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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 I’ International Conference on Innovative Materials in
Extreme Conditions (IMEC2022). This event 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", University of Belgrade, the Faculty of Science and
Mathematics, University of Nis, and the Faculty of Mechanical Engineering, University of
Belgrade.

The scope of the IMEC2022 is to become the worldwide forum for discussion of experts and
young researchers on the phenomena arising during the processing and/or exploitation of the
innovative materials. The IMEC2022 conference is focused on the current research in the
field of material science, physics, chemistry, earth, and computation science. Experimental
and computational investigations of materials obtained or operated under extreme conditions
presented during the conference are highlighting recent progress in the development of the
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 their application.

We want to use this opportunity to thank our sponsors and co-organizers for helping us to
successfully organize the IMEC2022 conference. First of all, we want to mention that the
Ministry of Education, Science and Technological Development of the Republic of Serbia
recognized our conference as an important event and gave their financial endorsement. Also,
we want to thank the Vinca Institute of Nuclear Sciences — National Institute of the Republic
of Serbia, University of Belgrade, for their strong financial support. In the end, we would like
to thank all the members of the Conference Advisory Board, the Conference International
Scientific Committee, and the Conference Organizing Committee who participated in the
preparations of the IMEC2022 conference.

Editors
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IMEC2022 1%t International Conference on Innovative Materials in Extreme Conditions
22-23 March 2022, Belgrade, Serbia

Ultra-high temperature ceramics with improved ablation resistance

Peter Tatarko!, Hakan Unsal!, Alexandra Koval¢ikova2, Branko Matovi¢?, Zdenék Chlup?,
Monika Tatarkova!, Michal Hi¢ak', Ivo Dlouhy*

Institute of Inorganic Chemistry, Slovak Academy of Sciences, Dubravska cesta 9, 845 36
Bratislava, Slovakia
2Institute of Materials Research, Slovak Academy of Sciences, Watsonova 47, 040 01 Kosice,
Slovakia
3Centre of Excellence-CextremeLab, Vinca Institute of Nuclear Sciences, University of Belgrade,
Mike Petrovica-Alasa 12-14, 11000 Belgrade, Serbia
*Institute of Physics of Materials, Academy of Sciences of the Czech Republic, Zizkova 22, 616 62,
Brno, Czech Republic

The effect of different rare-earth oxide additives (Lu203, Yb203 and Eu203) on the sintering,
microstructure evolution, phase composition and mechanical properties of ZrB2 — 25vol. % SiC
ultra-high temperature ceramics was investigated. No significant effect of different rare-earth oxides
on the room temperature properties (hardness, fracture toughness, Young’s modulus, flexural
strength) was observed. On the other hand, the ablation resistance of the materials up to ~ 2700°C
was significantly improved (by ~ 30%) when the Yb203 additive was used. The improved ablation
resistance was attributed to the in-situ formation of Yb2Zr207 pyrochlore phase on the surface of the
materials during the ablation tests. Therefore, this additive was selected for further investigation.
The effect of various amounts of Yb203 and Yb2Zr2O7 additives (2, 5, and 10 wt.%) on the
densification, room temperature mechanical properties and ablation resistance of ZrB2 — 25vol. %
SiC composites prepared by two different approaches (reactive SPS sintering vs. non-reactive SPS
sintering) was investigated. The use of reactive SPS approach helped to significantly decrease the
sintering temperature from 2000°C to 1600°C. At the same time, the lower temeprature and the in-
situ formation of phases resulted in a significantly finer microstructure of ZrBz> — 25vol. % SiC
when sintered by reactive approach. This led to the improved room temperature mechanical
properties and the ablation resistane of the materials. No significant deterioration of the room
temperature properties was observed even after the addition of 10 wt.% of Yb203 and Yb2Zr207
additives. On the other hand, their use resulted in the significant improvement of the ablation
resistance, as the linear ablation rate of ZrB2 — 25vol. % SiC with 10 wt.% of Yb203 and Yb2Zr207
was 3x lower when compared to the reference ZrB2 — 25vol. % SiC. No significant differences
between the use of Yb203 and Yb2Zr2O7 was observed, as a consequence of the fact that Yb2Os
partially converted to Yb2Zr207 during the sintering.
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IMEC2022 1% International Conference on Innovative Materials in Extreme Conditions
22-23 March 2022, Belgrade, Serbia

Design & development of precursor-derived ultra-high temperature resistant
ceramic coatings and fibres for space applications

Ravi Kumar
Laboratory for High Performance Ceramics, Department of Metallurgical and Materials
Engineerigm, Indian Institute of Technology-Madras (11T Madras), Chennai 600036, India

Thermal barrier and environmental barrier coatings (TBCs and EBC’s) are being extensively
investigated and developed for the protection of metallic and Si-based ceramic components that are
subjected to extremely harsh thermal environments. Rocket nozzle extension, guide vanes and
combustor liners of spacecrafts are classic examples that require a specialized thermal/environmental
protection owing to their prolonged exposure to hot corrosive environmental effects due to gas,
moisture, debris including highly oxidizing atmospheres. The current state of art, zirconium and
silicon-based TBC/EBCs are unable to withstand the severe thermo-oxidative environment, where
the applicability and durability of coatings has become an important issue. Particularly, silicon
material undergoes recession and hot corrosion mechanism of chemical degradation when exposed
to water-containing high temperatures and alkali salts enriched environment resulting in the formation
of volatile silicon hydroxide, Si(OH)4(g) and alkali silicates.

Development of non-oxide, non-silicon based, rare earths-incorporated carbides and borides are of
interest. Such ceramics have aroused greater attention since they are not only thermodynamically
stable >2500 °C but can also retard the inward transport/diffusion of oxygen. However, the ex situ
addition of RE as a reinforcement results in several disadvantages such as poor homogeneity,
adhesion and processing difficulties, which hinders widespread application. Our laboratory has been
developing a new class of prime-reliant bond-coat-free Zr-RE-B-C ceramic coatings for Si-based
composites (as EBCs) and for metallic alloys (as TBCs) for large-sized space components. In our
recent research on Zr-La-B-C ceramic materials, it has been shown that nano-crystalline ultra-high
temperature phases such as ZrBa, ZrC, LaB¢ and La2Zr20O7 can be in situ crystallized in a thermally
stable amorphous matrix. Thermodynamic equilibrium phase calculations show that longer durations
of heat-treatment may be required to achieve thermodynamic equilibrium. High-resolution
transmission electron microscopy revealed encapsulation of nanocrystals (<5 nm) in an amorphous
matrix surrounded by turbostratic layers of carbon inhibiting its growth. Preliminary coating
experiments have shown great promise (Figure-1). The laboratory has also been successful in
producing ultra-high temperature ceramic fibres using an in-house developed centrifugal spinning set
up and some of the promising preliminary results shall be shared.

Stainless steel substrate | Alumina substrate

Ceramic
coating

Uncoated

Uncoated Polymer Ceramic
coating coating

Polymer
coating

Figure-1 Coatings on metallic and ceramic substrates — figure shows both preceramic and pyrolyzed ceramic coatings
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Laser irradiation as an easy-to-apply method for Ti-based implant materials
enhancement
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Hard-tissue replacements are most commonly made from the Ti-based materials, such as
commercially pure titanium (CP-Ti) and Ti-6Al-4V (mass%) alloy, because of their exceptional
biocompatible properties combined with the excellent corrosive and mechanical characteristics [1].
More recently, efforts have been made to additionally enhance the properties of the metallic
implants through the careful selection of the alloy composition and surface modification technics
[2,3]. As a result, second-generation B-type Ti alloys, containing non-toxic elements, have been
developed. One of the promising B-type implant alloys is Ti-13Nb-13Zr (mass%). Even though the
corrosion resistance and mechanical properties of this alloy are improved in comparison to the
commonly used metallic implant materials, its biocompatible and osseointegration properties can
and must be additionally enhanced. For that purpose several surface modification technics can be
used, however, laser irradiation stands out as the most promising one. Because of that scope of the
present research was to investigate the possibility of successful surface modification of the most
commonly used implant material, i.e. CP-Ti, and the second-generation Ti-13Nb-13Zr alloy by
utilizing the easy-to-apply laser irradiation method in order to obtain improved implant tribo-
corrosive properties and enhanced biointegration and bioactivity.

Laser surface modifications were conducted using the Nd:YAG system in the air and argon
atmosphere under different laser output energies. Implant materials surface morphologies after the
laser irradiation treatment were investigated using the field-emission scanning electron microscopy
(FE-SEM) and optical profilometry, while the impact of the laser irradiation on the implant
materials surface characteristics were examined using the energy dispersive spectrometry (EDS)
and microhardness measurements.

Conducted research showed that utilization of the Nd:YAG laser irradiation resulted in significant
alterations of the CP-Ti and Ti-13Nb-13Zr alloy surface chemistry, morphology and microhardness.
Laser irradiation of both investigated materials led to the formation of visible microcracks and
hydrodynamic effects in the central part of the irradiated area, while traces of melted and solidified
material were observed at its periphery. More pronounced morphological changes were induced
during the laser irradiation in an argon atmosphere, while a higher degree of texturing was recorded
at the surface of the Ti-13Nb-13Zr alloy. At the irradiated surfaces, the formation of the oxide layer,
predominantly composed of Ti-oxide particles, was detected. Surface oxides are desirable since
their presence can improve the implant material bioactivity with a simultaneous increase of the
tribo-corrosive properties through the formation of the hard corrosion resistance surface film. Laser-
induced chemical and morphological alterations were more distinctive in the case of the Ti-13Nb-
13Zr alloy.

References

[1] M. Long, H.J. Rack, Biomaterials, 19 (1998) 1621.

[2] M. Geetha, A.K. Singh, R. Asokamani, A.K. Gogia, Prog. Mater. Sci., 54 (2009) 397.
[3] X. Liu, P.K. Chu, C. Ding, Mat. Sci. Eng. R, 47 (2004) 49.

20



IMEC2022 1% International Conference on Innovative Materials in Extreme Conditions
22-23 March 2022, Belgrade, Serbia

Innovative materials under extreme conditions: Multidisciplinary approach on
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Innovative materials used in high-technology applications are called advanced materials. High
technology is the technology at the cutting edge, the most advanced technology available, bringing
the most complex or the newest technology on the market, for example, computers (software and
hardware), fiber-optic systems, space technology, aircraft, nuclear technology, etc. These materials
can be typical traditional materials (e.g., metals, ceramics, polymers) whose properties have been
enhanced or developed, to become advanced. This talk will cover theoretical investigation of
various advanced materials with connection to the experimental results (e.g. oxides, sulfides,
nitrides), especially under the influence of extreme pressure and temperature conditions.
Furthermore, a plethora of the state-of-the-art quantum mechanical methods will be presented,
including Density-functional theory (DFT), LDA-PZ and GGA-PBE, or hybrid B3LYP and HSE
functionals, a combination of quantum mechanics with data mining and global optimization, as well
as the newly developed PCAE method applied on ZnO/ZnS polytypic (hetero)structures and
unknown (e.g.CrzSiNB compounds. Since many of the investigated materials show a large number
of desirable properties for industrial applications, ab intio calculations of electronic, magnetic,
elastic, and mechanical properties under extreme conditions will be presented and compared with
experiments when availa%le.
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Spinel-based ceramics for LEDs and photocatalytic applications
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Preparation and characterisation of transparent MgAl204 and translucent MgAION spinel ceramics
doped with both transition and rare-earth metals will be presented. A systematic study was
performed to develop a processing methodology for elimination of microstructural defects in
sintered samples and improving the optical transparency. The powders were dispersed in a distilled
water using Darvan C-N surfactant. Soft spinel granu]}és with improved compressibility (Ic = 13)
were prepared by freeze granulation of stable suspensions in liquid nitrogen. Green compacts were
prepared by CIP-ing under 400 MPa pressure. Spinel specimens with relative densities >99.9% of
theoretical were made by pressureless-sintering in air at 1550 °C and subsequent hot isostatic
pressing at 1550 °C for 5 h in 200 MPa Ar gas. A similar process, but at 1800 °C was used for the
preparation of MgAION ceramics. The optical real in-line transmittance (RIT) of polished MgAI>O4
specimens was 87% of the theoretical at the wavelength range of 425-705 nm.

A series of translucent spinel MgAION phosphors doped with different cations were prepared. The
colours of emissions depending on the dopant were as follows: Er — blue (451 nm), Eu — blue (460
nm), Ce — yellowish (570 nm) emission (Fig. 1). The chromium doped MgAION phosphors excited
by green light emitted dark-red light (Aem = 715-720 nm).
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Fig. 1. Photoluminescence spectra of MgAION:Ce and MgAION:Eu phosphors.

Titania nanotubes were prepared by anodic oxidation of Ti layer deposited on transparent spinel
ceramics. The transparent spinel ceramics combined with titania nanotubes will be tested for
photocatalytic applications. The ceramic composites exhibited good removal/degradation of model
pollutants: organic dye Rhodamine B and endocrine disruptor compound Bisphenol A.
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Surface modification of SizN4 — Y203 composites — optimisation of oxyacetylene
torch conditions
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Dense Si3Ns substrates (98.2 % TD) with the addition of rare earths oxide (Y203) were prepared by
rapid hot pressing at 1700 °C and 50 MPa pressure for 7 min. Yttria sintering additive was chosen
because of the good oxidation resistance of SisN4-Y203 at elevated temperatures. Surface of the
ceramic substrate was modified by oxyacetylene torch by means of formation of yttrium silicate based
protective layer on the surface. The surface morphology and the character of damaged area was
studied in dependence from the reached temperature on the surface of substrate, the dwell time on the
annealing temperature, gas flow rate and the ratio of acetylene/oxygen gases. Finally, the influence
of the mentioned parameters on the degree of oxidation of surface layer, its porosity, thickness and
phase composition will be evaluated.
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High Temperature Failures of Metals
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Thermally activated processes and stresses lead to deterioration of mechanical and physical properties
on the micro and macro level and damage over time when metals are used in the creep range. These
deterioration processes in metals are temperature-, stress- and time- dependent [1,2]. Damage modes
of metal alloys commonly used at high temperature could be divided into four main categories:

1. Reduction of the cross section. At very high temperatures (above 0.8Tm, Tm - melting
temperature) the failure of pure metals and solid solutions most often occurs only due to extensive
plastic deformation and the reduction of the cross section leading to the failure in final.

2. Creep damage and weakening of the cross section. Formation of pores within the grain or at the
grain boundaries in perpendicular direction to maximum principal tensile stress causes weakening of
the cross section leading to slow long term failure.

3. Microstructural degradation. Changes in the dislocation substructure and Increase in the
dislocation density significantly affects the creep rate. When it comes to high stresses (o = 0.5Re), a
cellular dislocation substructure is formed, which enables a higher rate of the recovery process and
thus an increase in the creep rate. In addition, heat resistant alloys are precipitation hardened in their
initial state with particles: y'-particles in super alloys, carbides and nitrides in steels, etc. During long-
term service at elevated temperature microstructural degradation, manifest itself in particle
coarsening decreasing crack initiation and crack growth resistance.

4. Interaction with the environment. Damage caused by internal oxidation is a consequence of the
penetration of oxygen into the metal, except when it participates in the formation of a protective oxide
layer. Oxygen diffusing into the metal reacts with the impurities, creating an internal oxidation zone,
Fig. 1. Extensive surface oxidation lead to disturbance in heat transfer and changes in metal wall
temperature consequently often accelerating creep processes (overheating). During dynamic loading
oxidation could lead to and local damage of the thermal fatigue type.
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Figure 1. Oxidation [2]: a) schematic representation of internal oxidation of: b) austenitic steel and c) low-alloy steel);
e) schematic representation of external oxidation: e) on the gas side and f) on the steam side
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Hydrogen embrittlement mechanisms in steels at different length scales
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Component failures due to the hydrogen embrittlement (HE) were observed in different industrial
systems, including high-pressure hydrogen storage tanks, aircraft components, high-strength alloy
components, and high-strength steel fasteners [1,2]. The contemporary approach in studying the
effects of hydrogen on the mechanical properties of steels at different scales is based on the
implementation of various multiscale (macro, micro-meso, and nano-atomic) modeling approaches
and the applications of advanced multiscale experimental methods, Fig. 1 [3]. Simultaneous action
in a cooperative manner of the hydrogen-enhanced localized plasticity (HELP) and the hydrogen-
enhanced decohesion (HEDE) mechanism of HE, according to the HELP + HEDE model [4] of HE,
were confirmed to be active, depending on the local concentration of hydrogen in steel [2-5], Table
1 [2]. Further investigations of the mechanical properties of steels at different length scales exposed
to hydrogen damage should open a new window in the research related to the simultaneous action
of HE mechanisms. It will also provide improved maintenance and the accurate service life
prediction of various industrial components exposed to multiple active HE mechanisms [5,6].
AFM, FIB
Advanced H mapping techniques
Modeling (Multiscale, Atomistic, DFT,
First-principles, CZM)
Simulation (MD, MC, FE)

Conventional SEM, TEM, Nano-mechanical testing
mechanical testing ETEM, SSRT, TDS  Micro-fracture mechanics
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Fig. 1. Historical overview and shift in HE study approaches (macro — micro-meso — nano-atomic) [3].

Table 1. Summary of active HE mechanisms in low carbon steel, grade 20 (St.20 or 20G, equivalent to AIST 1020) [2].

Charpy Distance Hardness KCVtor. KCVp KCV; Fracture Active hydrogen embrittlement
specimen (mm) (HV5) (J/em?) (J/em?)  (J/cm?) modes (HE) / damage mechanisms

S2 3 156 40.74 29.86 10.88 MVC + TG HELP

MVC + TG HELP + HEDE model [4]
S6 6 166 36.07 25.13 10.84 (MVC >> TG) HELP > HEDE

TG + MVC HELP + HEDE model [4]
S5 3 167 17.13 8.40 8.70 (TG >>MVC)  HEDE > HELP —» sharp DBT
S4 - 183 9.84 2.98 6.83 TG + IG, voids HEDE + HTHA
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Silicon carbide - graphene composites with high functional properties
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Dense silicon carbide/graphene nanoplatelets and silicon carbide/graphene oxide composites with 1
vol.% equimolar Y203-Sc20s3 sintering additives were sintered by rapid hot pressing technique at
2000°C in nitrogen atmosphere. As sintered composites were annealed in gas pressure sintering
(GPS) furnace at 1800°C for 6 h in the overpressure of nitrogen (3 MPa). Effects of graphene plates
orientation, type and amount of graphene as well as the influence of annealing conditions on the
thermal and electrical properties and microstructure of prepared composites were investigated.

The electrical conductivity of reference SiC sample (17 S.cm™) gradually increased with increasing
GO or GNP content, reaching the highest value of 67 S.cm™! for SiC with 10 wt.% GNPs. Remarkable
improvement of electrical conductivity was achieved by annealing the samples in N2 atmosphere and
the highest value of 118 S.cm™ was obtained for the sample with 10 wt.% GNPs. The highest thermal
conductivities were obtained at room temperature in parallel direction to GNPs for annealed SiC
samples with 1% GO (A = 238 W.m'L.K!) and 5% GNPs (A = 233 W.m.K'!). The obtained results
show that appropriate choice of sintering additives, application of freeze granulation, rapid hot-
pressing and annealing of samples at 1800 °C for 6h in N2 atmosphere allows to obtain SiC ceramics
with very high electrical and thermal conductivity.
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Fig. 1: Electrical and thermal conductivity of SiC-GNPs and SiC-GO composites in direction parallel and perpendicular
to graphene layers.
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In this study, the boron carbide matrix composites were fabricated using a Field Assisted Sintering
Technology (FAST). The composites containing 10 vol% TiB: particles were prepared by in situ
reaction of B4C, TiO2 powder and carbon black. The effect of different processing parameters, such
as degassing step, and sintering time, on the sintering behaviour of B4C was studied in the temperature
range of 1800 °C to 2000 °C and the pressure of 70 MPa.

The microstructures of the B4C/TiB2 composites were characterized by X-Ray Diffraction, Scanning
Electron Microscope and Raman Spectroscopy. The results showed that homogeneous microstructure
and fully dense B4C-10vol.%TiB2 materials were obtained using the sintering regime with a
degassing step at the temperature of 1800 °C, followed up by the applying of maximum pressure for
30s. Interestingly, when the critical sintering conditions were exceeded, the in-situ formation of
graphene platelets in the middle part of the materials was observed. Due to the low electrical
resistance of TiB:2 at high temperatures, the TiB2 grains provided a pathway for electric current. This
caused the local overheating at the grain boundaries between B4C and TiB2, which led to the local
decomposition of B4C and in-situ formation of graphene platelets. This problem was prevented by
changing the direction of electric current. The mechanical properties of B4C, such as hardness,
strength and fracture toughness, were improved by the addition of in-situ formed TiB2 particles.
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Europium doped mayenite (C12A7) powders of different concentration (0.5, 1.0, 1.5 and 2.0 at.%)
have been synthesized by modified glycine/nitrate procedure - MGNP). Obtained samples were
characterized by X-ray diffraction (XRD), field emission scanning electron microscopy (FE-SEM),
and steady state photoluminescence spectroscopy. The photoluminescence spectra measurements
were done under continuous Nd YAG laser excitation at 532 nm. Data were collected from Ocean
Optics USB2000 (200-800 nm) spectrometer. High-pressure luminescence was measured in a Betsa
high pressure membrane diamond anvil cell up to 23 GPa with steel gasket (T301). Sample chamber
was 125 pm in diameter and 70 um in thickness. A mixture of methanol and ethanol with a 4:1
volume ratio was selected as the pressure-transmitting medium. Ruby loaded with sample determine
the pressure. For measuring Ruby R1 line shift HR2000 Ocean Optics spectrometer (600-800 nm)
was used. The effect of doping concentration on photoluminescence properties of Eu®" doped
mayenite were studied and are discussed. With the increasing of Eu*" doping concentration, the red
emitting intensity exhibited a behavior that increased firstly and then decreased. The optimal Eu**
ion concentration is found to be 1.5%. Obtained results suggest that C12A7: Eu phosphor may serve
as a promising red luminescent materials used in fabrication of optical storage and illumination in
dark environments.
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Figure 1. Pressure dependence of Emission spectrum Eu*" -doped Mayenite.
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Alumina ceramics that resembels seashells are made of aligned micron-sized monocrystalline
platelets joined together by silica secondary phase. Due to its high hardness, high melting point,
high refractory index, these composites provides an attractive combination of ease of processing,
high strength, and high toughness. Sea shells consist mostly of platelets CaCO3;, with a small
amount of a biopolymer ( 1 — 5 %). This forms a layered structure like a brick wall, that gives rise
to high bending strength and fracture toughness. By using alumina with a plate like crystal
structure, to mimics the CaCQO3, and SiO: as a to mimic the biopolymer, the microstructure can be
made to look like and act like that of a sea shell. Dense alumina — silica samples were syntesied
using hot press sintering at 1500°C. Samples of particle size 2.0um resulted in maximum strength
and improved hardness 2.0 um plate resembled the microstructure of sea shell the most.

TMD spherical Al203 0.6um plate-like AI203  2.0pm plate-like Al203

Figure 1. SEM micrographs of used alumina powders.
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Electrolysis is one of the most commomly used method for synthesis of metals and alloys in the
powder form. The advantages of this method in relation to the other methods, such as atomization
processes, melt spinning, rotating electrode process (REP), mechanical and chemical processes, are:
low equipment and product costs, one-step andenvironmentally friendly process, formation of high
purity products, etc. The electrolytically produced powders are highly pure and can be easily sintered
and pressed. These powders belong to the group of disperse or irregular deposits which spontaneously
fall from the electrode surface or are removed from it by tapping or on some similar way. Various
powdered forms can be obtained by electrolysis: dendrites, wires or needles, spongy-like, flakes,
fibrous and cauliflower-like forms. The shape and size of produced particles depend on the
conditionsand regimes of electrolysis, the presence of additive, hydrogen evolution as a parallel
reaction, and the nature of metals.

The processes of electrolysis in the hydrogen co-deposition range represent an important segment in
investigation of powder formation, and these processes are a feature of metals characterized by
medium and low values of both the exchange current density and overpotential for hydrogen
discharge. Metals with these characteristics are denoted as either intermediate (Cu) or inert (Ni, Co,
Fe, Pt, Pd) metals. One of the main benefits of the usage of electrodeposition processes with parallel
hydrogen evolution is the possibility of formation deposits with very high surface area and
nanostructural characteristics, such as the honeycomb-like or the 3D (three-dimensional) foam
structures. The main characteristic of these deposits is the presence of holes or pores formed by the
detachment of hydrogen bubbles surrounded by cauliflower-like or dendritic particles. Almost all
metals from the groups of intermediate and inert ones are formed in the honeycomb-like or the 3D
foam forms, e.g. Cu[1] and Co [2]. Aside from pure metals, some alloys like Ni-Co can be deposeted
in this form [3].

The Fig. 1(a,b) shows morphologies of metal (Co) and alloy (Ni-Co) powder particles
electrodeposited in vigorous hydrogen evolution conditions.

e S a) O b)
Figure 1. Morphology of (a) spongy-like Co powder particles obtained by electrodeposition at a current
density of 770 mA c¢cm and (b) Ni-Co powder particles obtained at a current density of 100 mA cm™.
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The water under supercritical conditions is an excellent reaction medium for crystalization of metal
oxide particles due to the drastic change water characteristics around the critical point: density,
dielectric constant and ionic product. Therefore, this approach is considered as as a green solvent
process suitable for the synthesis of different simple and complex oxides.

The first part of this study concerns the mechanism of the reactions, outstanding features of the
supercritical water, the batch-type reactor synthesis and applications. The second part of the study
describes the batch reaction process as a useful technique for the synthesis of bare and doped CeO2
under supercritical hydrothermal conditions. Ceramic powders synthesized by this method usually
have superior properties then the powders obtained by conventional high-temperature synthesis.
Additionally, synthesis in supercritical water reduces energy consumption and the alkaline
concentration for the production of highly crystalline and size-controlled metal oxide particles. The
reaction rate for the synthesis of multi metal oxide compounds is enhanced more than 10° times under
the supercritical conditions then under the conventional hydrothermal conditions due to the low
dielectric constant (<10) ensuring the products with high crystallinity.

Processing of ceramic materials under supercritical hydrothermal conditions is a promissing
technique which could be transfered from laboratory scale to industry and potentially boost economic
growth and promote environmental sustainability.
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Gaseous nitriding is very important thermochemical surface treatment which involves the diffusion
of nitrogen into the surface-adjacent area of various metals and alloys. For some materials this can
be a desired process leading to improved mechanical and chemical properties of the treated
material, e.g. in iron, steel and Ni-based alloys [1]. The nitriding behaviour and layer formation on
ternary Ni-10Cr-18Si (in wt.%) alloy has now been studied in ammonia and hydrogen gas mixture
over the range of 300-500 °C for 5, 15 and 40 hours. The microstructure of the above mentioned
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Figure 1. Light-optical and SEM micrograph
showing typical microstructure developed upon

nitriding of ternary Ni-10Cr-1Si alloy.
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Figure 2. The XRD patterns obtained from the
unnitrided and of the nitrided Ni-10Cr-1Si alloy

indicating different microstructural constituents.

References
[1] F. Borgioli, Metals, 10(2) (2020) p. 187

alloy nitrided at 300 °C shows formation of a very
thin surface layer accompanied with thicker
diffusion zone (cf. Figure 1). Phase analysis
performed by XRD shows presence of NisN in a
form of compound layer, CrN precipitates, and so-
called expanded austenite phase (yn) (cf. Figure 2).
Furthermore, the existence of silicon nitride was not
confirmed by any of the techniques and methods
used in this study. The expanded austenite Bragg
reflection observed by XRD shows: (i) asymmetric
dependent broadening of the corresponding Bragg
reflections which depends on the nitrogen
concentration gradient, and (ii) obvious hkl shift of
the expanded austenite Bragg reflection as a
consequence of composition induced macrostress,
similarly as reported in Ref [2]. The nitrogen depth-

concentration profile obtained from the
measurements on a sample cross-section indicates
that the nitrogen concentration decreases

monotonously with increasing depth. As a result of
the nitriding treatment surface hardness increases
several times where all microstructural constituents
(yn, CrN and NisN) contribute to the increased
hardness of the nitrided zone. When comparing
nitriding parameters (temperature, time and
nitriding  potential) increase in  treatment
temperature produces higher surface hardness than
the increase of the nitriding potential and/or
duration of the treatment. Occasionally cracks are
observed in the sample morphology as a
consequence of very high internal residual stresses
developed upon nitriding treatment.
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In this study the energy landscape of the hypothetical ionic cerium oxynitride Ce2ON2 ceramic has
been explored [1]. As the result we have predicted several stable modifications for this compound
for the first time. The discovery of new modifications in the predicted system has been achieved
using global optimization and data mining, where the energy landscape has been explored for
various pressures and different numbers of formula units in the simulation cell. Each structure
optimization has been performed with empirical potentials and on the ab initio level, in order to get
higher accuracy of the results. From more than 14000 structure candidates obtained after global
optimization with simulated annealing and starting with 29 potential structures after performing the
data mining and prototyping, we have obtained five highly plausible low-energy modifications that
could be realized as (meta)stable modifications, plus seven crystallographically and chemically
interesting but energetically unfavorable structures.

The a-Ce2ON2 modification, with an AlCo2Prz-like structure, is predicted to be the
thermodynamically stable modification at standard conditions, while at effective negative pressures,
the f-Ce20N2 modification should be thermodynamically stable and synthetically accessible. Two
predicted orthorhombic modifications might be stable at high temperatures, the already mentioned
f-modification and the y-modification. Finally, high temperatures combined with high pressures
might favor the d- or the e-modification, two closely related structures. Clearly, this is only a first
step towards the full phase diagram in the Ce-O-N system. Nevertheless, this work provides a first
glimpse of the potential structural richness of the Ce-O-N system, and supports attempts to
synthesize the predicted modifications of Ce2ONz, guided by our analysis of the energy landscape
of this chemical system.
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When a focused laser beam reaches a certain threshold power density, a gas breakdown may take
place. The laser-induced plasma (LIP) occurs due to optical breakdown and, consequently, a shock
wave arises reaching over hypersonic speeds. In this case, the initiated plasma propagates backward
of the target but also produces a shock wave that also propagates backward, as well as sideways. To
explain this effect, a mechanism of a radiation-supported shock wave or, laser-supported detonation
(LSD) wave was proposed.

Here we report the spectroscopic diagnostic of LIP generated in an argon atmosphere water aerosol
and dynamics of aroused LSD wave by measuring the Stark width and Doppler redshift of the He
656.28 nm line. The hydrogen originates from the water dissociation from the aerosol.

A Transversely Excited Atmospheric (TEA) COxz laser was applied for plasma generation. TEA laser
emits at 10.6 um furnishing typically 140 mJ of output energy in ~2 us pulse duration and repetition
rate 1-2 Hz [1]. The entire pulse can be considered as two consecutive pulses. The first pulse lasts
100 ns (gain-switched spike) and the second lasts ~1100 ns. The focus area is typically 1.5 mm?
giving the resulting peak fluencies of 310 kW mm™ and 55 kW mm™. The laser is focused on the
tantalum interface. Alongside the interface, a flow of water aerosol was generated through a
Meinhard-type pneumatic nebulizer. The supporting gas is argon and the resulting aerosol contains
0.04 H20 per Ar (mole ratio). After striking the interface, the resulting LIP expands sideways and
backward, i.e. toward the incident laser beam, and penetrates the aerosol. The plasma plume was
scanned laterally to obtain space-resolved plasma parameters.

The measured Ha Stark widths range 0.5-1.3 nm giving the LIP electron density range 1-3.5:10%° m-
3 which is in agreement with a computer-simulated calculus for atmospheric two-component plasma
(H and Ar") in a temperature range 5-10-10° K and perturbed mass of 0.9 [2]. The Hq line redshifts
starts at a 3.5 mm distance from the interface which corresponds to a time of 0.7 pus of the full pulse
duration. Starting that distance, a powerful LSD wave develops with an initial acceleration of about
1500 kms™ reaching a maximum velocity of 24 kms™ at a distance of 5.5 mm. The LSD wave dynamic
is very well approximated by the Sedov-Tyler model. According to that model, the LSD wave
propagation geometry here is spherical and the shock wave carries about 40% of the input laser energy
(~60m)J) [3]. Taking that the shock wave was registered over 0.2 us its resulting power is about 30
kW.
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When placed in extreme environments, materials can behave in unexpected and unpredictable ways.
Thus, understanding the material behavior in such cases is critical to designing new advanced
materials and assuring their safety and reliability.

In the present study the effects of swift heavy ion irradiation (167 MeV Xe?¢*, 6x10!"' — 1x10'* ions
cm?) on the structural properties of glassy carbon have been examined by using Raman
spectroscopy, X-ray diffraction (XRD) and transmission electron microscopy (TEM). XRD analysis
has shown an increase of disorder in irradiated samples i.e. reduced crystallinity and increased
interlayer spacing. More precise structural information was obtained by analyzing the cross-section
of the samples. TEM analysis identified four regions whose total thickness is matching the
penetration depth predicted by SRIM. Besides region of reduced crystallinity, the TEM analysis
revealed that topmost layer (~320 nm) is being amorphized. Raman analysis revealed regions in
which structural degradation is either dominated by electronic or nuclear losses. Moreover, it helped
to identify a region in which sp-carbons chains are being formed due to interaction with ions.

The obtained results improve the understanding of structural changes appearing in glassy carbon
upon swift heavy ion irradiation and will be discussed from the point of view of extreme conditions
created in the interaction with ions.
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The research on large gas engines is driven by ever higher requirements regarding efficiency and
emissions. The extreme conditions in the combustion chamber towards higher pressures and
temperatures significantly increase the wear of spark plug electrodes.

Currently used expensive rare-metals are reaching their limits in terms of resilience to wear, thus
alternative materials are sougth to increase maintainance intervals and engine reliability. In this
context, advanced ceramics seem to be interesting canditate materials due to their often high thermal
stability, excellent oxidation and corrosion resistance at high temperatures together with better
availablitiy of raw materials at lower cost than conventionally used rare-metals.

This publication provides insights into the material selection process together with promising
preliminary results for several ceramic alternatives to existing spark plug electrode materials.
Nevertheless, their inherent brittleness may compromise the applicability due to (thermo-)
mechanical stresses, which may arise during the manufacturing process, handling or service.
Therfore, mechanical characterzation has been employed in order to estimate tolerable stress limits
and to get an understanding of the dominating loading conditions that may lead to fracture of the
investigated materials.
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Processing of materials with focused femtosecond (fs) laser pulses is advancing towards various
applications due to unique characteristics of its 3D two-photon lithography and direct multi-photon
material ablation. High peak power delivered during ultra short pulses, often of the order of several
MW, allow fabrication of micron and submicron size structures because deposition of laser energy
into electrons of the material is on a shorter time scale than the energy relaxation between electrons
and lattice atoms — thus removing material before thermal diffusion in the bulk occurs. Two-photon
interaction during a short laser pulse enables biological research and applications, development of
optical memories with data denisity over 10 Tbit cm?, fabrication of 3D photonic crystals, spanning
critical dimensions between 10 nm to 100 um. The latest achievements with fs lasers will be reviewed
and some of emerging biomedical applications will be presented.
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In recent years, there has been a great interest in the synthesis and application of boron nitride (BN)
nanomaterials due to their unique physical, chemical and mechanical properties. Much attention has
been drawn towards nanoscale h-BN, among the most promising inorganic nanomaterials. In this
study, the texture/porosity, structure, surface chemistry, morphology and elemental composition of
h-BN nanoplatelets and nanotubes were evaluated and compared to carbon-based materials with
similar structures. The experimental results showed superior high temperature stability for the h-BN
nanomaterials and revealed which of the evaluated materials demonstrated the best high-
temperature performance/resistance, therefore allowing the correlation of oxidation behaviour with
specific structural features (e.g. crystallinity, specific surface area, particle shape).
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Ceria-based materials have been extensively studied as one of the most promising electrolytes for
reduced temperature solid oxide fuel cell (SOFC) system due to their high ionic conductivity at
moderate temperature [1-3]. CeO2 system doped with Bi** can be very interesting for application in
SOFC’s due to the high ion conductivity of CeO2 and Bi2O3 phases. Cost and time effective Self
Propagating Room Temperature procedure (SPRT) was used as synthesis method of heavily Bi doped
CeO2 nanopowders, with up to 50% of Bi*". The results obtained by XRPD accompanied with
Rietveld refinement analysis show that all samples were single-phase solid solution at room
temperature with chemical formula CeixBixO2s where x = 0.1 - 0.5. Transmission electron
microscopy (TEM) showed that average crystallite size of synthesized powders was less than 5 nm.
Synthesized samples were sintered with two different methods - Conventional (CS) and Microwave
(MS). Powders were densified by sintering at different temperatures, in an air atmosphere for 1 h. It
appears that conventional sintering requires much higher temperatures for densification. However, at
high temperatures there is significant loss of Bi** content due to process of evaporation. This problem
can be overcome by applying the microwave sintering technique. In this way high densified samples
can be obtained at much lower temperatures (1050 °C) without loss of Bi** concentration.
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The Zvonce graptolitic shale is believed to have been deposited under stagnant anoxic conditions in
a sheltered area of a shallow epicontinental sea (Silur). The kerogen isolation procedure from it is
similar to that used by Premovi¢ et al.!. Spectra were recorded on a Bruker ER-200 series ESR
spectrometer. The X-band/Q-band measurements were made at 9.4 GHz and 35 GHz. A
measurements were carried out at different temperatures using a nitrogen-flow device for cooling.
Spectra at liquid nitrogen temperature of 77 K were obtained using a Bruker dewar. Liquid helium
measurements at temperature of approximately 4.2 K were made on a Bruker ESP-380E
spectrometer equipped with an Oxford Instruments helium-flow cryostat. All ESR measurements
are performed in the laboratories of Université Pierre & Marie Curie (UPMC) by Premovic.

The spectra exhibit the six-line pattern with a high g factor of 2.154+0.005 and an isotropic
hyperfine constant (A) of 7.56+0.1 mT. These six lines are identical but asymmetric at all
temperatures and microwave bands (X and Q). For the sake of clarity, Figure 1 shows only the Q-
band spectrum of the Mn?" resonance at 151 K. This cation was not detected in kerogen from room
temperature down to about 250 K. A computer simulation revealed that the line asymmetry is
probably due to the superposition of the two (or possibly more) very similar Lorentzians for
different Mn*" sites. These sites are probably very similar but not identical. In general, the
covalency (or ionicity) of the bond between Mn**and ligands can be very roughly estimated using
Matumura’s plot.? Using value obtained from the ESR spectrum of the Mn?* studied A=7.56 mT (or
76x107* cm™!) we estimated a low covalency of about 15 %. Futhermore, this splitting would
suggest that Mn?" is probably bonded to oxygen or sulfur atoms of the ligands in sixfold
coordination.’ Stepwise heating from about 4.2 K up to about 245 K led to an increase in the line
width AHp—p(T). Figure 3 shows the dependence of AH(T) (i.e., 1/T1) on temperature in a log—log
graph. This dependence indicates that the relaxation time is proportional to T~> for temperatures
above 77 K. Such behavior is characteristic of a Raman relaxation process.
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Figure 1. Narrow-range ESR spectrum of Mn*" in the Figure 2. Plot of the spin—phonon part of the ESR line
Zvonce kerogen at 151 K. width AHp—p vs temperature T (log—log scale) for Mn?*.
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High-Entropy Alloys (HEAs) have attracted considerable interest due to the combination of useful
properties and enhanced applications, and a few HEAs have already been shown to possess
exceptional properties under extreme conditions (e.g. Ultra-High Temperature Ceramic (UHTC)).
However, predicting the formation, structures, and stability of HEAs is one of the major goals of
recent studies, which is expected to bring discovery of new systems with enhanced properties of the
material, with special attention on high temperature and mechanical load. Here, we show an
example of high-entropy rare-earth (RE) zirconates with a pyrochlore structure that was examined
theoretically and experimentally observed. Theoretical methods were applied to investigate the
variable composition of the ordered and disordered pyrochlore structures using quantum mechanics,
group action theory, PCAE, and supercell methods. The investigated RE2Zr207 compound was
successfully fabricated by pressureless and spark plasma sintering. with nominal composition
(La02Y0.2Gdo2Ndo2Smo.2)Zr207, prepared by simple glycine nitrate procedure (GNP) and
characterized using various experimental methods (XRD, SEM, TEM, Raman, etc.). [1] Pyrochlore
structures were generated using the Primitive Cell Approach for Atom Exchange (PCAE) method
[2] or the supercell approach using the Crystall7 program package [3], and investigation of
disordered systems and solid solutions was conducted using the group action theory [4]. Structural
optimization on the ab initio level was performed using the Crystall7 code, based on a Linear
Combination of Atomic Orbitals (LCAO). Density functional theory (DFT) calculations were
utilized in the present study, using the local density approximation (LDA) with Perdew—Zunger
(PZ) correlation functional.
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Boron carbide (B4C, space group no. 166) has attracted great attention as a semiconducting material
with excellent properties and have found various technological applications. The high hardness value
makes it a potentially superhard material as well as a low density, high degree of chemical inertness,
high melting temperature, thermal stability, abrasion resistance, and excellent neutron absorption,
contributed to the use of boron carbide as an abrasive material for extreme conditions, wear resistance
components, body armors and as a nuclear absorber or solid state neutron detector. However, B4C is
known for its unusual structure, bonding, and substitutial disordering whose nature is not yet fully
understood, and exhibits brittle impact behavior. The most theoretically obtained structures of the 15-
atom periodic unit cell are the chain-, polar-, and equatorial-model of solid boron carbide. In this
study we investigated the chain-model structure with an arrangement of 12-boron atom icosahedra
and linear 3-carbon atom chains (Figure 1), using available experimental data from the ICSD
database. We employed the DFT method with LDA and GGA-PBE functional, as implemented in the
CRYSTAL17 software package.

Figure 1. Unit cell of chain-model rhombohedral B4C visualized by the VESTA program.

Calculated equilibrium energies obtained by both functionals had similar values, and optimized unit
cell parameters and interatomic distances are in a good agreement with initial experimental data.
Electronic properties of boron carbide have been investigated by calculating density of states (DOS)
and band structure. Calculated mechanical properties: bulk modulus, shear modulus, Y oung modulus,
Poisson’s ratio, hardness and elastic tensor constants showed mechanical stability of B4C, while the
hardness value of 36.54 GPa calculated by LDA functional showed an excellent agreement with
available experimental data, while GGA-PBE calculations of bulk modulus and Poisson’s ratio
showed values closest to the experimentally measured.
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Recent studies of TiO2/TiS2 nanostructures with various morphologies have been reported, usually
showing improved properties with applications from electronics and catalysis to solar cells and
medicine. However, there is a limited number of studies on the crystal structures of TiO2/TiS2
compounds with corresponding properties. In order to investigate TiO2/TiS2 mixed compounds as a
function of sulfur doping, ab initio modelling using DFT method has been performed. In particular,
solid solutions of TiO1-xSx (x = 0, 0.25, 0.5, 0.75 and 1) with anatase, rutile, and CdI: crystal
structures were investigated using LDA-PZ and GGA-PBE functionals. Novel phase transitions and
predicted structures are presented, and apart from several interesting metastable structures, a very
interesting pressure-induced phase transition is found in the TiOS compound (Figure 1). Furthermore,
electronic properties were studied through the dependence of semiconducting properties on dopant
concentration. The first description of the electronic properties of the mixed TiO1—xSx compounds
in crystal form has been presented, followed by a detailed study of the structure—property relationship,
which will possibly have numerous industrial and technological applications.
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Figure 1. Energy-volume curves for TiOS composition with anatase, rutile, and Cdl,
structure type calculated using a) LDA-PZ and b) GGA-PBE functional, respectively.
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In the last couple of decades the scientific is making great efforts to investigate the phenomenon of
laser-matter interaction, because these knowledge can directly positively influence on technological
innovations in the field of materials. This phenomenon are still not fully invetigate since involves a
number physical and chemical processes, which take place simultaneously or separated in time and
space [1]. The laser desorption/ionization (LDI) implies the following processes: the laser provide a
pulse of energy to sample (for a few ns), the sample increases in temperature quickly ( to several
thousand degrees), so lead to the production ions, neutrals and electrons in the gass phase [2].

The aim of this paper is to examine the products of the gas phase formed during the interaction of
laser- Li1.999Ta0.00sS103. The Lii.999Ta0.00sS103 ceramics has a wide application because the melting
of lithium metasilicate is used for the calibration of thermocouples, as a flux in glazes and ceramic
enamels, dental glass, nuclear waste immobilization as well as ceramic materials for fusion reactors.
The knowledge gained should contribute to a better understanding behavior of Li1.999Ta0.005S103 in
extreme conditions.

The experiments were performed on a commercial matrix-assisted laser desorption/ionization mass
spectrometer (MALDI MS) with time of flight mass analyzer (Voyager-DE PRO, Sciex, USA),
equipped with a nitrogen pulse laser (pulse duration of 3 ns, 20 Hz, and wavelength of 337 nm).
The mass spectra were obtained using the LDI (without matrices) positive and negative reflector
modes.

It is known that the LDI MS is an efficient method for the production and detection of
homogeneous and heterogeneous clusters [3]. Preliminary results shows that the ion signals in the
negative ion LDI mass spectrum of Lii.999Ta0.00sS103 correspond to the following species: m/z 59.89
Si02 (caled 59.97), m/z 71.90 Si2O (caled 71.95), m/z 83.90 Sis™ (calcd 83.93), m/z 95.91 Si(OH)4
(caled 95.99), m/z107.91 Si2(OH)2(H20)" (caled 107.97), m/z 119.92 Si2O4™ (caled 119.93), m/z
120.95 Si203(OH)" (caled 120.94), m/z 131.93 Si30s3™ (caled 131.92), m/z 143.92 Si2(OH)2(H20)3"
(calcd 143.99). The ion signals in the positive mode were attributed to the following cations:
LiSi(OH)" (m/z 52.02, calcd 51.99), Liz3(OH)(H20)" (m/z 56.04, caled 56.06), Li2SiO" (m/z 58.05
calcd 58.00), Li3SiaH2(H20)" (m/z 97.15 caled 97.03), LisSi2H20" (m/z 109.10, caled 109.04).

The results show that silicon-oxygen cluster ions were formed in the negative mode, while lithium-
silicon clusters were detected in the positive mode.
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This research indicates great NOa2-sensing properties of tungsten oxide nanoparticles, prepared
through a simple method consisting of dissolution of elementary tungsten in a mixture of hydrogen
peroxide, 2-propanol, and water, followed by low-temperature (400°C) heating. Through a
comprehensive literature study on sensor properties of tungsten oxide prepared in different ways, it
was found that the sensor response towards NO:z obtained in this work achieved the highest level. A
remarkable characteristic of the obtained powder was a highly reproducible sensor signal at room
temperature, more than 100 times higher than any previously described for WOs. The probable
reason for this high sensor response was the presence of two WO3 polymorphs (y-WOs3 and £-WOs3)
in the obtained material. In further investigation of synthesized WO3 materials, experimental (XRD,
SEM, TEM, BET) and theoretical (B3LYP, HSE) methods have been used, along with the
resistance and sensor response measurements at various temperatures.
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Figure 1. Schematic representation of experimental synthesis of crystalline WO3 nanoparticles
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Aluminum borides have various industrial applications, used in fuels, explosives, abrasives, and as
additives to consolidated materials based on boron carbide. The structure of AlBi2 is similar to that
of boron carbide, including almost regular icosahedrons of boron atoms. The absence of the struc-
ture data of some higher aluminum borides and the presence of a large number of reflexes in their
diffraction patterns makes the identification of phase compositions very difficult and limits the
possibilities of the computer modeling of the AlB12. The crystal structure of AlIBi12 is usually
considered as tetragonal a-AlBi12 (space group P43212) and orthorhombic y-AlB12 (space group
P212121) which can be synthesized from high-temperature Al-B melts.

In our work, we have performed ab initio optimization of the a-AlB12 using GGA-PBE functional
and obtained relaxed unit cell parameters and atomic positions. Furthermore, we have relaxed
AlB12 composition starting from the UB12 structure type. The new cubic phase c-AlB12 crystallizes
in the space group Fm-3m and has a better total energy ranking than a-AlB12 on the GGA-PBE level
of theory. Also, for the new c-AlBi2, we have calculated electronic and mechanical properties on
different pressures and made the comparison with available experimental data in the AIB12 system.
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Developing ceramic materials with resistance to various chemicals as well as certain mechanical
characteristics is of considerable importance for enabling a wider application of these ceramics [1].
Chemical resistance depends on the purity and microstructure of the material along with the kind of
the aggressive medium and temperature [2,3]. For this reason, alumina ceramics of 99,8 % purity has
been prepared. The rest are impurities (CaO, Na2O, SiO2 and Fe20) and MgO as sintering aid. The
two main types of chemical resistance of ceramics are: acid and alkali resistance. Despite the fact that
ceramics are generally more stable in corrosive environments than common metallic materials are, it
is important to investigate the chemical resistance under a range of conditions — from highly corrosive
conditions, for example in strong acid and a long period of exposure to mildly corrosive conditions.
Consequentially, the corrosion behavior of cold isostatically pressed (CIP) high purity alumina
ceramics in aqueous HNO3 solutions in a concentration range of 0.50 mol dm?, 1.25 mol dm™ and
2.00 mol dm™ with different exposure times — up to 10 days — has been studied. The influence of
temperature (25, 40 and 55 °C) on corrosion was also monitored in the solutions of the lowest
concentration of HNO3 (0.5 mol/L) with an exposure time of 48 hours. The results were obtained by
determining the mass concentration of AI**, Mg?*, Ca**, Na* Si*" and Fe** ions eluted in the HNO3
aqueous solution by means of inductively coupled plasma optical emission spectrometry (ICP-OES)
as well as comparing weight changes in every sample before and after exposure to the corrosive
mediums, measured by an analytical balance with the degree of precision of 107 g.
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Nanopowders of a new up-conversion materials, SrGd204 co-doped with different Yb** (1, 2.5 and 5
at%) and constant Er** (0.5 at%) concentrations were prepared by combustion method. X-ray powder
diffraction (XRPD) showed that nanoparticles have orthorhombic structure (Pnma), assigned to the
JCPDS Card No:01-072-6387. Rietveld refinement indicated a decrease in the size of the unit cell,
lattice parameters, and cell volume, due to successful doping of Yb*" and Er** ions into the host
structure. Transmission electron microscopy (TEM) revealed that obtained nanostructure is
composed of agglomerated nanoparticles, while energy dispersive spectroscopy (EDS) confirmed
uniform distribution of all constituting elements in them. Up-conversion (UC) luminescence spectra
measured in function of laser pumping power indicated that two-photon UC process is established in
nanoparticles as a result of the trivalent erbium f-f electronic transitions: two green emission bands
at 523 and 551 nm (*Hui12, *S3/2 — *L1512)as well as a red emission band at 661 nm (*Fo2 — *I1s2). The
rise of Yb** concentration from 1 to 5 at% provokes a significant change of the green to red ratio
showing the ability to fine-tuning the color output.
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In this investigation, down-conversion nanopowders of SrGd204 doped with different concentrations
of either Dy** or Sm*" ions were examined. All samples were prepared via glycine-assisted
combustion method, first burned at 500 °C for 1.5h and additionally calcined at 1000 °C for 2.5h, at
ambient room temperature. The XRD analysis confirmed that all samples crystallize as single phase
and the orthorhombic lattice SrGd204. TEM analysis determined high degree of crystallinity of
samples with grain size of approximately 200 nm for Dy*" doped and 150 nm for Sm*" doped
SrGd20a. For both samples SAED showed that diffraction rings correspond to the Akl plane indices
of SrGd:204, while EDS indicated presence of Dy in crystal structure. Results of luminescent
characterization demonstrated all appropriate emission peaks related to either Dy*" or Sm** dopant
ions. Investigation of dopant concentration revealed that the lowest values of both dopants have the
most prominent emission peaks, while coordinates obtained from the CIE diagram showed emission
shifting with the change of concentration.
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Bismuth ferrite (BiFeO3) is one of the most researched single-phase multiferroic materials. The Fe2O3
and Bi203 oxides were the starting materials for the synthesis of the single phase BiFeOs. The
preparation of BiFeOs was done by solid-state method with slight innovation: first, the oxides were
activated separately, not together as usual, by milling in the ball mill and second, the 1% olein acid
was added to Bi203 as a surfactant before milling, to prevent its granulation. The adding of the oleic
acid to Fe2O3 was not necessary, because it did not show granulation during milling. The activated
Fe203 and Bi203 powders were characterized by granylometric analysis after milling in two steps for
4.5 h. The obtained particle sizes were confirmed by SEM micrographs. Finally, prepared oxide
powders were mixed, homogenized and sintered. According to XRD pattern the final phase of Fe2Os-
Bi203 mixture sintered at 790°C for 4 hours was rhombohedral phase of the R3¢ space group (JCPDS
No. 86-1518) BiFeOs with less than 4% of Bi-rich secondary phase of Biz2sFeOuo.
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Figure 1. Particle size distributions of initial powders of a) Bi,Os and b) Fe,O;

52



IMEC2022 1% International Conference on Innovative Materials in Extreme Conditions
22-23 March 2022, Belgrade, Serbia

Energy landscape and crystal structure investigations of holmium(III) fluoro-
selenide HoFSe

Milan Peji¢'2, Dejan Zagorac'?, Jelena Zagorac'?, Tamara Skundri¢', Dusica Jovanovi¢?,
Branko Matovi¢!?

'Materials Science Laboratory, Institute of Nuclear Sciences “Vinca”, University of Belgrade,
Belgrade, Serbia
2Center for synthesis, processing and characterization of materials for application in the extreme
conditions “CextremeLab”, Belgrade, Serbia

Ternary rare-earth metal compounds that contain fluorine and selenium (MFSe) crystallize into
tetragonal PbFCl-type structures, with some trigonal and hexagonal exceptions. Also, new
modifications with different properties may be found under different pressure and temperature
conditions.

In order to theoretically predict new stable and/or metastable modifications of HoFSe, the following
methods were used. First, global exploration was performed on energy landscape using simulated
annealing with empirical potentials in software package G42+. Global optimization (GO) algorithm
was applied to 4 fold (4Ho + 4F + 4Se; 12 atoms total) and 6 fold (6Ho + 6F + 6Se; 18 atoms total)
formula units of HoFSe, and more than a million structure candidates were obtained this way.
Structures were then symmetrized, grouped according to which space group they belong, and then
compared with each other using an algorithm which we developed for this purpose (software
package KPLOT is used as a module for the required operations). Structure types were then sorted
by relevance criteria, such as ground state energy, number of found structures and symmetry.
Afterwards, only a couple of hundred of relevant structure candidates remained. For them, local
structural optimization was done on ab-initio level with different functionals (e.g. LDA, GGA-PBE
and B3LYP) using CRYSTAL software package. Some of the found structure candidates with
lowest ground state energy are shown in Figure 1.
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Figure 1. HoFSe structure types: (a) orthorhombic Pnma (space group 62), (b) tetragonal P4/nmm (space group 129).

Finally, E(V) (energy vs. volume) and H(p) (enthalpy vs. pressure) curves were calculated for
several possible structure candidates in order to determine the stable phase at a given pressure and
the transition pressures among the phases.

To better explore this class of ternary rare-earth compounds, further research on theoretical and
experimental level is needed — e.g. measuring and calculating electronic, mechanical, optical,
magnetic and other properties of compounds such as HoFSe. Also, performing global and local
optimization with larger number of atoms is needed to find even more relevant structure candidates
(such as polytypes).
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Mayenite (12Ca0O-7AL1203 or C12A7) is a complex nanoporous calcium-aluminum oxide that can
capture large concentrations of extra-framework species inside its cages (Figure 1.) It crystallizes in
the cubic crystal system belonging to the space group 1-43d with lattice constant of about 12A.
Within its crystal lattice there are six interstitial sites that can accommodate the following ions: one
oxide (0%), two chloride (CI’), two hydroxide (OH"), two hydride (H"), two fluoride (F"), one sulfide
(S*) or many other ones; some configurations give favorable encapsulation energy even for extra-
framework cations of the first periodic table group. In case the all interstitial sites are empty,
electride (C12A7:2¢") is formed, with electron charge of 1/3e” per cage (2¢” evenly distributed
among six cages).

(a) (b)
Figure 1. Mayenite cage with Ca-Al-O framework: (a) with inter-framework oxygen atom O*, (b) without inter-
framework species.

In this study we use ab-initio atomistic simulations to predict ground state properties — ground state
energy, encapsulation energies of extra-framework species, electronic density of states and
electronic band structure of C12A7 doped with selected cations from 1-st and 2-nd group of
periodic table of elements. Calculations are performed at the density functional theory (DFT) level
using Vienna Ab initio Simulation Package (VASP), Quantum Espresso (QE) and CRYSTAL
packages.

Influence of interstitial doping and cationic substitution by the selected elements on structural and
electronic features of C12A7, its electride and partial electride variants is studied under normal and
extreme pressure conditions. Energy vs. volume, and enthalpy vs. pressure curves of these complex
crystalline structures are determined in order to indicate stability and critical pressure of
transformation between the configurations (e.g. transition from intra-framework Ca”'/extra-
framework dopant to intra-framework dopant/extra-framework Ca** configuration).
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Corundum (a-alumina) is one of the most exploited materials in the ceramic industry due to its low
cost, and, importantly, due to excellent properties such as high strength and hardness, thermal
stability, high wear resistance, and high chemical stability at elevated temperatures [1]. The goal of
this paper is to explain the influence of the different sintering techniques on the properties of alumina
ceramics, which contain a considerable amount of waste alumina powder. The study focused on the
investigation of the conventional sintering and hybrid microwave sintering of alumina green bodies
in which the grain growth and densification were characterized after sintering. The waste alumina
powder, which is generated during machining of alumina green compacts and high-purity 99.99 %
alumina powder (0-AlO3, Alcan Chemicals, USA), were used as starting materials. The stable
concentrated aqueous alumina suspensions were prepared, and alumina green bodies were obtained
by the slip casting method. The dried green samples were then conventionally sintered by using an
electric furnace and by using a hybrid microwave sintering furnace. The used hybrid microwave
sintering atmospheric furnace consists of a 2.45 GHz microwave generator with a continuously
adjustable power output from 0 to 3 kW and external heating elements. The sintered samples exhibited
higher density values and larger grain size for the conventional, one-step sintering, while for the
hybrid microwave sintering lower density values and smaller grain size were observed. The slightly
lower density values can be explained by the fact that alumina is a very poor microwave absorber [2],
while smaller grain size can be explained by the fact that the rapid heating of microwave prevented
grain size growth.
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Dyes and pigments are used by many industries to color their products. In this study, we applied
two different kinds of waste materials: used radioactive sources and carbon waste tire char (WTC)
to study their simultaneous effect of irradiation/adsorption on dye degradation. Irradiation of
methylene blue (MB) by high energy y radiation derived from used radioactive sources in the
presence of carbon based material made of waste tire granules caused enhanced decoloration of the
MB. Delivered dose of y radiations differ depending on the type of isotope. The best decoloration
was achieved using ®Co isotope. Complete decoloration of 20 ml of MB solution having
concentration of 100 mg dm™ of WTC was achieved with delivered doze of only 60 Gy.
Decoloration of 90% was achieved after only 20 min while complete decoloration of MB solution
(100%) was obtained in the irradiated samples after only 100 min.

Processes that use ionizing radiation (o, B and y) for decoloration of dyes are characterized as
advanced oxidation processes which normally utilize a strong oxidizing species to break down the
macromolecules. High energy radiation in water medium can produce radiolysis of water i.e.
formation of several active species such as Hz, H202, H, OH", eaq, *OH and <H which are
responsible for chemical reactions in water solutions. The significance of this approach is, except
using waste materials for achieving enhanced degradation of organic pollutants in the solution,
avoiding the need for safe disposal and storage of waste radioactive sources. Also, less waste
material is generated at the end of the simultaneous irradiation/sorption process compared to the
pure sorption process.

Surface composition of WTC, needed to elucidate the key mechanism of synergism of MB
degradation, during the simultaneous adsorption/irradiation was obtained using FTIR and XPS
technique. OH" ions, that originate from radiolysis of water induced by gamma irradiation and from
the surface of WTC, play the crucial role in degradation of MB. MB molecule adsorbed at the
surface of WTC is electronically reorganized and as a consequence degradated via the opening of
the central aromatic ring containing both heteroatoms, S and N. OH™ ions produced by water
radiolysis also cause degradation of MB molecules in the solution.The synergetic effect is a result
of the attack of ‘OH radicals on electrostatic reorganized MB molecule adsorbed on surface of
carbon material. Opening of central aromatic ring of MB firstly appeared in cleavage of the double
C-S™=C bond and then cleavage of double N=C bond.
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In the last two decades, cobalt ferrite (CoFe2O4, CFO) has attracted extensive attention due to its
applicability in data storage, catalysis, energy, environment, and in particular, biomedicine. To
further extend applicability and improve understanding of fundamental processes, the present work
investigates the influence of heteroatoms on physicochemical properties of CFO. Solvothermal
method was used for designing a non-agglomerated particles with uniform morpho-structural
properties. The physicochemical properties of Zn** and Ga*" substituted CFO nanoparticles were
examined (Cog-xZnxFe20s4 and CoGaxFerx)Os; x=0, 0.1, 0.3 and 0.5). In order to isolate the
contribution of heteroatoms, the synthesis condition were optimized to allow preparation of non-
agglomerated particles with the narrow particle size and shape distribution, including the constant
amount of capping agent. The X-ray diffraction (XRD) measurements confirmed the presence of
pure cubic spinel phase in all samples, while the transmission electron microscopy (TEM) showed
sphere-like nanoparticles with a mean diameter of 61 nm. The amount of adsorbed oleic acid on
the surface of the nanoparticles, determined by thermogravimetric (TG) analysis, is 22-28 %, which
indicates the formation of a complete monolayer of surfactant. The FT-IR analysis substantiated the
presence of oleic acid on the surface of the nanoparticles and discovered its covalent bonding to the
metal atoms. Substitution of host-atoms was also confirmed by Raman spectroscopy. Magnetic
measurements revealed the influence of heteroatoms on saturation magnetization and magnetic
anisotropy, showing for all the samples superparamagnetic behavior at room temperature. The
substitution of Co*" and Fe*" ions with Zn?* and Ga**, respectively, leads to the change in chemical
composition and cationic distribution of CFO and consequently to variation of its magnetic
properties that can be tuned for different applications.
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By in situ precipitation of nano-CeO:2 at room temperature, nanopowdered Ce;xPbxO2- solid
solutions (x=5—30) were synthesized. X-ray powder diffraction was used to study the lead solubility
in ceria lattice. The results reviled that synthesized powders were single-phase with Pb solubility up
to 30%. The thermal stability of the samples was investigated by thermal analyses (DTA-TG). All
the solid solutions were stable at 600 °C, while at 900°C, samples doped up to 15% were stable.
Also, pH-dependent resistance to leaching was estimated, and Pb releasing from ceria lattice
decreased with increasing pH. The precipitation procedure provides a simple strategy for
implementing Pb(II) into ceria lattice, widening the range of possible applications.
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Figure 1. XRPD of Ce;.,Pb,O,5solid solutions (x=0.05—0.3)
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Various machinery, especially equipment operating in harsh conditions such as marine
environment, face severe damage during their usage. Hence, there is an urgent need for protective
coatings, so they can work properly for a longer period. While transition metal nitride (TM-N)
coatings are conventionally used for protection, CrN coatings are among the most widespread due
to their outstanding properties. Nevertheless, because of its high friction coefficient, it is not
appropriate for usage in extreme conditions. However, several previous studies have shown that the
CrN complex can significantly improve its performance when Si is implemented. As it is suggested,
the CrSiN coating is comprised of two phases, where the nanocrystalline CrN is embedded in the
Si3N4 amorphous matrix. Within this study, we conducted the first investigation of the bulk Cr2SiNa
[1], since only CrSiN in thin films surveys were reported in previous experimental studies. In order
to get insight into the structural stability of the possible phases existing in this system, we have
performed global explorations of the energy landscape of the bulk Cr:SiNs using simulated
annealing with an empirical potential [2,3], combined with data mining and the Primitive Cell
approach for Atom Exchange (PCAE) method [4]. Ab initio structural refinement confirmed several
structure candidates on both the GGA-PBE and the LDA-PZ levels of calculation. The Global
Optimization (GO) yielded five candidate structures possible to be observed at extreme conditions
of temperature and/or pressure. The first of these structurally promising modifications appear in
space group P21/m (no. 11) and is denoted as nf1-Cr2SiNs-type. The following structure candidate
is referred to as nf2-Cr2SiNs-type, nf3-Cr2SiNa-type, nf4-Cr2SiNa-type, and the last modification
within this group according to the total energy ranking is referred to as nf5-Cr2SiNs-type and
crystallizes in space group P-/ (no.2). After performing full structural optimization on the ab initio
level using the GGA-PBE functional, data mining-based searches yielded several structure
candidates likely to be detected at extreme conditions. The first modification is denoted as
CazRuOs-type, followed by HgC:0s-like, CaxlrOs-type, CaB20s-like, and Mn2SnSs-type,
respectively. Finally, the Primitive Cell for Atom Exchange (PCAE) method generated three
alternative structure candidates with two of them likely to be found at extreme conditions. Due to
the exceptional properties of CrSiN coatings, presented in previous studies, further investigation of
this ternary system is of crucial importance to determine the properties of these newly discovered
phases as well as possibilities for industrial and technological applications.
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Silicon borides are lightweight ceramics and are regarded as the most elusive refractory compounds.
Owing to their remarkable features, represent very appealing industrial materials for research.
Although silicon hexaboride is discovered at the beginning of the XX century, there is a
surprisingly limited number of studies on the elastic and mechanical properties of SiB¢, both in
theory and experiment. in order to investigate the properties of this compound, first we have
undertaken calculations using the ab initio minimization data mining approach [1,2] combined with
the PCAE method [3], and several promising structure candidates have been found referred to as a-
SiBe, B-SiBe, and y-SiBs modifications. For these most relevant modifications, elastic constants Cij
have been calculated using GGA-PBE and LDA-PZ approach and were compared to previous
theoretical data. Cubic y-SiBs modification has only three independent elastic constants which are
in very good agreement with available theoretical data. Using the elastic constants, mechanical
stability was investigated and the results suggest instability in the cubic y-SiBe¢ structure, which is
also in agreement with previous theoretical studies. Elastic constants for the a-SiBe¢ phase are
reported for the first time and indicate the mechanical stability of this phase. The last one, the -
SiBe phase has a lower orthorhombic symmetry and a larger number of independent elastic
constants that were calculated using both the LDA and GGA approach and the results agree well
with previous studies. According to the calculated results, the B phase is mechanically stable that
also concurs with previous studies. Within this study, the bulk modulus B, Shear modulus K,
Young’s modulus E, Poisson’s ratio v, and Pugh’s criterion B/K for these modifications have been
calculated [4]. According to the calculated Poison’s ratio and Pugh’s criterion (B/K) using both
GGA and LDA methods, it can be assumed that the -SiBes phase will have a brittle character, while
o and y-phase seem to be ductile. As it was suggested from several earlier studies that SiB6 has
excellent potential as high-temperature material, and it has been considered as a material with the
ability to operate in extreme environments, further research of this compound is required.
Investigation in detail of these newly discovered phases and their properties is of great importance
in order to find new possibilities for future industrial and technological applications.
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One of the most responsible elements of modern steam boilers are steam superheaters and reheaters.
These heating surfaces are inside the boiler chamber and consist of tubes connected to the inlet and
outlet header. Due to the complexity of service conditions, boiler tubes are exposed to processes of
gradual degradation, and consequently a decrease in operating performance and reliability.

In the operation of thermal power plants, irreversible metal losses resulting from corrosion can
cause tube failure and plant outage. Considering the loss of materials, gas corrosion in the dry gas
atmosphere due to the high temperature is of great importance. Gas corrosion can be expressed in
the boiler tubing system due to the presence of sulfur compounds in the flue gases. For this reason,
it must be borne in mind that the outer surface of a tube of final reheater has different damage
mechanisms during operation, and one of them is gas corrosion. Gas corrosion causes material loss
and provides a site for crack initiation and propagation, which can compromise the integrity of the
pressure vessel.

In this paper, a tube of a final reheater from a 210 MW power plant was tested. The tube was in
service 200,000 h at a working temperature of 540 °C and a maximum working pressure of 4.6
MPa. The tube is made of low alloy Cr-Mo-V steel, class 12HIMF (GOST). After long-term
service, a rough surface and loss of the material in the form of a crater were observed on the outer
surface of the tube as a result of the effect of gas corrosion, together with the change of
microstructure due to elevated service temperature. The measured depth of damage to the tube is
120 pm. The presence of gas corrosion on the tube was confirmed and measured by an optical
microscope, Figure 1.

Figure 1. The microstructure of an outer surface of the reheater tube after 200,000 h of service
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Luminescent materials emit radiation when exposed to various types of excitation (ultraviolet
radiation, X-rays, electron beam, etc.) and can be comprised of a host lattice with dopant as an
activator. One of the extensively investigated luminescent materials is monoclinic Ln2MoOs due to
its high thermal stability. In this study, we investigated Ln2MoOs with different concentrations of
Er*'/Yb®" concentrations synthetized at temperatures up to 1200°C. The obtained powders were
examined by X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron
microscopy (TEM) and photoluminescence spectroscopy (PL). The results revealed that all powders
are single phase Lno2MoOe, with particle size in the nano range at lower treatment temperatures (up
to 800°C) and in the micro range at higher calcination temperatures (up to 1200 °C). Both
Y2MoOs :Yb*'/Er** and Gd:MoOs : Yb*'/Er** show double emitting luminescence two green
emission bands at 525 and 546 nm (*Hi1/2, *S32 — *l1s512) as well as a red emission band at 657 nm
(*Forz — “Iisi2). It can be concluded that increase of Yb** concentration leads to change of the green
to red ratio showing the ability for fine-tuning of the color output.
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