A.Ducka!, P.Blaszczak!, K.Kujawska!, J.Karczewski!, P.Jasinski?

' Faculty of Applied Physics and Mathematics, Gdansk University of Technology, ul. Narutowicza
11/12, 80-233 Gdansk, Poland
2 Faculty of Electronics, Telecommunications and Informatics, Gdansk University of Technology, 80-
233 Gdansk, ul. Narutowicza 11/12 Poland
beata.bochentyn@pg.edu.pl

The global demand for energy implies a constantly growing interest in Solid Oxide Fuel Cell
(SOFC) as an environment-friendly device that can directly convert the chemical energy of
various gaseous fuels into electrical energy and heat. Due to relatively high operation
temperature (up to 800 °C) an internal reforming of alternative fuels, such as biogas, is possible
directly on the SOFC anode, without the external reformer. However, in practice the
commercially used SOFCs with Ni-YSZ anode suffer from carbon deposition and sulfur
poisoning during the internal reforming process. Therefore some alternative solutions can be
applied to improve the stability and the performance of SOFC fed with biogas.

One of the possibilities is to use the ceria-based catalytic layers deposited on the anode side.
They present high mobility of oxygen ions, high oxygen storage capacity (OSC), attractive
redox catalytic properties and chemical compatibility with water and carbon dioxide at high
temperatures. Moreover, the high oxygen mobility in ceria promotes the mechanism of carbon
removal, which in turn should contribute to the stability of the catalysts in hydrocarbon
conversion reactions.

Another method is to exsolve metallic nanoparticles from the perovskite lattice of an anode
candidate material. These nanoparticles can act as catalytic centers for the process of
electrochemical oxidation of a fuel as well as for the internal reforming reactions. The
exsolution process occurs under reducing conditions and offers an even distribution of particles
as well as very well attachment to the host material. When bimetallic or even ternary alloys are
formed, the properties of the materials can be even further improved. As compared to the
monometallic Ni nanoparticles, the Fe-Ni alloy nanoparticles exhibit higher activity, greatly
improved durability over long-term testing and increased tolerance towards sulfur-based
atmospheres [1]. Simultaneously, these bimetallic alloys demonstrate outstanding
microstructural stability and high tolerance towards coking, similar to that presented by
monometallic Ni nanoparticles [2].

The aim of this presentation is to show materials synthesized and characterized for SOFC
anode application within various scientific projects of our team. Compounds from the ceria
group as well strontium titanate-based ones will be presented. Both achievements and obstacles
in understanding their anode activity will be discussed.
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High-entropy oxides (HEOs) are one of the most interesting new groups of ceramic
materials. Their complex properties, which can be easily modified by changes of elements in
their composition, are interesting both from the basic research and application point of view.
The idea behind entropy stabilization is that a single-phase crystal structure may be stabilized
by raising the system's configurational entropy [1]. It is necessary to mix at least five different
elements in one sublattice in order to obtain a high configuration entropy value. Since the
discovery of proton conductivity in rare-earth ortho-niobates by Haugsrud and Norby [2] in
2006, the interest in this group of materials has begun to grow. One of the well-recognized
materials is LaNbOs, which can be stable in two polymorphs, low-temperature (monoclinic,
Fergusonite-type structure), and high-temperature (tetragonal, Scheelite-type structure) [3]. In
this work, we examine the structural, thermal and electrical properties of the high-entropy
(Lao.2Ndo.2Smo.2Gdo.2Euo.2) (Vo.2Nbo.2Tao.2Sho2Me5)O4 , where (Me = Mo and W) series, based
on the lanthanum ortho-niobate. The stoichiometries have been chosen to ensure both the
entropic stabilization of the Scheelite phase and elevation of the electrical conductivity. The
samples of the materials were synthesized via the solid-state synthesis method. We determined
the structure and phase composition of materials by using X-ray powder diffraction at room
temperature. Thermochemical properties studies were carried out with thermogravimetry and
dilatometry. The measurements of the temperature dependence of electrical conductivity were
carried out using electrochemical impedance spectroscopy under dry and wet air.
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Li-ion batteries (LIBs) are a major concern nowadays due to their wide-spread use in grid-
scale energy storage. The ever-increasing demand for their better performance has encouraged
researchers to deeply understand the impact of ageing mechanisms on various battery
components [1,2]. Nickel rich metal oxides are currently garnering attention as electrode
materials due to their applicability in electric vehicles. However, they suffer from capacity loss
and thermal instability in highly deintercalated states [3].

Raman microscopy can be used to probe structural evolution and chemical composition of
battery elements during cycling. Despite the advantages of this technique, it presents challenges
related to limitations throughout Operando measurements [4]. The aim of this work was to
monitor electrode and electrolyte materials using Raman spectroscopy under in situ
commercially-relevant conditions. The relationship between the spectra features and battery
properties was stablished with the support of Jupyter-based application PRISMA [5].
Additionally, intrinsic characteristics and dynamics were identified for several electrode
materials over 3 cycles. Overall, the capability of Operando Raman microscopy to reveal
physical and electrochemical phenomena of battery constituents was demonstrated.
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Symmetrical Solid Oxide Cells (SOCs) are one of the most interesting energy conversion
and storage devices. The incorporation of a symmetrical design involves employing identical
compounds for both the anode and cathode site, reducing the number of cell components and
simplifying the fabrication process. However, materials for electrodes in the symmetrical
configuration must fulfill specific criteria, such as robust structural stability in both reducing
and oxidizing conditions, along with high electrocatalytic activities for fuel oxidation and
oxygen reduction. Using materials capable of in sifu exsolution of nanoparticles within the
electrodes of SOCs is regarded as highly advantageous. /n situ metallic nanoparticles enhance
catalytic activities and stability, leading to improved overall performance [1-2].

In this work, the A-site nonstoichiometric Smo9BaooMni s—~FexNio.1C00.106-5 perovskites
with double perovskite structure (P4/nmm space group) were successfully synthesized by the
soft chemistry method. The measured thermal expansion coefficient (TEC) values are very
close to TECs of mostly used -electrolytes (including LaooSro.1GaosMgo203-5 and
Ce0.8Gdo202-5), both in oxidizing and reducing atmospheres. The obtained compounds show
excellent redox stability, favoring their application as potential electrode materials for
symmetrical SOCs. It has been found that the A-site nonstoichiometry (Smo.9Baoo) favors the
in situ exsolution of metallic nanocatalysts from the parent materials in reducing conditions.
The presence of in situ exsolved nanoparticles (CoNix and CoNixFey) was confirmed on the
surface of reduced compounds by the SEM and HR-TEM studies. Excellent electrochemical
performance of the proposed perovskite electrodes was recorded in the reducing condition
which indicates that the investigated oxides are particularly of interest for the application as
anode material.
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Triple-conducting oxides (TCOs) are a class of materials that, under specific conditions,
exhibit the ability to conduct three different types of charge carriers: oxygen ions, electrons or
holes, and protons. TCOs have gained considerable interest in the scientific community due to
their potential applications in diverse electrochemical devices, such as protonic ceramic fuel
cells (PCFCs).

The BaCeo.sZro02Y0.2-<FexOs.5 series is related to Ba(Ce,Zr,Y)0O3-5 (BCZY), a mixed oxygen
ionic-protonic conductor, often used as an electrolyte in PCFCs [1]. Substituting cerium,
zirconium, or yttrium with mixed-valence cations like praseodymium, cobalt, or ruthenium can
increase the electrical conductivity of this material [2-4]. However, higher electronic partial
conductivity often results in deteriorated water uptake in TCOs. Investigating the diffusion
kinetics of mobile species can provide an essential understanding of this intricate interplay of
oxygen ions, protons, and electron holes in triple conducting materials, leading to a better design
of the materials suited for the electrochemical devices of high efficiency.

This study explores the impact of iron content on the transport of charge carriers in the
BaCeo.6Zr02Y0.2-x<FexO3-5 (X =0.02, 0.05, 0.1) series. Single-phase samples were synthesized via
solid-state reaction sintering and characterized using the X-ray diffraction (XRD) technique.
The proton defect concentrations were evaluated based on the thermogravimetric analysis
(TGA). The total conductivity was determined via electrochemical impedance spectroscopy
(EIS). Electrical conductivity measurements were conducted in dry and wet air to determine the
total conductivity as a function of temperature, as well as under various oxygen partial pressures
at 600 and 800 °C to estimate the transference numbers of electron holes and oxygen vacancies.
Furthermore, the electrical conductivity relaxation (ECR) method was utilized to investigate
the influence of iron on the surface exchange and diffusion of water and oxygen.
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An increase of the ac conductivity with increasing frequency, observed in ionic conductors,
is accompanied by a finite decrease of the dielectric constant. In a range of materials, the
dielectric function can be well described by the empirical functions of Cole—Cole or Havriliak—
Negami, which in the limit of high frequencies give the power law frequency dependence of
conductivity. The relaxation strength De, the dc conductivity so and the relaxation frequency
wc obey the Barton—Nakajima—Namikawa relation: so =P so De wc, where P is a coefficient,
whose value is characteristic for a given ionic conductor. The coefficient P relating the dc
conductivity with the charge carrier relaxation, provides valuable information about the length
scale and the time scale of nonrandom hopping, expressed respectively in units of jump length
and units of average time between jumps of a hopping carrier [1]. This concept has been tested
in the case of several selected oxygen ion conductors.

Impedance spectra of oxide ion conductors — several examples of CeO2 or Bi,Oz based
materials, like BIMEVOXex, sodium bismuth niobates NBT were analysed by the least squares
fitting. Good quality of fit and accurate estimates of parameters were obtained when the
equivalent circuit comprised contributions of all processes affecting the ac response. The
frequency dependence of conductivity and complex dielectric relaxation were combined in one
model of the ac response.
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Bismuth oxide glasses have been observed as an interesting starting system for the
stabilization of a few crystal structures of Bi»Os; [1]. In particular, 3-Bi»O3 is a candidate
material for oxide ion conducting membranes in intermediate-temperature fuel cells. This phase
is, however, stable only in the high-temperature range (>730°C). We observed the confinement
of 6-like nanograins in an amorphous matrix down to room temperature. A convincing physical
explanation of this phenomenon has not been given yet. There are a few working hypotheses:
1) stabilization due to the nanometric size of grains and the influence of the surrounding glassy
matrix, 2) incorporation of glass-forming dopants into the crystal structure, 3) formation of non-
stoichiometric Bi»O4x by Bi*" ions. In this research, we apply multiple experimental methods
to verify the abovementioned hypotheses.

The studied materials are based on an oxide glassy system Bi203-Al203-Si0z [2]. The role
of the dopants with regard to glass-forming ability has been checked by synthesizing material
with a controlled amount of dopants in a platinum crucible. Local arrangement around Si and
Al atoms has been investigated by MAS NMR studies. In combination with TEM and EDX
measurements, it gave a consistent view of the location of the Si and Al dopants. From these
experiments, one can conclude that these additives are unlikely to stabilize the o-like phase
directly because they were detected mainly outside crystalline grains of 8-Bi20s3, in the residual
glassy matrix. On the contrary, they are believed to participate in forming glass and induce the
confinement effect of pure 6-Bi203 nanocrystallites.
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As an important energy technology, reversible Solid Oxide Cells (rSOCs) are known for their
unique ability to efficiently convert chemical energy of hydrogen (and oxidizer) into electricity
and heat, and to reversibly generate hydrogen (and oxygen), when supplied with surplus
electricity, originating e.g. from renewables. However, due to the serious limitations in reaction
kinetics of the oxygen reduction/evolution in the intermediate temperature range (500-800 °C),
oxygen electrode has been the active research area. The aims directed toward developing and
studying novel materials, which could maintain sufficient catalytic activity. At the same time,
mitigation on cobalt reliance is also of importance. Lately, a new group of materials, high
entropy perovskite-type oxides, emerged as a prospective solution to achieve the
abovementioned goals [1].

In this work, an array of perovskite-type oxides based on the concept of high entropy is
synthesized and studied. The chemical formula is LaosSro4Nio.1sMno.15Feo.15CuxCo0.55-xO03-3
(LSNMFCC), with multiple 3d elements simultaneously occupying the B-site. The evaluation
is primarily dedicated to evaluate impact of cobalt substitution with copper and enhancement
of the micro-morphology brought by electrospinning. Interestingly, four compositions without
any impurities are obtained within the substitution range of (0.05 < x < 0.2), either by sol-gel
or electrospinning method. The samples demonstrate stable thombohedral symmetry (R-3c) at
a wide temperature range (25-900 °C). Smooth and continuous oxygen release behavior can be
proven up to 800 °C. Electrical conductivity for all samples is above 400 S cm™!, while Seebeck
coefficient results suggest dominance of negative type of electronic charge carriers. Both,
Lao §Sr02GagsMgo203-5 (LSGM) and Ceo.9Gdo.102.5 (GDC) can be applied as electrolyte
materials, since no interaction could be detected in compatibility tests with the LSNMFCC. In
the electrochemical tests, the polarization resistance value of the x = 0.2 (LSNMFCC2035)
electrode is found to be as low as 0.018 Q cm? at 850 °C, based on the GDC symmetrical cell.
Further improvement (0.014 Q cm?) is obtained for the electrospun sample. Smaller cobalt
content and high entropy structure make LSNMFCC2035 the very interesting candidate. Thus,
a single full cell with LSNMFCC2035 as the oxygen electrode is prepared, demonstrating over
1.1 W cm™ power density at 850 °C, as well as showing outstanding performance in the
electrolyser mode.
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Based on the well-established SrFei1xMoxOs.s [1], novel high- and medium-entropy
transition metal-doped perovskites were synthesized for the first time and assessed as potential
materials for Solid Oxide Fuel Cell (SOFC) electrodes, including their symmetrical variation.
Four  compositions:  SrFeosM00203s  (SFM),  SrFeoeM002C002035  (SFMC),
SrFe.4M00.2C00.2Mnp 203.5 (SFMCM), and SrFeo 2M0g.2C002Mng2Tio203-s (SFMCMT) were
obtained by a solid-state synthesis method. For all samples, structural analysis was carried out
along with the determination of the level of oxygen nonstoichiometry. The latter shows a very
interesting behavior, which is especially visible in the composition of the high-entropy
SFMCMT composition, which differs strongly from the prediction of the rule-of-mixtures. To
evaluate the potential of these materials with respect to symmetrical-type operation (both
cathode and anode), we studied their structural evolution under reducing conditions, which
shows exsolution behavior in all the materials. Importantly, the analysis of the SFMCMT
sample upon further reoxidation, indicated at least partially reversible exsolution of the
catalytically active Co- and Fe-rich metallic precipitates. Such reversibility is a very useful
feature in terms of application in symmetrical SOFCs, indicating that the single-phase structure
can be restored after reversing the polarization direction of the operating cell. The functional
properties of all materials, including electrical conductivity, thermomechanical properties, and
chemical stability toward the most common solid electrolyte materials were studied. Each
dopant has a prominent impact on the transport properties, in terms of the conductivity values,
and the general character of its temperature dependence. The thermomechanical measurements
suggest that the high-entropy approach leads to a significant decrease in the thermal expansion
coefficient, with the TEC values for the SFMCMT equal to 13.1-10% K* and 15.1-10° K,
below and above 500 °C, respectively. Such behavior is highly desirable from the point of view
of compatibility with other elements of the fuel cell. Consequently, the SFMCMT was selected
for further evaluation of the electrochemical performance, under both oxidizing and reducing
conditions. The electrochemical impedance spectroscopy measurements prove that cathodic
polarization resistance values for SFMCMT material are significantly lower than those for the
conventional SFM material, obtained using the same procedure. The threshold value of 0.15
Q-cm? was reached at 789 °C and 833 °C for SFMCMT and SFM, respectively. Overall, the
high-entropy SFMCMT perovskite demonstrates a significant improvement in performance
over the SFM composition, making it a highly promising alternative for application in
conventional and symmetrical SOFCs.
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The insufficient long-term stability of Solid Oxide Fuel Cells (SOFCs) is one of the major
drawbacks limiting the commercial employment of these electrochemical devices. The thermo-
mechanical issue due to the thermal expansion coefficient (TEC) mismatch between the
electrode and electrolyte is the main reason for layer delamination, cracks, and unwanted strain.
The application of negative thermal expansion materials (NTEs) may diminish this problem by
adjusting the TEC between the layers. Negative TEC and high electronic conductivity were
recently reported for SmixAxMnOs.5 (A = Zn, Cu; x < 0.15) perovskites [1,2]. The addition of
such materials in oxygen electrodes for SOFCs allows to successfully tune the TEC, therefore,
eliminating the possible degradation, which in effect greatly increases the electrochemical
performance and the long-term stability.

Double perovskites REBag sSro.sCoCuOs+s (RE: Pr, Nd, Sm, Gd) are known for their high
mixed ionic-electronic conductivities and electrocatalytic activities. In this work,
SmBag 5Sro.sCoCuOs+5 (SBSCCO) as the best candidate exhibiting attractive physicochemical
and electrocatalytic properties were prepared by the sol-gel method and the electrospinning
method, respectively. The total conductivity of SBSCCO is around 100 S-cm™! between 300°C
and 900°C. The measured polarization resistance (Rp) in SBSCCO|LSGM|SBSCCO
symmetrical cell was 0.17 Q-cm? at 800°C, and the long-term stability tests showed that the
relative increase of Rp is around 20% after 5 days at 700°C.

To enhance the performance of the SBSCCO electrode, selected NTEs: SmixZnxMnQO3.5
(SZMx) were synthesized through the solid state reaction and mixed with previously obtained
SBSCCO to prepare composite oxygen electrodes. The dilatometry measurements confirmed
the negative TEC for those materials, ranging from -0.1x10% K! to -11x10® K'! in the 200-
900°C range. The preliminary results show that the R, of the composite measured in the
symmetrical cell in the 700-900°C range, was significantly lower when compared with the
unmodified electrode, e.g. 30% relative decrease at 800°C. The peak power density recorded in
commercial anode-supported fuel cell: Ni-YSZ|YSZ|GDC10|SBSCCO:SZM15 at 800°C was
850 mW-cm™, which is around 60% higher when compared to the same cell prepared with the
SBSCCO electrode without NTE addition.
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Solid Oxide Fuel Cells (SOFCs) are among the most promising green technologies to
produce electricity and heat from traditional and renewable energy sources. When the
consumption of electrical energy is low, excess electricity can also be stored in hydrogen
produced in the electrolysis mode of SOFCs. However, excellent performance of SOFCs is
documented rather at high temperatures (=800 °C). The high operational temperature of SOFCs
contributes to the high operational costs, the limitation of device materials choice, rendering
SOFCs commercially unviable. To enhance economic competitiveness, it is urgent to lower the
working temperature to a range of <700 °C while keeping a high-power yield. Therefore, the
development of new electrodes with improved electrocatalytic properties at a low temperature
range is indispensable. The design of heterostructured electrodes delivering a synergistic effect,
substantially benefits the performance of SOFCs, including the fabrication of hybrid electrodes
by the mechanically milling, self-assembling techniques and in situ exsolution of secondary
phase [1-3].

In this study, various approaches to fabricate GdBaos5SrosCoCuOs-+5-Ce.9Gdo.101.95 dual-
phases hybrid electrodes have been employed and explored, targeting to boost the performance
of IT-SOFCs. Both mechanically milled composites and self-assembled heterostructured
nanofibers were manufactured and investigated as high-performance electrodes, which
extensively promote the electrochemical performance of electrodes at intermediate temperature
range (<700 °C). Self-assembled heterostructured nanofibrous electrodes present more than
40% lower electrode polarizations than composite electrodes obtained by the mechanically
milling. The fabricated heterostructured electrode shows stable and excellent performance with
electrode polarization Rp =~ 0.05 Q-cm™ stable over 480 h at 800 °C, and excellent power
outputs (940 mW-cm™ at 700 °C) were recorded.
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Today lithium-ion batteries are the basis of portable energy source. Wildly used in electronic
devices and electric vehicles lithium-ion type of batteries became a standard. Despite good
electrochemical performance and their universality, fast development of the market for efficient
power sources makes them unable to meet this challenge. As a promising competitor or even a
successor of lithium-ion batteries often named are lithium-sulfur batteries. It’s mostly because
of their high specific capacity (1675 mAh g*) and relatively big deposit of sulfur on Earth. The
main reason, why this type of batteries is not commercialized yet is the problem with the
application and stability of the sulfur electrode. The expansion of the sulfur when charging, its
insulation and dissolution in organic solvents from the electrolyte, resulting the creation of
polysulfides chains, are the remaining problems to solve before lithium-sulfur batteries could
be spread in the commerce devices. To solve these issues many additives and compounds have
been examined. One of the idea is to use metal-organic frameworks (MOFs) as a sulfur host on
the electrode. Because of the porosity of the structure of these materials they are able to “hold”
sulfur inside them. Not only it improves the electronic conductivity but also can be a solution
to reduce the electrode expansion and sulfur reactions with electrolyte. Here we present MOFs
doped electrodes for lithium-sulfur batteries together with suitable for this type of cathodes
electrolyte formulas.
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The electrolyte is a crucial component in lithium-sulfur (Li-S) batteries, governing essential
aspects such as the problem of polysulfide (PS) dissolution and formation of the solid-
electrolyte interphase (SEI) layer. Achieving long-term cycling stability of Li-S batteries
necessitates to select anions exhibiting low mobility and weak interactions with PSs [1].
Electrolytes based on Li-salts with Hiickel anions, widely employed in lithium-ion batteries,
shows potential for enhanced performance in Li-S batteries owing to their reduced polysulfide
solubility, as compared to for example the prevalent LiTFSI-based electrolytes [2].

We have here explored various Hiickel anion based Li-salts, characterized by different alkyl
chains attached: lithium 4,5-dicyano-2-(trifluoromethyl)imidazolide (LiTDI), lithium 4,5-
dicyano-2-(pentafluoroethyl)imidazolide (LiPDI), and lithium 4,5-dicyano-
2(heptafluoropropyl) imidazolide (LiHDI). All were dissolved in DOL:DME (1:1, v/v) to create
Li-S battery electrolytes. The local structure as function of salt concentration was elucidated
using Raman and FTIR spectroscopy, and correlated with ion transport properties and
electrochemical performance. Additionally, we have calculated the PS solubility in the
electrolytes using a combined DFT and statistical mechanics approach; the conductor-like
screening model for real solvents (COSMO-RS).
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Demand for naturally sourced and artificial graphite, which is widely used as anode material
in lithium-ion batteries (being the second largest component, by weight), is projected to increase
in the next years [1]. In this context, an important motivation to undertake further research in
terms of carbonaceous anode materials is the desire a withdraw from the use of finite or
synthetic (often toxic or expensive) carbon sources [2]. Thus, employing sustainable reserves
is more reasonable about securing a supply chain, price stability and compliance with stringent
environmental regulations. Our previous research demonstrated that the use of starch is
particularly interesting. The idea of such a concept, apart from the fact that starch is
a widely available, renewable and affordable raw material, that forms products of green
technology with zero carbon footprint, has its justification in the wide diversity of this polymer
[3]. Another important issue is that the properties of resulting carbons can be easily affected
and controlled by the synthesis conditions or precursor composition, allowing for the design of
materials with strictly defined properties, functionalized depending on the requirements of their
application.

In this work, we report a comprehensive study on the synthesis as well as complementary
physical and electrochemical characterization of nanostructured carbon materials (carbogels)
derived from starch and modified in terms of process conditions and composition of precursor
in the context of the use of carbogels in ion batteries (Li-ion and Na-ion).

To obtain carbons, proper compositions of polymeric carbohydrates were processed by the
gelatinization route followed by the carbonization of organic precursors [3]. The chemical
composition, structure and porosity of the produced modified carbons were determined using
elemental analysis (EA), X-ray powder diffraction (XRD) and nitrogen adsorption-desorption
method (N2-sorption). The electrochemical characterization of Li-ion half-cells based on the
fabricated carbon electrodes was conducted using cyclic voltammetry (CV), electrochemical
impedance spectroscopy (EIS) and galvanostatic charge-discharge tests (GCDT).

All the raw materials were successfully processed by gelatinization and carbonization
processes that allowed the preparation of carbon materials. The obtained results regarding
diverse carbons revealed that elemental composition, structure, degree of graphitization, surface
development and electrochemical performance of obtained carbon anodes are strongly
influenced by different conditions of synthesis and utilization of various additives in the
precursor composition. Investigated samples exhibit increased characteristics including higher
capacity and better rate capability compared to materials obtained only from starch.
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Rapid advances in technology drive a need for more efficient, cheaper, and environmentally
friendly lithium-ion batteries. As such, new electrode materials, that fulfil the demands of the
market, need to be developed. One of the more promising developing types of materials are
carbon-based composites. These composites, containing different allotropes of carbon, can
show several improved electrochemical and physical properties, such as increased electric
conductivity and capacity, improved rate capability, or higher long-term stability [1].

Lithium titanate (Li4TisO12, LTO) is a promising anode material, thanks to its excellent rate
capabilities and low volume expansion during cycling. Moreover, it does not contain any toxic
elements. However, LTO is limited by its low electric conductivity, needing the addition of
conductive carbon additives when used in an electrode, and low specific capacity [2]. Another
electrode material, carbon aerogels (CAGs) based on potato starch have been previously
proposed as an ecological anode material that could replace currently used carbon materials
[3,4]. Herein we report the synthesis and characterization of carbon aerogel/lithium titanite
(CAG/LTO) composite for use as a sustainable electrode material, with the CAG working as a
conductive carbon matrix for the LTO.

CAG/LTO composites with different compositions have been prepared and studied alongside
LTO containing carbon additives. Carbon content in the composites was measured by the
elemental analysis (EA), and phase purity was investigated using X-ray powder diffraction
(XRD). The morphology of the composite was investigated by transmission electron
microscopy (TEM). The electrochemical performance was studied using galvanostatic charge-
discharge tests (GCDT) and cyclic voltammetry measurements (CV). CAG/LTO composites
were successfully synthesized, with no changes to the spinel’s structure. Electrodes containing
the composite were able to be cycled in an extended voltage range (0-3V). Thanks to this the
CAG/LTO composites showed increased capacity due to the extra Li" ions inserted into the
structure of LTO as well as the electrochemical engagement of the carbon aerogel matrix. As
such, we propose the CAG/LTO composite as a sustainable alternative electrode material with
enhanced properties for lithium-ion batteries.
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The increase in the environmental awareness has led to the significant worldwide trend of
the development of alternative energy sources other than conventional use of fossil fuels. One
of the alternatives is the use of Solid Oxide Fuel Cells (SOFCs). However, the usage of fuels
other than hydrogen (e.g., biogas) is burdened with carbon deposition and sulfur poisoning
when conventional Ni-YSZ cermet is used as an anode, leading to rapid decreases in cell
efficiency. Among the materials studied as substitutes for Ni-YSZ, perovskites are among the
most popular group. Sr2Fe15sMoosOs (SFM) is one of the representatives of the double
perovskites family extensively examined due to its high ionic and electronic conductivity, as
well as the redox stability in both oxidizing and reductive atmospheres. However, it is possible
that under highly reductive atmospheres, ferrites can transform into other phases, causing a
severe distortion of the compound [1], therefore a deeper understanding of the phase transition
should be considered in the case of SFM-based compounds.

The SFM-based materials doped with lanthanum and niobium, respectively, were
synthesized by the Pechini method. The dopants were chosen to increase the conductivity of the
materials and to hopefully stabilize the structure [2]. The reduction in the hydrogen atmosphere
led to the formation of the Ruddlesden-Popper layered perovskite. However, as the transition
occurred in all of the compounds considered, the amount of new phase was significantly limited
for the La-doped compound. The HT-XRD proved that during the reoxidation, the structure
firstly is distorted by the dissolution of iron exsolved during reduction. Then, the double
perovskite structure is gradually restored to 700 °C. Due to ability of both Fe and Mo to be in
different oxidation states, X-ray Absorption Spectroscopy measurements were performed on
the samples in all three states: as-prepared, reduced and reoxidized to reveal the oxidation state
of B-site elements. The analysis of the Fe K-edge allowed for the Fourier transform analysis of
the EXAFS. For the reduced samples, the Fe-O bonds were elongated, as expected for the
Ruddlesden-Popper structure. The stabilizing impact of La-doping was also confirmed in terms
of Fe surroundings, as well as Mo d orbital splitting.
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A Solid Oxide Fuel Cell (SOFC) is a device that can directly convert the chemical energy of
a fuel and an oxidant into electrical energy and heat. Among possible fuel one can find e.g.
hydrogen, hydrocarbons, biogas or ethanol. The performance of operating fuel cells strongly
depends on the water vapour content in a fuel as well as on the electrical loading of the system.
The aim of this study is to present the influence of various conditions on the formation of
electrical losses. Due to the comparison of two fuel cells: a reference one and the one with
additional catalytic layer deposited on the anode some limitations in diffusion processes will be
shown.

For this purpose the traditional 1-inch button Solid Oxide Fuel Cells (Ni-YSZ anode, YSZ
electrolyte and LSM-YSZ cathode) were fabricated by the group of prof. Sea-Fue Wang from
the Taipei University of Technology. Both a reference one without a catalytic layer and another
one with a Rh/Ce-CuCa catalytic layer deposited on the anode side were examined in various
fuel and oxidant compositions. The measurements were performed in a dedicated Open Flange
SOFC measuring system purchased by the Fiaxell company.
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Lithium-ion batteries are one of the most popular energy storage devices, with their
production volume steadily increasing. Currently, most lithium-ion batteries are manufactured
only in simple shapes such as cylinders and prisms. These shapes are achieved by creating
electrodes and separators through a continuous, roll-to-roll process, which are then molded into
the desired form. However, the ongoing miniaturization of electronic devices poses new
challenges for batteries, particularly in producing cells with complex, customized shapes. Such
advancements could significantly drive the development of various microelectronics, including
wearable and even implantable microelectronics, or health monitoring sensors, where shape
customization is crucial. Moreover, it is anticipated that the mutually penetrating three-
dimensional architecture of the electrodes and electrolyte will enable significantly higher
energy densities and cell performance compared to sandwich-type like batteries [1].

Our research focuses on the application of polymer materials in lithium-ion cells, which
could be manufactured using additive manufacturing techniques, also known as 3D printing.
One of the widely described polymers with potential applications as an electrolyte in lithium-
ion batteries is polyacrylonitrile (PAN) [2]. Unfortunately, due to its high glass transition
temperature (Tg = 84 - 85°C), it is mostly used as a matrix in gel polymer electrolytes (GPE).
The application of PAN in solid polymer electrolytes (SPE) is unlikely due to its low ionic
conductivity at room temperature. Furthermore, 3D printing of PAN using Fused Filament
Fabrication (FFF), one of the most popular additive manufacturing methods, is extremely
difficult because the melting point of PAN (above 300°C) is higher than the temperature of its
thermal decomposition. This leads to material degradation during extrusion in the 3D printer's
heated nozzle. To address these issues, we used a branched copolymer with polar nitrile and
oligoethylene groups obtained by free radical copolymerization of acrylonitrile (AN) and
poly(ethylene glycol) methyl ether acrylate (PEGMEA). By adjusting the ratio of comonomers
in the range of AN:PEGMEA from 1:1 to 10:1, we were able to lower the glass transition
temperature and melting point of the polymer to enable 3D printing. We successfully printed
three-dimensional electrolytes containing lithium trifluoromethanesulfonate salt. By using
succinonitrile as a plasticizer, we achieved an ionic conductivity on the order of 10 S/cm and
lithium cation transference number 0.5.
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The drive to reduce the operating temperature of SOFC and SOEC electrochemical devices
below 800°C favors the use of Cr-based ferritic stainless steel as interconnect materials.
However, the main problem with these materials is the increase in area-specific resistance
(ASR) associated with the growth of a Cr20O3 scale on the surface during long-term exposure to
high temperatures. To counteract this phenomenon, protective-conducting coatings are applied
onto the interconnect surface. The coatings considered for this purpose are usually composed
of spinel because of its high electrical conductivity, low Cr volatility and a thermal expansion
coefficient (TEC) that is similar to that of ferritic steel [1].

In the presented study, a new Cuj3Mn;704/LaNiosFeo4Os composite coating material in
which the Cu;3Mn; 704 (CM) formed the matrix and the LaNigsFeo 403 (LNF) perovskite was
added as a dispersion phase was deposited on the Nirosta 4016/1.4016 low-chromium ferritic
stainless steel. Ceramic coatings with selected compositions were deposited electrophoretically
on metallic substrates and underwent long-term oxidation tests over 1500 h in air at 750°C. The
samples after testing were examined by means of scanning electron microscopy (SEM) and X-
ray diffraction (XRD). A 2-probe 4-point DC method was applied to measure the ASR.

Two selected composite samples obtained by adding 10 wt% LNF (CM10LNF) and 50 wt%
LNF (CMS50LNF) to the spinel matrix were successfully deposited on the ferritic stainless steel
substrate via electrophoresis. The coatings obtained after a two-stage thermal treatment had a
thickness of ca. 30 um, and they were compact and characterized by very good adhesion to the
substrate. The performed long-term thermal treatment of the Nirosta 4016/1.4016 steel with
CM, CMI10LNF and CM20LNF coatings and a steel sample without any modifications showed
that the Nirosta/CM10LNF and Nirosta/CM20LNF systems were far more resistant to oxidation
than other systems. Furthermore, the ASR values measured for these two steel/composite
coating samples were far lower than that determined for the unmodified steel.

The study thus demonstrated the potential of the obtained CM10LNF protective-conducting
composite for application as a coating material for SOFC/SOEC metallic interconnects.
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A Solid Oxide Fuel Cell (SOFC) is a device that converts the chemical energy of a fuel and
an oxidant into electrical energy and heat. SOFC performance heavily depends on operating
conditions and a used fuel. Many models [1][2] were shown before for macroscopic,
phenomenological presentation of an operating fuel cell. Complexity of a model grows rapidly
with number of reactions taken into account. Even if the approach for SOFC fueled with Hy is
quite well optimized, there is still a need for mathematical and experimental work to obtain a
working simulation of Direct Internal Reforming SOFC (DIR-SOFC).

We present a report on constructing such a model. Problems, approaches and different
parametrization methods are discussed. Multiple already-existing equations and assumptions
for different models are presented. Implementation opportunities and possibility of empirical
tests for a model are shown.
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Methane reforming, specifically steam methane reforming, is a crucial industrial process
used to produce hydrogen gas and carbon monoxide. It's one of the most common methods for
large-scale hydrogen production. Both dry and wet method requires a catalyst, therefore there
is a need for novel, more efficient catalysis materials. Ex-solution nanoparticles gathered
interest in this and other fields of catalysis study [1][2].

With this problem in mind a synthesis of perovskites (Lao3Sr0.7)0.9T11-xPtxO3+5 was carried
out for doping levels of x = 0, 0.01, 0.02, and 0.05. A modified Pechini method was used to
prepare the materials. Precursors combined with citric acid and ethylene glycol were mixed at
130°C. The resulting mixture of organic substances and powder was calcined at 1250°C for 12
hours. The obtained powders were characterized using scanning electron microscopy (SEM)
and X-ray diffraction (XRD). TPR/TPO measurements were performed to optimize the process
of reduction and formation of ex-solution nanoparticles Perovskites were synthesized to
investigate their potential use as catalysts in methane reforming.
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Dry methane reforming process is a reaction between carbon dioxide and methane. It has
been proposed as a method of hydrogen obtaining, making use of two greenhouse gases. This
process is highly catalyst-driven — thus the need to explore new materials. Ex-solution
nanoparticles for usually used metals (Ni, Rh, Ru) attracted attention for this application [1][2].

(Lao3S10.7)0.9T11-xRuxOs3+5 perovskite synthesis was carried out for doping levels of x = 0,
0.01, 0.02, and 0.05 employing modified Pechini process. Precursors combined with citric acid
and ethylene glycol were mixed at 130°C. The resulting mixture of organic substances and
powder was calcined at 1250°C for 12 hours. Scanning electron microscopy (SEM) and X-ray
diffraction (XRD) were employed to investigate structural properties of these materials.
TPR/TPO measurements were performed to optimize the process of reduction and formation of
ex-solution nanoparticles. Catalytic activity studies in methane dry reforming process were
conducted.

Acknowledgements: This work was supported by the Gdansk University of Technology IDUB program
Aurum Plus no. 2/1/2023/IDUB/II.1a/Au+

References:

[1] Lindenthal, L.; Buchinger, R.; Drexler, H.; Schrenk, F.; Ruh, T.; Rameshan, C. Exsolution
Catalysts—Increasing Metal Efficiency. Encyclopedia 2021, 1, 249-260.

[2] Xiuli Wang, Michael Economides, CHAPTER 7 - Gas-To-Liquids (GTL), Advanced Natural Gas
Engineering, Gulf Publishing Company.

68



P10

ELECTRICAL PROPERTIES OF DOUBLE-DOPED BIMEVOXES
(ME=ME*", ME®")

A. Dziegielewska!, P. Pazdrak!, Y. Yue?, M. Malys', I. Abrahams?, F. Krok!

! Faculty of Physics, Warsaw University of Technology, Koszykowa 75, 00-662 Warszawa
2 Materials Research Institute, School of Biological and Chemical Sciences, Queen Mary University of
London, Mile End Road, London E1 4NS, United Kingdom
aleksandra.dziegielewska@pw.edu.pl

An important group of oxygen ion conductors are bismuth oxide-based compounds. An
example is the compound BisV,011, which is formed by adding vanadium (V) oxide V20s to
Bi20s. It turns out that doping Bi2Os allows high conductivity even at low temperatures.
An interesting family of compounds are BIMEVOXes, which are formed by doping the parent
compound Bi4V2011 with various metals replacing the vanadium atom [1]. The introduction of
a dopant with a valence lower than vanadium introduces an additional vacancy in the anion
sublattice, which can have a beneficial effect on increasing conductivity [2, 3, 4]. Double doping
with a tetravalent and a hexavalent metal replacing the pentavalent vanadium does not introduce
additional oxygen vacancies, and has a positive effect on the conductivity and stabilization of
the highly conductive gamma phase.

A series of samples of doubly doped BIMEVOX (e.g. ME = Ti*, W°") were obtained by
solid state reaction method. XRD measurements were performed at room temperature (RT) and
various temperature (VT). As a result, unit cell parameters were obtained as a function
of composition and temperature. Impedance spectroscopy measurements were also performed
using Novocontrol over a wide range of compositions and temperatures.

Analysis of the X-ray diffraction results determined the limits of the occurrence of three
phases depending on the amount of dopant. At a small amount of admixture (x <0.05),
a monoclinic a phase is present at room temperature. A larger amount of doping (up to x = 0.10)
results in a stabilized orthorhombic B phase, and above x =0.10 a tetragonal y phase is
observed. Several characteristic samples were examined by XRD as a function of temperature.
The temperatures of the o-f3 and -y phase transitions were determined.

Impedance spectroscopy results confirmed the presence of several different phases
depending on composition and temperature. It was shown that conductivity at low temperatures
increases with increasing doping. The highest conductivity is for the BiWTiVOX.20
(Bi2Wx2Tix2V1x0Os.5 , x = 0.20) sample, where the y phase is best stabilized. The figure shows
an Arrhenius plot for several different doubly doped BIMEVOX. The sample with hexavalent
W has a higher conductivity than the samples with Mo.
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A new concept of aqueous electrolytes based on heterocyclic anions (hydrated anionic triplet
electrolyte, HATE) has been presented. Structural studies showed that dimeric lithium 4,5-
dicyanoimidazolate (LiTDI) dihydrate molecules, in the presence of acetonitrile, form an ionic
system preserved in high concentrations and solid states. X-ray diffraction measurements show
that electroneutral dihydrate units can coordinate additional lithium cations acting as charge
carriers. The crystalline ionic phase was characterized using spectroscopic, thermal, and
electrochemical methods and was used to prepare model electrolytes based on LiTDI hydrates.
Linear sweep voltammetry and impedance spectroscopy measurements show, in this system,
the depletion of water activity, high conductivity, and reversible cycling of full cells comprising
examined electrolytes. We will prove that a concentrated triplet solution acts similarly to the
anhydrous electrolyte; regardless of the concentration, it reaches high values of ionic
conductivity (12-16 mS/cm at room temperature) and is electrochemically stable.
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One of the limiting factors of modern Li-ion batteries is the low electronic conductivity of
their cathodes. There are many methods that try to handle it [1-2]. One of the most promising
methods is the thermal (nano)crystallization of glasses. This method was applied before to, e.g.,
optimize the conductivity of LiFePO4 with small additives of vanadium. Test cells based on
those materials had very stable capacity at the level of 100 mAh/g (0.2C current) after 50 cycles
[3]. The purpose of the work was to synthesise as glassy LiFePOjs (i.e., without vanadium
additives) as possible and to study their electrical and electrochemical properties of those
pristine glasses and nanomaterials after proper thermal treatment.

The synthesis of samples was carried out using the twin rollers method. After synthesis,
materials were characterized using: XRD (to verify the amorphousness of samples and study
the process of (nano)crystallization), DTA (to determine temperatures of crystallization and
glass transition), IS (to find the best thermal condition to maximize electrical conductivity) and
electrochemical measurement (to determine capacity).

Several glassy-cystalline composites and a few of fully glassy materials were synthesised.
Crystallisation temperature of those materials was around 500 °C. In the next step, electrical
measurements of glassy materials were conducted. Conductivity of fully glassy sample
increased from o = 6.5 - 10713 S/cm to 6 = 3.9 - 10~° S/cm after heat treatment to around 400
°C. Fully thermal optimisation of electrical conductivity was done for glassy-crystalline
composites. In that case conductivity increased from ¢ = 1.9 - 107! S/cmto 6 = 8.7 - 107°
S/cm after heating to 265 °C. In the end, electrochemical measurements were done for the
materials with the best conductivity. Unfortunately, test cells based on these materials had very
low gravimetric capacity at the level of 8 mAh/g. Further investigation of low capacity will be
presented.
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Nowadays battery technology is searching for various alternatives of Li-lon chemistry based
systems. One of the promising types are lithium sulfur cells where cathode is reaching extremely
high theoretical capacity. Considering challenges related with the process of the diffusion of
polysulfides polymer electrolytes are attractive candidates in the targeted designs as being able to
hinder this adverse phenomenon. The research scope presented herein covers the comparative study
of the corrosion of the aluminum current collector in polymer electrolytes tested with two different
types of lithium salts. The ‘imide’ one (lithium bis(trifluoromethanesulfonyl)imide LiTFSI) is well
known and standardized in polymer electrolytes. Unfortunately it propagates corrosion of Al current
collector. On the other side the ‘imidazole’ counterpart  (lithium 2-trifluoromethyl-4,5-
dicyanoimidazole LiTDI) might be the one preventing it as active organic corrosion inhibittion by
imidazole ring structure. Both salts are tested in PEO liquid analogue (PEG DME 500) at two
different temperatures (RT and 70°C). Additionally, investigation of in situ synthesis of polysulfides
occurring in the electrolyte allows to follow the influence of electrode reaction products on
corrosion. Different electrochemical tests including two and three electrode configurations were
supported by real Li-S batteries tests covering these two salts. Additionally the in situ Raman
spectroscopy allow to follow the changes on Al electrode under potential change. The obtained
results were found to comply with computational modelling studies performed.

It was also indicated that an electrochemical characterizations do not directly confirm corrosion
of Al. The corrosion current is vanishing in the overall anodic current giving almost the same profile
for all samples. However polysulfides present in the electrolyte may prevent corrosion by re-
passivation of Al electrode especially at elevated temperature. Additionally LiTDI salt rise the
corrosion potential much above Li-S operational potential, however the corrosion current is rising
for LiTDI salt containing electrolytes. Two electrode configuration did not allow to draw clear
conclusion about the value of the corrosion potential but electrodes studied exhibited significantly
lower evidences of pitting corrosion for LiTDI containing electrolytes. Unfortunately, real cell tests
indicates rather poor electrochemical performance for LiTDI salt based electrolyte despite corrosion
elimination. It was as well demonstrated that confocal in situ Raman investigations allow to follow
changes occurring on the electrode surface by means of space resolved spectroscopic inspection.

Moreover, in the course of immittance spectroscopy experiments performed one can observe that
the systems follow one of two literature [1,2] immittance models of the corrosion processes. Thus,
while the initial state of the electrodes is only slightly dependent on the composition of the
respective electrolyte in terms of the capacitive parameters (Q,n) determined. On the other hand
while the value of the corresponding resistivity remains intact upon the addition of sulfides to the
LiTFSi containing solution the same operation perfumed for its LiTDi based counterpart leads to
the significant fivefold decrease of the said value.
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Solid-oxide cells are a promising, potentially zero-emission energy source that could play a
significant role in the future of global energy. The oxygen electrode is responsible for the
reduction of oxygen in fuel cell mode. One of the main phenomena that needs to be solved is
the high polarisation resistance of this electrode. A need for novel materials has emerged
because of the push for high-performing SOCs at lower temperatures [ 1] One of the promising
materials with potential use in SOCs is praseodymium oxide [2, 3]

The present work shows the result of the research on a high-performance oxygen electrode
composed of praseodymium oxide for intermediate-temperature Solid Oxide Cells (SOCs).
Praseodymium oxide is a complex compound with properties that need to be better understood.
Simultaneously, it is among the most promising new-generation materials employed in SOCs.

The spin-coating method applied the oxygen electrode to CGO (Ceo.8Gdo202-d). The
electrochemical properties were determined using electrochemical impedance spectroscopy.
For this purpose, a series of symmetrical samples were prepared. The thickness of the oxygen
electrode has been optimised. Annealing temperature's impact was investigated, and at 600 °C,
a polarisation resistance of 24 mQ cm™ was achieved. Detailed studies were conducted on
various pO> values to identify the electrode processes. The experiments, supported by DRT
analysis, demonstrated the electrode processes and their efficiency. Ageing experiments were
conducted to demonstrate the electrode's stability during operation.

Acknowledgements: This research has been supported by National Science Centre (NCN) DAINA 2
project number UMO-2020/38/L/ST8/00513: “Porous metal supported micro-scale solid oxide fuel cells:
fundamentals, fabrication and testing”.
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Solid oxide cells show potential as a potential zero-emission energy source. One of the most
important issues that needs to be solved in SOC technology is obtaining high-performance
cathodes with a low polarisation resistance value. Materials showing high oxygen reduction
efficiency include LSC(Lao.6Sr0.4C003.4),LSCF(Lao.sSro.4Coo.8Feo203-4) and PrOx. In addition,
the use of composite materials is becoming more and more common. Among the various
solutions used, the infiltration of cathode material into the porous backbone has so far yielded
very promising results[1,2].

This work presents results for a porous backbone made of CGO (Ceo.sGdo202-4) infiltrated
with LSC, PrOy, and the PrOx -LSC composite material as effective cathodes for intermediate
SOC. A spray-painted CGO backbone with a thickness of approximately 10 um was deposited
on dense CGO pellets. The infiltration process consisted of immersing the sample in 1 ml of
the 1 M precursor solution and then, after removing excess liquid, heating it using a hot plate
to 400°C. After the last cycle, the samples were annealed at 600°C (optimised temperature) for
2 hours. SEM-EDS measurements on fractures showed the presence of material in similar
amounts both at the surface and near the electrolyte surface.

The symmetrical samples prepared were used to determine the performance of the proposed
combination using electrochemical impedance spectroscopy. Measurements performed at range
600°C-300°C showed that, at the temperature of 600°C, the LSC-infiltrated CGO sample had a
polarisation resistance of 42 mQ cm2. For PrOy infiltration, this value was 78 mQ cm, and for
the composite, it was 107 mQ cm™. The ageing measurements performed showed good
stability. For the next stage of research, in the form of tests on cells, a version with a CGO
backbone infiltrated with LSC was selected.

Cell measurements were made at a temperature of 600°C. The maximum power obtained for
the proposed composition of materials, was higher than that of the reference sample that had an
LSC cathode.
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Doped cerium oxides are technologically relevant materials and used as electrolytes in
intermediate temperature solid oxide fuel cells. An important issue for these materials is the
reduction of ceria at low oxygen partial pressures, which leads to mixed ionic electronic
conduction [1]. In this work, reduction behaviour in CeosNdo201.9-5 is examined under inert
and strongly reducing conditions. Even under inert conditions, ca. 3.5% of the Ce is redox active
at temperatures up to around 800 °C, which appears to be correlated with non-linear behaviour
in the Arrhenius plot of conductivity and thermal expansion of the lattice.

Reduction experiments of the synthesised powder and sintered pellets were performed under
flowing H> in a Carbolite EZS 1200 furnace, with an exchangeable quartz glass reactor tube.
The samples were annealed at 700 °C for 5 hours with the heating and cooling rate of
10°C min™!. After removal from the furnace, samples were vacuum sealed to prevent them from
oxidising and were then rapidly transferred (ca. 1 h) to the XRD, impedance measurement and
DTA-TGA setups. Subsequent to the reduction, all experiments were repeated in air to monitor
the kinetics of the oxidation processes.

The X-ray diffraction study of reduced powder reveals the splitting of the main fluorite peaks
indicating of existence of two phases, a cubic fluorite phase with a lattice parameter

a =5.454 A, which is slightly larger than that of the virgin sample prior to annealing; along
with a fluorite-like phase related to triclinic Ce11020 [2]. Rietveld analysis based on these two
phases resulted in an excellent fit with approximate 1:1 w/w ratio of these two phases. During
the heating in air, X-ray diffraction study shows that it is evident that at 100 °C the pattern
simplifies to a single cubic fluorite phase, which is maintained throughout the rest of the thermal
regime. DTA-TGA experiment confirmed the oxidising process (on heating the sharp
exothermic peak is observed with a maximum at 89 °C). SEM images of a reduced pellet
confirm no cracking of the surface, with grain boundaries less visible than prior to annealing.
The impedance measurements results shows that the reduction process introduces significant
electronic conductivity. Re-oxidation is relatively rapid in grains but is slower in the grain
boundaries, the kinetics of which are dependent on the sample morphology.
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Developing large scale energy storage technologies is one of the main challenges of 21
century. Limited availability, vulnerability to political instability and high production costs
limits the usage of lithium in large scale energy storage. To meet this challenge, usage of sodium
instead of lithium was proposed. In our work we present synthesis of environmentally friendly,
low cost and cobalt free cathode material based on polyanionic compounds based on sodium,
iron, sulfur, and oxygen, which general formula can be presented as: Naz+2yFery(SO4)s.
This material is based on low cost, commonly available resources and presents high redox
potential (3.8 V vs. Na/Na") and high energy density (>450 Wh/kg vs. Na/Na"), thus we expect
it to be very promising in large scale energy storage technologies.[1]

The material was synthesized by dissolving substrates in deionized water in room
atmosphere. Obtained mixture was then dried in vacuum and annealed at 350°C in reducing
atmosphere (5 vol% Hz in Ar). Structure was analyzed using X-Ray diffraction (XRD) and
Raman spectroscopy. Chemical composition was studied using inductively coupled plasma
atomic emission spectroscopy (ICP-AES). Electrochemical performance of material was
analyzed by assembling CR2032 cells with metallic sodium as counter electrode. Assembled
cells were tested via cyclic charging and discharging under various current rates.

The synthesized materials present Co/c structure. Observed bands refer mainly to carbon,
which is presented in samples due to usage of organic antioxidants, which whereas providing
reducing conditions also form carbon layer on material particles, which increases its
conductivity. Antisymmetric stretching and bonding sulphate bands (around 465 cm™ and 635
cm) are also present in Raman spectra. Materials charged to 4.2 V and discharged to 1.5 V
present discharge capacity of 95 mAh/g at C/20. In long life tests material presents, charged to
4.2 V and discharged to 1.5 V, material presents capacity of 75 mAh/g at C/2. Material also
presents coulombic efficiency of about 98% when charged/discharged at C/2 in the same
voltage range as mentioned above.

The results confirm that sodium-iron sulphates can be very promising alternative for Li-ion
batteries, especially due to their excellent long-term stability and low cost of resources used to
obtain material.

This work was supported by The National Science Centre under project OPUS LAP nr
2021/43/ST8/01125.
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Lithium iron phosphate (LFP) is a cathode material for Li-ion batteries, which offers
numerous advantages. These include good retention of gravimetric capacity in function of the
subsequent charge-discharge cycles. Additionally, it consists of non-toxic elements which is
beneficial for the environment. One of the challenges that this material presents is its
incompatibility with one of the most well-known solid electrolytes: Li7La3Zr2012 (LLZO). In
comparison to liquid electrolytes, LLZO offers high thermal stability, low safety hazards and a
wider electrochemical window. It also has fairly high ionic conductivity on the level of 1073
S/cm at room temperature [1]. The incompatibility between LFP and LLZO is attributed to the
high reaction energy (-1.75 eV/atom) between them [2]. The reaction of LFP and LLZO leads
to the transformation of LLZO cubic structure to low conductivity tetragonal structure.
However, it is implied in numerical papers [3] that there exists the possibility of coating
application, which would result in a decrease of reaction energy between the cathode and
electrolyte by forming a buffer layer.

There are a few methods of material coating, one of which is the dry-milling method, which
is a simple and accessible process. In this work, we examine the impact of three coatings:
LINO3, Li2SO4 and Li3PO4 on the electrochemical properties of LFP. The process is
technically undemanding, but it has a lot of parameters that can be altered, like milling speed
and time and amount of coatings. SEM images of pure and milled and coated LFP are shown
on Fig. 1.

Wag= 1000KX  WD=102mm |
InLens ENT = 1000 kv

Figure 1. SEM images of a) pure LFP, b) pure LFP after the milling process and ¢) LFP milled with LizSOa.
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Bismuth oxide is an extremely interesting oxygen ion conductor. This compound exhibits
rich polymorphism, and its high-temperature delta phase is characterized by record-breaking
O ion conductivity. It has been recently shown that the synthesis of bismuthate glass is
possible, provided certain amounts of SiO> and AlOs; impurities are introduced [1].
Nanocrystallization of such glasses leads to the stabilization of delta and beta phases at least
down to room temperature, significantly below their stability range in bulk form [2].

In this research, we investigated the properties of bismuthate glasses synthesized with
various glass-forming agents such as SiO2, GeO2, B2O3, and Al>Os. In particular, we investigated
the glass-forming ability of four systems: Bi203-Si02, Bi203-S10,-B203, Bi203-Al,03-Si03,
and Bi203-A1203-GeOs. It was demonstrated that vitrification of all these systems is possible
using a standard melt-quenching route.

Furthermore, the crystallization processes in the pristine glasses upon increasing temperature
were investigated using thermal analysis and high-temperature XRD in-situ experiments. It was
demonstrated that it is possible to stabilize crystallites isostructural with fluorite-type Bi20s. It
appears that this phenomenon is not directly dependent on the valence or ionic radius of the
additives. The foundations seem to be much more refined and may be related to the structure of
the amorphous matrix.
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Due to the noticeable warming of the climate, researchers are seeking novel, low-carbon
energy sources [1]. As a consequence, hydrogen generation technologies are becoming
increasingly popular. The production of green hydrogen is possible, among other methods,
through the utilization of water electrolyzers [2]. To maximize the efficiency of water
electrolysis into oxygen and hydrogen, researchers are actively searching for new
electrocatalysts to reduce the overpotential of this reaction [3],[4].

This research introduces a technique for preparing electrodes of alkaline electrolyzers. The
process involves immersing nickel foam deeply in a precursor solution and depositing it onto
the electrode surface using a heat curtain at the appropriate temperature. The objective of this
study is to develop an effective and easily applicable method for commercial applications in the
preparation of anodes for water electrolyzers. Although nickel foam is commonly used as an
electrode material [5], its coating with materials like (La,Sr)CoO3 opens up the possibility of
significantly reducing the overpotential of the electrochemical water decomposition reaction.
In this investigation, we devised a procedure for applying precursor layers, considering
parameters such as temperature, the number of layers applied, and the composition of the
precursor itself. The electrochemical properties of the prepared electrodes, in relation to the
OER (Oxygen Evolution Reaction), were also assessed. Initial experiments indicated that the
application of just one layer of material on nickel foam reduces the overpotential of the OER
response by nearly 30 mV. To conduct a more comprehensive analysis, a structural examination
of the test samples was also undertaken.

The method presented holds great promise for a substantial reduction in the OER
overreaction rate and its potential use as a cost-effective and efficient approach in commercial
applications, owing to its simplicity.
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Currently, Li7La3Zr2012 (LLZO) stands out as a promising solid electrolyte due to its high
ionic conductivity up to 10 S/cm at room temperature and wide electrochemical stability
window, offering a potential solution to some of the ongoing challenges in the development of
solid-state lithium-ion batteries [1,2]. A desirable characteristic of a good electrolyte is as low
electronic conductivity as possible. However, the evolution of next-generation composite
electrodes challenges this norm by seeking both ionic and electronic conductivity. Dual doping
LLZO's structure with transition metals (for example, niobium and praseodymium) facilitates
electron conduction within the electrolyte structure. This intentional dual doping aims to
facilitate ion-electron conduction in emerging composite electrodes, which consist only of an
active material and a modified solid electrolyte [3].

In this work we study the impact of cobalt (Co) and nickel (Ni) dopants on co-doped niobium
(Nb) and praseodymium (Pr) LLZO. Figure 1 shows X-ray diffractograms of the investigated
compositions: Li6.5La2.0Pr1.0Zr1.5-xNb0.5Mx012, where M={Co, Ni}, and x={0.0, 0.1}.
Materials were prepared using a solid-state reaction method with calcination at 800°C for 12
hours, followed by sintering at 1200°C for 24 hours. Diffractograms indicate that this synthesis
method yields single-phase materials with a well-formed regular structure.

800°C|12h,1200°C |24 h

Figure 1. XRD patterns for the LLZO electrolyte in _,L.JJLU_,L..JLLLM
the tetragonal and regular structure and the three
samples Li6.5La2.0Pr1.0Zr1.5-xNb0.5Mx012
obtained, where M={Co, Ni} and x={0.0, 0.1}

Intensity (a.u.)
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Sodium-ion batteries are considered as an alternative system to Li-ion technology. One of the
suggested anode materials is antimony due to its high theoretical capacity of 660 mAh-g™' [1].
However, like all materials working via the alloying reaction, due to the huge volume changes
(up to 293%), the pulverisation and microstructure degradation occur in the material during
cycling, resulting in poor cyclability. The prospective strategy to overcome these obstacles is to
reduce the size of the material or combine it with carbon or oxides.

In this work we present elucidation of the sodiation and desodiation mechanism
of Sb/Sb4O5Cl2/C, the composite material obtained by solvothermal reaction. In-depth analysis
has been made via operando and ex-situ measurements: X-ray absorption spectroscopy at the
Ls-edge for Sb, scanning electron microscopy, Raman spectroscopy, and X-ray diffraction.

The pristine anode material is composed of rhombohedral antimony (R-3m space group),
monoclinic phase of Sb4sOsCl, (P21/a space group) and nanometric amorphous carbon.
Scanning electron microscopy revealed the presence of an extraordinary branch-like
microstructure of antimony, which increases their volume together with sodiation and decreases
in the opposite process. Comparison of the electrochemical results of the composite material
together with pure Sb and pure Sb4sOsClz has shown that both antimony-containing phases are
electrochemically active. Through X-ray diffraction, Raman spectroscopy, and X-ray
absorption spectroscopy measurements we define the sodiation mechanism in the composite
material.

During the first sodiation reaction, conversion and alloying reactions occur forming the
following phases: Na3zSb, NaCl, and Na,O. On the charge process, part of the material stays in
the not completely desodiated state: NaSb phase. Interestingly, NaCl remains stable during the
desodiation process and instead of Sb4sOsClz, a Sb2O3 phase is formed. The voltage curve of the
second and further sodiation are similar with reversible sodiation to Na3Sb and NayO. The
composite material is characterised by good stability: after 100 cycles at a current density of
100 mA-g! charge capacity is 508.5 mAh-g'. The presented results contribute to the
development of post-lithium-ion technology for energy storage.

Acknowledgements: This project is supported by the National Science Center Poland (NCN) based on
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In recent years, there has been a significant increase in interest in electric vehicles powered
exclusively by lithium-ion batteries. However, widespread use of these batteries may pose a
risk of electrolyte leakage, which could lead to ignition or explosion. Gel electrolytes have
emerged as a potential solution to this problem, offering a combination of the benefits of both
solid polymer electrolytes (SPE) and liquid electrolytes. Gel electrolytes have advantages such
as high conductivity, high electrochemical stability and increased safety in the event of battery
damage, as they are less susceptible to leakage. However, traditional gel electrolytes,
membranes containing PVdF-HFP, have poor mechanical properties. To address this limitation,
we have explored the use of ionic liquids as a plasticizing additive for membranes.

The research included the synthesis of membranes with different compositions of ionic
liquids and PVdF-HFP, using acetone as a solvent. These membranes were analyzed using
electrochemical, thermal and microscopic techniques. Differential scanning calorimetry (DSC)
was used to test the thermal stability of the systems. The electrochemical stability of the
membranes relative to the lithium anode was tested using cyclic voltammetry (CV) and linear
sweep voltammetry (LSV). Additionally, conductivity measurements were carried out over a
wide temperature range. All electrochemical tests were performed on a multi-channel
potentiostat-galvanostat VMP3 by Biologic Science Instruments with the function of the
frequency response analysis. The results show increased conductivity with no stability
disadvantages, the details will be shown on poster.
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Shear thickening fluids (STFs) are dense colloidal suspensions exhibiting an abrupt increase
in viscosity with increasing shear rate. One of the main favorable features of STFs is that the
process is reversible. They become solid-state under a sudden strike or impact. And when the
strike or impact is removed, the STFs can turn back to their equilibrium properties. Due to their
unique properties, they can be used as materials for sporting protective clothing and liquid body
armor and other applications. The new concept is the use of electrolytes with the properties of
shear thickening fluids, which could combine the advantages of liquid and solid electrolytes
i.e., high conductivity of lithium ions and good mechanical properties [1,2,3]. Typical shear
thickening systems consist of a continuous phase in the form of a polar solvent and a ceramic
filler dispersed in it and possible additives. Aggregation of silica particles is an unfavorable
phenomenon, and it is observed in typical electrolytes with low molecular weight carbonates.
This leads to their sedimentation and deterioration of the rheological properties of the
electrolyte. To prevent this, typical carbonate solvents can be replaced by polymers. This
solution enables reduction of concentration gradient forms in the electrolyte volume. In
addition, polymer components should allow elimination another serious problem, which is the
high vapor pressure of organic solvents. This prevents an explosion and potential ignition of
battery [4, 5].

We used as the matrix low molecular weight poly(ethylene glycols) (PEGs) due to their low
melting point of the crystalline phase. Moreover, after adding the ceramic filler, they form shear
thickening fluids. However, linear PEGs have relatively high melting point, so we replaced
them with star-shaped olygomers. This allowed for lower the melting point of the compounds’
crystalline phase. What’s more, branched polymers typically exhibit lower viscosity compared
to their linear counterparts, which can be beneficial for ionic conductivity. The star-shaped
olygomers were synthesized via anionic polymerization by us. Potassium was reacted with the
polyol to form a potassium alkoxide initiator. By using this type of reaction, we prepared well-
defined product. The application of these star-shaped oligo(ethylene oxide) allowed us to obtain
the shear thickening electrolyte, with a conductivity of approximately 10 S/cm at 40°C.
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Bismuth Oxide is a promising superionic conductor for potential use in Solid Oxide Fuell
Cells [1]. Our previous studies [2] on high pressure impact on electronic conduction of glassy
materials has shown increase of electrical conductivity of 1-2 orders of magnitude with
simultaneous reduction of activation energy.

In this study we performed preliminary research of high pressure thermal treatment on
structural and thermal properties of Bi203-Al203-S10: glass system in which Bi20s is a main
glass former while Al2O3 and SiO> are glass forming additives. With use of unique on global
scale technology glasses of such system were heated at increased pressure, which allowed for
simultaneous DTA analysis and preparation of samples for XRD measurements. The pressure-
thermal measurements were performed at 6 different semi-isobars that allowed us to observe
glass transitions and subsequent crystallization peaks.

Cross-analyzing thermal data of XRD patterns allowed us to propose p—T plane of phase
transitions what was published in [3]. Among detected phases were: supercooled liquid (above
glass transition temperature), 6—Bi2O3 (desired superionic phase), B and y phases of Bi2O3 (poor
ionic conductors) and bismuth silicate Bi2SiOs (ferroelectric phase). An explanation for
formation of bismuth silicate has been proposed based on calculated densities of identified
phases and material composition.
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Centre through the grant no. 2022/45/B/ST5/04005.

References:

[1] E.D. Wachsman, K.T. Lee, Lowering the temperature of solid oxide fuel cells, Science 334 (6058)
(2011) 935-939, DOI: 10.1126/science.1204090

[2] A. Szpakiewicz-Szatan, S. Starzonek, T.K. Pietrzak, J.E. Garbarczyk, S.J. Rzoska,

M. Bockowski, Novel high-pressure nanocomposites for cathode materials in sodium batteries,
Nanomaterials 13 (2022) 164, DOI: 10.3390/nano13010164

[3] A. Szpakiewicz-Szatan, T.K. Pietrzak, K. Sierakowski, M. Bo¢kowski, S.J. Rzoska, J.E. Garbarczyk,
S. Starzonek, Nanocrystallization of Bi203 based system from the glassy state under high compression,
Materialia, Vol. 33 (2024), DOI: 10.1016/j.mtla.2023.101975.

84



P26

INFLUENCE OF DIFFERENT ATMOSPHERES ON THE OXIDATION OF FE-
16CR FERRITIC STEEL MODIFIED WITH GADOLINIUM OXIDE, CERIUM
OXIDE OR YTTRIUM-DOPED CERIUM OXIDE NANOPARTICLES

P. Winiarski, £.. Mazur, T. Brylewski

Faculty of Materials Science and Ceramics, AGH University of Krakow,
al. Mickiewicza 30, 30-059 Krakéw, Poland
winiarski@agh.edu.pl

Solid oxide cells (SOC) are one of the most useful means of storing or transforming energy.
Single SOCs can be combined to form a stack using interconnects to yield an increased power
output. The main issue with the use of ferritic steel based metallic interconnects is the increase
in area-specific resistance (ASR). Most oxidation studies are conducted in air under isothermal
conditions, but the atmosphere to which cells are exposed during real-life operation is a mixture
containing hydrogen and water vapor.

For this study, an Fe-16Cr low-chromium ferritic stainless steel was used (brand name:
Nirosta 4016/1.4016). To improve the resistance of this steel to high temperature oxidation, it
was modified via dip coating or the electrolytic deposition of gadolinium oxide, cerium oxide
and yttrium-doped cerium oxide (Ceo.9Y0.102) nanoparticle layer. The oxidation experiments
were carried out over 100 h in air, a mixture of air/H»>O, and an H»/H>O atmosphere at 1073 K.
The structure, morphology and chemical composition of the oxidized samples were examined
by means of X-ray diffraction (XRD) and scanning electron microscopy (SEM) with energy-
dispersive X-ray spectroscopy (EDS). The ASR of the layered steel/scale/coating systems was
measured using a 2-probe 4-point DC method.

Oxidation studies showed that samples modified with gadolinium oxide, cerium oxide or
yttrium-doped cerium oxide nanoparticles have better oxidation resistance than non-modified
samples in all of the investigated atmospheres. This can be explained by the reactive element
effect (REE), which reduces the thickness of the scale and improves its adhesion to the metal
core.

Based on the obtained results, it was found that the Nirosta 4016/1.4016 ferritic steel
modified with nanoparticles of gadolinium oxide, cerium oxide or yttrium-doped cerium oxide
is suitable for the production of interconnects designed for SOC applications.
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Ceria-based compounds find a very wide range of applications in electrochemical devices
such as solid oxide fuel cells, oxygen storage materials, oxygen sensors or catalysts of partial
oxidation of hydrocarbons. The transport properties of CeO2-6 compounds strongly depend on
temperature, oxygen partial pressure, microstructure, and the presence of dopants and
impurities. Such flexibility of properties makes them interesting candidates e.g. for catalytic
materials working on the anode side of Solid Oxide Fuel Cells (SOFCs), significantly affecting
the process of direct internal reforming of biogas and limiting the carbon deposition process on
the fuel cell [1,2]. Ceria has also paid some attention due to the possibility of exsolving metallic
nanoparticles to the surface of its grains. In this process occurring in reducing conditions, some
cations from host compound are extruded in the form of nanoparticles on the oxide support.
The exsolution method offers even distribution of particles as well as improved attachment to
the host material [3]. Additionally, the exsolution process may be partially reversible, meaning
the exsolved particles could be incorporated to the host lattice in the oxidative conditions [4].
Although the exsolution remains the hot topic and constant development in this field is
observed, the research is mostly focused on the in situ growth of monometallic nanoparticles
from perovskite-like structures. Only few experimental works on exsolution from fluorite
structures can be found, and what is more, they have focused mostly on Ni-nanoparticles
exsolution [5,6]. There is lack of systematic analysis of other types of transition metals
exsolution depending on the process conditions.

In this study we focused on structural study of ceria-based compounds with general formula
(Ce,Me)O2-6 (where Me = Co, Cu, Fe, Mn, Ni) which were reduced in hydrogen atmosphere
at various temperatures (900, 1000, 1100(1C) to force the exsolution process. For this purpose,
we used hard X-ray and state-of-the-art technique such as X-ray Absorption Spectroscopy
(XAS). A series of XAFS (X-ray Absorption Fine Structure) spectra at K-edges of Ce and
transition metals were collected. Near-edge (XANES) and extended (EXAFS) range spectra
analysis allowed to reconstruct the local structure of elements both in the as-prepared and
reduced ceria, leading to a deeper understanding of the exsolution process in fluorite structures
depending on the conditions of exsolution process, as well as a type of transition metal dopant.
Moreover, the occurrence of cerium in the mixed valence state of Ce®*/Ce** was confirmed,
what has a significant influence both on catalytic properties and on resistance to carbon
deposition when this material is used as an anode for SOFC.
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Photoelectrocatalytic water splitting is one of the most promising artificial photosynthesis
approaches to convert sunlight into sustainable hydrogen energy. A method of obtaining
improved photocatalytic efficiency of photoanode toward water splitting is the use of titanium
dioxide nanotubes (TiO2.-NTs) systems decorated with a cocatalyst. Unfortunately, most
cocatalysts containing metal ions are not only hazardous but the amount of mineral resources
of them, like Co minerals, is limited. Therefore carbon-based materials may be a competitor.
The synthesis of such materials is complex and not cheap, but the yields are comparable. Here,
we show how to easily obtain active material for Z-scheme photoanode formation namely
carbon nitride (CxNy): melem, melon, and graphitic C3sN4 on anodic titania nanotubes and how
this construction enhances photoactivity towards oxygen evolution reaction (OER).

Titania nanotubes were obtained via anodization of Ti foil under specific conditions,
followed by hydrothermal annealing in distilled water for 24 h at 100 °C [1]. The metal-free
photococatalyst was prepared by thermal polycondensation of melamine powder in semi-closed
conditions at two different temperatures: 400 °C and 525 °C for different times (3 hours, 12
hours) [2]. A heterojunction was attained by dip coating TiO2-NTs in a Nafion /isopropanol/
distilled H>O solution in a ratio of 1:5:14 containing 20 mg CxNy [3]. The obtained samples
have been characterized using SEM, XRD, XPS, ATR-FTIR, and UV-Vis spectroscopy. All
electrodes were tested using cyclic voltammetry, linear sweep voltammetry (LSV),
electrochemical impedance spectroscopy (EIS) in the dark, and chronoamperometry (CA) under
solar light illumination. Modified photoanodes show increased photocurrent generation
compared to unmodified TiO2 nanotubes. The band gap energy of a hybrid system has been
decreased in comparison with pure TiO2>-NTs. The overpotential towards OER and flat band
potential have been reduced. De-colorization of methylene blue (MB) shows significantly
diminishing MB concentration over time.

Our experiment shows that the application of transition metal-free material for Z-photoanode
formation is efficient towards photocurrent essential increase. The mechanism of hybrid
photoanode activity will be discussed in the context of electronic band position.
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The growing interest in the use of TiO2 nanotubes (TiO2-NTs) obtained by the anodization of
titanium sheets outcomes from their application in photoelectrocatalytic processes involving water
splitting [1]. The mechanical condition of the sheet metal used is crucial in the procedure of
obtaining anodic TiO2. All strains in the supporting material may affect the quality of the samples
obtained and undergo specific mechanical interactions during crystal growth. The layer of
nanotubes on a Ti substrate possesses mechanical properties that require control. The hydrothermal
annealing (HA) method is a way to introduce beneficial changes in mechanical properties. Here, we
focus on the correlation between mechanical properties introduced through HA and the
photoelectrochemical activity of titania nanotubes.

The anodization of titanium foil in a 2-electrode cell, followed by calcination in the furnace (450
©C), was carried out to obtain crystalline TiO2-NTs [2]. Further modification involved placing the
material in a Teflon container, filled with distilled water, enclosed within a stainless steel reactor
and subjecting it to the oven at different temperatures (75, 100, 125, 150, 175, 200 °C) for 24 hours
to obtain HA TiO>-NTs. XRD measurement confirmed the anatase crystal structure and also
allowed us to calculate the microstrains and crystallite size of the tested samples, using Williamson-
Hall analysis. It was observed that the linear fit of BcosO as a function of sin@ is increasing,
indicating that the stresses in the material were compressive. TiO2-NTs without HA obtained the
highest compressive stresses (150.95 + 19.13 MPa). This phenomenon is explained by the uneven
distribution of nanotubes that agglomerated into larger clusters. After HA 100 °C, the residual
stresses decreased significantly, resulting in a more uniform distribution of nanotubes and nearly
complete relaxation during the process. However, at higher temperatures, titania nanotubes get
greater tensile stresses. The SEM images provide clear evidence of this calculation.

Furthermore, Raman, UV-Vis, and AFM spectroscopy were conducted to reveal the morphology
and structure of TiO>-NTs. Additionally, electrochemical and photoelectrochemical measurements
were performed to investigate the correlation with mechanical properties. In summary, these results
demonstrate that hydrothermal annealing enables the modification of an electrode material with
enhanced photoactivity, improved adhesion, and reduced stresses compared to the starting material.
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It is expected that Na-ion batteries may in the future provide an alternative to Li-ion batteries
in large-scale power storage systems for storing energy from renewable energy sources and
power plants. For this to happen, the development of low-cost technologies for producing
electrode materials with high cell performance is needed. NazsFei75(SO4)3 is a promising
cathode material for sodium cells characterized by high Fe**/Fe*" redox potential equal 3.8 V
vs. Na/Na', monotonous charge/discharged curve between 3 and 4.5 V vs., high structural
stability and large theoretical energy density. Also very important, this cathode material is based
on earth-abundant and ecofriendly elements.

The poster contains the results of structural and electrochemical studies of the
Nay sFe1,75(SO4); cathode material synthesized by reaction in solid state. Raman spectroscopy,
FTIR spectroscopy and XRD studies confirmed the composition and structure of the
synthesized material. Naz sFe;75(SO4); forms alluaudite type structure with Co/c symmetry [1].
Alluaudite type compounds can be written as AA'BM2(XOs);, where three different
crystallographic positions: A, A" and B are occupied by sodium ions (Nal-B (4e), Na2-A (4b),
Na3-A' (4e)) while M site is occupied by Fe (8f Wyckoff position) and X by S [2]. Activation
energy of diffusion of Na” ions varies for different structural positions of Na ions [3, 4].
Interestingly, an initial but irreversible Fe migration into the Nal sites is also possible.
Monotonic appearance of charging/discharging curves indicates for one-phase
deintercalation/intercalation process of sodium ions in the operating voltage range. This is
confirmed by in-situ XRD studies. Sharp peak in the differential galvanostatic dQ/dV profile at
about 4 V measured upon the first charging process can be related to the migration of Fe*" ions
from the M sublattice to the Nal crystal positions [4].
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Pyrolysis is a promising method for energy recovery from plastics, because it doesn’t require
high chemical purity of wastes in contrast to mechanical recycling and is non-emissive. Nowadays
pyrolysis of plastic wastes is mostly used for highly caloric pyrolysis oils production. One of the
current trends is to maximize hydrogen and carbon yield to receive more sustainable fuel. Iron-
based catalysts shows potential in this area. [1, 2]

In this work strontium titanate (STO) catalyst matrixes were synthesized using Pechini method,
sintered at 1200°C for 12 h and enriched with iron in three different approaches: by milling with
Fe203 provided by producer in ball mill, 2) by impregnating with iron nitrate and oxidized
oxidizing to Fe203, 3) exsolution of metallic iron nanoparticles from Sr0.95Ti0.8Fe 0.203-x matrix
in reducing conditions. All materials were reduced in dry hydrogen atmosphere at 900°C for 10 h.

The phase composition of powders was determined using XRD method, whereas the
microstructure was analyzed by SEM technique combined with EDS for chemical analysis. The
specific surface area of samples was estimated using BET isotherm method. The XRD
measurements confirmed a formation of preferred phases in all fabricated compounds. During
reduction a formation of Fe metallic form was noticed, whereas the STO matrix remained in the
primary form. The analysis of SEM images showed that achieved 0.5 - 1 um STO grains
agglomerated into structures even bigger than 10 pm. Reduction did not cause changes in the
microstructure of samples. BET isotherm analysis showed absence of micro and mesoporosity. The
greatest specific surface area equal to 10.7 m2/g was achieved for Fe203 mixed with STO via ball
milling. This specific compound presents the highest potential for plastic waste pyrolysis.
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