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Preface

Dear conference participants and readers, we have the pleasure to welcome you all to Belgrade,
Serbia, as the venue for the 3" International Conference on Innovative Materials in Extreme
Conditions (IMEC2026).

The conference is jointly organized by the Serbian Society for Innovative Materials in Extreme
Conditions (SIM-EXTREME), the Center of Excellence "Center for Synthesis, Processing and
Characterization of Materials for Application in Extreme Conditions - CEXTREME LAB" of the
Vinca Institute of Nuclear Sciences - National Institute of the Republic of Serbia, University of
Belgrade, and the Faculty of Mechanical Engineering, University of Belgrade.

The scope of the IMEC2026 conference is to serve as a platform for academic and professional
exchange of experts and young researchers on the phenomena arising during the processing
and/or exploitation of the innovative materials applicable in diverse technological and
engineering fields. The IMEC2026 conference is focused on the current research in the field of
material science, physics, chemistry, earth, and computational science. Experimental and
computational investigations of materials obtained or operated under extreme conditions
presented during the conference highlight recent progress in the development of innovative
materials at high pressures, under high magnetic and electric fields, over a wide range of
temperatures, radiation conditions, corrosive environments, under extreme mechanical loads,
and non-equilibrium thermodynamic conditions. The interrelation between external effects,
microstructural characteristics, and material properties is considered on the experimental and
theoretical level to obtain new or enhanced insights into the material behavior and its
application.

We want to use this opportunity to thank our sponsors and co-organizers for helping us to
successfully organize the IMEC2026 conference. We gratefully acknowledge the support of the
Ministry of Education, Science and Technological Development of the Republic of Serbia, as
well as the Vinca Institute of Nuclear Sciences — National Institute of the Republic of Serbia,
University of Belgrade. Special thanks go to the members of the Conference Advisory Board, the
Conference International Scientific Committee, the Conference Organizing Committee,
Conference and Session chairs, presenters, exhibitors, and all participants for their
contributions and enthusiastic engagement.

We hope that your time in Belgrade will be both professionally rewarding and personally
enjoyable.

Editors
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Effect of Accumulation of Implanted Hydrogen in Defects in the Metals

12:20-12:30

Oral Presentation

Alexander Paraskun, Lavrentiev Institute of Hydrodynamics SB RAS, Russia
Novosibirsk National Research State University, Russia

Analysis and simulation of anodes destruction under high-voltage pulse impact

12:30-12:40

Oral Presentation

Mahmoud Ibrahim, National Research Tomsk Polytechnic University, Russia
Joint Institute for Nuclear Research, Russia

Quantum Diode-Like Behavior in Hydrated ZrO. Nanopowder Junctions
under Radiation Flux and Humidity Control

12:40 - 12:50

Oral Presentation

Anthony Carlos Perez Moreno, Voronezh State University, Russia
Joint Institute for Nuclear Research, Russia

Electrical Impedance Analysis of a ZrO,-Based Nanopowder System on
Extreme lonization Conditions

13:00 — 14:30

Lunch break (Conference venue, 5 floor)

Session Chairs:

SESSION C
(Conference hall No. 514, 5" floor)

Dorota Marta Chudoba, Joint Institute for Nuclear Research, Russia

Jelena Maletaskié, University of Belgrade, Serbia

14:30 — 14:50

Invited Lecture

Elena Raksha, Joint Institute for Nuclear Research, Russia

Investigating Biologically Active Substances Using Inelastic Neutron

Scattering

14:50 — 15:00

Oral Presentation

Zoran Jovanovié, University of Belgrade, Serbia

Effect of Swift Heavy lon Beam Irradiation on the Structural Properties of
PMN-PT/LNO/STO Thin Films Grown by PLD Method

15:00 - 15:10

Oral Presentation

Silvia Maria Fortuné Fabregas, Joint Institute for Nuclear Research, Russia

Defect Dynamics and Structural Evolution of CuO Nanostructures under
Extreme Fluence of He" lons Irradiation

15:10-15:20

Oral Presentation

Arthur Asylkaev, Lavrentiev Institute of Hydrodynamics, Russia
"Siberian Circular Photon Source" (SKIF) Collective Use
Center, Russia

Synchrotron Diagnostics of Shockwave Compression in a PETG Gyroid

17




16:00 — 18:00

Poster Session (Exhibition hall, 5" floor)

18:00 -19:30

Welcome reception (Conference venue, 5" floor)
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SESSION D
(Conference hall No. 514, 5" floor)

Session Chairs:
Dejan Zagorac, University of Belgrade, Serbia

Vladimir Srdié, University of Novi Sad, Serbia

09:30 - 10:00 J. Christian Schon, Max-Planck-Institute for Solid State Research, Germany

Plenary Lecture Concepts and Issues in Modeling Thermodynamic Processes on Complex
Energy Landscapes

10:00 -10:20 Subramshu S. Bhattacharya, Indian Institute of Technology Madras, India

Invited Lecture Mutlicomponent Equimolar High Entropy Oxides: Stability in the Face of
Disorder

10:20-10:30 Milan Peji¢, University of Belgrade, Serbia

Oral Presentation | Machine Learning in Energy Landscape Exploration: ANN-Assisted High-
Pressure Polymorph Discovery in LaFS

10:30-11:00 Coffee break (Exhibition hall, 5™ floor)

SESSION E
(Conference hall No. 514, 5" floor)

Session Chairs:
Pavol Sajgalik, Slovak Academy of Sciences, Slovakia
Claus Rebholz, University of Cyprus, Cyprus

11:00 - 11:30 Emanuel lonescu, TU Wien, Institute for Chemical Technologies and

Analytics, Austria
Plenary Lecture

Polymer-Derived Ultra-High Temperature Ceramics (UHTCs) and Related
Materials

11:30-11:40 Katarzyna Stachura, AGH University of Krakow, Poland

Oral Presentation | Optimized Direct Ink Writing of B,C Composites Reinforced with Carbon
Fibers for UHTC Applications

11:45-12:45 Lunch break (Conference venue, 5" floor)
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13:00-17:30

Guided visit to National Bank of Serbia (NBS)

guided tour through the historic 19th-century building with themed
exhibitions and a personalized souvenir banknote

Visitor Centre Address: Kralja Petra 12, Belgrade
Guided visit to Museum of Yugoslavia

guided tour through Yugoslav heritage and Yugoslav past (Kingdom of
Yugoslavia and Socialist Yugoslavia, as well as the life of Josip Broz Tito)
with unique exibitions and collections

Address: Mihaila Mike Jankovi¢a 6, Belgrade

19:00 - 23:00

Conference gala dinner

Konoba Akustik, Address: Pariska 16, Belgrade
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Session Chairs:

SESSION F
(Conference hall No. 514, 5™ floor)

Subramshu S. Bhattacharya, Indian Institute of Technology Madras, India

Emanuel lonescu, TU Wien, Institute for Chemical Technologies and Analytics, Austria

9:30 - 09:50

Invited Lecture

Ravi Kumar, Indian Institute of Technology - Madras, India

Structural Stability of Compositionally Complex Pyrochlore Oxides under
Extreme Conditions

09:50 - 10:10

Invited Lecture

Peter Tatarko, Slovak Academy of Sciences, Slovakia

Novel Entropy-Stabilised Ceramics for Ultra-High Temperature Applications

10:10 - 10:30

Invited Lecture

Claus Rebholz, University of Cyprus, Cyprus

Purity and Surface Area Effects on the Thermal Stability and Oxidation
Resistance of Boron Nitride Nanomaterials

10:30 - 10:50

Invited Lecture

Zoltan Lencés, Slovak Academy of Sciences, Slovakia

Improvement of Silicon/Graphite Anode Performance by the Combination of
Atomic Layer Deposited ZnO Coating with Fluoroethylene Carbonate
Additive

10:50 - 11:00

Oral Presentation

Asif Ali, Slovak Academy of Sciences, Slovakia

Ternary Perovskite Solid Solution BaTiOs-BiMg,sNbys03-NaNbO;  for
MLCCs Applications in Extreme Environment Conditions

11:00-11:10

Oral Presentation

Imrongnaro Longkumer, Slovak Academy of Sciences, Slovakia

Study of the Effect of La Doping in High-Entropy Perovskite Oxides for
Thermoelectric Applications

11:10-11:50

Coffee break (Exhibition hall, 5" floor)

Session Chairs:

SESSION G
(Conference hall No. 514, 5" floor)

J. Christian Schén, Max-Planck-Institute for Solid State Research, Germany

Jelena Zagorac, University of Belgrade, Serbia
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11:50-12:20

Plenary Lecture

Dieter Fischer, Max-Planck-Institute for Solid State Research, Germany

Dioxygen Species in Zinc Oxide

12:20 -12:40

Invited Lecture

Dejan Zagorac, University of Belgrade, Serbia

High-Entropy Materials for Extreme Conditions: Experimental and
Theoretical Insights into Pyrochlores, Carbonitrides, and Borides

12:40 - 12:50

Oral Presentation

Subrahmanyam Bandaru, Slovak Academy of Sciences, Slovakia

First-Principles Study of Electronic Structure and Thermoelectric
Performance in High-Entropy Perovskites

13:00 - 14:30

Lunch break (Conference venue, 5 floor)

14:30

Conference closing ceremony
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SiC as Ceramics For UHTC Applications

Pavol Sajgalik’, Ondrej Hanzel!, Michal Hi¢4k’, Alexandra Koval¢ikova®
Ynstitute of Inorganic Chemistry, Slovak Academy of Sciences, Bratislava
’Institute of Materials Research, Slovak Academy of Sciences, Bratislava

Freeze-granulated silicon carbide powder was densified to the full density without any sintering
aids by rapid hot-pressing at temperatures from 1850 °C to 1900 °C.

This way prepared material has a high thermal conductivity of 145 W/mK.

The present study deals with the static and dynamic oxidation/ablation of bulk silicon carbide
ceramics prepared by rapid hot-pressing from the commercial SiC powder with no sintering
additives. The static oxidation (parabolic rate constant) at 1450 °C for 204 h was 4.9x107
mg?/cm®h, which is almost negligible in comparison to the parabolic rate constant 7.0x107
mg?/cm*h of the LPS sintered SiC materials. In the dynamic regime, the ceramics sustained 1900 °C
for 60 s without substantial damage; weight loss was only 0.2 %.

Surprisingly, SiC bulk ceramics stayed compact even after dynamic oxidation/ablation of
oxygen/acetylene flame at 1900 °C for 300 s. When the oxidation was prolonged to 300 s the
damage was visible but still not crucial; weight loss was 8.8 %.

Comparison with commercially available CVD SiC showed that CVD sample at these conditions
had 0.6 wt. % of weight loss, while the bulk SiC ceramics had a weight loss of almost 9 wt. %.
Besides the difference in the density (100 % of CVD-SiC sample vs. 99 % of SiC bulk sample),
sampless differs in thermal conductivity: 220 W-m™-K™* vs. 145 W-m™.K™. The difference in the
thermal conductivity seems to be decive. Nevertheless, bulk ceramics prepared in the present study
showed the potential for application of SiC even in these severe conditions.

24



IMEC2026 3™ International Conference on Innovative Materials in Extreme Conditions 25-27 March 2026,
Belgrade, Serbia

Concepts and issues in modeling thermodynamic processes on complex energy
landscapes

J. Christian Schon
Max-Planck-Institute for Solid State Research, Heisenbergstr. 1, D-70569 Stuttgart, Germany

Materials that are being synthesized or applied in extreme conditions often partake in large parts of
the energy landscape of the chemical system beyond their initial region during the thermodynamic
processes involved in their synthesis or use in a device. In particular, the material is often not in or
not even close to thermodynamic equilibrium as far as its behavior and properties are concerned,
with different feasible metastable modifications in competition during the process such that the
trajectory of the system on the energy landscape moves between several locally ergodic regions,
each with its own characteristic time scales. Since these processes need to take place in a finite
time, a multitude of such time scales have to be taken into account when modeling and optimizing
these processes. Thus, ensuring that these processes take place with minimal entropy production, or
maximal generation of a desired product, within a finite time, requires a careful optimization of the
thermodynamic conditions applied during the process. In this presentation, we will discuss some of
the concepts and issues that arise in the context of the analysis of such processes when the
underlying state space of the material corresponds to a complex multi-minima energy landscape.
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Polymer-Derived Ultra-High Temperature Ceramics (UHTCs) and Related
Materials

Emanuel lonescu
TU Wien, Institute for Chemical Technologies and Analytics, Getreidemarkt 9, 1060 Wien, Austria

Ultra-high temperature ceramics (UHTCs) represent an emerging class of materials capable of
providing mechanical stability and heat dissipation upon operation in extreme environments, e.g.,
extreme heat fluxes, chemically reactive plasma conditions, etc. In the last few decades, remarkable
research efforts and progress have been made concerning the physical properties of UHTCs as well
as their processing. Moreover, there are vivid research activities related to developing synthetic
access pathways to UHTCs and related materials with high purity, tunable composition, nano-scaled
morphology, or improved sintering ability. Among them, synthesis methods considering preceramic
polymers as suitable precursors to UHTCs have received increased attention in the last few years.
As these synthesis techniques allow the processing of UHTCs from the liquid phase, they are highly
interesting, e.g., for the fabrication of ultra-high temperature ceramic composites (UHT CMCs),
additive manufacturing of UHTCs, etc. In the present talk, UHTCs will be discussed within the
context of their physical properties as well as energetics. Moreover, various synthesis methods
using preceramic polymers to access UHTCs and related materials (i.e., (nano)composites thereof
with silica former phases) will be summarized and critically evaluated.
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Dioxygen Species in Zinc Oxide

Dieter Fischer’, Dejan Zagorac?, J. Christian Schon®
'Max Planck Institute for Solid State Research, Heisenbergstr. 1, 70569 Stuttgart, Germany
?Institute of Nuclear Sciences Vinca, Materials Science Laboratory, University of Belgrade,
Belgrade, Serbia

ZnO is one of the most widely used semiconductor metal oxides, exhibiting a number of remarkable
properties that are not yet fully understood, such as n-type conductivity, high transparency, and
yellow color. Our studies demonstrate that dioxygen species, e.g., peroxide and superoxide ions, are
present as defects in grown ZnO crystals, resulting in a bending of the atom layers perpendicular to
the c-axis. In the Raman spectra, these defects cause the appearance of bands different from the
known bands of perfect ZnO crystals allowed by symmetry (see Figure 1) [1]. These additional
Raman bands, which have been frequently reported for ZnO in the past, can be fully explained by
the presence of dioxygen species, and the widespread assumption of second-order modes for the
assignments of these bands is not necessary. The dependence of the O-O stretching modes on the
applied pressure proves the presence of dioxygen species in ZnO, and for the first time, the Raman
spectrum of perfect zinc oxide in the ideal wurtzite structure was obtained from small domains in
Zn0O(0001) crystals exposed to pressures up to 2 GPa. Furthermore, the additional Raman modes
are confirmed by phonon calculations of structure models with embedded dioxygen species [1]. In
addition, the formation of dioxygen species leads to a local excess of negative charge, which
explains the intrinsic n-type conductivity of ZnO. The yellow color is related to the superoxide ion.
These results also confirm the formation of dioxygen species in ZnO films deposited at various
temperatures using the femtosecond pulsed-laser-deposition method [2,3,4].

grown crystal perfect lattice

Zn0O

presence of
dioxygen species

200 600 1000 Wavenumber / cm!

Figure 1. Raman spectra of ZnO single-crystals as recieved (bottom: red curve) and after being pressed at 1 GPa (top:
blue curve, selected from Raman mapping) together with the corresponding structure models. Top left: Photograph of
the pale-yellow ZnO single-crystals used.
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The Influence of FAST Techniques on the Microstructure and Phase
Composition of Reactively Sintered Ultra-High Temperature Ceramic (UHTC)
Materials

Dawid Kozien®, Wojciech Banas David Salamon Daneiel Valasek2 Peter Tatarko®, Mlchal
chak3 Ondrej Hanzel®, Katarzyna Pasiut’, Pawel Nieroda*, Zbigniew PedZ|ch
! Department of Ceramlcs and Refractories, AGH University of Krakow, Poland
2 Central European Institute of Technology, Brno University of Technology, Czech Republic
Department of Ceramics, Institute of Inorganic Chemistry, Slovak Academy of Sciences, Slovakia
* Department of Inorganic Chemistry, AGH University of Krakow, Poland

This study examines the mechanisms of formation and oxidation resistance of ultra-high-
temperature ceramics (UHTCs) within the Ti—Al-B4C system. The composites were synthesized
using boron carbide and Ti—Al intermetallic nanopowders through Spark Plasma Sintering (SPS)
and Self-propagating High-temperature Synthesis (SHS). The materials were subjected to thermal
ablation at temperatures ranging from 1800 to 2000°C. X-ray Absorption Spectroscopy (XAS)
confirmed the formation of key phases, including TiB, and a protective Al,O3 layer. This oxide
scale effectively inhibited oxygen diffusion, thereby maintaining structural integrity in oxidative
environments. Elemental mapping revealed minimal migration, validating the efficacy of the
protective oxide barrier. Rapid Acoustic Ceramic Sintering (RACS) facilitated homogenization
through acoustic activation, while Ultrafast High-temperature Sintering (UHS) enabled rapid
thermal cycling and microstructural control. Through optimization, composites exhibiting excellent
phase stability and oxidation resistance at ultra-high temperatures were produced. These findings
highlight the potential of Ti—Al-B4C systems as next-generation UHTCs.
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FLNP User Program - the possibilities for investigation of Materials in
Extreme Conditions

Dorota Chudoba, Bagdaulet Mukhametuly, Egor Lychagin
Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna

Following the successful startup of the IBR-2 reactor in 2025, the Frank Laboratory of Neutron
Physics (FLNP) of the Joint Institute for Nuclear Research (JINR) resumed its User Program for
scientific experiments at the reactor [1,2,3]. Calls for proposals are issued twice a year. The
proposals are peer-reviewed and rated, and beam time is allocated based on the reviews by Expert
Committees.

Neutron scattering investigations at the IBR-2 reactor cover a wide range of research in condensed
matter physics, materials science, chemistry, biophysical, and engineering sciences. Among our 14
instruments operating within the User Program (Fig. 1), several enable studies of novel materials
under extreme conditions, such as high pressure and high temperature.

A more detailed description of the parameters of the IBR-2 reactor, the current status of the
instruments operating within the User Program, as well as the principles of the User Program of the
FLNP JINR, and information for users will be presented.

/I?T/BJN (project)
7 /

4

Diffraction: HRFD, RTD, DN-6, EPSILON,
SKAT, DN-12, FSD

Small-Angle: YuMo

Reflectometry: GRAINS, REMUR,
REFLEX

Inelastic scattering: NERA

Neutron Imaging: NRT

NAA: REGATA

A A

/  eesion// N
/ / f

Under construction:
*  SANSARA- small angle + imaging
* BJN —inelastic scattering

Fig.1. Layout of the IBR-2 spectrometer complex and the list of the instruments operating the frame of FLNP User
Program.
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Investigating biologically active substances using inelastic neutron scattering

Elena Raksha, Alexander Eresko, Eugene Goremychkin, Dorota Chudoba
Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia

Thermal neutron scattering is an experimental method particularly well suited for studying the
structure and dynamics of condensed matter. Thermal neutrons have wavelengths and energies
commensurate with typical interatomic distances and excitation energies in the solids and liquids.
Inelastic neutron scattering (INS) is currently a universal method for studying the atomic and
magnetic dynamics of a wide variety of materials. Catalysts, polymers, magnetic materials,
hydrogen-in-metals, materials with hydrogen bonding, glasses and fullerenes, and pharmaceuticals
are among the most active fields. Since most of these compounds contain hydrogen, which has a
very strong incoherent cross section of 82 barns, this determines the prospects and competitiveness
of inelastic neutron scattering for studying the dynamics of both known and novel biologically
active compounds. The report describes the experimental capabilities of the inverse geometry
NERA spectrometer at the IBR-2 pulsed reactor (Frank Laboratory of Neutron Physics, JINR,
Dubna) for the study of hydrogen-containing materials with an emphasis on biologically active
compounds using the inelastic neutron scattering method [1-3].
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Mutlicomponent Equimolar High Entropy Oxides: Stability in the Face of
Disorder

Subramshu S. Bhattacharya, K.C. Hari Kumar
Nanofunctional Materials Technology Centre (NFMTC), Metallurgical and Materials Engineering
Department, Indian Institute of Technology Madras (11TM), Chennai — 600036, India

Multicomponent, equimolar high entropy oxides (HEOs) represent a novel class of ceramic
materials that exhibit remarkable and often unexpected properties due to their unique compositional
diversity that arises from the presence of multiple number of cations in equimolar proportions on a
given sublattice of the crystal structure. These materials have garnered significant attention for their
room-temperature lithium-ion conductivity, tunable band gaps, colossal dielectric constants, and
electrocatalytic properties. The ability to engineer new functionalities by tailoring elemental
compositions makes HEOs highly promising for energy storage, optoelectronic applications, and as
advanced functional materials.

Despite the extreme chemical complexity, HEOs demonstrate phase purity and high structural
stability, believed to be due to entropy-mediated stabilization and the incorporation of multivalent
cations. This study explores different classes of HEOs, such as rocksalt, fluorites, perovskites, and
spinels, involving the presence of 5 or more transition metal and/or rare earth cations. A
comprehensive analysis is conducted on the crystallographic evolution of the different classes of
high entropy oxides (HEOs), with a focus on the complex interactions among multiple metal cations
that drive the formation of these diverse crystal structures. This study elucidates the
interdependence between synthesis conditions, composition, structure and phase stability, and
emergent functional properties, offering critical insights for the rational design and optimization of
next-generation HEO materials.
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Improvement of Silicon/Graphite Anode Performance by the Combination of
Atomic Layer Deposited ZnO Coating with Fluoroethylene Carbonate Additive

Prangya Sahoo?, Boris Hudec?, Matej Mi¢usik®, Magdaléna Precnerova®, Ahmed Nada™?,
Kumar Ashutosh®, Zoltan Len&és”, Karol Frohlich'?
ICentre for Advanced Materials Application, Slovak Academy of Sciences (SAS), Dubravska cesta
9, 841 04, Bratislava, Slovakia
’Institute of Electrical Engineering, SAS, Dubravska cesta 9, 841 04, Bratislava, Slovakia
®Polymer Institute, SAS, Dubravska cesta 9, 845 41, Bratislava, Slovakia
*Institute of Inorganic Chemistry, SAS, Dibravska cesta 9, 845 36, Bratislava, Slovakia

The properties of silicon/graphite anodes have been investigated with the aim to improve their
electrochemical performance and using them in Li-ion batteries (LIBs). The work was focused on
the impact of ZnO coatings and the addition of fluoroethylene carbonate (FEC) to the electrolyte on
the properties of LIBs. We systematically compared the effects of the thickness of ultrathin ZnO
coatings on the silicon/graphite anode, prepared by using atomic layer deposition (ALD), with and
without the FEC additive in the electrolyte.

Both the ZnO coatings and the FEC additive significantly influenced the rate capability and long-
term cycling stability of the anodes. The combination of ALD deposited ZnO coatings with the FEC
additive in the electrolyte exhibited the best performance, enhancing both rate capability and
capacity retention over extended cycling. These findings were further corroborated by
electrochemical impedance spectroscopy (EIS), which highlighted the improvements in anode
performance. Additionally, post-mortem analysis using X-ray photoelectron spectroscopy indicated
an increased amount of LiF in the solid electrolyte interphase layer. This increase in LiF content
could contribute to the enhanced stability and performance observed in ZnO coated silicon/graphite
anodes when combined with the FEC additive in the electrolyte.
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Structural stability of compositionally complex pyrochlore oxides under extreme
conditions

Ravi Kumar
Laboratory for High Performance Ceramics, Department of Metallurgical and Materials
Engineering, Indian Institute of Technology-Madras (1T Madras), Chennai 600036, India,

Compositionally complex oxides (CCOs), including high-entropy oxides (HEOSs) incorporate four
or more cationic species in near-equimolar ratios. This compositional complexity leads to a high
degree of disorder at the atomic level, promoting the formation of unique structural configurations
and properties. In the case of HEOs, configurational entropy plays a pivotal role in stabilizing
single-phase solid solutions at high temperatures. Within this broader class of these oxides,
compositionally complex fluorite oxides (CCFOs) and pyrochlore oxides (CCPQOs) are notable
examples, typically comprising trivalent rare-earth and tetravalent transition metal cations. These
oxides exhibit exceptional properties such as high hardness and melting points, enhanced ionic or
mixed conductivity, and low thermal conductivity, exemplifying potential for thermal barrier
coatings.

We recently investigated pressure-induced structural evolution of three partially ordered transition
metal and rare-earth (RE)-based pyrochlore compositions (Hf,,Zr,,Ceq,Gdg,REq,)0, 5 with

varying RE3+ dopants such as Y, Yb, and (PrNd) to fine-tune the A-site ionic radius and thereby
influence cation ordering. By selecting Y, Yb, (Pr, Nd) as substituents, we could get three different
radius ratios, which provide the opportunity to study the influence of ordering on structural stability,
bulk modulus, and other physical properties. Using in situ synchrotron X-ray diffraction (SXRD)
and Raman spectroscopy under hydrostatic pressure up to ~20 GPa, we explore how pyrochlore
structure, compressibility, and lattice dynamics evolve under pressure. We further analyze the
degree of cation ordering via pressure-dependent Raman mode intensities, providing insight into the
interplay between ionic size, cation ordering, and pressure in these complex systems. This
comparative study contributes to the fundamental understanding of high-pressure behavior in
multicomponent oxide ceramics and their design for extreme environment applications. Ablation
studies of these materials have also provided useful insights.
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Novel Entropy-Stabilised Ceramics for Ultra-High Temperature Applications

Peter Tatarko®, Hakan Unsal*, Naser Hosseini', Inga Zhukova®, Zden&k Chlup?, Alexandra
Kovaltikova®, Dejan Zagorac®, Ivo Dlouhy?, Branko Matovié*
! Institute of Inorganic Chemistry, Slovak Academy of Sciences, Bratislava, Slovakia
2 Institute of Physics of Materials, Czech Academy of Sciences, Brno, Czech Republic
3 Institute of Materials Research, Slovak Academy of Sciences, Kosice, Slovakia
*Materials Science Laboratory, Vinca Institute of Nuclear Sciences, University of Belgrade, Serbia

Highly pure high-entropy diboride ceramics (HEBs) were produced by two-step spark plasma
sintering, consisting of boro/carbothermal reduction of oxide mixtures at 1800°C and pressure-
assisted sintering at 1900°C. The aim of this work was to improve the mechanical properties of (Ti-
Zr-Hf-Nb-Ta)B; diboride system by the addition of different amounts of SiC (5 — 25 vol.%) and the
formation of new non-equimolar diboride structures in this diboride system.

The addition of SiC significantly improved the densification of HEB materials. The room
temperature mechanical properties, such as hardness, flexural strength, and fracture toughness,
continuously increased with the increasing amount of SiC up to 20 vol.%. A significant drop in the
mechanical properties observed for the composite with 25 vol.% was caused by the significant
coarsening of the microstructure. On the other hand, the dynamic oxidation rate of the materials
significantly decreased with the addition of SiC up to 25 vol.%. It was concluded that the
(Tig.2Zro 2Hfo2Nbo 2 Tag 2)B, composite sintered with 20 vol.% SiC showed the best combination of
room and high temperature mechanical properties.

Based on the (Tig2Zro2Hfo2Nbg2Tag2)B, structure, a group of high-entropy diborides with non-
equimolar transition metal ratios was theoretically predicted using Density Function Theory
implemented in VASP and experimentally investigated. Three most promising non-equimolar
diboride structures were selected, considering the formation energy, cohesive energy, and
mechanical properties of the structures: (TaggHfo1Zro1Tio1Nbo1)B2, (TagsHfo25Zr0.05Tio0s
Nbg.05)B2, (TageHfo2Zro1TioosNboos)B2. All of these non-equimolar structures were successfully
synthesized to a single phase and sintered to a relative density higher than 96 %. The nanohardness
of the individual grains of non-equimolar structures was significantly higher when compared to the
equimolar composition. Similarly, the Young’s modulus of non-equimolar compositions was
slightly higher than that of equimolar ones. It was shown that by optimization of the molar ratio of
the individual transition metals, the mechanical properties of HEBs were improved
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Hexagonal boron nitride (h-BN) nanomaterials, including nanoplatelets and nanotubes, were
systematically investigated with respect to their thermal stability and oxidation behaviour. h-BN
nanoplatelets with varying purity levels, surface areas, porosity, and morphology were synthesized
and characterized by X-ray diffraction, Fourier-transform infrared radiation, X-ray photoelectron
spectroscopy, scanning electron microscopy, gas sorption analysis, and thermal gravimetric analysis
coupled with differential scanning calorimetry under synthetic air up to ~1300 °C. The results
reveal a strong dependence of thermo-oxidative stability on both purity and accessible surface area.
High-purity, low-surface-area samples exhibited superior oxidation resistance, remaining stable up
to ~1000 °C, with oxidation occurring mainly between ~1000-1200 °C and forming B:0s. In
contrast, higher-surface-area or defect-rich materials initiated oxidation at lower temperatures
(~860-1000 °C), highlighting the role of defects and reactive sites in oxygen diffusion. A
comparison with high-purity carbon nanotubes further demonstrated the intrinsic oxidation
resistance of BN nanostructures, which remained stable at significantly higher temperatures. These
findings underline the critical importance of purity and surface area control for optimizing BN
nanomaterials in high-temperature oxidative environments.

h-BN nanoplatelets
Purity & Surface Area

Thermal Stability & Oxidation Resistance

Figure 1. Schematic representation of the effects of purity and surface area on the thermo-oxidative stability of h-BN
nanoplatelets.
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High-entropy materials (HEMs) exhibit exceptional mechanical properties, enhanced thermal
stability, and superior resistance to radiation-induced damage, making them attractive for use in
extreme environments. HEMs represent a paradigm shift with respect to the conventional alloy
design strategy. In this study, we present several examples of high-entropy materials (HEMS):
High-pressure behavior of high-entropy A,B,O; pyrochlore, [1] structure prediction and single-
source precursor synthesis of a compositionally complex early transitional metal carbo-nitrides and
high temperature stability, [2,3] and theoretical prediction and synthesis of non-equimolar (Ta-Hf-
Zr-Nb-Ti)B, entropy-stabilised borides [4]. The pyrochlore powders with nominal composition
(Lal/gsml/gNd1/3Pr1/3Y1/3Dy1/ng1/3Yb1/3)2(5n1/3Hf1/3zr1/3)207 were synthesized using the
combustion reaction between metal hydrates, metal chlorides, and glycine as fuel. In situ high-
pressure X-ray diffraction was employed to investigate the structural stability and high-pressure
behavior of the A,B,07 pyrochlore up to 25.8 GPa. The parameters of the unit cell were calculated
on the DFT level, and the resulting values were compared with the experimentally derived XRD
findings, indicating excellent alignment with a slight overestimation of less than 1%. [1] Next, a
multidisciplinary approach is performed to study compositionally complex carbonitride systems,
including experimental and theoretical investigations. A single-phase compositionally complex
ceramic nitrides, carbides, and carbonitrides, i.e., (Tip2Zro2Hfo2Nbo2Tag2)NxCix [2] and (V, Nb,
Ta, Mo, W)NXx [3] were synthesized through non-oxidic sol-gel process. Finally, prediction and
synthesis of non-equimolar entropy-stabilised borides based on the (TaxHf«Zr«TixNby)B, structure
were accomplished. [4] Theoretical investigations were performed using the multi-methodological
approach involving several computational methods and compared to the experimental results.
Structures were generated using the PCAE, supercell, SQS, and data mining approaches, and final
DFT results are in good agreement with experimental data.
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Composites classified under the category of ultra-high-temperature ceramics (UHTCs) are
distinguished by their elevated melting points, substantial hardness, robust mechanical properties,
and capacity to function at elevated temperatures. This group of materials encompasses metal
borides and carbides of transition metals, with their synthesis frequently necessitating the
application of high temperatures or sintering aids, such as high pressure or electric current. A
reactive sintering methodology can substantially alleviate the sintering conditions, Yielding
composites with a dense and fine-grained microstructure. The utilization of boron carbide and MAX
phases as precursors remains unexplored in the existing literature; however, they exhibit significant
potential concerning both the process and the resultant properties.

Ultra-high temperature ceramics (UHTCs) were synthesized from B,C and Nb,AIC through
reactive spark plasma sintering (RSPS) within the temperature range of 1800-2000°C, contingent
upon the MAX phase volume fraction. X-ray diffraction and scanning electron microscopy with
energy-dispersive X-ray spectroscopy (SEM-EDS) analyses verified the complete transformation of
the MAX phase into ultra-fine NbB; grains and Al,Cs, achieving a microhardness of approximately
30-32 GPa. The study discusses the microstructural evolution process, preliminary mechanical
properties, and overall energy balance.
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This study focused on developing a reliable technique for joining of (MoNbTaVW)C High-Entropy
Carbide (HEC) ceramics by designing and validating a NiTa-based interlayer. Phase equilibria in
ternary C-Ni-M (M: Mo, Ta, W) systems at 1480°C were evaluated using CALPHAD calculations
to identify an alloy composition suitable for brazing. The wettability and high-temperature
interactions with HEC substrates were examined using the sessile drop technique. While pure Ni
exhibited good wetting (< 15°) but caused excessive dissolution, the NissTai; alloy achieved
comparable wetting with markedly reduced dissolution due to the formation of interfacial TaCx-rich
phases. Consequently, NiTa was selected as the interlayer to join HEC ceramics in a pressure-less
field-assisted sintering technique (FAST) furnace at 1480°C, yielding a crack-free, homogeneous
joint. The formation of TaC-rich interfacial phases was confirmed using Scanning Electron
Microscopy (SEM) and Transmission Electron Microscopy (TEM) analysis, and these phases
exhibited high nano-hardness (~ 24 GPa) and indentation elastic modulus (~ 311 GPa). Single-lap
offset shear tests demonstrated high joint strength (~ 220 MPa), confirming the suitability of the
designed NiTa interlayer for reliable joining of HECs.
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The primary objective of this research work is to experimentally verify the effect predicted by
computations from prior studies. This involves investigating the scientific foundation of the
mechanism through which molecular hydrogen forms during interactions between protons
(byproducts of nuclear reactions) and various materials. To accomplish this, high-purity titanium
(Ti) samples were subjected to gamma-quantum radiation at an absorbed dose level of 4706 kGy.
Subsequently, these irradiated specimens underwent implantation with protons having energies of
2.0 MeV with different doses. The mechanism governing hydrogen-bond formation within the
material was examined utilizing the method of positron's Doppler broadening spectroscopy.
Findings indicate that diminishing annihilation parameters result in structural saturation with
hydrogen (in its probable molecular form) along with the creation of molecular hydrogen centers. A
Ti-(H-H)n-Ti chain forming in available voids acts as a barrier impeding the escape of hydrogen
towards the material's surface. Experiments were conducted twice. Initially, a titanium plate
measuring 10x15x5 mm containing volume defects induced via gamma irradiation (energy of 1.27
MeV) was bombarded with protons (dose intensity of 1018 particles/cm?) using a Van de Graaff
accelerator (model EG-5). For the subsequent trial, the specimen dimensions were reduced to
3x3x5 mm while using a lower proton dosage of 1017 particles/cm2. Measurements obtained using
a positron beam have been presented here. Data concerning both the S and W parameters were
utilized. Proton penetration depths were estimated based on TRIM simulations.
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This work presents an analysis of the destruction of the anodes of pulsed X-ray tubes. Such devices
are necessary for the research of fast-flowing processes. The energy in a pulse ranges from tens to
hundreds of joules and the pulse duration can be comparable or longer than the time the plasma
closes the anode-cathode gap. As a result, the nature of the destruction of the electrodes in such
tubes is very different. Tungsten anode surface expose the impact of high electric
field (~10° V/m), electron bombardment and plasma discharge [1-3].

The study revealed the following types of damage: protrusions on a relatively flat surface, balls on
the surface of the electrodes and insulator, Taylor cones on the surface of the anode, splinters, pits,
etching of deep grooves along the axis on the rod anode.

Due to the high energy in the pulse and the presence of plasma near the electrode surface, melting
of the electrode metal and its etching by plasma (the surface is mirrored) are noticeable.

A molten metal layer in the presence of fields with a voltage exceeding 2 x 10° VV/m and a pressure
of about 100 atmospheres. The Rayleigh-Taylor instability occurs. Despite the negative pressure
application time of the order of 10 ns — 1 s, the effect is sufficient to form Taylor cones and detach
the metal balls directly from the surface and from the Taylor cones. When an electron beam heats a
thin layer of metal on the surface, a shock wave goes deep into the material, which can cause
splinters in the powder tungsten of the anode.

In addition to melting and stretching, the electron beam causes sublimation of the metal that covers
the tube insulator. Sliding breakdowns occur on the sprayed metal.
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Figure 1. Examples of tugsten anode urface destructions
In addition to new experimental results of studying the surface of anodes, the paper presents
numerical models of the dynamics of changes in electric field strength, as well as estimates of the

damage generated. The study of these effects is necessary to increase the service life and stability of
pulsed X-ray emitters.
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Advances in nanotechnology demand precise control of ionic and electronic transport across
nanoparticle interfaces under radiation, especially in chemically identical yet structurally distinct
systems [1]. This work investigates the emergence of quantum rectifying behavior in hydrated
nanoscale junctions of yttria-stabilized zirconia (3YSZ) under radiation. Chemically homogeneous
but structurally asymmetric junctions were fabricated using 3YSZ nanoparticles with controlled
crystallite sizes (~7.5 nm and ~14 nm), achieved via thermal treatment at 400 °C and 700 °C,
respectively. This structural asymmetry, without traditional doping, leverages nanoscale curvature
and hydration dynamics to enable rectification [2, 3].

Planar point-contact junctions were assembled in symmetric (400:400) and asymmetric (400:700)
configurations. Electrical properties were characterized using DC current-voltage (I-V)
measurements (-2 V to +2 V) and electrochemical impedance spectroscopy (1 MHz to 1 Hz). Prior
to irradiation, samples were hydrated for 8 hours at 65%, 75%, and 85% relative humidity (RH)
under H20 vapor to establish proton conduction pathways via the Grotthuss mechanism [4, 5].

Results demonstrate pronounced diode-like rectification in the asymmetric (400:700) junctions
under high humidity (85% RH), whereas symmetric (400:400) junctions exhibited quasi-ohmic
behavior. Systematic electrical characterization pre- and post-irradiation revealed the significant
impact of proton flux (2 MeV, 10 to 10" cm2's™!) on transport. This study disentangles the
combined roles of nanoscale structural asymmetry, surface hydration, and irradiation in activating
and tuning rectification in homogeneous oxide nanojunctions, offering a novel paradigm for
radiation-responsive nanoionic devices.
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Yttria-stabilized zirconia (YSZ) nanopowder systems are promising materials for gas monitoring
applications, particularly in high-humidity environments where the surface layer of adsorbed water
is fundamental to the detection mechanism [1-2].

Previous studies have established that the capabilities of these systems originate from the formation
of a space charge region and an electrical double layer at the nanoparticle/environment interface,
whose integrity and dielectric properties determine the device's performance [3].

This work introduces and evaluates the effect of an extreme external factor, ionizing irradiation, as
a means to modify the surface microstructure and defect density of YSZ in a controlled manner,
potentially altering its affinity for water adsorption, surface ion mobility, and, consequently, the
electrical response of the double layer. An electrochemical impedance spectroscopy (EIS) as the
main technique to characterize the irradiation-induced changes in charge transport mechanisms and
in the interfacial capacitance of the system was used [4-6].

Using impedance spectroscopy, the main parameters of the equivalent electrical circuit of
nanopowder sensors were studied under conditions of moisture adsorption from distilled water
before and after irradiation.

The appearance of a radiation-induced relaxation process accompanied by a decrease in the
reactivity of the nanoparticle surface has been established.
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Functional properties of ferroelectric thin films are governed by strong coupling between lattice,
polarization, defects and charge transport. Pristine crystallinity is not always optimal i.e. highly
ordered films often suffer from high leakage and early polarization saturation. With this in mind,
the controlled disorder can improve polarization response, piezoelectric response, breakdown
strength and energy storage performance. Using the lead magnesium niobate-lead titanate (PMN-
PT) as model system, we have used swift heavy ion beam (SHI) irradiation as a post-growth and
deterministic method to introduce various defects and nanoscale heterogeneity in PMN-PT. SHI
irradiation is a unique tool for materials modification in which huge amount of electronic energy is
deposited along nano-scale cylindrical tracks. This can induce controlled structural modification,
defect engineering and property changes that are particularly effective for relaxor ferroelectrics,
where nanoscale disorder is intrinsic to functionality.

In our study, the PMN-PT has been grown by the PLD method and post-irradiation structural
properties were monitored in detail by XRD and TEM measurements. The XRD results show that
the as-grown film has a slightly larger out-of-plane lattice constant compared to the bulk value,
suggesting compressive (thermal) strain. After irradiation, the PMN-PT peaks split and the majority
of the PMN-PT film has a modified out-of-plane lattice constant substantially larger than the as-
grown film. A detailed reciprocal space map revealed no significant changes in the peaks of LNO
and STO, while distinct changes of PMN-PT peaks has been noticed, pointing to relaxation of
PMN-PT film and increase of tetragonality due to SHI irradiation. The TEM revealed existence of
ion tracks (~10-15 nm, diameter) in PMN-PT and various degree of structural modification in LNO
and STO layers, and accompanying changes in chemical environment (EELS).

The results point to future research direction that should exploit the controlled modification of
materials by SHI and the unique nanoscale properties of PMN-PT thin films. This can provide
fundamental insights and potentially unveil new pathways for engineering of next-generation
nanoelectronic, sensor and energy harvesting devices.
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Copper (1) oxide (CuO) nanostructures are promising candidates for optoelectronic devices, due to
their chemical stability, low toxicity and narrow bandgap (1.21-1.55 eV) [1]. The reliability of
oxide semiconductors depends critically on their defect tolerance and structural resilience, specially
in radiation — exposed scenarios. In this work, we examine the response of nanostructured CuO
layers to He" ion irradiation over the dose range of 3.13 x 10" — 3.38 x 10'® ions/cm? A
comprehensive characterization approach combining scanning electron microscopy (Figure 1a), X-
ray diffraction (Figure 1b), Raman spectroscopy and positron annihilation spectroscopies (Figure
1c) was employed to correlate morphological, structural, vibrational and defect-related changes.
The results reveal an evolution of competing radiation-induced processes. At low irradiation doses,
energy transfer from light ions promotes partial lattice relaxation and defect recombination, leading
to improved crystallinity and reduced compressive strain. At higher doses, vacancy production and
complex defect formation become dominant, particularly within a defective surface layer associated
with enhanced positron trapping and increased positron lifetimes.
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Figure 1. Scanning electron microscopy of the CuO nanostructured samples (a). Behavior of the angular positions of the
maximum (111)/(002) at different irradiation times (b). S-W correlation of Doppler broadening spectroscopy
measurements (DBS) (c).

These results contribute to the understanding of defect engineering strategies for oxide
semiconductors intended for operation under irradiation exposed conditions.
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Currently, there is extensive research and development focused on creating hollow (cellular)
structures for use in aviation and as energy-absorbing dampers. Among lattice structures, samples
based on the topology of a triply periodic minimal surface (TPMS) of the gyroid type exhibit
superior mechanical properties. The objective of this work is to study the dynamic and shock-wave
properties of a plastic gyroid using synchrotron radiation (SR) techniques. SR enables the
acquisition of X-ray movies with high temporal resolution (less than 1 ns). The test samples were
fabricated with additive manufacturing (3D printing), enabling precise control over their internal
architecture—specifically, the fill factor and pore structure. The average density of the plastic
gyroids with a specified porosity (50% fill) was approximately 0,58 g/cm®. Shock compression of
the samples was achieved using high-speed impactors. A compact explosive launcher was designed
to accelerate the impactors, propelling 20 mm diameter projectiles to velocities ranging from 600 to
3000 m/s (depending on the explosive charge and impactor material). Figure 1 presents the results
of measurements for the areal mass (pd) dynamics along the axis of the plastic gyroid under shock
loading by an aluminum impactor.

15 20 25 30 35
X, mm

Figure 1. Shock loading of a plastic (PETG) gyroid in an experiment with an aluminum impactor.

The contrast lines in the obtained X-Ray movie of the process allow for the measurement of the
shock wave velocity in the sample and the particle (mass) velocity behind the shock front, which
corresponds to the impactor velocity after collision. A series of experiments with impactors made of
different materials was conducted to obtain additional points on the Hugoniot adiabat for the plastic
gyroid. The recorded attenuation dynamics of the shock wave and particle velocities provide a basis
for estimating the pressure and its temporal decay. By assuming the shock wave velocity and
particle velocity in the sample to be constant during the initial stages, the Hugoniot adiabat for the
PETG material with a gyroid structure was derived. The practical significance of this work lies in
acquiring data on the density behavior of the plastic gyroid under high-velocity shock-wave
loading. The demonstrated ability of the material to effectively damp shock waves indicates its
potential for application as energy-absorbing elements in protective structures and cushioning
systems.
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Machine learning (ML) is increasingly used in computational physics, chemistry, and materials
science, where it provides fast predictions with accuracy that approaches ab initio calculations.
Trained on a relatively modest density functional theory (DFT) dataset, ML models can predict
energies, forces, and stresses at a fraction of the cost of DFT calculations, enabling large-scale
structure searches and more extensive sampling of energy landscapes.

We developed an Al model for energy landscape exploration (AI-ELX) to complement DFT
calculations and structure-selection criteria. The model is an artificial neural network (ANN) that,
once trained, rapidly filters candidate structures so that computationally expensive DFT calculations
can be focused only on the regions of the energy landscape we are interested in. Within the domain
spanned by its training data, the model approaches DFT-level accuracy while achieving near
empirical potential speed, forming a practical bridge between a large pool of candidates (tens of
thousands or more) and targeted DFT validation (which is realistically feasible only for hundreds of
structures), including rapid E(V) estimation required for high-pressure searches.

Global searches that feed the model, are performed on the LaFS energy landscape using simulated
annealing with empirical potentials, across variable settings for periodic cell sizes, pressures, and
atomic radii. This stage generates millions of trial structures spanning a large number of space
groups. Structure candidates are then symmetry-analyzed and clustered by space group and
structure type, after which several hundred representatives undergo ab initio local optimization
(DFT in VASP using the PBE exchange-correlation functional). Energy-vs.-volume, E(V), curves
are then computed for the most promising modifications to explore their thermodynamic behavior.
While this workflow consistently uncovers multiple low-energy modifications, the high-pressure
regime, especially at extreme pressures, often remains under-sampled: many plausible structures lie
far above the ambient-pressure ground state, and calculating E(V) curves for all of them using DFT
is impossible in practice.

To close this gap, the AI-ELX model is trained on DFT data for several hundred structures,
consisting of tens of thousands of self-consistent single-point calculations. The trained model is
then used to predict energies, perform geometry relaxations, and generate E(V) plots for the
unscreened pool of structures. These predictions enable enthalpy ranking at target pressures, after
which the top candidates are validated by DFT. Model accuracy is highest for volumes, energies,
and local configurations similar to the training set, with increasing errors when going outside that
domain. This is addressed through cyclic retraining: new DFT results for candidates suggested by
the model are added to the training set and the neural network is retrained, iteratively improving
precision and expanding the coverage of local environments.

Applied to the LaFS crystal system, AI-ELX identified several previously unexplored structures
that were subsequently confirmed by DFT calculations to be new ultrahigh-pressure phases,
demonstrating that ML-guided exploration can efficiently focus sampling in the high-pressure
region and, more broadly, in any targeted region of the energy landscape.
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Composites based on boron carbide (B4C) belong to the group of ultra-high-temperature ceramics
(UHTCs) and are characterized by exceptional hardness, low density, and high thermal stability.
Despite these advantages, the application of monolithic B4,C is often limited by its inherent
brittleness and the extreme difficulty of forming complex shapes using traditional sintering and
machining methods. The integration of carbon fibers into the B4,C matrix is a recognized strategy to
enhance fracture toughness and thermal shock resistance, yet the precise spatial distribution of these
fibers within complex geometries remains a significant manufacturing hurdle.

Here, a high-performance B,C-carbon fiber composite was successfully fabricated using an
optimized Direct Ink Writing (DIW) technique. By developing a highly loaded ceramic ink (69.1
wt.% solids) containing 4.8 wt.% short carbon fibers, we addressed the challenge of material flow
and structural reinforcement in a single process. A key finding was the shear-induced orientation of
the fibers during extrusion, which reduced the required printing pressure from 4 to 3 bar and
enabled the production of high-fidelity, semi-hollow structures. Thermal analysis (DSC/TG)
confirmed the effective decomposition of the binder system, establishing a reliable precursor for
final densification. This study demonstrates that DIW is a superior pathway for manufacturing
reinforced UHTCs, significantly improving production efficiency while ensuring structural integrity
through controlled fiber alignment.
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In the modern world, ceramic capacitors are mainly used in many electronic devices. They are used
in smart phones, automotive, aerospace, and defense industries, computers and many other
electronic devices. For these applications, a dielectric material should have temperature-stable
relative permittivity (&), low dielectric loss (tand), and high breakdown strength (BDS). There are
several lead-based dielectrics with promising properties, but due to environmental concerns
associated with the lead, the focus of this work was on the lead-free systems. BaTiO3 (BT) remains
the only option because of its high & and low tans. The major drawback of BT is its low Curie point
T. and high sintering temperature (> 1300 °C). Previously, 0.5BaTiO3-0.5Bi(Mg,/;3Nb13)O3 (BT-
BMN) ceramics was reported to exhibit e, = 940 + 15% over the temperature range of 34—550 °C
and tand < 0.025 over the range of 74—455 °C. The lower working temperature end was high
enough. Therefore, NaNbO3; (NN) was added to this binary solid solution to form a ternary system
to address the issues. The effect of Na* and Nb>* substitution on the structure, microstructure,
energy storage characteristics and dielectric properties of the 0.5BaTiO3—(0.5-X)Bi(Mg23Nb1/3)O3—
XNaNbO3; (BT-BMN-NN) (x=0.1,0.2 and0.3) samples, processed via solid-state sintering route, was
investigated. Phase identification of the samples showed the formation of a single-phase cubic
perovskite structure (space group Pm-3m). Microstructural analysis of the samples revealed some
porosity in the samples, while the grain size was decreased with increasing NaNbO3 concentration.
The addition of NaNbOj shifted T, to a low temperature, and the stability of 0.5BT-0.5BMN
ceramics was enhanced. The sample with x=0.20 exhibited &(mid) = 400 + 15%, which was stable
over a wide temperature range from 85 to 500 °C. Most importantly, a low dielectric loss of < 0.05
was maintained across a wide temperature range of 100 to 426 °C. The thermally stable dielectric
properties of sample x = 0.2 suggest that it could be a useful candidate material for capacitor
applications in both low(X9R) and harsh environment applications
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Figure 1. Dielectric properties of BT-(1-x) BMN-x NN (x= 0.10, 0.20 and 0.30) at 1 KHz
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The effect of generating an electric voltage from heat energy, due to the difference in temperature
between two dissimilar conductors, is the principle behind thermoelectricity. Thermoelectrics can
be the next step forward in the field of energy, since they can utilize the waste heat and convert it
into electrical energy. In this work, high entropy perovskite oxides (ABO3), with n-type
thermoelectricity were designed and synthesized using the high entropy engineering approach. High
entropy perovskite oxides with 3 equimolar elements on the A-site (Ba, Ca, Sr) while the amount of
the 4™ element La was varied, and 3 equimolar transition metal elements on the B-site (Zr, Ti, Nb)
were prepared using the solid-state method and spark plasma sintering. The effect of the varying
amount of La (in the A site) has been investigated on the thermo-electric properties of these oxides.
Thorough investigation of the synthesis, phase formation, and microstructure evolution was carried
out. Further, thermal conductivity, Seebeck coefficient, and electronic conductivity were measured
for applications in thermoelectrics. A very low thermal conductvity, ranging from 1.4 to 1.6 W/mK,
has been achieved for these materials at 1273 K. The relatively high-power factor and ZT values
were achieved for this type of high entropy oxides.
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The rapidly increasing global energy demand calls for efficient and eco-friendly technologies for
waste heat recovery. Thermoelectric (TE) devices offer a promising solution, and high-entropy
perovskites (HEPs) have recently attracted as potential candidates owing to their structural stability,
tunable electronic properties, and suitability for high-temperature applications. In this work, we
systematically investigated the electronic structure and TE properties of HEP oxides derived from
SrTiOs3, doped with multiple A-site (Ca, Ba, La, Gd, Li, etc.) and B-site (Zr, Nb, Al, Hf, etc.)
elements. First-principles density functional theory (DFT) calculations, combined with Boltzmann
transport theory within the constant relaxation time approximation, were employed to elucidate the
impact of multi-element doping on electronic structure and transport properties. In parallel,
experiments were carried out on pristine and doped HEP oxides synthesized via mechanical
alloying, solid-state reaction, and spark plasma sintering. Theoretical predictions were
systematically compared with experimental transport measurements, providing insights into the
structure—property relationships governing the TE performance of HEPs.
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Micropixel avalanche photodiodes (MAPDs/SiPMs) are widely applied in medical imaging, nuclear
physics, LIDAR, and space instrumentation due to their high gain and single-photon sensitivity.
However, exposure to high radiation levels leads to degradation of their electrical and noise
characteristics. This study investigates the effects of fast neutron irradiation (E > 1 MeV) on three
silicon micropixel avalanche photodiodes: MPPC S12572-10P, MAPD-3NK, and MAPD-3NM-1.
The devices were irradiated in a research reactor to equivalent 1 MeV neutron fluences of
1.28x10%2, 3.73x10%2, and 9.68x10%2 cm™2, Current-voltage characteristics were measured before and
after irradiation under controlled conditions. Breakdown voltages were determined using dark
current differentiation.

All devices exhibited a dark current increase of 2-3 orders of magnitude and a systematic rise in
breakdown voltage with increasing neutron fluence. These changes are attributed to radiation-
induced defect formation, charge trapping, and distortion of the internal electric field. A structural
approach based on hemispherical p—n junction geometry is analyzed as a method for improving
radiation hardness. Compared to planar junctions, spherical structures provide a more uniform
electric field and reduced sensitivity to local defects and doping fluctuations. Additionally,
decreasing the active layer thickness lowers bulk defect accumulation while preserving high
avalanche gain. The results demonstrate that optimized junction geometry and reduced sensitive
volume significantly enhance radiation tolerance, making such devices promising for high-radiation
environments.
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High-entropy alloys (HEAS), which were discovered in 2004 [1], have drawn a lot of interest and
opened a new area of study. With an atomic percentage ranging from 5% to 35% and a simple
structure (such as BCC, FCC, HCP, or mixed phases), HEAs are composed of at least five elements
[2].

According to studies, HEAs are alloys that show promise for application as biomaterials and have
superior performance to conventional alloys [3]. One popular technique for enhancing the
characteristics of materials is the deposition of coatings on the substrate's surface. Coatings based
on HEAs might be produced via magnetron sputtering, both in metallic and ceramic forms.
Furthermore, this approach enables control over coating stoichiometry; yet, it necessitates post-
deposition examination of microstructure and chemical composition in addition to accurate
evaluation of sputtering yields and deposition rates [4].

Valence electron concentration (VEC), mixing entropy (ASmix), mixing enthalpy (AHmix), atomic
size differences (6 ), and the thermodynamical parameter () were calculated in this study to predict
the stability and structure of MoNbTaTiZr. To ensure a similar atomic elements composition, a
segmented target (20 sectors) was created using experimentally determined deposition rates and
computed sputtering yields. High-power impulse magnetron sputtering (HiPIMS) was used to apply
a coating on a 316L steel substrate using the prepared target. The coating's thickness, elemental
composition, and structure were examined using X-ray diffraction (XRD) and scanning electron
microscopy (SEM). The Surface morphology obtained by AFM. The work demonstrates that
HiPMIS can deposit HEAs utilizing segmented targets rather than compositionally complicated
targets, which could be expensive and time-consuming to produce.
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Bioactive calcium phosphate cements are widely investigated for bone and dental tissue repair due
to their chemical similarity to natural hard tissues. In this study, a-tricalcium phosphate (a-TCP)
was synthesized from hydroxyapatite doped with strontium (Sr), zinc (Zn), and copper (Cu) ions
and used as a functional phase for dental cement fabrication. The cements were further modified
with mesoporous bioactive glass (MBG), zirconium dioxide (ZrO:), and boron nitride (BN)
nanoparticles to enhance structural, mechanical, bioactive, and antibacterial properties.

Structural and morphological characterization was performed using X-ray diffraction (XRD),
energy-dispersive X-ray spectroscopy (EDX), and scanning electron microscopy (SEM). Setting
time and compressive strength were evaluated, while in vitro bioactivity was tested in simulated
body fluid (SBF). The antibiofilm effect and bioregenerative potential in dentin were also assessed.

Results demonstrated that doping hydroxyapatite, together with MBG, ZrO-, and BN, significantly
improved microstructure, mechanical properties, and bioactivity. These composite cements are
promising candidates for dental applications, particularly in regenerative dentistry and the repair of
bone and dentin defects.
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The use of doxorubicin (DOX) in cancer therapy is limited by its high systemic toxicity, which
often affects healthy tissues. One possible way to reduce these side effects is to use nanocarriers
that enable safer drug delivery. Multi-walled carbon nanotubes (MWCNTS) are suitable candidates
for this purpose due to their large surface area, chemical stability, and ability to bind drug
molecules.

In this study, we examined DOX-loaded MWCNTSs before and after proton irradiation at doses of
0.25, 1, and 3 Gy, with the aim of evaluating their structural stability and biological response under
radiation conditions. The surface of MWCNTSs was modified by acid oxidation to introduce oxygen-
containing functional groups and improve drug loading. The composites were characterized using
X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), and field-emission
scanning electron microscopy (FESEM).

Cytotoxicity was assessed using normal human lung fibroblasts (MRC-5) and the XTT assay after
24 h of exposure. The results show that DOX encapsulated in MWCNTSs causes lower toxicity to
healthy cells compared to free DOX, both before and after proton irradiation. At the same time,
proton exposure led to dose-dependent changes in the structure and surface chemistry of the
nanotubes, which may influence the stability of the carrier and its interaction with the drug.

These findings suggest that MWCNTs can maintain their drug-carrier function under proton
irradiation and may contribute to safer chemotherapeutic delivery in radiation-related extreme
environments.
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The well-known medications Ibuprofen and Ketoprofen belong to the class of non-steroidal anti-
inflammatory drugs (NSAIDs), which are essential to both pharmaceutical research and medicine.
Racemic Ibuprofen and Ketoprofen are also convenient model compounds to demonstrate the scope
of new analytical methods for NSAIDs and related substances identification, characterization and
assay determination, effectiveness of new sorption techniques and adsorbents, drug delivery
systems. The majority of the parameters in the experimental spectra correlated with the
corresponding calculated ones, according to thorough investigations of these compounds using IR
and Raman spectroscopy in conjunction with molecular modeling [1-3]. Data on the vibrations of
the carboxyl groups, however, continue to be inconsistent.

This study presents the results of investigating the intra- and intermolecular dynamics of the
racemic lbuprofen and racemic Ketoprofen using a combination of experimental methods: IR,
Raman and neutron spectroscopy, as well as DFT molecular modelling (BP86/def2-TZVP). New
data were obtained for considered compounds by the inelastic neutron scattering (INS) in the
temperature range of 5-200 K on the NERA spectrometer (IBR-2 reactor, JINR, Dubna). The data
from optical spectroscopy is greatly supplemented by the unique information about low-frequency
modes provided by the INS method, whose spectra are dominated by bands corresponding to
hydrogen atom vibrations and lack selection rules.

In our computational approach, we treat the cyclic dimers as a small cluster model of the Ibuprofen
and Ketoprofen structure, accounting for intermolecular H-bonds. DFT was utilized to estimate
vibrational frequencies using cyclic dimer models. Correlations between the calculated and
experimentally observed vibrational frequencies of Ibuprofen and Ketoprofen have been
established. The carboxyl group's key vibrational frequencies have been found and can be used as
markers in the investigation of these compounds' molecular dynamics.
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Molten fluoride salts, particularly the eutectic LiF-NaF-KF (FLiNaK), are gaining attention as critical
heat-transfer and coolant media in next-generation energy technologies, including advanced nuclear
reactors and concentrated solar power systems, due to their excellent thermophysical properties.
However, the chemical aggressiveness of FLiNaK at high temperatures presents significant challenges,
necessitating the development and assessment of materials capable of withstanding severe corrosive
conditions. In this context, silicon nitride and SIAION ceramics emerge as promising candidates,
offering a favorable combination of thermal stability, mechanical strength, and potential resistance to
corrosion. Despite this potential, their behavior in molten FLiNaK remains poorly understood,
underscoring the need for further investigation, an issue that motivates the present study.

The corrosion behaviour of liquid-phase-sintered silicon nitride (SisNa with Y20s additive) and
B-SIAION ceramics was investigated by static immersion in molten FLiNaK (46.5 LiF — 11.5 NaF —
42.0 KF mol%) at 600 °C under a nitrogen atmosphere for 48, 96, and 192 h. Changes in mass,
microstructure, phase composition, and selected mechanical properties were evaluated using
gravimetry, SEM-EDX analysis, and X-ray diffraction.

For SisNs-based ceramics, no measurable mass change above the detection limit was observed
despite pronounced visual and microstructural modifications, indicating that interaction with molten
FLiNaK occurs primarily through intergranular chemical transformation and fluorine penetration
along grain boundaries, accompanied by redistribution or partial replacement of secondary phases
rather than net material loss. In contrast, SIAION ceramics exhibited measurable mass changes
(=0.014 % after 48 h, 1.19 % after 96 h, and 0.57 % after 192 h), consistent with a different
corrosion—erosion mechanism involving progressive weakening of grain-boundary regions,
formation of a corrosion-affected surface layer enriched in alumina-containing phases, and
subsequent mechanical destabilisation and detachment of grains into the melt (Fig. 1).

Overall, the results indicate that interaction with molten FLiNaK at 600 °C is governed
predominantly by reactions involving secondary phases and intergranular regions, while the nitride
matrices remain chemically stable without bulk decomposition. These findings highlight the critical
role of phase constitution and grain-boundary chemistry and support the classification of SisNa- and
SiAION-based ceramics as chemically stable materials in molten FLiNaK, with negligible impact
on salt composition, making them promising candidates for advanced high-temperature energy
systems.
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Defect engineering has established itself as a critical strategy for optimizing the charge transport
dynamics and catalytic efficiency of semiconductor photoanodes. In this study, we investigate the
efficacy of phosphorous ion beam implantation as a controllable, non-chemical approach to
modulate the defect landscape within BiVO, thin films. By systematically tuning the ion fluence,
we explore the correlation between induced structural imperfections and the material's
photoelectrochemical behavior. Advanced depth-resolved characterization using variable-energy
positron beam (VEPB) spectroscopy was employed to precisely map the evolution and distribution
of vacancy-type defects from the surface into the bulk. Our findings reveal that ion beam
modification, under optimized conditions, effectively introduces beneficial defect states that
facilitate charge carrier separation while mitigating the impact of deleterious recombination centers.
Consequently, the modified BiVOs films exhibit significantly improved photocurrent density and
robust operational stability. This work underscores the potential of ion beam technology as a precise
tool for spatially and compositionally tailoring defects in metal oxides, paving the way for rational
design improvements in solar energy conversion devices.
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This study investigates the performance of an inorganic GAGG (Gadolinium Aluminum Gallium
Garnet) scintillator coupled with an MPPC (Multi-Pixel Photon Counter) for alpha particle
detection in radiation environments. While scintillators with low transparency are conventionally
used for alpha detection, this work analyzes a GAGG, which offers high transparency and presents
a promising alternative for further research. The GAGG-MPPC assembly was characterized across
an alpha energy range of 1 MeV to 5.5 MeV using Pu-238 and Pu-239 isotopes. An air gap of
variable thickness was introduced between the source and detector to achieve intermediate alpha
energies within the 1 MeV to 5 MeV interval.

Key performance parameters, including energy linearity and scintillation light output, were
systematically evaluated. The relative light yield of the GAGG crystal was determined separately
for 1 MeV alpha particles and 1 MeV gamma rays, enabling a comparative analysis of its response
to different radiation types. The correlation between alpha-induced and gamma-induced light
production was also examined.

The findings provide critical insights into the relationship between scintillator properties and
detection capabilities, contributing to a deeper understanding of GAGG's applicability in alpha
spectroscopy. These results have implications for advancing detector technologies in nuclear
physics experiments, radiation monitoring, and spectroscopic analysis.
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Helium implantation and vacancy production govern the degradation pathways of W—-Ni heavy
alloys in extreme radiation environments. In this work, helium—vacancy defects in two-phase W-Ni
alloys under 2.5 MeV He" irradiation (fluence 3.3 x 10*-1.1 x 10" jons cm™?) are investigated
using a theory-driven multiscale framework, where the main emphasis is placed on first-principles
and atomistic modeling. Density functional theory (DFT) calculations, performed within the
ABINIT code, are used to quantify defect energetics and electronic fingerprints in the constituent
phases (bcc-W and tetragonal WNis), including isolated vacancies and helium-decorated
configurations (He,—V and vacancy clusters). The first-principles results indicate phase-selective
stabilization of vacancy-type defects and provide a mechanistic basis for why He incorporation can
simultaneously increase trapping-site density while reducing the effective open volume through
vacancy filling. To address defect evolution at the irradiation-damage timescale, molecular
dynamics (MD) cascade simulations are carried out to model primary knock-on events and
subsequent recombination, revealing that most ballistic defects anneal rapidly while a residual
population of stable vacancy-related defects persists preferentially near heterogeneous
microstructural regions. To directly connect theory with positron-based defect sensitivity, MIKA
positron annihilation calculations are employed to compute positron lifetimes and momentum-
related characteristics for the modeled defect states, enabling discrimination between empty
vacancies, vacancy clusters, and He-decorated complexes. The combined ABINIT-DFT + MD +
MIKA approach yields a consistent defect map across irradiation fluence, highlighting the dominant
role of helium-stabilized vacancy complexes in controlling the radiation response of W—Ni alloys.
These results provide predictive guidance for designing radiation-tolerant W-Ni materials by
tailoring phase constitution and defect-stabilization pathways under He" exposure.
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The intrinsic configurational disorder in high-entropy perovskite oxides (HEPOs) offers a unique
platform for tailoring electronic transtport while simultaneously enhancing phonon scattering,
making them promissing candidates for thermoelectric applications. In this study, we investigated a
novel HEPO system with a quaternary A-site composition of (Sr-Ca-Ba-La) and a variable B-site,
consisting of Ti and two additional transition metals (Zr, Hf, Al, Nb or Sn) in varying molar ratios.
The influence of B-site element selection and composition on the structural stability, electronic
transport, and thermal conductivity was systematically analyzed. Preliminary findings showed that
compositional tuning at the B-site significantly affects the electrical conductivity and Seebeck
coefficient, offering a pathway to optimizing thermoelectric performance. By leveraging entropy
stabilization and defect engineering, this work aims to provide insights into the design of high-
entropy perovskite oxides for efficient waste heat recovery.
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Copper oxide (CuO) and CuO doped with Ni, Zn, and Ag were synthesized via a self-propagating
reaction at room temperature (SPRT), employing metal nitrates as precursors, and systematically
investigated as electrocatalysts for the oxygen reduction reaction (ORR). Structural and
morphological properties of the synthesized samples were rigorously investigated using X-ray
diffraction (XRD) with Rietveld refinement, Fourier transform infrared spectroscopy (FT-IR), and
field emission scanning electron microscopy (FESEM), enabling precise determination of crystal
structure, phase composition, and microstructural features. Electrochemical measurements were
performed in 0.1 M KOH. Pure CuO exhibited insufficient electrocatalytic activity toward ORR,
while metal doping significantly enhanced its performance. The doped CuO catalysts showed
improved onset potential and current density compared to undoped CuO. The calculated number of
transferred electrons was close to four, indicating a direct four-electron ORR pathway, which is
considered the most desirable mechanism for efficient oxygen reduction.
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The present study reports on the development and electrochemical assessment of silver-doped
bismuth ferrite (BFO+AQ) as a non-precious-metal electrocatalyst for the oxygen evolution reaction
(OER), relevant to advanced energy conversion and storage systems. BFO+Ag nanopowders were
synthesized via a cost-effective hydrothermal approach, enabling uniform silver incorporation and
controlled microstructural features. Electrochemical measurements demonstrate a substantial
enhancement in OER activity upon Ag doping, reflected in a reduced overpotential and improved
reaction Kkinetics. Specifically, BFO+Ag electrodes achieve a current density of 10 mA c¢cm™ at an
overpotential of approximately 1.52 V, accompanied by lower Tafel slopes compared to undoped
BFO, with further performance gains observed at elevated temperatures. The improved
electrocatalytic behavior is attributed to enhanced charge-transfer properties and increased density
of electrochemically active sites induced by silver incorporation. These results identify Ag-doped
bismuth ferrite as a promising, economically viable alternative to noble-metal-based OER catalysts
and underscore its potential for integration into practical water electrolysis technologies.
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Radionuclides originating from various human activities are present in the environment, especially
in water bodies. Their removal requires the development of novel materials for minimizing
environmental impacts. This study investigates the capability of electrospun polyamide (PA) and
poly(methyl methacrylate) (PMMA) nanofibrous membranes for the sorption of *""Lu®* ions from
aqueous solution. This radionuclide, with a half-life of 6.7 days, is used in diagnostics and
radiotherapy and may be present in wastewaters from medical and research facilities. Batch
experiments were conducted in distilled water (pH 5.5) and synthetic seawater (pH 8.1) over
intervals ranging from 1 hour to 6 days. Within the first hour, rapid uptake was observed, with
removal efficiency of 28% (PA) and 14% (PMMA) in distilled water, and 14% (PA) and 9%
(PMMA) in seawater. After 6 days in both distilled and synthetic seawater, the efficiency was
~50% for PA and ~20% for PMMA. Sorption performance was generally higher in distilled water
than in seawater, likely due to competition from dissolved ions and changes in surface charge in
saline conditions. Microstructural and morphological characterization of the electrospun PA and
PMMA was conducted using X-ray diffraction (XRD), scanning electron microscopy (SEM), and
Fourier-transform infrared (FTIR) spectroscopy. The presence of crystalline and amorphous phases
was identified, and the porous, randomly oriented nanofibrous microstructure with a high surface
area, characteristic of electrospun materials, was confirmed. Changes in the FTIR spectra at 1400 —
1500 cm™ region and around 580 cm™ indicate that hydrogen bonding and skeletal vibrations of the
polymer chains are involved in interactions between Lu®" ions and functional groups within the PA
and PMMA membranes. These findings have shown that the electrospun PA, as well as the PMMA
membranes, are promising materials for lutetium radionuclide removal from various pH aqueous
solutions.
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This study investigates the electronic properties and stable crystalline phases of yttrium oxysulfide
(Y20:S) using theoretical computational methods. Crystal structure prediction was employed to
explore the compound's energy landscape. Global optimization using empirical potentials was
performed, followed by local optimization through ab initio calculations based on the B3LYP
functional and the local density approximation (LDA). The computational results confirm the
stability of the alpha phase, whose structure aligns with the experimentally observed trigonal
modification. Furthermore, two previously unknown metastable polymorphic phases, beta and
gamma, were identified. Examination of the electronic structure reveals that Y-0.S, a wide-bandgap
semiconductor, possesses an indirect energy gap. Analysis of the valence band shows a pronounced
anisotropic character, indicating the presence of anisotropic hole effective mass. The density of
states (DOS) was calculated for all three identified structures, and the values and nature of the band
gaps are discussed in detail. The obtained results show good agreement with available literature
data.

67



IMEC2026 3™ International Conference on Innovative Materials in Extreme Conditions 25-27 March 2026,
Belgrade, Serbia

Structure prediction of new lead-free hybrid organic-inorganic perovskites

Dusica Jovanovi¢'?, Dejan Zagorac™?, J. Christian Schén®, Branko Matovi¢™?,
Aleksandra Zarubica?, Jelena Zagorac®

Unstitute of Nuclear Sciences Vinca, Materials Science Laboratory, University of Belgrade, 11000

) _ Belgrade, Serbia _ o _ _
Department of Chemistry, Faculty of smencée ag}d mathematics, University of Nis, 18000 Nis,
erbia
3Center for Synthesis, Processing and Characterization of Materials for Application in the Extreme
A Conditions-CextremeLab, 11000 Belgrade, Serbia
Max Planck Institute for Solid State Research, 70569 Stuttgart, Germany

The rapid development of perovskite solar cells (PSCs) has attracted considerable attention as a
promising green energy technology with the potential to replace fossil fuels in the near future.
However, most conventional perovskite solar cells contain toxic lead, which poses environmental
and health concerns. To address this issue, research efforts have focused on substituting lead with
non-toxic metal cations. In this work, we investigated hybrid organic—inorganic perovskites with the
aim of enhancing their chemical stability and reducing their band gap values. A lower band gap can
improve electrical conductivity and broaden the absorption range, ultimately leading to higher
photovoltaic efficiency. Ab initio calculations were performed for GA—BX3 systems, where GA
represents the guanidinium cation, C(NH,)s*, B denotes various divalent metal cations (Sn*, Ge*",
Ba**, Zn**, Sr**, Ca?*", Mg?*", and Be**), and X corresponds to halide anions (I, Br, Cl-, and F),
resulting in 32 novel hybrid organic—inorganic perovskite (HOIP) compounds (Figure 1). Density
Functional Theory (DFT) calculations were carried out using multiple exchange—correlation
functionals, including the Local Density Approximation (LDA), the generalized gradient
approximation in the Perdew—Burke—Ernzerhof (PBE) form, and the HSEO06 (Heyd-Scuseria—
Ernzerhof) hybrid functional. This study offers detailed insight into the structural and electronic
properties of these newly designed HOIP materials, highlighting their significant potential for future
industrial and technological applications.

a) b)

Figure 1. Two examples of the crystal structure of the HOIP GA-Bl3, where GA is the guanidinium cation C(NH,);", for
two different inorganic cations B = Ba®*, Ge*". a) GA-Bal; in the hexagonal P6s/m (n0.176) space group when
computed using the LDA functional. b) GA-Gel; in the hexagonal P6s/mmc (no0.194) space group when computed using
the PBE functional.

68



IMEC2026 3™ International Conference on Innovative Materials in Extreme Conditions 25-27 March 2026,
Belgrade, Serbia

Carbon Cryogel/Multi-Walled Carbon Nanotube Composites: Synthesis,
Characterization and Evaluation for Pharmaceutical Adsorption

Tamara Minovié Arsi¢', Dorota Chudoba?, Elena Raksha?, Aleksandar Krsti¢*, Zeljko
Radovanoviés, Branko Matovié!, Svetlana Butulij al
Y Vinca Institute of Nuclear Sciences, University of Belgrade, Belgrade, Serbia
2 Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia
® Faculty of Technology and Metallurgy, University of Belgrade, Belgrade, Serbia

This study investigates the incorporation of multi-walled carbon nanotubes (MWCNTS) into a
carbon cryogel matrix to enhance its structural, textural, and adsorption properties. Composites with
different MWCNT contents (1, 3, and 5 wt%) were prepared using the sol-gel method, followed by
freeze-drying and subsequent carbonization.

The obtained materials were characterized by nitrogen adsorption—desorption isotherms and field
emission scanning electron microscopy (FE-SEM). The point of zero charge (PZC) was also
determined.

All samples exhibited mesoporous structures. In comparison to the pristine carbon cryogel, a slight
increase in specific surface area was observed for composites containing 1 and 3 wt% MWCNTS,
whereas a decrease in this parameter was recorded for the sample with 5 wt% MWCNTS.

Batch adsorption experiments were conducted to evaluate the efficiency of these composites in
pharmaceutical removal from water.
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Two compositionally complex aluminate oxides with the compositions (Co,Mn,Ni,Zn)Al,O, and
(Co,Mn,Ni,zZn,Cu)Al,O4 were synthesized by self-propagating synthesis and calcined at 1000 °C.
X-ray diffraction confirmed their single-phase spinel (Fd3m) structure. The nanopowders were
densified via spark plasma sintering (SPS) at 1250 °C and 1300 °C respectively, under 70 MPa,
with a short holding time (10 min). Phase composition and crystal structure were preserved
following SPS densification. Relative densities >94 % were achieved, while SEM/EDS mapping
showed uniform cation distribution with no segregation. FE-SEM revealed a dense microstructure,
consisting of polyhedral grains with minimal porosity. Raman spectra indicate that
(Co,Mn,Ni,Zn)Al,0, is well-ordered, owing to Zn** preference for tetrahedral sites. In contrast,
(Co,Mn,Ni,Zn,Cu)Al,O4 deviates from a normal spinel, with Tyy(3), To4(2) and Aig* modes
indicating a high degree of inversion and disorder driven by copper-induced octahedral distortions
that lower the lattice symmetry. XPS showed that both samples exhibit a typical spinel structure
with aluminum occupying tetrahedral and octahedral sites, and transition metals showing multiple
oxidation states characteristic of compositionally complex oxides. The critical difference is copper’s
presence in (Co,Mn,Ni,Zn,Cu)Al,O., where Cu*" occupies octahedral positions and significantly
influences manganese oxidation states. Additionally, the copper-bearing sample shows reduced
oXygen vacancy concentration, suggesting that Cu®* stabilizes the anion sublattice. Assessment of
mechanical properties revealed that the two compositions have similar hardness (9-10 GPa), while
Young’s modulus decreased from 250 GPa to 3.8 GPa with copper addition. Thermal diffusivity
was low for both compositions. (Co,Mn,Ni,Zn,Cu)Al,O,4 shows promise as a thermal barrier coating
in high-temperature applications, combining high hardness, ultralow Young’s modulus and low
thermal diffusivity for thermal insulation.
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Many mechanical components, particularly pressure vessels, are during service exposed to various
damage mechanisms that lead to changes in the material structure and may compromise structural
integrity. The severe operating conditions to which critical boiler components are subjected require
that materials used in boiler construction be thoroughly tested and controlled in order to meet
stringent quality requirements. Among the most critical structural elements of modern steam boilers
are superheaters and reheaters. These heating surfaces consist of tubes connected to inlet and outlet
headers and are located within the boiler furnace. Due to complex and demanding operating
conditions, boiler tubes are exposed to progressive degradation processes during service, resulting
in a reduction of their operational performance and overall system reliability. In thermal power
plants, irreversible metal losses from corrosion can damage boiler tubes and cause unplanned plant
shutdowns. Gas corrosion can result in material loss and create favourable sites for crack initiation
and propagation, thereby potentially compromising the integrity of pressure vessels.

In this study, a steam reheater outlet tube manufactured from heat-resistant steel grade 12H1MF,
originating from a 210 MW thermal power plant, was investigated. The tube had been in service for
200,000 hours at an operating temperature of 540 °C and a maximum operating pressure of 4.6 MPa
[1,2]. Following microstructural characterisation of the boiler tube, a pronounced crater with a
depth of approximately 80 um was clearly observed on the outer surface of the tube as a result of
gas corrosion, while no damage mechanisms were detected on the inner surface. Microstructural
analysis of the 12H1MF steel confirmed that no creep damage had occurred [2]. In this case, gas
corrosion represents oxidation of 12H1MF steel in a high-temperature dry gas atmosphere during
service. The operating conditions leading to gas corrosion can be described by three main factors:
metal temperature, flue gas temperature, and excess air. In addition, deposition of highly aggressive
fly ash on the surface of the steam reheater tubes, resulting from coal combustion, accelerates the
gas corrosion process.

Based on the experimental investigations, it can be stated with confidence that the integrity of the
steam reheater outlet tube was not compromised, even after 200,000 hours of service, which further
confirms why heat-resistant steel grade 12H1MF has found widespread application worldwide for
the manufacture of boiler tubes in thermal power plants.
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Rare earth compounds are a large and versatile class of materials relevant to electronic, energy-
related, catalytic, biomedical, optical, and magnetic applications, and they often exhibit rich
polymorphism under varying thermodynamic conditions. In this context, theory- and computation-
driven structure prediction has become an important complement to experiment, enabling
systematic identification of low-energy polymorphs and evaluation of their stability and properties
across wide pressure and temperature ranges.

Here we present computational investigations of the energy landscapes of five ternary rare earth
crystal systems: LaOl [1], ScOCI [2], CesO3N [3], HoFSe [4], and LaFS. For each system,
extensive global searches are performed with periodic cells comprising multiple formula units (up
to 16 f.u. for some systems). Candidate structures are generated using simulated annealing
algorithms implemented in G42+ [5] with empirical interatomic potentials (Lennard-Jones type)
under pressures of 0-100 GPa, typically producing millions of trial configurations per system. The
generated structures are clustered and ranked according to their energy, recurrence statistics, and
symmetry. In parallel, data-mining and machine-learning potentials are applied to accelerate the
identification of promising minima and to support robust structural classification.

For each system, several hundred of the most promising structures are selected and subsequently
refined using density functional theory (DFT) calculations implemented in CRYSTAL, Quantum
ESPRESSO, or VASP. For the lowest-energy polymorphs, we perform detailed crystallographic
analysis and compute energy-vs.—volume relations, E(V). Pressure-dependent thermodynamic
stability is assessed from enthalpy—vs.—pressure plots, H(p), to identify competitive phases and
potential pressure-induced phase transitions. Finally, the electronic structure of representative
polymorphs is evaluated using DFT to compute band structures and band gaps, thus providing both
the thermodynamic stability and electronic properties for the investigated structures of each ternary
rare earth system.
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High-entropy aluminate oxides are emerging as promising refractory materials for extreme-
environment applications due to their thermal stability, high melting temperatures, and resistance to
degradation at elevated temperatures.This study investigates the synthesis, densification, and phase
evolution of unreinforced and SiC fiber-reinforced (Co,Ni,Zn,Cu)ALOs high-entropy spinel
composites. Nanopowders were prepared via self-propagating room-temperature (SPRT) synthesis
followed by calcination at 1000 °C. Three compositions were examined: the unreinforced
(Co,Ni,Zn,Cu)AlL:0a4 spinel and composites containing 1 wt.% and 3 wt.% commercial SiC fibers.
They were densified by spark plasma sintering (SPS) at 70 MPa with a 10-min dwell time,
employing a heating rate of 100 °C/min and cooling rate of 50 °C/min. Sintering temperatures were
adjusted (1500 °C, 1600 °C, and 1350 °C for the unreinforced, 1 wt.% SiC, and 3 wt.% SiC
compositions, respectively) to achieve high densification levels. Relative densities exceeding 91%
were obtained for all samples. XRD analysis confirmed that the unreinforced composition retained a
single-phase spinel structure (Fd3m) after SPS, with a lattice parameter of 8.085 A. The addition of
1 wt.% SiC resulted in the appearance of a minor secondary phase, while the 3 wt.% SiC composite
exhibited two detectable secondary phases, indicating enhanced fiber—matrix interfacial reactivity at
higher SiC content. These findings demonstrate that high relative densities can be achieved across
all investigated fiber contents; however, even low SiC additions promote interfacial reactions
during SPS processing. The results highlight the critical role of both sintering temperature and
fiber-matrix reactivity in governing phase stability and microstructural evolution in high-entropy
spinel composites.
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Efficient and scalable synthesis of rare-earth-doped molybdates is essential for their integration into
advanced photonic technologies [1]. In this work, co-doped Gd-MoOs with different concentrations
Er*/Yb* (0.5%/0.5%, 2.5% and 5%) upconversion phosphors were synthesized using a self-
propagating synthesis route with subsequent anealing at 600, 800 and 1000 °C. Phase formation and
crystallographic structure were analyzed by X-ray diffraction, confirming the successful
incorporation of Er** and Yb*' ions into the GdMoOs lattice without formation of secondary
phases. Microstructural features and particle morphology were examined using electron microscopy
techniques revealing fine, uniformly distributed particles favorable for optical applications.

The effect of Er**/Yb*" co-doping on the optical behavior of the Gd2MoOs host was systematically
studied. Under 980 nm excitation, the co-doped Gd-MoQOs nanoparticles exhibit green (520-560 nm
range) and red (650-680 nm range) upconversion emissions characteristic of Er** ions, enhanced by
efficient energy transfer from Yb*" sensitizers [2]. The correlation between dopant concentration,
crystal structure, and luminescence performance was evaluated, revealing an optimal co-doping
composition of 0.5Er**/5% Yb co-doped Gd,MoOg. The observed upconversion behavior,
combined with the low-temperature synthesis approach, highlights the potential of this material
system for practical applications in solid-state lighting, optical sensing, anti-counterfeiting, and
near-infrared—driven photonic devices.
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The glycine nitrate procedure (GNP) represents an effective methodology for managing the
composition and morphology of Cog¢Ybg1M0QO, synthesis. This method involves combining metal
nitrates with glycine in precise ratios, resulting in the formation of CoggYbo1M00O,4, a material
distinguished by its unique properties. The synthesized samples are subjected to comprehensive
analysis utilizing techniques such as Differential Thermal Analysis (DTA), X-ray Diffraction
(XRD), Fourier Transform Infrared Spectroscopy (FT-IR), and Field Emission Scanning Electron
Microscopy (FESEM). Additionally, nitrogen adsorption methods are used to determine surface
area and porosity. The analytical results demonstrate a significant degree of anisotropy in both
particle shape and size, often resulting in the formation of complex agglomerates and well-defined
plate-like crystals. Furthermore, thermal treatment elicits a pronounced color change, transitioning
from deep, saturated tones to lighter shades, which is correlated with variations in dominant
wavelength and color purity. These transformations highlight the sophistication inherent in the GNP
method and underscore its potential implications for advancements in the field of material science.
The distinctive characteristics of this material present opportunities in areas that have yet to be
thoroughly investigated. This could lead to significant contributions toward the modernization and
progression of various industries.
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Perovskite materials display a remarkable diversity of electronic properties, and even subtle deviations from
the ideal perovskite framework can profoundly affect their physical behavior. Although there is no direct
correspondence between a particular structural modification and a specific level of electrical conductivity,
each alteration of the ideal structure opens possibilities of discovering new functional properties. Lead-free
halide perovskites based on tin have recently gained attention as environmentally friendly materials for
optoelectronic and photovoltaic applications. In this work, we systematically investigated the structural and
electronic properties of CsSnX; (X = CI, F) using first-principles calculations. The SPuDS (Structure
Prediction Diagnostic Software) algorithm was employed to generate structural candidates for each halide
composition, spanning different symmetry groups from high-symmetry cubic to low-symmetry monoclinic
phases. The obtained structures were optimized and analyzed within the density functional theory (DFT)
framework using the CRYSTAL code based on linear combination of atomic orbitals (LCAO). Following
structural optimization and electronic analysis, clear compositional trends were observed. The lattice
parameters decrease from chloride to fluoride, in line with the smaller ionic radius of lighter halide, while
the corresponding widening of the band gap highlights the strong interplay between composition and
electronic structure. Overall, the results highlight the high structural flexibility of CsSnX3 perovskites and
the potential for band gap engineering through subtle compositional and structural modifications. This
theoretical framework not only aligns with experimental observations of structural variability and
temperature-driven phase transitions but also provides guidance for the rational design of lead-free tin
halide perovskites for optoelectronic and photovoltaic applications.
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A thorough multi-method strategy, integrating global energy landscape exploration, systematic structure
design, and data mining, previously applied successfully to Cr,SiNg [1] and CrSioN4 [2], was utilized to
explore potential structural variations of Cr3SizNg [3]. The global optimization procedure identified eight
energetically favorable structures and reliably located the global minimum. Concurrently, the data mining
approach suggested one additional promising structure, while the Primitive Cell for Atom Exchange method
contributed two more low-energy candidates, bringing the total to eleven energetically competitive
configurations. Each predicted structure was then reoptimized using first-principles density functional
theory with two exchange-correlation functionals, GGA-PBE and LDA-PZ, and their chemical bonding
features were thoroughly analyzed. To evaluate thermodynamic and mechanical stability, as well as
response to external pressure, energy-volume and enthalpy—pressure curves were computed, the Born
stability criteria were assessed, and key physical properties, including bulk modulus, volume evolution,
total energy, and Gibbs free energy, were determined up to 10 GPa. Collectively, these findings provide a
robust and coherent picture of the Cr3SisNg structural landscape and highlight stable crystal structures that
could serve as promising candidates for future experimental investigation.
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Metal-organic frameworks (MOFs), due to their distinctive characteristics such as controlled pore
size, high chemical and mechanical stability, selective adsorption and diffusion, have been the
objects of intensive research in various fields from environmental engineering to biomedicine,
including sensors, water purification processes, storage of hydrogen and other gases. MOFs are
used as adsorbents, catalysts for various processes, supercapacitors, and drug delivery systems.
MOFs demonstrate potential under extreme conditions, such as high pressure, extreme pH, and
cryogenic temperatures, for applications like gas separation (deuterium), stabilization of catalysis,
and water treatment; however, they encounter difficulties with mechanical properties and chemical
instability.

This study systematically investigate the intra- and intermolecular dynamics of the MOFs based on
aza-aromatic synthon (4,4’-bipyridine) with numerous potential applications related to the
production and use of functional materials for spintronics, microelectronics, as well as the
production of highly effective catalytic systems. In order to perform such study we use a
multidisciplinary approach, which has proven effective in previous studies. [1-3] An important task
is to establish the relationship between the structural characteristics of the building blocks that form
the framework and the key properties of MOFs using a set of complementary experimental methods
(inelastic neutron scattering, X-ray diffraction) and molecular modeling methods (cluster and
periodic calculations by DFT methods).
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The previous research on yttrium sulfide fluoride (YSF) compound is scarce and includes only a
few investigations [1-3]. In our research, we have performed a global search on the energy
landscape of the system in order to identify the possible crystal structure candidates in YSF. Besides
global search data, we have analysed the structure candidates obtained after data mining, including
previously reported tetragonal o-YSF [1] and hexagonal -YSF [2, 3] structures of YSF, as well as
the candidates from other ternary rare-earth compounds [4-7].

In this way obtained structure candidates were further locally optimized on the DFT level, using
LDA and B3LYP functionals. The relaxed structures were crystallographically analyzed and
compared according to their total energies. Furthermore, electronic properties, including values and
the character of the band gap, were compared. Considering the stability of the optimized structure
candidates, we have performed calculations of the phonon band structure in order to get more
insight into the stability and probability for experimental synthesis of the best YSF structure
candidates according to the total energy ranking. We believe that our study will significantly
improve the knowledge about the YSF compound and help in understanding the structure-property
relationship in this system.
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In recent years, oxide dispersion strengthened (ODS) steels have been studied as one of the most
promising structural materials for fission and fusion reactors because of their outstanding high-
temperature stability, radiation and corrosion resistance. Despite these excellent performances,
manufacturing of the ODS steel based materials is still challenging. In this study, powders of the
stainless steel (316L) with 0.3 wt.% titanium (Ti) and 0.3 wt.% yttrium oxide (Y,03) were
mechanicaly alloyed (MA) in high-energy ball mill, in inert atmosfere, with en effective milling
time of 20 and 30 hours. Inffluence of the MA duration on the microstructural parameters of the
MA powders were observed by X-ray diffraction (XRD) and scanning electron microscope (SEM).
Variations in crystallite size (D, nm), and lattice parameter (a, nm) were calculated using
Williamson-Hall equation. The XRD results show that mechanical alloying parameters have
significant influence on the structural parameters of MA 316L-Ti-Y,O3; powders. During
mechanical alloying particles of the austenitic 316L matrix udergo severe plastic deformation, due
to continious fracture and cold welding during high-energy milling as a consequence of ball-
powder-ball and ball-powder wall collisions. The SEM analysis confirmed that with increasing the
MA duration MA 316L particles become more deformed and flattened owing to these high-energy
collisions, and presence of reinforcing particles. With increasing MA duration crystallite size
decreases compared to strarting powders owing to particle refinement, lattice distortion and more
homogeneous distribution of reinforcing particles. Furthermore, the minor decrease of lattice
parameters of the austenitic 316L matrix were recorded after MA due to potential partial dissolution
of alloying elements.
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Layered molybdenum disulfide (MoS:) powder was successfully synthesized via a solid-state
reaction using Na,Mo0Q,-2H,0 and Na.S-H-O precursors, followed by thermal treatment at 750 °C
for 2 h under a nitrogen atmosphere. Comprehensive structural, microstructural, compositional, and
textural characterization was performed by X-ray diffraction (XRD), scanning electron microscopy
(SEM) with energy-dispersive spectroscopy (EDS), transmission electron microscopy
(TEM/HRTEM), and nitrogen adsorption—desorption (BET) analysis.

XRD confirms the formation of the thermodynamically stable hexagonal 2H— MoS,, phase, with a
dominant (002) reflection at ~14° (20), indicative of a well-developed layered structure. Peak
broadening along the (002) direction suggests nanoscale crystallite dimensions and structural
disorder along the c-axis. Scherrer analysis yields crystallite sizes of 7-9 nm, while Williamson—
Hall analysis indicates a coherent domain size of ~6 nm and low microstrain (~8 X 107,
confirming nanocrystalline character.

SEM reveals pronounced secondary agglomeration (10-30 pm) composed of much finer primary
particles, consistent with strong van der Waals interactions typical for layered transition metal
dichalcogenides. EDS mapping demonstrates a homogeneous spatial distribution of Mo and S
without detectable secondary phases. TEM/HRTEM analysis confirms stacked and locally curved
nanosheets with clear lattice fringes (0.62-0.65 nm), corresponding to the (002) planes of 2H-
MoS,, indicating high crystallinity and nanoscale thickness.

Nitrogen adsorption measurements show a specific surface area of approximately 30 m? g'. This
moderate yet significant surface area, combined with nanoscale crystallite size and layered
morphology, suggests a favorable density of accessible edge and defect sites, which are critical for
catalytic and electrochemical activity.

Overall, the combined structural and textural analyses confirm the successful synthesis of
chemically homogeneous, nanocrystalline 2H- MoS,, with layered architecture and functional
surface characteristics, making it a promising candidate for catalytic and energy-related
applications.
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Basalt from the Vrelo deposit (Serbia) was remelted into a fully amorphous glass (BG) and
subsequently converted into a highly crystalline glass-ceramic (BGC) dominated by diopside—augite
pyroxenes. The influence of iron-rich mine tailings (10 wt% and 20 wt%) on the thermophysical
properties was systematically evaluated using differential scanning calorimetry (DSC), dilatometry,
and specific-heat-capacity measurements from room temperature to 950 °C.

Differential thermal analysis revealed a glass-transition temperature Tg =~ 666 °C and a sharp
crystallization exotherm with onset at 840 °C and maximum at Tc = 879 °C for the pure basalt
glass, corresponding to the nucleation and growth of pyroxene-type silicates. Dilatometry showed a
linear thermal expansion up to <900 °C (mean CTE = 6-8 x 10¢ K™"), followed by softening and a
slight contraction, confirming the onset of viscous flow before bulk crystallization.

Specific-heat-capacity (Cp) measurements (25-400 °C) demonstrated that the addition of mine
tailings markedly alters the low-temperature thermal response. The 10 wt% tailings composite
exhibited significantly higher Cp values (maximum =~ 0.89 J g' K™) between 80-150 °C and a
sharper peak near 100 °C, attributed to the release of physically and chemically bound water from
hydrous iron-(oxy)hydroxide phases present in the tailings. In contrast, the pure basalt glass
displayed a broader, more gradual transition, reflecting a homogeneous amorphous network. Above
150 °C both materials showed a continuous decline in Cp, but the composite developed a deeper
minimum near 250 °C and a secondary increase around 290 °C, interpreted as early structural
reorganization or incipient nucleation promoted by iron- and trace-metal species from the tailings.

These results demonstrate that mine tailings not only serve as a sustainable secondary raw material
but also actively modify the energy-storage capacity, relaxation behaviour, and high-temperature
dimensional stability of basalt-based glasses. The observed differences must be considered when
designing basalt glass-ceramic composites for chemically and thermally aggressive environments
such as corrosive slurry pipelines, chemical reactor linings, and waste-containment systems.
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Aluminum phosphate (AIPO,) powder was synthesized using a modified Ouzo nanoemulsion
approach. Dense monolithic AIPO, ceramics were subsequently fabricated by field-assisted
sintering (FAST) at 1300 °C and 1400 °C [1]. Both the as-prepared powder and the sintered
specimens were thoroughly characterized by X-ray diffraction (XRD), transmission electron
microscopy (TEM), and scanning electron microscopy (SEM). Structural analysis of the FAST-
processed samples indicated stabilization of a high-temperature orthorhombic phase, likely
associated with the formation of oxygen vacancies. In addition, mechanical and thermal properties
of the sintered ceramics were evaluated. With progressive thermal treatment, the high-temperature
orthorhombic phase gradually transformed into a monoclinic tridymite structure, driven by
temperature-induced atomic displacements arising from the shifting and tilting of adjacent rigid
AlO,4 and PO, tetrahedral layers. These findings suggest that pressure-dependent polymorphism
mirrors temperature-dependent phase stability and is influenced by external energy input from the
applied electric current, which promotes structural rearrangements. Overall, the results demonstrate
that the modified Ouzo nanoemulsion method is a highly effective route for producing AIPO,
powders with excellent sintering behavior.
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UHT HfB, - based ceramic has high thermal conductivity, mechanical properties, corrosion
resistance due to formation of protective oxidation-resistant scale at high temperatures. Addition of
SiC to HfB, improves mechanical characteristics and stability against oxidation. We analyzed
influence of amount of SiC addition and its quality (morphology and sizes of grains, admixtures) on
hot pressing densification under 30 MPa, ceramics mechanical properties and stability against
ablation in air. The highest microhardness Hy =38.6 £+2.5 GPa and fracture toughness Kic =7.7
+0.9 MPa m> (under 9.8 N load) demonstrated composite prepared from HfB,-30 wt.% SiC (5-10
pum). Air ablation tests with a gas burner showed that HfB, ceramics with 30 wt. % SiC of 30-100
um (fragmentary grains with sharp edges, with 0.5 wt. % Fe and 2.9 wt. % O admixtures) and 5-10
um (single-crystal grains with a hypercubic shape close to spherical, without admixtures) turned out
to be significantly more heat-resistant - up to 2066 and 2080 °C, respectively (the mass loss was
0.25 mg/s), than HfB, ceramics without additives (cracked at 1870 °C). The addition of 30 wt. % of
SiC powders with sharp fragment grains of 1 um in size (with 9 wt. % O admixture) or 3-10 um
(with 4.1 wt. % O) led to cracking at 1787 °C and 1455 °C, respectively.
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Due to a set of unique characteristics, MAX-phases-based coatings are good candidates for SOFC
and MCEF fuel cell interconnects, as well as for wear-resistant coatings operating in the fretting
corrosion mode at high temperatures. The surfaces of coatings deposited on titanium substrate by
vacuum-arc method (which were polycrystalline and contain high amount of MAX phases) after
heating at 600 °C for 1000 h remained highly conducting: electrical conductivity 6=1,23x10° S/m,
mass gain m/S=0,06 mg/cm? and ©=1,2x10° S/m, Am/S=0,45 mg/cm? when Ti,AIC or
(TiposNboo2)AIC targets were used, respectively. After heating under similar conditions of
amorphous coating obtained by hybrid magnetron sputtering using Ti,AlC target and Cr cathode
(the composition of coating was similar to MAX phase stoichiometry) demonstrated o=1,0x10°
S/m, Am/S=0,05 mg/cm? and became polycrystalline after heating. Wear-resistance of vacuum-ark
deposited coating from Ti,AIC target on steel and titanium alloy substrates occurred about two
times higher at 500 °C (W=6,1x10 mm?*Nxm) than that of steel or titanium alloy substrates, and
its resistance to multi-cycle fretting fatigue occurred to be 4.8 times higher and reached N{=324,000
cycles. The structures of coatings before and after heating were studied by X-ray, SEM EDX, Auger
spectroscopy and TEM.
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The transport properties of oxide materials under extreme and nonequilibrium conditions are
strongly governed by the interplay between lattice distortions, chemical disorder, and external
constraints. Perovskite magnetoresistive LaMnQO3-based materials are particularly interesting since
their structure and properties can be considerably changed by doping. Pure LaMnOs is an
antiferromagnetic insulator. The substitution of La** with a divalent alkaline earth ion results in a
mixed valence of the Mn**/Mn** states and can cause a transition from antiferromagnetic/insulating
to ferromagnetic/metallic behavior. The hole formed in association with the Mn** cation may hop to
Mn®" sites, but hopping is favored only to sites with parallel localized spins. Therefore, the transport
properties are closely related to the structural changes in these perovskite compounds.

In this work, temperature-dependent electrical transport is investigated in epitaxial LaMnO3-based
thin films with progressively increased A-site configurational entropy, achieved through systematic
substitution of La** with Sr**, Ca®*, Sm®*, Ba?*, and Ce*" cations. The films were grown on SrTiOs
(001) substrates using a solution deposition technique, the so-called polymer-assisted deposition
route, which enabled precise compositional control and epitaxial strain engineering. Precursor
solutions of the corresponding cations, selected according to valence state and ionic radii, were
deposited on SrTiO; (001) single-crystal substrates by the spin-coating method. Prior to the
deposition of the perovskite layer, the selected substrates were cleaned with ethanol. The precursor
solutions were prepared by dissolving metal nitrates in distilled water, to which
ethylenediaminetetraacetic acid (EDTA) and polyethyleneimine had been previously added. The
deposited layers were thermally treated at 750 °C to remove solvents and organic components and
to form a crystalline structure. In the next step, the as-prepared films were annealed at different
temperatures up to 900 °C to obtain ultra-thin ceramic films with an approximate thickness of
~10 nm.

By systematically increasing the number of A-site cations, from single-cation compositions to
entropy-stabilized multi-cation systems, the aim was to determine how high configurational entropy
can be employed to control charge transport mechanisms over a wide temperature range. A
transition from semiconducting to metallic-like behavior is revealed, along with the suppression or
shifting of metal—insulator transitions and a strong correlation between the transport response, strain
state, and local lattice distortions. In high-entropy compositions, charge transport is governed by
enhanced disorder and polaron hopping, thereby highlighting the role of entropy-driven stabilization
under nonequilibrium thermodynamic conditions.
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The studies presented in this work were conducted at a pH value of 4.5. This value was selected as
an extreme-boundary condition at which the experimental procedure could still be performed. It is
well known that carbonates (COs*) are unstable under acidic conditions, where they undergo
decomposition to CO, and H,O. In addition, the selected pH lies within the thermodynamic
stability field of Cu*cations, making it suitable for their incorporation into the investigated
material. The adsorption process was monitored in batch and ultrasonic systems under a defined
stirring rate (150 rpm) at a room temperature (298 K). After each predetermined contact time, the
concentration of Cu®* cations remaining in the solution was determined by using ICP—OES analysis.
Based on the initial concentration and the concentration measured after appropriate contact time, the
percentage of adsorbed Cu®* cations was calculated.

Fig.1 presents the influence of contact time on the amount of adsorbed Cu®* cations, while the
adsorption dynamics are additionally illustrated graphically in Figure 1 for improved clarity. The
adsorption results obtained in the batch system indicate that the highest adsorption of Cu®* cations
(17.3%) occurred within the first 5 minutes compared to the other investigated time intervals. With
increasing contact time, the amount of additionally adsorbed cations gradually decreased. The
graphical representation shows that the overall adsorption of Cu2* cations is more pronounced in the
batch system than in the ultrasonic system. By the time adsorption trends in both systems follow a
very similar pattern. The high adsorption efficiency of Cu®* cations can be attributed to their partial
incorporation into the biogenic calcite structure (eggshell; CaCO3) via isomorphic substitution with
Ca’* cations. This isomorphic substitution can be explained by the identical charge 2+ and similar
ionic radius of Ca** and Cu®* cations (100 pm and 70 pm). Furthermore, the possibility that a
negligible fraction of Cu?* cations was already present in the biogenic calcite as a result of
metabolic accumulation cannot be entirely excluded; however, its contribution to the overall
adsorption process is considered minimal.
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Figure 1. Batch and ultrasound adsorption of Cu?®* cation by biogenic calcite: adsorbation dynamics.
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Stainless steel materials are widely used in demanding environments, including medical and
biomedical implants, food processing equipment, nuclear reactors components, marine equipment,
etc. Austenitic 316L alloy is commonly used as matrix for oxide dispersion strengthened (ODS)
steels which have emerged as leading construction materials for fission and fusion reactors, offering
superior high-temperature stability alongside exceptional radiation and corrosion resistance. Besides
their high strength and low carbon content, excellent weldability promotes application of additive
manufacturing processes for creating complex parts from 316L alloy based materials. Selective
laser melting (SLM) is one of the novel additive manufacturing techiques used for production of
nuclear reactors components with high performance. In this study, tensile strength of 316L alloy
was investigated. Tensile properties of 316L alloy were widely studied and, based on the numerous
results, it was concluded that the strength value of SLM compacts is comparable, in some even
better, than for parts obtained through standard manufacturing technologies, while the elongation
was somewhat lower. These properties are mostly influenced by a specific microstructure formed in
the SLM process, as well as defects which can be present in the final components. First step in
optimization of synthesis parameters through tensile testing was obtaining high density SLM 316L
alloy and selecting geometry of the samples tested. Two different geometries (flat and round) of the
specimens obtained by SLM method were used. Process parameters applied have provided
relatively high final densities (around 95% of the theoretical value) for all samples. The results of
the investigation revealed that round-shaped specimen exhibited slightly better tensile strength and
elongation compared to flat-shaped one. Further, round-shaped specimen deformed uniformly along
the gauge length, and cracked in the middle within a necked-down region. On the other hand, flat-
shaped specimen deformed in the upper part of the gauge length, and displayed upper neck fracture.
These findings indicate that round-shaped specimen exhibited uniform stress distribution during
tensile test, while fracture of the flat-shape specimen was influenced by local stress concentrations.
This preliminary analysis of the of tensile test results for SLM parts indicated usage of round
geometry of the samples in further investigations with the aim of finding optimum parameters with
highest effect on the strength, such as build direction (horizontal, vertical or angled) and scanning
angle.
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This study examines the microstructural refinement of an A356.0-based aluminium matrix
composite (Al composite) reinforced with 4 wt.% fly ash (FA) particles before and after equal-
channel angular extrusion (ECAE). The FA is a waste material collected from the electrostatic
filters of thermal power plants, and consists predominantly of oxides.The FA used in this research
originates from the Kolubara thermal power plant in Veliki Crljeni, Serbia with a total oxide content
of 95.8 %, mainly composed of SiO; (37.8 %), Al,O3 (22.5 %), and Fe,03 (17.4 %). The composite
was produced by compo-casting process, which is particularly suitable for incorporating solid
particle reinforcements into aluminium alloys. In the as-cast condition, the aluminium matrix
exhibited a well-developed microstructure in which a-solid solution crystals adopted rosette-like
morphologies, with locally observed oval and fully spheroidal forms. These morphological features
result from semi-solid mixing during compo-casting process, which disrupts dendritic growth and
enhances the interaction between reinforcement particles. Fly ash particles were generally well
distributed across the composite cross-section; however, localised agglomerations were observed,
reflecting the limitations of particle dispersion during casting. ECAE is based on the extrusion of
material through two squere sectioned equal channels placed at an angle of 90°. The change in
movement direction induses severe tangential shear stresses, resulting in significant microstructural
modification. The process can be performed in multiple passes using different routes, which involve
reorienting the sample between passes. In this study, route B¢ was applied, whereby the sample was
rotated by 90° around its longitudinal axis in the same direction after each pass. The results
demonstrate that ECAE is an effective post-processing technique for improving the microstructural
quality of AI/FA composite.The imposed shear deformation caused pronounced distortion of the a-
aluminium crystals, and fragmentation of the eutectic silicon particles. Deformation-induced
material flow caused the redistribution of the reinforcement, resulting in a more uniform dispersion
of FA particles within the aluminium matrix.
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This work aims to systematically analyze how the synergistic application of high-pressure torsion
(HPT) and laser surface scanning controls the evolution of microstructure, imparts desirable
mechanical and surface characteristics, enhances corrosion resistance, and ultimately modulates
cytocompatibility in advanced metallic systems for biomedical applications [1,2]. HPT led to
significant grain refinement down to the ultrafine-grained range in the investigated titanium—
niobium alloy. Microstructural characterization of the alloy, performed before and after additional
processing by HPT and laser irradiation treatments, demonstrated that the phase composition
remained unchanged. However, laser treatment induced the formation of (Ti,Nb)O oxides on the
surface of the titanium-niobium alloy, both prior to and following the HPT process. Surface analysis
demonstrated that the laser irradiation parameters exert a significant influence on the surface
morphology, chemistry, and topography of the titanium-niobium alloy. Furthermore, elevated pulse
energy resulted in the formation of more pronounced localized laser-induced changes in the form of
micropatterned features, increased surface roughness, enhanced ablation volume, and the
development of oxygen-enriched oxide films. The observed increase in alloy hardness, with the
elastic modulus remaining unchanged or slightly affected, along with enhanced corrosion resistance
and non-cytotoxic behavior after microstructural and surface modifications, can be attributed to the
formation and significant thickening of a passive bi-modal oxide layer. Additionally, higher laser
irradiation energies resulted in more extensive microstructural and surface modifications of the
investigated alloy. These findings suggest that the synergistic application of HPT and laser surface
treatment can effectively improve the performance of metallic biomaterials in biological
environments.
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