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Selective ion-exchange sorbents for caesium extraction
from alkaline radioactive solutions. Review
V. A. Ivanov, S. I. Kargov, O. T. Gavlina
Lomonosov Moscow State University, the Faculty of Chemistry,
GSP-1, building 3, 1 Leninskiye Gory, Moscow 119991, Russian Federation
Abstract
This review covers studies dedicated to the search for and development of sorbents for the extraction of the caesium-137 radioactive
isotope from highly mineralised, highly alkaline solutions that are waste products of nuclear plants. This isotope with a half-life of 30.2
years is one of the most significant contributors to the radioactivity of the waste. It was shown that phenolic sorbents play the key role in
caesium extraction from such solutions, they are able to exchange ions on phenolic groups in alkaline solutions, exhibiting high selectivity
to caesium against large amounts of sodium and potassium ions. The sorbents make it possible to filter large solution flows, as well as to
elute concentrated caesium quantitatively and rapidly with a small volume of acid. We compared the selectivity of sorbents obtained by
the condensation of phenol and diatomic phenols with formaldehyde as well as modern materials obtained by the condensation of
calixarenes and resorcinarenes with aldehyde. It was shown that the latter do not have any advantage in selectivity and are of lower
chemical stability. Therefore, resorcinol-based materials are considered the key element in solving the problem of extracting the caesium-137
isotope from alkaline solutions. We analysed the current state of the problem. This article explains the nature of the high selectivity of
phenolic sorbents for caesium ions and why the special arrangement of functional groups of calixarene and resorcinarene resins does not
result in increased selectivity as compared with conventional phenol- and resorcinol-based materials.
Keywords: caesium-137 isotope, highly mineralised alkaline solutions, ion exchange, sorbtion, selectivity, resorcinol-formaldehyde resin,
calixarene, resorcinarene
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Influence of magnetron sputtering conditions on the structure and surface morphology of In Ga, As thin films
on a GaAs (100) substrate
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Abstract
We present the results of the study of the structure and surface morphology of In Ga,_As thin films on a GaAs substrate. Thin films were
obtained by magnetron sputtering from a specially formed In_,Ga , As target in an argon atmosphere.
The obtained samples of thin films were studied by Raman scattering, atomic force microscopy, scanning electron microscopy, and energy-
dispersive X-ray spectroscopy. It was shown that the grains of the films obtained at a substrate temperature below 600 °C were not faceted
and were formed through the coalescence of grains with a size of 30-65 nm. At a substrate temperature of 600 °C, films consisted of
submicron grains with a visible faceting.
It was determined that the average grain size increased and the root-mean-square roughness of thin films decreased due to an increase
in the substrate temperature. Thin films obtained at a substrate temperature of 600 °C possessed the best structural properties.
Keywords: Magnetron sputtering, Thin films, Raman scattering, Surface morphology, A3B° compounds
Funding: The study received financing within the framework of state order of the Federal Research Centre Southern Scientific Centre of
the Russian Academy of Sciences, state registration number 122020100326-7. It was conducted utilising the equipment of the centre for
collective use of the North-Caucasus Federal University and supported by the Ministry of Science and Higher Education of Russia, unique
project identifier RF-2296.61321X0029 (agreement No. 075-15-2021-687).

KonTeHT moctynen nop auieHsueit Creative Commons Attribution 4.0 License.

397



KoHpeHcrpoBaHHble cpeabl M MexdasHble rpaHuubl / Condensed Matter and Interphases 2022;24(3): 397-403

AHHOTaLI,l/IM Ha aHIMUCKOM 5i3blKe

Acknowledgements: The authors express their gratitude to NCFU for their help within the competition for supporting projects of research
teams and individual researchers of the North Caucasus Federal University.

For citation: For citation: Devitsky O. V., Zakharov A. A., Lunin L. S., Sysoev I. A., Pashchenko A. S., Vakalov D. S., Chapura O. M. Influence
of magnetron sputtering conditions on the structure and surface morphology of In Ga,  As thin films on a GaAs (100) substrate. Condensed
Matter and Interphases. 2022;24(3): 300-305. https://doi.org/10.17308/kemf.2022.24/9851

nsa uyumupoeanus: Jesuuxnii O. B., 3axapos A. A., Jlyaun JI. C., CoicoeB . A., ITamenxko A. C., Bakanos [I. C., Yanypa O. M. Bnusinue
YCIOBMII MarHeTPOHHOTO PacIbUIEHMsI HA CTPYKTYPY M MOP(OJIOTMIO MOBEPXHOCTY TOHKMX IIEHOK In Ga, As Ha momyoxke GaAs
(100). KoHdeHcuposatHsie cpedot u mexcpasHole eparuyst. 2022;24(3): 300-305. https://doi.org/10.17308/kemf.2022.24/9851

Research article

https://doi.org/10.17308/kemf.2022.24/9852

Synthesis of magnetic chromium substituted cobalt ferrite Co(Cr Fe, ),0, adsorbents for phosphate removal

Qui Anh Tran' 2, Nhat Linh Tran'? Dang Khoa Nguyen Anh' % Quynh Nhu Le Thi" 2, The Luan Nguyen'?,

Huu Thinh Pham Nguyen'?, Anh Tien Nguyen?, Quoc Thiet Nguyen*, Tien Khoa Le!?

Faculty of Chemistry, University of Science,

Ho Chi Minh city, Vietnam

?Faculty of Chemistry, University of Science, Vietnam National University,

Ho Chi Minh City, Vietnam

3 Faculty of Chemistry, Ho Chi Minh City University of Education,

Ho Chi Minh City, Vietnam

“Institute of Applied Materials Science, Vietnam Academy of Science and Technology,

1B TL29 District 12, Ho Chi Minh City, Vietham

Abstract

In this work, we aimed to prepare chromium substituted cobalt ferrite Co(Cr Fe, ),0, powders by a simple coprecipitation-annealing
method with different Cr contents to create novel magnetic adsorbents for the removal of phosphate ions from water. The effects of Cr
substitution on the crystal structure, phase composition, morphology, surface atomic composition, surface area and magnetic properties
of our adsorbents were investigated by X-ray diffraction, scanning electron microscopy, energy-dispersive X-ray spectroscopy, Brunauer-
Emmett-Teller nitrogen adsorption-desorption and vibrating sample magnetometry. According to the results, all our Co(Cr Fe, ),0, samples
exhibited higher phosphate adsorption than CoFe,O, powder but their magnetic properties were reduced for increasing Cr substitution.
Among them, the Co(Cr,Fe,..),0, sample was found to be the most promising material since its magnetic properties are still high to
allow it to be easily separated from the solution and its maximum P adsorption capacity (according to the Langmuir model) was estimated
to be 4.84 times higher than CoFe,0,, which can be attributed to the presence of Cr** ions on the surface and the enhanced surface specific
area of this substituted sample. Moreover, the adsorption data of Co(Cr,,Fe,..),0, sample also fitted well to the pseudo second order
kinetic model, revealing the adsorption rate constant of 0.87 mgP-'s™, two times superior to CoFe,O,.
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Abstract

The purpose of our study was to analyse the effect of the moisture content in benzoic acid on the electrical conductivity of its melts.
The measurements were performed using impedance spectroscopy in a hermetically sealed metal cell with the temperature of the melts
being 160-200 °C. Samples of benzoic acid with different moisture content were used: (i) as-received benzoic acid; (ii) acid dried over
anhydrous calcium chloride; (iii) acid exposed to air at 100 % relative humidity.

The study demonstrated that electrical conductivity increased with an increase in the amount of moisture in the acid (the conductivity
of the sample with the highest moisture content was about 2.5 times higher than that of the driest sample).

The results obtained are of importance for understanding the mechanisms of proton exchange processes on lithium niobate crystals and
can be used for the production of proton-exchange waveguides with stable characteristics.

Keywords: electrical conductivity, benzoic acid, melt, moisture, proton exchange
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The influence of the structure of carbon nanotubes in the polymer matrix on interfacial effects in nanocomposites
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Abstract

It is now a well-known fact that interfacial effects play a decisive role in the formation of the properties of polymer composites on the
whole and nanocomposites in particular. Therefore, this article investigates the relations between the structure of carbon nanotubes in
the polymer matrix of a nanocomposite and the level of interfacial adhesion which is characterised by dimensionless parameter b,

It was shown that carbon nanotubes form ring-like structures, which are analogous to macromolecular coils of branched polymer chains
and represent a specific type of aggregates for nanofillers of this type. Such ring-like structures can be geometrically described either by
a full circle (“closed” structures) or by a part of it (arc) (“open” structures). The amplification of the aggregation process of carbon nanotubes
characterised by a decrease in the radius of the ring-like structures is accompanied by a decrease in the fractal dimension of their surface
compared to the nominal maximum value. When the ring-like structures reach the smallest possible (about 130 nm) radius, their surface
is perceived by the polymer matrix as absolutely smooth, i.e. with a dimension of d=2. This determines the transition of the level of
interfacial adhesion from nanoadhesion to perfect adhesion by Kerner. The nanoadhesion effect allows significantly improving the properties
of polymer/carbon nanotube nanocomposites. The nanoadhesion effect only takes place if the surface of the ring-like structures of
nanotubes is fractal.

Parameter b , which characterises the level of interfacial adhesion in polymer nanocomposites, linearly increases with an increase in the
fractal dimension of the surface of carbon nanotube aggregates. In this case, the highest attainable nominal dimension of the nanotubes
surface, equal to ~ 2.85, is only achieved for “open” ring-like structures. The proposed analytical methods make it possible to predict both
interfacial characteristics and the properties of polymer/carbon nanotube nanocomposites.

Keywords: nanocomposite, carbon nanotubes, ring-like structures, aggregation, interfacial adhesion, surface, fractal dimension
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Abstract

The study of the chemical and physical processes of solidification of polydisperse cement systems until now is based predominantly on
empirical approaches. The phenomenological analysis of the interrelation of structure coefficients of set cement systems at the microlevel
with their physical-mechanical properties was proposed as one of scientifically-practical approaches to control of physical and chemical
processes of structure formation of controlled-quality concretes. The comparison of the quantity indicators of a microstructure of cement
rock and its functional properties can be used for the estimation of structural modifications with a variation in the composition of cement
systems. The aim of the study was to obtain quantitative data of the structural-phenomenological analysis of set cement systems for
determination of interrelation of microstructure indexes with their physical-mechanical properties.

For the analysis of the structure of cement systems we used fractal geometry and the theory of passing (percolation)-based methods as
well as modern modelling methods and scanning electronic and atomic-power microscopy. Fractal index D and micro-coarseness index S
were used for a quantitative estimation of the microstructure of cement rock obtained without an additive and with an organomineral
additive. These indexes were compared with the properties of cement rock determined during standard physical-mechanical trials.

The calculation of microstructure indicators and determination of the optimal content of the components of the organomineral additive
allowed increasing the understanding of the fractal-cluster mechanism of self-organization of cement systems, taking into account the
topology of particle distribution. The interrelation between the D and S indicators, compressive resistance and the density of the cement
stone was shown. The higher fractal parameter and a relatively low level of micro-coarseness were indicators of the material with improved
physical-mechanical properties. The monitoring of changes of D and S indicators can be used to control the structural formation processes
of cement systems.

Keywords: Polydisperse cement systems, Fractal-cluster microstructures, Electron microscopy, Fractality, Micro-coarseness, Physical-
mechanical properties
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Phase equilibria in the MnTe-MnGa,Te,~MnlIn,Te, system

F. M. Mammadov'”, S. Z. Imamaliyeva', Ya. I. Jafarov?, I. B. Bakhtiyarly', M. B. Babanly'

!Institute of Catalysis and Inorganic Chemistry n.a. M. Nagiyev of the Azerbaijan National Academy of Sciences,

113 H. Javid av., Baku Az1143, Azerbaijan

?Baku State University,

23 Z. Khalilova str., Baku Az1148, Azerbaijan

Abstract

A family of compounds with the general formula AB,X, (A - Mn, Fe, Co, Ni; B - Ga, In, Sb, Bi; X - S, Se, Te) and complex phases of variable
compositions based on them are among promising functional materials with thermoelectric, photoelectric, optical, and magnetic properties.
In this article, we continued the study of multi-component systems based on the chalcogenides of transition metals and presented the
results of the study of phase equilibria in the MnTe-MnGa,Te,~MnlIn,Te, system using differential thermal analysis and X-ray phase
analysis.

Based on the experimental results, we built the polythermal cross sections MnTe-MnGalnTe, and MnGa,Te,~[A] (where [A] is a biphasic
alloy of the 2MnTe-Mnln,Te, side system of the 50.0 mol% MnlIn,Te, composition) as well as an isothermal section of a phase diagram at
800 K and a projection of the liquidus surface. It was established that the liquidus consists of the fields of primary crystallisation of 4
phases: 1 - Mn-ht; 2 - phases based on various modifications of MnTe; 3 - v,; 4 - v,. We also identified types and coordinates of non-variant
and monovariant equilibria.

Based on triple compounds (MnGa,Te,, MnIn,Te,), we determined wide regions of solid solutions that are of particular interest as magnetic
materials.

Keywords: Manganese-gallium telluride, Manganese-indium telluride, Phase diagram, Liquidus surface, Solid solutions, Magnetic materials
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Abstract

The purpose of our study was to develop an optimal procedure for the synthesis of the B-phase of gallium(III) oxide with a high degree of
chemical purity. Based on the analysis of the possible synthesis methods of the f3-phase of gallium(III) oxide, we suggested a procedure
which uses gallium(III) nitrate crystallohydrate as a precursor for obtaining the final product. The article demonstrates that during the
synthesis of gallium(IIl) nitrate by means of direct interaction between metallic gallium and concentrated nitric acid, a hygroscopic
crystallohydrate is formed with the formula Ga(NO,).- 9H,0.

Powders of the B-phase of Ga,O, were synthesised by means of the thermal decomposition of gallium(III) nitrate in an oxygen atmosphere.
Electron probe microanalysis (EPMA) and X-ray phase analysis (XRD) were used to determine the quantitative chemical composition,
stoichiometry, and crystal structure of the gallium(III) oxide samples synthesised at different temperatures. The EPMA of the powders
calcinated at temperatures T, = 500-950 °C demonstrated that the ratio of the elements was constant and corresponded to the
stoichiometric composition of Ga,0,. A comparative analysis of the X-ray diffraction peaks demonstrated that with an increase in the
decomposition temperature within the range T = 500-950 °C, the symmetry of the structure of the Ga,O, powders decreased from the
cubic to the monoclinic. The study also determined that the samples of gallium(III) oxide synthesised at T, =950 °C are single-phase
and consist entirely of the monoclinic B-phase. The XRD data was used to calculate the crystal lattice parameters of the samples of the
B-phase of Ga,O, synthesised at T, =950 °C.

Keywords: Gallium (III) oxide, Gallium (III) nitrate, Polymorphous modifications, Stoichiometry, Crystal structure, Monoclinic crystal
system, Lattice parameters
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Abstract

With the use of light-curing Bis-GMA (Bis-phenol-A glycidylmethacrylate) adhesive and nanocrystalline carbonate-substituted calcium
hydroxyapatite (nano-cHAp), corresponding by an aggregate set of characteristics to the apatite of human enamel and dentin obtained
from the biogenic source of calcium — egg’s shell of birds biomimetic Bis-GMA/nano-cHAp adhesives were synthesized.

Introduction and distribution of nano-cHAp filler in the adhesive matrix as well as its interaction with molecular groups of the latter one
resulted in the change of chemical bonds that was evidenced by the data of Fourier transform infrared (FTIR) spectroscopy. In summary,
for the specified nanofiller concentration increased values of Vicker hardnesses (VH) and degree of conversion were attained simultaneously
while light curing of Bis-GMA/nano-cHAp adhesive.

This result would provide a considerable influence on the following application of the developed biomimetic adhesives and clinical successes
of teeth restoration with the use of these composites.

Keywords: Biomimetic strategies; Nanodentology; Calcium hydroxyapatite; Adhesives
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Abstract

It is well known that below a certain temperature (T), local displacements of individual atoms from their original positions occur in
ferroelectric crystals with incommensurate phases. They form a spatial wave with a length of A, which is incommensurate with the lattice
period g, i.e. the A/a ratio is irrational. The wavelength increases as the temperature decreases. Near the phase transition temperature T,
it reaches a length comparable to the size of the ferroelectric domains, as in the model rubidium tetrachlorozincate crystal (Rb,ZnCl,).
In ultrafine Rb,ZnCl, crystals, the increase in 2 is hindered by the size of the crystallite. Therefore, the physical properties of nanocrystalline
rubidium tetrachlorozincate are expected to be considerably different from those of the bulk sample.

One of the methods for producing nanosized ferroelectric materials is a method based on embedding the material from a solution into
porous matrices with nanometre-sized through-pores. We applied this method to study the effect of the size of ultrafine rubidium
tetrachlorozincate crystallites on its dielectric properties and the phases occurring in the nanocrystallites.

For the experiment, we used samples of polycrystalline Rb,ZnCl, and composites obtained by incorporation of Rb,ZnCl, salt from aqueous
solution into porous silicon oxide matrices with an average through-pore diameter of 46 and 5 nm (RS-46 and RS-5, respectively). The
temperature dependencies of their dielectric permittivity were studied within the range of 100 to 350 K. We determined the temperatures
of transition to the incommensurate (T}) and ferroelectric (T,) phases, as well as the mobility deceleration temperatures of ferroelectric
domain boundaries in rubidium tetrachlorozincate nanocrystallites in the RS-46 composite. In Rb,ZnCl, particles in the RS-5 composite,
only the transition to the incommensurate phase occurs. In contrast to the bulk material, it shows features of the first-order phase transition.
Keywords: Incommensurate phase, Composite, Porous glass, Ferroelectric phase transition, Dielectric permittivity
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Abstract

The article presents a comparative study of the surface properties of silica and alumina nanoparticles synthesized by various methods.
Using the IR spectroscopy we demonstrated that the synthesis method affect the surface properties of nanoparticles while maintaining
the phase composition of the material. The article demonstrates the relationship between the types of surface sites, their strength, and
the interaction of nanoparticles with the dispersed medium. In particular, a significant difference was observed in the strength of the
active sites for all samples, which was reflected in the rheology of nanofluids based on epoxy resin. This demonstrates the importance of
accurate descriptions of the surface properties of nanoparticles, as they determine their interaction with other materials.

The article also considers the possibility to evaluate the intensity of the particle-medium interaction based on the fractal dimension. Our
study showed that it varies significantly depending on the synthesis method. The article discussed the possibility to determine the intensity
of the particle-medium interaction using the values of the nanoparticle’s zeta potential and the interfacial layer.

Keywords: nanoparticles, surface sites, interfacial layer, zeta potential, nanoparticle synthesis
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Abstract

The aim of the study was to establish the influence of the method of formation of the CoFe,0,/nontronite nanocomposite on its structure
and properties.

Impurity-free nanoparticles of cobalt ferrite CoFe,0, (XRD), close to spherical in shape, with a predominant particle fraction in the range
of 8-20 nm (TEM), were synthesized using the citrate combustion method. The formation of the CoFe,O,/nontronite nanocomposite was
carried out by two methods: mechanical mixing of available precursors followed by annealing and combustion of iron-cobalt citrate with
the formation of spinel in the presence of nontronite in the reactor.

The CoFe,0, /nontronite nanocomposite formed by the first method is characterized by the decomposition of natural aluminosilicate
aggregates and a higher sorption activity with respect to formaldehyde than the original clay mineral and spinel. The second method of
composite formation leads to the formation of coarse-grained silica structures with worse sorption activity in comparison with natural
aluminosilicate and CoFe,0,.

Keywords: Nanocomposite, Citrate combustion method, Cobalt ferrite, Aluminosilicate
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Abstract

Increasing the efficiency of upconversion luminophores is an important problem in materials science. Here we report on approach of use
of disordered crystals namely solid solutions BaY, [Lu ,F, doped with Er* ions to improve spectral characteristics and efficiency of
upconversion from near IR spectral region. It is shown that investigated compound provide up to 9.4% of external energy yield of the up-
conversion luminescence at an excitation power density of 6 W/cm? at 1532 nm for the 10 at.% of Er** doping. Also the investigated crystals
of BaY Lu, F :Er* allow the control of the CCT parameter in the range of 2384-5149 K by changing the concentration and power density

0.2” 8°
of the exc1tat10n Advantages revealed in this work for crystalline compounds BaY, ,Lu  ,F,:Er* such as wide absorption bands in the infrared

spectral range, a high external energy yield, and a controllable distribution of 1nten0521t§1 of luminescence bands makes them prospective
to improve the efficiency of double-sided solar cells.
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