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Abstract

A mini-review on obtaining methods of boron carbide based titanium-containing
nanocomposite materials is presented. Due to their unique physical-mechanical properties, such
materials have a wide field of technological applications.

Boron carbide-based ceramic materials are actively used in machine-building, nuclear
power engineering, and ballistic armor production as well. This is due to the boron carbide
unique physical-mechanical properties: high hardness, high melting point, and high modulus of
elasticity, as well as high wear-, corrosion- and radiation-resistances, etc. In addition, boron
carbide has the ability to absorb or transmit thermal neutrons depending on boron-isotopic
composition since the capture cross sections of thermal neutrons by boron stable isotopes °B
and !'B differ from each other too significantly — by seven orders of magnitude. Among the
currently used in technologies hard materials, boron carbide has the highest hardness-to-
density ratio [1].

These properties make boron carbide attractive for the manufacture of abrasives and
grinding materials, friction pairs in moving parts and machine units working in extreme
environments and also nozzles for surface treatment with fluid abrasives, protective coatings (in
particular, for the boronizing of steels and refractory metals), light ballistic armors, synthesis of
nuclear industry materials (for example, manufacture of the nuclear reactors control rods),
neutron detectors; etc.

Besides, there are developed various boron carbide-based thermoelectric converters,
boron-carbide/graphite thermocouples, as well as nonlinear resistors. But, at the present time
despite its attractive electronic properties boron carbide as a semiconductor material is used
relatively rarely. The point is that the preparation of samples of sufficient for this purpose
purity is associated with additional difficulties.

As for the superhard boron carbide based composite materials, they can be used for
manufacturing indenters and tools for processing other solid materials, and the like.

However, the field of possible applications of boron carbide is significantly narrowed
due to its brittleness and low stability against the cracks formation. Today, materials science
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with these disadvantages is struggling with the creation of nanocrystalline structures of
heteromodular, quasibinary, and multicomponent boron carbide based ceramic and/or
metalceramic materials.

As is known, in general the creation of materials with nanostructure laid the foundation
for the development of a new class of materials with unique complexes of properties. But, for
boron carbide based materials in this direction significant results have not been achieved yet.
Therefore, it is interesting to establish how physical-chemical and physical-mechanical
properties, and also the performance characteristics of these materials are changed in the
transition from crystalline state to nanocrystalline state by varying their morphological
parameters.

Heteromodular ceramics successfully combine a high-modulus ceramic matrix with
additional components in form of particles or fibers with a much lower modulus of elasticity. In
other words, in these materials, the hardness and wear resistance of the ceramic matrix are
combined with the impact strength and ductility of binder metal or alloy. It is known that
brittle compounds such as carbides, nitrides, and part of borides are characterized by low
thermal stability and impact strength and these characteristics can be improved by adding low-
modular phases in matrix. In the seminal work [2], on the basis of continuous medium and
micromechanics theories it was shown how it is possible to significantly improve the properties
of the high-temperature structures with low stability against thermal stresses by introducing
the dispersed phases with low modulus of elasticity.

The high stability of heteromodular ceramics against to external influences is due to the
peculiarity of easy absorption and / or transmission of energy released during the formation of
cracks in their structure. In addition, they effectively dig up the front of the developing crack
and / or divert it from the initial direction of propagation.

The creation of a boron carbide based heteromodular material is possible if:

- the starting material is finely dispersed, and
- the good adhesion of the metal binder to the boron carbide surface is combined with its
low chemical reactivity.

So, to create effective boron carbide based nanocomposites, it is essential to know how to
manipulate by the mechanically and thermally separating surfaces. If the assembling of the
ceramic component (i.e. boron carbide) is carried out in the nanocrystalline state, the physical-
mechanical properties of the material will be qualitatively improved. This is because the
contribution of the surface layers will be decisive in the energy balance of the system. Under
these conditions, the spectrum of atomic vibrations will change radically affecting diffusion and,
in general, all the transport phenomena. Accordingly, the quality of adhesion relative to passive
components will be also improved significantly.

An additional obstacle to the wider application of the boron carbide attractive properties
is the complexity of the compacting of its powders. To this day, the main approach to the
obtaining sufficiently dense samples of boron carbide based materials is their high-temperature
(above 2000 °C) pressing. However, in this way it is possible to obtain only samples of small
sizes and simple geometric shapes. At such temperatures the process of agglomeration of the
boron carbide crystallites is rather intense. Accordingly, the preservation of the nanostructure
in consolidated samples is complicated and the quality of the material is deteriorated.
Proceeding from this, it seems expedient to search for such assembling processes of boron
carbide based nanocomposites, which will be carried out at relatively moderate temperatures.

8 https://doi.org/10.52340/ns.2020.01
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Creation of boron carbide based quasibinary and multicomponent ceramic nanosystems
will allow maintaining high hardness of this material simultaneously improving its toughness
and maximizing the sintering temperature, which will ensure the creation of large-sized
machine parts and units of complex shapes.

From number of boron carbide-based ceramic and metalceramic systems, the most
promising, respectively, are titanium-containing metal alloys and boron carbide alloys with
titanium diboride TiB2: B4C-TiB2. This paper presents a mini-review of developments in
technologies for their obtaining.

Methods for preparing eutectic alloys of boron carbide and titanium diboride Bs«C-TiB2
are widely known. An example of obtaining a eutectic Bs«C-TiB: alloy was presented in [3]. This
composite was also obtained in situ by consolidation directly from a mixture of powdered
components [4]. In particular, the material containing 10 — 40 % of TiB: was obtained by
reacting B«C, TiO2, and C (graphite) powders with the traditional sintering method at a
temperature of > 2000 °C and a pressure of 35 MPa. In this case, the TiB2 nanosized particles are
located both within B4C matrix grains and at their boundaries as well. Also the spark-plasma
synthesis was used for hot pressing [5]. By the combination of pressing with reaction-synthesis,
it is possible to reduce the consolidation temperature by 200 — 400 °C [6]. But, it still remains
quite high. The B4«C-TiB: eutectic powder composite was prepared [7] by plasma treatment
using a mixture of B4«C and TiB2 powders for starting materials. This mixture was fed by argon
flow in the plasma discharge region, where its components were fused. The powder passed
through the plasma contains crystals both of B«C and TiB2 and additional phase of boron oxide
B20:s. In relatively large-sized particles (above 10 um), a plate-structured eutectic was observed,
where the phases separation ranges from 100 to 650 nm. A common disadvantage of the above-
mentioned technologies is that they are not able to provide product in a nanocrystalline
structure.

In the literature, one can find extensive information on such boron carbide based
materials, which contain different (usually metallic) additional elements, their oxides, borides
and other compounds: Al [8 — 11], Cr [12 — 14], Fe [15 — 19], Hf [20], Mo [21, 22], Nb [22, 23],
Ni [14, 17, 24, 25], Sc [12, 26], Si [9, 21, 27 — 45], etc. Bearing in mind the main purpose of this
review, below we consider only titanium compounds containing composites.

The BsC-TiB>-TiO2 ceramics obtained by hot pressing of the Bs«C-TiO2—C charge were
studied in [46]. The addition of TiO2 helps hot pressing to obtain a heterophase boron carbide-
based material [27]. It activates the sintering process and allows the creation of ceramic
materials of the B4«C-TiB:2 system.

The effect of the addition of B4«C, (Ti,Cr)C and P on the kinetics of oxidation in air under
isothermal heating was studied by the thermogravimetric method [14]. The effect addition of
aluminum together with titanium on kinetics of compaction, structure and properties of the
materials of Bs«C—(Ti—Al) system was also studied [47]. In [48], the reaction of boron carbide
with titanium carbide was investigated under various conditions. Reactive sintering of the
starting mixtures passing through the stage of lower boride formation gives the heterophase
material BsC-TiBz. The concentration of the reaction product, adiabatic temperatures, and other
thermal characteristics in the Ti—B4C system containing 99 wt. % BsC were determined using
thermodynamic analysis [49].

For the production of alloys of titanium with its boride and carbide using self-
propagating high-temperature synthesis, the composition of the appropriate mixture was
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Obtaining of boron carbide based titanium-containing nanocomposites (Mini-review).

proposed. In isothermal and constant-rate heating, it was studied the sintering (without
pressing) of boron carbide containing 0 — 25 vol. % TiB: together with a ceramic phase that was
obtained by the chemical reaction between B«C, TiOz, and elemental carbon [50]. The study of
crack formation in such ceramics shows [51] that both strength and crack-resistance depend on
the volume fraction of TiBz. The addition of TiO:2 significantly affects the B4C sintering process
[52]. These two powders react approximately at a temperature of 1500 °C according to the
reaction: BsC + TiO2 — BiCix + TiB2 + CO T (or CO2 T). Above the temperature of 2000 °C,
sintering of the resultant biphasic mixture B4Ci-~TiB2 is faster and yields a compacted and fine-
grained composite material consisting of substoichiometric B4«Ci-x and additives of TiBz, TiOs,
and C. Reactive sintering of B4«C ceramics allows obtaining high-strength materials at a
substantially lower temperature than it is possible with traditional sintering, when only C is
added [53]. Using of the B«C containing carbon-coated TiO: as a precursor material allows the
production of high-quality TiB: powders that are suitable for forming composites consisting of
submicron particles [54].

The method of chemical furnace is also suitable for the production of Bi«C based
materials [55]. In particular, in this way it is possible to heat the reagents for the independent
formation and synthesis of the TiC-Al:Os system as a precursor of the composite material
obtained in the combustion process.

The effect of impurities and titanium boride additions on the SiC-B4C ceramics structure
and mechanical properties have been studied over a wide temperature range [30]. The W:B-
TiB2-B4C ceramics investigated in [56] were hot pressed from these powders during thermal
synthesis by reduction together with boron carbide. Ceramic composites B«C—(W,Ti)C with
different content of the solid solution (W,Ti)C were obtained by hot pressing as well [57]. The
chemical reaction leads to a BsC-TiB—W:Bs composite with high density and improved
mechanical properties.

The B4«C based composites with TiB2 content of 20 mol.% were obtained by hot (at
2000 °C) pressing of submicron powders with nanometric additives of TiO2 and C [58]. It seems
that their extremely high strength is associated with the fine granular microstructure of B«C
and the uniform dispersion of the TiB: particles. The erosion rate of the Bs«C-15%TiB2 materials
obtained by reactive hot pressing of Bs«C-TiO2-C powder mixtures was measured in [59].

Composites of boron-carbide-titanium-diboride were synthesized and consolidated by
the spark-plasma synthesis method from mechanically ground powder mixtures of Ti-B-C
elements [60]. It was reported [8] on the creation of ceramics from BsC-TiB>—Al2Os powders
obtained by self-propagating high-temperature synthesis using a phosphate binder.
Directionally crystallized eutectic composite Bs«C—TiB2 was obtained by the method of floating
zone (crucible-free) melting of compacted powders [61]. In the final product matrix, the fibers
of diboride phase are distributed homogenously reducing its fragility.

A study of phase composition, structure, and erosion properties of B«C—-Al composite
materials obtained by hot pulsed pressing showed [62] that the powder components interact
actively, which causes the formation of some new phases, including TiB2, during the pressing
process since titanium served for substrate. The Bs«C-TiB>-SiC composite was also proposed [44].
Curves of polarization and Auger electron spectroscopy were used to study growth kinetics,
formation mechanism, and the phase-composition of oxide layers growing on SiC-TiB>-B4C
ceramics [45].

10 https://doi.org/10.52340/ns.2020.01
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The microstructure and mechanical properties of multiphase composites obtained from
Nb-Ti-C-B systems have been studied in [23]. Composites contain (Nb,Ti)B boride and
(Nb,Ti)C carbide phases. In the (Nb,Ti)B—(Nb,Ti)C hybrid, the united network microstructure is
created. Boride and carbide phases effectively improve the strength and hardness of these
composites. Also compounds with V [12, 63, 64], W [56, 57], and Zr [27, 30, 46, 65 — 67] were
used in the boron carbide based composites.

The processes of accumulative recrystallization occurring in the grains of hot pressed
boron powdered carbide during the subsequent vacuum annealing were studied in [68]. The
morphology of a number of ceramic, graphite, and diamond-like, including boron carbide,
powders was studied by a scanning electron microscope and their specific surface was
determined by the BET-method [69]. Thermal treatment of some crushed hybrids at a
temperature of 1500 °C in the argon atmosphere gives Bs«C powders [70]. In them, the content of
free C varies depending on the C/B ratio in the initial solutions.

The morphology and structure of B4«C nanocrystals in a thin film grown on a Si substrate
by enhanced plasma deposition from vapor were studied before and after exposure to the
synchrotron radiation [71]. It was found out that in nanocrystals and bulk samples the lattice
parameters differ each from other. Ultra-fine-grained BsC powders were successfully
synthesized at temperature of 450 °C by the so-called self-reduction method [72]. The synthesis
was carried out in an autoclave using BBrs and CCls for reagent gases and metallic Na for co-
reducer material. Typical of obtained B4C crystals consisted of homogeneous spherical or
whiskers-like particles. The formation of B«C whiskers and plates was studied by carbothermal
reduction of B20s [73]. In the absence of any additives of B203 and C, they were not formed. It
was noted that NiCl2 and K2COs also able to cause the growth of boron carbide whiskers and
plates. Boron carbide nanoparticles were obtained by thermal decomposition in the reaction of
boron with multi-walled carbon nanotubes at a temperature of 1150 °C in vacuum [74]. Sizes of
formed nanoparticles were less than 100 nm. Evidently, each of them was a single crystal.

As is noted, the production of boron carbide requires high temperature, a deep vacuum
and the use of toxic substances. To a certain extent, these problems were overcome in [75],
where boron carbide in form of spherical particles was obtained under normal conditions by
pulsed laser irradiation of boron particles introduced in an organic solvent (e.g. ethylacetide)
served for a carbon source.

In general, the compacting of boron carbide during its sintering is achieved in a two-
stage process: first by heating the powder to ~ 2000 °C in a vacuum and then by sintering at a
temperature of 2190 °C in argon [76]. Sufficiently fine-grained starting powder allows reaching
95 % of the theoretical density. Often these stages are preceded by treatment of boron carbide
powder at a temperature of 1900 °C in nitrogen (for example, infiltration of an Al-based melt
into a boron carbide pressform), during which boron nitride is formed and the residual carbon
settles in the form of graphite. Vacuum heat treatment in the first stage causes the
decomposition of the material. In the second stage, boron is interacted with graphite and forms
boron carbide, but in a much finer-grained structure.

Work [77] aimed at developing a low-cost low-temperature method for synthesizing
boron carbide from polymer precursors. The polymer precursor was obtained in the reaction of
boric acid with polyvinyl alcohol, which after pyrolysis at 400 and 800 °C gives boron carbide.
The effect of the preliminary deformational processing — grinding in a spherical mill and the
impact of shock waves — on boron carbide specimens of various sizes and compositions pressed
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from powders, as well as on their structures and mechanical properties were investigated in [78].
The production of boron carbide nanoparticles in the reactor of a high-temperature furnace was
also studied [79]. The reaction was carried out by heating a mixture of amorphous carbon and
amorphous boron to a temperature of 1550 °C. The influence of selection of a liquid medium on
the process of obtaining boron carbide was studied separately. A number of organic compounds
were tested [80] and it turned out that the average particle size decreases inversely proportional
to the permittivity of the solvent.

Finally, we list here the author’s (L. Chkhartishvili) GTU (Georgian Technical
University) and FTMMSI (Ferdinand Tavadze Metallurgy and Materials Science Institute) teams
reports on the subject: [81 — 104]. The key stages of the technology suggested by them are:

- obtaining of biphasic BsC-TiB: nanopowder (each particle of which consists of
homogeneously distributed components) from a liquid charge at relatively moderate
temperatures, and

- their consolidation by fast spark-plasma synthesis allowing to retain nanostructure in the
solid state and, therefore, production of hard composite materials with significantly improved
performance.

Acknowledgement

This work was supported by Shota Rustaveli National Science Foundation of Georgia
(SRNSFG) - Grant # AR-18-1045: “Obtaining of boron carbide-based nanostructured
heterophase ceramic materials and products with improved performance characteristics”.

References

[1] F. Thevenot. Boron carbide — A comprehensive review. ]. Eur. Ceram. Soc., 1990, 6, 4,
205-225.

[2] D.P. H. Hasselman, P. F. Becher, K. S. Mazdiyasni. Analysis of the resistance of high-Z
low- E'brittle composites to failure by thermal shock. Z. Werkstofftech., 1980, 11, 82-92.

[3] I Bogomol, P. Loboda, Y. Holovenko, O. Biliy. Preparation, structure and properties of
sputtered powder of the eutectic B«C-TiB: alloy. In: Proc. 5th Int. Conf. High Mat Tech,
2015, Kyiv, IPMS, 162-162.

[4] Y.-J. Wang, H.-X. Peng, F. Ye, Y. Zhou. Effect of TiB2 content on microstructure and
mechanical properties of in-situ fabricated TiB: / B4«C composites. Trans. Nonferrous
Met. Soc. China, 2011, 21, S369-S373.

[5] M. V. Zamula, A. V. Derev'yanko, V. G. Kolesnichenko, O. B. Zgalat-Lozinskii, A. V.
Samelyuk, A. V. Ragulya. Electric discharge sintering refractory composites systems
TiN—-AIN and B4C-TiB2. Mater. Sci. Nanostruct., 2009, 4, 69-76.

[6] M. V. Zamula, A. V. Derevyanko, V. G. Kolesnichenko, V. T. Varchenko, S. A. Umerova,
O. B. Zgalat-Lozynskyy, A. V. Ragulya. Consolidation of refractory composites of TiB2—
B4«C by an electric current. In: Proc. 5th Int. Conf. High Mat Tech, 2015, Kyiv, IPMS,
168-168.

[7] R. M. White, J. M. Kunkle, Ch. Haines, E. C. Dickey. Plasma processing of B«C-TiB:
eutectic composite powders. ]. Am. Ceram. Soc., 2013, 96, 7, 2050-2053.

12 https://doi.org/10.52340/ns.2020.01



L. Chkhartishvili & Sh. Dekanosidze. Nano Studies, 2020, 20, 7-18.

(8]

O. Okrostsvaridze, G. Tavadze, D. Dzneladze, D. Gventsadze. Hetero-modulus
composites: SHS powders—metalphosphates. In: Micro et Nano: Scientie Mare Magnum,
2 (Eds. S. Fiore, C. Belviso, M. L. Giannossi), 2009, Bari, SA Publ., 91-91.

O. N. Grigor’ev, V. A. Kotenko, O. D. Shcherbina, N. D. Bega, T. V. Dubovik, V. L
Subbotin, T. V. Mosina, V. V. Lychko, I. L. Berezhinskii. Production and properties of
impact-resistant composites based on boron carbide and aluminum nitride. Powd. Metall.
Met. Ceram., 2010, 49, 3/4, 193-200.

Yu. G. Tkachenko, V. F. Britun, D. Z. Yurchenko, M. S. Kovalchenko, I. I. Timofeeva, L.
P. Isaeva. Structure and phase formation in boron carbide and aluminum powder
mixtures during hot pressing. Powd. Metall. Met. Ceram., 2011, 50, 3/4, 202-211.

A. A. Tofigh, M. O. Shabani. Efficient optimum solution for high strength Al alloys
matrix composites. Ceram. Int., 2013, 39, 7, 7483-7490.

V. B. Fedorus, G. N. Makarenko, S. P. Gordienko, E. V. Marek, I. I. Timofeeva.
Interaction between boron carbide and chromium oxide. Powd. Metall. Met. Ceram.,
1995, 34, 11/12, 637-639.

V. A. Maslyuk, L. N. Tkachenko. Effect of P, B«C, and (Ti,Cr)C additives on the kinetics
of high-temperature oxidation of chromium carbide alloys at 1000 °C. Powd. Metall. Met.
Ceram., 2002, 41, 5-6, 300-303.

A.]. Pyzik, R. T. Nilsson. Boron-carbide—copper cermets and method for making same.
US Patent, 1991, No. 5145504.

Yu. V. Turov, B. M. Khusid, L. G. Voroshnin, B. B. Khina, I. L. Kozlovskii. Structure
formation in sintering iron-boron carbide powder composite. Powd. Metall. Met.
Ceram., 1991, 30, 6, 465-470.

A. V. Byakova. Influence of texture on the strength and supporting capacity of boride
coatings. Powd. Metall. Met. Ceram., 1993, 32, 4, 314-320.

G. N. Makarenko, S. P. Gordienko, V. B. Fedorus, E. V. Marek, I. I. Timofeeva.
Characteristic features of boron carbide synthesis for iron triad borides. Powd. Metall.
Met. Ceram., 2004, 43, 3/4, 192-195.

N. Frage, S. Hayun, S. Kalabukhov, M. P. Dariel. The effect of Fe addition on the
densification of B4«C powder by spark plasma sintering. Powd. Metall. Met. Ceram., 2007,
46, 11/12, 533-538.

G. A. Baglyuk, S. G. Napara—Volgina, V. I. Vol'fman, A. A. Mamonova, S. G. Pyatachuk.
Thermal synthesis of Fe-B4C powder master alloys. Powd. Metall. Met. Ceram., 2009, 48,
7/8, 381-383.

P. Rogl, H. Bittermann. On the ternary system hafnium—-boron—carbon. ]. Solid State
Chem., 2000, 154, 1, 257-262.

H. Chen, M. Suzuki, S. Sodeoka, T. Inoue, K. Ueno. New approach to MoSi»/SiC
intermetallic-ceramic composite with B«C. J. Mater. Sci., 2001, 36, 5773-5777.

V. Paderno, Yu. Paderno, V. Filippov, A. Liashchenko. Directional crystallization of
B4C—NbB: and Bs«C-MoB: eutectic compositions. J. Solid State Chem., 2004, 177, 2, 523-
528.

X. Zhang, X. He, C. Fan, Y. Li, G. Song, Y. Sun, J. Huang. Microstructural and
mechanical characterization of multiphase Nb-based composites from Nb-Ti—-C-B
system. Int. J. Ref. Met. Hard Mater., 2013, 41, 11, 185-190.

https://doi.org/10.52340/ns.2020.01 13



Obtaining of boron carbide based titanium-containing nanocomposites (Mini-review).

[24] G. N. Makarenko, E. V. Marek, S. P. Gordienko, V. B. Fedorus, I. I. Timofeeva. Interaction of
boron carbide with nickel oxide. Powd. Metall. Met. Ceram., 2001, 40, 11/12, 601-605.

[25] A. Kilicarslan, F. Toptan, I. Kerti. Modification of surface properties of boron carbide (B4C)
particles via electroless nickel coating technique. In: Proc. 4th Int. Boron Symp. (Eds. A.
Konuk, H. Kurama, H. Ak, M. Iphar), 2009, Ankara, Osmangazi Univ. - TMMOB, 81-87.

[26] S. P. Gordienko, G. N. Makarenko, V. B. Fedorus, I. I. Timoveeva, K. F. Chernysheva, E. V.
Marek. Interaction of boron carbide with scandium oxide. Powd. Metall. Met. Ceram., 1994,
33, 7/8, 406-407.

[27] O. N. Grigor'ev, V. V. Koval'’chuk, V. V. Zametailo, R. G. Timchenko, D. A. Kotlyar, V. P.
Yaroshenko. Structure, physicomechanical properties, and special features of failure of hot-
pressed boron carbide base ceramics. Powd. Metall. Met. Ceram., 1990, 29, 7, 543-547.

[28] V. R. Maslennikova, A. A. Belkina, A. D. Panasyuk, L. I. Struk, V. P. Smirnov. Effect of high
pressure on the structure and properties of materials based on boron carbide. Powd. Metall.
Met. Ceram., 1995, 34, 9/10, 491-495.

[29] L. A. Shipilova, V. Ya. Petrovskii, S. I. Chugunova. Structure formation and electrophysical
properties of a silicon carbide—boron carbide sintered composite. Powd. Metall. Met. Ceram.,
1997, 36, 11/12, 652-656.

[30] O. N. Grigor’ev, G. A. Gogotsi, Yu. G. Gogotsi, V. I. Subbotin, and N. P. Brodnikovskii.
Synthesis and properties of ceramics in the SiC-B4«C-MeB:2 system. Powd. Metall. Met.
Ceram., 2000, 39, 5-6, 239-250.

[31] P. Larsson, N. Axen, S. Hogmark. Improvements of the microstructure and erosion resistance
of boron carbide with additives. J. Mater. Sci., 2000, 35, 3433-3440.

[32] M. K. Aghajanian, B. N. Morgan, J. R. Singh, J. Mears, R. A. Wolffe. A new family of
reaction bounded ceramics for armor applications. Ceram. Trans., 2001, 134, 529-539.

[33] G. Magnani, G. Beltrami, G. L. Minoccari, L. Pilotti. Pressureless sintering and properties of
a-SiC-B4C composite. J. Eur. Ceram. Soc., 2001, 21, 5, 633-638.

[34] L. A. Shipilova, V. Ya. Petrovskii. Structure formation, electrophysical and mechanical
properties of an electrically conducting ceramic composite based on silicon and boron
carbides. Powd. Metall. Met. Ceram., 2002, 41, 3/4, 147-149.

[35] S. Tariolle, C. Reynaud, F. Thevenot, T. Chartier, J. L. Besson. Preparation, microstructure
and mechanical properties of SiC-SiC and B4C-B4C laminates. J. Solid State Chem., 2004, 177,
2, 487-492.

[36] R. Naslain, A. Guette, F. Rebillat, R. Pailler, F. Langlais, X. Bourrat. Boron-bearing species in
ceramic matrix composites for long-term aerospace applications. J. Solid State Chem., 2004,
177, 2, 449-456.

[37] Yu. G. Tkachenko, V. F. Britun, D. Z. Yurchenko, L. F. Ochkas, G. A. Bovkun. Structure and
certain properties of hot-pressed boron carbide-based ceramic with calcium-silicon additive.
Powd. Metall. Met. Ceram., 2004, 43, 1/2, 99-104.

[38] Z. Abdel Hamid, F. Abdel Mouez, F. A. Morsy, N. A. Khalifa. Electrolysis Ni-Cr-B on
diamond particles for fabricated copper / diamond composites as heat sink materials. Int. J.
Eng. Prac. Res., 2013, 2, 3, 112-117.

[39] Yu. G. Tkachenko, V. F. Britun, E. V. Prilutskii, D. Z. Yurchenko, G. A. Bovkun. Structure
and properties of B4«C-SiC composites. Powd. Metall. Met. Ceram., 2005, 44, 3/4, 196-201.

[40] S. Hayun, N. Frage, M. P. Dariel. The morphology of ceramic phases in BxC-SiC-Si infiltered
composites. J. Solid State Chem., 2006, 179, 9, 2875-2879.

[41] S. Hayun, D. Rittel, N. Frage, M. P. Dariel. Static and dynamic mechanical properties of
infiltrated B«C-Si composites. Mater. Sci. Eng. A, 2008, 487, 1/2, 405-409.

14 https://doi.org/10.52340/ns.2020.01



L. Chkhartishvili & Sh. Dekanosidze. Nano Studies, 2020, 20, 7-18.

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]
[53]
[54]
[55]

[56]

[57]
[58]

[59]

S. Hayun, A. Weizmann, H. Dilman, M. P. Dariel, N. Frage. Rim region growth and its
composition in reaction bonded boron carbide composites with core-rim structure. J. Phys.
Conf. Ser., 2009, 176, 012009, 1-7.

S. Hayun, M. P. Dariel, N. Frage, E. Zaretsky. The high-strain-rate dynamic response of
boron carbide-based composites: The effect of microstructure. Acta Mater., 2010, 58, 5,
1721-1731.

D. Korablev, V. Rumyantsev, S. Ordanyan, V. Fischev. Wear-resistant materials based on
B4C-TiB2-SiC system. In: Proc. 2nd Int. Conf. High Mat Tech, 2009, Kyiv, IPMS, 249-249.

V. A. Shvets, V. A. Lavrenko, V. I. Subbotin, V. N. Talash, L. I. Kuznetsova. Anodic
oxidation of SiC-TiB2-B4C composites in 3%NaCl solution. Powd. Metall. Met. Ceram., 2011,
49, 11/12, 702-706.

M. S. Koval’chenko, Yu. G. Tkachenko, V. V. Koval’chuk, D. Z. Yurchenko, S. V. Satanin, A.
I. Kharlamov. Structure and properties of hot-pressed boron carbide base ceramics. Powd.
Metall. Met. Ceram., 1990, 29, 7, 523-526.

V. R. Maslennikova, A. D. Panasyuk, L. I. Struk, A. A. Belkina. Compaction, structure
formation, and properties of materials based on boron carbide. Powd. Metall. Met. Ceram.,
1997, 36, 11/12, 570-574.

A. 1. Bykov, I. V. Gridneva, G. N. Makarenko, I. I. Timofeeva, V. B. Fedorus, S. I. Chugunova.
Interactions of boron carbide with titanium and zirconium carbides under pressure. Powd.
Metall. Met. Ceram., 1998, 37, 1/2, 45-47.

S. P. Gordienko. Thermodynamic analysis of the reaction of titanium with boron carbide in
a self-propagating high-temperature synthesis regime. Powd. Metall. Met. Ceram., 1999, 38,
3/4, 172-175.

V1. V. Skorokhod, V. D. Krstic. Processing, microstructure, and mechanical properties of
B4C-TiB2 particulate sintered composites I. Pressureless sintering and microstructure
evolution. Powd. Metall. Met. Ceram., 2000, 39, 7/8, 414-423.

V1. V. Skorokhod, V. D. Krstic. Processing, microstructure, and mechanical properties of
B4C-TiB2 particulate sintered composites. II. Fracture and mechanical properties. Powd.
Metall. Met. Ceram., 2000, 39, 9/10, 504-513.

L. Levin, N. Frage, M. P. Dariel. Novel approach for the preparation of B4«C-based cermets.
Int. J. Ref. Met. Hard Mater., 2000, 18, 2, 131-135.

V. Skorokhod Jr., V. D. Krstic. High strength-high toughness Bs«C-TiB2 composites. J. Mater.
Sci. Lett., 2000, 19, 237-239.

R. Koc, D. B. Hodge. Production of TiB2 from a precursor containing carbon coated TiO2 and
B4C. J. Mater. Sci. Lett., 2000, 19, 667-669.

J. H. Lee, C. W. Won, S. M. Joo, D. Y. Maeng, H. S. Kim. Preparation of B«C powder from
B20s3 oxide by SHS process. J. Mater. Sci. Lett., 2000, 19, 951-954.

O. N. Grigor'ev, E. V. Prilutskii, E. G. Trunova, I. V. Kozak. Structure and properties of
ceramics based on tungsten and titanium borides and boron carbide. Powd. Metall. Met.
Ceram., 2002, 41, 3/4, 142-146.

J. Deng, J. Zhou, Y. Feng, Z. Ding. Microstructure and mechanical properties of hot-pressed
B4C/(W,Ti)C ceramic composites. Ceram. Int., 2002, 28, 4, 425-430.

S. Yamada, K. Hirao, Y. Yamauchi, S. Kanzaki. High strength B4«C-TiB2 composites fabricated
by reaction hot pressing. ]. Eur. Ceram. Soc., 2003, 23, 7, 1123-1130.

Yu. G. Tkachenko, V. F. Britun, G. O. Bovkun, D. Z. Yurchenko. Electroerosion behavior of
a ceramic based on boron carbide: phase composition, structure, and properties of protective
spark coatings. Powd. Metall. Met. Ceram., 2005, 44, 11/12, 537-544.

https://doi.org/10.52340/ns.2020.01 15



Obtaining of boron carbide based titanium-containing nanocomposites (Mini-review).

[60] D. V. Dudina, D. M. Hulbert, D. Jiang, C. Unuvar, Sh. J. Cytron, A. K. Mukherjee. In situ
boron carbide-titanium diboride composites prepared by mechanical milling and subsequent
spark plasma sintering. J. Mater. Sci., 2008, 43, 10, 3569-3576.

[61] I Bogomol, T. Nishimura, O. Vasylkiv, Y. Sakka, P. Loboda. Microstructure and high-
temperature strength of B4<C-TiB2 composite prepared by a crucibleless zone melting method.
J. Alloys Comp., 2009, 485, 1/2, 677-681.

[62] Yu. G. Tkachenko, M. S. Koval’chenko, V. F. Britun, G. A. Bovkun, D. Z. Yurchenko, A. V.
Laptev, L. P. Isaeva. Production, properties, and erosion characteristics of B4«C-Al composite
materials. Powd. Metall. Met. Ceram., 2009, 48, 1/2, 60-65.

[63] G.N.Makarenko, S. P. Gordienko, V. B. Fedorus, I. I. Timofeeva, E. V. Marek. Interaction of
boron carbide with vanadium oxide. Powd. Metall. Met. Ceram., 1998, 37, 3/4, 229-231.

[64] O. N. Grigor'ev, V. V. Koval’chuk, O. I. Zaporozhets, N. D. Bega, B. A. Galanov, E. V.
Prilutskii, V. A. Kotenko, T. N. Kutran’, N. A. Dordienko. Synthesis and physico-mechanical
properties of B4C-VB2 composites. Powd. Metall. Met. Ceram., 2006, 45, 1/2, 47-58.

[65] C. H. Liu, C. Huang. Structural changes of boron carbide induced by Zr incorporation. ].
Mater. Sci., 2000, 35, 387-390.

[66] A. V. Kovalev, E. M. Dudnik, O. N. Grigor’ev, T. I. Shaposhnikova, I. S. Martsynyuk.
Directionally solidified eutectic of the B4«C-ZrB2 system. Powd. Metall. Met. Ceram., 2000,
39, 1/2, 63-66.

[67] S. Zhang, S. Wang, W. Li, Y. Zhu, Z. Chen. Mechanical properties of the low-temperature
reactive melt infiltrated ZrB>-ZrC based composites. Mater. Lett., 2012, 78, 7, 81-84.

[68] A. A. Korneev, I. T. Ostapenko, M. A. Dolzhek, A. G. Mironova, N. D. Rybal’chenko, I. A.
Lyashenko, V. P. Podtykan. Effect of annealing on the structure and properties of hot-
pressed boron carbide. Powd. Metall. Met. Ceram., 1992, 31, 1, 64-66.

[69] 1. Dion, F. Rouais, Ch. Baquey, M. Lahaye, R. Salmon, L. Trut, J. P. Cazorla, P. V. Huong, J. R.
Monties, P. Havlik. Physico-chemistry and cytotoxicity of ceramics. Part I. Characterization
of ceramic powders. J. Mater. Sci. Mater. Med., 1997, 8, 325-332.

[70] I Hasegawa, Y. Fujii, T. Takayama, K. Yamada. Phenolic resin—boron oxide hybrids as
precursors for boron carbide. J. Mater. Sci. Lett., 1999, 18, 1629-1631.

[71] V. Ya. Shevchenko, G. S. Yur’ev. Morphology and structure of BN and B4C nanocrystals.
Inorg. Mater., 2001, 57, 9, 935-940.

[72] L. Shi, Y. Gu, L. Chen, Y. Qian, Z. Yang, ]J. Ma. A low temperature synthesis of crystalline
B4C ultrafine powders. Solid State Commun., 2003, 128, 1, 5-7.

[73] R. V. Krishnarao, J. Subrahmanyam. Studies on the formation of whiskers and platelets of
B4C and BN. J. Mater. Sci., 2004, 39, 6263-6269.

[74] S.Chen, D. Z. Wang, J. Y. Huang, Z. F. Ren. Synthesis and characterization of boron carbide
nanoparticles. Appl. Phys. A, 2004, 79, 1757-1759.

[75] N. Koshizaki, Y. Ishikawa, T. Sasaki, K. Kawaguchi. Fabrication of boron carbide spherical
particles by pulsed laser irradiation of boron in organic solution. In: Abs. 16th Int. Symp.
Boron, Borides Rel. Mater., 2008, Matsue, Tokyo Univ., 87-87.

[76] N. Frage, L. Levin, M. P. Dariel. The effect of the sintering atmosphere on the densification
of B4C ceramics. J. Solid State Chem., 2004, 177, 2, 410-414.

[77] Sh. Mondal, A. K. Banthia. Low-temperature synthetic route for boron carbide. J. Eur. Chem.
Soc., 2005, 25, 287-291.

[78] Yu. G. Tkachenko, V. I. Kovtun, V. F. Britun, D. Z. Yurchenko, G. A. Bovkun. Influence of
shock wave treatment of boron carbide powders on the structure and properties of hot-

16 https://doi.org/10.52340/ns.2020.01



L. Chkhartishvili & Sh. Dekanosidze. Nano Studies, 2020, 20, 7-18.

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

pressed polycrystals based on such powders. Powd. Metall. Met. Ceram., 2005, 44, 7/8, 407-
414.

B. Chang, B. L. Gersten, S. T. Szewczyk, ]J. W. Adams. Characterization of boron carbide
nanoparticles prepared by a solid state thermal reaction. Appl. Phys. Lett. A, 2007, 86, 83-87.
Y. Ishikawa, N. Koshizaki, T. Sasaki, K. Kawaguchi. Fabrication of boron carbide spherical
particles by pulsed laser irradiation of boron in organic solvent: Influence of liquid medium
on particle formation. In: Abs. 16th Int. Symp. Boron, Borides Rel. Mater., 2008, Matsue,
Tokyo Univ., 88-88.

O. Tsagareishvili, D. Lezhava, M. Tushishvili, L. Gabunia, M. Antadze, L. Kekelidze, T.
Dzigrashvili. Some physical properties of compacted specimens of high dispersed boron
carbide and boron suboxide. J. Solid State Chem., 2004, 177, 2, 596-599.

D. Gabunia, A. Gachechiladze, A. Mikeladze, O. Tsagareishvili, L. Chkhartishvili. Obtaining
opportunities of boron carbide powders based hetero-modulus ceramics. In: Micro et Nano:
Sciantiee Mare Magnum, 1 (Eds. S. Fiore, C. Belviso, M. L. Giannossi), 2009, Bari, SA Publ.,
86-86.

A. Gachechiladze, D. Gabunia, A. Mikeladze, O. Tsagareishvili, L. Chkhartishvili. On
technological process of synthesis of boron carbide nanodispersive powders. In: Proc. 4th Int.
Boron Symp. (Eds. A. Konuk, H. Kurama, H. Ak, M. Iphar), 2009, Ankara, Osmangazi Univ.
- TMMOB, 67-71.

M. Antadze, R. Chedia, O. Tsagareishvili, A. Mikeladze, A. Gacheciladze, B. Margiev, D.
Gabunia, T. Tsuladze, J. Khantadze. Metal-ceramics based on nanostructured boron carbide.
Solid State Sci., 2012, 14, 11/12, 1725-1728.

T. A. Batsikadze, D. L. Gabunia, V. M. Gabunia, T. G. Gigitashvili, O. A. Tsagareishvili, L. S.
Chkhartishvili. Preparation of boron and boron carbide in arc — New approaches. In:
Abs.18th Int. Symp. Boron, Borides Rel. Mater., 2014, Honolulu, Univ. Hawaii, 127-127.

M. Antadze, A. Mikeladze, A. Gachechiladze, R. Chedia, B. Margiev, L. Chkhartishvili, O.
Tsagareishvili. Fabrication of metal-ceramics composite based on B4«C-MeB2. In: Abs.18th Int.
Symp. Boron, Borides Rel. Mater., 2014, Honolulu, Univ. Hawaii, 144-144.

T. A. Batsikadze, D. L. Gabunia, V. M. Gabunia, T. G. Gigitashvili, O. A. Tsagareishvili, L. S.
Chkhartishvili. Obtaining of mixture of boron and boron carbide in electric arc. Proc. Georg.
Natl. Acad. Sci. (Ser. Chem.), 2015, 41, 1/2, 160-163.

A. Mikeladze, L. Chkhartishvili, R. Chedia, O. Tsagareishvili, M. Darchiashvili. B4C-TiB
ceramic nanocrystalline composites: Synthesis, compacting, structure, and properties. In:
Abs. 4th Int. Conf. “Nanotechnologies” (Eds. A. Gerasomov, L. Chkhartishvili), 2016, Tbilisi,
Georg. Tech. Univ., 145-145.

A. Mikeladze, O. Tsagareishvili, L. Chkhartishvili, R. Chedia. Obtaining B4C-TiB2 ceramic
nanostructured alloys. Proc. Georg. Natl. Acad. Sci. (Multi-Discip. Studies Ser.), 2017, 2,
37-44.

A. Mikeladze, O. Tsagareishvili, L. Chkhartishvili, M. Darchiashvili, R. Chedia, K.
Sarajishvili. Synthesizing of nanostructured composite ceramics B4C-TiB2 and their
properties. In: Abs. 19th Int. Symp. Boron, Borides Rel. Mater., 2017, Freiburg, Albert-
Ludwigs Univ., 58-58.

L. Chkhartishvili, A. Mikeladze, O. Tsagareishvili, A. Gachechiladze, A. Oakley, B. Margiev.
Ch.2: Boron-containing nanocrystalline ceramic and metal-ceramic materials. In:
Handbook of Nanomaterials for Industrial Applications (Ed. Ch. M. Hussain), 2018,
Amsterdam, Elsevier, 13-35.

https://doi.org/10.52340/ns.2020.01 17



Obtaining of boron carbide based titanium-containing nanocomposites (Mini-review).

[92] A. Mikeladze, O. Tsagareishvili, L. Chkhartishvili, R. Chedia. Chemical method of obtaining
of B4C-TiB2 ceramic composites. In: Proc. 26th Ann. Int. Conf. Compos. Nano Eng. (Ed. D.
Hui), 2018, Paris, ICCE — AMAC - Guangzhou Univ., 1-2.
https://www.dropbox.com/sh/jaxxr743y;jif8f6/AABwXggd AHPYT4X19N10qzSLa?d1=0

[93] O. Tsagareishvili, A. Mikeladze, R. Chedia, L. Chkhartishvili. Method of obtaining boron
carbide based hard nanocomposite materials. National Center for Intellectual Property of
Georgia “GeoPatent” — Patent # GE P 2018 6709B, 2018 October 11.

[94] A. Mikeladze, L. Chkhartishvili, O. Tsagareishvili, R. Chedia, M. Darchiashvili. Ceramic
composites B4C-TiB2 in nanocrystalline state: Production, structure, and mechanical
properties. In: Book Abs. 3rd Int. Conf. “Inorg. Mater. Sci. Mod. Technol. Meth.”, 2018,
Thilisi, Georg. Natl. Acad. Sci. Press, 62-65.

[95] A. Mikeladze, O. Tsagareishvili, L. Chkhartishvili, R. Chedia, R. Tsiskarishvili. On
production of hard nanocrystalline materials. In: Abs. 5th Int. Conf. “Nanotechnol.” (Eds. A.
Gerasimov, L. Chkhartishvili, G. Chikhladze), 2018, Thbilisi, Tech. Univ., 128-128.

[96] A. Mikeladze, O. Tsagareishvili, L. Chkhartishvili, R. Chedia, R. Tsiskarishvili. Method for
manufacturing nanocrystalline systems from liquid charge. Nano Studies, 2019, 19, 15-36.

[97] A. Mikeladze, O. Tsagareishvili, L. Chkhartishvili, R. Chedia, M. Darchiashvili. Production
of titanium-containing metal-ceramic composites based on boron carbide in the
nanocrystalline state. Adv. Appl. Ceram., 2019, 118, 4, 196-208.

[98] L. Chkhartishvili, O. Tsagareishvili, A. Mikeladze. On commercialization of innovative
studies in materials science. Economics and Finance, 2019, 1, 76-84.

[99] A. Mikeladze, O. Tsagareishvili, L. Chkhartishvili, R. Chedia. Obtaining of some boron-
containing and related nanocrystalline systems from solutions and suspensions. In: Proc.
Book Int. Symp. Boron, 2019, Nevsehir, Boren, 181-191.

[100] L. Chkhartishvili. On obtaining boron carbide based nanocomposites. In: Proc. Int. Conf.
Mater. Sci. Mech. Automot. Eng. Technol. Cappadocia (Eds. B. Kurt, C. Carboga, Z. Bayer
Ozturk, N. Kuckdeveci), 2019, Nevsehir, Bektas Veli Univ., 17-21.

[101] N. Barbakadze, K. Sarajishvili, R. Chedia, L. Chkhartishvili, O. Tsagareishvili, A. Mikeladze,
M. Darchiashvili, V. Ugrekhelidze. Obtaining of ultrafine powder composites of tungsten,
molybdenium, titanium and boron carbides using liquid precursors. In: Book Abs. 11th
Japanese-Mediterranean Workshop Appl. Electromagn. Eng. Magn. Supercond. Multifunc.
Nanomater., 2019, Batumi, Batumi State Univ., 114-115.

[102] L. Chkhartishvili, O. Tsagareishvili, A. Mikeladze, M. Darchiashvili, N. Barbakadze, K.
Sarajishvili, R. Chedia, V. Ugrekhelidze. Production of B4«C-MeB2 composite nanopowders
from liquid charge. In: Abs. 20th Int. Symp. Boron, Borides Rel. Mater., 2019, Niigata,
Nagaoka Univ. Technol., 103-103.

[103] N. Barbakadze, K. Sarajishvili, R. Chedia, L. Chkhartishvili, O. Tsagareishvili, A. Mikeladze,
M. Darchiashvili, V. Ugrekhelidze. Obtaining of ultrafine powders of some boron carbide
based nanocomposites using liquid precursors. Nanotechnology Perceptions, 2019, 15, 3,
1-14.

[104] L. Chkhartishvili, A. Mikeladze, R. Chedia, O. Tsagareishvili, N. Barbakadze, K. Sarajishvili,
M. Darchiashvili, V. Ugrekhelidze, T. Korkia. Synthesizing fine-grained powders of complex
compositions B4«C-TiB2~WC—-Co. Solid State Sci., 2020, 108, 106439, 1-8.

18 https://doi.org/10.52340/ns.2020.01



L. Chkhartishvili, et al. Nano Studies, 2020, 20, 19-24.

VOLUME OF INTERSECTION OF SPHERE WITH PENTAGONAL PYRAMID:
CASE OF SPECIAL PRACTICAL INTEREST FOR NANO-GRAINED COMPOSITES

L. Chkhartishvili*-2*, O. Tsagareishvili2**, J. Khantadze % ***

! Georgian Technical University

Thilisi, Georgia

*levanchkhartishvili@gtu.ge

2Boron & Powder Composite Materials Laboratory
Ferdinand Tavadze Metallurgy & Materials Science Institute
Thilisi, Georgia

*chkharti2003@yahoo.com

**t_otari@hotmail.com
jkhantadze@yahoo.com

% % %

Accepted 2019 March 29

Abstract

Nanocomposite materials are built up from crystalline nanoparticles of different phases.
As nanocrystallites often take icosahedral shape the structural model for a bifractional
nanocomposite leads to the geometric task: to determine the volume cut out from the sphere by
the lateral facets planes of a pentagonal pyramid, top of which coincides with the sphere center.
In the paper, this problem is resolved analytically. Based on this result, it is possible to estimate
quantitatively the density of bifractional nanocomposites.

1. Introduction

Various problems of science and engineering need the calculation of volume of
intersection between spheres and spheres with other figures. In the paper [1], we found the
explicit analytical solution of this problem for three spheres in general case, i.e. for different
radii of spheres and different distances between their centers. This result is used in computing
of materials electron structure. Later we solved [2] the six-sphere problem for special robotics
case of practical interest, namely, determined workspace volume of the 6-DOF parallel
manipulator “Stewart Platform”. Here we intend to consider one more related geometric
problem, which is an important issue for the powder metallurgy technologies.

Currently, number of powder materials containing chemical elements such as titanium,
aluminum, silicon, boron, carbon, etc. are used as feedstock for producing various important
ceramics, cermets, superalloys, etc. both by conventional powder metallurgy and self-
propagating high-temperature synthesis (SHS) methods. In such heterogeneous media,
heterodiffusion and chemical reactions are initiated at contact points between dissimilar
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particles. Hence, the number of initial heterogeneous contacts significantly affects the rate of
these processes.

The paper [3] determines the ratio of particle sizes, which is optimal for two-component
mixtures to obtain the structures with maximum heterogeneous contacts. According to the
model proposed, the starting mixture is considered a random packing of spherical particles of
two different sizes. Based on this model, the particle size ratio has been estimated so that the
number of heterogeneous contacts between the particles of different phases maximal. In
particular, it was analyzed the Ti-B composition, what is important for producing titanium
diboride TiB2. By introducing the IRA (Ideal Reaction Area) concept, reaction mixture — initial
charge of two reagents is considered as a mixture of spherical particles of two different
diameters, in which all the big particles are surrounded by the small ones. In this approach, the
chemical synthesis process can be investigated within a single IRA and the result expanded to
the whole system. As is known, any disordered system of particles is characterized by the
structural motif of 5th order symmetry. Then each IRA can be assumed to be surrounded by 12
similar IRAs in the configuration of slightly distorted icosahedron.

As icosahedron tops are pentagonal pyramid tops as well, above described model leads to
the geometric task to determine the volume cut out from the sphere by the lateral facets planes
of the pentagonal pyramid, top of which coincides with the sphere center. In the paper, this
problem is resolved analytically.

2. Volume of intersection between sphere and pentagonal pyramid

Let us introduce the necessary designations:R is the sphere radius or, what is the same,
the edges of the pyramid; r is the radius of the circle ascribed around the pyramid basal
pentagon or, what is the same, the distance from the pentagon center to its vertices; h is the
radius of the circle inscribed in this pentagon or, what is the same, the distance from its center
to its sides; and%is the angle between r and h line-segments. From Figure 1, it follows the

relations:
R
r = E , (1)
R
and
r2 —h?2 = R_Z (3)
T

Figure 1. Pyramid basal pentagon.
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Pyramid height H (Figure 2), base area Spyramiq » and volume Vpyramiq > respectively, are
equal to:

H =+vVR?—-1r2, (4)
1 R SRh
Spyramid = 10-5->-h =—-, ®)
and
SpyramidH 5RHh
VPyramid == 3 <= 6 " (6)

Since the height of the spherical segment resting on the pyramid basal plane (Figure 3) is equal
to R — H, the volume of this spherical segment is:
3

R—H 2mR3 H
Vsegment = (R — H)* (R — %) = 5 — nR?H + % @)

r

Figure 2. For calculation of
pentagonal pyramid height.

Figure 3. Section of spherical segment
resting on pyramid basal plane.

Figure 4. For calculation of angle between
pyramid hip facets and basal planes.
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2
Further, since the height of the pyramid triangular hip facets is |R? — (g) = @

(Figure 4), the angle ¢ between the planes of these facets and pyramid base is determined from
the relation:

h 1
COS(p:E:ﬁ—tg%. (8)
2

=T

Figure 5. Cross-section of figure in form of
“apple slice” in equatorial plane of sphere.

R(z)

R

Figure 6. For calculation of R(z) radius.

r(z)

-

Figure 7. For calculation of 7(z) radius.

Let us consider the cross-section (Figure 5) of the figure in form of “apple slice” in the
equatorial plane of the sphere, in which the corresponding hip facet of the pyramid lies. Let z
denotes the coordinate along the “apple slice” edge or, equivalently, along the corresponding
side of the pyramid basal pentagon. In Figures 6 and 7, the radii R(z) and r(z) at the height z
are calculated using following formulas:

R(z) = VR? — z? 9)
and
r(z) =Vr?2 —2z2. (10)

2
: R R :
Obviously, 7(z) = h and, consequently, z? < r? — h? = (5) and z < -. Therefore, z varies
R « . » . . . .
from 0 to 2 and to calculate the “apple slice” volume it is necessary to integrate its cross-

. . . . R
sectional area at the height z in the interval 0 < z < 2 and then double the result.
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From Figure 8, at height zthe “apple slice” cross-sectional area is equal to the right
triangle area plus the area under the curve of the function describing the circle arc and minus
the rectangle area.

v(z,x) 4

r(z)

R(2)

0 x1(2) x,(z)

Figure 8. For calculation of cross-section
area of figure in form of “apple slice”.

b2l 4

Hypotenuse and adjacent to the angle ¢ leg of the right triangle, respectively, are equal
to R(z) — VH? + h? and (R (z) —VH? + hz) cos ¢. Therefore, the area of this right triangle is:
STriangle(z) = % (R(z) —VH? + hz) . (R(z) —VH? + hz) cos@ -sing =

_ sin2g ((HZ +R2) — 2\/(1_12 + h?)(RZ — 72) + (R? — ZZ)) . (11)

4
Rectangle sides are H and r(z) — (h + (R(Z) —VH? + h2 cos (p)) =1(z) —R(z)cos .
Therefore, for this rectangle area we obtain the expression:
SRectangle(z) = H(r(z) — R(z) cos @) = H(Nrz—2z2 —VR2 — 22 cos ¢). (12)
Equation of the function of argument x describing the circle arcis:

y(z,x) =/R*(z) — x2. (13)

Coordinates of starting and ending points of the arc are determined, respectively, by relations

x1(2) =h+(R(Z)—VH2+h2)cos<p (14)

and

x,(2) =7(2). (15)
Then, using the tables of integrals we obtain the required area under the curve of the function
describing the circle arc:

(2 (2
Sarc(2) = [y dx y(z,0) = [12 7 dx [R?(2) —x? =
=27 =2 _l(E_ +M) (R? — z2) + 2 (R? — z%) arcsin_| =2 (16)
2 AR 2 2 R2-z2"
As a result, the “apple slice” cross-sectional area at the height z we obtainin form:

S(z) = STriangle(Z) + Sarc(2) — SRectangle(Z) =

=2 1T ) (R? ~ 2%) — HV7 = 22 + 2 (R? — 2%) arcsin [ (17)

2 2 R2-z2"°
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And after a cumbersome integration, in particular, using tables of integrals [4] the
volume of the figure in form of “apple slice” is calculated as:
nHr?  2mR?H | 2R3 3-V5

R RHR
Veapple stice” = 2 foz dz S(z) = = T s g tparctg——. (18)

Hence, the required volume is

5 3-V5) 2nR3
V= VPyramid + VSegment -5 V“Apple Slice” = (1 - ;arCth) 7-[3 . (19)
3. Concluding remarks
As expected, the hemisphere volume,
2mR3
VHemisphere = HT ) (20)

exceeds the volume cut out from the sphere by the lateral facets planes of the pentagonal
pyramid, top of which coincides with the sphere center:
V =~ 0.419 Vigemisphere = 0.878 R® . (21)
Based on the obtained expression, it is possible to estimate quantitatively the density of
bifractional nanocomposites.
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Abstract

In the field of oncology, hyperthermia (thermotherapy) as one of the methods of
treatment is of interest from the engineering point of view as well. For the treatment of a
malignant tumor, one of the most important problems is the situation when metastases migrate
in the body. Thermal therapeutic (deterministic) effect on metastases is possible by exposure to
electromagnetic waves the nanoparticles introduced in them. In our experiments on animals
(mouses), the optimal thermal effect for treatment (45 — 55 °C) using FesOs nanoparticles was
achieved by exposure to electromagnetic waves with frequency of 20 kHz.

1. Relevance of problem

Medical treatment of malignant tumors have been proposed by various methods,
including surgical removal, chemotherapy, radiation therapy, hyperthermia treatment,
cryogenic therapy, implanted active pellets, sometimes radioactive and other methods. The
success of these methods varies widely.

One of the problems often encountered in therapy for malignant tumors is that the cells
of the malignant tumor have migrated into the lymphatic systems surrounding the malignant
tumor, known as “metastases”.

It is important to understand that the sentinel node will probably be the first one to get
cell of the malignant tumor in it the cells have had spread to the lymph nodes at all.

Nano particles placed in the human cancer cells, under proper frequency of the
radiowave influence, affects on the cells and causes its death by the thermoeffects [1, 2]. Those
approaches are belonging to thermotherapy treatment methods by the high range temperature
with 45 — 55 °C. In the current time, approaches in hyperthermia treatments are under
investigation and not enough information spread, still researches are continuing.
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Those kinds of methods for cancer treatment are frequently used with combination such
as radiotherapy and chemotherapy. After a few hours thermotherapy treatment, cell sensitivity
is gained and it is more effective to react for some anticancerogenic agents on the cancer cell
then in the treatment without thermotherapy. Also, for some combination treatments research
results are not fully successfully achieved.

In the current time there are some types of hyperthermia treatment: 1) local, 2) regional,
3) whole body. Local hyperthermia treatment is subdivided by 1) superficial, which affects
locally on skin and subcutaneous tissue.

In local hyperthermia, heat is applied to a small area, such as a tumor, using various
techniques that deliver energy to heat the tumor. Different types of energy may be used to
apply heat, including microwave, radiofrequency, and ultrasound. Depending on the tumor
location, there are several approaches to local hyperthermia:

External approaches are used to treat tumors that are in or just below the skin. External
applicators are positioned around or near the appropriate region, and energy is focused on the
tumor to raise its temperature.

Intraluminal or endocavitary methods may be used to treat tumors within or near body
cavities, such as the esophagus or rectum. Probes are placed inside the cavity and inserted into
the tumor to deliver energy and heat the area directly.

Interstitial techniques are used to treat tumors deep within the body, such as brain
tumors. This technique allows the tumor to be heated to higher temperatures than external
techniques. Under anesthesia, probes or needles are inserted into the tumor. Imaging
techniques, such as ultrasound, may be used to make sure the probe is properly positioned
within the tumor. The heat source is then inserted into the probe. Radiofrequency ablation
(RFA) is a type of interstitial hyperthermia that uses radiowaves to heat and kill cancer cells.

One of the difficulties in the hyperthermia treatment is that magnetic nanoparticles
injected in the tumor tissue are not heated homogenously. For example heating starts from
patient superficial level faster than inside the tumor tissue. At the same time the treatment
process is out of the control. As a conclusion of this process the control of the temperature
process is necessary to achieve the high quality treatment.

2. Setup of experiment and related activities

The purpose of an experiment is to achieve optimal geometry and physical specifications
of alternative electromagnetic field coil; the optimal radiofrequency wavelength and
permittivity of tissue; nanoparticles ablation effects and optimal temperature such as 45 — 55 °C.
Results are evaluated by morphologic assays from samples that taken after thermotherapy
treatment from the life tissues. The magnitude of the magnetic field is 600 Oe.

Magnetic fluid with FesOs nanoparticles (43 — 80 °C Curie temperature) are prepared for
experiment (irradiation) which is very sensitive for electromagnetic waves. It is prepared by the
Georgian Patent N 6058 (officially permitted by the author). /n vivo experiments are conducted
in rats with 6 series. Experiment was held in the Georgian Scientific Laboratory for “Magnetic
Fluids in Medicine and Biology” (LTD “ATT”).

38 https://doi.org/10.52340/ns.2020.05



G. Gavashelishvili, et al. Nano Studies, 2020, 20, 37-42.

I-series animals are injected (in the mammary gland) with 43 — 44 °C Curie temperature
magnetic fluids.

II-series animals are injected with 45 °C Curie temperature magnetic fluids.

III-series animals are injected with 46 °C Curie temperature magnetic fluids.

IV-series animals are injected with 50 °C Curie temperature magnetic fluids.

V-series animals are injected with 60 °C Curie temperature magnetic fluids.

VI-series animals are injected with 70 °C Curie temperature magnetic fluids.

All those animals are placed under the 20 kHz frequency by alternated electromagnetic
field. Temperatures are measured with alcohol thermometers.

3. Research results and data analysis

Experiments has shown that, magnetic nanoparticles with 43 — 45 °C Curie temperature
are not proper for treatment in the life tissue. Diagram (on the Figure 1) shows that, tissue
under the electromagnetic wave for 1 h cannot achieve desire treatment effect. The reason for
this difficulty is that, there are capillary network in the life tissue which acts as a natural
cooling system that is why above mentioned Curie temperature is not enough.

42
41
40
39
38 o .
we T °C Lymph Node filled
37 ' With MNP
36 T*Clntact tissue
35
Smin 10 | 15 | 20 | 25 | 30 | 35 | 45 | 60
min | min | min | min | min | min | min | min
Before . .
During the Hyperthermia
Hyperthermy

Figure 1. Diagram for magnetic nanoparticles with
43 — 44 °C Curie temperature in life tissue under
60 min exposure of 20 kHz electromagnetic wave.

Experiments with nanoparticles by the Curie temperature of 46 °C and above shows that
they are more effective and stable for thermotherapy treatments. Its effectiveness can be
achieved after 30 min irradiation for same setup (Figures 2 - 5).

For all diagrams vertical line shows temperature in °C and horizontal line shows time in
min. Dark line shows the filling level temperature in °C of lymph node bymagnetic

https://doi.org/10.52340/ns.2020.05 39



New engineering approaches for hyperthermia treatments.

nanoparticles (MNP). At the same time light color line shows the temperature in °C of intact
tissues. Left side of diagram is the mode before starting the hyperthermia, after that “during the
hyperthermia” means that 20 kHz radiofrequency wave is used for tissue exposure.
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Figure 2. Diagram for magnetic nanoparticles

with about 46 °C Curie temperature in life tissue.
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Figure 3. Diagram for magnetic nanoparticles
with about 50 °C Curie temperature in life tissue.
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Figure 4. Diagram for magnetic nanoparticles
with about 60 °C Curie temperature in life tissue.

Additionally, experiments conducted for magnetic nanoparticles with 80 °C Curie
temperature but the effect was the same as 70 °C Curie temperature magnetic nanoparticles.
There was no reason to add the diagram for this case.
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Figure 5. Diagram for magnetic nanoparticles
with about 70 °C Curie temperature in life tissue.
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New engineering approaches for hyperthermia treatments.

Experiment results conclude that, under 20 kHz radiofrequency, 30 — 35 min exposure of
magnetic nanoparticles with stable therapeutic effect. Nanoparticles are selected by Curie
temperature of 46 — 80 °C. Under or above numbers of Curie temperature range of nanoparticles

are not effective.
Nanoparticles above the 80 °C Curie temperature in the soft life tissue is dangerous and

not safe because of high temperature biological liquids are evaporating and can distribute in the
healthy tissue that can cause undesirable side effects.
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methods) LGobos®Gom. dollo Immbmgbgdol dobgwzom, IBsTsGO 0mM3egds Fo®owro
399300bMMH0  1M30L909d0L  IJmbg, vy boxgho BLbsMOIE TMsbmngdmwmo CaO-ob
50 9bMds 509853905 70 y/-U, Lsdwserme — 30 — 70 Tp/y s LLESE — 30 dg/a-99.

3°9m3Eol  99gaqd0l dobgzom (bmMsoo 3), 700 °C-Bg 1 Lo sym3zbgdom
538539099 Job690L Bo3doMm® TS0 3MEME B0 5dBHOMOMDS sbolosMYOM.
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L5000 3. INEOROEF0MJOIMWO MObM3560 Jobgdol dog® boxgMo blbser0sb

CaO-0b 9sbmgdol 30693035 9 — B0dowo, d — 5HROOE0 s 3 — Mobo.

969008 »gMIMo 3353905 (MOFBOE0MYds) BoBHIM®S 3980l ©dgerdo
2obmMgd0L LoBdsoo 250 — 300 °C/lod s 1 Lo ©sgmzgbgdom dogbodsery® — 700 °C
A9939653MM5DY. 35303999 bgdmMms 0169300350 — MMIbOL 3Hg39MSEWMSDY.

39M3Mm0dgOH o 830 3mI3MDBoGHJIoL  Jobowgds  godmygbgdmer  odbs
d6d39ol 3M96mEoMgdo Fows s IMPO0R0E0MGOIO mobmgsbo Jsbgdo, MHmIwgdos
©S0RI35 WSOMMSGHMM0ME dMMMNgd0sh foligzowdo 1 Lo 456353crmdsdo ©sxd30L
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Lofdoboom 8000 — 9000 13%/-0¢g. Jowgdme Bstn3z90L 9gdoGHgomEs GH@g 3MI3mbybEHol
blboGgdo: bosG®omdol GH@EHg NaOH), bems NaxCOs sb obggso dobs Na20(SiOz2)-
B®dscr®o 3mbLoLE 96300l 3ol Jowgdsd©Y.

Q9945¢0ds 2 x 2 x 2 b3 BmIol 60dMIgdo, HMIgGEMs BMOI0H sdMEYds Imbs
5945009006 9539 L. Bofforo boddgdols 0bsbgdms 359MHBY, boffowo — Fysendo
5 boffoero — 3590396056 2569dm8o + 20 °C 3gd3965GM5Bg 28 gmsdol 3s6ds3enmdsdo.

bsowo  B03MIgdols BmOToEsb  s8mEgdol 909y ©99939000906S
0005319053905 9090 Mgsg0door: 80 °C-Bg @ogmgbgds 20 Lo o63s3emdsdo.
23936M0gdol 9909y 30 d90mo@3ss  (bgbbg.  agm3meodgfmwo  830gdol
0905003963900 o B0B03NM-3945603M0 ToboLOsMGOWGdIOL BHILEHOMGdOL T9EIAgdO
fo6mBmygbowos gbGowdo 2.

300 2. 39m3m0dgm o 330gdol 8995gbarmdgdo
5 30D03M-894560360 GgbBHocgdols J99a9gdo0.

6909 Lod3 3039 37998399 5080)3069
m33mbgbBo 28 530L 990
d9epgbocro ’ (aam&c(? @aﬁfﬁb 306216?2:3]213 3398359
# 30033mb96¢ 00, 0dME3M3sggdols
% 6030009M9d5) dobggom, 90903
100 %-o0b Bgdmo, 3o/LA? o ’
% 3960 | Ggomo | 3s96igbosbo 3/
1 | oo (80) | * gogscmo (20) NaOH (10) 410 452 440 690
2 | §ows (80) | * odoemo (20) Na2COs (10) 210 245 240 537
3 | foco (80) * godowo (20) Na20(SiOz2)= (10) 187 334 212 488
4 | Fows (80) | *sépomoo (20) NaOH (10) 469 480 418 695
5 | foo (80) | *s@aowo@o (20) Na2C0s3(10) 335 420 390 685
6 | fows (80) | *ségomomo (20) | NaxO(SiO2)-(10) | 536 472 450 856
7 | oo (80) * mobo (20) NaOH (10) 460 510 478 630
8 | §ocos (80) * mobs (20) Na2COs (10) 175 223 217 575
9 | oo (80) * mobo (20) Na20(5i02)= (10) 75 88 85 150
10 | Gocoos (80) * mobo (20) ILZ?&E%; 215 254 230 266
11 | Gocoo (80) * mobo (20) Naljgg%(z;? (+1 0) 850 940 935 1025
12 | $ocs (80) * mobs (20) NS""OZ(CS%Z()? (I 0 112 145 156 320

*700 °C-%g 9m©0530306098w90 mobmgsbo Jobgdo.

O3 GHYLEGH0MIO0L 99y gd0sb BbL (gbMowo 2), 60dmdgdol (80 °C-ol
3060mdq0do 20 Lo boby®dw03MdOMm) MOMPHFYF53900L F9EIPI®E  JJM3M0TIHYO
9309d0L 994560300 LodE 3039 LEYOABMdES® FoEHWMdL, bmMTsEmed J0MHM™MdGOTO
399956090 3300mMsb F9sMgdom. AsbLH3MMMYGO0m sOlsbodbsgos # 11 — Bodmdo
ool s mobol Loxywmdzgwdyg, GMIgwdos GG 3M3mbgbGo@ sdmygbgdme 0dbs
Bo@®0mdol BHmEobs s mbgzso dobob batgzo (Lod@Ezoag — 1025 3/L3?).

Qs 390mfiggmeos 00 2oMgdmgdom,  OHMmI  0MdMEsdMdogqds  9bJotgdl
39030 0dgH0D300LS O 30300l 3OMEIBYOL. M 5oL, 3Hga3gMoEWIOOL sfg3s
bl Mfymol 3o 30mdol 30OHMBOEI035GHOL geol FoMsddbsls 3MOLEIWMO BsB.
396dm, Si*, Al¥ s Ca? 0mbgdols blbomds 0BM©Ids H9d39M5@OOL FoEgdslomsb
9605, ©, dgbsdsdolo, 3EMmEsbmo s gM3mEodg)H o M9od30gdol boBdoMgs
935G mdL, Mo3 LOIBHI0EOL IBOIL FobsdoMmdgdl [30].
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3. ss336s

330930L 8909290D9 ©9YHbMdom d90dEgds 8990090 1336900l 4539009ds:

L. 3903M0dgH Yo 3F0s Boboergdols Jowgds dgladergdgaros 700 °C-Bg mgmImws©
9MEOGB0(3009OMEI0 SQOHOWMOM030 1M0bMZ560 Jobgdol Logdz9wby.

2. AMGI 3MI3MbgbEHs© glodegdgeos 4sdmygbgdme 0dbsl Gmamms bod®momdols
AMGOUL, 51939 — LOLY S MbY3500 dobol blbsGgdo b om0 3TdObsE0..

3. 3903m0dgH o 83oqdol (80 °C-ol 30MmMdgddo 20 Lo bosby®mdwogmdoom)
00ME53dsg900L  99gad© oo 3gdobozmMo  LodBH3ogg  LEYOAbMOS©
35 MOL.

4. 00ME5349ds3900L 89909y 506 ML LysFomm dFool BodMdgdol 28 Eywsdom
©59™36905, HMYME3 535L 45994sm9d0L BMsW OO 3060:M0Jd0 2w9olbIMOL.

3500gMgds

330935 39bbmd09es  Fmms  OMLmeggeol  LodsMmzgml  gOHm3zboero
1539336096HM BMbOL FbsMFJM00 (LogMsbEm 3hmgd@o # FR-18-783).
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ObOR() 3IMIMRNZIGINO IZFNRS FSLOR IO FNRIdOL FILOIR ISR (M dISOL
3333 LOVIGIMM 65(HI6ISOLS RS BMILBMM@BIS3dL LOBIIZIN I

9. 9535dodg 1%, 8. 535¢005602, 8. bsoMms830¢0 !,
3. 350bEdg L, 0. 39599 !, 0. 39EHMH0sdz0o !

L. 0035¢0 36M9gen0dol bob. dobg@Mocv®o bgwwrgoemol 303355006 0bLEGHoGMEO
0. X53560330¢0l Lob. MdOEOLOL Lobgwdfoxnm MboggMLodgdo

0000b0, BodsMMN39gE™

*ellennelia@gmail.com

26). 530590l Lob. 9G0mMA56w)c0 Jodool s gergdEdmdodool obbEoEwEo
0. X 5356033000 Lob. MdOEOLOL Labgwrdfogm MboggdLo@g®o
0d00L0, LodsMM39gEm

3009005 2020 ool 7 mgd@Emadgel

sbm@o30

39M3Mmw0dgMHgdo  0bmzo3owMmo  doboergdos s  obobo  bEIMb  0d3g3056
3mOGWI6©(39996G0L B5HowmdM0g 56 dnw0sb SeEgMboGogzs dgBH™bol Hoedmgdsdo,
OHIgoE 90535950 0M3¢g0s 256M93Mmb 930MmEmyomMo LolEgdol YAMSIOE00L 9HMGH”
005356 30DgHI© S 9MM393L FAMIPO 256300050900l FMEIWL. 5J9sb 2odmdobaty,
3600369035600 sboero 93memyom®e© MLsRMMbm s 93mbmdozmMe bgwlisydgero
1539gbgdEMm AoboEgdOL Fo®mBMgds 5O MOdMOZ30 LOFsMTIMM bsMBY6IBOL godmygbgdoom.
Lodw9doml oBsbos sHsO QgM3MmE0dgervero 330 doboergdol dogdol dglsdwgdanmdols

330935 39390 MMHR0I0 B5g4s60 ool s Bmbnm®mBzo35L Logwmdzguwby.
1. 9glsgogro

Abmyomdo  93mEMma0OH0  BoESEo0l  499Mglgded RIOMM  gbo  2onmblibs
d93509M9gdsL sHsE0 BHgdbmermyogdols d9dmdsg3900l dmdogdolinggh, Mmoo LESdOEM
39630005609d5L MBEOMB3geryme3gb. Lsddgbgderm LgdEMMTo seEgMbsoEogol Labom gohbos
Sboero Asboengdo, HMIgwms FoMdmgds gomqdmby MoMymaomo bgdmddgogdols bs3wgdo
bs6obbom godmo®bgzs. gMmgeao sbgom Loddgbgdem Fobowrs® M3w0sb JgM3MmE0dgMHgdl,
OMIgdLsg  3mOEGWLbE999b@0L  09933wgws®  dooBbggah, 30650056  obobo
30O GHob39996GHOL  9b5EMmAomMo 13019990000  bolosmMYd0sb, 39MIME, oSO
R003996M-3945603796H0 0307090000 S bsbIgIaMdOm. 53539 O™, A9M3ME0dIMYOOL
§o63Mgds 56 5HOL 353800900 BIHTOMHMEFIBYOL Toscn gFoLOSLMD.

39M3M0dgmHgdol, MMM 393bwdgga0 s MgMHIMIgEIA0 LORIMIOOLS
9309d0l,  3m3gMEomo  3sdmygbgds  Jglodrgdgeos  fo®dmgdsdo,  dgoiEobsdo,
3505w 3H9839M5@GH MO 3953039000,  sbogwo  Lsbol  dmF3m3zsbo  3mA3MBoEHgdol
399336090900, GH™MJL03MOO s M50MIJEH0MMO Bs®BBIdOL 063583LwWwIsE0OLIM30L s
39996(¢gd0Ls s 09BH™Mbgdol Fgdsygbgero  3m33MbgbEHOL  Loboom. gm3meodgmgdols
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03090900 d9golfogegds dMogz5e 3B IbEGHWE s godmygbgdom oligodwobsdo [1, 2].
39M30Me0dgMHgdol  Fomdmgdol doMoms bgowgmms  25dmoygbgds  ggmermyo©o
o0IMIMdoL  JobFo@ImaJabgero  BobgMogdo,  Loosbsg  HoMdmodgzs  @olisbgergds
»3JM3M0dgMH0o, Mmdgmoi bdsMgdsdo 9gdmodbs gmbgy ©sgomzods 1978 Fganb.
UfmMgo 956 894dbs 96530mFgH oo Lsdg3boghm ©sfgbgdmewgds Institut Geopolymere
(39M30dgmH900L 0bLEGHOGMEO).

39M3Mm0dgmHgdo  HoM0moagbab  GHmBoo b Fgog300m 5 GH030698w
5¢)IMBOE035GHv6M FoLoegdL. 0lobo IMOsHMYI0D CMAMOF SMIMOYIBMWO, BMYsI,
3965803990 3oL gd0, HMIgdo3 Ho0MdMJdbosh 3m359bEWGMs© BT 5653MOLESME
(50mEIME)  35ggdL, 369dM030 (3gMmEmmgdol  dbgogzs [3, 4]. 39Mm3mMerodgmgdl
9096 5M5MMHR6w 3t0dgMgdLsE, MHMBEYd0E 89P0 PobTgMEdsO MRYMEgdol,
39290mo©, Lowozmmjbool  (-Si—-O-Si-O-), Lowrozmow«ydobs@ol  (-Si-O-Al-O-),
29OMBowo3Mmodobsdol  (-Fe-O-Si-O-Al-O-) 6 semdmgmbgs@ol  (-Al-OPO-)
X933900L996, OO0 3W0dgMH0B300L 3OME9LT0 HotrBm0ddbgd0sb.

39M300dgMH9d0L TguFogars s0Hym x9gMH 300093 oo bym3mbols 50-056 {ergddo
36006580  30dBHMO  qarbmglizol  doge, MHMIgEdsg  M9bsFIOMIGIMD  ghmo
9900993535 foo-@mA™mgsbo (399963900  BHgdbmwmyos  [5]. ©9300™M3030 O
8609369 mdsL 5603Fgds 98 33009390L  29M3M0TgH o Foboergdol  gdbmermyools
396300560930l Loddgdo.

39M300dgmH9d0L  Jo3OMLEBHOIBHMS  ©ITMI0IOIMW0s  }HJI3gMeBMSDY: ol
©953396098mORM0s  MmMsbol  3H9a39M0@GMMsH)  ©o  FoMs0gddbgds  3OOLEIME
oGm0 500 °C-ob Bgdmom.

5MLYIMOL 2gM3Mm0dgMHgdol LobmMYHOL Mo BodsMNgds: BB 96Mgdmdo (Nat,
K+, Li+, Ca?+, Cs* @9 9.0.) Q05 85935 (BmLgm®MT5935 o 3m3mLoL 9593900) 456M9dmqddo.

3M3963E0wo 30aMdom GHGO® 5JGH030090E0 293m0dgMHd0 MBOM J9ES©
3609369035605, 300069 855300 (0gEolbIYds JOMOMOPOIE BMBBRMET535). MI3d b
396536903 3963390 0b6BHYMHGLL HomMoYgbl, 2obLsIMMEMdom 30 85906, HMmEaLsg
Logdg LEGoMIMM BsBBIdOL MEBHOWO BSOSl gbgds.

993609mms xamx3ds [6] 99008535 39M3ME0dgH o Joggol Jowgdol Ggdbmemos,
OMIgos  99BHO3oMEoboly o BmbRm®Igo35L MO0 gOMJdggdol  9wgyo©
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Abstract

In the paper, the data on obtaining and general properties of polymeric phosphates first
time synthesized by the authors are considered. There are analyzed the possibilities of
production of new geopolymeric binder materials by inclusion of small amounts of these
condensed materials into industrial waste and using phosphoric acid.

Deteriorating of the environmental situation in the world has opened up new
opportunities for scientists to seek ways to develop new technologies that will ensure suitable
sustainable development. In the construction sector, new materials have emerged as an
alternative, whose production is characterized by a lower degree of negative impact on the
environment. One of these construction materials are geopolymers, which are considered as
alternative for portland cement because they are characterized by properties similar to those of
the mentioned cement, in particular, such as high physical-mechanical properties and
durability. At the same time, the production of geopolymers is not associated with high carbon
dioxide emissions. As is well-known that geopolymers are inorganic polymers consisting of
repeating chains, such as silicon oxide (-Si—-O-Si-O-), silicoaluminate (-Si-O-Al-O-),
ferrosilicoaluminate (-Fe-O-Si—-O-Al-O-) or alumophosphate (—Al-OPO-) chains formed
through the polymerization process.

Primarily the influence of inherent characteristics of volcanic rocks on the creation of
geopolymeric binders’ structure was studied. Also, we are conscious: it would be very
interesting to study in details some researches with participation of double condensed
phosphates containing vitreous phase in curing of geopolymeric binders, these experiments will
be conducted soon in the shortest possible time. At the first time the opportunity of activation
of crystallized slag, with double condensed phosphates of mono- and polyvalent metals joint
thermo-processing was examined, as well as influence of different modes of mechanical-
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activation and curing on the reaction-ability of components of geopolymeric binders. Of course
first of all we needed to we had to synthesize the phosphates we needed. We will try to make a
more detailed point on this subject.

Generally condensed phosphates of polyvalent metals possess a number of rather
interesting and appreciable properties, which explains various areas of their application.
Actually anions are known for n=3, 4,5, 6, 8,9, 10, and 12 [1 -7].

Fairly high thermal stability of mentioned condensed phosphates, elevated content of
phosphorus — these properties have caused their application as raw components for manufacture
of phosphate glasses; The crystalline and non-crystalline ultraphosphates are used in quantum
electronics, which are predetermined by their specific properties.

In fact it is necessary to underline, that some compounds of cyclophosphates vas
primarily synthesized, firstly examined and determined by us, sometimes in collaboration with
Dr. N. Chudinova and academician I. Tananaev [1, 3 — 5, 7 — 9]. In fact the achievements
obtained by methods and direction of researches, named “Scientific School of Tananaev” in the
vast and extensive domain of condensed phosphates is very remarkable.

Sufficient stability of polymeric phosphates in this respect makes it possible to identify
and categorize them by the method of paper chromatography. This fact permitted scientists to
examine the process of formation and the composition of many normal, basic and/or acid of
both simple and double di-, tri-, tetra-, octa- and dodecaphosphates of polyvalent metals. This
method together with the chemical analysis, IR-spectroscopy, thermogravimetry, X-Ray
diffraction, and structural analysis was used by us.

The present data is the result of our studies — synthesis, analysis, examination of the
experimental records and their comparison and / or correlation which achievements in the
domain of inorganic polymer’s chemistry [1 — 5, 7]. Condensed phosphates of polyvalent metals,
notably double phosphates containing alkali metals enjoy a number of relatively remarkable
and significant properties, which explains their appreciation and variable scenarios of their
applications.

Beforehand we already knew that high thermal stability, elevated content of phosphorus
— these preconditions have caused the various applications as raw components for manufacture
of phosphates glasses, the use of crystalline and non crystalline ultraphosphates in quantum
electronics are predetermined by specific properties.

Just for these reasons we synthesized many new double condensed oligo- and
cyclophosphates, whose general properties we have examined [3 — 5, 7]: systematic
investigation of MLO-M" O3—P205-H20 at 120 — 650 °C, where M! = alkali metals and M ™ —
Ga, In, Sc, Al was executed. In addition investigation of systems Ag20-M":03-P20s—H20 at 150
— 600 °C was examined. Many compounds were wholly studied and the structures are
determined by X-ray structural techniques [1, 3 —5].

Thus, presented work is the result of synthesis, analysis, investigation of the
experimental records, their examination, determination and evaluation of their properties and
correspondence with accomplishments and advances in the area of inorganic polymers’
chemistry [2 - 6].

During last years’ more of 85 new formerly unknown double condensed phosphates have
been obtained, including the first representatives of double cyclooctaphosphate classs —
K2Ga:PsO24 and Rb2Ga2PsO24 were obtained by M. Avaliani & N. Chudinova [4, 7], crystal
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structure was examined and described [1, 4, 5]. The structure of K2Ga2PsO24 (reminds crown-
ether).

One of primary synthesized cyclododecaphosphates, e.g Cs3 Gas P12 03, Css ScsP12 0ss,
Cs3InsP1203s have been obtained by us [9 — 11] (see also detailed and interesting publication [6]).
These achievements, including the successful synthesis of the first representatives of double
cyclooctaphosphate classs — K2Ga2PsO24 and Rb2Ga2PsO24 are noted and distinguished by many
scientists / authors in the important publications [1, 2, 6, 8].

So, by crystallization from melts of polyphosphoric acids at the temperature range of 120
— 650 °C we are obtaining more than 85 double condensed phosphates of alkali and trivalent
metals; all compounds, or practically almost entities were identified by roentgen phase analysis
and investigates thermo gravimetrically [3 — 5], many compounds was wholly examined by X-
ray structural techniques, described in works [1,7 -9, 12].

The physical and chemical properties of phosphates are evaluated. In addition, detailed
investigation of system M2 O-M"™03-P>0s-H20 at 150 — 350 °C, where M™ = Tl is on the stage
of examination.

Discussing about the range of M'M"(POs)s+compounds’ structures where M! is constantly
alkali or any other monovalent metal and where M is any of trivalent metals such as gallium,
indium, scandium and others, even rare earth elements, it can be concluded: while the radius of
M 3+ decreases, the polyphosphate chain identity period increases, due to complication of its
form-factors; the cycles slowly appears, the number of structural types increases caused by
correlation of average distances between (M™-O) and (M'-O). Less is the correlation / ratio,
more is the probability of big cycle formation.

Concerning geopolymers: the commercial application of these materials can be used in
the production of fire-retardant and heat-resistant coatings and sealants, in medicine, in high-
temperature ceramics, for the encapsulation of new types of fibrous, toxic, and radioactive
waste components, and as a component of cement and concrete. The properties of geopolymers
have been studied in many scientific and industrial disciplines [13 — 22], and examined by
various researchers [23 — 29], and taking into account these aspects we have considered
experimenting: by adding a certain amount of condensed phosphates synthesized by us to
geopolymers in order to increase their binder properties.

By citing Dr. E. Shapakidze, “Geopolymers are an innovative materials, and they are
progressively turning to a partial or complete alternative to Portland cement in the fabrication
of concrete, which is presently considered one of the main causes of ecological system
degradation and destroys the sustainable development model” [30 — 34]. In view of the reasons,
mentioned above, the production of new environmentally friendly and economically viable
materials from local industrial waste is of great importance, especially since adding very small
quantities of the new condensed phosphates synthesized by us gives the hope of anticipating the
improvement of their qualities [33, 34].

The influence of chemical, thermal and mechanical activation on the formation of
structure and processes of curing of geopolymeric binders will be studied during future
experiments as soon as possible.

Having reconsidered and resuming the above it is very interesting to study the
possibility of obtaining new geopolymer binders based on metallurgical dump slags and
phosphoric acid and also by adding to the geopolymers a smaller quantity of condensed
phosphates obtaining the alternatives to portland cement — geopolymers with improved
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properties. The first steps to obtain the desired materials have been taken. Heat-insulating
porous geopolymer materials were obtained under laboratory conditions [33, 34]. Studies of the
possibilities of obtaining new geopolymer binders on the basis of industrial waste and
phosphoric acid were conducted. When selecting the ratio of dump slag to sand, it is possible to
regulate the properties of the binder, for example, porosity and mechanical strength [34].
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Lobomgbol 39d3gMo@ Mo 0b@gMzswo — 100 — 600 °C.

Lobomgbo®gdmwo 5M5mOYobmo 300dgMgool 36y d09do
3Mb69bLoMGdMo  BMLGBIBHIOOL  F9E)boMdOL LB  2odmygbgd e  0dbs
365300930, BMEHMIYEHOWIO0, IMGYPMOOMNO S SEHMINO-53LMMJF0E0 SBsobol
3900 900.

3OLgdMEo  Bsdg3boghm  WoBHYMHIGHWMOL  sbseobol  Loywmdzgubg B39 TogM
1593509630560 O0MMBYIOL 23bLIBPIOOLMZOL AMe3089@OWMwo —  mJbodobmerobols
39000 d9MmBgm 0465 9990930 3G gbEJOOL gomzs¢olffobgdoo:

- 390509000 330609 Hmbozob 459mygbgdol glodergdermds;
- 365¢00B0ol 50056 Fo0oero LoBMLEHY S Lo39mglic F9BTGMEMGOSMDY;
- 39bLsBOZMOL gEsMgd0m JoM 3030 Fx0MO.

3Mb09bLoMYdM 60ddgddo Ga-ob, In-obs s Sc-ob 2Ms3089EOWE0 FoblsbzcmOl
39059, gb woombgdo  slggg  3oboLIBOZMGdS 3T gdlmTgEHHoom,
139JGHOMBRMGHMIGEHO00ms s MIBGHYIBMU3gIBHMwMMHo  bBowobom (53 Tgdmbgzgzsdo,
33935 A9y  JEOL  JSM-6510LV  X-MaxN20 696@&p960L  sbscwobos@mMom).
@woBIMGHMOOL 8mbo3gdgdby [25 — 37] oymHbmdom 890dwgds 0mg3sl, M s0bodbwmeo
1593509630560  WOoMMBYOOL 53009 BHOMIWO  JoBLIBOZMS  MBMM-mJlodobmerobols
3900g9gbg000 LEOHWWOSE JOTIOMNWYGOME0s S M3EH0TIWOHOS. 1330S ToMMNYOME0S
0000 890929000506 @5 g3zgms Bgdmoe  Bsdmmgmowo  dgomob
MON0JOTYMJO0b 450MmA0bs6Y.

393909  JOHMY39M0  OIBHIWODBI305 @O DBMYoghomo  3mGmgdaos  890ma393)obs
WOoBIM5GHMMSd0  sefigMow dgommoddo s  4993399mfidgdobs  Bgdmo  sbodbmero
36530093HM0  IgomEol  459mygbgds 306309¢ s B396 doge LobmgboMgdero
63530  3mbgbLoMYdIMWo  FMLGBIEHIOoL 60dMIgddo  L3sbomdols s Adeomdol
365300930 2oblsbdgmOLOM30L,  9xMgm3g,  99339x9MJd0bs ol bbgs  36mdo
3900M90msb. Bogmmgdo dglfogeoe 0dbs M96EGHRIBMBIBMOO sBsoBol Fgdzgmdomsg.
13b360Ol  OogMIJ30mEo  0bEHIBLOZMdOL  IMbs3gdgdoL  Fgadm3zgds  gobbmMi0gwrs
DRON-3M 6953605J@™39GHODg sbmowe Cu—K« 459mlboggdom 0b@Hg®gzgswdo 26=10 - 60 °,
©93H9JHMO0L  LoBdogbg 2 °/foo. 0BmIGgdMm©s  BsBMdoMO  0bGHbLlogmds 1/ ]o.
290099690905 b EObIO GO Tmbs3gdgdol dmgwro — American Society for Testing and
Materials (ASTM).

d9032000,3980 Ggbisdsdolo blibst98ol Hobsbfs®o dmdbswgds

0.10 = 0.15 g §mbs3l 39M©VGdm 350090l FHGHILMSD gOmo 96, MoEg 303
™39009L0s, F935WOMdM 3 — 4 TFoME39  35¢0dob  FGHGHILMb. 90y 39b9bom
30OMEoHBoMGOSL  3mBEIBEHMOMGIM  FoM0ETo35bmMb  gPMO©  AS(3bIXgdom o
do0qde blBs®L FgaMoegdols 9999y 99393L90m 50 -9 LEHM™a 3MeEdsdo. gl bubs®o
399009496905 MMAMOE BMLBMOOL, 51939 — 3900l FoBLEBOZGOLIMZO.
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2026560l 356bs 305 Joberemob—8raerodsd 1m0 dgorm©oor

Dobolfot dmIBsgdMEo Bgdmm s0fgHowo blbsM0Ib 300980 serod3zm@G®
Boffoemls 5 dgr-0b MmEYbMdOm, MHMIGELOE I35T53)JOD OsBEMgdom 200 dev godmbo
£950b o 3533b9W 0™ 5PVGdST©Y. F99I 35953HJ0m 25 T FMWOBEIEH™MG MgoG03L
S M96IMBMdOm, (39m-{3900Mmdom, 35353 Jd Joborobols blbsMb. 0fjygds oegd3zs.
Boegdl  399m3690m  @IbEMgdom  LysMbIbg3zm0om, V99 3BOWEGHMIZD  BMMHJO0b
G0a9wdo G4. 39x30GHOM bsergdls 3500Md LEIOMD 356Mssdo 130 — 140 °C-%Pby
©9bEMgd00m 1 bon-0b gob3ogwrmdsdo. mbinm®Bg Assm3eol Bog@memos 0.0321.

350900l 3sbbs bmzmolb Ggorma0o3s mGom-mfbofobrrenoboor

Hoboliffot dMIBsIdMEo Bgdmm s0fghowo bLbsM0IL 30090 serodzmEG®
Boffoemls — 15 3g0-Ub, MMIGELOE 935530 obErMgdom 100 dew godmboe gowls.
35053900 osHWMgdom 3 — 4 56 5 g MmOMM-mJlodobmeobl, 3s3gbgwgdm 70 — 80 °C-dg
s §390-03900md000 35853900 530530L blbsML (1:1) O OEYI358¢Y. bLbsGOL ggMHo
Boegdl Bgdmom mbs 0gml ds3o Yy30m9ero. 5805306 sdsEHgdosb 30 — 40 {d-ol 8909y
39000gmxas wodmbobgzgmo 1sbEgwoligd@o bosgngdo. owgdowo oo 9649 blbst-boergdo
Mbs ©I3¢M3M® Yol 535HsbsBg 2 Lan-0b gobTogErmdsdo. 9999y B A9EIMOEYL
©5 ©99M3bgl 6 — 12 Lor-ob A56353cPMdT0. A9BOGHZMS bmM309e0©gds G3 FMOMZS6
&029wdo fyeol GHwddmL 39939M00m, Md0wo fiywwoom. Bowrgdol goddmds begds 120 —
130 °C-%g. Ga-bg 390sm3e0ob Bog@meos 0.1389.

5 %-0560 8-cmgbodobmeobols blbsto 2N dBs®dgs3500 Fobobfoe mbs odbsls
mdbogdmwo.

Q3LOE9JO© DMAXIO 535BHJOID 5M0 530530l bLbIML, 9M6dgE — dMFBIOL, OMIgeros
090905 15 9w 2N NH:OH-obs o 30 9 2N CH3COONHs-0Logob. 39993900 obgs
3960B 9o, O™ orgdzol 909y pH 0gmb 6.5-0sb 8.2-09. 0oy pH 8.8-%g dg@os, 350b
d0bs6g30l Loboo AgQs- 2H20 259m0egdgds, Gmdgenbsg 8mysgz0Laemm 53960 593b.

6. 330930l 39092900 ©s 3300 gsbbogngs

m®35a0  3mbbLloMGdMwo  boghmgdol  Lobomgbol  FJobbom  Bo@otmgderos
13960mdol 903390 FMOZ5¢3mI3MbY6EH060  LoliBgdgool MLO-M"03-P20s-H20
(Losg M! 560l Ag, beage MM — Ga o Sc) 330935 $9339M9G O 0b@gMzswdo 330 —
340 °C. 306500056 9J1396H0d96@gd0lL 3OHMEgLdo 39d3gesd OO 0bGHIM35¢0 Bs3dosm
3500 04m 9, OMAMOE  3bMdOw0s,  RMLRMMTFS3S  AboEOL  3mbgbLLOSL,
239930 Lobmgbo F0dobsMYMds 3MEOBMBBMEMT53900L bLbIM-b5ePOMBGd0ID.
9939603963900 BHOMPYdIMS Lbbgsslbzs MMM M9bsRIMOMIOLLL. 3:MbB3MYEIs©
30 ol 350069ds: n = Ag/MM = 1.5-c0sb6 10.0-00g Lbgosbbgs 9dudgmodgbGol OmU.
0939, INWNOHO MobsRsMmEMds 39030 0gm gOHmMOoby s 00539 3EOL 30OHMdYdTO.
656930 938JOMS J0bs—aM5530EOL 0w gddo (395G gEe 3009030 godmoynbgdms,
3Mmm39, 603geol  Goggwgdo),  OHMIgdos, ™ogzoLb b3, 0935 YOIMOS
09MHIMLEGHOGH0M90ME IMRgol ©dgerdo. LoEEgMsdobm 9dudgmH0dgb@gddo gobmMgds
o60mgds  3-sb 10 I, Goms  IGHIWNMO©  IYJBowoym  Fggygdol
3695305 3H90396M0GMEMlbmsb, 9JudgMH0dgbEHol boba®mdw03mdsLmMb s 3m33mbgbEgdol
0565835MMOLMb.  Lobmgbgdol Tgmeg  Lgeool  boby®dwogmds ¢339 28 ©EIL
09500939695. ©LEHMOS B3960 TmboBOMYds, MMT 2obmMgdols bobamderogzmdol bMHom
35GMEMdL MmMToQ0 3Mm0- 96 303 MBMBRSEJOOL F0MYOOL SEBSDHMDS.
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3600 4. 3063905 LObMYHOMYdO Yo 0B-39MEbEroLs s
135603-39MH bl BHEGHOIBMLRBIGHIOOL M19BEHYIEMTBIBMEOO
365¢00B0ol dmbo3qdndo s om0 FgaMmgds bbgs dlgogl 65gMHgdmMb
Q5 3963bE0L GHOHoRMLGsEol ASTM-11-642-0l dmbs39390m9b.

AgSc(H2P207)2 | NaSc(H2P207)2

AgScHP301w0 | AgsP3Ono AgScP4O12 | AgGaP4O12 | NaGaP<On2

.(1-2)H:0 (1-2)H:0

d/n | /b | do/n| Vb | do/n /b do/n1 /b | do/n| /b | duvn | I/b | dv/n| /b
- - 481 | 20 - - - - 469 | 5 4.67 7 4.71 8

4.04 24 — — 4.04 25 — — — - 443 | 15 | 443 | 25
- - - - - - 4.17 41 - - 420 19 | 427 | 30

- - - - - - 4.00 37 1394 | 5 | 394 | 27 | 394 | 49
- - - - 3.83 | 100 | 3.83 | 80 | 3.80 | 15

- - [369] 5 - - 3.67 10 |3.63| 10 - - | 365| 8
- - [360]| 5 - - 3.59 4 3.56 | 10 - - 353 | 5
- - - - 3.43 33 3.49 25 - - - - - -
336 | 72 | 337 10 - - 3.35 29 | 337 31 | 338 | 38 | 335 | 16
- - 1329 10 | 3.32 24 - - - - - - 1329 | 5
320 | 29 321 15 - - 3.24 96 - - - - 1314 | 5
- - 315 25 | 3.08 33 3.18 8 - - 308 | 23 |3.08 | 10
3.03 9 |3.04| 15 | 3.02 30 - - 3.03 | 80 | 3.03 | 100 | 3.03 | 100
- - 129 | 50 | 2.98 100 2.98 100 - - 1282 18 - -
- - - - - - 2.96 19 - - 275 40 - -
284 | 100 | 286 | 95 | 2.82 55 2.82 52 1283 | 19 - - 128 | 20
- - 276 50 - - - - 277 | 20 | 269 | 15 | 276 | 10

- - [272] 50 | 2.74 28 2.74 7 - - - - - -
- - - - - - 2.70 14 | 268 | 25 | 256 | 13 - -

264 | 77 |2.60|100| 2.64 23 2.62 5 - - - - 1263 | 10
259 | 69 - - - - 2.58 4 256 | 15 | 240 | 19 [ 256 | 3
252 | 14 | 252 30 | 254 32 2.55 7 249 | 16 - - 1248 | 7
2.43 7 1246 15 - - 2.47 4 241 | 26 - - 1240 | 3
2.37 8 |238]| 10 - - 2.39 7 - - - - - -
- - 1233| 5 - - 2.33 6 233 | 6 | 225| 15 | 232 | 29
- - - - 2.31 32 2.30 4 - - - - - -
- - - - 2.25 18 - - 225 | 16 | 215 | 11 | 220 | 16
221 | 20 - - 2.22 18 2,17 121220 12 - - - -
213 | 31 |215| 5 - - - - - - [206| 6 |214| 5
- - 1210] 5 - 2.10 18 - - 1203| 5 | 213 ] 3
- - - - 2.03 9 2.07 6 207 | 2 - - - -
203 | 20 |2.00| 10 - - 2.04 7 - - - - 1205 3
- - 1196]| 15 - - 2.02 18 1200 5 |18 | 8 - -
193 | 11 |194| 5 - - 1.95 11 192 7 - - - -
1.89 | 10 | 1.89| 15 - - - - - - - - - -
- - | 188 | 10 | 1.83 21 - - 187| 6 [ 168 | 8 | 187 | 3
1.76 6 - - 1.75 11 - - 186 | 6 - - | 185 | 6
1.67 | 18 - - 1.68 22 - - 1.69 | 6 - - - -
1.64 | 18 - - 1.66 28 - - - - - - - -
1.62 | 18 - - 1.64 33 - - - - - - - -
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o006y,  MHmI  LobBHYIsdo  FMbMZoWgbEGHMOO  WoMmMbgdOL  sOYMmabol
d9dobggzsdo  L3Ibowmdo  [oMImJdbol  BMbBMOIgIE3ge  boghogdl:  dSE
AH9939M0GHMM5BDg  13IBOMAoL  Tgo35  GHOOGMLBOAL,  bmrem  FYgsMGOOm T
GH9939MoGHMM5BY  —  2MIdgEx9F3056  3mwogmlgs@l  Sc(POs)s.  L3sbomdol  Tgo35
A®0xmbRsBL  ScH2P3010, dbgoglo  93GH™M9d0ol  dog  LobmgboMgdmo  dserordol
AG®0xmbRsGobs GaH2P3010(1-2)H20 [3, 4, 7], Logs69mm, 543 93390060 45dmbo@mwo
00bm»30dMI33wgeo  m30U909%0. gl ©OL330s  3gYds 5T bBoghms 29633990
0BMINOR0HBI0I6 499MmI0bIMY. LHmGgE 580m55 2563060Mm0gdwo domo d5dmygbgdol
RO 396L39JAH03900, HMYMO G 5OOMOY6o 0MbMT0IMIE3wgEols.

EbOOO 5. 35¢0193-39MHEbEOL 303 MO MEOYIIBMLBSGHOL
9533960535900 5650Bol IMbs399900 S B0 FgIMgds

39H099-450030L 565MA0ME (303CMOMOY3IBMBREHD.

Cs3GasP1203s | AgGaP+O12 + AgsGasP1203s
do/n | I/1o du/n 1/
509 | 14 4.69 5
4.00 | 24 3.94 5
3.86 | 100 3.83 100
3.59 5 - -
350 | 20 3.63 10
- - 3.56 10
325 | 24 3.37 31
3.14 | 20 - -
294 | 40 3.03 80
283 | 68 2.83 19
2.76 7 2.77 20
268 | 14 2.68 25
- - 2.56 15
- - 2.49 16
2.40 6 2.41 26
2,36 | 40 2.33 6
233 | 10 2.25 16
2.27 7 2.20 12
217 4 - -
2.14 5 2.07 2
- - 2.00 5
- - 1.92 7
- - 1.87 6
- - 1.86 6
- - 1.69 6

LoMgodgom  96M9gdo  Ag-ob  TgEHobolisl  sMgdme  0dbs  ®53gbodg  dmermEo
09b65xsMMds: 15:2.5:1, 15:5:1, 15:7.5:1, 15:10:1, 15:5:1.5 oo 15:7.5:1.5. gl 99630609390
ogm  bsfgobo  3mB3mbgbBHadol  MOMOIMMIMOIWs3ool  Mm3EGH0dMIol  dogdoo.
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LObPYHOMGOMEOs  PMMYLIE  LYOBEBHIOIGLM  MOTSY0  IMVMORDMWO  3mEodgho -
BO3MGHIGOBMLRIGH0, OMIgog 0DMIMOBMWos s  Jogdmwo  bs@GHMomd-
39w0omdol 303MAHIGHMBMBGsGHLs [22, 23]. 13sbomd-39MiEberol 9993z AbsgLo
65903900 oG MoE©530 M55 50fgBogo.

B396 F096 LobmgboMgdwo 3mbgbloMdo Bogmmgdols M9bEagbmasbrMo
5b65¢0Boll  J99agd0  SLgmos.  M9bGHRIbMYMsTgd0  BsfgHowos  TPOH-3M  Godob
6953396  oxOMIIBHMIGAHOHDY Cu—K« 5bm@ol 2sdmlboggdom, 26 = 100 — 600 °
©0535bmbTo.  ©gBHIJBH™M0L  LoBdotgs 2 °/Ho.  LosbsgroBm  b0odmdgddo  Lsfyobo
3M5MmMYbmwo ©95d3H03900 (Ga20s3, Sc203, AgNO3 s 3500 30MBHJ00) 56 5©00bodbgds.
domad  M9bGHRbMAM89d0Dg BoBoms  0IbEHOBOE0MYds  dmbEs 5390 30L
©OgBMJ300o Imbs39dgd0lL LogMmsdmMobm 396GH®oL (American Society for Testing and
Materials — ASTM) 9@ocmbgdmsb 99sMgdom. 306506  Fsmombms  s©0bodbmeo
30dd0bs3ool (Ag-Sc) 89933900 LAHIBIOEMWO MOTsP0 BMLGBHEHIOOL (53MgN39, O- S
AO0RMLRsGHJO0L) M9bFHRIDMBIBMMO FMbs(399900 RoJBHOWEMS® 56 GOl Fglfogwrowo,
300900 MH96GQ9bMaMs9900 Fgom©s 60ddgdmsb sbermdamdo LobmgboMgdero
BogMgdol  LAHbIOEGHWM  Imbs39dgdmsb  (dw/n  85Bdogros  3MOLEGHIWMHO  Fgueol
LodMGHYJMS MO, borgwem 1/1o — BsHEOMI0MO 063 JblogMds) — ob. 3bMOoWgdo 4 s 5, s
LobMgBOL 306MHMBYOOL Q5m35¢0olobId0m OEYObs Jowgdmwo Bodwdgdol bogsMowmom
390296000Md5, G153 IIVEHWMES 3¢50 3MO JoBoWEMmO FJOMWPIOOMS.

dm@obomo 3bMowosb 4 BsbL gowod-39mEbarols s 13sbod-39MEbeols
AIOOIBMLREJOOL  MODOJODNODBMINORODBI0 s oo Aboglgds,  BOJGHOMMO©
0DMIMORMEMBY, JoOmgzgwo 933wg30M9goolL [3, 7, 10] doge sy Jowgde bod®omd—
3909930l BHYGHMIBRMLROEM6. OO MIBIGIOHMIOLSL 1 = Me/Me! = 7.5 s 27 — 28
@060 LObMgHBom  FoIdMEE0s  PoW0T-39MELEOL  (303MMOMEIIIBMLRBIGO,
03903 3OOLEIYOS (303MGHIGMIBMLRsEHOL Jobsdgz0m (FbGMOEO 5).

a7b396%0dgbdob ogdsergdo

OmamO3 Hgdmom 0dbs  90bodbo, Lobmgbgdo FHoMIOMS Fobs—aMsn0E0L
G090 do, 85 %-0560 HzPOs+-0b 05650md0LsL, Grmdganbsg 99539dm©s 9@y wommboms
mdbogdo 96 AgNOs, 53Mm39, d9LsdSToLS, Ga-ol 96 Sc-ob mJlogdo odol dobgzom,
0¥ GMIGEo IOz 3md3MbgBE 0560 LobEgdndo a3Jmbs 4580Bbwo glslifogwrsc.

9939603963 g00L 3H9d396M9GHWOIo 0bE M350 33esg 100 — 600 °C-b 950969,
LoMa®sdolicm 3gd0L bsba®Mdogzmds 30 — 3-0sb 25 L.

B396L dog® LobmgHBoMYdMo 603dgdol {yowblbs®do Aoolisyzsbow 39MEbeols
G090 IMmo3LOVIEY 3960 2553b309609de 0.15 g BosbowroBm frbsgl 9ds@gdmes
Jowondol Gm@olb 10 — 15 9s6335¢0, ©599bodg (3gmo godmbowo fyswo s
969620 dmMmg30L F9d9y dobd o3LEgdMs 400 °C-dg Fobslifs® gobmMgdwyem
3953900l dgedo 5 — 10 oo 9ghma3z5mM3560 ToLoL F0gdsdY. 330900l 909
Bomdl 35953 9dom 10 — 12 3¢ go8mbow Fyselb dgbswrmmdols bmwer asblibsdg o
2900533Jmbs 30bol 39EbEysddwg F0dsdo. golsbgod®mowgds blbsMl 9dsdgdmes 10
A 3m6396GHM0M9dM0o sHBMET:930 (3909, T9L5T55390d 56 Fg0dengds Fo0I0ETg5350
2990yg9gbgds, oAb  LobmgboMgdMmo  Boghmgdo  F9oEez9b  39M3Ebeol  0mbgdl,
OMIwgdo3  Jwm@-0mbmsb  Boewgds  Fo0dmgdbosb). Fomgdme  Losbowrobm  blbsMb
35359 g3om» ®0mJdol sdMIOMBSTEY O 39933JMbs 50 Fe-056 LEBMI ME0dsdo,
L50BE 30VIIPO® 5E0J3MBHIOL BMLBRMEOOL, 39M3bEEoL, 13960Tols S JoEPomdols
39bLsLBPZMS.
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2026560 356Us bz3Ms

3ebRmOOL  goblobzmol  dMszswwo  dgomos  3bmdowo.  Bz9bL  FogH
LobMgHBoMIOMo 60ddgdol LosbsEroBMmE sGBJMw 0dbs Hmbomo dgommeo Mg2P07-0l
Loboo s BMEH™MIGGHOMEo dgMmEPO FMLRMOH356500F0-0mEwodEgboll 300d3egdlweo
Bogmmob Loboo.

2026zl 3sblbs mats 3eahdgdOHoIemo 90900

Qb dgoom@o  4Molbbdmdl  ygzomgmo  JgugHowmool  3mbgm®mzsbsomd-
900960l 3m33¢gdLols Foedmdabol, H™Aol 99960 Mmds Jgqlisdsdgds BmEmBmeEsls:
P(M03010)2(V205)3. 995396300 oJbodogm@mo 0bEgblogmds doomfiggs 1V HNOs sé9do.

3bMoo 6. ZLBMOHOL(V) mgdlool
1535C0dMM M553030L IMbs39d9d0.

133 /50 b3® | P2Os dy /50 3% | L=113 | L=213

1.0 0.1 0.030 0.060
2.0 0.2 0.060 0.120
3.0 0.3 0.090 0.180
4.0 0.4 0.120 0.235
5.0 0.5 0.150 0.290
6.0 0,6 0.180 0.350
7.0 0.7 0.205 -

8.0 0.8 0.235 -

9.0 0.9 0.265 -

Us35¢m086(G 3653030b 53985

50 3¢0-096 LsB™A 3MEBGOTo J0IMMOOMMYEHOM 50900 0dbs 0, 0.5, 1.0, 2.0, 3.0, 4.0,
5.0, 6.0, 7.0, 8.0 > 9.0 3w LEBIOGHMEO bLbsMgdo, GMmIgmms 1 g Fgoisegh 0.1 3y
1bRmOol(V) mduol TP20s = 0.1 33/dgn. 5358 93s¢)gdm©s d30Mgmgbo figsero, 2.5 de
SBmGI935 d = 1.40. Loddom blbsto A ¢, d93b9de 0dbs Fgdg s 15 for-ob G909y
0DMIgPMEs M3GH03m0o 108330039 bgwlbsfymbg KFK-2 @owomol Loghdgbg 440 60
(@mOx0 319530 EHMO0). J9LsEsMdgEo blbs®Ol dodsto L = 10 s6 20 39. 9gLso®mgdge
blboMo 998mygnbgdme odbs Lo3zood®mm aMmsxozol 306M39wo FghGHowo, GMmIgEoas
0m3BoYdME0s 03039 3060HMdYdTo  BOLBMEOOL  BEBIOGHMEo  BLBIMOL  2569TY.
300900 9993900 dm@sbowos 3bGMowdo 6.

3bMoo 7. bs33w93 60dwddo P20s-0l 999339 mds.

603930 s bsfigolo ™33H0o3memo 399(339@Mdd
333mb96¢gd0l 10d33M039 seogdzm@meé | P20s, % | P, %
30 065g356M©Mds | L=1009 | bsfoemdo P20s, Ay

P/Ag/Sc 15:5:1 0.285 0.95 60.0 |26.2

P/Ag/Sc 15:7.5:1 0.280 0.93 58.7 | 25.6

P/Ag/Ga 15:5:1 0.255 0.86 54.0 | 237

P/Ag/Ga 15:7.5:1 0.260 0.89 56.4 | 24.6
- 0.015 0.05 - -
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3b6sgmobob dligemgammds

Dobolfot ImBBogdme Lsozzaergzo bLbsMgd0Id 3039BHom 3z0wgdom 5 d
5¢00943MmAL, 290933dmbs 393beasddwg F04s80, 35053 Jdom 5 — 10 e sDBMETH935L d =
1.40, 359600 dIMsen 6530989, 35053900 2.5 A sHBMEHT:o35L, 8 Ao Lodwdom
bUBOL (A), 290533Jmbs 50 Ie-056 LoBMI 3MEds5d0, 353900 F9dEg s 15 -0l
0909y 39b9bom Jgx396MH30L 0bGHIBLOgMOOL Tgdm(jdgdsl oligzg, MmyMeE Mox3030L
53900LsL. 02039 BLbsGGdOm 08539 30MM39dT0 35BHMJOOm dMTS (3090L. BMLGMOOL
399339 Md5 5M39dMES 1535¢0dMM 4M51303DY. 999900 dm(39dIos 3bGOWdo 7.

Lo9bsEOBMm 60dMddo FMLFZMOOLS s BMLBRMOOL(V) mJuLoOL AodmbomgEgws©
30L969d g0 GmOIMom: % P20s = (A — a) - 100 /m1, bosg m1 9GOl Lssbserobm
bLbs®Ol serodzm@do 6odmdol dsbs dy-do: 0.3 Ty - 5 = 1.5 3y; A — Bo3oEr0dOHM 4M95303%D9
Losboerobm blibo®ol  serodzm@do bsdmzbo gmliggm®ol(V) mdbool 999339 mds d-do,
bom a — B535¢0dMH™M 36055303D9 363> 300l serod3zm@do bsdmzgbo P20s-ol 9993390 mds
d3-00. BMbRMODY  FoLIMZWIO  3m9IBR0E0IDEAH0  39TM0sbRIM0TdS  FMOT Ol
dobgzom: Mr(P:0s) = 142, Ar(P) = 31 cos K =42/ 142 =~ 0.436.

206560 356bs b3l 363300909 G<Icmo

903020 — @semg9zs Mg2P207-0b bsboor

1533093 6039300 BMLBRMOOL F5BLEBMIMOL  AMO3039E Mo IgMmEOo J53w9dbgds
608m8ob  ©Iobol  FoMdmddboo  MOMMBMLRBIEGHOL oW gd39Bg  98mbordol
dmo0d©sGHol  (NH4)3PO4+12MoO32HNOs-H20  boboo  5Bm@d:g030b5 @5 98mbowydols
Bo@®5G0L 35650md0LSL. Boergdol G9a9b0emds ©sdM3009OME0s sgd30L 306HMdYdOU,
©99d3H030L  99003960mdolsy s Ubgs  B03m09m9dgdol  9MLYIMBIDY.  ©ogd30LSL
BbRMOOL  45BLYBOZMOL bgedgddergero gargdgb@gdol MdgEgumds MBgds LaMgsdEom
5M980.  BMbBMOOL  MIMEIbMOM0Z30  FIBLIBOZIOOLIMZOL  v3owgdgwos  P:Mo
0565835MmM0O0L 1:12 339, Mg 965¢0Bol 3w gEmdsdo Mo dobowmfjgzos. sdodmd,
B3960 sBGom, Logligdom M3M0s60s Fomdmdadbowo bogngdol goblbs 5805380 s BMLBMMOL
by sbems ogd3s 8sabgBoswm®o blbsmols MgNH4PO4 Lsboom. 9999 beogds domgdmwo
Boergdol  bgmobowo  qoogd3s, d90amdo  aobm@gds s doEgdmwo  dogbomdol
©ogMmbgsEHOL Mg:P207 5{mbgs. mGmys6035 bgels ol gmlgm®mol 4obLsBMgml, sdo@ma
09) 193393 6039ddo Lo MO0 ol SOLYDIMDS, sl Fobslfo® sdmG9d9b Bodmdol
390x8YO0L  BHoggedo gobmMgdom. M93md9badmwos BowE®mo bBowgjom Imm3LgL
1350539600 G0g9wdo s BOMbowo dmbEgl dolo IBIOREZS MGGl VYdgerdo.
Boargdol Boggmazenol 998yma dsbs bs gobrmMgl 20 — 25 for 900 — 1000 °C 306Hmd9ddo.
59 MML J0d0bstg Mgogaos 999gaos: 2(MgNH4PO4+6H20) — Mg:P207 + 2NHs + 13H20.

3b®oo 8. 3053009EM0O FgOMPOM
BbRMOOL 2obLsHBL3MOL d99a9d0.

603930 s Lsfiyobo 0993390 Mdd
3033mbgbEgdol 5e0gd3mGme | P20s,% | P, %
9m®0 09655350 Mds | bsfoendo

P/Ag/Sc 15:5:1 0.0143 61.0 |26.6
P/Ag/Sc 15:7.5:1 0.0140 59.5 |26.0
P/Ag/Ga 15:5:1 0.0128 54.4 | 23.8
P/Ag/Ga 15:7.5:1 0.0135 574 | 25.1
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P205-%g 2000bsmgmgmo MgaP207-0b  3sls 369300905 398303096GBg 0.6379.
30000 3909390000  35dMomM3gds  RMbBMOOL(V)  mdbool 99339 Md.
365300930 39MEO00 BMLBMOOL 2oblsBrzmols 899900 ImEgdreos sbMogrdo 8.

390berob 3sbbs bmzts

15330930  60dMIol  F9ygboMdoEB s 993390 MdOEID  2odmIEobsty
0B JOOGHMMSd0 39MEbEoL 25bLsBLIMHOL Lb3sILlbZs FgmMmEOos SHIM0W0. Lssbserobm
608109330  39GEbOL  AobLOLYBOZMO®E FgMBgME 0dbs  9EGHMIMO-50LMOBFOMWO
M3 Md0M0 IJNMPOIIO.

3903berol 3sbbs makob s¢hm3w965-58bat830w9¢m0 Ggormoo

3900mEL  Loyd3zs MOI3L  SEHMINO-53LMMdE0ME  bgebsfymbg  SGHMINGO
d0960m4dol 06 gbLogMdOL  gobloBzms.  MHgBMbbLMwo  godmbboggdol  fgsOm
39900996905 39305 MmO 39MHELEOL bsMS. 5GMI0DsEOOLIMZ0L Losbsgrobm blbsMol
39913693935 bgdms 359M—539¢0wgbol s6G9do.

LAObIOGHMo  blbseol  (blbsto A) dmdIbsgds F9dgabsoto bgdms.
Jodomes Lmxzms (99.99 %) 396Ebol  dsgmmeol  mbszo  dmmogligder  odbs
3oabeddeg  Fodsdo s @gooblbs 10 T  sbBmEIFs35d0  (1:1). ®bIMIBMBOMO
393b9gdolsl blbsML 9ds@EHgdmes 20 — 25 g 25dmboeo §ysero s 9999y bogdms
dolo dgLodsdolo MoMmEIbMBOL oEIbs Lsbdmad Jmedsdo (500 der), MHMIgEroE FYdwY
03L90MS FoM0eds9300 (1:3). 5933500 Fogdmewo blbséol 1 g dgoiogl 200 83y
3963bwb.

LMo BEAHBIOEHMOo blbsGOL FMIBIIOOL 3OMEgEWEs 3o stgomos. 100
9g-006 LEHMI 3MEdgddo dMMegLgdMEro 0gbs 0.2, 0.5, 1, 2, 2.5, 4 5 5 I bEHbIOEHWO
blbo®o A, H™Igeroa 993L90o 0dbs Fgdg JoM0dxo30L (1:4) blbs@om. dowgdmwo
blboGgdo T9o393L, Gqlsdsdolsg, 0.4, 1.0, 2.0, 4.0, 5.0, 8.0 s 10.0 93 396Ebeel 1 dgn-do. gL
blboGgdo 8yMo0s 2 30l A56353cMdsd0. Ym39w0o LEAHIBIOGMWO s BosbsEroBM
bbbl Mm3GH039M0 10d33M039 A6OLIBOIMS JONOOMMEISP® S MOMMINWO 3-X 6.
B396 309 BoBHIM@S MIBo©IOIemo blbsMGOOL 5EHMINO-50LMMBF0ME0 5b5E0BO. Fo00
d05604dol 063H9bLogMds 39360 FoLEES BOZOE0dOM gMog330308 Jmboizgdgol 10 83y/dg
(13?%). FgbdSTOLO, Bo3gzeg3 blbsMTo 39MEberol 99(3390MdS 5Ol ~ 10 % 56 dg@o.

39603beol sbgmo 8993390 MdOBsM30L Fowsero LoBMLEHOL F9Jgd0L JoboMIdS©
29bLoBE3MOL  ImEgMMmdomo  FgOMmPOs  M93md9bgdMwo.  blbsMTdo 39 Eberol
399(3390°™d0L M50MmE)bMdMH03500 ILIYIBIE BMAIOEPOL FgM©O 0465 A5dMmYygbgdmero.

3906bcrol 3sbbs bmzkob dmpeiermdooo dgorm@o

dngMwmdomo  dgomom  396Oabwo  99odagds  4oboloBOzmMl MMM
3003000, 0Ly — M3MAHOGHO0MYIO0m. 39MEBOL  ABLEBEOZMOL  M3IMEOGHOOMYOOL
39000 (3ol I900MmEO) IRI67dME0s Bo@®Mm0dol JermMool GodGMosbo blbsGol
©5965%D9. 3903l boG®moBHOL  F9bgoGHMgdmE  BLlbs®L  dmdogo  dmMgz0om
99539905 Bo@®0dol JurMool LoFsMdg s 06035EGHMMO — 35¢0dol JOMIsGHo s
b90Mm©s 9GH0GM35 39MEbol bo@®Mmsdol GoG®mosbo blbstom 3903wl JOmds@ol
3050 5379MH0LRIM0 T9539MH0MdOL F0gdsdY.

39606bolL  gobloB3MOL  30MI30MH0  BHOGHM0MIOOL  FgOMOO  (BMERSOEOL
d900™M0) ©3xw9dbgd0s 39MHEbEoLS s MHMPIBOoEOL 0MbBIBdOL ImJdggdolsls d;306Mg©
blboo bogrgdol Fo@dmgdbobg Ag: + SCN- = AgSCN. o0bwogzs@mcMo Bz9bL dog®
3990yg9gbgdmo 0dbs M3065-5dmbomdol o000l blbso. 9d3035¢gbEH™dOL g Eoob
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d00(930L5L  OHMEsbo 0mbgdol (SCN-) LoFs®mdg H3060L 0mbgdmsb (Fe**) dgsmgdoom”
0o69mgdbols foomgwro 8953900wmdols FeSCN? blibo 30d3¢gdul.

GOGM0MY0s  BoBHoMm©S Mmmabol (H9d3gMo@Mmobyg (25 °C) go6Bogqdmwr sHm@GHdss3s
56980, 293905 1330S, MHMI Mm3BH0dormEos 0.2 — 0.4 N sDmEBIF935 30650056
3M6396GHM0MgdMmo  sHMGHTHo3s  9x39Mbgdl  M3060L HMEsbool  Fomdmdabsl, wad™
35050 3H9a39M5@GGs 30 03938 bLbsMOL A9MxgHIegdsl. sbseobol gwrgrrmdolsl
AgSCN gm0 33960l bogrgdol Hocmdmddbs g0dgargds 95659, LBobsd BosboeroBm blbsGls
59353905 3903Ebol 0mbgdol 9J3035¢gbGMIMHO MoM©YbMdOL 35¢0mdol 96 s8mbovydols
HMmbooL GHo@EMosbo blbs®o.

365¢mobob dligemgemmBs

AoGH®oL  alOEYRJBOLIL  BosbosEroBMmE© bgds 39M3EbErol boGmsdol 0.025 N
bUBs®OL 5¢0g3m@GHolL 5 -0l 5¢gds, GHMIglsi 9953gds 4 e M30bs—sdmbodol Fodols
blboGo, 499mboo fysero (100 dgn) s A96Ds390ME0 SHMEGHT935 49R9MH¥IEgd53©Y),
90363090 9E0©6 (39m-)3900mdom bgds sdmbomdol HmIbool blbsGOl sdo@gds
90 M5Q0 d5:30 35MOLGBYIOOL B0MYd5Y. JONOOHMYWSE BEJOIMEs 1BHTO 35O YIMHO
296LsBE3MS. IA06S BHOGHM®OMIOOL 3mgJB03E09I6EH0 s BodMo T'=2.6323 3. b0dwdqddo
3963bobs s Jolo MmJlool 899339WMds ImEgdEos sbMogrdo 9.

gbMoo 9. 609139080 39O Ebarols s 39O Lol mglool
39933900 Mds, 9RJ600 FMEMEXMBOMO IJNMEO.

0.025 N 53mbovwydols
60300 MHmEsbogol Ag0,% | Ag, %
Im3mEmds, den
P/Ag/Sc 15:5:1 1.30 245 | 22.81
P/Ag/Sc 15:7.5:1 1.24 23.3 21.7
P/Ag/Ga 15:5:1 1.34 25.2 23.5
P/Ag/Ga 15:7.5:1 1.28 24.2 22.5

35e0orydobs s 35600980l Hsc2q9b686030 3obbs bmzms

390dols s 1B39bEoMAol GoMmIbMmdMoz0 AoBLIBMIMOL FM35¢0 FJNMEOS
gbmdowo. 3mb3MgdHmw  IgmmElL  06Mbg396  Lo3zwgz0  MdogdBHOL  Fgygbomdol
39035¢0{0bgd0m, Jmbowrmbgwro 999339300 25dmIE0bstg s LoBMLEOLsIo
£999590co Immbmgbgdol Gqlodsdols. o s dmbs3gdgdbg oyHbmdom
B396 d0gH LobMgHBOMGdME 3bIbLOMGOME BMLGHEHIOTO Foowgdols s B3sbomdol
296Ul BPZMs© FgoMBs 530093 FgMEO. FJNMEOL SOLO FRMTsMgMdL 0dsdo,
60 gowodo s 1B3boMdo LY@ 85535 bgoBHMIWMEM s LHLE 5305396 blbsM9ddo
mdbodobmmobom 633990 HHMOIbMO0m 0egdgds. 15331930 blbsMgd0b bgdms
15 8¢ 5@0d3m@0ol 50gds, MHMIGELsE 995¢)JOMm©s bmendg 100 dgn asdmbooo fysero, 5
A mOm-mglodobmeobo, bgdms dobo oabgegds 70 — 80 °C-0g s §3900-
£3900md00 530530l BLBsOOL (1:1) TsEgds LMW EOgd350Y. 505308 ET5EHJO0IO
30 — 40 {0-0ob 9909y 95dMOYMmRs BIBEHIOLYIOO WodmbolygMo bBoewrgdo. gl BLbsG-
Boergdo Mbs ogm3bgl Fyarol sdsBsBsBY 1 — 2 Lor-ob Q56353eMdIT0 S FIOBOW GG MU
599300056 6 — 12 bo-0b d9dma. boergdo FMYOs ssbmgdom 120 °C-Bg. gowromdols
> 1135600TOL Q9BL>DBLIMOL Tggaqd0 Im(39dMwos 3bGoedo 10.
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3b®ogo 10. yoowgdols s b3sbodol gobloBw3zMol d9w9ygdo.

BerereBo P20s P20s Ag0O
60dxdo 353G BOMDS amGMIgGHOHwo | fmboomo | dmgwemdomo | Sc203 | Gaz0s
PRI AR TG TON 390LsBE3MS | 9bLYBIIM
P/Ag/Sc 15:5:1 60.0 61.0 24.5 14.3 -
P/Ag/Sc 15:7.5:1 58.7 59.5 23.3 15.8 -
P/Ag/Ga 15:5:1 54.0 54.4 25.2 - 21.8
P/Ag/Ga 15:7.5:1 56.4 57.4 24,2 - 20.7

JodonMo  sbsgrobol  9Judgm0dgbG o  LsdMTomgdo TGO es 3. 535¢0sbob,
. ©mbpodols s 3. 439wglosbol Boge ©. 5aesdol Lob. sMMMABMwo Jodoobs s
99dGH®mJodool  0blGHOGHMEHOL  9©PO0WMIM030  FosxolgmEols s  dobgMoGo
By gmwoll JodoMo 4905399853900l  WOBMMSEGHMM05d0 @, 93MIM3Y, LogsdmiE™
3G90AOOL 3900650 FH035 93090 GOMPIM  dMMoGMmEmosdo  (GACTL-0117)
3. ®MOM5dol G096 ©O935¢00MYOM bgelisfymgdol gosdmygbgdom LgMEGH0R0E0MYdIMO
9593H03900L 359mygbqdom.

7. 51336900

39b6bMM 309 gdMW0s  9MOMORDMOo  3MmE0dgMgdol,  3ME3MgBH MWL 3o -
3MmbgbloMgdMo  BmbgsGHgdol,  Lobmgbo s GBI/ GHMMOo  33ag3s.
9939603963 gool  dmgwo  BgMogdol  Loxywydzgwdg  oMMm3z0wos 3603369 mgzsbo
b53936096MH M 259MmEEOMYds 39ML3gdGH0Io MmMToxo 3MbIBLOMGIMWO MmEoyM-, dmero-
@S (3030MmxBMLRBIGHIO0L LObMYHBOL, Tosmo 93909 dOL  sEABOLS @S M30LgddOL
d9LPogeols beyg@mdo.

A99bmemyos 99956905 30BMmLRBMOTH935000 bLbsG-boeMmd9d0056
3Mbgblsgool aBom sbowo. ©@®IdEg Ebmdo, 33mblbloMgdmo  FmGIGdOL -
3M5MOYBMo  MmErogymdgMgdol,  (303Mo  BogMmgdols s gMdgerxsF30960
300390 B5gMHGOoL oMgdsl.

3°6bmOE0gwgdMmos  3mwo3md3mbyb@mmo  LolEgdgdol MLO-M103-P20s-H20
331935 393396M5GH O 0b@gcm3zs¢rdo 100 — 600 °C. sa9gmg9, Po@969dos doMgdmEo
B5909gd0l JodomEo sbserobo, F9gscmgdmEos 33W930L SMLYIMWO FJOMPO3ZJO0 S
3960905 30b9gbloMgdMw 659HMgddo BMLBMOOLS S BYFZoEGBEH0b0 omMMbgdols
29bLsBO3MOL  Mm3EH0TsEEmo  FgMmEYdo. 306M39woss  Lobmgbo®mgdmwo 13s6omd-
39606boLs S 390 d-396HEbol  MmM3sQ0  303MEHIGOIBMLRBIGHI00,  9xMINIY,
65350  MEWOPM-, (3030M- S 3MORMLRBYEG0, MMIgdoi 99oEeggh  Imbm- s
3035¢9gbGH¥IM 0mMmbgdL.

3905 26053039@ M0, BMEMIGEHOI0, INENWMIOMNO, 5EMIVO-50LMOBEF0IO
3900™M9d0ULY, Bogangdo 526939 d9Lfogeoos 69533960 x35HMO0 Qo
©96&296mL39gd@ s meo 5boerobgdols 99939mdoo. doEgdmEo 99093900
3o9boE0oBgdMwos s FgoMgdmos  Lsdgboghm 3990035309080  SMLGOVIE
9mb5(39990056 s IMEHobogros 0boEoMgdmEo M9bEygbmasdgdo.

900900 30dgmgdol  BogmolEowoBsgom  JoMMdGOoLs ©s  3OMmEMI@oL
0301909000 2556500 Bgd0m Fglsdergdgwro bgds JobBbmdMm030 M30L939d0L IJmbg sboewro
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3M5MOYbMwo  3mwodgmHgdol Lobmgbo s Fomo Fmbm3MOLEIWGdOL Bsdmyswrodgdol

69:309900L oA 9bs.
39 0doby,  90bodbo  gmbsdgb@GH Mmoo  33¢093900L Qo®MTo39ds
99L53gdEIMBSL 0deg3s  3MIMMP6M0  3ME0dgMgdol bogHmms Jodosdo Fgoddbsls /

LEOHYYMGBoE 04658 FMbs3Egdms dsBs (MMbsis 9.§. ETDEWEB 969639303 dmbsggdms
05b5), B39b0 33e0g30L T9OIRO©O FIBHIMYIMWOS 35MOgEo b3y 9653500351963 056
woMbms 306 bLoMYGOME 659HMYIML goe339wo M30L99900L dJmbg FobBbMdMOZ0
36 GHoL omgdol Igmm©ozol LEmeygmaols dobboom.
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Annoranus

Llenplo HacToAme#d pabOTHI ABIAIOCH H3y4YeHHe IlepepacIipefie/IeHUs IIpuMeceid B
IIJTaCTUHAX KpeMHUs, BBI3BAaHHOE BO3ZeHCTBHEM HMIyIbcaMu Oesoro csera. Vcciemosamuch
IJIACTHHBL N-THUIIA IIPOBOJUMOCTH, JeTrupoBaHHbIE (GOcHOpPOM, C YAeIbHBIM COIPOTHBIEHUEM
0.5 Om-cm u tonmuuoi 500 mxm (K3P-0.5). IToBepxHocTH 00pa3noB 6buin 06paborans: o 14
KJaccy 9uCTOTHL. C IIeJIbI0 yZajJeHUs eCTeCTBEHHOTO OKMCJIA IIepe] CBETOBBIM BO3JeiCTBHEM U
mepes KaXABIM H3MepeHHeM oOpasupl obOpabarsiBamuck B BogHOoM pactBope HF ¢
cootHomeHueM 1:50 B Tewenum 50 c. MUKpOTBEpPAOCTS U3MepsAIaCh 110 METOAY BABIMBAaHMUA.
YcraHOBIEHO, YTO B TOM 006JIaCTH, I'Zle IO CPAaBHEHUIO C MCXOAHBIM OOpasIOM IIPOMCXOJUT
yMeHbIIeHWe MHUKDPOTBEPJOCTH, YBeJIMYMBAETCS KOHIIEHTpauus IIpUMecH, a B 00Jactu
yBeIU4YeHUs MUKPOTBEPAOCTH — yMeHbIIeHUe 5TOM KoHIeHTpauuu. C pocToM IJIUTeTbHOCTH
MMIYJIbCOB CBeTa M UX KoiaudecTBa d(p(deKT IepepacrpeseseHUs IPUMECHBIX aTOMOB
ycunuBaercsa. [Ipudem, addekt mepepacmpepeneHus Oojblle BOJIH3M TOW IIOBEPXHOCTH, C
KOTOPOI1 IIPOUCXOAMIIO OCBEleHHe.

Cormacuo paboram [l — 3], ocBeleHMe NONIYIPOBOAHMKA OOpa3yeT NBIDKYIIVE CHIIBI
mubdysuu (ACH) [4]. Otu AC/l, BIUAOT Ha IPUMeCHbIe aTOMBI, KOTOPbIe MCXOJHO PABHOMEPHO
pacIpefiesleHbl B JIETHPOBAHHOM OOpaslle M IIPU €ro OCBEeUIeHUM [OJDKHBI BBI3BATH UX
IlepepaclpesiejieHrie, KOTOpOe, CO CBOeHl CTOpPOHBI, [MOJ/DKHO OTpPasUThCA HA (UMKO-
MeXaHHYecKHe CBOMCTBA MaTepHuaJa.

OpguuM w3 Hambojee YYBCTBUTENBHBIX (PU3MKO-MEXaHUYECKHX XapaKTEPUCTHUK
IIOJIyIIPOBOJHUKOBBIX KPHUCTAJUIOB, 3aBUCALINX OT pOJia M KOHIEHTPALIUU IIpUMecei, ABIIeTCs
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MukpoTBepzocTs [5]. Ilo oToil mpuuwnHe Lenbi0 HAcTOAWmEH pabOTHI ABIAIOCH MCCIIeOBAaHUE
METOZOM MHJIEHTUPOBAHUSA TOTO IlepepaclIpefieleHus IpuMeceil B KpeMHUU, KOTOPOe BBI3BAHO
BO3IefICTBMEM MMITyJIbCAaMU OeJIOTO CBeTa.

Hcmonp3oBamuch KpeMHUeBble IUIACTHHBI N-TUIA IIPOBOZMMOCTH, JIeTHPOBaHHBIE
docdhopom, ¢ yzmensusim comporuBienveMm 0.5 Om-cm u tommumuoit 500 mxm (KO®-0.5).
IToBepxHocTn 06pasmoB Osutm oOpaborambl mo 14 ximaccy wumcrtorsl. C Ienpio yIaleHHUA
€CTeCTBEHHOTO OKHCJIA ITepesi CBETOBBIM BO3IEHCTBHEM U Ilepef, KaXXABIM U3MepeHrueM 00pasirsl
o6pabarsrBanuchk B BogHOM pactBope HF B coorHomennu 1:50 B Tewennn 50 c.

BospeiicTBue GenbIM CBETOM IIPOBOAMJIOCH B CIIEIMATBHON YCTAHOBKE HMITYJIBCHOTO
dborounoro obayuenus (YUOO) cBeTom rasoreHHsIx gamir [6].

ITpopune KoHUIeHTpauuu mpuMeceili 0 TIaybuHe oOpaslia H3MEPAJICA METOZOM
nuddepenuansHoil emkoctu (C—V) ¢ nconb30BaHUEM PTYTHOTO 30HAA.

W3mepenne mukporBepgoctu mnpousBogunock Ha ycraHoBke DURIMET mo meromy
BIABJIMBAHUA C IOMOIIBIO CTAaHAAPTHOM mupamuasl Kayma, MeTomuka KoToporo onucasa B [7].

Hcmonp30BaHme pasHEIX PeXUMOB (OTOHHOTO OOJIy4eHHS HCCIeLyeMbIX OOpa3LoB
IIOKA3aJIo, YTO C yBeJWMYeHUEM [IUTEIbHOCTH MMITYJIbCOB U UX KOJIMYeCTBa (KOTja TeMIlepaTypa
npessimaer nmpumepHo 1000 °C) mpoucxomuT HaKoIJleHWe IIpUMecell y ITOBEPXHOCTH U3-3a
BosuukHoBeHus J1C/I.

Ha Pucynxe 1 npusesens! nmpoduiu pacrpefiesieHUs IpuMeceii OKOJIO ITOBEPXHOCTH
o6pasia B pesybrare GOTOHHOTO OOITydYeHMU.

Ig N4

15
10 4

14
10 1

13
1“ L I | I N
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Pucynox 1. Ilepepacnpezenenue UCXOZHO paBHOMEPHO pacIpe e IeHHBIX
IIPUMECHBIX aTOMOB ¢ocdopa B IUIACTHHAX KPEMHHUS II0CTIe UX 06paGoTKU
nmmyibcamu 6esoro csera (10 ¢, 4-pasa, ~ 1200 °C). [lyukTupom o60o3HaueHa
HCXO[HASA KOHIIEHTPAUUs B ITACTHHAX. X — KOOPAMHATA IO TOJIIMHE IIACTUHBIL.

BI/I,D;HO, YTO IIPOUCXOAUT II€pepaCIipeiejIeHNI€ paHe€e€ PABHOMEPHO PaCIIpeeIeHHbIX IIO

00pasily IPUMeCHBIX aTOMOB. B YacTHOCTH MMeeT MeCTO yBeIudeHHe KOHIEHTPALUY IIpUMecei
y IIOBEpXHOCTH 3a CYET YMEHBIIEHUS ee B CMEXHOM 06IaCTH.
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210 IIOATBEPIKAAETCA PABEHCTBOM KOJIMYECTBA dTOMOB, IIpUIIEANINX K IIOBEPXHOCTH, C UX
KOJINY€CTBOM, YIIEAIINX K3 CMEeXXHOM O6]IaCTI/I, 1 M3MEHEHHNEM 3Ha4Y€HUHA MHUKPOTBEPAOCTH

(Pucynok 2).
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Pucynox 2. 3aBucuMOCTb KOHIIEHTPAI[UX ITIPUMECHBIX aTOMOB U
MUKPOTBEPZOCTH OT PACCTOSHUA A0 IIOBEPXHOCTU B KDEMHUU:
KoHIeHTpauuu 1o (1) u mocie (2) cBeToBoit 06paboOTKY U
MUKPOTBepAocTH 110 (3) u mocie (4) cBeTOBOM 00PabOTKHU.

B Toit obnacTu, rae IO CpaBHEHUIO C MUCXOZHBIM OOPa3LiOM IPOUCXONUT YMeHbIIEeHUe
MUKPOTBEPZOCTH, YBEJIMYMBAETCA KOHIEHTpAllusd IIPUMEeCH, a B OOJACTH yBeIUYEeHUI
MUKPOTBEPZOCTH — UMeeT MeCTO YMeHbllleH!e KOHIIEHTPAIuY IPUMeCH.

C pocToM AJIUTENBHOCTH HMMITYJIBCOB CBETa M WX KOJWYECTBA yBeauuuBaercs 3¢hdexT
IepepacIipe/ieIeHUs IpUMecHBIX aToMoB. [Ipudem, apdexT mepepacmpesenenus 60obiIe 0KOIO
TOI IIOBEPXHOCTH, C KOTOPO# IIPOMCXO/IUIIO OCBelleHHe.
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Abstract

Paper deals with an attempt of description, possible prediction of long-term aftermath
and mathematical analysis of famous “Spanish Flu” pandemic in the second decade of 20th
century. Authors tried to apply current experience to present situation in the World to, possibly,
find the optimal ways of overcoming the continuing epidemic, supplying some helpful analysis
of arising situation.

1. Introduction

Being under the huge influence of present situation of global ongoing COVID-19
pandemic covering all over the World, authors decided to carry out some investigations of
former happening epidemics making the mathematical approach to them, in the attempt to
describe and predict the further long-term aftermath of pandemic using definite mathematical
functions for description of the process.

Unfortunately, development of humans’ society always been followed by ongoing long-
term epidemics of different deceases, periodically arising thru all history of existence of
humanity. As one of the most awful, huge and widespread epidemic historians consider
the Spanish flu, also known as the 1918 flu pandemic, was an unusually deadly influenza
pandemic caused by the HIN1 influenza A virus. Lasting from February 1918 to April 1920, it
infected 500 million people — about a third of the world’s population at the time — in four
successive waves. The death toll is typically estimated to have been somewhere between
17 million and 50 million, and possibly as high as 100 million, making it one of the deadliest
pandemics in human history [1].

The first observations of illness and mortality were documented in the US (in Kansas and
NYC, and months before, in December 1917, at Camp Greene, North Carolina) [1], France,
Germany and UK [2]. To maintain morale, World War I censors minimized these early reports.

Newspapers reported the epidemic effects in neutral Spain, such as the grave illness of
King Alfonso XIII, and these stories created a false impression of Spain as especially hard hit.
This gave rise to the name “Spanish” flu (Figure 1). Historical and epidemiological data are
inadequate to identify with certainty the geographic origin of pandemic, with varying views as
to its location.
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Figure 1. From 1918 to 1920, Spanish
flu infected third of world’s population.

Most influenza outbreaks disproportionately kill the very young and the very old with a
higher survival rate for those in between, but the Spanish flu pandemic resulted in a higher-
than-expected mortality rate for young adults [3]. Scientists offer several possible explanations
for the high mortality rate of the 1918 influenza pandemic (Figure 2), including a severe 6-year
climate anomaly that affected the migration of disease vectors and increased the likelihood of
the spread of the disease through bodies of water [3]. Some analyses have shown the virus to be
particularly deadly because it triggers a cytokine storm, ravaging the stronger immune system
of young adults [4].

Figure 2. Mortality in America and
Europe during 1918 and 1919 pandemic.

In contrast, a 2007 analysis of medical journals from the period of the pandemic found
that the viral infection was no more aggressive than previous influenza strains [4]. Instead, lack
of food, overcrowded medical camps and hospitals together with poor hygiene, all exacerbated
by the recent war, and had promoted bacterial super-infection. This super-infection killed most
of the victims, typically after a somewhat prolonged death-bed [3, 4].

The 1918 Spanish flu was the first of two pandemics caused by HIN1 influenza A virus;
the second was the 2009 swine flu pandemic [4].

It should be noted as well that the World War I greatly influenced on fast expansion of
pandemic thru Europe, occupying involved countries one by one.
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2. Move of investigations
Development of Spanish flu pandemic had undergone thru four waves of its expansion.
2.1. First wave of early 1918

The pandemic is conventionally marked as having begun on 4 March 1918 with the
recording at Camp Funston in Kansas, US, despite there likely was having been cases before this
[5]. The disease had been observed in Haskell County in January 1918. By 11 March 1918, the
virus had reached Queens, NY. Failure to take preventive measures in March / April was later
criticized.

As the US had entered World War I, the disease quickly spread from Camp Funston, a
major training ground for troops of the American Expeditionary Forces, to other US camps and
Europe. It became an epidemic in the Midwest, East Coast and French ports by April 1918, and
reached the Western Front by the middle of the month. It then quickly spread to the rest of
France, Great Britain, Italy, and Spain and in May reached even Odessa [3].

After the signing (March 1918) of the Treaty of Brest-Litovsk, Germany started
releasing Russian prisoners of war, who then brought the disease to their country. It reached
then North Africa, India, and Japan in May, and soon after had likely gone around the World as
there had been recorded cases in Southeast Asia in April. In June, an outbreak was reported in
China, while after reaching Australia in July, the wave started to recede [2].

Figure 3. Estimated rate of expansion of epidemic
during first wave described by linear function.

Estimating the rate of expansion of epidemic during the first wave of the flu lasted from
the first quarter of 1918 and being relatively mild, we concluded that the process may
preferably be described by the linear function of the type

y=ax+b
(Figure 3), considering here x as the time given in months or may be in weeks, while y —
announcing the total number of infected citizens and mortality corresponding to given time
interval; a and b here we assume like numerical coefficients, but not permanently constant, but
different for different continents, countries, regions, etc.
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Mortality rates were not appreciably above normal in the United States ~ 75000 flu-
related deaths were reported in the first six months of 1918, compared to ~ 63000 deaths during
the same time period in 1915.

In Madrid, Spain, fewer than 1000 people died from influenza between May and June
1918. There were no reported quarantines during the first quarter of 1918. However, the first
wave caused a significant disruption in the military operations of World War I, with three-
quarters of French troops, half the British forces, and over 900000 German soldiers’ sick [3].

2.2. Deadly second wave of late 1918

The second wave began in the second half of August, probably spreading to Boston and
Freetown, Sierra Leone by ships from Brest, where it had likely arrived with American troops
or French recruits for naval training [3]. Helped by troop movements, it spread over the next
two months to all of North America, and then to Central and South America, reaching Brazil
and the Caribbean. In July 1918, the Ottoman Empire saw its first cases in some soldiers. From
Freetown, the pandemic continued to spread through West Africa along the coast, rivers, and
the colonial railways, and from railheads to more remote communities, while South Africa
received it in September on ships bringing back soldiers returning from France.

From Europe, the second wave swept through Russia in a South-West—North-East
diagonal front, as well as being covering all its European area. Then it spread throughout Asia
following the Russian Civil War and Trans-Siberian railway. Later pandemic reached India in
September, as well as China and Japan in October [4]. In December, however, the wave was
mostly over.

The second wave of the 1918 pandemic was much more deadly than the first. The first
wave had resembled typical flu epidemics; those most at risk were the sick and elderly, while
younger, healthier people recovered easily. October 1918 was the month with the highest
fatality rate of the whole pandemic. In the US, ~ 292000 deaths were reported between
September—December 1918, compared to ~ 26,000 during the same time period in 1915. The
Netherlands reported 40000 plus deaths from influenza and acute respiratory disease. The
pandemic in India was especially deadly, with an estimated 12.5 — 20 million deaths in the last
quarter of 1918 alone [2].

Figure 4. Estimated rate of expansion of epidemic
during second wave described by exponential function.
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That is why it became clear that such fast and deadly expansion of epidemic cannot be
considered by the linear function any more, as to the process was evidently undergoing the
exponential increment of cases, and we used the exponential function, thus

y =ke* +1
(Figure 4). In given conditions consider x and y to be the same quantities like it was in previous
case (of linear relation) and k and [ coefficients again may be either constant or different
depending on what data used investigators estimating the level of expansion. For the second
wave of epidemic, exponential function much better reveals the current conditions because the
way of expansion of the epidemic exactly follows the rules of exponents.

2.3. Third (of 1919) and fourth (of 1920) waves

In January 1919, a third wave of the Spanish flu hit Australia, where it killed 12000
following the lifting of a maritime quarantine, and then spread quickly through Europe and the
United States, where it lingered through the spring and until June 1919 [4, 5]. It affected Spain,
Serbia, Mexico, Great Britain, resulting in hundreds of thousands of deaths. It was less severe
than the second wave but still much more deadly than the initial first wave. In the US, isolated
outbreaks occurred in some cities including Los Angeles, NYC, Frisco, and St. Louis. The overall
American mortality rates were in the tens of thousands during the first six months of 1919 [5].

In spring 1920, a fourth wave occurred in isolated areas including NYC, Switzerland,
Scandinavia and some South American islands. NYC alone reported 6374 deaths between
December 1919 and April 1920, almost twice the number of the first wave in spring
1918. Other US cities were hit particularly hard with death rates higher than all of 1918. Peru
experienced a late wave in early 1920, and Japan had one from late 1919 to 1920 with the last
cases in March. In Europe, five countries (Spain, Denmark, Finland, Germany and Switzerland)
recorded a late peak between January—April 1920.

Analyzing presented data we arrive to the conclusion that both as linear as exponential
functions should be involved in description of these years of expansion — the linear function
describing the initial period of epidemic, while the exponential one we then apply to show
wide expansion of pandemic reaching its peak.

Figure 5. Quadric functions.

We also analyze the possibility of application of quadratic function
y = ax?
(Figure 5). But then we decided not to use it due to extremely high rate of its increment and
necessity of presence of negative values of x, itself being false by definition — all data for x are
either time periods (months, weeks, even days), or countries, cities, regions, etc.
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3. Conclusions

Due to lack of information concerning the present pandemic and taking into account
definite similarities in expansion of epidemics we suppose approximately the same periods of
developing present COVID-19 pandemic, but due to much better development of modern
treatment and general level of medicines we predict more optimistic results, following soon
recede of pandemic.

Authors choose the linear and exponential functions, describing expansion of the
pandemic, but also showed the failure of the quadratic function there.

Representing the development of epidemic with as linear as exponential functions
appear to be rather precise and completely display the ongoing process. Representation of
pandemic in mathematical way using as equations, as graphs greatly clarifies the proper
estimation of expansion of the pandemic.

We hope that our studies may be rather useful in searching the proper ways of exit of
given situation all over the World as soon as possible.
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Abstract

The wide band-gap semiconductor — zinc oxide finds broad applications due to its unique
electrical, optical, and biomedical properties. This work deals with a new method of synthesis.
Scanning electron microscopy was used to study the morphology and composition of a layer
produced on the Si substrate after deposition of volatile species produced by pyrolytic
decomposition of CuO, ZnO, and NH4Cl source powders. Heating of the source at 650 °C caused
the formation of hexagonal ZnO crystallites with maximum diameters and heights up to tens of
micrometers. Energy dispersive spectroscopy and selected area electron diffraction confirmed
the synthesis of wurtzite structured ZnO, which was growing along the c-axis. ZnO crystallites
were growing only in the presence of CuO in the source powder. We proposed that ZnO was
nucleated from the molten copper chloride salts after over-saturating with Zn and oxygen. The
further growth of ZnO was performed by the vapor phase growth using precursors formed after
pyrolysis of source powders.

ZnO finds a wide range of applications in modern science starting with materials for
electrical and optical devices and ending with bio-medical, pharmaceutical, and catalytic usage
[1 - 7]. ZnO, which is a wide band-gap semiconductor, can be attributed to one of the most
studied materials.

ZnO nanoparticles (NPs) with diameters below 100 nm have superior electrical, optical,
biological, catalytic, and many other unique properties resulting from the large surface-to-
volume ratio, domination of surface-related properties together with strong manifestations of
size-dependent quantum effects.

ZnO NPs are synthesized by different technologies including chemical vapor deposition,
plasma-enhanced methods, laser ablation, reactive sputtering, co-precipitation, sol-gel method,
high energy ball milling, electrochemical and electrophoretic depositions, ultrasound,
anodization, microwave-assisted, and combustion methods. Nowadays, ZnO NPs are also
synthesized by biogenic methods using plants, yeast, fungi, bacteria, and algae [8 — 12]. As a rule,
the properties and morphology of produced ZnO depend on the method of synthesis.
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The purpose of this work was to present our preliminary results on the growth of ZnO
micro- and nanocrystals using the new pyrolytic technology.

The details of developed technology can be found elsewhere [13]. In brief, it implies the
formation of volatile Zn and copper molecules in the atmosphere of NH4Cl thermal
decomposition products. The source materials were chemically pure ZnO, CuO, and NH4Cl
powders. They were placed on the bottom of the evacuated vertical quartz tube which was
heated in the temperature range of 400 — 700 °C through an external resistive furnace. The Si
crystal substrate was located at 2 — 3 cm above the source material and heated by furnace
radiation and convection. The samples were studied by scanning and transmission electron
microscopy (SEM and TEM) using TESCAN Vega-3 XMU and Philips CM12 facilities.

The process parameters that may be varied during the synthesis were the source
temperature, source substrate distance, the ratio of source powders. The results presented below
concern the changes in morphology and composition of materials grown on Si substrate at two
temperatures.

Figure 1 represents the SEM image and elemental map of particles that were formed on
the surface of Si substrate after heating of ZnO + CuO source with the total mass of 1.8 g, mixed
with 0.4 g NH4Cl (18 wt. % NH4Cl). Previously it was established that in the similar condition
the separate treatment of CuO and ZnO powders cause the formation of Cu microcrystals in
case of CuO source [13], and Zn compounds when zinc oxide was used. The source was heated
at 600 °C. As can be seen, the layer of microparticles with average sizes of 2 micrometer is
produced. The segregation of copper particles is clearly shown in the EDS elemental map
(Figure 1b). The formation of Cu particles is not surprising and complies with our previous
results on the pyrolysis of CuO in ammonium chloride [13]. The distribution of other elements
(Zn, oxygen, Cl) is rather homogeneous. It should be emphasized that the flat plains with
perforated edges, denoted with arrow, can be observed in the central part of the image. They
seem to be formed due to the coalescence of molten microparticle edges. The plate-like discs,
denoted with asterisks, can be seen in the same region. Both of these structures do not contain
copper, as is evidenced by the elemental map in Figure 1b.

Figure 1. SEM image of layer formed on Si substrate after annealing
of source powders at 600 °C (a) and elemental map of same area (b).

The increase of a source temperature up to 650 °C causes the drastic changes in the

morphology and structure of the synthesized product, as is represented in Figures 2 and 3a. The
formation of hexagonal microcrystals with maximum diameters of ca. 20 micrometer can be
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observed. The surface distribution of crystals is quite random and their diameters are changed
in the wide range. A part of them has an uncompleted hexagonal ring or comprises only part of
a hexagon. The segregation of copper particles still presents, while the crystals contain mostly
Zn and oxygen.

e
SEMHV:200kV  WD: 16.01 mm SEMHV:200kV | WD: 1611 mm

View field: 174 ym Det: SE 50 ym View field: 40.3 ym Det: SE 10 pm
SEM MAG: 2.39 kx BI: 6.00 SEM MAG: 10.3 kx BI: 4.00

Figure 2. SEM images of materials produced on Si substrate after
annealing of source at 650 °C; magnification: (a) X 2390 and (b) x 10300.

SEM HV: 20.0 kV WD: 15.96 mm

View field: 45.9 pm Det: SE, GL
SEM MAG: 9.05 kx BI: 12.00

Figure 3. SEM and cathodoluminescence images of part of Si substrate covered with
ZnO crystallites and microparticles (a, b) and elemental map of the same area (c).

Table 1 lists the composition of synthesized materials. Data were collected using energy
dispersive spectroscopy, which was attached to SEM facility. The compositions are presented as
average content of elements over the areas shown in Figures la and 3a. To obtain direct
composition of a microcrystal, the electron beam was focused on one of its facet (prism plane)
indicated by an arrow in Figure 3a. Data presented in Table 1 clearly show that microcrystals
consist of Zn and oxygen, and hexagonal ZnO is a most probable candidate for the composition
of microcrystals. The excess of oxygen may be caused by its well-known adsorption on the
surface of a sample after air exposure. Copper also exists in the microsrystalls. However, its
concentration does not exceed 0.5 at. %, which is quite below of Cu solubility limit in ZnO
(5 at. %. [14]). It should be emphasized that no ZnO microcrystal formation was observed
without adding CuO powder in the source material.
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Table 1. Composition of synthesized materials.

Composition Composition Composition of
Element | of area depicted | of area depicted | crystal facet marked
in Figure 1la, at. % | in Figure 2a, at. % | in Figure 2a, at. %
Zn 19.81 22.45 37.65
O 45.55 44.37 54.38
Cu 12.05 16.74 0.45
Cl 3.85 1.69 -
Si 13.25 7.73 -
C 5.50 7.09 7.52
Total 100 100 100

T OO T T T O T T U I T TR O I

0— 0
I LI B B | I LI B O | l | I I B | ‘ I 1111 l 1111 | 1111 l

Figure 4. EDS peaks obtained from whole area presented in
Figure 3a (a) and from crystallite indicated with arrow (b).

Figure 4 demonstrates the difference between the overall composition of the area
depicted in Figure 3a and the composition of the microcrystal marked by an arrow. The peaks
of Cu, Cl, and Si are almost completely eliminated.

The cathodoluminescence (CL) image of the area presented in Figure 3a is shown in
Figure 3b. The luminescence is observed only for hexagonal microcrystals proving that the
material of microcrystals may have a direct band gap. The last fact can be considered as another
approval of the formation of a wurtzite structured ZnO as it has a direct band gap.

TEM image of a microcrystal is presented in Figure 5 together with the Selected Area
Electron Diffraction (SAED) pattern. The calculated interplanar spacings proved once again the
formation of wurtzite ZnO (JCPDS card N 036-1451).

One of the major subjects of crystal formation is the nucleation and growth mechanisms.
More complex further investigation is needed to clarify these items. However, we can make
some assumption based on the obtained results. EDS data illustrate that this material contains
Zn, Cu, Cl, and O. The salts like CuCl, CuClL, or copper oxychloride — Cu2(OH)3Cl can be
produced on the Si substrate from precursors that were formed after pyrolysis of source
powders. The listed compounds have low melting points ranging from 250 °C for oxychloride,
up to 498 °C for CuClz. During our growth process, the surface of Si substrate may attain these
temperatures. The blurred regions shown at the bottom of Figure 3 can be possibly attributed to
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the solidified molten salt, which may serve as Zn vapor sink. The molten salt growth method is
a well established technology for the growth of crystalline materials [15 — 17]. We suppose that
after oversaturation with Zn and O, the salt may facilitate the formation of ZnO nuclei, which
may then grow either by molten salt method or by vapor phase epitaxy.

" 1700

~

Y To10

zone a.xis [0001]

Figure 5. TEM image of thin ZnO plate. Inset
Shows Selected Area Electron Diffraction pattern.

In conclusion, we have shown that ZnO microcrystals can be grown using ZnO, CuO,
and NH4Cl powders as source materials. Annealing of the source at 650 °C causes the formation
of volatile species, which produce on Si substrate the layer of Cu, Zn, Cl, and O containing
microparticles. It is suggested, that ZnO is produced from Cu chlorides or copper oxychloride
molten salts, after their oversaturation with zinc and oxygen. The microcrystals with diameters
up to tens of micrometers were grown along the c-axis and they have the hexagonal wurtzite
structure.
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9915353900 LyFoMMS M58Yb0xIM0s60 56 Ldgwo Eyzool sbs dgBHMbol 139bgdo. 498s-
LbogqdL 9050 3615d3H03wws© F9wRIMHBIOES® Fo0MMb 5sd0sbol Lbgmedo s 53
OML 5H0S6MD Jumzowo s ©bA.

®

bB00 7. BgoGOHMbMwo X53F3Mm0 Bgod309
@E560L 25U 0BMEHM30L doMOM30L IMbsfogmdoom.

690@®Mbgdol  (gommgdog  doMOHM3MEo  MgoJ30gd0s.  39M0ME,  SEGHMINO
969629303590 690GHOMbME0 X5F3MM0 95d30900 2odm0ygnbgds. Bsgsmoms, bgo@mmbol
MON09JOMJI9ggd0m  MMBoL U 0BmEGHM™30L 30OmM3mb  (byyMsmo 7) doowmgds 3
Bgo@®mbo, OMIgmyobsg 2 MOHPogHmNJdgadl Lbgs U doMm3gdmsb ©s 9.0. —
X 9331090 0HMI0s 630EHMMbIdIOL HoEb3o dBOMmMZNO MYodBMMOL sdGH0wE Bmbsdo.

690@®MbMo  453mbboggds d50mbgdgeo MoosEool AsbLIMM®MGdME BMMISL
0o60mo9bL. Loddg olss, MMI, ghmo IbMH0g, b6goBHOMBL, FMbEHMEO SEgs- S d9BS-
Bofoans3gool dgoglo, 5J3L ¢dMsMdOL Tobs, BogMsd, 8gmmg dbM0g, Mol 4535-J356¢ 0l
abgo3Lo, 0L 9GO bJOBMIWMMO0s. J9JBHOMBIOBHMIWMIOL 25dm BYoEHOMBL 56
99mdos 5GH™MIol 30603900 0MmboBs30s JE9dBO™BsboGHMMO MMHMO)MmJIgId0m
doligob 9gegdBH®™Mbol dmfyzg@om. Lsdsgogmmo ol 9ol dwogh MHM0gMHMJdggdsdo
530l d0OMZMb s 0fj393L FgMMSE 0MBOBHEOSL 3BIMEHMBOL sTMYEIGX 0 BOOMNZ0H.

b 3OMm3gbo  2obLOIMMEOGBOm 5B B08E0bsMIMBL  Fmiboe  Jumgowdo,
09053, MMaMOE  36MdOw0s,  MXMHIOO0 oMM [Yuobogob  Tgoagds o,
d9L50530b5, doEBg Fooeos Bsldo godsol 3MbEIBGHMOE0s. §Yoedsol sEHmdol
d06MHmM30 30 Bb3s 565539605, 396 odbmEMmgdwo 3OMmEHMbols. sdodmad byo@Mmbmwo
39dmlboggdol Lodgoobm doBboo gsdmygnbadolisl smEowgdgos dolo b3gEoxzol30L
390035¢0f0bgds: 9egdBHOM™bI0E®MIMdoL fysermdom bgo@Mmbmmo 653500 S30we©
39030l 50530560l bbgmeols 2069  g3gbsl s  0f3g3L  Fobosasbo  mMasbmgdol
36OMEMB0MHGIL, B3 05000 8d0dg sDB0s6IBdOL J0oBgHBO Tgodargds 4obL.

3. HMyM® 25635BO3MM MIOE0S

50580569008 ©sLb03gadoL [ysmrmgdo Fgodwrgds IZ3YM® MM EOE JsLLE —
0bgd®m03 s bgmzbm® Fysmmgds®. o5 9O 2sb30bosgm doOHMZMo Md0YIEHIOOL
dmabobeg 39MLMBsol EILLOZYdsL @, doo MAgEHIL, oligo 9JuEHMGI>ME BoEw)S3090L,
OHMRMO0(355 FMBobgmdol ILlL03xds BOMMIMEO 05MOSMOL godmygbgdols Ggdmbgzgggzsdo.

00 ©sLb03qd0L MOoMJIoL bsbgz9M0, MMIJWLS3 300g0m, FMPOL  A5MH9IMEI6.
©9530{ob Jg®ddo s0dmBabowo M35t ggdgb@o slboggdl, dso JmEol, MOsbo,
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6500190, 3membodo, mMmOH0do s 39¢0)do. HBgdmddggool mby sIM30YdIMYO
0946905 530w MdMm030 bosogols s Jobgdol  FHo3dBg. isbboggdol 30g3 gOO
0b69g3®030 fgo®rms 3mldoGmo godmbboggds: gsdofs 399T035 gobozol dBol, Lbgs
39033@03900L5 @S g LsdYsMMEIL  FMIPObIMY  M9OSEO0L  BgImMJTgEIOU.
0b69gdm030 H505300L Y439wsbg o369 Fysmrms Mombo — MBIOHMWo s Mimbm Asbo,
OH0dgwog §omdmoddbgds ®oomdol sderoll 899gas©. b 9w9gdgbGo momddol yzgws
Jobls 5 Booogdos. Mymbol asbo Jgbmdgddo smg3l dBsMJd0IB s LblzsazsM0
©0M390005b 05353905 s 390 qddo.

9399469080, 2963000560900 3c00b03 MO bYJEHMOO0m, 505T067xdBY MOPOSEOMEO
b99mddggdol dgmeg Bobgze®o  gob3oMmMdgdMmos Lsdgoaobm figsmgdom. sdy3s6
9053099 IHB0HJOsMS ©F9EgLMdS BMmEOL LEBIBPIOEH™ME MBEHYIOME 2odm33wg39Ls
@5 3m330BHIOMYWO GHMIMAOSBO00 85350 OSRBMBEH0MGdDY.

3657303500  godmbboggdsl  mmbo  9HmMTobgmoLogsb  aoblbgzoggdemo,  doa®sd
MOHMN0YIOS353306090)c0 BLOEOOM BMTs396. gugboo:

- 5©0ModBH03Mds, M3  3olbdmdl  60300096M9d0LsYsL  F9FMMOZ30BBGIYO
ds0mbgdgero 45dmlboggdols blooqgl;

- 9Ju3mBoE0s, OHMIgwoE BMIs3L  MOEOMsdEHOOHMOOL ool  FBMLbOggdOL
5GHIMLRIOE 359030 2o3M39egd0LSL;

- 00560 ddmwo @mDBy, HMIgoi s0hghl G5EosE00L M MHOMEYbMdIL dmsbmdsgls
M009d3H0 (05390005, 353096¢0L  bbgmeo Go@osgomwo  mgMsdool 3OHME9EMOoL
3960530 d580); o

- 99399GIO0 MDD, GMIGo3 0m35¢0LHobJIL MMM F0sbmddmew mBIL, olg —
8m3990 G030l 459mbboggdols bsdgoEobm 9339d@gdb.

4. 3oL doge bgoBHM™boL BsF Mol 0gMs300L g3630056M9ds

090l 253035¢0lobgd0m, HMI 300MMO 5350MdS S BO3ZZPOWOIBMDdS 33es3 BPBJdS
390509000 8303 oMo ™byBY, 03356605, G®MT 300ML 5eEHGMbEH0WO MYMH>30900
@9, 396dME, dmOOL dogh bgoBHOmbol BsFgMol mgcmsdos — d6Bo (Boron Neutron Capture
Therapy — BNCT) 89903 396300560935l 0dLbsbwye9dL.

690GH®MboL s®LYdMBdS 30603900 LGOS Byg030s 1932 Fgarl, GMIgedss
dgobfogams  ¥9M0E0doEsdb s BdBMOOPIL  godmymaowo  AsdFmmo  sdmlboggdols
30090900, GMmEILsSE 0Lbobo 3mEWMbodol sdwom FoWYOIMO  SERS-bsHows39d0m
00Mddg0mbab. ULmew  Fowg  BgoGHO™Mbol  50dmbgbob  ®3d9bodg 833w 9356MDs
9OmMIsbgml 9ot Bgo@GHM™MbIdoLs s M96EHYIboL LHoggdol A53cgbs bm®IsErmE ©s
Lodbogbm®  Jumzowgdbg. 93 3MbGHIJuGHTo bs  SPobodbML, ®™mI  bgoEMmbgdom
5Lb03900L5L LoALO3bYMHO JuMz0o MGBOM Jg& MBIL 0MIOL, 300G — brMTsEMMo.

Ol 36Rm-ol  B0dsMm  0bGHYMHgLOL  BdMTos, GOE MO0 BodBHME0  SGOL
296306HMmdgdo.  ghmo  dbGog, Tgoddbs  Lo3dsm  LoddEEsgmOLs @S Lomsbsm
969602930370 B39dBHeol  8Jmbg  3mOEIGHMWo  bgoG®mmbmmo  (gemmgdo, Mo
153 gdsls 0dEg3s, M gl MYMI30MWO 3OHMEFIOIMS 2bbmEME0gwEIl B39MEgd®m03
30603500 5 500605 930 gdgmo 133050 3e00bozol dmfigmds doGmzmewo
699dBHMOOL  MIMoom  Losbermgql.  dgmeg  dbMog,  FowgdMwos  dOOL  FoWeo
3M6396@H®Msgool 89933900 bsbmAsLoggdo,  GMIwgdog  30dMmMO  sH0sbgdmE
X 6090905909 B 0BmEH™M30L 9839JG M50 390593sb90L Hotrdmoygbab.
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0bb  93goMgds B doMmz0L dogh 9.f. Lomdméo (bgwo) 96 gdolbomdM©o
690GH®M™BOL BoFgMsls s dolo gobaghol 1B (n, o) “Li 695g30sb (bry@somo 8). 1B dommgzqdo,
BooFgMgb s bgoBH®Mmbgdl, momgdol dyologho@ sbb0ogxdgb  SExs-Bofloszl  “He,
©00v1dob doMM3L “Li @ y-J356@GL odsero 9bgMaool i xgog0o yosigdom — 9hy (Linear
Energy Transfer — LET).
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bOsm0 8. 3oL 1B 0Bm@H™30L domm3z0l Joge g30LomdweO
690@®Mbol BsFgMs s dolio d9dmao goberghols Mgogaos.

om®ol B 0Bm@m30ol d06MHmzol 3o  dosbomddmwo  byod®mmbgdol gbgMaos
Q505¢00: < 0.5 93, Bopa®sd 1B + n — 7Li + ‘He ®9od300L 99009390 359mBb03qdeo s¢0g3s-
Boffoemszo o @omondol domm30 0d9gbgb Tomoen 9bgMA0sL  (Foberghoro doGmM30L
90bsobo  9bgMao0l botxBg) s 08530MOMMWI©  bolosMYd0sL  swswo  ghy-om,
99L50530bo, 150 s 175 393/930. 53 bsfows3zgdol ms30LgdMgds olss, O™ olbobo
MBOMB39YmRgb 969MH00L Fomoen goo3gdol dogrosh dmzwg dsbdoewby, < 10 930,
6HMIgo3 G9LOIMOLOS MXMIOOL OSTYEHOMIB.

0bbm-0b  9839IBHWMOMdS O MLIFOPLMIGOSE  ©ITIMI0IOIM0s B 5EmIgdol
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3900M900L 259myqbgdom bsyMHgds Fbmwm B 5@Gmdgdol byzdsm 30mb3gb@®Msgool
399339000 MXMJOYO0. 03565 gds, G bgdolbdogmo MxMgo, MMIgwoa dsom 96
390393, 365dGH03I0® O30 35090 0b63gblogmdol bgoGMmbawo gsdmlboggdols
©99mgddg9gdoLoasb.  Jumgowdo  Bgo@®™MbITMbmddgero  (396¢©gd0oL  dobodsgrmo
3m6396@H®Ms30s,  M®mIgoz  LsFoOMS  W9BHIWMO  IB0sBgdoLsmM30L  d6RM-Jo
©55HMgd00 5oL 1-10° 1B s@mdo/mx O9by 561 20 839/ Jumzowby.

5060050, d6RM-0l 9RGJGHMIOMdS MROM IgBo LoALO3bwE s69gdo B 5E™Igo0L
d0(m©gd00  25boLIBM3ZMGds, 3000609  bgoGHOMbmwo  Lbogol  Jobsliosmgdwgdom.
d9L50530bo, WYL  BdMOOL  FodYdgwo  v396GJOOL  F9JabsBg FMTomds oy
59BH0605. dMOOL BogMmOol JoLsfmEads, h39MwgdMog, 5dmoygbgds 0bEMme396w9H0
0693MH05, Mol MLl lbOggds LoMdMHO byoEMMbgdom. B 5EmIgdols d9d;339wo
5396(900L  13930R03MMs© LodLogzbM® WxMgddo dofimgdol sdm, bgodH®mbrywo
bbogqoo 996PRg3000 96509396 LodLogbme MXEIIdL, 35d0b GMmEILsg 80dYdGMY
Bn®dse®o Jumgowol bE®HdGHmOs momddol vi33egeo MHBgd..
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- 0mEOL 3mb396¢H 5305 Lodlogbgdo Mbs ogmb ~ 20 d3g °B/g Jumzowdo;
- 0oL 3063963530900l BsI™dgd0 Lodbogby / bm@MBseMo Jimzowo T/N) s
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(BSH) 9, 9369gm39, 363903390 d0bmdsgogzs (L)-4-0030060mdlo-dm6m0wa3gboawsbo
56 0MMbMzgboowsbobo (BPA). s0lsbodbsgos, ®md 53 bsgbomgdl 5955050053 0949bgd9b
36535 300060396 33e9g35d0.

5. 8905589090 9960336980

6B  59MM05BgOL MmO BMbsdgbGHMG  Joymdsl:  JoBoMmmYMI30oLs @
5@OMMYM5305L. d0bgog5 0dols, MM Lodbogbol MxMggddo dmGol bsgMHmgdoL
35050 3m63396@®5300  bgal  MPymdl  bgoBOMmbmeo  @slboggdol  9339dGHO@dSL,
3M63609@M Lo@sEosdo 86Bm Ggodwgds 396 29bbm®mE0 gl dmEmOl dodfmgdgwro
60300096M90900L 5M513930530329OMBOL, Lobberdo demGol 993390 5296@JdOL SOBYOdMdOLS
Q5 955009335 1IO0 2590300l MDOL godm.

6o 0dds Mbs, 59 BH030L Mg;M30s XIO 3093 9O 5MHOL FoBM FoBIEGHdOM
bgwdobsfigomdo  bLodbogbol  33MbserMdOLsM30l s dobo  25dmyggbgdols  Bz9b9gd9d0
99DP0M©OMEos.  ©@OgoLbsmzol  dBRm  aodmyqgbgderos  8gdgao  LodLogbggdol
L5939MbsMm: IMEGHORMOIMEOo 3OMdOLEHMI, g49wol Lodlogby,
36535 BMIWYOO0 3935GHMEIWIWNOO0 3oM306MTs, 396TgMMGds00 Fow @30l Lodlbogby,
OMOGHYJLMXMIOMZ00  390E0bMas,  LEbgfy3zg  x0M3Zol  39ME0bMmTs,  Lazmads,
396890690000 53030900560 896060Mms s 3o GBHOL 85350 YDS.

©53m{jdgdsbo

(1]  [A. Myp. Ocuoss! u npumenenus tpudonuku, 2018, Mocksa, Mup, 122-125.

[2] T. Xie, Zh. H. Zhou, Zh. X. Xu, J]. W. Yu, M. H. Jiao. Characteristics of the transfer film
and tribological properties of oxide / PTFE composites. Adv. Mater. Res., 2013, 631/632,
172-175.

[3] S.R. Yu, H. X. Hu, Y. B. Zhang, Y. H. Liu. Effect of transfer film on tribological behavior
of polyamide 66-based binary and ternary nanocomposites. Polymer Int., 2008, 57, 3,
454-462.

(4] M. H. Cho. The role of transfer film and back transfer behavior on the tribological
performance of polyoxymethylene in sliding. J. Mech. Sci. Technol., 2009, 23, 8, 2291-
2298.

118 https://doi.org/10.52340/ns.2020.13



N. Kuchava. Nano Studies, 2020, 20, 119-124.

VdoRIGBI6o™O Spirulina platenisis RS pH-0b
JA0)0IHMNRSIMI0RIBFIRNISOL LH30MBO

6. 37m3ogo

9. 96MHM™b035930¢0l Lob. BoBo3Zob 0bLEHOGHWMEO

0. X 5356033000 Lob. MdOEOLOL Labgerdfogm Mbogg®Lo@g®o
0d00l0, LodsOM39gEm

e.kuchava@mail.ru

3009005 2019 ferol 12 ©g393d9els

3bm@o30

9399990 3056M0dsgG gm0l Spirulina platensis Qo pH-ol
MON0JOMNOITMIOEIONgdol  Lbogombols 256339306  I30gemds,  MOLMZOLSS
3obbomos  Jgdmbgzgzgdo, Mmas  9Judge0dabEHol  Lsfiyol  MYgddo  sbodbywo
09500396560L 0339053 Zarrouk-go0M9dmdo  Bbgosolibgs Mom©abmdoms s Lbgsslibgs
O (35¢3-3939 PoG300)e0s d990090 Jodow®mo 9argdgb@gdo: Cu, Zn, Ni, Hg, Cd o
Ag. 99092900 900gd0os 5GHMINMO SBLMMO30Mwo 139dEMmMIGGHOOOL TJNMPOT ©
§o6Ima9gboros bMHowgdols Lsboom.

OMamO3 36m00o0s, goadaabotq Spirulina platensis 99033536 8936 60300096 9dL:
R9MIGBEHIOL, 30wgdL, bw3ergobol dx5390L @ IMs35¢w Lbgsl. ol goboboergds od
3036OMMMASB60DTo, OMIWOl  QoxgM9Gds  530bMTx939000, 30@E9T0bgdom, 3boIMmgzs60
355390000 s bb3zgd0m 0deg3s Bodw)oEgdsl ol odmg0Ygbmm 5sd0sboLy S FbMggE M
15339008 MOOIBO®  LyFOOM  bsTdBO©  [1].  @oYgboos, MHMI  sbodbeo
3056MdOJBHYM00L  T99(3390Mds  5Q5d05boLy s 3bMmzgrms 15339000 bgwls  MHymdL
bbgoolibgs 5030m09Mg0sms 5309058 MORB60DOL Boge, sgMgm3zg, HBMHOL Lolberdo
399mmd0bols Gromgbmdsl. IOHMTsdo [2], Lbgs Los3zombgdmsb gMoms@, ©oldmEos
Spirulina platensis-ol  250mygqbgool  Lszombo  5sd0sboly @S  EFbBMzgEMs 1533900
39630056900l 39ML39gJG030L Tglobgd. 356M5EMdID, GMI S0bodbmmo  FyswdEgbaty
906d30l 1630LIR M5OI GOL, MHOL godmE 00MYMBYds LodLogbmMo Focdmbsgddbgdol
BM©s. Lo MoMgls 360d3690M3z560 3070930 BoMYYIWMILML ©H35380MGd0M
d9L5degdgw0s 09360 LoYEb0YHM-39d6039M0 LBgMML EOLEbYEGdy, FogMed sdxJMO©
dbmEm© Hgamm 50b0dbmE00 §99m3053562w9d00.

9. 96M™b0358300L Lob. FobBozol 0bLEHOEGHWET0 godm3zerg3gd0 BosGotms IPPAS
B-265 (¢odol Spirulina platensis-olb 30mdsbol Lodwowgdom, MHmdgwoi Jowgdme 0dbs
Olgomol 3936096090505 935009300l 3. BH0F0M0sHg30L Lob. I3gbsdgms gobomemyool
0bLEGHOGMGH0. 50b0dbmEo (Yoed396560L 3MEEH030609ds FoMdmgdls 8339953 Zarrouk-
39M90mdo [3] d9dogo gobsmgdolsl, 30 — 34 °C 39339gemHoG«Mol 300Mmd9dd0. bgds

1093930  39MBSBH0MGdS s 9Ju3gm0dabGHTo  pH-oL  (33¢P0EIgdOL  YM3gOWOVIMHO
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Problem of interdependence of algae Spirulina platensis and pH.

3Mb@O®Mmo. d0mdsdo [4] qo0m33wgmos Spirulina platensis-ols 8096 396G 3Eberols dghimgols
5ed5mMds Bb3oslbgs pH-0ol 306HM093do s 90bodbmwos, HmA bgod®owmmo pH-ob
99000bgg35d0  d0mbmMd30s  8vdozso@  Fowowros.  dOMIsdo  [5] bsBzgbgdos  pH-ol
33owgds Spirulina platensis-ol d0mdslolb BOHEOL 3Mm3gbdo Zarrouk 9339053 gocgdmdo
Lbgosbbgs 306306 GHMo300m BHYz300Ls (Pb) s BHyYz09L + L3ogbdol (Pb + Cu) sds@gdoo.

pH-ob dgbobgd, «bs 2530d9mMH ™ J98g0 Loymz9gEmMomn@ 3bMdOwo ©IdIEgds:
ol §o®m3moa9gbl §yoeds00l 0mbms 3mb396¢M300L 9361mbgd e 50Md0m MsGHOMAL
pH = - lg [H*] 5699 blbs®do OH~ 0mbgd0l 5070000 @rmyséomdols 9936+96qde Loogl.
ol 50b03bs3L 535 M 00 LdLEOBEO0L T553056MBdSL 96 FEw)E0sBMdL. v pH = 7, Ggsdgos
Byo@®om©0s, mv < 7 — 059399, bogom o > 7 — &w@g. Spirulina platensis 0MYds
d0ogm GHEH™M3960 ywqddo. 3bmdolosmgol, Lrgms fywob pH = 7.0, Degol {yerob 8.0,
boeom bobberolb 7.36 — 7.44. pH ©¢99603369c0m3569L0 g59dGHMO05 3miEbocro mMasboBbdgdols
LomEbolbsm0sBbMdOLsmM30L [6]. FBIMIsFo [7] Ho®dmagbowos pH-ol 33wowgds
Spirulina platensis-ols 30m3sLol BOHEOL JobgO30m, 3MJMZY, DMPOIOMNO doMAIEMMO s
A™Jbogmeo  Jodom®o gwgdgb@ol  53M3MoMmgdol  MbsGo 9339053 oM9gdmdo oo
Bo3H3060™358009 s BoBHZ3060mM30L 9999, 55Lmob 9O, §ysed39656MH0L roMmBOEMEMs©
3990335 d0MTsbydo Jglfogerowos 130wgbdol, dsbysbmdol, mmmools, dogbomdols s
Bo@®0mdol 9993390 Mds. IM3IW9ss dsbbowwwo Spirulina platensis-ols 3096 39M3bEOLS
@5 MmOl BbMbsfomszgdols Hodmddbols Tgbodergdermds. dMmdsdo [8] sEGHM™INGO
SBLMOdE0Mwo  139dGHOMIgBHMool  dgompom  Jgufogwowos  Spirulina  platensis-ol
00mdsbob (3300 gd0L  Lygombo, GmEs  9Ju3dgM0dgbGHoL  Lsfyobo Eggddo 339053
29090md0 (350 3-3939 PogB300mmMgm 8 JodoMo 9wqdgb@EHol Fobslife® asblsbwgz®ymo
50©YbMd7900.

Dobs0qdotg  Lodmdom  305bmdsBgools  Spirulina  platensis  ©>  pH-ob
MOMN0JONOITIMI0IONNgdol  Logombol 256339308  I3gMdss. 53 dobboom
3obbomos  Jgdmbgzgzgdo, Gmas  9JudgeodgbEHol  Lsfilyolo  ©EYgddo  sMbodbero
09500396560L 9339053 Zarrouk 256M9dmdo bbgoobbgs Gom©abmdoom ©s Lbgosslbgs
©OML (35¢3-(39¢39 0465 Bo@z0Mmmemo d9dgao Jodoeo gwrgdgbdgoo: Cu, Zn, Ni, Hg,
Cd s Ag. 990093990 3009005 5GHMINMO s3LMOdE30MEo b3gdGMmdgEMools dgommools
299myggbgdom s  Fomdmagbowos  3bMowrgdol  Lsbom. Mbs  900bodbml, ®™JI
0bs0gdstg  FOMAs3Hg39000  Lodmdomlb g gdsdo  93BHMOMIB  gMmO©
9mbsfogmdbgb Lbgs 3936096 sb53dOMIGOOE — OO FoEEMdS oo.

gb®oo 1. pH-0b 33wowgds Spirulina platensis-ols 9339053 25609dmdo bL3owrgbdol
(Cu) bbgsslbgs ®omagbmdsms Bo@300mm30LsL Lafiyolo 5 ol 4963s3emdsdo.

Badgohogro X9
L3ogrgbdol (Cu)
50gbmds, /e 1 2 3 4 >

30b6EOMMEo 10.24 | 10.96 | 11.67 | 11.52 | 11.60

0.05 992 | 11.09 | 11.51 | 11.10 | 11.15
0.25 10.05 | 10.93 | 11.48 | 10.90 | 11.22
0.5 9.96 |10.24 | 10.80 | 10.92 | 11.00

1 10.02 | 9.90 | 10.67 | 11.03 | 11.28
25 9.64 | 952 | 994 | 10.02 | 10.19
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3ob30bowmm pH-ob (330009ds figoed3gbs®ol 8339003 396Mgdmdo bdowgbdol (Cu)
bbgoollbgs Mom@gbmdsms Bo@300m30LsL LyHyolbo 5 EOL gobdsgwrmdsdo, HMIgEo3
Po6m0m©ygboos 3bGowdo 1. MHMAMmO3 BOO0WoEsb BsbL, 3339053 gocgdmdo Ldowgbdol
Lbgoolibgs Mom©abmdoms BosG300mmM30LsL goblbgsggds pH-ob 8603369wmdgdL dm®ols
d9oMgdom dzodmgs Loflgolbo — 1-cro EOL 256353emdsdo. 03 Jgdmbggzsdo, GMm3s
Bo33060HmMo B30ggbdol Gomgbmds 8gsy9gbos 0.05 8p/¢-b, pH-ob 3609369 mdgd0
d9-2 — 89-5 99030 sbeml 0gm gMMNIsbgMB s 3MBGHOMEMbYE, bergnm 1-ev Mgl -
33500 89930090w0. M3 999bgds 3339053 296M98mdo bs@EzoMmwem 2.5 33/ 3ow9bdl,
50 8900bgz93580 bomoos 2odmbs@G o 83390530 9M9dml pH-ol d603369wmdsms
399306905 3MBEGHOMW ™D 99690000 bym039g EOOL gobTogwrmdsdo.

3b®oo 2. pH-ob 33wowgds Spirulina platensis-ols 9339053 2569330 mwmools
(Zn) bb3osLb3zs Momgbmdsms BoG30Mmm30L5L Lafiyolio 5 oL 4963s3wmdsTo.

Bsgotorgwo Q)
000l (Zn)
50M9bMds, g/ 1 2 3 4 >

3MbGHOHMo 10.00 | 10.53 | 10.57 | 11.99 | 11.23

0.5 9.34 |10.41 | 11.14 | 11.34 | -

10 9.77 | 10.06 | 10.96 | 10.50 | 10.48
25 9.90 |10.09 | 10.10 | 10.18 | 10.05
50 9.87 | 994 | 9.69 | 9.65 | 9.72

3ob30bowmm pH-ob 33ewowgds Spirulina platensis-ols 9339053 goM9dmdo mwmool
(Zn) Ubgoslbgs  Mom©abmdoms  BoB306MHm30LsL  Lsfyobo 5 ol gob3ogermdsdo.
300900 99093900 Homdmoygbowos sbogdo 2. pH-ob Lsfyobo d60d3bgemds ogm 8.9.
OMamO3  bO0osb  BbL, pH-ol  dogjlodscry®o  360d3bgermds  (11.99) s©0obodbs
3MbE®Mmeol 99dmbggzsdo 99-4 gL, bmem dobodswrmmo 9609369crmds — 1-e» U,
OMmELbsE 0330093  goMgdmdo  BsGzoMmmo  ogm 0.5 /0 omos  (Hedeol
360083690 md53 9JL39M03963 0L gb Mg E®IL 56 FMY39303905 39d60396 JoDBYBMS godm).
OMamO3 3bOowo 230P39690L, 9339053 goM9dmdo 50 3/c Mmool BsGzoMmmzoLol pH-ob

o0 990306093 MYWOS Y39s EOOL obTogwMdSTo.

3b®oo 3. pH-ob 33wowgds Spirulina platensis-ols 9339053 256M9dmdo bozgurols
(Ni) Ubgosolibgs Mom©abmdsms Bo@300mm30L5L Lofigolo 7 ol As6dsgzermdsdo.

Bs@godomwo )

6o3geob (Ni)
6509bMds, Ip/em 1 2 3 4 > 7

3Mb6EOMo 9.87 | 10.14 | 10.20 | 10.50 | 10.59 | 10.70

0.075 9.80 | 10.20 | 10.37 | 10.63 | 10.82 | 11.39
0.25 9.99 | 10.35|11.03 | 11.48 | 11.39 | 11.59
1.5 10.0 | 10.32 | 10.64 | 11.45 | 11.64 | 11.83
2.5 9.99 | 10.35| 10.73 | 11.14 | 11.37 | 11.25

5 9.77 | 10.15 | 10.53 | 10.63 | 10.82 | 11.00

https://doi.org/10.52340/ns.2020.14 121



Problem of interdependence of algae Spirulina platensis and pH.

gb®odo 3 dmigdmeos pH-ob ggwowqgds Spirulina platensis-ob 8339953 Zarrouk
29M90mdo  bozgerol (Ni) Ubbgo@olbgs Mom@gbmdol Bs@GzoMmmzobsl Lsfilyobo 7 ol
3960530 mMd5d0. 3BOOWOEL BB, GMI Mo a39d3L d9-6 oL Tg9agd0 39603 M
doBgbms godm. 6039wol gMHbgmMe MomEbmdoms BoEH30MHmM30LsL qLsdhbgzos 93390530
Zarrouk 9569dml pH-ol DMH©ob ¢H9bwgbigos 3mbEH®MEmb dgsdgdom, Moz bsmeo
39060386905 d9-4, 39-5 s 39-7 ©©Y9d0L d9ga9g00L Jobgz00.

gb®oo 4 sbobogl pH-ol 33wowqdsl Spirulina platensis-ol 9339053 969080
3963bwolfyrol  (Hg) ULbgoolbgs Momabmdsms Bs@zo®mgobsl Lsfyobo 6 ol
396853cmdsdo. OHMymO3 b bMowo 430839693L, 30M39wo MmMbo EEOL 2s6353wMdsd0
39603boLfyeol yzgws Bs@G300mmIemo MHom©gbmdolsmgol d90b0dbgds pH-ol BGol
A969630s, bmwm 89943L9 L — 49BLbgsg9ds pH-0l 3603369crMdsms FmGols momddol
SO 5GOOUL.

3b®oo 4. pH-0ob 33wowgds Spirulina platensis-ols 8330053 3969dmdo 396 3berobfiyeols
(Hg) bbgoalbgs H5m@9bmdoms boG3060Hm30LsL Lofyobo 6 Mol gobdsgwrmdsdo.

Bs@gommyeo @9
390gberolfigerol (Hg) | |, 3 4 5 6
500 96Mds, 339/

30B6EOMEO 9.42 | 9.76 | 10.34 | 11.05 | 11.57 | 11.23

0.1 9.63 | 10.01 | 1059 | 11.20 | 11.38 | 11.25
1 955 | 9.98 | 10.49 | 11.24 | 11.49 | 11.28
5 9.60 | 9.98 | 10.48 | 11.35 | 11.15 | 11.30
50 9.67 | 10.04 | 10.46 | 11.45 | 11.33 | 11.23

3b®oo 5. pH-ob g3wowgds Spirulina platensis-ols 0339053 25609dmdo 3ocdowdols
(Cd) bbgssbbgs ®om@gbmdsms Bo@300Hm30LsL Lafyolio 6 E®OL 496353 mdsdo.

Bo®gomovyemo Q9

3odomdol (Cd)
5096mds, I/ 1 2 3 4 > 6

3Mb@OMmmo 9.65|9.94 | 10.32 | 10.85 | 10.33 | 10.15

1 9.4219.84|10.15| 10.43 | 11.00 | 10.62
5 9.45|9.81 | 10.22 | 10.56 | 10.60 | 10.45
10 9.4519.77 | 10.17 | 10.64 | 10.47 | 10.25
40 9.409.69 | 9.78 | 9.87 | 10.21 | 10.37

3o630bowmm gbMowdo 5 FoMdmpagbowo pH-ol 33wowgds Spirulina platensis-ol
9330093 39Mgdmdo 3500d0wgdols (Cd) bbgoslbgs Momgbmdsms BoBH30MmM30LsL Lafigolo 6
©OOoL  256853wmdsdo.  gJu3gmodgb@do MgodBHozs  29dmygbgde  odbs  39Tdordol
Jwmcoo CdCL-2.15H20. Usfigobo Lwmldgbbool pH = 8, HmIgol 9603369cmdsg
99b3960896GoL g39ges Jg8mbz9g35d0 ABMHOE0s. OHMYMEOE FBOOWOEE RBL, 8339053
39M90mdo  30dodol 5-, 10- s 40-xq6 256Lb35398M MoMmEIbmdsms BsG30MmmM30L
0b9o350, MmmMbogg 99dmbggzsdo 9dudg@modnb@ol 30M39w Mgl pH-0b Gom@gbmds 56
296Ub35309d5 GMMNT67gMOLHYYD O 3MBEHOMEMIB FgEIMJdO®D FMEHIMO T30Mgs. Tgme
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©OLsE M0mJdol 0bgm03g FEYMTMYIMOSs, MmEMbE, 9339053 296Mgdmdo  35dodol
40 3/¢0-0b Bs3H3060m30L5L, Lb3zgdolsgsh asblbzsggoom, 3m@smo 3993060939wos. slg003Y
Lo@mogoss 39-3 — 99-5 ©Eggdol 456353ermdsdoy. 39-6 9L 30 s0bodbvyero Jodom@o
9w 9996G0Lsm30L pH-ol 3603369c0mds 3mbEMMEmsb d9sMgdom «dbodgbgwmo 6ol
935390 0.

gb®owdo 6 foMdmygbowos pH-ob 33wowgds Spirulina platensis-ol 0339053
39M90mdo 3903Ebol (Ag) Lbgoolbgs MomEbmdosms Bo@z0Mmm3z0Lsl Lofgolo 6 oL
3960530™d5d0. 39MEboL  Lbgsslbgs bsg@mob ®god@BHozs 9Judgm0dgbEHolomzol
3960Bgm 0d65 39630l bo@®mao@do AgNOs. 33399530 4909gdmU Lsfyolo pH = 8.27. sbGogro
330h39690L, M3 9339053  39Mgdmdo  BsBH30MmmMo  39OHEbeol  Mom©qbmds
fomdmagboo mmbo  99dmbggzolomgol  Lozdom@  Aoblbgog3gds  gMmMTbgmoloysh.
053650  50b0dbmeds pH-ol (33wowgdsty bs3wgdo  sbobgs 33mgs 1-eo, 89-2 o,
Bsfformd®mog, 99-3 ©rgqddo. 89-4 VOEL dmymegdemo pH-ol Gom©gbmdsd dmodsd)s,
653 993565 FgbsdRbg30 gobs 39-5 WS 39-6 WYJOOLHMZ0L. 3MmbGHOMEOL dgdmbgzg3zsdo
00mJdol 02039 396mEBMI0gMHgdsL 5d3L syoo.

3b®oo 6. pH-0b 33wowgds Spirulina platensis-ols 9330053 356M9gdmdo 396 berols
(Ag) Lbgoslbgs ®omgbmdsms Bo@300mm30LsL Lafiyolo 6 ol 45633 mdsdo.

Bo@zgommeo Q9

3963bEobl (Ag)

509bMds, 3p/¢m 1 2 3 4 > 6
3mB6EOM@O 9.56 | 9.55 | 9.96 | 10.59 | 11.80 | 11.78

0.13 9.50 1959 10.10 | 11.23 | 11.82 | 11.74
3.11 9.59 19.54 | 10.00 | 10.78 | 11.74 | 11.01

8 9.29 1954 | 995 | 1057 | 11.79 | 11.70
40 9.58 19.50 | 999 | 10.72 | 11.73 | 11.20

LOOMEMME, F93300¢0s 300d35m, GMI LMo Bsgombol Jgufogersd, Gm3s
Bo®o®gdme 9396039639000  Lofigolo Yool 296353 mdsdo  bbgoolbgs
509bMd0m s LBH35OLBZS OHML (3056MdsgBHIM00L 0339053 Zarrouk go6gdmdo zow3-

3939 0g6s Bo@30MmMwo 6 Jodomeo gwgdgb@o, 2560339790 Homdmoaqbs d9az304dbs
095003006569 Spirulina platensis-ols s pH-ol 9)OH®»09MH0»9™M 30090 qdol dqlobgd.
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Measuring of simple sensorimotor reaction time.
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296396b9090s s PWILOWIMOOM Fomo 3OHMYMILOMGOOL FgBgMHGdS s 35:309630L
9aM3s6MmgMdol  BsOM3O  3OMEOYMS®  J39393 30 O  [oMBsBHJOSs©  0mM3gds.
LgbLMIMEGHMOMO G530 30MMYds MIMPMOE 00 Lbgsslbgs RwWbJzombscrmemo
Lol 9dgd0l MOMOYOHMNJIgEYdOL 3OMEILO, MMIMIO0E 50035996 MJoG LodsEosl
S 670609096 oLbY.

69®3mwo  dmgddggdol MRWIJGHMOMWo  3M0bgodo o6 mMbs  yobgzobowmm
domEH030  Uggdol  ,LbEH0dMo—Mgodi3os“  Lsbom. gl bdqgds  dmgdggdl  dbmErmE
MmO6900Mmb0osd  ®35¢do.  MIMmI3egl  F9gdmbggzsdo 9933500  Ggod30s  bbgoolbgs
06393653090 ©bggdol ddsmdol 89wgas 0bZMMTS300L MHMMEO Yo3ds3900L
36MHmEqbos. BgM3me  LolEgdsdo Tgbero 0bRMmMTs300L sBTsgqds s dgdBgwmwo

3905093930930l M9o0BI300 3Mmb3MgGIo dmddggdool Loboom Fgodergds IZYmo™
3990093 9H939050-
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Abstract

Magnetic structure in intermediate-II and intermediate-III phases of Y-type hexaferrite
single crystal BaosSri.4Zn2Fe1202 was investigated using neutron diffraction with polarization
analysis. It was found that both phases have chiral magnetic structures. This shows that in
contrast to previous assumptions, intermediate-II phase has transverse conical spin structure
similar to the intermediate-III phase. Therefore, magnetic field induced ferroelectric state may
exist also in the intermediate-II phase of Y-type BaosSrisZn2Fei202: hexaferrite. Obtained
results provide important insight into the recent observations of room temperature
magnetoelectric coupling in Y-type BaosSri1.4Zn2Fe12022 hexaferrite.

1. Introduction

Hexaferrites are ferrites with hexagonal structures with alkaline earth metal and
transition metal sites, extensively used in permanent magnets and in microwave absorber
applications [1]. High temperature (above 100 K) magnetoelectric coupling discovered during
last decade in this class of compounds generated possibility of numerous applications in data
storage with added flexibility of tuning magnetoelectric properties by substituting the transition
metal as well as alkaline earth metal sites [2, 3]. Hexaferrites divided into different classes M, Y,
Z, X, U, and W with rich magnetic phase diagram, were reported to exhibit magnetoelectric
coupling at much higher temperature. Out of these compounds Y-type Ba2xSrxZn:Fei2022 was
the first hexafferite in which a magnetic field-induced ferroelectric phase with significant
magnetoelectric (ME) coupling was found [4].

The crystal structure of Y-type hexaferrite consists of alternately stacked spinal (S) and
tetragonal (T) blocks crystallizing in R3m space group [4]. Magnetic structure is best described
in terms of the block spin model, where crystallographic unit cell is divided into large ( u; ) and
small ( g ) spin blocks. Superexchange interactions at the spin block boundary can be modified
either by transition metal site substitution or by changing the alkaline earth metal sites.

In BaxxSrxZn2Fe12022, due to the Sr substitution magnetic structure changes from
collinear to in plane spiral ordering [4]. Upon applying field perpendicular to (001) , six
metamagnetic steps in the magnetization curves were observed [5]. The centrosymmetric space
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group does not allow any polarization, but scenario changes when magnetic field is applied
perpendicular to c-axis. Magnetic field driven ferroelectric polarization was observed in the
intermediate-III metamagnetic phase where a “2-fan” planner structure shown in Figure la was
earlier reported [5, 6]. However, later it was shown that the magnetic field driven
ferroelectricity cannot be explained in the proposed fanlike structure [6]. Instead, it can exist in
a transverse conical spin structure shown in Figure 1b. Such magnetic structure has chirality
which is consistent with the inverse Dzyaloshinski-Moriya mechanism of ferroelectricity [2].

Spin

Blocks ¥ b)
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Figure 1. Schematic of proposed “2-fan” magnetic structures
in intermediate-II and intermediate-III phases (a) and
transverse conical spin structure in ferroelectric
phase for Y-type Baz-xSrxZn2Fe12O2: hexaferrite (b).

Recently we reported ME effect at room temperature in single-crystal Y-type
BaoeSr1.4Zn2Fe1202 hexaferrite [7]. This result indicates that the intermediate-II phase, similar to
intermediate-III, is ferroelectric in this compound. If this is the case, intermediate-II phase
should also have a transverse conical spin structure with corresponding chirality. Neutron
diffraction with polarization analysis is a powerful tool for investigating chirality of magnetic
structures in multiferroic oxides. Therefore, we performed the polarized neutron diffraction
experiments to study magnetic structure in the intermediate-II and intermediate-III phases of
magnetoelectric Y-type BaosSri.4Zn2Fe12022 hexaferrite single crystal.

2. Experimental details

Single crystal of Y-type BaosSrisZn:Fei202 hexaferrite was prepared by flux growth
method from high purity starting materials BaCOs, SrCOs, ZnO, Fe20s and Na:COs used as a
solvent [8]. The exact composition was determined by refinements of single crystal X-ray
diffraction data in an Oxford diffraction instrument from Rigaku. The refined lattice parameters
were found to be 5.85 and 43.42 A in R3m space group with hexagonal settings. For neutron
scattering experiments in the present work we used crystal with dimensions 3 x 1.5 x 0.3 mm.

The scattering cross section of the polarized neutrons is sensitive to spin chirality [9].
Therefore, the polarized neutron scattering technique is very well suited to study the magnetic
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chirality. The scattering cross-section for polarized neutrons is given by Blume-Maleyev
equation [10, 11]:

09 = [Ng|? + IMF|? + P(N_oMg + M%,N,) + iP(M2, x M3,) .
Here, 0y, is a scattering cross-section for polarized neutrons, Q is a scattering vector, N, and M,
are nuclear and magnetic scattering amplitudes for a given Q and P polarization of a neutron
beam, respectively.

In above equation, only the last two terms depend on polarization of the incoming
neutrons, and describe nuclear-magnetic interference scattering and chirality. In our case,
according to soft X-ray diffraction experiment (P. Thakuria, et al. — in preparation) there is no
nuclear scattering present at (1,0, 0.5) reflection. Therefore, in that equation we need only last
chiral therm. Polarization dependent neutron scattering is a very useful probe of the magnetic
chirality in the spin networks [9]. In the present work we used polarized incident neutron beam
without polarization analysis of the scattered beam (so-called half polarized experiment). By
measuring the difference

Al(w,Q) = I'(@,Q) = I'(w,Q)
for incident neutron polarizations parallel I'(w, Q) and antiparallel I*(w, Q) to the scattering
vector @, chiral magnetism was determined.

Polarized neutron diffraction measurements were performed at the Institut Laue-—
Langevinon the IN12 cold triple-axis spectrometer in the temperature range 5 — 100 K at
different horizontal magnetic fields (H < 2T ). We used full polarization analysis to separate
the possible position of magnetic and structural peaks. Half polarized experiment was used to
get access to the magnetic chirality. For both methods we needed the polarization in the
scattering plane, therefore horizontal magnetic field was used. For the transverse conical spin
structure, in case of the vertical magnetic field the modulation of the magnetic moments in the
scattering plane is restricted, which implies no chiral scattering.

3. Results and discussions

Figure 2 shows full polarized analysis neutron scattering spectra of BaosSr1.4Zn2FeinO2
hexaferrite single-crystal for spin-flip and non-spin-flip intensities at 5 K. These measurements
were performed for some selected reflections in a horizontal magnetic field configuration
H = 0.5T. For further measurements we selected (1,0, 0.5) reflection where one of the clear
differences was observed between spin-flip and non-spin-flip intensities (see Figure 2d). For
this reflection we explored chiral magnetism by performing half polarized experiments at
different temperatures and magnetic fields.

Figure 3a shows w -scans across the (1,0,0.5) reflection at T = 100K in H = 0.6 T
horizontal magnetic field ( H L ¢ ). One can see that the intensity is higher with neutron spin
parallel (I") to the scattering vector Q compared to neutron spin antiparallel ( I' ). The
difference (1" — I' ) is plotted in Figure 3b. Such behavior is typical for the spiral magnets [12].
Observed intensity difference provides evidence for the presence of chiral magnetism in
intermediate-II phase. Therefore, one can conclude that the intermediate-II phase in Y-type
BaoeSr1.4Zn2Fe1202 hexaferrite can be ferroelectric in addition to the intermediate-III phase.
This deviates from the conclusion derived by Kimura, et al. [4] based on macroscopic
measurements. However, it is in agreement with our recent results obtained by ferromagnetic
resonance [7] and soft X-ray chiral scattering (P. Thakuria, et al. — in preparation) techniques.
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Figure 2. Examples of full polarized analysis neutron scattering spectra for some
selected reflections of BaosSr1.4Zn2Fe1202 hexaferrite single-crystal for spin-flip
and non-spin-flip intensities at T = 5 K in horizontal field H = 0.5 T configuration.
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Figure 3. w-scans across (1,0, 0.5) reflection at T = 100 K in
H = 0.6 T horizontal magnetic field ( H L ¢ ) for positive (I")
and negative polarized (I' ) neutrons (a) and difference Al = I — I*
between intensities of positive and negative polarized neutrons (b).

We also performed similar neutron diffraction measurements at T = 5K and in
horizontal magnetic fields H = 0.3 —1.3T . In this field and temperature range Y-type
BaoeSr1.4Zn2Fe1202 hexaferrite is in intermediate-III phase [2]. This phase is known to be
ferroelectric. Indeed, we observed that in the intermediate-III phase, intensity of positive
polarized neutrons ( I" ) is higher than negative polarized neutrons ( I' ). This confirms
transverse conical spin structure also in intermediate-III phase. Therefore, we can conclude that
the magnetic structure in both intermediate-II and intermediate-III phases allows the existence
of magnetic field-induced ferroelectricity.

4. Summary and conclusions

To summarize, we studied chiral magnetic structure in single crystal of Y-type
BaosSr14Zn2Fe1O2 hexaferrite by using neutron diffraction with polarization analysis. A wide
range of the temperature and magnetic field was explored, which includes intermediate-II and
intermediate-III phases of BaosSri4Zn2Fei2O2. Chiral magnetism was detected in both of these
phases. It shows that in contrast to previous assumptions, intermediate-II phase also has
transverse conical spin structure similar to the intermediate-III phase. This magnetic structure
has chirality which is consistent with the inverse Dzyaloshinskii-Moriya mechanism of
ferroelectricity and therefore magnetic field induced ferroelectricity is possible. Obtained
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results justify the presence of magnetoelectric coupling in intermediate-II phase of
BaosSr14Zn2Fe12022 hexaferrite, which was reported recently by using electrically modulated
ferromagnetic resonance [7].
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ITpoBenmeHO mccilemoBaHME 3JI€KTPOMEXaHMYECKOTO 3ddeKkra — KomebaHUA KpPUCTAJLIA
LiF mop peiicTBHeM IlepeMeHHOTO 3JIeKTpHYeCcKOro mosd. M3ydeHo Bo3zelcTBHE KOPOTKOTO
HMITYJIbCa D3JIeKTPUYEeCKOTO IIOJIA BBICOKOH HANpPMXKEeHHOCTHM HA BeIWYMHY OS¢dexta —
aMIUIUTYZYy KoJebaHUI KpUCTA/IA IIOJ [OeHCTBHEM II€PEMEHHOTO IIOJAA M €ro MOAYJb
ympyroctu. lIpocnekeHa TeMmmepaTypHas U BpeMeHHas 3aBUCHMOCTH 3ddekra Iocie
mpunoxeHus wumnynabca. OrmpeneneHa 5SHeprusa MuUrpanuu JAedexToB, 3aKpeIUIAIONUX
IVCIOKALMH B ITpoliecce BO3BpaTa IOCIe BO3/IeCTBIA UMITYIbCa DIeKTPUIECKOTO TIOJIA.

Hanwyme 3apsza Ha AUCIOKAUMAX B HMOHHBIX KPHUCTA/UIAX B 3HAYHUTENBHOHN CTEIleHU
BINAET HA UX dJIEKTpUUYecKHe U MexaHHYeckue cBoiictBa [1, 2]. Kpome Toro, 3apsxeHHbIe
OUCIOKAUWHM OOYCHIABIMBAIOT PAZ CIeIU(PUYIECKUX SBJIEHUH, KOTOpPble IIPeJOCTaBIAIOT
IOTIOTHUTE/IbHBIE BO3MOXKHOCTH MJIS HCCIEIOBAHUA [AUCIOKAIUM, WX B3aUMOZEHCTBHUI C
IpyruMu fedeKxTaMu.

B Hacrosmeil paboTe C IOMOLIBIO KapAUHAIBHO MOJEPHHU3HPOBAHHOTO aKyCTUYECKOTO
criekTpoMeTpa [3] ImpoBOAMTCA [asibHelllee H3ydeHUMe OOHAPYXXEHHOrO HaMmu paHee [4, 5]
aleKTpoMexaHudyeckoro 3ddexra — komebanuit moHHOro kpucrawia LiF mop meiictBuem
IIepeMeHHOTO 3JIeKTPUYeCKOoro mosd. borsuoil 06beM M CKOPOCTh IOTyYeHUS MH(POPMAIIUY B
XOZie SKCIIepUMeHTa IIO3BOJIIUIM IIPOBOAUTH HCCJIEJOBAaHWSI HAa KAa4eCTBEHHO Oojee BBICOKOM
YPOBHe.

BenmuuHa s dekra — aMIIUTy A @ KOyleOaHUM KPUCTALIA MO/, AefiCTBUEM IIepeMEeHHOTO
asmexkrpudeckoro moit (£ = 200 B/cm) — c BBICOKOH YyBCTBUTEJIBHOCTBIO U TOYHOCTBIO
M3MepsaIach B HEIPephIBHOM peXuMe Ha cobcTtBeHHOM dwacrore (f ~ 3 x[m) obpasma. B
HeIIpEePBIBHOM peXXuMe (UKCHPOBAINCH TAKXKe BHYTpeHHee TpeHHe (! M cOOCTBeHHAA 4aCTOTa
fobpasua 1, TeM CaMbIM, €r0 AMHAMUYeCKU Moy b yupyroctu M (mockonbkyf ~ M12).

O6pasusr  LiF  6putm  BeIKOZOTBI 1O  mnockoctaMm  cmaiiHoctu  (100) w3
MOHOKPUCT/UINYECKOTO CIWTKAa U oOToxokeHsl mpu Temueparype 750 °C. Ilo gmamHbIM
CIIEKTPaJIbHOTO aHaJIN3a, UCIIOIb30BaHHBIE KPUCTAJUIBI COAEpXKAT IpuMech Mg B KOIUYeCTBe
2-10-3 mon. %, cymmaproe kormdectBo Al, Si u Fe ue mpessimaer 103 mon. %. Kpome Toro, mo
DAHHBIM WH(QPAKpacHBIX CIEKTPOB MMeeTCS J[JOBOJIBHO BBICOKAfA KOHIIEHTPAIlUd KOHOB
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rugpoxkcuna — 0.12 mon. %. B ob6pasumax miactuueckoit gedopmanueir usrudom (~ 0.1 %)
CO3[]aBAJINCh KpaeBble AVCIOKAMYM OJHOTO MEXaHWYeCKOTO 3HakKa. Vi3amMepeHHs ImpoBOAMINCH
IIocje OKOHYAHHUA IIpollecca peJIaKCalli{, KOTAAa KPHUCTALI HAaXOAWICA B PaBHOBECHOM
cocTossHUU. JleTanbHOE ONMCAaHVe TEXHUKY dKCIIEPUMeHTa AaHo B [3, 6].

B 1mesoYHOTAJIOMZHBIX  KPHCTA/IAX  BO3JEHCTBHE  DJIEKTPOCTATHYECKOTO  IIOJIL
HAIPSOKEHHOCTBIO B HECKOJIBKO KB/CM TPHUBOZUT K MaKpOCKOIUYECKOMY Il€peMeleHUI0
3apsDKeHHBIX TUCIOKAnUil (KOTOpoe OOHApy>KMBAaeTCS MeTOLOM AMOK TpaBieHusd) [1, 2]. Ilpu
5TOM IIPOMCXOZUT TOJBKO OTPBHIB IUCIOKAUMI OT TOYEK 3aKpeIUIeHHA — 0e3 yBeJTHYeHUd
IIJIOTHOCTU AHCJIOKAIIMI.

Pesybrar mpuoxeHusa Kk 00pasily MMITYJIBCHOTO 3JIEKTPUYECKOTO IIOJII IPeCTaBlIeH Ha
Pucynxke 1. mnynsc HanpsoxeHHOCTHIO 4 KB/cm u pymurensHOCTBIO 10 MC IPUBOIUT K pe3KOMy
YBEJIMYEHUIO aMIUIUTYbl KojebaHuii a (6osee 4eM Ha IMOPAZLOK) W IAfeHUIO COOCTBEHHOM
9acTOTHI KoseOaHui £, T.e. TUHAMUIECKOTO Monya ynpyroctu M (medeKT MOZyIs COCTaBIIeT
okono 4-10*). C TeyeHmeM BpeMeHH IIOCJIe IPUJIOXKEHHS HMITYJIbCa AMIUIUTYZA U MOZYIb
BO3BPAIAIOTCA K HCXOJHOMY 3HAYeHUIO.

3aBUCHMOCTb MeXAy AedopMauyeil ¢ U BHEIIHUM MeXaHUYECKUM HANpSKeHHeM O AJId
WJeaJIbHOTO KpUCTa/lIa B 00JacTH ynpyroi nedopmanuu paetcs 3akoHoM ['yka: &Y = o /M. B
peabHOM KpHCTaJIe IBIDKEHUE IVCIOKAIIMOHHBIX CETMEHTOB BBI3BIBAET JUCIOKALMIOHHYIO
Heynpyryio nedopmanuio £ = AbS, roe A — mnoTHOCTH AucIOKanuii, b — BexTop Broprepca, & —
CpelHee CMellleHWe AWCIOKAIUM IJIMHOM / OT IOJIOKeHWs paBHOBecud. IloaTomMy momHas
ITedbopManusa KPUCTAJIIA, COAEPKAIIero AMCIOKAIUU, £ = & + £, @ MOJYJb YIPYTOCTU HIDKE
MOZyJIsl yIIPYTOCTH KpucTtauia 6e3 gucnoxauuit: M* = M — AM. Takum o6pasom, A KPUCTaLIa,
COJZiepIKallero OUCIOKAUUH OyeM umets: &Y + 2 = o /(M — AM). Ilpu e << €Y 3TO BBIpaXKEHUE
npunumaer Bug AM/M = e* /&Y. Orcioga ciepyer, 4TO IafieHUe MOAYJA YIPYrocTH (ZedexT
MOZyJISI) CBUZETEIbCTBYEeT O BO3PACTAHUY AYUCIOKAIMOHHOH medopMaIum.

Pt ]
e Ll

08| *

04} -,
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0 100 200 300 400 500 600

t(s)
Pucynox 1. 3aBucHMMOCTS HOPMUPOBAHHON aMILIUTY/IbI KOJeOaHUIH

(1) u medexra mozymna ynpyrocru (2) xpucramios LiF or
BpPEeMeHHU II0CJIe IPUIOXKEHUS UMITYJIBCA DIEKTPHUIECKOTO OIS

W3mepenus nmpoBoayinuch npu Mansix (~ 10°¢) ammnutyzmax konebareapHoi fedopManuu
(B ob6yacTM aMIUIUTYZHO-HE3aBHCHMOTO BHYTPEHHETrO0 TpPeHHUs), KOIZa MAMCIOKAIMOHHBIE
CerMeHThI KOJIeOIIOTCS He OTPHIBAsICH OT IIeHTPOB 3aKpelUleHus. [Ipu Bo3feiicTBMKM MMITyIbCa
5JIEKTPUYECKOTO IIOJIT OHU OTPBIBAIOTCA OT 3aKPEIUIAIONIUX TOYEeUHBIX edeKTOB, B Pe3yIbTare
9ero yBeJIMYNBAETCS [JINHA CerMeHTa /, Bo3pacraeT & U, eCTECTBEHHO, YBEIUIMBAETC £%, O 4eM
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CBUJETeIBCTBYyeT Habmiomaemoe B dKcmepuMeHTe (PucyHok 1) majeHue IUMHAMUYeCKOTO
momyns M. Co BpemeHeM, BciencTBue auddysum ToueuyHBIX medeKTOB IUCIOKAIUU
3aKpeIUIAIOTCS, JIMHA CeTMeHTa YMeHbIIAeTCs, BBI3bIBAs BO3BPAT MOAYJIA K II€PBOHAYATBHOMY
3HAYEHUIO.

ComyTcTByIolie U3MEHEHHUIO MOAYJIS YIPYTOCTH BO3pACTaHWE U IOCHeAYIOWIMM CIaf,
aMIUIMTYbl KOJeGaHUi KpUCTa/la IIOJ, AeHWCTBHEM II€PeMEHHOTO 3JIeKTPUYeCcKoro ot £
(Pucynox 1) ABIAIOTCA BeCKMM  IOATBEPXKIEHHEM  AMCIOKAI[MOHHOTO  MeXaHU3Ma
Ha6JII0/]laeMOro 3JIeKTPOMEXaHHYeCKOro dbddeKTa: yBeIndeHne NUCIOKAMOHHON fedopManuu
(Bo3pacTanue JedeKTa MOAYJII) BBI3BIBAET BO3pacTaHMe aMILIUTYAbI Konebanuii. Co BpeMeHeM,
KOTZa [JHUCIOKal[MOHHAast gedopMaiusd yMeHsuiaeTcs (yMeHburaeTcs JedekT Momyiis),
COOTBETCTBEHHO I1a/IaeT ¥ aMILIUTyAa KoJIeGaHUi, BO3BPAILAsCh K UCXOAHOMY 3HAUEHHUIO.
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Pucynoxk 2. 3aBICHMOCTS HOPMUPOBAHHON aMILIUTY/IbI KOJTeOaHUIA

KPpHUCTaJIIIOB LiF ot BpeM€EHH I10CJI€ IIPUJIOXKEHNA NUMITYJIbCd 3JIEKTPHIECKOT'O

mosia gy Temmeparyp: 1 —295,2-310,3 -322 u 4 - 350 K.

C moBbILIeHHEM TeMIIEPaTypbl CKOPOCTh BO3BpATa YBEIMYMBAETCS, YTO CBUZETENIBCTBYET
o nuddy3roHHOM XapaKTepe IIpoliecca, IPUBOJAILIETO K BO3BPaTy aMILUIUTYbl Konebaunwuii. Ha
Pucynke 2 stu 3aBucumocTtu mpu Temmeparypax 295, 310, 322 u 350 K mpepcraBieHs! B
koopguHartax In(a/ao)—t, rme a — ammImMTyZa KoneOaHWI B MOMEHT BpeMEHH f, 40 —
MaKCHMajJbHas aMIUIHTyZa IIOCIe IPUIOXKeHHS MMIyiabca. Kak BHAHO, SKCIlepHMeHTaTbHbIE
pe3yJIbTaThl B MOJTyIorapudMuiIecKoM Macurrabe yoxxarcs Ha npsmsie. CremoBaTeIsHO, BO3BpAT
a4 TpOTeKaeT IO IPOCTOMY OSKCIOHEHI[UAJTbHOMY 3aKOHY a=adoexp(—t/7), tme 7 — BpeMs
peJlaKCaIiui.

OmnpepeneHHble U3 3TUX SAHHBIX BpeMeHa PeaKCallu¥ B 3aBUCUMOCTH OT TeMIIepaTypbl
T moxasansl Ha Pucynke 3. Buznno, uro rpadux B koopguHaTax In 7— 1/7 mpeacTaBiger coboit
npamyio auHuo. OTCIofa MOXHO 3aKIIOYHTh, YTO 3aBUCHMOCTh BPEMEHU peaKCallud OT
TeMIIepaTyphl OIIMCHIBAETCS YypaBHeHHeM AppeHuyca [Oai TepMUYECKH aKTHUBHPYEMbIX
npoueccoB 7= 7o exp(H/kT ), rie k — mocrosuHas bonpimaHa, 7o — IpeASKCIOHEHIIMATbHBIN
daxrop, / — sHeprus aKTHUBAI[MY, PaBHAsA YIJIy HakKJIOHA rpaduka kK ocu abciucc. [To maHHBIM,
IpuBefleHHBIM Ha Pucynke 3, sHeprus aktuBanuu npouecca Bosspara /7= 0.38 + 0.04 3B.

Kak cBuZeTenbCTBYIOT IIapajUlebHble W3MEpPEHUs MOAYJISA YIPYTOCTH, BO3BpPAT
aMIUIUTYABl KojeOGaHWil OOyCJIOBJIEH 3aKpeIIeHWeM [UCIOKAWH TOYeYHBIMH JAedeKTaMu,
KOTOpble MUIPUPYIOT B pesynbrare aubdysuu. [Ipm sTOM HEOOXOAZMMO YUUTHIBATH TO
0GCTOSATENBCTBO, YTO B 00LIEM CIydyae MEeXZY SUCIOKaLyeil ¥ TOYeYHBIM Je(eKTOM CyL[eCTByeT
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MOTeHIMal B3aUMOJEINCTBUA, KOTOPBIH dABideTca GYHKIMeH PpacCTOAHUA MeXIy HUMH.
brnarozmapa BsaumogelicTByio TOueuyHble AedeKThl HCIIBITBIBAIOT CHUJIY, IIPONIOPIMOHATIBHYIO
IrpafiMeHTy IIOTeHIMajga, KOTOpasd INPUBOAUT K HaIlpaBJIeHHOMY IIOTOKY Jake B OTCYTCTBHE
rpaZiieHTa KOHIIEHTPAIlUX U yMeHbIIaeT 3G deKTUBHYIO S9HePTUI0 MUTPAIUH.
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Pucynoxk 3. 3aBCMMOCTb BpeMeHHU pelaKCaIliy aMILTHTY bl

Kosebauuit kpuctawtoB LiF or o6paTHO# TeMIepaTypsl
IIOCJIe BO3/IeHICTBHUA MMITYJIbCa DJIeKTPHUIECKOTO IOJIA.

OHeprus MuUrpanuu, noixydeHHas Hamu B dkcrnepumeHte (0.38 3B), ropaszmo MeHsblre
M3BECTHBIX W3 JINTEPATyphl 3HAYEHWI DHEPIMM MUTpAluy pa3auyHbix nedekroB B LiF:
MUHUMAaJIbHAsA U3 HUX — DHEePrus MUTPAIlUY KaTHOHHBIX BaKaHCHH cocrasiseT mpumepHo 0.7 3B.
OpnHako ecyIM y4ecTh, YTO B pe3yJIbTaTe BO3eHCTBUA MMITYJIbCa AUCIOKAIUY IIepeMellaloTcsa Ha
HeOOJIbIINE PACCTOAHUA, TO IIPEAIONOXKUB, YTO IIPOMCXONUT HAlpaBieHHas aupdysus
BaKaHCHUH, B cBeTe BbImecka3aHHOTo (.38 5B MOXHO MHTepnpeTHpOBAaTh KaK PAa3sHOCTh MEXZY
SHeprueil MUTPallMy U DHepryuel B3auMOJeHCTBUA KaTUOHHBIX BaKaHCH ¢ guciaokanuei 0.3 —
0.4 5B. Takum o0Opa3oM, MOXHO 3aKIIOYUTh, 4TO B Kpuctawiax LiF auddysaupyromuvu
TOYEYHBIMU JedeKTaMy, 3aKpeIUITIOIUMU [AUCJIOKAIUK IIOCJIe BO3AEHCTBUA HMITYJIbCA
9JIEKTPUYECKOTO II0JIS, IBISAIOTCS KATUOHHBIE BAKAHCHUU.

Hacrosmue 9KCIIepUMEHTHI SIBJISIOTCS yOenuTe IbHBIM J0Ka3aTeTbCTBOM
IVICTOKAIIOHHOTO MeXaHM3Ma OOHapy)XeHHOTO HaMH 3JIeKTPOMeXaHW4YeCKOoro d¢dexTa: Moz
IeNCTBUEM II€PEMEHHOTO 3JIeKTPUYECKOTO IONA IUCIOKAIMOHHBIE CETMEHTHI IIPOrHOaroTCs,
co3zaBasg 3HAKOIEPEeMEeHHYIO AUCIOKAIMOHHYIO AedopMamuio, IPUBOAAILYIO K IIOABJIEHUIO
3¢ deKTUBHON CUIIBI, BO30YXKAAoMmel KomeOaHusI KPUCTaJLIA.

Ccputkn
[1]  H.A. Tanyuuna, D. I1. Benoseposa. YOH, 1988, 156, 683.
[2] R. W. Withworth. Phil. Mag., 1968, 17, 1207.
[3] D. Driaev, A. lashvili, L. Kankadze, S. Tsakadze. Rev. Sci. Instrum., 2017, 88, 054904.
(4] . T'.Jpuaes, B. A. Menux—Illaxuasapos. PTT, 1966, 8, 3280.
[5] B. N. Anpmun, /. I'. [Ipuaes, B. A. Menuk-IllaxnasapoB. D1eKTpoHHbIE U HOHHBIE

IIPOIIECCHI B TBEPBIX Tenax, 1973, 6, 68.
[6] M. B. I'anycramsuny, /I. I'. Ipnaes. Nano Studies, 2019, 19, 213.

144 https://doi.org/10.52340/ns.2020.18



Z.Jabua, et al. Nano Studies, 2020, 20, 145-148.

RELATIVE MECHANICAL STRENGTH OF SOME
RARE EARTH ELEMENTS COMPOUNDS THIN FILMS

Z.Jabua, T. Minashvili, K. Davitadze*, A. Gigineishvili, G. Iluridze

Georgian Technical University
Thilisi, Georgia
*ketevand@gmail.com

Accepted 2020 October 23
Abstract

The study of rare-earth elements compounds’ mechanical properties is an essential task
because even though their electro-physical properties have been studied quite thoroughly data
on their mechanical properties are not available. The purpose of this work is to study the
relative mechanical strength of gadolinium diantimonide, terbium monoantimonide, and
thulium monotelluride thin films.

Relative mechanical strength (RMS) of thin films of gadolinium diantimonide GdSb,
terbium monoantimonide TbSb, and thulium monotelluride TmTe prepared by the method of
vacuum-thermal evaporation from two independent sources of components has been studied at
different substrates — quartz, single-crystalline silicon, glass-ceramic sitall, and sapphire coated
tapes. During the study, a particular load is applied to the surface and counted the number of
passes for complete abrasion. For comparison, all studied films’ initial thickness was the same on
all substrates: 1.2 ym. And the load on the films was same: 300 g. The grinding surface was a
suede layer with a thickness of ~ 0.8 mm, on which diamond paste was applied.

RMS was studied immediately after removing the film from the vacuum camera and
completing the procedure for measuring its thickness using an interference microscope. We
studied 5 — 6 films of each cast. Table 1 shows the average values of the measurement results.

Table 1. Relative mechanical strength of GdSbz, TbSb, and TmTe tapes.

Number of passes required
or complete grinding
Substrate material

Film composition

Quartz | Silicon | Sitall | Sapphire
GdSb2 13-15|32-35|41-42 | 51-54
TbSb 20-21|40-42 | 47-49 | 62-65
TmTe 25-27|47-50|58-61| 77-79

As we can see from the Table 1 and Figures 1 and 2, the RMP of the film strictly depends
on both: the composition of the film and the substrates material. In particular, the RMS of films
applied on the different substrates of the same composition is increased by the following
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sequence of substrate materials: quartz, single-crystalline silicon, sitall, sapphire. The lowest
RMS has films grown on quartz substrates, the highest — on sapphire substrates. Average values
are obtained for films on single-crystalline silicon and sitall substrates, respectively.
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Figure 1. Dependence of RMS of films
of same composition on substrate material.
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Figure 2. Dependence of RMS of films grown
on substrates of same composition on their
composition: 0 — TbSb, x — TmTe, and ® — GdSba.

Data show that TbSb films have the highest RMS for all substrate materials, and GdSb2
films have the lowest values for all substrate materials, while TmTe films have an intermediate
value. The films on sapphire substrate have the highest RMS values followed by films on the
silicon substrate and then — sitall. The lowest RMS has films prepared on quartz substrates.

Table 2 shows the values of obtained and studied films and substrates thermal expansion
coefficients (TEC). We can see that quartz has the lowest TEC among the materials used as a
substrate, which is almost 130 times less than that of sapphire and 80 and 50 times less than the
TEC of sitall and silicon, respectively. In terms of film materials, gadolinium diatimonide has
the highest TEC followed by thulium telluride and finally terbium antimonide.

If we compare our experimentally obtained data with each other, we can assume that the
material’s RMS is influenced by the difference between the TEC of the substrate from the
grown films TEC. The greater the difference, the lower the RMS. This may be related to the
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well-known fact that cooling the film from the deposition temperature to room temperature
causes more mechanical stresses in the film than the greater the difference between the TEC of
the substrate and the TEC of the film material.

These mechanical stresses cause various distortions of the film’s crystalline lattice: point,
circular, volumetric defects, which ultimately reduce the RMS.

Table 2. Thermal expansion coefficient of thin films and their substrates.

Film / sul?s.trate CTE, 10/ K Temperature References
composition range, K

GdSb: 12.8 300 - 890 [1]
TbSb 11.8 300 — 890 [2]
TmTe 10.9 300 - 980 [1]
Quartz 0.055 320 - 600 [3]
Silicon 2.54 300 — 1050 [3]
Sitall 4.1 298 — 573 [3]
Sapphire 8.1 298 - 573 (3]

Studies have shown that a similar picture is observed for films obtained by single-source
evaporation. The difference in RMS of films obtained by discrete evaporation is about 8 — 10 %
higher than that for films obtained by evaporation of components from two independent
sources.

It is known that materials suffer from so-called aging. Aging is the process of changing
the properties of a material over time. The aging process of antimonides and tellurides of rare
earth elements, especially, thin films has not been studied. One of the objectives of this work
was to study the RMS’s dependence for the TbSb film obtained by us on the film’s storage time
under ambient conditions.

It is known that rare earth antimonides suffer specific changes after an inevitable delay
in the atmospheric air. In particular, they change color. Additional maxima appear on the X-ray
diffraction pattern corresponding to oxides and compounds of different compositions.
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Figure 3. Dependence of RMS of TbSb film grown
on sapphire substrate on delay time on air.
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To determine how the ambient air retention time affects the RMS of the film, the RMS
of the TbSb film grown on the sitall substrate was measured as a function of the ambient air
retention time. Six TbSb films of the same thickness, 1.3 um, were deposited on sitall substrate
by the method of vacuum thermal evaporation of components from two independent sources.
Next, the RMS was measured for the prepared films under a load of 350 g at the end of the
applied completing grinding process and then periodically after keeping the films under
ambient conditions for a certain period. In particular, the second measurement was carried out
after the film surface has significantly changed its color (delay time was ~ 1000 h, i.e. 1.5
month). The other four films were measured at approximately 1.5 month intervals. The
measurement results are shown in Figure 3.

As can be seen from the Figure 3, RMS decreases almost proportionally to the increase in
heat retention. Retention of the film on the air for about fourteen months reduces the
mechanical strength by almost 20 times.

As the analysis of scientific reference data [4 — 6] show, many factors can cause the aging.
The films’ aging process depends on the film material’s chemical stability. And the aging rate, in
turn, depends on the rate of change of various chemical and physical properties of the film. The
leading cause of aging is oxygen in the atmospheric air enhanced by light, heat, and water vapor.
Aging can also be caused by the recrystallization of the film material, decrease and
disappearance of adhesion between the substrates and the film material, a decrease in the film
surface smoothness, etc. A detailed determination of the causes of RMS rigidity requires
additional complex studies.
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Abstract

The main objective of the study was to analyze the peculiarities of pharmaceutical
sciences priorities and challenges towards on pharmacists’ profession regulation issues
perfection and enhancement in Georgia. The study was a quantitative investigation by using
questionnaires. A survey study was conducted. The in-depth interview method of the
respondents was used in the study. Different types of approved questionnaires were used
(respondents were randomly selected): questionnaires for chief pharmacists, patients, employed
pharmacy faculty-students, health-care specialists, and pharmacist specialists. Were used
methods of systematic, sociological (surveying, questioning), comparative, mathematical-
statistical, graphical analysis. The data were processed and analyzed with the SPSS program.
We conducted descriptive statistics and regression analyses to detect an association between
variables. Statistical analysis was done in SPSS version 11.0. A Chi-square test was applied to
estimate the statistical significance and differences. We defined p < 0.05 as significant for all
analyses. According to the study results, the respondent young (up to 35 year) pharmacists vast
majority considered that for successful work their knowledge was not enough in the subjects of
pharmacology, pharmacotherapy, clinical pharmacy and pharmaceutical care. Therefore, in our
opinion at university pharmacy programs and syllabuses need upgrade, adaptation and fit on
new demands reality. In pharmacy faculty programs there should increase credits in the
following subjects: pharmacology, pharmacotherapy, clinical pharmacy and pharmaceutical
care. Above mentioned complex would help formation of the highly qualified pharmacist with
deep and systematic knowledge. It is obvious that the contact hours in the pharmacology,
pharmacotherapy, clinical pharmacy and the pharmaceutical care subjects within the
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pharmaceutical education programs should be increased to ensure deep and systemic knowledge
for the successful work. The Government should take care of the profession of pharmacist
authority. The pharmacist’s profession in the health care system should increase the authority
and social importance by the state support. Pharmacist’s profession should become of more
power and authority; a pharmacist should have a much higher status in the healthcare system.
Therefore, the role of a pharmacist is significantly increased in the healthcare system and is
directly related to his professional education level. Therefore, pharmacist should have
appropriate higher pharmaceutical education. All the mentioned is achieved then, when the
pharmacist profession will move into the health-regulated professions list.

1. Introduction

A pharmacist is a health specialist, which distributes medications to patients on
prescription, as directed by a doctor. Pharmacists have extensive knowledge of chemistry and
drug therapy of different drugs and how they react to people, as well as how drugs interact with
each other [1 — 3]. Pharmacists must accurately measure and a package of medicine, ensuring its
security at the dosage and the patient. While typically the pharmacist does not choose or
prescribe medication, the pharmacist educates patients on how to take the medication and what
reactions or problems should be avoided [4 — 6]. Pharmacists, chemists are health professionals,
who practice in the pharmacy, medical sciences, focused on the safe and effective use of
medicines. A pharmacist is a member of the health care team directly involved in patient care
[7 — 9]. Pharmacists are trained at the university level, to understand the biochemical
mechanisms of action of drugs, drug use and therapeutic role, possible side effects, drug
interactions and monitor settings [10]. Pharmacists interpreted this experience for patients,
physicians, and other health professionals. Pharmacist’s profession required: Bachelor of
Pharmacy or Master of Pharmacy degrees and professional certificate and license in pharmacy
[11 — 13]. Patient safety is a priority for all specialists-pharmacists-who care about health.
Patient safety is defined as the prevention of harm to patients, including errors. For centuries,
pharmacists were custodians/against the “poisons” of substances that may harm the community
[14, 15]. Now more than ever is the responsibility of the pharmacist to safely receive
medications for the patient. In opposite, in primary health care, pharmacists generally have
more restricted straightforward approach to clinical patient records and another health care
specialist, like clinical-based pharmacists are highly accessible to patients [16 — 18]. This
provides patients with nice and good opportunities to search advices for the control of minor
diseases or preventive care medicine, and occasionally more serious circumstances, constantly
before searching assistance from the family Doctors [19, 20]. Pharmacist, according patients’
need, transfers patients to the family Doctor, hospital or insurance company [21]. Therefore,
pharmacists are in perfect situation and position to ensure a first full point of communication
within the health care system, in a triage-pattern role or as a connection between other health
care professionals, mainly family doctors and general medical practitioners [22 — 24]. Above
mentioned aspirations are shown by some pharmacist scientists in western countries, who
studied the pharmaceutical care services, where doctors access was limited [25 — 27]. The
pharmacists distinguish the beneficial assistance and promotion to functioning as a bond
between the various sites of health care division, such as distinction care, pharmacotherapy or
pharmaceutical care or public safety [28, 29]. The cooperation of pharmacists with various
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health care providers has as well demonstrated to have an affirmative influence in the judicial
framework [30 — 33].

Main objective of the study was to analyze the peculiarities of pharmaceutical sciences
priorities and challenges towards on pharmacists’ profession regulation issues perfection and
enhancement in Georgia.

2. Material and method

Research objectives are materials of sociological research: the study was quantitative
investigation by using survey — questionnaire.

The in-depth interview method of the respondents was used in the study. Different
types of approved questionnaires were used (respondents were randomly selected), e.g.

- Questionnaire for chief pharmacists: 410 chief pharmacists;

- Questionnaire for patients: 1506 patients (customers of drug-stores);

- Questionnaire for employed pharmacy faculty-students: 222 employed students;
- Questionnaire for health-care specialists: 307 public health specialists;

- Questionnaire for pharmacist specialists: 810 pharmacist specialists.

Totally 3888 respondents were interviewed in Georgia.

We used methods of systematic, sociological (surveying, questioning), comparative,
segmentation, mathematical-statistical, graphical analysis. The data was processed and analyzed
with the SPSS program. Results and discussion: The survey was conducted through the
questionnaires. 1506 patients were interviewed in Georgia. Questions and answers are given in
the tables. On each question are attached diagrams or table. Questionnaire and diagrams are
numbered. The data was processed and analyzed with the SPSS program.

We conducted descriptive statistics and regression analyses to detect an association
between variables. Statistical analysis was done in SPSS version 11.0. A Chi-square test was
applied to estimate the statistical significance and differences. We defined p < 0.05 as significant
for all analyses. In order to meet the objectives, set in the research we also used the results
obtained through analysis of available official information, studies and opinions about
pharmacists, as well as the methods of quantitative studies.

The research implementation required the sub studies of the peculiarities of
pharmaceutical sciences priorities and challenges towards on pharmacists’ profession regulation
issues perfection and enhancement in Georgia [34 — 38]. Study of the data was processed and
analyzed with the SPSS program. We conducted descriptive statistics and regression analyses to
detect an association between variables. Statistical analysis was done in SPSS version 11.0. A
chi-square test was applied to estimate the statistical significance and differences. We defined p
< 0.05 as significant for all analyses.

In order to provide the study’s ethical character each participant of it was informed
about the study’s goal and suggested of willingness of the work to be done. So, the respondents’
written or oral compliance was got on that issue. All the studies were carried out by the selected
organizations administrations’ previous compliance. Informed consent form for each
respondent to participate in an anonymous survey was used. During the whole period of
research, the participants’ incognita was also provided. For the international rules’ and criteria’
conformity this human subject comprising given study was discussed and confirmed on the
Bioethics Committee sessions of the YSMU (Yerevan State Medical University).
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3. Results

The respondents’ young pharmacist’ (up to 35 year) vast majority considered that for
successful work their knowledge was not enough in the subjects of pharmacology,
pharmacotherapy, clinical pharmacy and pharmaceutical care (see Figure 1). Therefore, in our
opinion at university pharmacy programs and syllabuses need upgrade, adaptation and fit on
new demands reality. In pharmacy faculty programs there should increase credits in the
following subjects: pharmacology, pharmacotherapy, clinical pharmacy and pharmaceutical
care. Above mentioned complex would help formation of the highly qualified pharmacist with
deep and systematic knowledge. It is obvious that the contact hours in the pharmacology,
pharmacotherapy, clinical pharmacy and the pharmaceutical care subjects within the
pharmaceutical education programs should be increased to ensure deep and systemic knowledge

for the successful work.

Q-21. Opinion about the lack of knowledge for

% successful work (several answers are possible)
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Figure 1. Respondents’ opinion about lack
of knowledge for their successful work.

Analysis the data of respondents answers on the question “Do you think that the
Government should make the certification of pharmacists?” (Q). revealed the following in
different categories. The majority of chief pharmacists, consumers of medications, employed
students, healthcare specialists and pharmacists considered that Government should make
certification of pharmacists (p < 0.000). There are statistically significant points between
variables (see Table 1).

When coupling the data of respondents’ answers analysis of the questions “Indicate your
sex” (Ql) and “Do you think that the Government should make the certification of pharmacists?”
(Q), it was obvious that there was not a significant difference between the variables (p = 0.556).
There is no statistically significant attitude between sex and variables (see Table 2), this means
“Gender” (Ql) and “Do you think that the Government should make the certification of
pharmacists?” (Q12). So, answers are not dependent on sex.
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Table 1. Respondents’ opinion about pharmacists’ certification.

Cross tabulation
Do you think that the Government should Do you think th'a t th? Government s'h01?11d make
make the certification of pharmacists? the certlflcat‘lon of pharmacists: Total
1. T agree | 2.1 partially agree |3. I do not agree
Chief pharmacists 76.6 % 16.3 % 7.1 % 100.0 %
Customers 82.6 % 11.6 % 5.8 % 100.0 %
Employed students 95.9 % 3.6 % 0.5 % 100.0 %
Health-care specialists 94.8 % 4.6 % 0.7 % 100.0 %
Pharmacist specialists 71.9 % 21.9% 6.3 % 100.0 %
IAverage 81.2 % 13.5 % 5.2 % 100.0 %
Chi-square tests
Value Df Asymp. sig. (2-sided)
Pearson chi-square 132.625 8 0.000

Table 2. Consumers of medications opinion about pharmacists’ certification according gender.

Gender Cross tabulation
Do you think that the Government should make the certification of Gender (Q1)
. Total
pharmacists? 1. Female |2. Male
1.1 agree 83.4% |81.3%|82.6%

Do you think that the Government should make the

certification of pharmacists? 2. I partially agree| 11.0% [12.6%|11.6 %

3.Idonotagree | 56% |6.1% |58%

Total 100.0 % {100.0 %/100.0 %
Chi-square Tests
Value Df Asymp. sig. (2-sided)
Pearson chi-square 1.173 2 0.556

The respondents’ (public health specialists) majority considered that importance in work
of pharmacist was in personal realization as a specialist, receiving remuneration and provision
of necessities of life. The respondents’ minority considered it to be in relief of pain in suffering
of people (see Figure 2).

% Q-9. Importance in work (no more than 2 answers)
90.0% 788
B80.0%

70.0% 612
60.0%
50.0%
40.0% 26.7

30.0% 192

20.0% -

0.0% —

1 Receive 2 Personal realization 3 Pain and suffering 4 Possibility for career 5 Can not say
remuneration and as a specialist relief to people development
provigion of

necessities of life

Figure 2. Important issues in work for
respondents — public health specialists.

Less than half part of the respondents — public health specialists considered that the level
of basic training of pharmacists was not corresponding to the contemporary requirements (see
Figure 3). According to the sociological study results of the public care specialists it is obviously,
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that all pharmacists should have higher pharmaceutical education from the state recognized and
accredited higher education institutions and universities. Pharmacists’ specialty should become
a regulated health care profession. According to that Government should make certification,
licensing and accreditation of pharmacist professionals.

Q-10. Corresponding of the level of basic training of
% pharmacists to the contemporary requirements

50.0 45.6

241 208
- - .

1 Yes 2 No 3 To a small extent 4 Can not say

40.0

30.0

20,0

10.0

0.0

Figure 3. Respondents’ opinion about pharmacists’ basic
training level correspondence to contemporary requirements.

The respondents’ (public health specialists)vast majority considered that the issues to for
pharmacists were in need of the further regular studies or trainings in the following fields: new
medications, issues of pharmacotherapy of certain diseases, pharmacology and pharmacotherapy,
drugs toxicity (see Table 3). From the study results it is obvious that in the higher
pharmaceutical institutions’ pharmaceutical educational programs and curriculum need upgrade,
renewal, modernization and adaptation to the new modern medical challenges. Therefore,
continuous pharmaceutical educational programs should be created. These programs should be
more focused on new medications, pharmacotherapy, drugs toxicity and dosage, routes of drug
administration, selection of OTC drugs, cost-effectiveness and cost-benefits of drugs.

Table 3. The respondents’ (public health specialists) opinions about
issues for pharmacists necessary for further regular studies or trainings.

Issues for pharmacists necessary for further regular
# . iy . Count | %
studies or trainings (Q-11) — several answers were possible

1 | New drugs 187 | 60.9
2 | Psychology of communication with customers 103 | 33.6
3 | Issues of pharmacotherapy of certain diseases 197 | 64.2
4 | Safety and effectiveness of drugs 154 | 50.2
5 | Pharmacology and pharmacotherapy 224 | 73.0
6 | Normative legal regulation of pharmaceutical activity 94 |30.6
7 | Drugs toxicity 164 |53.4
8 | Drugs dosage 112 | 36.5
9 | Routes of drug administration 110 | 35.8
10 | Drug forms 61 19.9
11 | Drug design 43 | 14.0
12 | Rules of drug administration 123 | 40.1
13 | Drugs generic, chemical and brand names 57 | 18.6
14 | Selection of OTC drugs 108 | 35.2
15 | Cost-effectiveness and cost-benefits of drugs 9% | 313
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Approximately half part of the respondents (public health specialists) was not familiar to
the concept of pharmaceutical care; while more than a quarter of the public health specialists
were well familiar to the concept of pharmaceutical care (see Figure 4).

Q-12. Familiar being to the concept of pharmaceutical

% care

60.0 515

50.0

40.0

100 27.4

20.0 17.6

- 1l ;.
0.0 |

1 Yes 2 No 3 To a small extent 4 Can not say

Figure 4. Respondents’ (public health specialists)
cognition of concept of pharmaceutical care.

The respondents’ (public health specialists) large majority considered necessity of
provision of cooperation between pharmacists and physicians on the issues of pharmacotherapy
(see Figure 5). The pharmacist must provide information to doctor about new drugs
pharmacotherapy, the generic replacement drugs, the cost-effectiveness and cost-benefits of
drugs, drugs’ generic, chemical and brand names. In our opinion and vision cooperation
between pharmacists and physicians on the issues of pharmacotherapy is positively reflected on
patients’ health and has great importance for provision higher quality health care service for
patients’ safety.

Q-13. Necessity of provision of cooperation between

% pharmacists and physicians on the issues of
pharmacotherapy
100.0 89.3
80.0
80.0
40.0
20.0 4.9 4.9 1.0
1 Yes 2 No 3 To a small extent 4 Can not say

Figure 5. Respondents’ opinion about necessity to provide cooperation
between pharmacists and physicians on issues of pharmacotherapy.

More than half part of the respondents (public health specialists) considered that
pharmacist is not in charge of treatment as a physician, meanwhile about a quarter of the public
health specialists considered a pharmacist to be in charge of that (see Figure 6). Properly
educated pharmacist can minimize and reduce the mistakes made by a doctor in the recipe.
That has a great importance and value for provision higher quality health care service for
patients’ safety.

The respondents’ (public health specialists) vast majority considered that pharmacist
should provide assistance in teaching patients to understand the prescribed drugs intake rules
(see Figure 7). According to that higher quality pharmaceutical service could be only provided
by the pharmacists of higher pharmaceutical education, graduated from the authorized,
accredited and licensed by the state higher education institutes and universities.
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Q-14. Pharmacist 's being in charge of treatment as a

% physician
0.0 54.1
40.0 :
224 20.2
0.0
1¥es 2 No 3 Partially 4 Can not say

Figure 6. Respondents’ (public health specialists) opinion
about pharmacist’s being in charge of treatment as a physician.

Q-15. Issue of the pharmacist's assistance in teaching patients to
understand rules of intake of the prescribed drugs

50.0 79.5

BO.0

70.0

60.0

50.0

40.0

30.0

20.0 65 14.0

0.0 I
1 Yes 2 No 3 Partially

Figure 7. Respondents’ (public health specialists) opinions about providing assistance
by pharmacist in teaching patients to understand rules of intake of prescribed drugs.

Opinion that certification of pharmacists should be mandatory was more common
among health care specialists than among chiefs (chi-square = 45.2, p < 0.001) and among
pharmacists (chi-square = 68.9, p < 0.001), but the there was no statistically significant
difference between chiefs and pharmacists. It was more common also among customers
/patients than in pharmacists (chi-square = 44.2, p < 0.001). The necessity of pharmacists’
certification was stated more often by employed students than by pharmacists (chi-square =
57.3, p< 0.001).

Chi-square test of independence revealed that pharmacists more often than students
mentioned mission (the desire to obtain a profession in compliance of own trends, aspirations
and inclinations, personal desire, specialty love from childhood) as the main motive of their
professional choice (65.5 % versus 55.8 %). Difference was statistically significant with chi-
square = 9.9, p < 0.002. The difference between pharmacists and young specialists and young
specialists and students wasn’t statistically significant.

4, Discussion

On the basis of performed study results the following have been found.

The majority of higher pharmaceutical education pharmacists’ specialists were female;
among them the largest majorities were working on the pharmacist position at pharmacies. The
Government and pharmaceutical companies should create promotional conditions for males to
make pharmacist profession attractive for men. It is very important for career advancement and
satisfaction to provide a balance between the workload and man personal life for the
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satisfaction by income, for pharmacists’ professional satisfaction, for pharmacist job satisfaction,
and also for the career promotion perspectives.

The Government should take care of the profession of pharmacist authority. The
pharmacist’s profession in the health care system should increase the authority and social
importance by the state support. Pharmacist’s profession should become of more power and
authority; a pharmacist should have a much higher status in the healthcare system. Therefore,
the role of a pharmacist is significantly increased in the healthcare system and is directly related
to his professional education level. Therefore, pharmacist should have appropriate higher
pharmaceutical education. All the mentioned is achieved then, when the pharmacist profession
will move into the health-regulated professions list.

The professional competency is mandatory for pharmacist specialists. Pharmacists’
professional competency can be achieved by adopting of higher pharmaceutical education and
by certification of pharmacist specialists. The higher pharmaceutical education, pharmacist
specialists’ certifications are the guarantee for higher professionalism of pharmacists and the
pharmaceutical service provision in pharmacies.

The level of basic training of pharmacists should be in compliance with the
contemporary requirements. The pharmacist should have deep knowledge in pharmacology, in
pharmacotherapy, in toxicology, in pharmaceutical care, in clinical pharmacy, in
pharmacokinetics, in pharmacodynamics, in basic of medicine and in other pre-clinical and
clinical directions. Such knowledge can be obtained only in the higher pharmaceutical
education institutions. Therefore, pharmacist working in pharmacy must have only higher
pharmaceutical education.

To increase the pharmacist’s professional qualification, professionalism, professional
knowledge and competency the higher pharmaceutical education universities programs should
more emphasize the mentioned subjects. It is too important, that a pharmacist should realize
and understand that qualification upgrading study courses, professional trainings and
professional workshops are of great necessity for further professional advancement. Thus, the
Government should develop continuous pharmaceutical education programs accessible to all
pharmacists. The qualification upgrading study courses, professional education or training
courses should be available for all pharmacists. Pharmacist’s education process should not be
stopped. Developing a continuous pharmaceutical education system will enhance the
professionalism of the pharmaceutical personnel. Experiential education should encourage
perfection of critical opinion and the problem resolving processes along with the medicine
discovery. Translation of professional pharmaceutical literature should be supported and
implemented, with further inclusion in educational programs. International professional
publications in pharmacy should be more accessible, as they are highly required for all
pharmacists.

Pharmacy faculty students should take part in the patient care practice in hospitals,
society proceeding settings and in other practical experiences. Students should have the
possibility to apply the clinical and pharmaceutical information taught in classes when studying
in medical facilities by working under the supervision of volunteer mentors (the healthcare
specialists or professionals). The research activity of the pharmaceutical faculty students in all
fields of pharmaceutical practice should be encouraged.

Quality reliance refers to the necessity to improve higher pharmaceutical education to
guarantee a useful, sustainable and steady activity and appropriate skills and competencies of
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the tomorrow’s labor resources. The pharmacy degree programs should be proposed at the
higher pharmaceutical institution level and entire experimental constituent element in the
clinical facilities.

To raise the professional standards, the Government should make a certification of the
higher pharmaceutical education pharmacists. It is very essential for pharmacist’s professional
perfection and professional growth, for self-realization and job satisfaction of the higher
pharmaceutical education pharmacists, for the pharmacists’ career advancement, their much
higher status among the health care specialists and economic welfare, for their full realization
of the received knowledge while working, for an opportunity to have private pharmaceutical
activity, for the perspectives of professional promotion and correspondence of pharmacists
qualification to the work performed. There is a substantial need for preparation and
implementation of the registration-certification regulations for pharmacists’ staff. Process of the
pharmacists’ certification should be started immediately.

To obtain more power and authority, much higher status, independence, self-realization,
power, economic welfare, professional growth, career advancement the Government and
private pharmaceutical companies should increase the salaries of pharmacists and the system of
benefits’ scheme for the pharmacist employees. The working conditions of pharmacists should
be improved; the labor conditions should become more constructive for the pharmacist,
providing more beneficial psychological climate within the collective and the possibility of
career growth should be accessible to all pharmacists. The pharmacist’s work schedule should
become more flexible, and the job duration time per week should be reduced on the more
effective for pharmacist’s labor design. The flexibility will further improve pharmacists’
workability and motivation toward the job, and also contribute to improve pharmacists’
satisfaction according to the time duration of a job.

It is necessary to provide a deep cooperation between pharmacists and physicians on the
issues of pharmacotherapy and healthcare to ensure the patients’ health state effective
improvement, and also to provide the best feedback regulation and revision in the healthcare
specialists’ team work. Pharmacists also should be responsible for registration of the drugs’ side
effect, as well as be attentive in case of improperness and professional defects of drugs they
provide. To achieve that it is necessary to raise awareness of specialists on the essence of
pharmacists’ profession and functions among the medical personnel and general public.

On the basis of the theoretical and logical analysis the structure and composition of the
factors have been developed, considering the objective (external), subjective (internal) and
universal factors, which influence on the professional formation of the pharmacist. These
factors comprised the content of work, position, correspondence of qualification and nature of
work to capabilities, aspirations and inclinations of the pharmacist, the existence of perspective
for professional promotion. The existence of perspectives for career promotion, the possibility
to enhance qualifications, a high degree of responsibility for the work results, regimen, labor
salary and the system of benefits scheme for employees, support and assistance of a manager,
direct relations with manager and colleagues serve the essential base for the pharmacists’
successful work. The unity of criteria for pharmacist professional formation, for the common
professional formation (characteristic to all stages) and the specific professional formation
(characteristic to the separate stage) had been developed.

The study of the professional adaptation of pharmacists indicated that inadequate
professional knowledge, improper performance of the acquired professional skills were the
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main reasons for imperfect pharmaceutical care supply. The majority of the pharmaceutical
organizations’ heads and also the young specialists considered the coexistence of a mentor
(experienced professional pharmacist) as the main factor of professional improvement for
pharmacists’ professional adaptation. The pharmacists’ personnel must show stirring
involvement in sharing their cognition, understanding, science, skill and contributing
partnership and cooperation within the colleagues and other health care professionals in
pharmacy direction.

It is quite significant, that pharmaceutical companies regularly perform study of
pharmacists’ work satisfaction. The pharmaceutical companies should determine combination
of factors that effect on the pharmacists’ work satisfaction. Pharmaceutical companies should
create favorable working conditions for pharmacists to enable the maximal realization of the
pharmacists’ professional capabilities, skills and habits. A balance between the workload and
pharmacists’ personal life should be more harmonized, convenient, resourceful and more poised.
This will increase the quality of pharmaceutical care in pharmacies.

It should be noted, that pharmacist’s satisfaction with income is a very sensitive factor
that has a significant impact on the quality of pharmaceutical services performed in pharmacy,
and so the pharmacists’ salary should be revised and increased.

It should be noted that in developed countries and in many developing countries
pharmaceutical specialty is regulated profession alike the family medicine. In western countries
pharmacist as a family doctor need higher pharmaceutical education, diploma and continuous
pharmaceutical education, pharmaceutical license and periodic accreditation. Only pharmacists
with higher pharmaceutical education have the right to work as pharmacists’ position in the
pharmacies. On the pharmacists’ certification programs should be only involved pharmacists
who have graduated pharmaceutical faculties from state recognized and accredited universities.

5. Conclusion

The opinion that certification of pharmacists should be mandatory was more common
among health care specialists, than among chiefs and pharmacists. The necessity of pharmacists’
certification was stated more often by employed students, than by pharmacists. It was more
common also among customers/patients than in pharmacists. Statistically significant was
association between the patients’ educational level and their opinion about the necessity of
pharmacists’ certification: customers with higher education considered -certification of
pharmacists as mandatory more often, than did patients with secondary education.
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15:10 - 16:25 L4: Snoke L8: Hawrylak L12: Khurgin S8: Kereselidze

15:55-16:15
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11" Jap Mediterr (%3
Workshop on Applied i
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/AN "' - for Magnetic, Superconductin
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JAPMED’11-0b sdb&®agd@gdol Journal of Biological
30900l Ls@o@rem 3390 Physics and Chemistry

3m6OJdmnndo dmbsfogmds doom Lods@mgzgwml bydmm dgdsbozol obbEoEwMEol
©YYGR3E093 OMYIEHMMOL 301g. 503MEMmB Bob®msdol bgwddmgzsbgwmdom s bmbodols

B0H035-39460399600 0bLEHOEHMGHOL IEGRS3050 OMGIBHMMOL MI®. 3wIM5a dmMIMBogoL

b9wddegsbgermdom.  LoJoOmzgerml  BHgdbozmeo  MboggdLoGgdo  3mbRgMHgb3z0sby
Do6Ls dmblgbgdgdom dogeo M0Y0 9@ wIOHO J0TsMHMNEIOOm.

_‘: : "f /] 3 I:-
dcblsgbgdsls Fomdmaagbl omdd. dobgoe Bob®madg (LadsGmggerm)

$0b53g0569 153MbRIMIBE0M JOHMBOIOL 93EHMMTS MJE). b3S Bo®MBdsJ5dgd (03569
X5395b0030¢0l Lob. mdoobol Lobgedfoxsm vboggdlodg@ol 39&Mg dgwrododzowols
R0D03NOO O MmMHR6Mo Jodool o0bLlEBHOGMGH0) 053mbos-bdgwmsds brzol d9-11
3mOJInRBg Fo6dmoa0bs Imbligbgds:

° N. Barbakadze, K. Sarajishvili, R. Chedia, L. Chkhartishvili, O. Tsagareishvili, A.
Mikeladze, M. Darchiashvili, V. Ugrekhelidze. Obtaining of ultrafine powder
composites of tungsten, molybdenum, titanium and boron carbides using liquid
precursors.

090pamddo 53 dmbLYbgdolL AOBIOMMIIMWO S 253 To3900  3gOLos LESEH00U

Lobom godmdzgyboos:

° N. Barbakadze, K. Sarajishvili, R. Chedia, L. Chkhartishvili, O. Tsagareishvili, A.
Mikeladze, M. Darchiashvili, V. Ugrekhelidze. Obtaining of ultrafine powders of some
boron carbide based nanocomposites using liquid precursors. Nanotechnology
Perceptions, 2019, 15, 3, 1-14.
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Farewell to Guram Chikhladze.
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