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FEATURES OF DISPERSE SYSTEMS IN GAS PHASE:
THEORY AND EXPERIMENT

V.A. ZagaynoVv}, S.V. Kharakos?
1 National Research Nuclear University “MEPhI”, Kashirskoye shosse, 31, Moscow
115409, Russia
2000 Aeronanotech, Moscow, Russia

The history of the study of dispersed systems in the gas phase has more
than 100 years. Nevertheless, both the description of the processes that
take place in it and the measurement of the dispersed composition of these
systems remain a rather difficult problem that has not been completely
solved. Numerous model approaches have been created in the field of
theory, which gave an adequate description in the limited conditions of
reality, at the same time, no general theory has been created. The most
adequate approach was proposed by Smolukhovsky in 1917, but his
equation did not determine the efficiency coefficients of collision and
evaporation of particles, information about which could be obtained from
the theory of kinetics and dynamics of collisions. After that, there were
approaches by Szillard, Farkas, Frenkel, Zeldovich and many other
researchers, which were valid only for limited conditions of formation of
the dispersed phase. A.A. Lushnikov proposed the theory of sol-gel
transition, which at that time was a significantly new effect in the theory
of dispersed systems. At the same time, a general approach to solving the
problem of the formation of a dispersed phase has not yet been proposed.
A similar situation exists in the field of experiment. For a range of sizes
from tens of micrometers to 0.2 microns, optical particle detection
methods work quite well. In the range of sizes from 3 nm to 0.2 microns,
methods of electrical mobility and a diffusion dynamic method with all
their disadvantages and limitations have been developed. However,
reliable methods for measuring the particle size spectrum in the gas phase
do not yet exist for the size range from molecular to 3 nm. At the same
time, these problems remain extremely relevant in various fields of
human activity — medicine, energy, climatology, meteorology and others.
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FLOWVISION: NUMERICAL SIMULATION OF
PHYSICAL AND CHEMICAL PROCESSES FOR
PROBLEMS IN NUCLEAR INDUSTRY

S.V. Zhluktov
“TESIS” LLC. 127083, Russia, Moscow, Yunnatov str. 18, of. 705
sz@flowvision.ru

The FlowVision software is used in nuclear industry since 2002. The
software sequentially integrates the partial differential equations
constituting the mathematical model of the problem solved. The
following processes are simulated: fluid and gas motion, described by the
full Navier-Stokes equations, flows with contact surfaces, flows with
particles, flows in porous media, heat transfer including conjugate heat
transfer, mass transfer with chemical reactions, turbulence, processes on
solid surfaces, radiation. The processes are toggled on and off depending
on the particular problem. Numerical integration of the governing
equations is performed using an implicit method. Pressure-velocity
splitting approach is implemented for integration of the Navier-Stokes
equations. The method enables moving and contact boundaries in the
computational domain. The boundaries are treated within the Euler
paradigm (the grid does not move). The method allows time integration
of the governing equations with steps exceeding the explicit time step by
orders of magnitude. FlowVision automatically builds Cartesian adaptive
locally refined grids. Initial cells of a grid are hexahedral. A cell crossed
by a curvelinear or complex boundary transforms into a polyhedral in a
natural way - it is truncated by the boundary. The equations are
approximated by a high-order scheme both in hexahedral and polyhedral
cells. In regions of high gradients, dynamic adaptation is performed
according to the specified adaptation criteria. Presentation describes the
models implemented in the FlowVision software: turbulence models,
models of turbulent heat transfer, radiation models, mass transfer models,
models related to particles flows and porous media, models for simulation
of oxidation of nuclear graphites.

Keywords: turbulence, heat and mass transfer, chemical reactions, particles flow,
graphite oxidation
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WAVES IN GAS CENTRIFUGES

S.V. Bogovalov, D.N. Dzhulya, V.A. Kislov, L.V. Tronin
NRNU MEPHI, Department of Molecular Physics,
115409, Moscow, Kashirskoje shosse, 31
svbogovalov@mephi.ru

We present studies of waves in gas in centrifugal fields of gas centrifuges.
We have obtained a full spectrum of waves consisting of five modes. The
connection of these waves with buoyancy waves in a gravitational field
is discussed. There are common features and significant differences. Of
particular interest are the purely acoustic waves that we discovered,
propagating strictly along the rotation axis. The energy density of these
waves is concentrated near the rotor walls. These waves have the lowest
attenuation compared to all other types of waves. Estimates of the
attenuation decrement of these waves are given. The possible influence
of these waves on the dynamics of gas and on the process of separation
of binary isotope mixtures in gas centrifuges is discussed.

Keywords: waves, separation of isotopes, gas centrifuges
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GENERALIZATION OF THE Q-CASCADE THEORY
TO INCLUDE MATERIAL LOSSES AND GAINS

Shi Zeng
Department of Engineering Physics, Tsinghua University
Beijing 100084, China
zengs@tsinghua.edu.cn

Material losses and gains can hardly avoided in isotope separation
cascades because of chemical reactions of process gas with its contacting
materials or/and thermal decomposition of process gas. The well-known
Q-cascade model was generalized to be able to deal with the situations
with both material losses and gains. To verify the correctness of the
generalization, three test cases were investigated in separation of natural
uranium to produce an LEU of 5% 2®U, in which UFs incur material
losses, generating the light impurity HF. Without taking any measures to
control the HF concentration, HF would accumulate at the product end of
cascade and endanger the cascade safe operation. The HF concentration
can be controlled by two approaches, one using a carrier gas and another
removing HF to suppress the HF concentration in the product down to the
required level. The results showed that using carrier gas needed a large
quantity of it and increased the relative total flow of cascade, whereas
removing HF required a technology with a strong capability of HF
elimination. The results demonstrate the applicability of the theory in the
study of separation cascades, but further improvements are necessary in
order to solve more complicated practical cases such as multiple feeds
and withdrawals.

Keywords: Isotope separation, Multicomponent, Cascade, Q-cascade theory,
Material losses and gains
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AN EFFICIENT METHOD FOR CALCULATING MUTI-
COMPONENT SQUARE CASCADES

Quanxin Xie, Liming Wang, Chengye Liu
Research Institute of Physical and Chemical Engineering of Nuclear Industry, Tianjin
300180, P.R.China

The stationary mass transfer of a multi-component isotopic mixture in a
square cascade is usually calculated by using numerical iteration
methods. A “ quasi-linearization” method, in which the normalization
condition of component concentrations is used to accelerate the
convergence process, is presented in this pater. It is not necessary for this
method to use a weight factor that appears in some numerical iteration
methods and affects the iteration convergence. The method possesses
considerable high convergence rate.
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IMPOU3BOJCTBO BBICOKOOBOI'AINEHHOI'O
M30TOIIA B METOAOM JIASEPHOI'O PA3JEJIEHUA
B KOMBUHAIIMHU C TPAANIIUOHHBIMU METOJAMMU

OBOT'AIIEHUSA

B.b. JlanTeB, I'.H. Makapos, A.H. IleTun,

C.B. ITuryabckuii, E.A. Pa6oB

Omoen nazepuoti cnekmpockonuu @I'BEYH Unemumym cnexmpockonuu PAH, Mockea,
Tpouyx, 108840 Poccus

Uzoron 60p-10 (*°B) mmpoko ucnonb3yercs B aTOMHOM SHEPIETHKE B
cucTeMax yrpasyeHus u 3amuThl (CY3) sepHbIX peakTOpOB, a TAKXKE B
CHCTEMaX PErylIrpoBaHMs TEIUIOBBIACICHUS U aBAPUHHOTO OXJIAXKICHHS
peakTopoB (B (hopme OOpHOH KHCIOTHI). B mporecce 3KcruTyaTaruu
snementoB  CVY3, coxmepxammx m3oton °B, NpOMCXOAUT — €ro
MOCTETIEHHOE BBITOpPaHUE, 4YTO O0OYyCIOBIMBAaET HEOOXOIUMOCTh HX
peryisipHoi 3ameHbl. HecMOTpsi Ha 4pe3BBIUANHYIO CTPaTErHYECKYIO
BaXHOCTh Oopa-10 ams  OTEYEeCTBEHHOW MPOMBIIIJICHHOCTH U
sHepretuku, B Poccum °B  mpakTMueckm He TIPOM3BOAMTCS B
NPOMBIIIIEHHBIX 00BEMax M CYyLIECTBYIOLIME MOTPEOHOCTH B JaHHOM
MaTepuaje YIOBJIETBOPSIOTCS B OCHOBHOM 3a CUYET HWMIIOPTHBIX
MOCTABOK.

IIpoBeneH cpaBHHUTENBHBIA HAayYHO-TEXHHUUYECKHH aHain3 Hauboiee
NEPCHEKTUBHBIX TPAJUIMOHHBIX clI0co00B oboramienus u3orona Oopa-
10 u 1azepHOro MeTo/1a pa3esieHHs H30TOMOB, OCHOBAHHOTO Ha Y deKTe
nzoronunyecku cenektuBHoi MK MHOrOdoTOHHOI Aucconmanmu (M /)
OopconepKamux MOJIEKYJ O] JIeHCTBHEM PE30HAHCHOIO H3IIyYeHHMS
uMmitynbcHoro  COgz-mazepa.  IlpemoskeHbl  pa3TWUYHBIE BapHAHTHI
pcam3alnnu JIa3€pHOro Me€roga, Kak B YACTOM BUJIC, TaK U B KOM6I/IHaIII/II/I
C TPaAULUOHHBIMU TeXHOJOTUsAMH. ClienaH BBIBOJ, YTO UCIOJIb30BaHHE
Ja3epHOr0 METoJia B JIOOOM BapHaHTE NPUBEAET K CYIIECTBEHHOMY
CHIDKEHWIO KalMTaIbHBIX M TEKYIIMX 3aTpaT NMpH NpousBoacTse °B B
ITPOMBITIIJIICHHOM macirade U, COOTBE€TCTBEHHO, K YMCHBIICHHIO
ce0eCTOMMOCTH NPOIYKIINH.

Knarwuesble ciioBa: o60rameHHe n30TOoIa 60p-10, TpaAuIIUOHHBIC METOABL
0601"8.HICHI/I$I, n3oTonuvecku cenekrupHas K MHOFO(iJOTOHHa}I Jaucconuanys MOJICKYJI,
CpaBHHTeJ’ILHLIﬁ aHaJIu3
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PREDICTION OF THE SELECTIVITY OF GAS
SEPARATION MEMBRANES

A.O. Malakhov
A.V. Topchiev Institute of Petrochemical Synthesis, Russian Academy of Sciences,
Leninsky Prospect 29, Moscow 119991, Russian Federation
malakhov@ips.ac.ru

Polymeric membranes are used to separate nitrogen from air, carbon
dioxide from natural gas, Cy+ hydrocarbons from natural gas, for
separation of olefins and paraffins. For most of the polymers studied,
permeability measurements were performed in single gas conditions.
However, experimental data accumulated over the years show that
measurements of permeabilities of pure gases cannot serve as a reliable
basis for characterizing membranes in mixed-gas conditions. The so-
called ideal selectivity «,,, calculated by the ratio of the permeabilities
for pure gases 1 and 2 can differ rather significantly from the actual,

mix

mixed-gas selectivity o, .

Theoretically, the description of gas mixture permeation based on
irreversible thermodynamics results in a system of differential equations
for component fluxes that include sorption and diffusion coupling effects.
These equations can only be solved using numerical methods. As a
practical matter, it is highly desirable to have simple analytical methods
for estimating membrane selectivity in the mixed-gas conditions.

A simple explicit expression for mixed gas selectivity was derived using
the so-called linear transport model, which is a linearized version of the
original differential flux equations. The input parameters for the model
are the single gas transport parameters. Testing the linear model using
experimental data for the separation of hydrocarbons (n-butane/methane,
n-butane/i-butane, propylene/propane) revealed an acceptable fit. A
comparison of the model with recent experimental data on the separation
of COy-containing mixtures using microporous polymers is also
presented.

Acknowledgements: The author acknowledge the financial support of the State Program
of TIPS RAS.
Keywords: membranes, selectivity, permeability, model, coupling
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DEMONSTRATION OF THE EFFICIENCY
OF NPP DEBALANCE WATER DETRITIATION
BY THE ChIE IN THE Hz - H20 SYSTEM METHOD

Yu.S. Pak, A.N. Bukin, S.A. Marunich, V.S. Moseeva,
M.B. Rozenkevich

D. Mendeleev University of Chemical Technology of Russia
rozenkevich.m.b@muctr.ru

In 2020, a paper was published [1], where the options for removing
tritium from NPP debalance water to a concentration corresponding to the
Radiation Protection Standard (RPS) of Russia were considered. In 2024,
in accordance with the research project of VNIIAES JSC, an experimental
test of the detritiation efficiency of real debalance water from the
Leningradskaya and Balakovskaya NPPs was carried out at Mendeleev
University. For this purpose, a modified separation installation operating
to the technology of countercurrent catalytic chemical isotope exchange
(ChlIE) of hydrogen with water was used. The main characteristics of the
unit: the column diameter is 62 mm, the height of separation part is 4.8
m, the operating temperature is 55°°C, the pressure is 0.1 MPa. The
column is packing with a mixed bed of RCTU-3SM hydrophobic catalyst
and stainless still spiral packing. An TPE electrolyzer with a capacity of
1 m2 of hydrogen per hour is used as a unit for converting the water flow
from the column to hydrogen. Tritiated water from the NPP, with a tritium
concentration of 10° Bg/kg and flow of 0.4 kg/h was fed to the
electrolyzer. An equal flow of distilled water of natural isotopic
composition was fed to irrigate the column. Continuous operation of the
separation column continued until the tritium concentration in the
electrolyzer water reached 10° Bg/kg. In accordance with the task, the
target function of the column operation was the concentration of tritium
in hydrogen at the outlet of the column. During the entire period of the
installation operation, tritium concentration did not exceed 50 Bg/m? at
the level of 1900 Bg/m? permitted in the RPS. Thus, the work performed
demonstrated the high efficiency of using ChIE technology for
detritiation of unbalanced waters.

[1] M.B. Rozenkevich et al. Atomic—Hydrogen Energy and Tritium Purification of NPP
Discharges Based on WWER Generation 3+ Reactors// Nanotechnologies in Russia,
2020, Vol. 15 Nos. 3-6, pp. 362-367,
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GAS SEPARATION PROPERTIES OF MEMBRANES
BASED ON POLYETHYRIMIDES OF COPOLYMER
STRUCTURE

A.V. Varezhkin !, A.Y. Antonov !, M.V. Ivanov 2, A.S. Kuleznev

I.P. Storozhuk 3
1D.1. Mendeleev Russian University of Chemical Technology,
Miusskaya Square, 9, Moscow, Russia
2JSC "TEKON MT", 3rd Khoroshevskaya str., 20, Moscow, Russia *Bauman Moscow
State Technical University, 5th Baumanskaya str., building 1, Moscow, Russia
varezhkin.a.v@muctr.ru, ale-varezhkin@yandex.ru

The purpose of the study is to develop a polymer membrane material for
the separation of hydrogen and helium from gas mixtures. 2 lines of
polyethyrimides of copolymer structure have been synthesized: a line
with laboratory labeling MAB

£ 0L 0O ORI - OroOA,
and MAP

0 OO0 - O OH - OO

The MAB line was synthesized by polycondensation of 4,4-
diaminodiphenylmethane (MDA) with a mixture of bisphenol-A
(BFADA) dianhydrides and 3,3,4,4-benzophenonetracarboxylic acid
(BFDA). The MAP line was synthesized by polycondensation of MDA
with a mixture of pyromellitic acid dianhydrides (PMDA) and BFADA.
It was found that at a concentration of rigid-chain BFADA and BFDA
above 30%, the synthesized polymer loses solubility, which makes it
unsuitable for the manufacture of membranes by converting the polymer
into a viscous state through a solution. To study the gas separation
properties, polymer films were cast in which the content of hard-chain
dianhydride did not exceed 30% mol.

The polymer MAB 90/10 showed the same selectivity in the separation

of Ha/N2 gas vapor with respect to the industrial polymer Ultem1000, but
at the same time its hydrogen permeability is 2.5-2.8 times higher.

Acknowledgements The study was carried out within the framework of the scientific
program of the National Center for Physics and Mathematics (project 8 “Physics of
Hydrogen Isotopes”, direction 8.1 “Research in the field of interaction of hydrogen with
solids”.

Keywords: membrane, polyetherimide, hydrogen, helium, permeability.

20



RETROSPECTIVE OF ISOTOPE SEPARATION
TECHNOLOGIES. LITTLE-KNOWN FACTS AND MYTHS
IN THE HISTORY OF GAS CENTRIFUGES

G.M. Skorynint, A.Yu. Smirnov?
Lveteran of the nuclear industry
2 Department of Molecular Physics, National Research Nuclear University “MEPhI”,
Kashirskoye shosse, 31, Moscow 115409, Russia
ckorynin@gmail.com

Many famous scientists and designers participated in the creation of
isotope theory and the development of separation methods. Some of them
devoted most of their creative lives to this topic, while others’
contributions were limited to individual episodes, which often remain
forgotten for a number of reasons. This report examines the origins of the
main concepts and methods of isotope separation. Based on an analysis
of primary sources, little-known and forgotten episodes in the lives of
outstanding scientists associated with their contributions to the
emergence and development of isotope technologies were identified. The
main focus of this report is on the milestones in the creation of gas
centrifuges, which have ensured Russia’s technological leadership in the
world market for uranium enrichment and the separation of stable
isotopes. An attempt was made to clarify the authorship of technical
solutions, the priority of which (so far) has not been agreed upon. One of
the goals of the report is to debunk the myths that are abundantly
circulating in the media regarding the history of isotope separation
technologies.

Keywords: history, isotopes, separation technologies, centrifuges, priorities of creation
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TECHNOLOGICAL PROCESSES WITH LASER
IRRADIATION OF GASEOUS AND CONDENSED MEDIA

A.F. Glova
DTPCM&AD, JSC "SSC RF TRINITI",
Russia, 108840, Moscow, Troitsk, Pushkovykh str., 12
afglova@triniti.ru

The results of work on laser technologies are presented, including the
influence of the aggregate state of the irradiated medium on the
mechanism and efficiency of laser processing of materials.

The speed of remote laser cutting and drilling of metals in the presence
of a hydrocarbon flame increases at a radiation intensity of more than 10°
W/cm?. The growth occurs due to the brightening of the radiation
propagation channel in the flame and the change of the mechanism of
melt removal under the action of gravity to the mechanism of removal
under the action of a vapor recoil pulse.

The method of applying coatings during laser ablation of particles in a
gas-dust medium jet allows to reduce the radiation intensity compared to
the ablation of a solid target. The adhesion of the coating to the anode
substrate is affected by the negative charge of the particles of the medium
by the electrons of the plasma of the auxiliary glow discharge.

Diamond coatings were synthesized on inserts of a turning tool made of
WC-Co8 hard alloy when irradiated with a plasma jet of an optical
plasmatron. The characteristics of the coatings were measured, and the
temperature of electrons in the plasma jet was determined.

The results of work on removing paraffin film from the surface of water
using radiation from a pulse-periodic CO»-laser can be used to clean
reservoirs from oil product films.

It is shown that the efficiency of metal cutting in water in the absence of
a water and gas jet is almost an order of magnitude lower than in air.
With pulsed laser heating of fuel element shell simulators, the critical heat
flux for the first boiling crisis in water increases compared to stationary
heating.

The possibility of fast drilling of thin holes in ceramics and metal with
millisecond pulses is demonstrated.

It is established that the type of filler affects the speed of laser welding of
tapes made of polymer composite materials.

Keywords: laser, radiation intensity, processing efficiency
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USING A WEAK LONGITUDINAL MAGNETIC FIELD TO
FORM AN EXTENDED TUBULAR PLASMA IN ARGON
AT LOW PRESSURE

Yu.S. Akishev, V.P. Bakhtin, A.B. Buleyko, O.T. Loza,

A.V. Petryakov, A.A. Ravaev, E.A. Fefelova
SRC «Troitsk Institute for Innovative and Thermonuclear Researchy, 12" Pushkovikh
str., Troitsk, Moscow, Russia
petryakov@triniti.ru

The results of experimental studies on the formation and subsequent
evolution of extended (I = 300 mm) and thin-walled (Ar = 10 mm) tubular
(2r= 110 mm) plasma in a weak longitudinal magnetic field (B = 175 Gs)
without the use of a thermionic cathode are presented. The cylindrical
chamber in which the tubular plasma was formed was pumped with high
purity argon (99.998%) at an average velocity of about 1 m/s at a pressure
of P = 103-10"2 Torr. Two methods of creating seed electrons initiating
the development of ionization avalanches were used. A difference
inherent to these methods has been established in the dynamics of
breakdown, completing in the formation of a tubular discharge. In the first
of them, a pulsed discharge preceding the high voltage supply of the main
discharge created gas preionization in a small area around the sectioned
cathodes. In the second method, seed electrons were created in the entire
working area of the discharge chamber by an RF discharge with a
frequency of 85 kHz and duration of about one second. High-speed
shooting with a 4-frame ICCD camera allowed us to establish the
dynamics of tubular discharge formation at all its stages. Measurements
of the longitudinal and radial discharge current were carried out. The
results obtained showed the possibility of spatial isolation of an extended
tubular plasma from the close located metal wall of the discharge chamber
by using a weak longitudinal magnetic field (B = 0.02 T).

Keywords:low pressure gas, tubular plasma, preionization, seed electrons, plasma
filament, longitudinal magnetic field.
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CHARGING OF DUST PARTICLES IN HUMID AIR
PLASMAS CREATED BY AN EXTERNAL SOURCE OF
GAS IONIZATION

A.V. Filippov, N.I. Trushkin, D.V. Vysotsky
Troitsk Institute for Innovation and Fusion Research, 108841 Pushkovukh str., vlad. 12,
Troitsk, Moscow, Russian Federation
fav@triniti.ru

The paper is devoted to study the charging of micron-sized dust particles
in humid air plasmas at different volume rates of gas bulk ionization by
an external ionization source, such as a beam of fast electrons with an
energy of more than 100 keV. The plasma composition far from the dust
particle was determined based on the kinetic model of ion-molecular
processes described in detail in [1]. These data served as boundary
conditions on the outer boundary of the computational cell. The charging
of dust particles was described based on 56 non-stationary balance
equations for electrons, negative and positive ions, including hydrated
ions containing up to 12 water molecules. The kinetic model of ion-
molecular processes included more than 600 reactions, including 9
channels of ionization of humid air molecules under the action of a beam
of fast electrons, processes of charge exchange and conversion of ions,
processes of recombination of electrons and positive ions, recombination
of positive and negative ions, processes of electron attachment.

It has been established that despite the negligibly small number density
of electrons far from a dust particle in undisturbed plasma, the charge of
dust particles is determined precisely by the electron flux when the gas
ionization rate exceeds the critical value. This leads to fairly high values
of the dust particle charge. Studies have been conducted on the effect of
the ionization rate and gas composition, including air humidity, on the
dust particle charge.

[1] A.V. Filippov, et al., J. Exp. Theor. Phys. 125, 246-267 (2017).

Acknowledgements: The work was carried out with the financial support of Rosatom
State Corporation (state contract No. N.4h.241.09.21.1074 dated April 20, 2021 with
additional agreement No. 1 dated 01/27/2022).

Keywords: drift-diffusion approach, dusty plasma, micron sized particles, e-beam
ionization, ion-molecular processes

24



THE MAIN REGULARITIES OF RADIATION
CORROSION OF IRON. CURRENT STATE, PROBLEMS
AND PROSPECTS

V.N. Babichev, D.V. Vysotskyi, A.N. Kirichenko, A.A. Nekrasov,

N.I. Trushkin, A.V. Filippov, V.E. Cherkovets
SRC RF TRINITI, 108840, Moscow, Troitsk, Pushkovykh street, 12, Russia
trushkin@triniti.ru

The paper presents the summary results of experimental and theoretical
studies of iron corrosion under extreme conditions of radiation exposure
of the material. Currently, structural iron-based alloys are widely used in
long-term storage systems for radioactive waste. Experimental data on
the effect of ionizing radiation intensity, absorbed dose, composition and
temperature of the irradiated plasma-forming medium on the rate and
nature of corrosion are presented. It has been established that the rate of
radiation corrosion of iron depends on both the intensity and the dose of
the absorbed energy of radioactive radiation. The crucial role of plasma
chemical processes involving long-lived active particles generated by
high-energy ionizing radiation in the kinetics and mechanism of radiation
corrosion is shown, and the contribution of short-lived plasma
components to the corrosion process is established. The results of the
analysis of the elemental composition, chemical state and crystal structure
of the formed corrosion products, as well as the thickness of the oxidized
iron layer, depending on the properties of ionizing radiation and plasma-
forming corrosive medium, are presented. It was found that the
composition of the products of radiation plasma chemical corrosion of
iron ina humid air environment differs significantly from the composition
of natural iron oxide formed during open storage of iron samples in air
and consisting mainly of a mixture of magnetite Fe304 and maghemite
v-Fe203. The results of modeling of the effect of the composition of a
plasma-forming gas medium on the velocity, kinetics and mechanism of
radiation corrosion of iron are presented. It is shown that the current
understanding of the mechanism of radiation corrosion is far from
complete and does not meet the increasing needs of the nuclear industry.
The directions of further experimental and theoretical studies of radiation

corrosion are outlined.

Acknowledgements: The work was carried out with the financial support of Rosatom
State Corporation (state contract No. N.4h.241.09.21.1074 dated April 20, 2021 with
additional agreement No. 1 dated 27. 01. 2022.u Ne 2 ot 20.02.2023.

Keywords: iron, corrosion, plasma, radiation, humidity.
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CPABHUTEJIbHBIN AHAJIN3 NEPCHEKTUBHBIX
IMPOTUBOOITYXOJIEBBIX ITPEITAPATOB J1JIAA
TEPAIIMM PAKA ITPEJICTATEJIbHOM KEJIE3HI B
IKCHEPUMEHTAX IN VITRO

B.B. Eroposa, K.B. Kokos, A.B. KoJsioraes, A.B. KypoukuH,
K.A. MakoBeeBa, B.H. Ocunos, A.A. IlankpaTos,

A . ILmorunckasn, J1.C. Xauarpsn, [L.JO. YyBuiaun
HUI] «Kypuamosckuii uncmumymy, Poccus, Mockea, ni. Axademuxa Kypuamosa 0.1

IIpocrar-cnenmuduuecknii mMemOpanubiii anturen (PSMA) sBnsercs
NEePCIEKTUBHOW MHUIICHBIO 7Sl JUarHOCTUKU M TApreTHOM Tepanuu paka
npencrarenbHol ckene3sl (PIDK). Oxcmpeccus PSMA B kiteTkax
npoctatel npu PIDK Ha nopsaku npeBOCXOAUT €ro 3KCIPECCUIO B APYTHX
TKaHSIX ¥ HEM3MEHEHHBIX KIIETKAX MPEACTaTebHOM Kee3bl. ITO MaéT
BO3MOYKHOCTh HampsMyl0, 4Yepe3 TapreTHele MoJjekyiasl K PSMA,
JOCTaBUTh HEOOXOAMMYIO 103y pPaJdOAaKTHBHOTO BELIECTBA B
37I0KayecTBeHHbIe KieTKd. OKpysKaloliye 3J0pOBbI€ TKaHH NPH 3TOM
NPaKTUYECKH HE 3aTParuBaroTCs.

MHOro4ucneHHbIE HUCCIEIOBAHUS CBUAETEIBCTBYIOT O TOM, 4TO
tapretHele kK PSMA  Monekynpl  OTIMYAIOTCS — ONTUMATbHBIMU
XUMAYECKHMH XapaKTePUCTHUKAMH JUIsl KOMIUIEKCOOOpa3oBaHUS C
pPa3IMYHBIMKA  PAJUOHYKIHIAMH.  JTO  OOBSCHAET  aKTHBHOE
ucnonbzoBanrne PSMA-Momnekyll B KauecTBE TapreTHOrO0 HOCHTENS IS
JUAarHOCTHYECKHUX U TePareBTHUECKUX PaAUOHYKIHUIOB.

B nacrosmieii paboTe ¢ 1enpo pa3pabOTKH O0TEYECTBEHHOTO MpernapaTa
st tepanmu PIDK Ovi10 mccnenoano 3 HoBbIX PSMA-Momnekyiibr:
PSMA-BQ7876 [1], PSMA-D1 u PSMA-D2 [pa3paborka HUIL]
«KypuaroBckuit wHCTUTYT»]. VccnemoBaHUS BBITIOJHEHBI METOIOM
NPSIMOTO CPABHUTEIFHOTO aHaJK3a C IPEernapaToM Ha OCHOBE MOJICKYJIBI
PSMA-617, BeiOpaHHOTO B KauecTBe (papMameBTHUECKOIO MPOTOTHIIA.
[IpoBenena onenka crnenuPUIHOCTH M IUTOTOKCHYECKOW aKTUBHOCTH
PSMA-KOMIUIEKCOB OTHOCHTEBHO OITYyXOJIEBBIX KIETOK (IKCTIEPHMEHTHI
in vitro): runepakcnpeccupyromux PSMA-anTureH (KyJibTypbl KIETOK
22RV1) u ¢ Huskou sxcnpeccuern PSMA (kynbtypsbl kiietok PC3).

1. IICMA-TapreTHO€ COETUHEHHE 1 €r0 KOMIUIEKC C PAIHOHYKINAAMH U1 TEPAHOCTHKH
omyxouei, skcnpeccupyromux IICMA. TTarenr RU (11) 2 803 734 C1. 05.10.2022.
Asropsl Tonmades B.M., Opnosa A. M., , CeiiroBa K. u n1p
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CTPYKTYPHBIE ®AKTOPBI, OIIPEJEJIAIOIIUE
B3ANMOCBA3b TEILJIOITPOBOJAHOCTH,
IJIEKTPOITPOBOJHOCTHU U MOAYJIA YIIPYT'OCTH
YIJIEPOJHBIX BOJIOKOH.

B.M. Camoiiios, E.A. lannjioB
Joint Stock Company “Research Institute for Graphite-Based Structural Materials
“Nligrafit”, 111524, 2 Elektrodnaya St., Moscow
vsamoylovb4grafit@yandex.ru

PaccMOTpeHBl OCHOBHBIE CBOMCTBA CTPYKTYPHBIE MOJENM YTIEPOIHBIX
BosIokoH (YB) Ha ocHOBe pa3nuyHbBIX MpeKypcopoB. JlaH aHamu3
CTPYKTYPHBIX  (JAaKTOPOB, ONPEACIAIOUIMX  MOIYJIb  YIPYTOCTH,
TEIUIONPOBOJAHOCT, M 3JeKTponpoBoAHocTs  YB.  IlpuBeaensl
KOpPCIAIMOHHLIC 3aBUCUMOCTHU TCIJIONPOBOAHOCTH VB ot ux MOonayJisd
YOPYroCTH ¥ 3JEeKTpomnpoBogHOCTH. OcykaaeTci BO3MOXHOCTh
MIPOTHO3UPOBAHUS MPOJIOJIBHON TEIIONPOBOAHOCTH YB Ha ocHOBaHUU
JaHHBIX 0 MOAYJIE YIPYTOCTH U JJIEKTPOIPOBOIHOCTH.
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CHUHTE3 KOMIIO3UTHBbIX SiC/SiC MATEPHUAJIOB
METOAOM 2JIEKTPO®OPMOBAHMUSA, ITPOITUTKU U
IIUPOJIN3A

M.A Coxkoa0B, T.X. Tenuypun, C.!. benoycos
HUI] «Kypuamosckuii uncmumympy, Poccus, Mockea, nn. Axademuxa Kypuamosa 0.1
sokolov_mx@mail.ru

Kommo3uTsl Ha 0CHOBE KapOHia KPEMHHUS TIPH BBICOKUX TeMIlepaTypax
0071amal0T BBICOKOHW TPOYHOCTHIO, XHUMHYECCKOW U pagualldOHHOMN
CTOWKOCTBI0. BO3MOKHOCTh TOJTy4aTh KapOUIOKPEMHHEBYIO KEPaMUKY
METOZIOM THPOJK3a TOJHUMEPHOTO MPEeKypcopa MO3BOJSIET MONyYaTh
W3JICTHS PA3NIUYHBIX (POPM M UCIIONB30BATh HX B Pa3IMYHBIX 00JACTSX.
HexoToprle KkepamMHuUecKWe H3JACIHS COCTOSIT W3 MaTPUIBl U
apMHPYIOIIETo KapKaca u3 KapOUJOKPEMHUECBBIX BOJOKOH.

B mokmame mpencrasieH HOBBIA crmocob cosmanus SiC/SiC xommosura.
Kapkac co3pmaroT MeTtomoM  3neKTpoopMOBaHUSI W3  pacTBoOpa
moiMkapbocunana B xjopodopme. PerymmpoBaHue HHTEHCHBHOCTH
nporiecca OTBEPXkJACHUS (CHIMBKKM) HETKAHOTO MaTepuana IMO3BOJSET
JOOUTBCSA YACTUYHOTO OIUIABJICHHUS TOJMMEPHOTO MaTa Ha CTaIuu
nuponu3a W o0OpaszoBaHus Kopauionogo0Hoi 3D cTpyKTyphl U3
KapOWIOKPEMHUEBOW KEepPaMHMKH, TPUTOJHOW JIJIsi KCIOJb30BaHUS B
Ka4eCcTBE apMHPYIOIIEro Kapkaca. B 4acTHOCTH, NPU HCIOJIb30BAHUH B
KaueCcTBe MPUEMHOI0 YyCTpoWcTBa rpaduToBOrO OapabaHa, MOJIYyYCH
oOpaser B hopMe HUIMHIPUYECKOM 0001049k, [TpeioskeHHbIH cr1oco0
MOJYYCHUS KapOUIOKPEMHEBBIX KapKacos, TEXHOJOTHYECKH
3HAYUTENLHO TMIPOIIe W JKOHOMHYECKH BBHITOJHEE CYIIECTBYIOIIUX
METOJIOB, OCHOBaHHBIX Ha IUICTCHHH KapOWUIOKPEMHHEBBIX BOJIOKOH
BOKpYr TpyOuaTol mo;IOKKA. [loNydeHHBIH Kapkac MPOMUTAIH
pacTBOPOM TOJIMMEPHOrO TpeKkypcopa u moaseprim nuposmsy (PIP
process). Herkanbrii matepuain, KepaMHYeCKHM MaT M KOMIIO3UTHAs
HWIMHAPUYECKass  000JI0YKa H3y4eHbl METOAaMU  JJIEKTPOHHOMH
MUKPOCKOITHH U 3JICMEHTHOTO aHaITH3a.

Buaaronapaocts: Paborta nmpoBesieHa B paMKaX BBINOJIHEHHMS TOCYIapPCTBEHHOTO 3aJaHHs
HMUIT «KypuaToBcKkuii HHCTUTYT.
Keywords: kap6ua kpeMHHUsI, KPEeMHUHOPraHMYECKUE TTOJIMMEPBI, JIIEKTPOhOpMOBaHHUE.
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OPTICAL PROPERTIES OF THERMAL-RADIATION-
MODIFIED POLYTETRAFLUOROETHYLENE FILMS
IRRADIATED BY ACCELERATED XENON IONS

A.S. Smolyanskii®, L.V. Moskvitin?, S.V. Slesarenko?,
M.A. Arsentyev?, O.A. Koshkinal, S.M. Ryndya®, M.M. Paraipan*?,

P.Yu. Apel’?, B.A. Loginov®, O.V. Belov*
! Laboratory of Functional Nanocomposites, Department of Kinetics and Catalysis,
N.N. Semenov Federal Research Center for Chemical Physics
4 Kosygina Str., bldg. 1, Moscow, Russian Federation 119991
2 Limited Liability Company "Quantum R",
Bldg. 6, apt. 180, 1-ya Aeroportovskaya Str., Moscow, Russian Federation 125319
3 Laboratory of Integrated Technology of Semiconductor Devices,
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)
31 Kashirskoe shosse, Moscow, Russian Federation 115409
4Veksler and Baldin Laboratory of High Energy Physics, Joint Institute for Nuclear
Research, 4 Baldin Str., Dubna, Moscow Region, Russian Federation 141980
5 Institute for Space Science, 409 Atomistilor, Magurele, lifov Romania 077125
6 Department of Quantum Physics and Nanoelectronics,
National Research University of Electronic Technology (MIET),
5 passage 4806, Zelenograd, Moscow, Russian Federation 124498
smolyansky@chph.ras.ru

By means of the methods of optical spectroscopy and diffuse and specular
reflection spectroscopy, Fourier-IR spectroscopy and atomic force
microscopy as well as GEANT4 modelling, radiation-induced changes in
the optical properties of thermoradiation-modified
Polytetrafluoroethylene (TRM-PTFE) films irradiated with accelerated
xenon ion flows with an energy of 1 MeV/nucleon in the fluence range
from 10® to 10 cm™ at the U-400 heavy ion accelerator in the Flerov
Laboratory of Nuclear Reactions at the Joint Nuclear Research Institute
(Dubna, Moscow Region, Russian Federation) were studied for the first
time.

Acknowledgements: This study was carried out with the financial support of the Ministry
of Science and Education of the Russian Federation within the framework of the State
assignment on the topic "Study of the results of the impact of ionizing radiation generated
at the NICA complex (ARIADNA infrastructure) on inorganic and polymeric materials
and composites, as well as biological structures™ (registration number FFZE-2024-0015),
using the equipment of the Center for Collective Use of the National Research Nuclear
University MEPhI “Heterostructural Microwave Electronics and Physics of Wide-Band-
Gap Semiconductors”.

Keywords: Polytetrafluoroethylene, Xe ion irradiation, optical transmittance, reflectance,
atomic force microscopy
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FEATURES OF RECOMBINATION PROCESSES OF
PHOTOEXCITED CHARGE CARRIERS IN POROUS
ANODIC ALUMINUM OXIDE

E.A. Konstantinova!, E.V. Kytinal?, V.B. Zaitsev '3,

Yu.V. Nazarkina**

!Physics Department, M.V. Lomonosov Moscow State University, Leninskie Gory 1/ 2,
119991 Moscow, Russia

N.N. Semenov Federal Research Center for Chemical Physics, RAS, Kosygina 4,
119991 Moscow, Russia
3Shenzhen MSU-BIT University, International University Park Road 1, 518172
Shenzhen, China
“National Research University of Electronic Technology — MIET, Shokina 1, 124498
Zelenograd, Moscow, Russia
E-mail: liza@mail.ru

Porous anodic aluminum oxide (PAAQ) is an ensemble of vertically
oriented nanotubes, so it can be used as membrane filters, matrices for
creating various nanocomposites, as templates for creating nanostructures
of various chemical compositions. It is important to obtain PAOA with
low photoluminescence (PL) intensity by varying the synthesis
conditions. Thus, the aluminum oxide matrix itself will not contribute to
the processes of radiative recombination of photoexcited charge carriers,
that is, the luminescence will be exclusively due to the luminescence of
the test analyte in pores. The PAOA samples were formed by the
electrochemical method in electrolytes based on different acids - sulfuric
and selenium and at different synthesis parameters. The samples were
divided into 2 parts: the original and with the applied analyte - rhodamine
dye. It was found that all PAOA films have an amorphous structure. The
samples formed in the electrolyte based on selenic acid have the required
properties: the original films do not luminesce, PAOA with the dye are
characterized by intense rhodamine PL. It was found that the main type
of defects in the PAOA structures synthesized in sulfuric acid are oxygen
vacancies responsible for radiative recombination processes. In PAOA
films obtained in selenic acid, oxygen vacancies in low concentrations
and oxygen radicals (non-radiative centers) in high concentrations were
registered.

Acknowledgements: The study was supported by a grant from Russian Science
Foundation Ne 24-19-00402, https://rscf.ru/en/project/24-19-00402/.
Keywords: porous anodic aluminum oxide, photoluminescence, defects
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OIL SPILL REMOVAL WITH NONWOVEN MATERIALS
PRODUCED BY MELT ELECTROSPINNING

S.N. Malakhov, S.N. Chvalun

National Research Center “Kurchatov Institute” 1, Akademika Kurchatova
Pl., Moscow 123182 Russia
s.malakhov@mail.ru

Nonwoven micro- and nanofibrous materials produced by
electrospinning have found their application for solving various tasks,
from filtration to medicine. One of the areas where nonwovens are
currently being used on an industrial scale is the removal of liquid
hydrocarbons: both during various technological operations and during
the cleanup of oil spills caused by man-made disasters. Thus, there is a
need for effective sorbents for rapid oil spill removal from the water
surface. Nonwoven polymeric materials with low density, high porosity
(up to 95% and sometimes more), high hydrophobicity and relatively low
cost are well suited for the role of sorbents.

The work shows the possibility of obtaining nonwoven materials with an
average fiber diameter of 1-10 um from melts of a number of commodity
polymers (polyolefins, polyamides, polystyrene, polylactic acid and their
blends). The structure of polymers and its changes in the process of
electrospinning and post-treatment of fibers (e.g., annealing) were
characterized using IR spectroscopy and X-ray diffraction analysis. It is
shown that the obtained materials are characterized by high
hydrophobicity and rapid oil absorption, which allows their application
as effective hydrocarbon sorbents. It is established that the sorption
capacity of nonwoven fabrics for motor oil reaches 100 g/g, and the
sorbed oil can be almost completely removed from the materials (residual
content - less than 5%), which allows their multiple reuse with an
efficiency of up to 60% of the original.

Acknowledgements: the studies were carried out using equipment of the Resource
Centers of the National Research Center “Kurchatov Institute”.
Keywords: electrospinning, nonwoven materials, polymer melts, oil spill
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BUOMEJUIHUHCKOE IIPUMEHEHUE
HAHOBOJIOKHUCTBIX MATEPHAJIOB

T.X Tenuypun, A.Jl. lllenenes, B.I'. MamaryJjiamsuin
HUI] «Kypuamogckuii uncmumympy, Poccus, Mockea, nin. Axademuxa Kypuamosa 0.1
tenchurin.timur@mail.ru

Pa3BuTHE HAHOTEXJIOTHI TPOU3BOAUT PEBOJIOIUIO BO MHOTHX OTPACIIAX
HAYHMHAS OT 3JICKTPOHUKU U MEIUIIMHEI JI0 MTPOU3BOCTBA CTPOUTEIBHBIX
MaTepuaroB M OYMUCTKU BO3Myxa. KITFOueBBIM THIIOM HaHOMATEPHAJIOB
SBIIAIOTCS HAaHOBOJIOKHA pazMepoM okosno 100 aMm. HaHOBOIOKHUCTHIE
MaTepHaibl MPUBICKAIOT K cebe BHHMaHHME OJlaromaps BBICOKOM
YAETbHOW  TIOBEPXHOCTH, TOPHUCTOCTH, VHHUKAIBHBIM  (DU3HKO-
MEXaHU4eCKUM CBOiicTBaM. CTOUT OTMETHUTh, YTO MHOTHE MPHUPOIHEIE
MaTepuaibl HMMEIOT BOJIOKHHCTOE CTPOCHHE C HEpapXUYeCKOi
CTPYKTYpPOH,  BKIIOYaromied, HaHOGUOPWIIEI M  HAHOBOJOKHA.
Hampumep, menk mayka W MIENKOIPSAa, IMIKYPbl KPYITHOTO POTaTOro
CKOTa, PhIObs Yellysi, BOJOCHI, POra, KOIbITa, MaHIUPU PAKOOOpa3HbIX,
JpeBecruHa, 0aMOYyK, MIIEHUYHAs COJI0oMa, JieH U Ap. Cpeau pa3jiruuHbIX
CIOoCcOOOB  TONYYEHHST HAHOBOJIOKOH METOJA  3JeKTPO(OpMOBaHHS
(electrospinning) ocraeTcs Hambojee IPOCTHIM M YHHBEPCAILHBIM,
MTO3BOJISISL CO3/IaBaTh BOJIOKHUCTYIO CETKY (KapKac) U3 BOJIOKOH Pa3HOTO
nuamerpa or 30 HM 10 50 MKM. ApPXUTEKTypa HAHOBOJOKHHUCTBIX
MaTepuaioB  TMOAOOHA  CTPYKTYpe  BHEKIETOYHOTO  MaTpHKCA.
MHOrOYHUCIIEHHBIC HCCIICOBAHMS IIOKa3bIBAIOT, YTO TOIOrpadus
HAHOBOJIOKHHUCTOW TMOBEPXHOCTU M €€ XMMHYECKUIN COCTaB BIMSIOT Ha
MOBEJICHUE, aAre3WI0 W Tpoiudepanuto KiIeTok. s BeIpaniuBaHus
(YHKIIMOHAIBHBIX OPraHOB M TKAHEW MCIIOJIb3YIOTCSA KakK IMPHPOJIHBIC
Oenku W TmosMcaxapuibl (KoJulareH, KepaTHH, (UOpOWH, CHHJIPOUH,
aNbruHAT HATPUS, XOHIPOUTHHCYNIb(]AT, TUATIETAT IEJLTIOI036I U IP.) TaK
Y CHHTETHUYECKHE TOJUMEphI (TIoMM3(UpPEI, MOIMaMu, noauyperan). B
JIOKJIaie TIPEACTaBIeH 0030p TMOCICTHUX JIOCTIKEHUH B 001acTH
pa3pabOTKM  HAHOBOJOKHUCTBIX MATEPHAJIOB JUIA WH)XXHHUPHHTA
KOCTHOM, HEpBHOH, SMUTEIUATBHON, COEIUHUTEILHON TKaHU, COCYIOB U

ap.

BaaroagaprocTh: PaGoTa npoBenieHa B paMKax BBIIOJIHEHUS TOCYIapPCTBEHHOTO 3a/laHUs
HUII «KypuaToBCKUf HHCTUTYT.
Keywords: snexrpodopmoBanie, HAHOBOJIOKHA , GHOME/IHUIIMHA.

32



AEROSOL FILTRATION IN HIGH-TECH
APPLICATIONS

V.A. Kirsh
A.N. Frumkin Institute of Physical Chemistry and Electrochemistry, 119071 Leninski
Prospekt, 31, Russian Federation
VA_Kirsch@mail.ru

The theory of fine filtration of aerosols by fibrous filters is discussed.
These filters are used for provision of ultrapure air for high-tech
applications, for the final air purification at hazardous enterprises, and for
the protection of the respiratory system. The deposition of particles in
nanofiber filters at Knudsen numbers Kn ~ 0.1 - 1 has been calculated. In
regard to this, particular attention is paid to the effect of gas sliding on the
fiber surface. The calculated sizes of the most penetrating particles are in
agreement with experiments. It also considers the limits of applicability
of analytical formulas for calculating the efficiency of a layer of a large
number of fibers depending on the diffusion Peclet number. Furthermore,
the inertial deposition of aerosol particles in filters of ultrathin fibers is
discussed.

The modification of fiber surfaces provides a foundation for the
development of filters with high efficiency and low initial resistance, as
well as pre-filters with high dust capacity. The deposition of submicron
particles by diffusion and interception from the Stokes flow onto micron
fibers with radial nanowhiskers is considered with due consideration of
the gas slip effect. It is demonstrated that the quality criterion of the filter
comprising modified fibers is superior to that of the filter comprising
smooth fibers.

Keywords: aerosols, nanofiber, HEPA-filter, quality criterion, nanowhiskers
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«IJEPHASA 3UMA» U IPYTUE A9PO30JIbHBIE
KIIMMATHUYECKHUE KATACTPO®bI

A.C. I'mn3oypr
Hucmumym ¢husuxu ammocgepor um. A.M. O6yxosa PAH

B noknage mpezncraBineHa aBTOpPCKas BEPCHSl MCTOPHM HCCIEAOBAaHUI
THIIOTE3bI «SIIEPHOM 3UMBD» - KaTacTPO(UUECKOro M3MEHEHHS KIuMaTa
3eMaM B CiIydae KPYHNHOMAcIITaOHOI'O HCIIOJIb30BaHUS SIIEPHOTO
opyxust. Ocoboe BHHMaHHE YACICHO MPEIbICTOPUN BO3ZHHUKHOBEHHMS
TUIIOTE3bI «IIEpHON 3UMBD» M HaydHOMY IpopbIBY 80-x ronoB XX Beka,
koraa yudenele CCCP, CIIA u npyrux CTpaH CTapaluCh OCMBICIUTh
TEOPETUIECKYI0 BO3MOKHOCTh PE3KOTO ITOXO0JIOIaHHs Ha OOJIbIIEH YacTH
3€MHOM CYIIHU B p€3YyJIbTaTE MACCOBBIX MOKAPOB SIIEPHON BOMHBI K HAUTH
NPUPOAHBIE  AHAJOTH  TAaKOM  «PYKOTBOPHOI»  a3p030JIbHOMI
KIMMaTHueckord karacTpodbl. OOCYXIOaroTcs TakkKe pe3yJIbTaThl
COBMECTHBIX  HCCIICIOBaHUS  COTpYOHHKOB HWHcTUTyTa  (QU3HKH
atMocepsl 1 HUDOXUM um. JI.S1. KapnioBa B 00JaCTH ONTHYECKUX H
MHUKPO(PHU3NUECKUX CBOHCTB ABIMOBOTO a3PO30JIs.
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CURRENT STATE OF SMALL SYSTEMS
THERMODYNAMICS

Yu. K. Tovbin
Frumkin IPCE RAS, Leninsky Prospect, 31, Moscow 119071, Russian Federation
E-mail address: tovbinyk@mail.ru

Recently it was realized that all existing thermodynamic definitions of the
characteristics of surface and small systems (such as the surface tensions,
contact angles, disjoining pressure, inner properties of small systems) are
ambiguous. In order to choose the correct thermodynamic definitions, the
second law of thermodynamics according to Clausius was used.
Clausius’s concept gives additional experimental information about the
relaxation times for processes of transfer of a momentum, energy and
mass. Such analysis of relaxation times showed that mass transfer is
always a limiting stage, and local pressure always adjusts to the current
mass distribution. Using the Clausius’s concept distortion of the
fundamentals of thermodynamics is excluded, all existing
thermodynamic ambiguities are eliminated, and correct calculation of
size thermodynamic functions using micromodels is ensured.

Keywords: small system, the second law of thermodynamics, relaxation times.
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HYDRODYNAMIC THEORY OF A MIXED TYPE
FIBROUS FILTER

R.F. Mardanov, S.K. Zaripov, E.R. Panina
Kazan (Volga Region) Federal University, Kazan, Russia
Renat.Mardanov@kpfu.ru

Aerosol filters of mixed type, consisting of micro- and nanofibers, have
the advantages of nanofiber filters and overcome their disadvantages. The
paper proposes a hydrodynamic theory of a mixed-type fibrous filter.
Microscopic and macroscopic models of flow in a periodic cell containing
one microfiber and many nanofibers are developed, on the surface of
which non-slip and slip conditions are respectively set. In the microscopic
approach, fluid flow in a rectangular cell containing micro- and
nanofibers is considered in the Stokes approximation. Based on the
numerical solution of the boundary value problem using the boundary
element method, the velocity and vorticity fields were constructed.
Parametric calculations were carried out, based on the results of which
approximate formulas were obtained for calculating the total drag force
and the contributions of micro- and nanofibers to it.

In the macroscopic approach, a microfiber in a periodic cell is set
explicitly, and the flow in the region occupied by nanofibers is modeled
by filtration flow in a porous medium within the Brinkman model. For a
circular periodic cell with Kuwabara conditions on the outer boundary,
analytical formulas for hydrodynamic drag are obtained. The limits of
applicability of the formulas were studied based on comparison with
calculations for a rectangular cell. The calculation results for both models
are compared.

Acknowledgments: The work was carried out with support of a grant from the Academy
of Sciences of the Republic of Tatarstan, provided to young candidates of science
(postdoctoral students) for the purpose of defending a doctoral dissertation, performing
research work, as well as performing labor functions in scientific and educational
organizations of the Republic of Tatarstan within the framework of the State program of
the Republic of Tatarstan «Scientific and technological development of the Republic of
Tatarstany.

Keywords: mixed type fiber filter, drag force, Stokes model, Brinkman model
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COMPREHENSIVE ASSESSMENT OF THE
EFFECTIVENESS OF THE NEVA® FILTER MATERIAL
FOR ITS USE IN THE MANUFACTURE OF
RESPIRATORS INTENDED FOR THE USE OF ATOMIC
ENERGY

L.E. Nazaroval, S.V. Astakhov?, P.S. Khokhryakov?,
M.E. Vasyanovich?® M.V. Zhukovsky*

1 LLC "Respiratory Complex", Moscow, Inazarova05@mail.ru

2 LLC "Respiratory Complex", St. Petersburg, asv@szpe.ru

8 LLC "Respiratory Complex", St. Petersburg, hps@szpe.ru

4 Institute of Industrial Ecology of the Ural Branch of the Russian Academy of Sciences,
Yekaterinburg, vme@ecko.uran.ru

4 Institute of Industrial Ecology of the Ural Branch of the Russian Academy of Sciences,
Yekaterinburg, michael@ecko.uran.ru

Many technological processes at nuclear industry enterprises are
accompanied by the presence of aerosol particles in the air of the working
area. An additional hazard factor may be the presence of radioactive
substances on an aerosol particle, therefore, respiratory protection issues
in the field of atomic energy use are always relevant.

According to radiation safety standards, to protect workers from exposure
to the radiation factor, a respirators with maximum protective properties
should be used.

In the first decades, the main filter material was Petryanova filters (FP),
in subsequent years, the use and research of the protective properties of
other materials, such as meltblown, in particular the new innovative
NEVA® filter material, began.

The purpose of this work is to determine the effectiveness of a new
domestic innovative NEVA® filter material for respiratory protection
from radiation factor.

During the study, the permeability of the NEVA® filter material for non-
radioactive and radioactive aerosols was determined and analyzed. An
atmosphere of distribution of aerosol particles with different sizes in the
air stream before and after the filter material has been formed. A
conclusion has been made on the protective effectiveness of the
respirators made of NEVA® filter material for use in the field of atomic

energy use.
Keywords: respirators, the field of atomic energy use, radioactive aerosols, aerosol
permeability, dimensional distribution.
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MODELS OF FLOW PAST NANOFIBERS AND
NANOPARTICLES AT LOW KNUDSEN NUMBERS

S.K. Zaripov, R.F. Mardanov, V.F. Sharafutdinov
Kazan (Volga Region) Federal University, Kazan, Russia
Shamil.Zaripov@kpfu.ru

Hydrodynamic models of flows around nanofibers and nanoparticles are
used to predict the performance of aerosol fibrous filters. For small
Knudsen numbers, it is permissible to use models of a continuous medium
with the condition of slip on the surface of nanofibers and nanoparticles.
As a rule, the slip condition is taken in the form of the Basse-Maxwell
condition [1,2], when the slip velocity is considered proportional to the
shear stress. Such models describe experimental data well only at very
small Knudsen numbers. The report reports on the formulation and
solution of problems on slow Stokes flow around a sphere and a nanofiber
in the approximation of small Knudsen numbers with a new boundary
condition of slip on the surface of a streamlined body. It is proposed to
use a linear relationship between the tangential velocity component and
flow vorticity as a slip condition. Based on analytical and numerical
solutions, the aerodynamic drag forces of the cylinder and sphere are
calculated as a function of the Knudsen number. The dependence of the
aerodynamic drag force on the Knudsen number is shown to be in better
agreement with experimental data in comparison with the Basset-
Maxwell condition.

1. J.C. Maxwell. On stresses in rarified gases arising from inequalities of
temperature // Philosophial Transations of the Royal Soiety of London, 170 1879. 231
256.

2. A.B. Basset // A Treatise on Hydrodynamis. 1888.

Keywords: Stokes problem, nanoparticles, fiber filters, Knudsen number
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DRY AEROSOL PRINTER FOR FORMING MICRO-
SIZED OBJECTS ON VARIOUS SUBSTRATES

V.V. Ivanov, V.I. Borisov, V.A. Dolgov, D.V. Kornyushin,

M.S. lvanov, V.A. Voroshilova, M.N. Urazov
Moscow Institute of Physics and Technology, Dolgoprudny, Russia
ivanov.vww@mipt.ru

The dry aerosol printer is a new approach to print without using ink, based
on the use of a gas-discharge aerosol generator as a source of
nanoparticles. Nanoparticles are synthesized immediately before use in a
pulse-periodic gas discharge in a flowing gas between electrodes from the
required consumable material. The aerosol flow of nanoparticles is
focused and delivered to the surface being processed in dry form without
using a solvent. The strong point of this approach is the combination of
four simultaneously occurring processes in a single device: gas-discharge
production, laser modification, printing and laser sintering of
nanoparticles on a substrate.

The printer is designed to form objects with micron design standards from
metal materials on various substrates, in particular, in electronics:
interconnections, electrode structures, inductive and resistive elements.
The composition of the object material is determined by the materials
from which the aerosol generator electrodes are made. The printer also
allows applying plasmonic nanostructures from metal nanoparticles with
predetermined dimensions on the surfaces of various objects, providing
multiple amplification of the optical response in optoelectronic devices
(photodetector matrices, displays, semiconductor light sources), and
when measuring the chemical composition of objects using enhanced
Raman and fluorescence spectroscopy.

Acknowledgements: The research is supported by the Ministry of Science and Higher
Education of the Russian Federation (Goszadaniye) 075-03-2024-117, project No.
FSMG-2024-0009.

Keywords: dry aerosol printer; nanoparticles; sintering.
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NUMERICAL METHODS AND PHASE TRANSITIONS IN
THE EQUATIONS OF AGGREGATION-
FRAGMENTATION OF SUBSTANCES

S.A. Matveev!?

1 Faculty of computational mathematics and cybernetics, Lomonosov MSU, Leninskie
Gory 1-52, MSU, Moscow, Russia, 119991
2 INM RAS, Gubkin str., 8, Moscow, 119333, Russia.
matseralex@gmail.com

In this work we discuss a famous effect of gelation (also known as zol-
gel transition) using a theoretical framework of Smoluchowski kinetic
equations with a source of monomers and product coagulation kernel.
The source-less case is rather well-studied and predicts the zol-gel
transition moment t_g=1. However, the post-transition kinetics may vary
depending on a further approach formulating the kinetic equations. The
first approach is known as Flory framework and predicts exponential
decay of the total density at post-gel stage. The second view of this
phenomena is Stockmayer’s framework giving a prediction for much
slowr decay of the total density as just 1/t. In fact, both of these
frameworks might be useful in applied problems and correspond to a
different interaction of the gel-particle with the rest of the finite zol
particles.

We generalize this difference for a case of the model with a constant
source of monomers. The gelation time increases up to t g= n/2 and the
divergence between two theories becomes even more dractic. Flory’s
framework leads to the decay of the total mass as 1/t whereas the
Stockmayers’s theory gives a relaxation of the solution to a steady-state
with algebraic decay of the stationary particles’ concentrations as k™ {-
5/2}. These observations could be generalized for a more complicated
case of multi-particle aggregation within a same sequence of
observations.

The utilized equations also possess other interesting types of the phase
transitions such as Hopf bifurcations, finite-size effects and large
deviations of equilibrium solutions from scaling exponents. In all cases,
we support our theories through the numerical simulations and obtain an
excellent agreement of our experiments with analytical results.

Keywords: aggregation, gelation, phase transitions, kinetics, Smoluchowski equations
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AEROSOL SYNTHESIS OF SINGLE-WALLED CARBON
NANOTUBES

A.E. Goldt, Y.G. Gladush, F.S. Fedorov,

D.V. Krasnikov, A.G. Nasibulin
Skolkovo Institute of Science and Technology, Moscow, Russia
a.nasibulin@skoltech.ru

The unique properties of single-walled carbon nanotubes (SWNTS), such
as high porosity and specific surface area, low density, high ratio of
optical transmittance to sheet resistance, high thermal conductivity and
chemical sensitivity, and tunable metallic and semiconducting properties,
open up avenues for a wide range of applications.

The presentation is devoted to a survey of SWNT synthesis by the aerosol
chemical vapor deposition method. Direct integration of the SWNTs
produced by this method into high-performance flexible and stretchable
electronics, is discussed. Produced SWCNT/polymer composite films
have exhibited excellent optical and electrical properties as well as high
mechanical flexibility. The presentation also discusses a SWNT as an
excellent material for aerosol filters, including pellicles.

Acknowledgements: The project was supported by the RSF grant (number 22-13-00436).
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XO0JIOJHASA COHOJIOMUHECHEHIIUA
KABUTAIIMOHHBIX IT1Y3bIPBKOB B BO/IE

B.B. MakcumeHnko, A.A. Jlymuukos, B.A. 3araiinos
HUAY «MUDH», Mocksea, Kawupckoe wocce, 31, PO
wmaksim@mail.ru

ConomomuHectienuued (CJI) Ha3pIBalOT CBEYEHNE BOABI U Psijia APYTUX
JKUAKOCTEH B PE3YyJIbTATE CXJIONBIBAHMS KaBUTAIlMOHHBIX ITy3BIPHKOB,
oOpasylomuxcs B HHUX B pe3yJbTaTe MEPHOANYECKOrO0 BO3ACHCTBHSA
yibTpa3Byka. OIHO3HAYHOH TeOpeTUYECKOW MHTEPIIPETALINH ABJICHUS HE
CYILIECTBYET O CHX MOp. TemnepaTypy BHYTPH Iy3bIpbKa ONPEAEIAIOT,
HaknanpiBasg crekTtpsl CJI  Ha cTaHZapTHBIE IUTAHKOBCKHE KpUBBIE.
OmnpenescHHBIE TaKUM 00pa3oM TeMIIEpaTyphl MOpPsIKa HECKOIBKUX
TBICSAY TIPajycoB, XOTSA OKpYXKamolas cpeJa OCTacTcs XOJIOJHOH.
CymectByeT enie ofHa TPYOHOCTh CTaHIAPTHBIX TEIUIOBBIX M
mia3MeHHbix Mogzeneil CJI. HemHorouucrneHHble 3KCHEPUMEHTHI IO
M3YYEHUIO YTJIOBOM 3aBUCHMOCTH CBETOBBIXOJA OTUETIMBO YKa3bIBAIOT
Ha JUIOJIBHBIA XapaKTep U3IYUEHHS OTAEIBHOTO My3bIpbKa.
IIpennoxena anpTepHaTUBHAS MOJEIb COHOJTIOMUHECLEHIINY B BoJE. B
€e OCHOBE BBICBEUHBAHHE JBYMEPHOIO IUIa3MOHA, 00pa3yrollerocs Ha
MOBEPXHOCTH KAaBUTAIIMOHHOW IIOJIOCTH B PE3yNbTaTe KOHACHCAINH
MapoB BOABI. 3a CYET BOJOPOAHBIX CBS3€H IUIOJIBHBIE MOJIEKYJIBI
KOHCHCHPYIOLIET0Cs Tapa MPUKPETIISIOTCS K BHYTPEHHEH MOBEPXHOCTH
nosiocted. X BHENIHWE B3aUMOJACHUCTBYIOIIHME 4Yepe3 KYJOHOBCKUH
MOTEHIMaN "XBOCTBI" O0O0pa3ylOT JABYMEPHBIM 3apsOKEHHBIA — CIIOH.
PaccunTanbl CBOHCTBa IJIa3MOHA, CBSI3AHHOTO C COOCTBEHHBIMH
KOJIEOAaHUSIMM 9TOIO  CJIOS, €ro 4acrora, ILIMPUHA IUIa3MOHHOIO
pE30HAHCAa U CEYEHHE BBICBEUMBaHUA. B pamMkax MOAENN OCHOBHBIE
3aKOHOMEPHOCTH COHOJIIOMHHECLUEHIUN OOBSACHSIOTCS HE BBICOKUMH
TEMIIEpaTypaMd BHYTPHM KaBUTAIMOHHBIX ITY3bIPbKOB, a CHJIHHBIMHU
3JEKTPOMArHUTHBIMH TIOJSIMH  TIJIa3MOHOB. MOZENs BOCTIIPOU3BOIUT
o0myro ¢popmy gactotTHol 3aBucuMocTH criektpa CJI. Tonkas cTpykTypa
CIIeKTpa OOBSACHSIETCS TUTaHTCKUM KOMOWHAIMOHHBIM paccesHHeM
W3JTy4€HUs], UCIIyCKAaeMOro IJIa3MOHOM, Ha aTOMax Ia30B, 100aBIEHHbBIX
B pacTBop. Mojienb 00BACHSIET TUMONBHBINA XapaKTep OAHOITY3bIPHKOBOI
COHOJIFOMUHECLICHITHH.
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XUMHWYECKHUE MPOLECCHI B ATMOC®EPHOI1
JIBIMKE

I'.b. Ilponues, A.H. EpmakoB
Hnemumym snepeemuueckux npoonem xumudecxkou usuxu um. B.JI. Tanvpoze PI'BYH
Dedepanvroco uccned08amenvcko2o yenmpa xumudeckou gusuxu PAH um. H.H.
Cemenosa, Jlenunckuii np.38, kopn.2, Mockea 119334, P®
polclouds@yandex.ru

UccrnenoBanne (QU3HKO-XMMUYECKHX MEXAHW3MOB IPUPOIHBIX U
NPUPOJHO-TEXHOTCHHBIX  SIBIIEHM B  arMochepe He  Tepsier
aKTyanbHOCTH. B HX uwncrne QopMupoBaHue a’po30JIbHOW IBIMKH M
BBI3BAHHOE OSTHM OIIACHBIM SIBJIGHUEM HETaTUBHOE BIMSHHE Ha
paIualMOHHBINA peXUM atMoc(hepbl, CoAepKaHNe Ta30BbIX MpUMECcel U
310pOBbe HaceneHus. Mmeronyecss 1aHHbIe 0 JUHAMUKE TPEeBpaIleHUH
SO, B arMocdepe He OOBICHSIIOT HH HAOIIOJAEMBIX TEMIIOB
o0pa3oBaHMs, HU yPOBHEH conepxaHus cylb(haToB B YaCTULAX IBIMKH
(cotrnn wmkr/mM®). B gnokmaze Ha TpuMepe JaHHBIX J1a6OpPaTOPHOTO
MOJEIIMPOBaHMS HPOLECCOB 00pa3zoBaHusi Cynb}aToB B Mo
obBoaneHHbIX yactuiax (deliquesced particles), a takxe pesynbTaTtoB
MOHUTOPHUHTA CyNb(}aToB B aTMOC(epHOW JbIMKE IIOKa3aHO, YTO

HCTOYHHUKOM CyJ'IB(I)aTOB B HaCTHLax CIIY>XUT KaTaJIUTUYCCKasd KOHBCPCUSA

SOx(ras) — MufFe @2 SOseq>  mpoTekaromas B BPOXKIEHHO-

pasBerBieHHOM (BP) pexume. OOCyXIaroTcs KOHIEHTPALIOHHbIE
YCIOBHS 3TOTO HOBOTO MEXAaHU3Ma KaTAIUTUYECKOro 00pa3oBaHUs
cynb(haToB M OCOOEHHOCTH €ro JUHAMHMKK B aTtMmoctepe. CpaBHeHHE
pe3ynbTatoB pacuetoB conepkanus SO, B uacTMIAX M JIAHHBIX
MOHHMTOPHUHIA JIEMOHCTPHUPYET UX YAOBIETBOPHUTEIBHOE COIJIacue. JTH
pe3ynbTaThl, MOKa3bIBalOT, 4T0 BP pexuM KaTaauTUYEeCKOW peakuuu
obecreunBaeT HabJII0aEMbIE TEMITBI T€HEPALIMH (IECATKM MKT M u™l) 1
ypoBHH comepkanus SO B a’pO30JBHBIX YACTHMIAX B IIEPHOJIbBI
BO3HHKHOBEHHS KaTaCTPOPHUECKH OMACHBIX JBIMOK B aTMocdepe.

KawueBble cjioBa: arMocdepHas AbIMKa, TUOKCH] cepbl, HOHBI Fe 1 Mn
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OLIEHKA D®®EKTUBHOCTH CPEJCTB
WHINBUIY AJTBHOM 3AIIUTHI OPTAHOB JILIXAHWS
(CU30/) C YYETOM NOBEJEHUSI BUOADPO30JIEN,
COJEPKAIIMX MATOTEHCOIEP/KAIIIAE BUPYCHI

JLA. Ipunauknn, A.K. Byasika, U.JI. Canodnen
Hayuonanvhvlii uccnedosamenvckuii soepuwiil yuueepcumem « MUDUy, e. Mockaa,
Poccusn
DAPripachkin@mephi.ru

ABDPO30IIbHBIE YacTHUIIBI, 00pa3yroLIecs NPy YNXaHUU WK Kallle, COCTOAT
B OCHOBHOM U3 MOKPOTBHI - CMECH BOABI M OHMOJIOTHYCCKHX IIPUMECEH.
HauwanpHoe pacmpeneneHme 1o pa3MepaM NAaTOTCHCONCPIKAIIMX YaCTHII
6umoaansHO ¢ MakcuMyMamu B quamazonax 50...100 mxm u 100...500 MM,
HO B BO3AyXe WX AWCHEPCHBI COCTaB IOBOJFHO OBICTPO MEHSETCH.
OBOIOIMS  AUCTIEPCHOCTH OHMO0a’po30Jiel TPENCTaBIsIeT WHTEpeC Kak ¢
TOYKH 3PEHHS OTIACHOCTH PACcIPOCTPaHEHUs B BO3AYIIHOM Cpe/ie BUPYCOB, B
toM guciie SARS-CoV-2, Tak u qiist onenku 3 dexrupaoctn CU30/1.
[IpencraBneH momxox K OIEHKE BIMSHUS W3MCHUYMBOCTH JAWCIIEPCHOTO
cocTaBa MaTOTEHCOJIEPKAIIUX adPo30Jiell B HEMOABIKHOW aTtMocdepe Ha
3¢ PEKTHUBHOCTh CPEACTB WHIMBUIYaTHHOW 3aIUTHI OPTaHOB JBIXaHUS Ha
npumepe 3ammTHBIX Macok kmacca FFP1, FFP2 u FFP3. Paccmotpeno
BIMSHUE Ha (PU3MKO-XMMUYECKHE IapaMeTphl a’po30Jed CHII TSKECTH,
COIIPOTHBJICHUS, a TAaKKe TEMIEPaTypsl W OTHOCHTEIBHOW BIAXKHOCTU
OKpYXAlomero Bo3ayxa. [lomydeHBI OLEHKHM BPEMEHH BBITIACHUS
a’p0o30JBHBIX YacTHIl (¢ AuaMeTpoM 1-1000 MKM) ¢ y4eTOM MX YaCTUYHOTO
UCTIapeHUs] U AUHAMUKA M3MEHEHHS MacCOBOH JIONU a3pO30JbHBIX YaCTHUI]
JUISL OTHOCUTENbHOM BiaxkHocTr Bo3myxa 10 % u 100 %.

HOKaSaHO, 4TO HOpu MOBBIIICHHON BJIaXKHOCTH H3MCHCHHE AUCIICPCHOIO
COCTaBa MaTOreHCOAEPIKALINX adPO30Jiel MPOUCXOIUT B OCHOBHOM 3a CUET
MeXaHH3Ma TPaBUTAUOHHOTO OCXKICHUS, YTO HMPUBOAMUT K OBICTpOMY (B
TE€UYCHHUE HCECKOJBbKHUX ceKsz[), YMEHBUICHUIO PasMEpPOB ad3pPO30JIbHBIX
YaCTHIl, OCTAaBIIMXCA B BO3AyXe, C TMOCIEAYIONIeH CcTa0uIu3anuei
KOHIeHTpauud. C yMEHBIIEHHEM BIAXHOCTH BO3AyXa KOJHUYECTBO
MepPBOHAYAJIBHBIX a’PO30JIbHBIX YACTHI] COKpAIIaeTCs €lle 3HaYuTelIbHEee,
YTO CBSI3aHO C HCIAPEHHUEM JKUJIKOCTH B UX COCTaBe. JTO MPHBOAMUT K
o0lIeMy CHHKEHHMIO KOHLEHTPAlKUU U pa3MepoB MEePBOHAYAIBHBIX YACTHII.
ITpu sTom CU30/] 3a cueT yMEHBIICHHS KOJIMYECTBA BUPYCOB OYAyT JaKe
a¢dexTuBHEE, YeM B YCIOBUAX 0€3 UCTIAPCHUS.

IIpennoxeHHbI TOAX0 MOXKET OBbITh MCHONB30BAH IS KOJHMYECTBEHHBIX
OLCHOK 3(P(PEeKTUBHOCTH CPEACTB HHAMBHIAYAJIFHOH 3allUTHl OPraHOB
OBIXaHUS B Pa3NUYHBIX YCIOBHAX TEHEPALUH IaTOr€HOCOXKEeP)KaIlnuX
a’po30Jeil.
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IMPLEMENTATION EXPERIENCE OF SCIENTIFIC AND
PRACTICAL APPROACHES FOR STUDYING
RADIOACTIVE AEROSOLS IN THE NANOMETER
RANGE

M.V. Zhukovsky, M.E. Vasyanovich
Institute of Industrial Ecology, Ural Branch of the Russian Academy of Sciences, Russia,
620108, Ekaterinburg, Sofia Kovalevskaya st., 20
vasyanovich_maks@mail.ru

The report presents the main results of the research group from the
Institute of Industrial Ecology of the Ural Branch of the Russian Academy
of Sciences in terms of developing methods and studying the distribution
of radionuclides by the size of aerosol particles in the range from 1 nm to
5 um. The authors of the report demonstrated methods for sampling the
studied atmosphere using a diffusion battery and an impactor. After this,
the radionuclide composition of each collecting element was analyzed.
The objects of study were the atmospheres of a glove box with a high Rn-
222 concentration with progeny, warehouses of monazite concentrate
with a high Rn-220 concentration with progeny, as well as the reactor hall
atmosphere of a research nuclear facility with a high uranium fission
products concentration - radioactive isotopes of krypton and xenon with
their progeny. The study results demonstrated the presence of
radionuclides in the form of aerosol particles with AMTD in the range
from 1 to 300 nm in the studied objects.

Keywords: radionuclide, aerosol particles, radioactive progeny, concentration
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UNIVERSAL FORMULA FOR THE
SEPARATIVE POWER OF AN OPTIMIZED
CONCURRENT GAS CENTRIFUGE

S.V. Bogovalov, D.N. Dzhulya, 1.V. Tronin
Department of Molecular Physics, National Research Nuclear University “MEPhI”,
Kashirskoye shosse, 31, Moscow 115409, Russia.
denis.dzhulya@mail.ru

Concurrent gas centrifuge (GC) are interesting from an academic point of
view. Comparing them with countercurrent GC helps to better understand
the physics of the processes in them. At the same time, concurrent GC
are also interesting from a practical point of view, as devices that are
capable of enriching large gas flows. In [1], we obtained an analytical
formula for the separative power of an optimized concurrent GC . It gives
a good agreement with the empirical data obtained for Soviet
countercurrent GC [2].

However, at low rotor speeds, this formula obviously overestimates the
separative power, because it surpasses the maximum of Dirac the
separative power. And this is impossible. The reason is an
underestimation of the axial diffusion of gas compared to axial
convection at low rotational speed GC. The paradox lies in the fact that it
is at low rotational speeds that the axial convection velocity becomes
small and diffusion begins to dominate. We have obtained a universal
formula for the separation of optimal concurrent GC for a wide range of
rotation speeds, working gas parameters and GC. At high rotor speeds,
the separation power is proportional to V2, and at low rotational speeds,
the separation power is proportional to V*, as in Dirac [3], but by a factor
of 0.71 less..

Keywords: super-strong centrifugal fields, isotope separation, concurrent gas centrifuge,
separation power

[1] S. Bogovalov, V. Borman. Separative power of an optimised concurrent gas
centrifuge, Nuclear Engineering and Technology, VVol.48, (2016) No.3, pp. 719-726.
[2] A.P. Senchenkov, S.A. Senchenkov, V.D. Borisevich, Gas centrifuges, in: V.Yu.
Baranov (Ed.), ISOTOPES: Properties, Production and Application, Vol. 1, Fizmatlit,
Moscow, 2005, pp. 168-208 [in Russian].

[3] K. Cohen, in: G.M. Murphy (Ed.), The Theory of Isotope Separation as Applied to
the Large-scale Production of U235, McGraw-Hill, New York, 1951.
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OHTPIMAJILHPIFI PAINYC POTOPA
PASJJEJIUTEJIBHOU I'A30BOU HEHTPUDYT'U

Auaexcanapos O. E
Kagheopa Texnuueckoii ¢husuxu, ¥Ypanvckuii pedepanvhviii yu-m, 2. Examepunoype
aleksandrov.o.e@urfu.ru

Ilentpudyra — OCHOBHasT TEXHOJIOTHS pa3ACIICHUS H30TOIOB. OTO
00yCIIOBJICHO 3¢ HEeKTUBHOCTHIO HeHTpUuyTu: BBICOKUM
KOA((GUIMEHTOM pa3fielicHUs] W OTHOCUTEIIBHO MaJbIMU 3aTpaTaMH
SHEpruu. DHepreTudeckas 3(OPEKTUBHOCTH IECHTPUDYTH CIICICTBUC
pealn3anyy Ipolecca pa3feiieHUs B COCTOSHHU CMECH OJIM3KOM K
paBHOBeCHOMY. Takoe NPEUMYIIECTBO JIeJaeT pa3e/IUTSIbHYIO
HeHTPU( YTy NMEPCICKTUBHON Ha MHOTHUE T'OJIbI BIIEPE/I.

Ontumuzanyss — UeHTpUdyrd  HeoOXoaumMa IS [TOBBIIICHHMS
3G (PEKTUBHOCTH  pa3deluTeIBHOrO  Mmpoum3BoacTBa. OgHuM U3
HaIPAaBJICHUH ONITUMH3AINH SBJISICTCS BBIOOP TEOMETPHUCSCKHUX Pa3MEPOB
neHTpudyru. llearpudyra ¢ Oonee BrICOKOH paboTOil pasmeneHus Ha
eIMHHIY 00beMa SKOHOMHUYECKU BBITOTHEE.

B nuTepatype npeacTaBieHBl TEOPETHUECKUE W OMIIMPUUCCKHE
3aBHCUMOCTH  Pa3JICIUTEIIBHON ~ MOIIHOCTH  UEHTPpU(GYrd  OT
FCOMETPHUYCCKUX PasMEpPOB: IIMHBI M pamdyca poropa. Ho anamm3
ONTHMAJIBHBIX Pa3MEPOB IPAKTHIECKH OTCYTCTBYET. B 0c000ii cTenenu,
3TO KacaeTcsi Bompoca 00 ONTUMAIILHOM pajnyce poTopa HeHTpUQyru.
[IpoGiieMa HUKaK HE OCBEIlEHA.

B pabore moiy4eHO BBHIpaXKCHHE IS ONPEACICHHS OITHMAIBHOIO
pamuyca potopa pa3IeuTeNIbHON ra3oBoil neHTpUdyTH:

R = const

2npD ’

rae F — notok nuraHus; p — II0THOCTh; D — ko3ddunuent nudpdysuu
BrIpaskeHue MO3BOJSIET OLIGHWTh ONTUMAJIbHBIA Pagdyc poTopa, s
KOTOPOTO JIOCTHTAETCSI MAaKCUMYM paOOThI pa3JIeieHus] P KOHESYHOM
koo uimente oborameHus HeHTpudyru. OnTUMaIbHOE 3HAYEHHE
paauyca 0OYyCIOBJIEHO TpeOOBaHHEM KOHEYHOCTH KO3 duimeHTa
oboramenns.  Kpurepuit  onTHManbHOCTH  pajuyca  poTopa
pa3IeUTENILHON IICHTPU(YTH MTOTYICH BIIEPBBIC, HA HACTOSIINI MOMEHT
B OTKPBITOH INTEpaType HET aHAJIOTUYHBIX OIIEHOK.

KiroueBble cjioBa: pasjeneHue, UeHTpu(yra, ONTUMAIBHBIN pagnyc poTopa
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ON THE POSSIBILITY OF ISOTOPICALLY
SELECTIVE ATOMIC-MOLECULAR
EXCHANGE IN NITROGEN INSIDE A

CENTRIFUGE ROTOR

N.M. Gorshunov?, S.V. Gudenko®?2 D.A. Dolgolenko!
1 National Research Center "Kurchatov Institute",
123182, Russia, Moscow, Kurchatov sq., bldg. 1.
2 Moscow Institute of Physics and Technology,

141700, Russia, Moscow region, Dolgoprudny, Institutsky per., bldg. 9
% National Research University "Higher School of Economics",
101000, Russia, Moscow, st. Myasnitskaya 20.
gorshunov_nm@nrcki.ru

From the balance of the vibrational energy flows of N, molecules entering
the centrifuge rotor through the electric discharge tube as a feed flow and
the entrained sum of the product and waste flows with reduced vibrational
energy in the rotor volume due to dissipation on the rotor walls, the
average vibrational energy per molecule €, is estimated. For given rotor
parameters (radius, height, wall material, rotation frequency), the value
of the feed flow is found at which the value & = (3- 4):102 eV is
established in the rotor volume, for which a 30-fold enrichment of
nitrogen atoms with the N isotope was previously observed in [1, 2] at
a translational temperature of T = 300 K and a concentration of N
molecules of 10" cm due to threshold atomic-molecular exchange. For
these conditions, from the balance of the flows of N atoms entering the
rotor, leaving it and recombining on the rotor walls, the ratio of the
average concentration of nitrogen atoms over the rotor cross-section to
the maximum concentration of atoms at the discharge outlet is estimated.

Keywords: centrifuge, atmic-molecular exchange, isotopic enrichment.

[1] Gorshunov N. M., Gudenko S. V. Enrichment of the nitrogen atomic component with
the 1°N isotope in a post-discharge zone - JETP Letters, Vol. 77, No. 4, 2003, pp. 162—
166.

[2] Gudenko S.V., Gorshunov N.M. °N isotope enrichment of the atomic nitrogen
component in atomic-molecular exchange reactions in the post-discharge zone. —
Technical Physics, 2022, V. 67, N 4, p. 431-442.
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PACYET U OIITUMM3ALIUA
HPAMOYT'OJIBHOI'O KACKAJIA C
3AHJAHHBIMA KOHUEHTPALIUSIMHA MO B
BbIXOIAINX TIOTOKAX

HU.A. UrnartbeB, E.B. MaciawokoB, B.A. Ilajgkun
DI'AO0Y BO « Vpanvckuii gpedepanvhvlil yHusepcumem umenu nepgozo Ilpesudenma
Poccuu b.H. Envyunay, Examepunoype, Poccus
Ignatyevanya@mail.ru

KOH]_[CHTpI/IpOBaHI/IC CTAaOMIIBHBIX H30TOIOB B KaCckaJgaX TIa30BbIX
UEHTPUQYT SBISACTCS AKTyalbHBIM B CBSI3H C MX IIUPOKUM MPMEHEHHEM
B TIPOMBIIIUIEHHOCTH, HayKe W MeaunuHe. Ha mpakTuke BO3HHKaeT
MOTPEeOHOCTh pEIICHUs Pa3UYHBIX 337ad pacueTa W ONTHMH3AINH
KacKaJIOB JUIS pa3/elICHUs] CTAOMIIBHBIX U30TOIIOB.

OnHoli W3 HHMX SBISIETCA OOCCICUEHHE 3allaHHBIX KOHIICHTPAIU
[[EJIEBOTO M30TOIA B BBIXOIAININX IMOTOKAaX MPSIMOYTOJIBHOTO KacKaja.
[IpennoxxeH MeTo peuleHusl JTaHHOW 33a/1aud Ha OCHOBE MCIOJIb30BAHUS
aJTOPUTMOB «30J0TOTO ceueHMs» U «Pos muem» s MUHUMH3AIAN
OTKJIOHEHHH PacCUMTHIBAEMBIX KOHIICHTpAIlMid OT 3aiaHHbIX. [IpoBeneH
BEIUMCIIMTEIBHBIA  DKCIIEPUMEHT 110  pasJelieHuto  Tekcadropuma
moymOneHa. Iloka3aHbl BO3MOXHOCTH METOJa II0 OMNPEACICHHIO
MapaMeTpoB KackaJa ¢ MUHUMAJIbHBIM CYMMApHBIM ITOTOKOM ITATaHUS
cryreneii.  IlpuBenmeHsl  mpumepbl  pacyeTa  KackaioB IS
KOHLEHTpHUpOoBanus *>Mo 10 99,9%.

KnroueBbie ciioBa: CTaOWiIbHBIE M30TONBI, MPSMOYTOJBHBIN Kackaa, Ta30BbIe
HeHTpu(yTu, pacuer, ONTUMHU3ALHS, MOJIHOICH
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DISCUSSION OF TWO-COMPONENT
ISOTOPES SEPARATION IN MULTI-
COMPONENT SEPARATION SYSTEM WITH

CENTRIFUGE CASCADES

Zhang Rui, Feng Yining, Yan Hao, Ge Chaoqi, Zhong Ping, Wei
Yongchun, Che Jun, Wu Zhongdi
CNNC No.7 Research & Design Institute Co., Ltd., Taiyuan 030012, China

Separation of two-component isotopes in multi-component separation
system is one of special multicomponent separation systems in
centrifugal cascade. Multiple elements in the separation medium have
isotopes, while the target element have two isotope components, which
decouples the components from the isotope abundance. Therefore, this
multicomponent system has several characteristics of double-component
separation and single cascade can be used to separate light and heavy
components of target isotope at one time. Also, the efficiency of cascade
can be described by value function and separative power. For this
separation system, select an appropriate model cascade for calculation
according to design requirements, pre-optimize the calculated flow curve,
and then round off and re-optimize the obtained cascade scheme to obtain
the optimized engineering cascade scheme. With this method, referring
to rectangular cascade, MARC cascade and ideal cascade model, and
taking the single machine separation power as the optimization goal, the
design and optimization of the lithium isotope separation cascade by
hexyl lithium medium is carried out, and the engineering cascade schemes
are obtained. Through contrastive analysis, it is concluded that MARC
cascade has the highest efficiency, while rectangular cascade has
relatively low efficiency but simple rounding and less design constraints,
so rectangular form is suitable for cascades of various scales.

Keywords: isotopic separation; centrifugal cascade; multicomponent separation; lithium
isotope
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ON THE PRESSURE CONTROL OF THE WASTE
WITHDRAWAL OF CENTRIFUGE CASCADES

Hao Yan
CNNC No.7 Research and Design institute Co.Ltd

In order to improve the anti-disturbance ability of waste end unit of
stepped centrifugal cascade, the influence of electric regulating valve on
the fluid state of the cascade was studied. Static and dynamic hydraulic
studies of cascade are carried out. The results show that for cascade
pressure disturbance, the pressure fluctuation will be transmitted to both
sides of the cascade. After the steady state condition is re-established, it
mainly affects the status of separation stage on concentrate side of
disturbance stage; For cascade flow disturbance, the pressure fluctuation
will be transmitted to both sides of the cascade. After the steady-state
working condition is re-established, it mainly affects the state of
separation stage on the waste side of disturbance stage.

Keywords: Centrifugal cascade, Regulating valve, Hydraulic, Pressure disturbance,
Pressure fluctuation

53



NUMERICAL INVESTIGATION ON THE
INFLUENCE OF PARAMETERS OF GAS
7 CENTRIFUGE HEAT TRANSFER
COMPONENTS ON THE SEPARATION
PERFORMANCE

Hu Zifan, Jiang Dongjun
Department of Engineering Physics Tsinghua University, Beijing, China 100084

Temperature distribution of centrifuge rotor is an important factor
affecting the separation performance of gas centrifuge. A numerical
iterative calculation method of the whole temperature field of centrifuge
can be established by deducing the numerical theory of radiation heat
transfer between the centrifuge rotor and the sleeve, and by using the
continuous condition at the fluid-solid boundary. The numerical method
can obtain more accurate results of the temperature field and flow field,
as well as calculate separation power of the gas centrifuge. The effects of
key heat transfer parameters on separation performance and temperature
field of subcritical gas centrifuge, such as blackening at the inner surface
of the sleeve, length of the reflector, temperature of the cooling water and
the position of the water jacket, were studied using this numerical method,
based on the Iguassu centrifuge model. The calculation results can
provide several references for the design and optimization of the heat
transfer of gas centrifuge.

Keywords: Gas Centrifuge; Radiation heat transfer; Temperature field; Separative power
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MODELING OF MASS SOURCE-SINK
ASSOCIATED WITH ADAPTIVE EXTERNAL
PARAMETERS IN ROTATING CYLINDERS

Gu Zhiyong, Tian Songjie

National Key Laboratory of Particle Transport and Enrichment Technology, Tianjin
300180, China

The hydrodynamic properties of rotating cylinders are of significant
importance for the optimization of cylinder structures, as they can impact
the operational parameters of engineering cascade systems. In this paper,
a small orifice outflow model is employed to derive an expression for the
extraction flux as a function of external parameters, and a corresponding
mass sink model of the extraction flow is subsequently established. To
enhance the precision of the model, empirical coefficients are
incorporated to calibrate the calculated extraction flux with experimental
data. The Iguassu rotating cylinder model, in conjunction with the
homotopy continuation method, is employed to directly solve steady-state
N-S equations, thereby facilitating an investigation into the influence of
external parameters on the hydraulic characteristics of the rotating
cylinder. The findings demonstrate that the mass source-sink model
developed in this study effectively captures the primary hydraulic
characteristics of the rotating cylinder influenced by external parameters
during the simulation. The results obtained through simulation are in good
agreement with experimental observations, with a straightforward
correction of the empirical coefficients.

Keywords: hydraulic characteristics; rotating cylinder; adaptive; external parameters;
numerical simulation
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SOLVING OF THE FLUID-SOLID COUPLED
HEAT TRANSFER PROBLEM WITH
RADIATION BOUNDARY CONDITION IN A
ROTATING CYLINDER

M. An', S. Zeng?
I National Key Laboratory of Particle Transport and Enrichment Technology,
Tianjin 300180, China
2 Department of Engineering Physics, Tsinghua University, Beijing 100084, China
am13@tsinghua.org.cn

A numerical model of the fluid-solid coupled heat transfer problem with
thermal conductive boundary condition involving radiation (the so-called
radiation boundary condition) in a rotating cylinder is established. The
resulting 2D N-S equations with non-linear Robin boundary condition are
solved numerically by using a Newton iterative method based on
homotopy algorithm. The temperature distribution on the sidewall of the
rotating cylinder is obtained, and the impact on the flow field and the
temperature distribution is analyzed. The results show that the
temperature distribution is not linear, especially in the case of low thermal
conductivity of the cylinder materials. Furthermore, it is found that the
relationship is linear between the drag coefficient of the scoop and the
average temperature, and so is the relationship between the drag
coefficient and the maximum temperature difference on the sidewall,
which both are governed by the ambient temperature and effective
emissivity of the cylinder surface. The proposed model allows the
temperature distribution on the sidewall of the rotating cylinder to be
estimated numerically and adjusted by the radiation boundary condition.

Acknowledgements: This research is supported by National Natural Science Foundation
of China under Grant No. 11575097 and Grant No. 11911530087.
Keywords: Fluid-solid coupled, heat transfer, radiation boundary, rotating cylinder
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THREE-DIMENSIONAL NUMERICAL
SIMULATION OF THE INFLUENCE
MECHANISM OF THE EXTRACTION
PRESSURE ON WASTE FLUX
Zi-han Zhang*?, Dong-jun Jiang?, Zhi-yong Gu?, Zi-xue Guo?
I National Key Laboratory of Particle Transport and Enrichment Technology, Tianjin,
China
2Tsinghua University, Beijing, China
jiangdj@tsinghua.edu.cn

The gas extractor links the internal flow field within the rotating cylinder
to the external operating parameters.

While in operation, adjusting the extraction pressure pg can impact the
waste flux W/ and consequently influence the equipment’s operating state.
In the high-speed rotating cylinder, the gas extractor interacts violently
with the high-speed rotating gas flow, and the fine flow field structure
around the gas extractor is of great significance for the extraction process.
At present, it is unclear how the extraction pressure p affects the gas flow
around the gas extractor and thus affects the equipment’s operating state.
In this paper, a three-dimensional numerical simulation study is carried
out on this problem the influence mechanism of extraction pressure pg on
the waste flux W is revealed through 3D numerical simulation.

Under different extraction pressure pg, the flow field structure around the
gas extractor are different, leading to the different waste flux W. When
pe is low, the shock wave structure shields the perturbation propagation,
keeping waste flux W unchanged. When p¢ is high, the subsonic overflow
at the mouth of gas extractor head makes W decrease with the increase of

PE.
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HYDRAULIC ANALYSIS IN UNSTEADY STATE
PROCESS WITH A MATHEMATICAL MODEL
OF DUAL CASCADE

Chao gi Ge, Jun Che, Hao Yan, Rui Zhang, Xiao Yao
CNNC No.7 Research and Design institute Co., LTD, Taiyuan, Shanxi, China
407664373@qq.com

An important factor that the adjustment and control of hydraulic
parameters in centrifuge cascade system are important issues to produce
stable isotope products, especially when producing two products in dual
cascade. This paper establishes an unsteady cascade mathematical model
of dual cascade to analyze these issues. Taking the isotope production of
2Ge and "®Ge as an example, the numerical calculation of double cascade
is carried out, and compared with experimental data in the actual
production process. The dual cascade model is used to calculate the
equilibrium time of the cascade transition. Based on these calculations,
this essay provides a control method in dual cascade for stable production
and a reference for the adjustment of hydraulic parameters for factory
during the production of stab

le isotopes.

Keywords: Multicomponent isotope separation; Unsteady state; Numerical simulation;
Gas centrifuge cascade
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URANIUM FEED AND THE CASCADE OF
COMBINED RECYCLED URANIUM FEED
WITH DEPLETED URANIUM FEED

@ THE CASCADE OF INDIVIDUAL RECYCLED

Feng Xue
CNNC No.7 Research & Design Institute Co., Ltd

China has been insisting on the development of closed nuclear fuel cycle.
With the rapid development of nuclear industry, the need for recycled
uranium enrichment becomes increasingly urgent. In this paper, the
technical scheme of recycled uranium enrichment cascade is studied, the
composition and characteristics of each nuclides in recycled uranium are
analyzed, and the optimization method of multi-component cascade is
selected. Based on the model of multi-component cascade, the cascade
technology is studied from two different perspectives, namely, the
cascade of individual recycled uranium feed and the cascade of combined
recycled uranium feed with depleted uranium feed. Through the
optimization calculation, uranium isotope abundances in the product all
meet the restricted limits, and the extraction rate of 2%°U is over 70%. The
conversion of cascade structure can be adapted to the production under
different conditions efficiently, which provides a reasonable scheme for
recycled uranium enrichment and depleted uranium reuse.
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FURTHER IMPROVEMENT OF THE Q-
ITERATION METHOD FOR THE
CALCULATION OF CONCENTRATION
DISTRIBUTION IN ISOTOPE SEPARATION

CASCADES

Ruinan Wu, Shi Zeng
Department of Engineering Physics, Tsinghua University
Beijing 100084, China
zengs@tsinghua.edu.cn

The so-called AQ-iteration method is proposed to resolve the non-
convergence problems in the calculation of concentration distribution in
cascades by alternatively performing the Q-iteration and the Q*-iteration.
The Q*-iteration is a Newton Raphson method based on the gradient of
the basic quantity Q in the Q-iteration. Numerical experiments are
performed for two example cascades, for which the Q-iteration does not
give convergent results. The AQ-iteration demonstrates a better
performance than the Q-iteration. The results show that usually a larger
under-relaxation factor gives a faster convergence. The fastest
convergence is obtained when the under-relaxation factor is one, but this
may occasionally yield non-convergence. Convergence can always be
obtained by choosing appropriate values of the under-relaxation factors
and combination of the numbers of the Q- and Q*-iterations in an AQ-
iteration.

Keywords: isotope separation, cascade, Q-iteration, AQ-iteration, concentration
distribution
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INFLUENCE OF WORKING SUBSTANCE
LOSSES ON INTEGRAL PARAMETERS OF THE
CASCADE FOR SEPARATION OF
MULTICOMPONENT MIXTURES UNDER

GIVEN EXTERNAL CONDITIONS

Niu Wenxin, A.Yu. Smirnov, G.A. Sulaberidze
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute),
Department of Molecular Physics, Kashirskoe shosse 31, Moscow, 115409, Russia

The losses of the working substances at the cascade stages affect the
efficiency of the separation process. This study aims to complement and
generalize previously known results on the topic. Special attention is
given to analyzing the influence of working substance losses at the stages
of the cascade on its integral parameters while achieving specified
concentrations of the target component in the outlet streams.

A generalized model of a quasi-ideal cascade with working substance
losses at different stages was developed, which considered the presence
of local losses of the working substance at those stages. A series of
computational experiments were conducted to evaluate the impact of the
magnitude of the loss coefficient and its assignment on the key internal
and integral parameters of the cascade. In particular, the magnitude of the
relative total flow of the cascade can either increase or decrease
depending on the loss coefficient under the specified external conditions.
In addition, in some cases, the total flow can reach a minimum depending
on the loss coefficient. This feature results from the heterogeneous
distribution of component masses across the stages of the cascade; for
example, the losses of intermediate components at the internal stages
promote a more active concentration of light components toward the end
of the cascade.

Keywords: isotope separation, gas centrifuge cascade, multicomponent isotopes
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COMPARISON OF THE EFFICIENCY OF
SINGLE CASCADE AND MULTI-CASCADE
SCHEMES FOR CONCENTRATING
COMPONENTS OF UTMOST AND

INTERMEDIATE MASS NUMBERS

A.Yu. Smirnov, G.A. Sulaberidze, A.R. Mustafin, M.M. Shishirin
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute),
Department of Molecular Physics, Kashirskoe shosse 31, Moscow, 115409, Russia

Cascade systems with and without return of outgoing flows to the inputs
of previous cascades are considered when concentrating isotopes of
extreme and intermediate mass numbers during separation of
multicomponent mixtures. Using the quasi-ideal cascade model, the
efficiency of a single cascade and various cascade systems is compared
when obtaining specified concentrations of the target component in the
outgoing flows of the circuit. The value of the relative total flow of the
cascade circuit is chosen as an efficiency criterion.

Based on the results of comparing multistage schemes with a single
cascade when concentrating components of extreme and intermediate
mass numbers, it is shown that each of the schemes can have its own field
of application and the difference in efficiency depends on specific
external conditions and parameters of the mixture.

Acknowledgements: the study was supported by the grant of the Russian Science
Foundation No. 24-29-00688, https://rscf.ru/project/24-29-00688/.
Keywords: isotope separation, quasi-ideal cascade, multicomponent mixture
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DOUBLE CASCADE WITH A CARRIER GAS
DURING PURIFICATION OF REGENERATED
URANIUM

n MASS TRANSFER REGULARITIES IN A

E.D. Shapovalova, A.Yu. Smirnov, G.A. Sulaberidze
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute),
Department of Molecular Physics, Kashirskoe shosse 31, Moscow, 115409, Russia

The objective of the study was to conduct a double cascade with a carrier
gas supplied to the second cascade to increase the purification effect of
reprocessed uranium from the isotope °2U. A series of computational
experiments was conducted to study the patterns of mass transfer of
components in such a cascade scheme at different concentrations of the
isotope 2*°U in the side streams of the cascade scheme and its fixed
concentration in the main product flow (the flow of the heavy fraction of
the second cascade). Reprocessed uranium that has undergone two cycles
in the fuel of a light-water power reactor was selected as the mixture to
be separated.

The influence of the ratio of the enriched fraction flows of the first
cascade and the carrier gas (ratio R) on the mass transfer of components
in the second cascade and the degree of purification of the product from
isotopes 22231, as well as the concentration of isotopes 2*°2%U in the
final product was revealed. For various given combinations of 2*°U
concentrations in the light-fraction flows of the first and second cascades,
the characteristic value of the ratio R is estimated, at which it is no longer
possible to obtain the required concentration of the 2*U isotope in the
final product.

Acknowledgements: the study was supported by the grant of the Russian Science

Foundation No. 24-29-00688, https://rscf.ru/project/24-29-00688/.
Keywords: reprocessed uranium, double cascade, carrier gas
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OPTIMIZATION OF THE GENERALIZED
17 QUASI-IDEAL CASCADE MODEL

M.M. Shishirin, A.Yu. Smirnov, G.A. Sulaberidze
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute),
Department of Molecular Physics, Kashirskoe shosse 31, Moscow, 115409, Russia

A generalized model of a quasi-ideal cascade with different values for the
mass numbers of the key components in different sections of the cascade
is proposed. A technique has been developed for finding such a set of
cascade parameters at which it is possible to obtain the specified
concentrations of the target component in its outgoing flows at specified
integers of stages in each of its sections.

The possibility of optimizing such a cascade for given concentrations of
the target component in the outgoing flows by iterating through various
combinations of cascade section lengths at given concentrations of the
target component in its outgoing flows and the values of the mass
numbers of the reference components is shown. The efficiencies of quasi-
ideal cascades with different numbers of sections and different mass
numbers of key components were compared.

Acknowledgements: the study was supported by the grant of the Russian Science
Foundation No. 24-29-00688, https://rscf.ru/project/24-29-00688/.
Keywords: isotope separation, quasi-ideal cascade, multicomponent mixture

64



DEPENDENCE OF THE HYDRAULIC
RESISTANCE ON THE MACH NUMBER IN
PIPES AT THE FLOW OF A GAS WITH

VELOCITY CLOSE TO THE VELOCITY OF
SOUND

A.F. Fazilov, S.V. Bogovalov, I.V. Tronin
NRNU MEPHI, Department of Molecular Physics,
115409, Moscow, Kashirskoje shosse, 31
svbogovalov@mephi.ru

Hydraulic resistance coefficient A is defined according to equation

Conventionally it is assumed that this coefficient depends only on the
Reynolds number. Understanding of the dependence of this coefficient on
the Mach number is important when we deal with a compressible gas flow
with high velocities. Our objective is to determine the dependence of
hydraulic resistance on the Mach number. To determine this dependence,
numerical modeling of the flow of air through a straight circular pipe has
been performed in the ANSYS CFX CAE system for Reynolds numbers
1-10%2-10%3-10*. For every Reynolds number, A has been
determined for a series of different Mach number. We found that the
resistance coefficient A does not depend on the Mach number in the limits
of 0.4%.

Keywords: hydraulic resistance, compressible flow, numerical calculations
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ON NANOPARTICLES OF METALS OF THE 1B
GROUP IN THE DEUTERO-HYDROGEN
EXCHANGE REACTION

n BIMETALLIC CATALYTIC SYSTEMS BASED

M.B. Pshenitsyn, S.A. Efimov, A.A. Guryanova, E.A. Pavlenko,

A.A. Odintsov, O.A. Boeva
Institute of Materials of Modern Energetics and Nanotechnology, D. Mendeleev
University of Chemical Technology of Russia, Russia, 125047, Moscow, Miusskaya
square, 9.
pshenmichail@gmail.com

The catalytic properties of mono- and bimetallic nanoparticles of copper,
silver and gold fixed on the carrier, as well as bimetallic systems CumAgn
and AunAgn with different ratios of components (1:3, 1:1, 3:1) have been
investigated. The samples were synthesised via the impregnation method.
The experiments were conducted at 77 K and 0.5 Torr pressure.

The bimetallic samples exhibited higher activity relative to the
monometallic samples. The activity of the bimetallic samples was up to
six times higher in the CumAgs system and up to 13 times higher in the
AunAgn system. This phenomenon cannot be attributed to the inherent
properties of the metals that form the nanoparticles, indicating the
presence of a synergistic effect among the studied metal pairs.

The nature of the dependence of the catalytic activity of biparticles on the
ratio of metals requires further investigation. In the system comprising
copper and silver, the relationship between the catalytic activity of
bipartite particles and the ratio of metals can be described by a parabola,
with a maximum point at the composition Cu:Ag:. The biparticles 'gold-
silver' exhibits a maximum level of activity at the AusAg: sample, after
which it declines in a linear fashion with the increase in the proportion of
silver. From the above, the following assumptions about the nature of
synergism can be made:

1). In the AumAgn system, gold draws away the electron density of silver,
which ‘activates' this structure.

2). The CumAgn system becomes more active due to the non-uniformity
of the surface structure, which arises from the relatively large difference
in the radii of copper and silver atoms.

Acknowledgements: The work is performed in the framework of the development
program "Priority-2030" of the Mendeleev University of Chemical Technology of Russia.
Keywords: nanoparticles, copper, silver, gold, hydrogen isotope exchange
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PA3BPABOTKA METOJUKHU U ITIPOI'PAMMBbI
PACUYETA HAYAJIBHBIX TJAHHBIX JIJISI
OLIEHKH U3MEHEHUS IOTOKOB ®A3 B
OBMEHHOM KOJIOHHE

A.C. Bunorpanos, P.B. lllapos, /L.I'. BuasieB
AO «B/O «Hzomony,
ya. [locoounckas, o. 22, Mockea, Poccus
asvinogradov@isotop.ru

OpHOM W3 BaKHEHIIMX XapaKTEPUCTHK MacCOOOMEHHOTO TMpoliecca,
oTpaxkaromieii ero 3¢G(EeKTUBHOCTh, SBIIETCS IPOM3BOAMTEILHOCTD
YCTaHOBKH, KOTOpas HaIpPSIMYI 3aBHUCHUT OT BEIMYHHBI CKOPOCTH
MTOTOKOB B3amMojaecTByromux ¢a3. CKOpocTh, B CBOIO OYEpEIb,
ompeJieNisieTcs YCIOBHSMH TIpoliecca, TaKMMH Kak mpupoia ¢das,
TeMIICpaTypa, JaBJICHHUEC, KOTOPLIC BIUAIOT HA MapaMCTpPhl, OTBCYAIOIIHC
3a pexxuM TedeHus. Kpome TOro, XapakTep TeUeHHs] 3aBHUCHT OT
reoOMCTPUHN KaHAJIOB NPCAHA3HAYCHHBIX IJIA IBUKCHUA (1)33.

W3BecTHO, 4TO Ui OpraHW3aldd OOMEHHOrO Ipollecca IIMPOKOe
MIPUMEHEHHUE TIONYYMIIA KOJOHHBIE allapaTkl, 3aN0JHEHHBIE HEJIOPOTOM
HEPeTYJSIPHON HacaaKoW, KOTOpas cO37aeT KaHalbl HEMpaBWIBHOMN
(GOpMBI, YTO YCIIOKHSIET aHaJN3 CTPYKTYPHI M XapaKTePUCTUK MOTOKOB
¢a3. IloaTomy ompaBmaHO UCHOIB30BAaHHE JJIS TAKOTO POJa aHAIIA3a
Pa3IMYHBIX MPOTPAMMHBIX KOMITIeKcoB. OMHAKO, IUIsl CO3IaHUS B HUX
JIOCTOBEPHOHM pacueTHOW MOZEIU HEOOXOIUMBI UCXOJHBIX JAHHBIX O
(U3NKO-XUMHYECKUX CBOWMCTBax (a3, K03 UIMEHTaX COMPOTHBICHHS
Cpelpl IPH Pa3IMYHbIX YCIOBHUSX U MOTOKaX B KosoHHE. [lanHas paboTa
SIBJISIETCS] YaCThIO ATHX M3BICKAHUI M COCTOSIA B Pa3pabOTKe METOAMKHU
W TIPOTPaMMBbl pacyeTa HadalbHBIX MapaMETPOB pa3/ieleHHs] U30TOIMOB
0opa pexkTudukannei ero TpUPTOpUAa B HACATOUHON KOJIOHHE.

Ha ocHoBe ananmm3a nUTEpaTypHBIX AAaHHBIX OTpabOTaHa METOJHKa
ompeneneHuss Ko3QOUIMEHTOB B YpaBHEHHHM CONPOTUBIICHUS, B
IPEAIIOJIOKEHUN k-0 wmonemm TypOyJIEHTHOCTH TEUCHUSA, IS
HECKOJIbKUX BAapHWaHTOB HaCaAKW U BBIBCICHLI @OpMYHI)I g pacyeTa
IUIOTHOCTH U BSI3KOCTH TpudTopuaa 60pa B KHIKOM M Ta3000pa3HOM
COCTOSIHUM B 3aBUCHMOCTH OT YCJIOBHH NpoBeleHusi maccoobmeHa. C
WCTIONIb30BAaHUEM IIOJIyUYE€HHBIX pE3yNbTaTOB pa3padoTaHa MporpamMma
pacdera BBINICYKAa3aHHBIX MapaMETPOB JUISI Pa3IMYHBIX HAYaIbHBIX
YCIIOBUI U BUJa HCIIOJIb3YEMOW HacaiKH.

Knarwuesble ciioBa: HacaJl04YHasl KOJIOHHA, peKTI/I(i)I/IKaIII/IH, MOJACIIUPOBAHUC.
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COMPARISON OF THE CATALYTIC
PROPERTIES OF SILVER, COPPER, GOLD
NANOPARTICLES AND THEIR BINARY
SYSTEMS IN THE ORTHO-PARA CONVERSION

OF PROTIUM

M.B. Pshenitsyn, E.R. Nigmatullina, S.A. Efimov, N.S. Gerasev,
A.A. Odintsov, O.A. Boeva

Institute of Materials of Modern Energetics and Nanotechnology, D. Mendeleev
University of Chemical Technology of Russia, Russia, 125047, Moscow, Miusskaya
square, 9.
pshenmichail@gmail.com

The catalytic and adsorption properties of Cu, Ag, and Au monometallic
nanoparticles as well as bimetallic nanoparticles in CunAgn and AumAgn
systems with variable metal ratios (1:3, 1:1, 3:1) supported on y-Al,Os
were investigated. The particles were synthesized using an impregnation
method with simultaneous mixing of two salts in the impregnating
solution. Reactions were studied over a wide temperature range (77430
K) at a pressure of 0.5 Torr.

Despite the catalytic inertness of massive Cu, Ag, and Au in the isomeric
conversion reaction of protium, both mono- and bimetallic nanoparticles
based on these metals demonstrated activity as centers for this process.
Cu and Ag monometallic particles exhibited similar, relatively low
catalytic activity levels, with logio(Ku)cuy, ag ~ 14.2, whereas Au
demonstrated a threefold increase in activity, with logio(Ku)au ~ 14.7.
Notably, bimetallic CumAgn and AumAgn nanoparticles displayed
comparable activity in the ortho-para conversion of protium, with
|Oglo(Kud) ~14.8.

From these observations, it follows that:

1. Effects arising from the interaction between Cu and Ag within a
nanoparticle lead to the synergism of the catalytic properties of the
system.

2. The catalytic activity of bimetallic particles based on Au and Ag is
independent of the metal ratio. The properties of the resulting system are
characteristic of gold, suggesting that it forms a shell on the surface of the
nanoparticle.

Acknowledgements: The work is performed in the framework of the development
program "Priority-2030" of the Mendeleev University of Chemical Technology of Russia.
Keywords: nanoparticles, copper, silver, gold, hydrogen isotope exchange
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STUDYING THE INFLUENCE OF
TEMPERATURE ON THE
CHROMATOGRAPHIC SEPARATION OF
LUTETIUM-177 AND YTTERBIUM

ILA. Ushakov, V.V. Zukau, E.A. Shelikhova, E.S. Donyaeva
Laboratory No. 31 of Nuclear Research Reactor, Tomsk Polytechnic University,
634050, Russia, Tomsk, Lenina avenue, 30
E-mail: jiaozu@tpu.ru

Radiopharmaceuticals based on the *’Lu isotope are widely used in
modern nuclear medicine, for example, as part of drugs for targeted
therapy of neuroendocrine tumors, prostate tumors and bone metastases.
One of the ways to obtain *’Lu without a carrier is to irradiate an
ytterbium target enriched in "¢Yb with a thermal neutron flux, followed
by the separation of *"’Lu from the ytterbium target by chromatography
on ion exchange resins. The purpose of the work was to determine the
main parameters of the process of chromatographic separation of 7Lu
and Yb at different column temperatures.

Chromatographic separation of ’Lu and Yb was carried out on a
thermostated column filled with Dowex 50WX8 cation exchange resin
(200-400 mesh) in NH** form, in the temperature range from 20°C to
90°C. Alpha-hydroxyisobutyric acid (a-HIBA) with a concentration of
0.125 M was used as an eluent. The eluate was fractionated into 5 ml
fractions and each fraction was measured on a Canberra spectrometer
with a GC2018 detector.

To carry out the experiments, radioactive tracers ’Lu and %°Yb were
used, mixed with stable lutetium and ytterbium in a ratio similar to that
obtained at the end of irradiation of an enriched target with "®Yb.
Distribution coefficients were determined by calculation from elution
curves.

Experiments and calculations have shown that with increasing
temperature, the ratio of the distribution coefficients of lutetium and
ytterbium with the resin increases, the distance between the peak maxima
increases, but the yield decreases due to the broadening of the peaks

Keywords: chromatography, lutetium, ytterbium, separation, nuclear reactor.
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INVESTIGATION OF THE GAS DYNAMICS OF
A PACKED DISTILLATION COLUMN USING
THE LOGOS CAE SYSTEM

D.G. Vidyaev, S.N. Timchenko, D.S. Yurinskii
School of Nuclear Science & Engineering,
National Research Tomsk Polytechnic University,
Lenina Avenue, 30, Tomsk, 634050, Russia.
vidyaevdg@tpu.ru

Film mass transfer devices have found wide application in various
branches of the chemical industry. One of the most common variants of
such devices is packed columns, in which various packed types are used
to create a developed contact surface of interacting phases. At the same
time, dumped packing is considered the most economically
advantageous. However, such packing creates channels of complex and
irregular shape, which complicates the analysis of the structure and
characteristics of phase flows. In this work, based on the literature data, a
3D model of the packed column was created to study the influence of
medium parameters on the parameters of the gas flow movement.

The numerical calculation of the fluid and gas dynamic parameters of the
apparatus was carried out using the Logos CAE system. During the
calculation, a turbulent flow with adhesion on the walls was considered.
The solution of the system was obtained using Darcy's law for the
hydrodynamics of liquid and gas flows in a porous medium.

The approbation of the obtained model was carried out with the help of
the process of separation of boron isotopes by rectification of boron
trifluoride. It is shown that the model adequately describes the movement
of the gas phase in the packed bed of the exchange column under the
assumption of a film countercurrent mode of liquid flow. This model
allows numerical simulation in a wide range of pressures and velocities,
changing the geometric and physical parameters of the system and can be
used to analyze the dynamic parameters of the motion of interacting
phases in the packed column for operating systems similar to the one
studied.

Keywords: dumped packing, numerical simulation, boron rectification.
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STUDY OF CATALYSTS OF
HOMOMOLECULAR HYDROGEN ISOTOPE
EXCHANGE BY METHODS OF
THERMOPROGRAMMED OXIDATION AND

REDUCTION REACTIONS.

S.A. Efimov, M.B. Pshenitsyn, M.E. Potylitsyn, A.Yu. Antonov,
O.A. Boeva

D. Mendeleev University of Chemical Technology of Russia, 125047, Russia, Moscow,
Miusskaya Sq., 9
sir10.efimov@mail.ru

Homomolecular isotope exchange catalysts play a key role in isotope
separation in molecular hydrogen. In this work, nanocatalysts based on
group 1-B metals are investigated by temperature-programmed oxidation
(TPO) and reduction (TPV) reactions.

The samples are synthesized by impregnation of the carrier with precursor
solutions followed by their thermal decomposition. Precursors: AgNOs,
Cu(NOs), and HAUCI,. Carrier: y-Al2Os.

It is shown that the presence of a second metal substrate under the gold
shell leads to a decrease in the oxidation and reduction temperatures of
gold, and this effect being different for silver and copper substrates. This
suggests the formation of bimetallic structures in each case, where the
second metal enhances the reactivity of the gold.

The sample with a silver shell on the gold core shows a shift in the
position of the first oxidation peak towards higher temperatures, and the
appearance of a low-temperature reduction peak, indicating the formation
of bimetallic structures with strong interaction of metals that complicate
the silver oxidation process.

The sample with a copper shell on the gold core also has a decreased
oxidation temperature, but an increased reduction temperature, indicating
the possible formation of structures in which the reactivity of copper to
oxidation increases, and to reduction on the contrary decreases.

Acknowledgements: The work is performed in the framework of the development
program «Priority-2030» of the Mendeleev University of Chemical Technology of Russia.
Keywords: nanoparticles, isotopic exchange, copper, silver, gold.
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THE INFLUENCE OF REACTION CONDITIONS
ON THE RATE OF ISOTOPIC EXCHANGE
BETWEEN WATER AND CHLOROFORM

A.Yu. Chebotov, I.A. Vorakso, I.L. Rastunova., S.A. Kharkova,
N.A. Dubrov, D.D. Vikulov
D. Mendeleev University of Chemical Technology of Russia,
Moscow, Russia 125047, Miusskaya sg., 9
chebotov.a.i@muctr.ru

The object of this study is deuterated solvents, one of the most common
groups of deuterated compounds. Solvents in which protium atoms are
replaced by deuterium atoms are used in nuclear magnetic resonance
spectroscopy.

One of the methods for obtaining deuterated chloroform is isotopic
exchange between heavy water and chloroform of natural isotopic
composition. In this case, the reaction catalyst is alkali.

The paper presents data on the thermodynamic and kinetic characteristics
of the isotope exchange reaction between water and chloroform. It is
shown that the separation coefficient of the reaction under study has
values 1,048 + 1,061 in the temperature range of 298 - 323 K. The
reaction kinetics data indicate an increase in the reaction rate by an order
of magnitude with an increase in temperature from 298 K to 323 K. The
work also determined the influence of the alkali concentration in heavy
water on the value of the observed rate constant (k, s*). Thus, an increase
in the concentration of alkali in water from 0.01 to 0.1 M led to an
increase in k from 4.79+0.25 s to 1.82+0.10 s™.

Acknowledgement: The work is performed in the framework of the development
program “Priority-2030” of the Mendeleev University of Chemical Technology of Russia.
Keywords: deuterated solvents, isotopic exchange, deuterated chloroform, homogeneous
catalysis
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DIOXIDE AND WATER IN A
COUNTERCURRENT COLUMN WITH A
HYDROPHOBIC CATALYST

a ISOTOPE EXCHANGE BETWEEN CARBON

I.A. Vorakso, I.L. Rastunova., A.Yu. Chebotov, V.G. Shimko,

1.0. Efimova
D. Mendeleev University of Chemical Technology of Russia,
Moscow, Russia 125047, Miusskaya sq., 9
vorakso.i.a@muctr.ru

Chemical isotope exchange (ChIE) between carbon dioxide and water is
a promising alternative method to the traditional separation of oxygen
isotopes — vacuum distillation of water. The most effective method for
implementing ChIE is countercurrent separation in packed columns with
a hydrophobic catalyst. However, such catalysts are currently not
available. Previously, the authors of the work demonstrated the
possibility of activating isotopic exchange between water vapor and
carbon dioxide in the presence of hydrophilic granules of gamma-
aluminum oxide (the observed reaction rate constant at 348 K was
1.7740.17 s%).

The paper presents data on the study of the possibility of carrying out the
process of isotopic exchange between carbon dioxide and liquid water in
a column filled with a mixture of hydrophilic packing and a catalyst -
hydrophobized aluminum oxide in a ratio of 4:1. The experiments were
carried out in independent flow mode using oxygen-18 enriched water. A
blank experiment was carried out in the same column filled only with
spiral-prismatic packing, as a result of which, at a temperature of 338 K,
a value of the height equivalent to the theoretical plate (HETP) equal to
270 cm was obtained. The addition of catalyst to the packed bed resulted
in a significant improvement in the mass transfer characteristics of the
process, and the HETP value at the same temperature was 44 cm.
Increasing the temperature to 348 K and 358 K resulted in a decrease in
the HETP to 29 cm and 18 cm, respectively.

Acknowledgement: The work is performed in the framework of the development
program “Priority-2030” of the Mendeleev University of Chemical Technology of Russia.
Keywords: isotope separation, chemical isotope exchange, catalysis, masstransfer
characteristics.
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HECTAIIMOHAPHBIE ITPOOECCBHI C
27 HAKOILJIEHUEM B KOMILJIEKCHOM
TEXHOJIOI'MM PA3JIEJEHUSA
PEAKO3EMEJIBHbBIX 2JIEMEHTOB

A.B. Baibkos
Kagpeopa xumuu Hayuonanvrozo ucciedosamenbckoeo 10epHo2o YHusepcumema
(MU®DH), 115409, Poccus, Mockea, Kawupckoe wocce, 31
ale11534@yandex.ru

HecranmonapHslil peXuM ¢ HAKOIUICHUEM, MPEAYNPEKAAOINNA BbIXOT
KacKaJa Ha OIACHBIM pEeKUM M COXPAHEHHE KauecTBa IOJyd4aeMoil
MPOAYKIIMKA BHEJIPEH Ha MpeanpusTuu MpTeimickas penko3eMenbHas
kommanus (PK) B 2006- 2015 rr. Ha aByX SKCTpaKIMOHHBIX KacKalax
nepepadareiBasin 300T/T KoHIIEHTpaTta P3D ConMkaMCcKOro MarHueBOro
3aBofia. B 3KCTpakIMOHHONW YacTH Kackaja MCKYCCTBEHHO CO3/1aBajH
HECTAIMOHAPHBIA PEXUM C TOAJep)aHHeM (poHTa HAKOTLICHHS
mpaseoanma. Ha JByX SKCTPaKIIMOHHBIX KacKaJax MOJydalld YHUCTHIN
nuanM (99,95%), KOHIEHTpaT JaHTaHa-[epus U KOHIIEHTPaT UTTPUEBOI
TPYIIBI 2JIEMEHTOB.

[Ipennoxern «MOOWIBHBINA YKCTPAKIIMOHHBIA MOYIb» IS Pa3aeleHusI
JIBYX TpyAHO-paznienseMblx P30 ¢ koaddunmentom paznenenus 1,6 -1,7
Y MEHBIIIE C OJTHOBPEMEHHBIM TOJYYSHHEM JIBYX YHUCTBIX KOMIIOHEHTOB
C COJEp’KaHHEM OCHOBHOIO BemiecTBa MUHUMYM 99,9%, no 99,95% u
BHIIIIE W BO3MOXXHOCTHIO OBICTPOH TIEPEHACTPOWKH Ha pasJieieHue
JIPYro mapsel 3JIEMEHTOB.

IIpennoxen mpouecc pasfeieHus IBYX 3JEMEHTOB C OJHOBPEMEHHOMU
OUYHMCTKOM OT puMeceit 6oiee ierkux u 0osee TsokeNbix P3D u BeIBOIOM
4yeThIpex MpoaykToB. [1onpoOGHO paccMOTpeHO pa3zenieHne mpa3eoguma
- HEoJIWMa, TepOUS-AHUCIIPO3Hs], TOIBMHUSI-IPOUs C OYHCTKOW OT Oolee
JIETKUX ¥ 0O0JIee THKENBIX IIEMEHTOB.

KiroueBble cjioBa: HECTAIIMOHAPHBIC JKCTPAKIIMOHHBIC IIPOLECChl, HAKOIUICHHUE,
PEAKO3EMEIIBHBIC SJIEMEHTBI
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THE ATOMIC COMPONENT OF NITROGEN
WITH N ISOTOPES IN THE POST-

a OBTAINING OF 34-FOLD ENRICHMENT OF
DISCHARGE ZONE

S.V. Gudenko!?3 N.M. Gorshunov?
! National Research Center "Kurchatov Institute",
123182, Russia, Moscow, Kurchatov sg., bldg. 1
2 Moscow Institute of Physics and Technology,

141700, Russia, Moscow region, Dolgoprudny, Institutsky per., bldg. 9
% National Research University "Higher School of Economics",
101000, Russia, Moscow, st. Myasnitskaya 20
svgudenko@gmail.com

The EPR method was used to obtain an experimental dependence of the
ratio of the concentrations of N to *N isotope atoms on the time of
nitrogen flow to the EPR resonator through a quartz tube emerging from
the electric discharge zone. With increasing flow time, this ratio,
normalized to the natural ratio, increased and reached a value of ~ 34. A
kinetic model is proposed in which the observed atomic isotopic
enrichment is due to the activation nature of the exchange reaction of
atoms with nitrogen molecules vibrationally excited in the discharge, the
upper vibrational levels of which are enriched with molecules containing
a heavier isotope during nonequilibrium vibrational-vibrational
exchange. In addition to the exchange, the model takes into account the
dissociation of molecules, the recombination of atoms, and the loss of
vibrational energy of molecules on the tube surface. Within the
framework of the model, the vibrational temperature T, = 1556 K and the
average vibrational energy of the molecule £ = 0.038 eV were estimated,
which correspond to the maximum atomic enrichment at a translational
temperature T = 300 K and a molecule concentration of 10" cm?,
Approximation of the experimental data graph using the proposed model
also made it possible to independently estimate the probability of
vibrational deactivation of nitrogen molecules on the wall of the quartz
tube y = 1.1 » 10* and the fraction of the discharge power spent on
excitation of molecule vibrations.

Keywords: gas excitation mode, isotopic enrichment

77



THE ANALYTICAL SOLUTIONS OF
EQUATIONS OF A COUNTER-CURRENT
CASCADE WITH ARBITRARY CUT NUMBERS
OR SEPARATION FACTORS

Wang Lijun
A Veteran Teacher of the Department of Engineering Physics, Tsinghua University,
Beijing, China
ljwang@mail.tsinghua.edu.cn

For the first time the analytical solutions of hydraulic equations of a
counter-current cascade, the stages of which can have arbitrary cut
numbers and output flows partly returned to the entrances of their self,
have been found. If the stages of a cascade are characterized by arbitrary
separation factors a-separation factor in product and p-separation factor
in waste, the analytical expressions for flows and concentrations can be
achieved.

Based on the analytical solutions of the equations of a counter-current
cascade, a software was developed, which can be used to calculate the
data of a counter-current cascade, such as flows and concentrations of
product and waste, flow distribution and concentration distribution inside
a cascade. In addition, there is no any approximation used in the software
so the results provided by the software are always accurate.

Keywords: analytical solution, counter-current cascade, arbitrary cut number.
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U30TOMHO-CEJIEKTUBHASI JIA3EPHASI UK
MHOT'O®OTOHHAS TUCCOLUALIUAS
MOJIEKY.I 1°BCls: IOMCK ONITUMAJIbHBIX
AKIENTOPOB PAJTUKAJIOB

B.b. Jlantes, I'.H. Makapog, A.H. IleTusn, |C.B. Hnrym,cmn“al,
E.A. PsiooB

Omoen naseprnoui cnekmpockonuu®@l BYH Uncmumym cnexmpockonuu PAH, Mocksa,
Tpouyx, 108840 Poccus

Hccenenosana H30TOIHO-CEIEKTUBHAS HK MHOTO(OTOHHAs
nuccormais (M®J]) monexyn BCls uznyuennem ummynscaoro CO»-
nasepa B cpefie 5-tu akuenTopos pagukaios BCl,® (Hz, CHa, CHsF, C3Ha,
CHaF»), xoTopbie TO3BOJISAIOT MOXYYHTh Ta3000pa3HEIe OopcoIepIKaIime
MPOIYKThl. DKCIEPUMEHThHl IMPOBOAWINCH C €CTECTBEHHOW W30TOMHOMN
cmechio Monekyn PBCls (x20%) n MBCl; (~80%). Yactora nasepHOro
W3JTy4€HUs HACTPauBalach B Pe30HaHC ¢ KojebanumeM vi = 993.7 cm?
mostekyn °BCls.

C axuentopom npornuHoM (CsHa) MosTydeHbI 3aBUCHUMOCTH BBIXOJIOB U
cenektuBHOocTH M®JI monexyn °BCl; u !BCl; or cobcrBennoro
nasnenust BCls B muanasone 0.5-2 Topp, a Takxke 3aBUCHMOCTh BBIXOJIa
ra3000pa3HOro MpoayKTa OT KoimdecTBa pacmasimerocs BCls. Dtu
3aBUCHUMOCTH TIO3BOJISIIOT CJIENaTh BBIBOJI, YTO, MO KpaiiHel mepe, 10
nasnenust BCls 2 Topp kosnebarenbHO-KOI€OATETBHBIA OOMEH MEKITY
B030yk1aeMoit komnonenToii ‘°BCl; 1 HeBO30Y K IEHHBIMU MOJIEKYJTAMH
UBCl; npakTruecky He BIUSIOT Ha BBIXOJ U COCTaB MPOAYKTOB. [l psijga
aKUENTOPOB PAIUKaJOB YACTHMYHO HACHTU(PHUUIUPOBAHBI OCHOBHEIC
NpOIYKTHI, (opmupyronmecss npu auccouuanyu monekyn BCls u
MOCIENYIONMX XUMHUYecKHX peaknuid. Caenan BbIOOp akIenTopoB
paIuKaNoB, ONTUMAIBHBIX C TOUYKH 3PEHHS MOJIYYEHUsS] €JUHCTBEHHOTO
ra3o00pa3HOr0 NPOAYKTa JUCCOLMAUMM M JOCTHXKEHHS BBICOKHUX
BBIXOZI0B M cenektuBHOcTH M®D]] Monekyn °BCls.

KiioueBble ciioBa: n3otonHo-cenektuBHas MK MHOrodoToHHas Auccoarys
MOJIEKYI, aKLIENTOPBI PANKAJIOB, ra3000pa3Hble OOpcoAepIKalIne IPOILYKThI
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EFFECTIVE ISOTOPE-SELECTIVE LASER IR
DISSOCIATION OF 'BCL3 AND 'BCLs
MOLECULES UNDER MULTIPHOTON
EXCITATION IN A TWO-COMPONENT

MEDIUM

G. N. Makarov, A. N. Petin

Institute of Spectroscopy of the Russian Academy of Sciences,
108840, Troitsk, Moscow, Russia

In nature, boron exists in the form of two stable isotopic modifications -
10B (about 19.8%) and 11B (about 80.2%). For the successful
development of nuclear energy, a fairly large amount of 10B isotopes is
needed (annual consumption in Russia is up to 1000 kg). The isotope
11BCI3 is used in the electronics industry and in medicine. Therefore, the
development of new technologically effective methods for separating
boron isotopes is currently an important and urgent task. Among the laser
methods of separating boron isotopes, the most promising is considered
to be the method of isotope-selective multiphoton dissociation of BCI3
molecules by a pulsed CO2 laser radiation. However, since the BCI3
molecule is very strong (dissociation energy 110 kcal/mol), effective
dissociation occurs only at very high excitation energy densities 20 J/cm2.
This is a major problem in terms of developing a technological process
for laser separation of boron isotopes. The main goal of this work is to
find experimental conditions under which multiphoton dissociation of
BCI3 molecules would be carried out at low excitation energy densities
®<4 J/lcm2. We have found that a significant decrease in the threshold
dissociation energy density (up to 3-5 J/cm2) of 11BCI3 molecules occurs
in the case of excitation of BCI3 in a mixture with SF6 molecules, which
are both sensitizers and acceptors of radicals (chlorine atoms) formed
during the dissociation of BCI3 molecules. It has also been established
that when BCI3 is excited in a mixture with SF6 molecules, the yield and
selectivity of 11BCI3 dissociation increase (by 1-2 orders of magnitude)
and selectivity (by 2-5 times). The results of experiments performed
under conditions of excitation of BCI3 molecules of natural isotopic
composition by pulsed CO2 laser radiation in a mixture with an optically
active sensitizer and radical acceptor - CH3F molecules - are presented.
It was found that in this case, resonance radiative-collisional vibrational
energy transfer from CH3F to 10BCI3 is observed, which leads to a
significant increase in the dissociation yield (several times) of 10BCI3
and 11BCI3 molecules compared to the dissociation yield with neutral

radical acceptors.
Keywords: laser isotope separation of boron isotopes, multiphoton dissociation of
molecules, sensitizer, radical acceptor.
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MATHUTHASA AKTUBAIIUA U30TOITHOI'O
IOPEKTA ITPU KPUCTAJIVIM3ALIUA

B.®. Meimkunl, B.A. Xan?, A.A. Opaos2, M.IO. Tumamesal,

AJL. MoGepexnuxos’, A.P. Kanokosal, A.-M. OMmux*
1 Tomcxuii norumexnuueckuii yuugepcumem, UATLL, Tomck, np. Jlenuna, 30, P®
2 Uncmumym onmuxu ammocgeput um. ax. B.E. 3yeea, Tomck, na. Axaod. 3yesa, 1, PD
E-mail: gos100@tpu.ru

MaruuTHblli u3oTonHbIN 3¢dexkr (MUD), Habmomaromuiics B XOAe
XUMHYECKAX PEaKIUA MEXAy paauKaJaMH BO BHEITHEM MOCTOSTHHOM
MarHUTHOM TIojie, OBIT OTKPHIT emé mo 1979 roma. Omaako, MUD, He
TpeOyrommi  OOJBIIUX 3aTpaT OSHEPrUU M HMMCIONUN  BBICOKUI
K03 PULIMEHT OAHOKPATHOTO pa3/ieieHUs] W30TONOB, N0 CHX IOp He
HAXOJWT MPAaKTUIECKOTO MpuMeHeHus. [Ipu 3ToM crexyer 3aMeTHTh, 9TO
HEKOTOPBIE PaIUKaJIbHBIC MPOIECCHl B MAarHUTHOM II0JI€ TTO3BOJISIFOT
OpPraHU30BaTh pa3AeIUTENbHBINA KacKa/l.

Hamm wuccnenoBanuss MUD cBsizaHbl C MPOIECCOM  BbIpalllBaHUs
kpuctamioB NaCl w3 mepechlllieHHOro BOJHOTO pacTtBopa. PacTBop
BEIMIApUBAIH TIpu Temmeparype 26°-27°C. B ycloBuSX HaCHIIEHUSI
pacTBopa BO3pacTaeT KOJUYECTBO HEAMCCOIMHMPOBAHHBIX MOJIEKYJ,
oceJlaHne KOTOPBIX Ha MOBEPXHOCTH PACTYIETO KPUCTAIIIA TPOUCXOTUT
M0 «PaJNKAITBHOMY» ITyTH.

Coenunenne NaCl ymo6HO Tem, 4TO JIErKO KpUCTauTM3upyeTcs. [lpu
stom Na wmmeer ommn usorom, a Cl — ngBa. Ilostomy wu3MeHeHHe
M30TOITHOTO COCTaBa WJIM UX €CTECTBEHHOTO pacrpeeNieH!s o 00beMy
MOTYT OBITh 3a(UKCHPOBAHBI METOJIOM PEHTI€HOBCKOH nudpakmuu. Jis
YMCHBILICHUS  PAJUAIlMOHHOW  HArpy3Kd Ha  KPUCTAUIBI  COJIU
peructpupoBanu 5 nudpakuuoHHbI peduiekc (yron 74,8°-75,8°) u 6
pedekc (yrom 84,4°-83,7°). Jlns WCKIIOYEHUS MEXaHUYECKOTO
BO3JICHCTBHS MPH U3MEJIBYCHUHU I AU(PPAKTOMETPHH, BhIpAIIMBAINA U
CYIIHITA MUKPOKPHUCTAIIIBI pazMepoM Meree 0,2 MM.

B nmoxmane mpuBOIMTCS 3KCIEPUMEHTAJIbHBIE JaHHBIE U OOCYXIaeTCs
OpUTHHAJbHAsT MOJIEIh IapaMarHUTHBIX SIBJICHUH, MpPEI0KEHHAS
aBTOpaMH  HCCIEJOBaHUS, CBs3aHHas C mposiBieHueM MUD.
AHanu3upyeTcs BO3MOXKHOCTD MOTy4EeHUS MAKCUMAIILHOTO A deKTa.

Karwuesbie cioBa: KpucTajji3anus, HM30TOIMHBIN 3(1)(1)61(1', ﬂﬂepHHﬁ CIIMH, MarHuTHOC
1oJjie
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SEPARATION OF BORON ISOTOPES BY
CHEMICAL EXCHANGE IN LIQUID-LIQUID
SYSTEM USING MALIC ACID AS A BORON

TRANSPOT AGENT

P.1. lvanov, A.V. Khoroshilov
D. Mendeleev University of Chemical Technology of Russia
freman.doc@mail.ru

In continuation of the complex of works on the separation of boron
isotopes by the method of chemical exchange in liquid-liquid systems
using agueous solutions of boric acid and a solution of tri-n-octylamine
in 0-xylene, malic acid was considered as a transport agent for boron. The
influence of malic acid concentration on the phase equilibrium of boron
was determined, and it was found that the nature of the boron extraction
isotherm is similar to the nature when tartaric acid is used as a transport
agent. It was found that the organic phase is enriched with the boron-10
isotope, and the single isotope effect of boron, with an increase in the
concentration of boric acid in the initial aqueous phase from 0.05 M to
0.7 M, changes from 1.0033 + 0.0011 to 1.0433 £ 0.0056. When
considering the influence of temperature on the magnitude of the single
isotope effect, a decrease in the value to 1 was obtained upon reaching a
temperature of 80 °C, which was accompanied by a decrease in the
distribution coefficient of boron between the organic and aqueous phases.

Acknowledgements: the authors express their gratitude to the Mendeleev Shared
Resource Center
Keywords: separation of isotopes, boron isotopes, liquid-liquid system, single stage
separation factor
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—SOLUTION OF MONOETHANOLAMINE
CARBAMATE IN DMSO SYSTEM IN A
COLUMN WITH A SPIRAL PRISMATIC
PACKING

a FEATURES OF HYDRODYNAMICS IN THE CO:2

M.D. Borisov, A.S. Knyazeva, P.I. lvanov, A.V. Khoroshilov
D. Mendeleev University of Chemical Technology of Russia
mril63@mail.ru

The article discusses the results of determining the hydrodynamic
characteristics of the system CO, — a solution of carbamate of
monoethanolamine in dimethyl sulfoxide in the concentration range of
carbamate between 1 — 3 mol/l in a chemical isotope exchange column
with an inner diameter of 11 mm filled with a spiral prismatic packing
made of stainless steel with an element size of 1.2x1.2x0.2 mm. On
average, the static retention capacity of the packing in the concentration
range of carbamate of monoethanolamine in a solution of 1 — 3 mol/Il
varies from 0.092 to 0.125 m*/m?. The total retention capacity was studied
at a specific fluid flow of 3.2 ml/(min - cm?) in the same concentration
range. As a result, the total retention capacity of the packing layer varies
from 0.449 to 0.513 m*m?3. Exponential equations were obtained
describing the dependence of the hydraulic resistance of the packing layer
on the value of the specific fluid flow in the concentration range of
carbamate of monoethanolamine 1 — 3 mol/l. Additionally, the values of
maximum throughput were obtained for this system. With enlarging of
the concentration the average value of maximum throughput decreasing
from 6.9 up to 3.5 ml/(min - cm?). Moreover, were studied the gas
velocity at the phase inversion point for this system and were calculated
the values of theoretical once. The difference between practical and
theoretical values was no more than 5%, which is an acceptable result.

Acknowledgements: the authors express their gratitude to the Mendeleev Shared
Resource Center

Keywords: hydrodynamics, carbamate method, isotope separation, carbon isotopes,
carbon dioxide
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PHASE AND ISOTOPIC EQUILIBRIUM
BETWEEN BCls AND ITS SOLUTION IN
PERFLUORDECALIN

S.1. Frolova, P.1. Ivanov, A.V. Khoroshilov
D. Mendeleev University of Chemical Technology of Russia
frolowasof@yandex.ru

The phase and isotopic equilibrium between boron trichloride and its
solution in perfluorodecalin is considered.

Data obtained during experiments on the saturation of perfluorodecalin
with boron trichloride in the temperature range from 12 °C to 30 °C
indicate the high solubility of BCI; in perfluorodecalin, which, when
expressed as a molar ratio, varies from 3.024 + 0.004 to 0.099 £+ 0.007
mol BCls/mol perfluorodecalin. The thermal effect of dissolution AH;s of
BCl; in perfluorodecalin is estimated at 4-6 kJ/mol BCls, which is within
the range of van der Waals interaction. Based on the results of isotope
analysis of the gas and liquid phases for this gas-liquid system, a single
isotope effect of boron at a temperature of 12 °C was determined to be
o=1.0085+ 0.0036.

Acknowledgements: the authors express their gratitude to the Mendeleev Shared
Resource Center

Keywords: perfluorodecalin, boron trichloride, boron isotopes, single stage separation
factor

84



ABSTRACTS

POSTERS

MEMBRANE MATERIALS AND COMPOSITES

85



INVESTIGATION OF TRANSPORT
a PROPERTIES OF MIXED MATRIX
MEMBRANES BASED ON POLYSULFONE

WITH ADDED GRAPHENE OXIDE
NANOPARTICLES

A.S. Gizzatov, Yu.S. Eremin, M.A. Petrov, A.M. Grekhov
Department of Molecular Physics, NRNU MEPhI,
115409 Russia, Moscow, Kashirskoye highway, 31
gizzatovaltay472@gmail.com

The process of separating gas and liquid mixtures is an energy-intensive
stage in industry. In this case, the primary method used is distillation,
which involves the evaporation and condensation of vapor from the
mixture, a process that is also not environmentally friendly due to the
emissions. An ecologically cleaner and less energy-intensive alternative
is the use of baro-membrane processes.

In our work, we investigated the influence of graphene oxide (GO) on the
permeability of pure water under high pressures through membranes
made of polysulfone (PSF) with added GO. Samples were prepared using
the phase inversion method; the casting solutions were composed of
dimethylformamide (DMF), PSF, and GO, with a mass concentration of
PSF in DMF of 15% and GO relative to PSF ranging from 0% to 1%.
The permeability of liquids was measured by method and experimental
setup which was described in work [1]. The measurements were taken
with constant temperature of 30 °C and pressure of 1.0, 1.5, 2.0 MPa

It was found that the addition of GO leads to a nonlinear change in the
permeability of made membranes. The addition of 0.1% GO showed a
3.1-factor increase in permeability, while further adding GO led to a 2.8-
factor decrease of permeability. There are no models that describe such
behavior of permeability. The obtained results may be related to the
influence of GO on the membrane formation process.

Keywords: mixed matrix membrane, graphene oxide, ultrafiltration, polysulfone
References:

[1] Grekhov A., Belogorlov A., Yushkin A., Volkov A. New express dynamic technique
for liquid permeation measurements in a wide range of trans-membrane pressures //
Journal of Membrane Science. — 2012. — Vol. 390-391. P. 160-163.

86



ON OPTICAL, THERMAL AND MECHANICAL
PROPERTIES OF POLY(VINYL ALCOHOL)
FILMS

. EFFECT OF GRAPHENE OXIDE EMBEDDING
37

M.A. Petrov, Yu.S. Eremin, A.M. Grekhov
Department of Molecular Physics, NRNU MEPhI,
115409 Russia, Moscow, Kashirskoye highway, 31

pmapetrov@gmail.com

Nowadays polymer composites filled with graphene-based particles are
being actively studied. Graphene is a two-dimensional material in the
form of single-layer carbon sheets with outstanding mechanical, thermal
and electrical properties. This allows achieving significant changes in the
properties of the composite even at low filler concentrations.

The aim of this work was to study the optical, thermal and mechanical
properties of polyvinyl alcohol films with embedded graphene oxide
(GO) particles. The samples were prepared by solvent evaporation
method, the filler fraction in the films varied from 0 to 1 wt%. In order to
characterize  properties of the composites tensile testing,
spectrophotometric and thermomechanical analysis were carried out.
Optical density measurements of the obtained samples in the ultraviolet
and visible range indicate successful dispersion of GO nanoparticles in
the polymer matrix. The change in elastic modulus of the films for all
filler concentrations was negligible (within 10% of the average value).
Incorporation of GO improved the thermal stability of the samples, and
an increase in the GO concentration enhances the effect.

Keywords: composite films, poly(vinyl alcohol), graphene oxide
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EFFECT OF SURFACE MODIFICATION OF
CARBON NANOTUBES AND GRAPHENE ON
DISPERSION EFFICIENCY

A.M. Kolodiy, E.D. Shapovalova, M.M. Shishirin, Yu.S. Eremin
Department of Molecular Physics, NRNU MEPhI
115409 Russia, Moscow, Kashirskoye highway, 31
YSEremin@mephi.ru

The introduction of nanoparticles into polymers allows to improve their
properties. Carbon nanotubes (CNT) and graphene are of particular
interest; these particles have a number of unique physical properties, and
their geometric shape allows to change the properties of polymers at low
concentrations (<1%). Their shape and properties only begin to work, if
their agglomerates can be dispersed into individual particles, which is not
an easy task.

This work presents the results of a study of the influence of the method
of functionalization of the surface of CNT and graphene on the optical
density of suspensions and films in the visible and ultraviolet regions
(190-1100 nm). For this purpose, suspensions of CNT “TAUNIT” and
graphene (RG-S1) were prepared in a polar solvent (distilled water), in a
non-polar solvent (chloroform) and polysulfone films with these particles
(Cm=0-2%). An ultrasonic bath (35 kHz 100 W) was used to disperse the
particle agglomerates. A spectrophotometer (Hach dr 5000) was used to
measure the optical density. The particle surface was modified with nitric
acid and a mixture of nitric and sulfuric acid.

It was found that in aqueous suspensions for graphene the difference in
dispersion efficiency between nitric acid and a mixture of nitric and
sulfuric acid is insignificant, while for carbon nanotubes the maximum
dispersion efficiency is observed when using a mixture of nitric and
sulfuric acid. In films made of polysulfone and embedded particles of
different modifications, it was found that for CNT there is no fundamental
difference between the use of nitric acid or a mixture of nitric and sulfuric
acid. Functionalization of the surface of the particles leads to an increase
in the optical density of all those studied films, i.e. to an increase in the
degree of dispersion of CNTs and graphene in polysulfone

Keywords: graphene, carbon nanotube, polymer, agglomerates, dispersion
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ASSESSMENT OF CHANGES IN THE
STRUCTURAL CHARACTERISTICS OF
CARBON-CARBON COMPOSITE MATERIALS

AND CARBON-FIBRE COMPOSITE AFTER
HIGH-TEMPERATURE TESTS

S.N. Diesperov?, B.S. Kleusov!, A.V. Nakhodnova?, V.M. Samoylov?,
A.A. Belogorlov?

1 Block on Science and Innovations, Joint-Stock Company "Scientific Research Institute
of Graphite-based Structural Materials "Nligrafit", 111524, Russia.
2 Department of Molecular Physics, National Research Nuclear University MEPhI,
115409, Russia.

Carbon-carbon composite materials (C/C composite materials) and
carbon-fibre composite having a heterogeneous structure including
reinforcing fibers, a carbon matrix and pores are of considerable interest
for modern scientific research due to their unique mechanical and thermal
properties at a relatively low density. These materials are in great demand
in space technology, modern aircraft and rocket engineering, wind
energy, as well as in the automotive industry.

The aim of the work was to study the structural properties of C/C
composite materials and carbon-fibre composite after conducting high-
temperature tests on them at 2000 °C and 2500 °C.

The research was carried out using Raman spectroscopy and X-ray phase
analysis.

The conducted studies made it possible to assess the degree of structural
changes in C/C composite materials and carbon-fibre composite under the
influence of high temperatures. It has been established that composite
materials are resistant to high-temperature exposure, but are subject to
structural changes at temperatures above 2000 °C.

The results obtained are important for the development and use of these
materials in high-tech industries.

Keywords: carbon-carbon composite material, carbon-fibre composite, Raman
spectroscopy, X-ray phase analysis.
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M.Yu. Yablokov, A.A. Kuznetsov
Enikolopov Institute of Synthetic Polymeric Materials, Russian Academy of Sciences,
70 Profsoyuznaya str. Moscow, 117393, Russia
Yabll@yandex.ru

Direct-current glow discharge treatment of polytetrafluoroethylene
(PTFE) films was used for their significant hydropilization. Low-
temperature plasma processing by direct-current discharge also leads to
the appearance of surface charges on initially hydrophobic polymer
surfaces. Storage of PTFE films after plasma treatment in environments
with different relative humidity leads to an increase of water contact angle
and at the same time to the decrease of urface potential. Hydrophobic
recovery of plasma-treated PTFE films is considered as a consequence of
charge relaxation in humid atmosphere. It was shown that the increase of
hydrophilicity after plasma treatment of polymers may be assumed as the
result of surface charging during plasma processing of polymer surfaces.

Acknowledgements: The work was financially supported by the Ministry of Science
and Higher Education of the Russian Federation, Contract FFSM-2024-0002.
Keywords: plasma treatment, wettability, polymer surfaces
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Zelenograd, Moscow, Russia
E-mail: kata13012002@mail.ru

Porous anodic aluminum oxide (PAAOQ) is a nanostructured material with a high
specific surface area, varying from units to tens of square meters per gram of
substance. An interesting and practically important task is to create an optical
sensor platform based on PAAO. To solve this problem, it is necessary to strictly
control the chemical composition of the samples, the type of defects and their
concentration.

Two series of the PAAO were synthesized by the anodic oxidation method in
solutions based on selenium and sulfuric acid with different synthesis parameters
(electrolyte concentration, current density, temperature, anodization time).
Selenium and sulfur were found in the composition of the corresponding PAAO.
It was found that all samples have an amorphous structure, but for the first time
it was found that when the synthesis temperature of the samples is increased only
to 40 °C and at a current density of 15 mA/cm?, the samples begin to crystallize.
We assume that this is due to the nanosized phase of aluminum oxide. In all
PAAO samples, defects of the oxygen vacancy type were found, the
concentration of which is approximately the same in both PAAO series and
increases with the growth of the electrolyte temperature. This is confirmed by
the data of X-ray phase analysis, according to which with the increase of the
electrolyte temperature during synthesis, a decrease in the oxygen content in the
PAAO is observed. It should be noted that only in the PAAO based on selenic
acid were defects of the oxygen anion-radical type detected, and in a
concentration more than an order of magnitude higher than oxygen vacancies. A
mechanism for the observed effect is proposed that takes into account the higher
oxidizing capacity of selenic acid. The obtained data can be used to obtain an
optical sensor platform based on PAAO with specified characteristics.

Acknowledgements: The study was supported by a grant from Russian Science
Foundation Ne 24-19-00402, https://rscf.ru/en/project/24-19-00402/.

Keywords: porous anodic aluminum oxide, selenic acid, sulfur acid, oxygen vacancy,
oxygen anion-radical
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CARBON NANOTUBES AND GRAPHENE ON
THE PASSAGE OF TERAHERTZ RADIATION
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THROUGH POLYSULFONE POLYMER FILMS
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2 National Research Nuclear University MEPhI, Department of Physics of Micro- and
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The terahertz radiation region (0.1-10 THz) is an intermediate range
between microwave and infrared radiation and has several unigque
properties, which makes it interesting for scientific research and practical
applications. A current applied task is the creation of composites capable
of absorbing radiation in the terahertz frequency range. One way to solve
this problem is to create polymer films with embedded nanoparticles that
absorb terahertz radiation. Of particular interest due to their
physicochemical properties are carbon nanotubes and graphene, which
allow changing the physical properties of polymers at low concentrations
(< 3%).

This work presents the results of research of the optical properties in the
terahertz (THz) range (520-1520 GHz) of polysulfone (PSF) polymer
films with embedded carbon nanotubes (CNTs) and graphene
nanoparticles, prepared by mixing solutions of PSF/chloroform solutions
and CNT/chloroform and graphene/chloroform suspensions. The
measurements were carried out on an experimental setup for
measurements in the THz frequency range.

It was found that the introduction of nanotubes into PSF films led to a
decrease in intensity at a frequency of 960 GHz by 1.5 times at a CNT
concentration of 3% and a film thickness of 55 um. For a film with a
thickness of 65 um and a graphene concentration of 2%, it was possible
to achieve a decrease in transmitted radiation compared to incident
radiation by 50 times at a frequency of 1360 GHz and by 220 times at a
frequency of 1520 GHz.

Keywords: Carbon nanotubes, graphene, polymer, polysulfone, optical density
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POLYPHENYLENE SULFONE HOLLOW FIBER
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Membrane filtration is becoming one of the most sought after water
purification technologies today. The main application of membranes is
the treatment of water media containing pathogenic organisms. For this
reason, periodic sterilization of membrane elements is required. Of the
polymers withstanding such effects on a multi-cycle basis, the most
promising is polyphenylene sulfone (PPSU), which has high temperature
resistance, long thermal stability, high mechanical strength and resistance
to hydrolysis. In this work, hollow fiber membranes based on the
synthesized PPSUs with different molecular weights were prepared and
investigated in terms of transport and separation properties. The
membrane that showed the best filtration result was exposed in autoclave
for 250 h. Polysulfone (PSU) membranes were used as a comparison
membrane. During the autoclaving process, samples were taken to study
mechanical, transport and molecular weight characteristics. It was shown
that the characteristics of PPSU membranes remained constant, while
PSU membranes lost mechanical strength during sterilization.

Acknowledgements: this work was funded by the Russian Science Foundation, Russia
(Project no. 22-19-00711) https://rscf.ru/en/project/22-19-00711/.

Keywords: polyphenylene sulfone, hollow fiber membrane, molecular weight,
autoclaving
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Automated layout-winding with a thermoplastic prepreg is a promising
method of forming thin-walled shells of composite structures. Improving
the performance of these materials is an important task. One of the
limiting factors for the development of an effective process strategy is the
assessment of the influence of thermophysical properties during laser
molding.

The purpose of this research is to solve the optimization problem
according to the technological parameters of the process of automated
laying-winding of composite material based on the distribution of
monofilaments in an array of thermoplastic prepreg. The studies were
carried out by the method of laser flash and the method of differential
scanning calorimetry, as well as the study of the physical and mechanical
properties of composite material samples. The obtained results were
compared with an analytical model for the convergence of values, which
served as the basis for solving a biparametric optimization problem.

Keywords: thermoplastic prepreg, automated layout, laser deposition, optimization task,
monofilament.
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The development of membrane materials that have an antifouling effect
is a significant challenge for pervaporation separation processes. In order
to obtain pervaporation membranes resistant to fouling a series of
poly(decyl)-poly(pentafluoropropylacrylate)-methylsiloxane copolymers
were synthesized for the first time. The near-quantitative addition of
2,2,3,3,3,3,3,3-pentafluoropropyl acrylate (F5) and 1-decene to
polymethylhydrosiloxane was confirmed by *H NMR spectroscopy. The
completeness of the hydrosilylation reaction in the crosslinked films was
confirmed by IR spectroscopy. The influence of copolymer composition
on gas-transport properties of films for CO,, CH4 and N2 was considered.
The introduction of F5 into poly(decylmethylsiloxane) (OF) results in an
increase in CO; solubility and permeability coefficients across the entire
concentration range studied. The interaction of side substituents in the
polymer structure affects the sorption of individual liquids in a similar
way. Increasing the F5 content in the copolymer leads to an increase in
volumetric sorption on ethanol and acetone. The dependence of n-butanol
sorption has an extreme character, with the maximum occurring for the
sample with 50% mol F5 containment (50F5). Based on 50F5 copolymer
characterized by the maximum value of gas permeability and sorption of
n-butanol, composite membranes on MFFK-1 microfiltration substrate
were prepared. A comparative study of the stability of transport properties
of 50F5/MFFK and OF/MFFK membranes after 2 months of contact with
solutions of fouling agents (ABE broth, lecithin, protein) demonstrated
that the presence of fluoroacrylate groups in the polymer of the selective
layer allows at least halving, and in the case of ABE broth, almost
completely preventing the relative permeability decrease of the composite
membrane.

Acknowledgements: The research was funded by the Russian Science Foundation, grant
number 22-79-10332, https://rscf.ru/project/22-79-10332/.
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membrane, fluoroalkylacrylate-substituent polysiloxane, antifouling membrane materials
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The paper presents the methods for formation of one- and two-layer
superhydrophobic coatings on the surface of hydrophilic poly(ethylene
terephthalate) track-etched membrane by electron-beam deposition of
polymers in vacuum. It is shown that the usage of ultra-high molecular
weight polyethylene as a target makes it possible to obtain hydrophobic
and highly hydrophobic coatings with morphologically developed
structure. The water contact angle of this layer, depending on its
thickness, varies from 92 to 125°. This change in the wettability is due to
the development of roughness of the deposited layer having hydrophobic
properties at the increase its thickness. The electron-beam deposition of a
thin layer of polytetrafluoroethylene on their surface leads to the
formation of the two-layer superhydrophobic coatings. The values of
water contact angle for this type of membranes, depending on the total
thickness of the two-layer coating, vary from 150 to 160°. A significant
increase in the value of contact angle is due to the lower free surface
energy and more considerable development of the roughness of the
fluoropolymer comparison to the ultra-high molecular weight
polyethylene coating. To obtain a one-layer superhydrophobic coating on
the membrane surface, polytetrafluoroethylene was used as a target. It is
shown that the elaborated composite membranes can be used for
desalination an aqueous sodium chloride solution by membrane
distillation. It is revealed that the use of the thin hydrophobic layer in
combination with the thick hydrophilic substrate increases the
productivity of the membrane distillation process.

Keywords: track-etched membrane, electron-beam deposition of polymers in vacuum,
superhydrophobic coatings, composite membranes
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ANOMALOUS ALKANES SORPTION AND
DIFFUSION IN COMB-LIKE
SEMICRYSTALLINE POLYSILOXANE

S.E. Sokolov, E.A. Grushevenko, I.L. Borisov, V.V. Volkov
A.V.Topchiev Institute of Petrochemical Synthesis, 119071, Russia
sokolovste@ips.ac.ru

In this work, alkanes (C2Hs, CsH10) sorption and diffusion in comb-like
poly(n-tetradecyl methyl siloxane) (PTDMS) were investigated for the
first time. The studies were carried out using the gravimetric sorption
analyzer at temperatures below (5°C) and above (25°C) the side-chain
melting point.

For amorphous PTDMS, it was found that the solubility S and diffusion
D coefficients increase linearly with sorbed alkane concentration. The
sorption and desorption isotherms coincide, and the sorption Kinetics
were well approximated by the solution of Fickian diffusion equation.
The same sorption and transport behavior was previously observed for
polydimethylsiloxane.

For semicrystalline PTDMS, the anomalous sorption and diffusion
behavior was found. In a wide range of sorbed alkanes concentrations (5
— 30 cm3(STP)/cm?3), a discrepancy between sorption and desorption was
observed, as well as anomalous sorption kinetics with additional long-
term relaxation stage. The alkanes diffusion coefficients in this
concentration region increase by almost an order of magnitude (~10" —
10 cm?/s). Moreover, the concentration dependences S(c) and D(c) at
5°C are strongly nonlinear. These anomalous sorption and transport
properties were explained by the side-chain melting and crystallization
during alkanes sorption and desorption, respectively. Such type of first
order phase transition (sorption/desorption induced
melting/crystallization) was detected for the first time for polysiloxane.

Acknowledgements: This research was carried out within the framework of the state
program of TIPS RAS.
Keywords: polysiloxane, comb-like polymer, anomalous sorption, anomalous diffusion
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TEYEHUE HECMAYHUBAIOIIEN )KUJKOCTHU
B KBASULIMJIMHAPHYECKAX HAHOIIOPAX
MMPU UMITYJILCHOM U3MEHEHUU
TABJIEHHS

HN.A. XuuctyHoB A.A. Bejsioropsios
Kagpeopa «Monexynapnas gpusuxay, Hayuonanvuwiil ucciedosamenbCckuil A0epHulil
yhugepcumem MU®U, Poccus, 115409, Mockea, Kawupckoe wi., 0. 31
khlistunov.igor@mail.ru

Bompoc o TpaHcmopTe HecMauMBalOUmIeld JKHIKOCTH B HaHOIIOpax
NpUBJIEKaeT 3HAYUTEIBHOE BHUMAHWUE B IOCICOHHE TONBI B CHITY
IINPOKOTO  CHEKTpa  BO3MOXHBIX  OpwiokeHud. OmHuM U3
NEPCHEKTUBHBIX HANpaBJICHUH SBIIETCS pa3padoTKa HOBBIX CMapT-
MaTepuajgoB JUIsl  JAEMI(PHUPOBAHUS  WMIIYJIBCHOTO  BO3JCHCTBUS,
COCTOSAIIMX M3 HAHOMOPUCTOTO MaTepuana, TOTPYKEHHOTO B
HECMAYMBAIONIyI0  JKUAKOCTh,  KOTOpble  MOTYyT  3(¢EeKTUBHO
npeoOpa3oBeIBaTh M JUCCHIIUPOBATH MEXaHWYECKYIO  JHEPTHIO.
YCcTaHOBIIEHO, YTO TMOTJIONICHWE YHEPTUH B TAKUX CUCTEMax B MEPBYIO
ouepeAb OIpENeNseTcs OTKIMKOM CHCTEMbI, Ha KOTOPBIH BIIUSET
CKOPOCTh TEUEHUSI HECMAUYUBAIOLIEH JKUJIKOCTU B KaHanax HaHomop [1].
B Hacrosiieli paboTe ucciieZoBaHO TeUCHNE HECMAYHUBAIOIICH KUIKOCTH
B KaHalax HaHOIOp LWIMHAPUYECKOM (QOpMBI B  cHCTEME
«HAHOTIOPHUCTHIA MaTepUall-HECMAaYMBAIOIIAsl KUIKOCTb» B YCIOBHUSX
UMITYJILCHOTO (yJapHOTO) HW3MEHEeHus namieHus. s atoro Obun
NpOBENIEHbl  CEePUU  OKCHEPUMEHTOB C  TUApo(oOM3HPOBAHHBIM
Ha"onopucteiM MaTepuaioM MCM-41 C1. B kauecTBe HeCMaunBarOLIEH
’KHJIKOCTH UCTIONB30BAINCH TUCTUIIMPOBAHHAS BOJIA U BOJHBIN PacTBOP
STHIJIOBOTO CITUPTA.

[1] Belogorlov A. A. et al. Suspensions of lyophobic nanoporous particles as smart
materials for energy absorption //Journal of Colloid and Interface Science. — 2021. — T.
600. — C. 229-242.

Buaarogapuoctn: Pa6ora Bemonnena npu noanepxke PH®, npoext Ne 18-13-00398.
KioueBble c10Ba: HeCMauMBAOIIas JKUIAKOCTb, HAaHOIOPUCTHIH MaTepHal, TEYeHHEe
HECMAYMBAIONIEH JKUAKOCTH, HMITyJbCHOE H3MEHEHHE MaBJICHMS, IHIMHIPUUCCKUE
HaHOTIOPEL.
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STATES OF NON- WETTING LIQUID

m ENERGETICS OF SHORT- OR LONG-TERM
DISPERSED IN NANOPOROUS MATERIAL

S.A. Bortnikova A.A. Belogorlov, V.A. Byrkin
Molecular Physics Department, National Research Nuclear University MEPhI, Russia,
115409, Moscow, Kashirskoye sh. 31, Moscow, Russia
SABortnikova@mephi.ru

Systems consisting of nanoporous material and non-wetting liquid now
have a wide range of possible applications from absorption and storage
of mechanical energy to drug delivery systems. The non-outflow of the
non-wetting liquid was previously found to be key to determining the
feasibility of such systems. This phenomenon can be considered as a
transition of a part of the liquid into a metastable state, and the decay of
such states is determined not only by the pore size distribution function,
but also by the spatial structure of the pores.

The work presents a method of determining the energy of short- (up to 10
s) and long-term (from 10 to ~ 10”3 s) metastable states of non-wetting
liquid in the case of complete and partial initial filling of pores with non-
wetting liquid. For the investigated system: nanoporous material Fluka
100 C18 (60756) - non-wetting liquid distilled water the results of
calculations of energy of short- and long-term metastable states of non-
wetting liquid in case of complete and partial initial filling of pores with
non-wetting liquid were obtained.

Acknowledgments: The work was supported by RNF, project No. 23-29-00352.

Keywords: non-wetting liquid, nanoporous material, relaxation of non- wetting liquid,
metastable states
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INFLUENCE OF PORE SIZE ON THE FLOW
OF NON-WETTING LIQUID IN NANOPORES

A.A. Belogorlov, S.A. Kulakov, V.A. Byrkin, V.D. Asafova,

S.A. Bortnikova
Molecular Physics Department, National Research Nuclear University MEPhI, Russia,
115409, Moscow, Kashirskoye sh. 31, Moscow, Russia
aabelogorlov@mephil.ru

In recent years, interest in the description of fluid transport in
nanochannels has increased. These studies are mainly based on results
using molecular dynamics methods. Within the framework of these
studies it is shown that the filling velocity of non-wetting liquid in
nanochannels can reach more than 100 m/s.

In the present work, the filling of nanoporous materials with pore sizes of
9 nm (Fluka 100 C8), 5 nm (Fluka 60 C8 PF), and 2 nm (MSM-41-C1) at
pressure growth rates of 1.6 16 and 160 atm/s with non- wetting liquid
(distilled water) has been studied. It is shown that the decrease in pore
size increases the characteristic pore filling pressures with decreasing
pore size and increasing pressure growth rate. Moreover, for the Fluka
100 C8-water system, the influence of the pressure growth rate is absent
within the error of the experiment.

Acknowledgments: The work was supported by RNF, project No. 23-29-00352.
Keywords: non-wetting liquid, nanoporous material, flow of non-wetting liquid, pressure
growth rate.
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SWELLING PROPERTIES OF
POLYDECYLMETHYSILOXANE: INFLUENCE
1-DECENE/CROSS-LINKING DIENE RATIO

P.O. Tokarev, T.N. Rokhmanka, E.A. Grushevenko
A.V. Topchiev Institute petrochemical synthesis RAS
tokarevpo@ips.ac.ru

Polydecylmethylsiloxane (C10) is a promising polysiloxane material for
the volatile organic compounds (VOCs) separation from air or off gases.
However, there is a problem of decreasing membrane separation
properties in VOC/gas mixture, which is deals with significant
polysiloxane swelling in VOC media. By chemical cross-linking the
polysiloxane structure can be modified and undesirable swelling reduced.
In this work, C10 was cross-linked by vinyl-terminated PDMS (molecular
weight of 25,000 g/mol) and dienes (1,7-octadiene, 1,9-decadiene, 1,11-
dodecadiene), marked as C10-Sil25-OD, C10-Sil25-DD, C10-Sil25-
DdD, and polymer films with a 1-decene:CD ratio of 9:1 to 1:9 were
obtained. The synthesis of cross-linked C10 was carried out according to
the methodology previously developed at TIPS RAS, which is based on
the hydrosilylation reaction. Sorption (S), swelling (Q), density (p) and
membrane samples cross-link densities (ye) were measured in the
obtained films.

It is shown that all polymers are characterized by a decrease in S, Q with
increasing CD content. The lowest values are observed at 1:9 ratio for
C10-Sil25-0OD (S =0.722; Q = 1.057) and the highest at 9:1 ratio for C10-
Sil25-DD (S = 2.788; Q = 2.990). The obtained pattern correlates well
with p and ye of the polymers, as p and ye of the polymers increase with
decreasing S and Q. For example, the C10-Sil25-DD polymer has p and
ve =0.992 and 2.617, respectively, at 1:9 ratio and p and ye = 0.954 and
1.426, respectively, at 9:1 ratio. Data comparing the gas permeability of
cross-linked C10 with different 1-decene/CD ratios will be presented in a
poster presentation.

The data obtained in this study will help to identify the most promising
polymers for the separation of VOC/gas mixtures and improve the
understanding of the chemical structure of cross-linked C10. The C10-
Sil25-0D polymer with a 1-decene/CD ratio of 1:9 is the most interesting
for further investigation in the separation of VOC/gas mixtures as it

showed the lowest swelling value (Q = 1.057).

Acknowledgements: This research was funded by the Russian Science Foundation, grant
number 23-79-10265

Keywords: polydecylmethylsiloxane; cross-linking; sorption; swelling degree
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USE OF ULTRAFILTRATION THIN-PORE
PAN MEMBRANES FOR REFINING USED OIL

A.P. Nebesskaya, A.V. Balynin, A.A. Yushkin, A.S. Lyadov, V.V.

Volkov
A.V.Topchiev Institute of Petrochemical Synthesis, RAS, Russia
E-mail: nebesskaya@ips.ac.ru

Membrane filtration of used engine oil (UEO) is a promising method for
its regeneration, enabling continuous removal of contaminants such as
heavy metals and polycyclic aromatic hydrocarbons under relatively mild
conditions. This regeneration approach allows for the extraction of
valuable oil components, conserving natural resources and reducing the
environmental impact associated with improper disposal or emissions
from traditional processing methods. Previously, we conducted a study
on the purification of UEO using ultrafiltration membranes made from
PAN (polyacrylonitrile) solution in DMSO without co-solvent additives.
To enhance membrane permeability, UEO was diluted with an organic
solvent such as toluene. Filtration successfully removed over 95% of key
contaminants, including polymerization products and metals, which are
especially harmful to the environment.

This study aims to select ultrafiltration thin-pore PAN membranes to
separate the low-molecular-weight organic solvent from the permeate
obtained in the prior purification stage. For this purpose, a newly
developed approach of directed regulation of PAN ultrafiltration
membrane porosity, achieved by adding acetone as a co-solvent to the
casting solution, will be used. Varying the casting solution composition
results in membranes with different pore sizes from 3.7 to 36 nm.
Additionally, an analysis of the composition and physicochemical
properties of waste motor oils was conducted to identify the main types
of contaminants formed during oil use.

Acknowledgements: This work was funded by the Russian Science Foundation (Project
no. 24-63-00026).

Keywords: polyacrylonitrile, separation, asymmetric membrane, ultrafiltration, used
engine oil.
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EFFECT OF TETRAHYDROFURAN AS CO-
SOLVENT ON FABRICATION OF
POLYACRYLONITRILE ULTRAFILTRATION
MEMBRANES BY NON-SOLVENT INDUCED

PHASE SEPARATION

A.P. Nebesskaya, Y.V. Shvorobei, A.V. Balynin, A.A. Yushkin
A.V.Topchiev Institute of Petrochemical Synthesis, RAS, Russia
E-mail: nebesskaya@ips.ac.ru

Membrane separation processes have become widely used across various
industries due to their simplicity, environmental friendliness, energy
efficiency, and nearly limitless scalability. In petrochemical applications,
several tasks involve the separation of dissolved substances and
impurities with molecular weights up to 5 kDa, including the recovery of
petrochemical synthesis catalysts from reaction products and the
separation of asphaltenes from crude oil and petroleum products. Such
tasks require membranes with a molecular weight cut-off (MWCO) in the
range of 1-3 kDa. Polyacrylonitrile (PAN) is a widely used material for
ultrafiltration membranes due to its high chemical resistance to organic
solvents, mechanical strength, and resistance to fouling by organic
compounds. However, PAN membranes generally exhibit MWCO values
above 10 kDa. One approach to reducing pore size involves the use of
volatile co-solvents. This study investigated the effect of adding
tetrahydrofuran (THF) as a co-solvent on the characteristics and structure
of PAN membranes prepared via non-solvent induced phase separation
(NIPS). Dimethyl sulfoxide (DMSO) and N-methyl-2-pyrrolidone
(NMP) were used as solvents. Results showed that the addition of THF
significantly reduced the viscosity of the casting solution. Morphological
analysis revealed that with increasing THF content in NMP, the
membrane structure remained unchanged. In the case of DMSO,
however, an asymmetric structure with cellular micropores began to
dominate. The separation performance of the resulting membranes was
evaluated through the filtration of 1, 10, and 50 g/L crude oil solutions in
toluene.

Acknowledgements: This work was funded by the Russian Science Foundation (Project
no. 24-29-00851).

Keywords: polyacrylonitrile, co-solvent, asymmetric membrane, ultrafiltration, phase
inversion.
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IMPEJATIOCBIVIKA K PABPABOTKE
AJIBTEPHATHUBHOI'O TIPOLECCA
IHOAI'OTOBKH ITPOb OB BEKTOB,

COJEPKAIIIUX B COCTABE YPAH U
IJIYTOHUMH, 1JISI AHAJJUTUYECKOI'O
OIPEJEJIEHUA HEKOTOPBIX TIPUMECEHN

O.B. IliietneBa’, A.E. Kpau?, E.C. KocMbIHuH"
140 «Cubupcruii Xumuueckuii Kombunamy, 636039, Poccus, Tomckas obracme, e.
Cesepck, yn. Kypuamosa, 1
sxk@rosatom.ru

Onpe/enieHue MPUMECE B YPaHOBO-IUTYTOHUEBBIX OOBEKTaX SIBIISCTCS
BaXHOW YacThbIO KOHTPOJISI TEXHOJIOTMYECKOIO Tpolecca U aTTecTallu
nponykuuu. Kiaccuueckuil MeToj, — SMUCCHUOHHBIA CHEKTpaJbHBIN
aHaJN3, He MOXKET ONPENeNINTh TaK1e MPUMECH KakK (Top U XJI0p u3-3a ux
BBICOKOM SHEPrUM MOHM3ALMK U OOPa30BaHUs JIETYYUX COEAMHEHUH B
IIpollecce aHaIn3a.

B DOpOMBIIUIEHHOCTH C  3TOM  WENbI0  HCHOJB3YIOT  HOHHYIO
XpoMartorpaduio ¢ MpeaBapUTEIbHBIM MTUPOTHAPOIH3HBIM CXKUI'AHUEM
poOBkI, OTHAKO 3TOT METO/I TPEOYET U CIIEUATIbHOTO 000PYI0BAHHUS, UTO
yBENIMUMBAaeT BpeMs aHanu3a. lloaToMy mpemIoKeHHbIM NOAXO0H K
npoOomoAroToBke — pasaeneHue Ha koionke ¢ TOMAH-cop6enTom
QHHUOHOB OT MAaTPHIBI B IMEPBYIO OYEpEab HAIPaBIIEH Ha YMPOIIEHHE
Opolenypbl  NMOATOTOBKM  NpOoObl M COKpalleHHE  BPEMEHH,
3aTpayrMBaeMoro Ha mpooy.

B noxmame mpeacTaBieHBl MPEMMYIIECTBA W HEJAOCTATKH JAaHHOTO
METOJa, TIOKAa3aHO CPAaBHEHHWE METPOJIOTUYECKHX XapaKTEPHCTHUK C
CTaHJapTHON METOAMKOHN M EPCIEKTUBBI Pa3BUTHS I KOHTPOJIS MHBIX
npuMecell. V3MepeHuss NPOBOIWINCH HAa HMOHHOM Xpomarorpade
Metrohm 930 Compact IC Flex. 3HaueHuss JIBYXBBIOOPOYHOIO
t-kpuTepusi cpaBHUBAaEMBIX METOAMK HAXoAATcs B auanazone 1,02 —
1,98 (t, = 2.78). [IpaBUIBHOCTB MMOTYYECHHBIX PE3yJIHTATOB OTHOCUTEIHHO
KOHTPOJBLHOTO pactBopa coctarisier 93,5-105,1 % u 94,1-101,8 % mns
noHa (TOpa U XJIopa, COOTBETCTBEHHO. JlaHHbIH (hakT yka3pIBaeT Ha TO,
YTO MPEJIOKEHHBIN MOIX0 MOXKET OBITh MCIIONB30BaH B JallbHEHIIIEM
Ul IOATOTOBKH IIpO0 IpHU OIpeAeIeHuH IpuMecei (propa u xjopa.

KnioueBble c10Ba: mpuMecH, HOHHAs XpoMarorpadusi, SMACCHOHHBIN CIEKTpaIbHBIN
aHaNu3, TUPOTUAPOIIH3, COPOIH
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HCCJEJOBAHUE BAPBEPHBIX CBOVICTB
OBJYUYEHHOM I'JINHBI

B.®. Mpimkun’, A.P. Kanokosal, B.A. Xan? M.C. Yepennes!,
M.IO. Tumamesna’, A.-M. Ommuk?, B.B. Cennen®

1 Tomcxuii norumexnuueckuii yuugepcumem, UATLL, Tomck, np. Jlenuna, 30, P®
2 Uncmumym onmuxu ammocgeput um. ax. B.E. 3yeea, Tomck, na. Axaod. 3yesa, 1, PD
8 HUH nonynpoeoonuxoswix npudopos, Tomck, yi. Kpacnoapmerickas, 99a, PD
gos100@tpu.ru

I'muHa sBIsIeTCS MPUPOHBIM MaTEPHAIOM, HaNOOJIee IPUEMIIEMbIM IS
WCTIOJIb30BaHMs B KadecTBe 0aphepHOro Marepuaia B 3aXOPOHECHHUSX
pagunonykiaugos (PAQO), obpasyromuxcs B pe3ylbTaTe 3KCIUIyaTallud
simepHoi  sHepreTuku. Ilpu paspymieHnn KoHteiHepoB ¢ PAO
MIPOUCXOJIUT HETOCPEICTBEHHBIM KOHTAKT PAAUOHYKIUAOB ¢ IIMHON. B
pe3ynpTaTe TIJIMHA TOJBEPraeTcsl paJualliOHHOMY paspylieHuio. B
HACTOsIIee BPeMs HET CHCTEMATH3HPOBAHHBIX CBEJIEHUI 00 W3MEHEHUHN
OapbepHBIX CBOMCTB 0OIYYEHHBIX TIMHUCTHIX MUHEPAIIOB.

Lenp wuccinenoBanus — omnpeneieHue kodddunmenta auddy3un
KaTHOHOB MIEIOYHBIX M IIEJIOYHO3EMENbHBIX 3JIEMEHTOB Yepe3 CIIOi
YIUIOTHEHHOW TJIMHBI, OOJYYEHHOU /IO Pa3HBIX MOTIIOMEHHBIX J03.
HccnenoBanne OapbepHBIX CBOWCTB MUHEPANOB TJIHHBI IMPOBOJSTCS
HAMH TYTEeM MOJIEKYJISPHOTO MOJAETHPOBAHUS W  TPOBEICHHS
OKCMIEPUMEHTAIEHBIX HWCCIIEZIOBaHWN. B  J0Kimage MpUBOIATCS |
000011aI0TCS TaHHBIE YKCIIEPUMEHTAILHBIX HCCIIEIOBAHHIA.

Hdns  wccnenoBaHWii  coOpaHa — OKCIEpUMEHTalbHAs  YCTaHOBKA,
comepkamias AuGPy3uMOHHYIO sUEHKY, PACIOJIIOKEHHYI) MEXIy
3aMKHYTHIMH KOHTYpaMHU C JUCTHWIIATOM u 1 M BOJHBIM pacTBOpOM
NaCl. Karunous! qudyHAUPYIOT OT KOHTYpa ¢ pacTBOPOM K KOHTYPY C
JMACTUJUIATOM Yepe3 CIIOH TONMTUHON 3-4 MM YIUTOTHEHHON 10 BETMIUHBI
1,6-2,2 r/cm® roinbl. Mcnonb30Bany MPUPOIHBIH GEHTOHHUT M GEHTOHMT,
006Ty4YeHHBII 110 morytomienHoi 10361 0,3; 0,6; 1,7 MI'p uznydenuem *°Co.
KoHnenTpanuio KaTHOHOB B IUCTHIUIATE ONPENEISIN C ITOMOIIBIO
KoHAyKTOMeTpa. PacueTHyro ¢opmysy BeiBomIN U3 | 3akona duka.
OKCHepUMEHTANbHbIE JaHHBIE IIOKa3bIBAIOT, YTO Ko3(hdummeHT
muddysun Na* dyepe3 OSHTOHUT, B Mpeesax OMHOKH U3MEPEHUs, He
M3MEHseTCs 10 mororeHHon 10361 0,6 MI'p. [Ipu moriomeHHon 103¢e
1,7 MI'p peructpupyetcs yBennueHue kodppunuenta auddysum.

B nmoxmame o6cyxmaioTcsa MOJIENH pa3pylIeHUsT TIMHICTOTO MHHEpaa,
MPUBOSAINKE Aerpaalnu e€ 0apbepHbIX CBONUCTB.

KiroueBsbie ci10Ba: pagnoHyKiua, 6apbep 0e3onacHOCTH, rinHa, quddy3ust
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NCCIEJOBAHUE PATUALIMOHHbIX
PA3PYIIEHUN I'IMHUCTBIX MUHEPAJIOB
C IOMOIbIO GEANT

B.®. Muimxkunl, B.A. Xan?, A.A. OpJos, B.B. Cennes®,
N.N. IBepecrosl, O.B. Bypaakunal,

1 Tomcxuii norumexnuueckuii yuugepcumem, UATLL, Tomck, np. Jlenuna, 30, P®
2 Uncmumym onmuxu ammocgeput um. ax. B.E. 3yeea, Tomck, na. Axaod. 3yesa, 1, PD
8 HUU nonynpoeoonuxoswix npudopos, Tomck, yi. Kpacnoapmerickas, 99a, PD
gos100@tpu.ru

I'muHMCTRIC MUHEPAITBI SBIITIOTCS XOPOIIUM TPHPOIHBIM COPOSHTOM H
MPEBOCXOAHBIM MaTEPHAJIOM, MPEIATCTBYIOIINMM PacIpOCTPAHCHHIO
BOJHBIX pacTBOPOB. Ilo3TOMy TIIMHA cUHWTaeTcS MEPCIEKTUBHBIM IS
UCIIOJb30BaHUsI B HHXXCHEPHBIX Oapbepax Oe30MacHOCTH ITYHKTOB
3aXOpPOHEHHUS PaguoakTHBHBIX 0TX010B (PAO).

OcHOBY Kapkaca IJIMHHCTBIX MuHepanaoB cocrtaBissior Al,Os (cmoit
okTa3apoB) U SiO; (cioli TeTpadapoB). 3a BpeMs CyLLIEeCTBOBAHUS [IMHBI
yacTh atoMoB Al u Si ObuM U30MOp(HHO 3aMEILEHbl HA MOHBI JKelle3a,
MarHus. B kauecTBe 0OMEHHBIX HOHOB MOT'YT NpucyTcTBoBaTh Nat, Ca?",
Mg?*. Hanpumep, coctas rimnbl: Si0; - 37,47 %; Al,O3 - 15,40 %; Fe,0s
- 2,56 %; MgO - 0,33 %; CaOosu -2,00 %; MgOosu - 0,23 %; NazOosy -
0,24 %; H,O" - 4,40 %; H,O - 7,68 %. B cocraBe INIMHUCTEIX MUHEPAIIOB,
B KoJmdecTBe MeHee 1%, MOryT OOHapyKUTHCS U IPYTHE IEMCHTEHL.
Bo3MokHBIE pamualioOHHBIC pa3pylIeHWe TIIMHUCTOTO MUHEpala, IpH
MIPSMOM KOHTAaKTE C PaTUOHYKINIAMH, U3YJIaIH ITyTEM MOACITHPOBAHUS
¢ mpumenenuemM makera GEANTO04. TlockoiabKy — dHeprus
voHmsupyromiero m3nydenns PAO  ropa3mo  OoJbllie  SHEPTHU
XHMHYECKOH CBSI3M, TO IPOCTPAHCTBEHHOE pacIpeAcieHHe aTOMOB
pPa3HBIX JJIECMEHTOB HE BIMSACT Ha paspyllcHHe MuHepana. [losTomy
MHUIIEHb, pasmepamu 10x10x10 cm, mpeACcTaBIsuIA B BUAE PABHOMEPHOI'O
pacrpeielieHdsl aTOMOB pas3HBIX 3JIEMEHTOB IO 00bemy. OlleHHBaIN
KOJUYECTBO BEIOMTHIX aTOMOB M PACCTOSHUE MX CMEIICHHS.
OOHapy»XeHO, YTO MaKCHMAJbHYIO BEPOSTHOCTH BBIOMBAaHUS HMEET
uszoron %0 (2,6 10%), a arom amomunus (5,8 107%) umeer Gonpiryro
BEPOSITHOCTh CMEIIEHNs, yeM kpeMHus usotorn 26Si (9,4 10°%°). ITpu sTom
MIPOCTPAHCTBEHHBIC CMEIICHNUS BHIOMBAEMBIX N30TOTIOB YMEHBIAIOTCS B
pamy: H (390 A), 0 (170 A), 2Si (120), Al (106 A).

B nmokname mpUBOAMTCS aHAIM3 BO3MOXKHBIX Pa3pyIICHHH TIIMHUCTOIO
MUHEpaja ¢ y4eTOM PacCTosHUs Mexny ero makeramu 10-20 A. Tpu

9TOM UTHOPHUPOBAJIN BO3BMOXKHOCTBIO «OTKHUT'a»» MUHCPAJIA.
Knawuessble ciioBa: TJIMHA, paIAallAOHHBIC pa3pyICHUA, ITIOIJIOIICHHAA N03a
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KOHCTPYKIIMU KJIAITAHOB JIJI51
57 PEAJIM3AIIMYA UMITYJIbCHBIX
IUIASMEHHBIX TPOILIECCOB

A.P. Xaiipos, A.B. Jlazykun, H.C. Knumos
AO «Iocyoapcmeennwiii nayunwiti yenmp Poccutickoii @edepayuu Tpouykuii
UHCIMUMYm UHHOBAYUOHHBIX U MEPMOSIOEPHBIX UCCIE008AHULY
(AO «I'HL] P® TPUHUTH»), 108840, 2. Mockaa, 2. Tpouyx, ya. [Iywxosvix, é1. 12,
khayrov@triniti.ru

IIpumeHeHue BBICOKOCKOPOCTHBIX IIOTHBIX IUIa3MEHHBIX IMOTOKOB JUIS
nene 00padOTKM MaTEepHAIOB M UMUTAIIMH UMITYyJTBCHBIX BO3JICHCTBHIA
HE TepsAeT AaKTyalbHOCTM B HACToOsIlee BpeMsa. Pa3BuTue OTuX
HanpasieHui aktuBHO Beqercd B 'HI[ PO TPMHUTU Ha nia3MeHHbIX
yexoputensix KCITY-T u 2MK-200.

OgHMM W3 KIIOYEBBIX Y3JI0B IIJIa3MEHHOIO YCKOPHTENS SABIAETCS

VMITYJIbCHBIN KJIalaH, KOTOPBII oOecrieunBaeT HaITyCK
IJ1a3MO00pa3yIoIEero ra3a B MEX3JIEKTPOIHbIH 3a30p yckopurens. B
HacTosLIee BpeMsl MPUMEHSIOTCS pa3ianuHbIC KJIaIlaHbl

TepMOTU(pPY3UOHHBIC, ME30INEKTPHUECKHE, IEKTPOANHAMHYCCKHE W
aeKTpoMarHuTHbIe. Kakplii THIT KianaHa o0JaiaeT MpeuMyIiecTBaMu
W HEJOCTAaTKaMM, BIMSIOLMMHA Ha pPEIICHHE KOHKPETHOM 3amayM.
[TpumernmMocTs U 3()()EKTUBHOCTD KJIAllaHOB HAIPSIMYIO CBSI3aHBI C
napamMeTpaMy CHCTEMbI Ta30HAIYCKa: MOJAKIANaHHbIA 00beM, aBJIeHHEe
rasa 1 BpeMs IIOJIHOTO OTKPBITHSA KJlaraHa.

Knanaun ucnonsizyemsiit Ha 2MK-200 oTHOCHTCA K 3JIIIEKTPOMAarHUTHOMY
tuny.  OTKpBITHE  KJamaHa  OCYIIECTBISIETCS — HMHAYKIMOHHO-
JUHAMUYECKUM HCIIOJIHUTEIbHBIM MEXaHM3MOM Ha OCHOBE ILIOCKOM
3IIEKTPOMAarHUTHOM KaTymkH. [logoOHas KOHCTPYKIUS KilarnaHa XopoIo
orpaborana. OnHAaKO, HEOOXOIUMOCTHh TOBBIMATH XaPaKTEPUCTHKH
TUTa3MEHHBIX YCKOPHUTENEH pUBelia K HOTPEOHOCTH yCOBEPIICHCTBOBATh
KOHCTPYKLMIO  KJIafaHa, 4YTO  HEraTMBHO  OTPa3sWwjioch  Ha
9KCITyaTallUOHHBIX XapakTepUCcTUKax. Takxe, B HAcCTOsIIEE BpeMs,
CTOUT 32J1a4a I10 TIOBBINICHUIO YaCTOTHI CPadaThIBAHUS KIIallaHOB, BILIOTh
1o gactoT 10 I'm.

B pabore mnpoBeneH aHaau3 KOHCTPYKUMH OBICTPOACHCTBYIOIINX
KJIaITaHOB Il WMMITYJILCHOTO HAaITyCKa Trasa, Moapo0HO pa3obpaHa
KOHCTPYKLMsSI ~ 3JCKTPOMAarHUTHOIO  KJlalmaHa,  ONMCaHbl  €ro

OKCIUTYaTallMOHHBIC OT'paHUYCHUA U 0COOEHHOCTHU pa6OTBI.
KioyeBble ¢JI0BA: HamyCK Trasa, O3JIEKTPOJMHAMMYECKHH KJamaH, HWMILYJIbCHbIC
HPOLECCHI, 3IEKTPOJUHAMUYECKUE YCKOPHUTEIS ILIa3MBl.
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MOJAEJIMPOBAHUE U PACYHET INTPOIECCA
PA3PAJJA EMKOCTHOI'O HAKOIIMTEJIA
9HEPT'MH YCTAHOBKHU 2MK-200

JLA. Ceasinun'?, A.B. Jlasykun!, I'.X. Canaxyraunos?
LOmoenenue macnummuix u onmuyeckux uccredosanuii, AO «"HL P® TPHHUTH,
108840, 2. Mocksa, . Tpouyx, ya. Ilywkossix, énadenue 12, Poccuiickas @edepayus

2 Kagheopa «dxcnepumenmanvivle menoost s0eproti gusuxuy, Hayuonanvioiii
uccredosamenvckull aA0epruiil yrusepcumem MHUDU, Kawupckoe wiocce, 0.31, Mocksa,
115409, Poccuiickas ®edepayus
daselyanin@triniti.ru

Emxkocthbie Hakonutenu sHeprun (EHD) sBnsitoTest omauM 13 Hanbonee
pacmpocTpaH€HHBIX THIIOB HakomuTenaed sHepruu. Hampumep, EHD
WCTIONB3YIOTCSI B PETeHEpaTUBHOW DHEpPreTHKe, IPOMBIIIICHHON
3JEKTPOHMKE, CUCTEMAaX aBapUITHOTO U pe3epBHOIO MUTAHMUS.
OCHOBHBIMU y3J1aMu €MKOCTHOT'O HaKOMUTEs SIBIISIOTCS
KOHJIEHCATOpHBIC Oaraper, oOBEeIWHEHHBIC B OJIOKM WM MOIYIH, U
KOMMYTaTOpPBI, KOTOpPBI€  TIOJHOCTHIO  OMPEAETSIOT  BBIXOJHEIC
XapaKTepUCTUKH JAHHOTO YCTpPOMCTBA.

¥Ycranoska 2MK-200 TTHI P® TPMHUTH ykommnexkroBana OJ0YHBIM
HAKOMHUTENIEeM DOSHEPTrUHM, COCTOSIIMM W3 HECKONBKHX  MOJIYJeH
KOHJIGHCATOpPOB 00mIell eMKocThio mopsaaka 2 M®P mpu 3apsaHOM
HampspkeHun 10 45 kB. B KkauecTBE KOMMYTAaTOPOB HCIOJIB3YIOTCS
(opBakyyMHBIE pa3psAIHUKH, oOecriedrnBaromme kommyraruio EHD Ha
TUTa3MEHHYI0 Harpy3ky 3a Bpems mopsagka 10 mMkc ¢ ¢poHTOM
HaIPSKEHUS] B HECKOJIBKO JECSITKOB HAHOCEKYH/I.

B pabote 65110 poBeneno moaenuposanue EHD ycranosku 2MK-200 B
cpene LT Spice. Monens BkitouaeT B ce0s OIIEHKY BPEMEHH 3apsiIKH
MoJyJiel, (aKTHYeCKH YYTEHHBIE MapaMeTpbl KaOeNbHBIX Tpacc H
0COOCHHOCTH KOMMYTAIIMU KOHJICHCATOPHBIX OJIOKOB Ha TACCHUBHYIO
Harpy3ky. PaccMOTpeHbl pa3nuuHbBIE CXEMBl 3aMEIIeHHE Ul
¢bopBakyyMHOTO paspsyiHuKa. [lomydeHHbIe B MOJIENT OCIIHILIOTPaMMBbI
TOKa Ha TIACCHBHOIM Harpy3ke HaxOJATCS B XOPOIIEM COTJIACHU CO
3HAYCHUSIMH, HAOMI0JaeMbIMU B SKCIIEPUMEHTAX.

Knw4yeBbie cji0Ba: €MKOCTHBIE HAKOIUTEIN OHCPTUH, paspsAHUKH, ILJIa3MCHHBIC
YCTaHOBKHU.
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DISTANT DRILLING AND LASER CUTTING
OF A LARGE THICKNESS STEEL PLATE

S.V. Gvozdev, D.D. Metlyaev, R.V. Maslennikov,
I.A. Malyshkin, A.V. Mochalov, R.E. Romanov, D.A. Mazalov

JSC «State Research Center of Russian Federation Troitsk Institute for Innovation and
Fusion Researchy,
108840, Russia, Moscow, Troitsk, Pushkovykh Street, vladenie 12
gsv@triniti.ru

Experiments on remote drilling, as well as on vertical and/or horizontal
separation cutting of a vertically mounted 1010 steel plate of 200 mm in
thickness by radiation of a continuous ytterbium fibre laser with the
power up to 20 KW at the intensity of radiation on the metal surface
greater than 10° W/cm? were carried out in laboratory conditions.
Through-hole and cut views and results of drilling and cutting at different
modes of a vertically mounted steel plate are presented. It was revealed
that the mode of periodic movements of the laser beam along the intended
cut provides a higher speed of through-cutting of a steel plate of large
thickness in comparison with continuous movement in one direction. The
possibility of remote cutting of the same plate mounted horizontally by
laser radiation of the same power at radiation intensity (2+-3.5)-10* W/cm?
without using an air jet to blow the melt out of the cutting channel was
demonstrated. A sectional view as well as the cutting results of a
horizontally mounted plate is presented It was found out that cutting
under these conditions was only possible starting from the edge of the
plate. It is not possible to make a hole in horizontally mounted plates of
large thickness without using an air jet.

Keywords: laser, radiation intensity, drilling, cutting.
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MHTEHCUBHOE CBEYEHHUE
HAHOYTJIEPOJAHBIX CTPYKTYP I1O/]
BO3JIENCTBUEM UMITYJIbCHOI'O 10MKM
N3JIYYEHUA

A.A. Bocko6oes, B.C. MexeBoB, B.E. Uepkosen, C.I1. Sluxos

Tocyoapemeennviil Hayunvlil yenmp P@ Tpouykuii uHCmumym uHHOBAYUOHHBIX U
mepmosidepruvix uccnedosanuil, 108840 Mockea, Tpouyk, Poccus

B pabore npuBomsTcs pe3yiabTaThl HUCCICAOBAHUS JIFOMHUHECUCHIUH
okcupa rpadena, rpaduTa, MHOTOCTEHHBIX YTIEPOJHBIX HAHOTPYOOK O
BO3JICHCTBUEM HU3Ty4deHus: umnyiabcHoro CO. - yma3epa Ha BO3IyXe B
HOPMaJIbHBIX ycloBuAx. OOHApYKEHO, YTO UMITyIbcHOE H3myueHue CO-
na3epa NpU IUIOTHOCTSAX MolqHoctd Gonee 100 kW/cm? BbI3bIBaeT
IIMPOKOIIOJIOCHYI0 JIFOMHUHECLICHLIMIO YIJIEPOAHBIX HAHOCTPYKTYpP B
BUANMOMN 00JaCTH CIEKTPa, B TOM YHUCIIE OOHAPYKEHA JIIOMUHECLICHIINS
MHOTOCTEHHBIX YTJIEPOJAHBIX HAHOTPYOOK Mo Bo3ueiictBueM 10 um
W3JIy4eHUs] paHee HU Tiec He HaOironaBmiasics. JlloMHHeCHeHIUS Ha
MOBEPXHOCTSX, 00pPa30BaHHBIX MAaCCHBOM HAHOYTJIEPOAHBIX CTPYKTYP
obpaszyercss MHOXECTBOM JIOKQJIBHBIX YYaCTKOB. JIFOMHHECIICHITHS
YTJIEpOAHBIX MaTepuaoB MoJ Bo3aeiicTBueM uznydenus CO, mnasepa,
IPOMCXOAMUT 332 CYET MHOTO()OTOHHOrO MOTIJIOMIEHUS] M OIpenesseTcs
HanmuueM rpadeHoBeIX  CTpyKTyp. IlpenckazanHoe pacuéramu
TIOTJIONIEHHE TpaeHOM 3JIEKTPOMArHUTHOTO HM3IYy4YCHHUS] B JHara3oHe
JUIMH BOJIH OT HECKOJIBKUX MUKDPOH JI0 IECSITKOB MUKPOH HOATBEPKACHO
9KCIEPUMEHTAIIBHO.

KunroueBsie ciioBa: nMmmynscHo-ieprogundeckuit COz2 a3ep, yriaepoaHble HAHOYaCTHIIH,
(hOTOMOMHHECTICHIISI.
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THRESHOLDS FOR MAINTAINING OPTICAL
DISCHARGE IN A LASER PLASMATRON
WITH A CYLINDRICAL NOZZLE

A.F. Glova, A.Yu. Lysikov, I.D. Klochkov,

E.D. Radchenko, P.B. Papin, E.A. Buyanova
DTPCM&AD, JSC "SSC RF TRINITY",
Russia, 108840, Moscow, Troitsk, Pushkovykh str., 12
klochkov@triniti.ru

Optical discharge in the mode of a laser plasmatron in Ar and a mixture
of Ar with H, and CH4 at atmospheric pressure is maintained in a
vertically oriented plasmatron by focused radiation from a continuous
COq-laser. The half focusing angle ¢ = ro/f of a laser beam with a radius
of ro = 20 mm for lenses used with a focal length of f = 160 and 175 mm
does not exceed 0.125 rad. The radius rr of the focal spot is determined
taking into account the spherical aberrations of the lens.

The dependences of the threshold power Py, of maintaining the discharge
on the gas velocity v (0.05-2 m/s) with a change in the composition of the
mixture, the focal length f and the distance L of the focus from the nozzle
slice were measured.

It was found that at L = 2 mm, the dependences of the Pw(v) for discharge
in Ar and mixtures Ar:H;:CH,=1:0.07:0.0021 and Ar:H2:CH4
=1:0.07:0.0042 have falling and growing branches typical for lenses with
¢ <0.125 rad.

An increase in the distance L to 4 mm for the discharge in Ar is
accompanied by the absence of a falling branch and an increase in P(v)
on the growing branch. At L = 7 mm, the values of the Pw(v) are
maximum, and at L > 7 mm and up to L = 17 mm, the thresholds decrease
and become close to the thresholds at L =2 mm.

Measurements of Pw(v) at L = 17 mm, depending on f and the composition
of the mixture (concentrations [H;] and [CH4] are 0%, 7 and 0.21%, 7 and
0.42%, 14 and 0.21%) showed that a decrease in f leads, in the absence of
falling branches, to an increase in Pw(v) on growing branches due to an
increase in rs due to aberrations. At the same time, for concentrations [H-]
and [CH4] # 0, the shape of the growing branches is changed compared
toL =2 mm.

The results obtained can be used for the synthesis of diamond coatings on

substrates in the optical discharge plasma.
Keywords: optical discharge, plasmatron, threshold power
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TWO-WAVE PYROMETER BASED ON A
DIFFRACTION GRATING SPECTROMETER

A.F. Glova, A.Yu. Lysikov, E.D. Radchenko,

E.A. Buyanova, 1.D. Klochkov, P.B. Papin
DTPCM&AD, JSC "SSC RF TRINITY",
Russia, 108840, Moscow, Troitsk, Pushkovykh str., 12
radchenkoed@triniti.ru

The dependence of the blackness coefficient (A, T) of the material on the
wavelength A and temperature T can lead to a noticeable error when
measuring temperature using pyrometers. For example, the measured
unknown temperature excludes the use of reference data for &(T) even for
gray bodies with a known constant value of €. The error is also introduced
by the dependence of £(A,T) on the initial quality of the surface and the
composition of the gas when it is heated.

The purpose of this work is to demonstrate the possibility of measuring
close to the true surface temperature by using a two-wave pyrometer
based on a spectrometer with a diffraction grating and a CCD ruler as a
radiation receiver without taking into account information about the
coefficients (A, T).

An algorithm for processing thermal radiation spectra has been developed
and a control program for on-line temperature measurement has been
created. The algorithm is based on the choice of a wavelength range AL
free from molecular bands that occur, for example, in 3D printing,
excluding from the calculation formula for T the value In[e(A1, T)/e(X2, T)],
assuming (A1, T)=g(A2,T) at the edges of narrow intervals dA=A1—A2<Al,
and averaging the calculation results over the entire range AA, uniformly
filled with the intervals 6A.

Polished plates made of St.3, titanium and tungsten were heated by laser
radiation. A thermocouple and a serial single-wave pyrometer were used
to control the temperature. It is shown that when heated in air at
atmospheric pressure and a pressure of 1 Pa, the readings of a two-wave
pyrometer with an error of less than 4% correspond to the readings of a
thermocouple, and to match the readings of a single-wave pyrometer and
a thermocouple, it was necessary to adjust the blackness coefficient on its
panel. Dependences of ¢(T) reflecting their change at atmospheric
pressure relative to the pressure of 1 Pa due to plate oxidation are

obtained.
Keywords: surface, heating, pyrometer, thermocouple
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THE RESPONSE OF OSCILLATIONS IN THE
PLASMA ACCELERATOR OF THE MASS
SEPARATOR TO A MAGNETIC FIELD

N.A. Strokin, A.V. Rigin

Irkutsk National Research Technical University, Irkutsk, Russia
strokin85@inbox.ru

Simultaneous measurements of the amplitude-frequency characteristics
(AFC) of oscillations at frequencies of 20 kHz — 30 MHz of discharge
and ion currents in the plasma of an independent discharge in an
accelerator with an anode layer of a plasma-optical mass separator
POMS-E-3 with a change in the magnetic field at the anode Bra = 205 —
1010 G, at the cathode — Brx = 800 — 4200 G. The results of the AFC
measurement were analyzed in conjunction with plasma emission spectra
obtained in the same discharge modes in the wavelength range of 200 —
1100 nm and ion energy distributions in the range of 50 — 1200 eV. The
common features of the AFC of both currents are a set of many
frequencies and, mainly, the cluster nature of the oscillations. When the
Bra changes from 660 G to 720 G, the oscillation frequency with a
maximum amplitude increases rapidly up to fmax ~ 4.5 MHz. In the
frequency range of no more than 1 MHz, there is a threshold magnetic
field Bra = 720 G, at which there are sharp surges of AFC towards higher
frequencies.

The fundamental differences between AFC of the discharge current and
the ion current are ~ 5 times lower oscillation frequencies with a
maximum amplitude of the discharge current relative to the ion current at
205 < Bra < 660 G, a sharp decrease in fnax for the AFC of the discharge
current, but a sharp increase in fnax for the AFC of the ion current when
Bra becomes greater than 820 G.

Keywords: plasma accelerator, discharge current, ions
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THE FORMATION OF LITHIUM-ALUMINIUM
SPINELS AT THE INTERACTION OF
PERIPHERAL D-Li PLASMA WITH THE
ELECTRICALLY INSULATING CERAMICS IN

THE TOKAMAK T-11M

N.T. Dzhigailo, V.B. Lazarev, A.N. Shcherbak
JSC "The State Scientific Center of the Russian Federation “TRINITI”",
108840, Moscow city, Troitsk town, Pushkovs’ str., the estate 12
Ivt@triniti.ru

In this work we consider the interaction of peripheral deuterium-lithium
plasma with the elements of ceramic electrical insulation, consisting of
electrotechnical porcelain (ETP, xAl:03xySiO), on lithium limiters
under tokamak T-11M conditions.

The theoretical assessment of the maximum possible capture of lithium
was carried out based on the value of specific flux of its particles, equal
to ~2x10'® (particles/(cm?xs)), on the periphery of plasma cord in the area
of the ceramic electrical insulation elements, as well as on the value of
projection area of the latters on the plasma flow path. The obtained value
was compared with the results of the experiment, which involved the
following:

1) The acid leaching (by 38% formic acid of analytical purity grade)
of the products of the interaction of ETP with elemental lithium
(presumably — LixAl,O,, LixSiyO,, and LixAl,Si;) from the surface of the
dismantled ceramic protection elements;

2) Evaporation of the yielded solution, and
3) The elemental analysis of the dry residue for the elements Li, Al,
and Si.

The results of the latter prove the irreversible nature of lithium losses
assumed in [1], which is due to its reactions with the components of ETP,
accompanied by the formation of lithium-aluminium spinels (LixAl,O;),
lithium silicates (LixSiyO,), and Zintl phases (LixAl,Si;), and also allow to
estimate the absolute and relative contribution of such processes into the
total expenses of Li in the tokamak T-11M.

[1] https://doi.org/10.1134/S0036024424700055
Keywords: tokamak, plasma, lithium, electrotechnical porcelain (ETP), spinels.
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MOIUPUKALUA CTPYKTYPbI
MHOBEPXHOCTHOI'O CJ1041 CIIVIABOB
KEJIE3A UMITYJbCHbBIMH
INJIASMEHHBIMH ITOTOKAMUA

I'.A. 3emuoB, H.M. Ed¢pemos, I'.I'. I'nagym,
E.B. I'padoBcknii, A.K. Kyrykos, A.Il. JloToukuii,
M.A. Muaiep, A.A. Hukonamun, A.A. CaMoxuH,

A.T'. Cepsikos, 10.H. Cyiumun
AO «HL] P® TPUHHUTHy, 2. Tpouyx, 2. Mockea, gazemtsov@triniti.ru

Bormpocsl  yBenmu4eHHsT CPOKOB pabOTOCIIOCOOHOCTH JeTalieil W y3JI0B
pa3IMYHBIX MEXaHW3MOB OCTAIOTCS aKTyaJbHBIMH M B HACTOSIIEE BpEeMs.
OnHOlt W3 MNPUYMH JTOTO SIBJIAETCS JKENaHWe CHHM3WTh 3aTpaThl Ha
TEXHOJIOTMYECKUM IIUKJI CO3JaHMs IMPOAYKLUH, a TaKXKe IpedoTBpalleHHe
BO3MOXXHOCTA BO3HHKHOBEHHSI aBapUUHBIX cUTyanud. OpHOW w3
TEXHOJIOTUH YIPOYHEHUS TIOBEPXHOCTHBIX CIOEB METAJUIOB SIBISIETCSA
WCIIOJIb30BAHUE KOHIIEHTPUPOBAHHBIX MOTOKOB HHEPrMH, B YACTHOCTH,
MOTOKOB  IUIa3Mbl.  IIpOMBIIIIEHHOE  IUIa3MEHHOE  MOBEPXHOCTHOE
VIIPOYHEHNE METAJUIOB YCIIENTHO pa3BuBaeTcs. OCcoObIil HHTEPEC BHI3BIBACT
COCTOSIHUE TIOBEPXHOCTHOTO CJIOSI METalljla MpH B3aUMOJAECHCTBHM €ro C
MOTOKOM TuIa3Mbl. M3BeCTHO O (U3MYECKUX H3MEHEHHSX IOBEPXHOCTH
METaJIJIOB TIOTOKaMU TOpAYei UMITYJIbCHOM MJ1a3Mbl € YI€IbHOH MOLITHOCTHIO
ot 0,3 10 0,5 MBT1/cM? 1 aiMTenbpHocThio oT 10 10 60 Mkc. Ienbio paboThI
SIBIISIETCS] MOIM(DUKAIUS IOBEPXHOCTHOTO Ci10s eTaneit u3 ctanu 40XMDA
B IJIA3MEHHBIX MOTOKaX ras3oB. [IpencTaBieHbl KOHCTPYKIHUS YCTAHOBKH U
pe3yabTaThl  BO3JCHCTBHA IUIA3MEHHOTO IIOTOKAa HA  BHYTPEHHIOIO
MOBEPXHOCTh  Pe3bOOBBIX  COCAWHCHHWH  BBINICYKA3aHHOW  CTallH.
I'enepaTopom notoka masmsl sipiisgercst yctanoBka [IO-MOJI AO «'HI PD
TPUHUTN». OcHoBHbIE NapaMeTpbl yCTAHOBKH:

HanpsbkeHue — 1o 13 kB; 3amacennas sHeprus npu HanpsokeHuu 25 kB — 230
kJ[x; pabouee Teno — HEOH, TeJHH, TCHTEPHA, a30T; PACCTOSIHHE OT aHOJa 10
munieHd — ot 100 o 165 MM; naBieHue pabouero Tena B Kamepe mepen
nyckoM — ot 0,1 10 0,5 TOpp; Matepuan muienu — ctayib 40XMODA.
BrinonHeH ynCIeHHBIN aHaNU3 3aKOHOMEPHOCTEH BO3JIEHCTBHS TEIIOBOTO
MOTOKAa Ha NPUIIOBEPXHOCTHBIA CJIOW MeTala B paMKax YpaBHEHUS
TETIJIONPOBOTHOCTH € YYETOM ILIABJICHUSI.

OCHOBHBIM pe3yJIbTaTOM IMPOBEIACHHON CEPHH IKCIIEPUMEHTAIBHBIX padoT
Ha ycraHoBke [1D-MOJI sBnsiercs yBenuueHue TBEPJOCTH OBEPXHOCTHOTO
CJIOSl MUILIEHU B cpeliHeM oT 2,5 10 2,7 pa3a Nnpu IUIOTHOCTH MOTJIOEHHON
sHepruu ot 15 go 20 JIk/cM? 1 JUTUTENBHOCTH nMIynbea 10 10 Mkc.
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ALL YOU NEED FOR SMOLUCHOWSKI

ﬂ MOSAIC-SKELETON APPROXIMATION IS
EQUATIONS

R.R. Dyachenko!?, S.A. Matveev?3, B.l. Valiakhmetov??
IHSE University and Skolkovo Institute of Science and Technology, Moscow, Russia
2 Marchuk Institute of Numerical Mathematics, RAS, Moscow, Russia
3Lomonosov MSU, faculty of Computational Mathematics and Cybernetics, Moscow,
Russia
Dyachenko.rr@yandex.ru

In this work we demonstrate a surprising way of exploitation of the
mosaic-skeleton approximations for efficient numerical solving of
aggregation equations with many applied kinetic kernels. The complexity
of the evaluation of the right-hand side with the use of mosaic-skeleton
approximations is O(M log M?) operations instead of O(M?) for the
straight-forward computation. the family of matrices with good low-
parametric mosaic-skeleton approximations is much broader than usual
low-rank matrices even though the complexity of the novel approach is
higher by 0(log M) times. In this work, we show that our ideas allow to
drastically accelerate computations for a family of full rank kernels
arising in the aggregation kinetics for sedimentation problems and study
the systems with use of 22%nonlinear equations within modest computing
time.
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PHOTOPHORETIC DEPOSITION AND
67 SEPARATION OF AEROSOL-SYNTHESIZED
SINGLE-WALLED CARBON NANOTUBES

D.A. llatovskii, D.V. Krasnikov, Daria S. Kopylova, A.l.
Davletkhanov, Y.G. Gladush, V.A. Kondrashov, A.G. Nasibulin

1 Skolkovo Institute of Science and Technology, Bolshoy Boulevard 30, bd. 1, Moscow,
121205, Russian Federation, Postal address including country
d.krasnikov@skoltech.ru

We report a novel, dry, and clean method to directly deposit single-walled
carbon nanotubes (SWCNTs) onto a desired substrate with the
photophoresis phenomenon. We demonstrate the photophoresis method
to be convenient and reproducible to deposit low-bundled nanotubes to
form either non-percolating or continuous networks with controlled
SWCNT density and surface distribution. Employing the structure-
dependent optical features of the nanotubes produced by aerosol CVD
method, we show the correlation between the light source spectrum and
the configuration of the deposited SWCNTSs due to the selective light
interaction with SWCNTs of certain chiralities. Thus, photophoretic
deposition is a promising method for the fabrication of various advanced
devices, such as electrically driven single-photon emitters or field-effect
transistors from semiconducting SWCNTs with a desired electronic
structure.

Acknowledgements: This work was supported by RSF grant number 22-13-00436
Keywords: photophoresis, aerosol CVD, carbon nanotubes
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DEPOSITION OF RADIOACTIVE
ADMIXTURE ON NANOPARTICLES IN GAS
PHASE

V.A. Zagaynov', MLE. Vasyanovich?, A.A. Lushnikov>, L.E.
Agranovski*’, A A. Maslov?, V.V. Maksimenko!, V. Nagibin!,

V. Epifanov!, N. Krivosheev!, D.K. Zagaynov®
! NRNU MEPHI, 31, Kashirskoe shosse, Moscow 115409, Russian Federation
2 Institute of Industrial Ecology, Ural Branch of the Russian Academy of
Sciences, Ekaterinburg 620108, Russian Federation
3 Geophysical Center of RAS, 3 Molodozhnaya Str., Moscow 119296, Russian Federation
4School of Engineering and Built Environment, Griffith University, Nathan, Brisbane
4111 QLD, Australia
5Moscow State University Russian Federation

Aerosol particles in both outdoor and indoor environments are known to
be vehicles for the transfer of radioactivity. It is very relevant to solve the
problems of the transfer of contaminants both in the free atmosphere and
in premises during accidents and abnormal objects using radioactive
substances. However, to date, insufficient attention has been paid to
solving these problems. In this work, we propose a model of coagulation
between atomic radioactive impurities and aerosol particles of various
sizes. For simplicity, it was assumed that the concentration of aerosol
particles was not very high and coagulation between them might not be
taken into account. It was also assumed that the particle concentration has
stabilized and reached steady state; only collisions between aerosol
particles and radioactive atoms were taken into account, which led to the
redistribution of radioactivity on aerosol particles of a certain size. To
describe these processes the system of differential equations were
proposed. To solve these equations, the formalism of the generating
function was used. The obtained analytical and numerical solutions
complement each other, since when comparing theoretical and
experimental data it is necessary to take into account that the number of
particle fractions obtained remains finite.

Acknowledgements: The research team from Russian Federation acknowledge the
support of this project by the Ministry of Science and Higher Education of the Russian
Federation (GNZ, Project No. FSFS-20240011). IEA is acknowledging Griffith
University for supporting this project.

Keywords: nano particles, radioactive admixture, deposition
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AEROSOL IMPACT OF THE MEGALOPOLIS
ON ITS SUBURB: ASSESSMENT OF THE
TYPICAL CONCENTRATION LEVELS OF
NEAR-SURFACE AEROSOLS IN THE

MOSCOW REGION

A.A. Vinogradova, D.P. Gubanova
Russian Academy of Sciences, A.M. Obukhov Institute of Atmospheric Physics,
119017, Pyzhyovskiy pereulok, 3, Moscow, Russia
anvinograd@yandex.ru

The pollution from large megalopolis is one of the topical environmental
problem for adjacent territories in all regions. The paper analyzes the
results of continuous observations of aerosol composition in the surface
layer of the atmosphere, carried out with identical sets of equipment since
2020 synchronously in Moscow centre and in its suburb near Zvenigorod,
55 km west of of the city. Together with aerosol characteristics, the
variability and trends of meteorological parameters for these two points
are considered, especially including the frequency of easterly winds (from
the city) in Zvenigorod. The empirical values of the rates of change in
concentrations of PM10, PM2.5 and individual chemical elements from
the values of pressure and relative humidity have been determined in the
city and the suburb in different seasons. Also, we estimated the aerosol
load from Moscow on the suburban air. The data on the aerosol
composition in Moscow from the State Budgetary Institution
"Mosecomonitoring™" measurements allowed us to clarify the impact of
the city as whole on the suburbs.

Acknowledgements: The study was supported by the state assignment of the A.M.
Obukhov Institute of Atmospheric Physics RAS (FMWR-2022-0010).

Keywords: atmospheric aerosol, RMio and PM2s, Moscow region, advection of
impurities, empirical estimates
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KOMILIEKCHBIE MHOTOJIETHUE
70 HUCCJIEJOBAHHUS ATMOC®EPBI HAJI O3.
BAUKAJ

T.B. Xomxep?, JL.IL. TosnoGokosal, I'.C./Kamcyesa®?,
A.C.3asxanoB'?
1Jlumnonoeuueckuit uncmumym CO PAH, 664033, Poccua, Hpxymck, ya. Yaanu-
bamopckas, 3
2Uncmumym ¢usuueckozo mamepuanogedenua CO PAH, 670047, Poccus, 2. Ynau-

Y05, yn. Caxvanosoil, 6Y
khodzher@lin.irk.ru

Osepo baiikan yHuKanbHbIH NpUpOaHbIH 00beKT MupoBoro ypoBHs. B 1996 r.
Baitkan Bxmouern B Crnucok o0wsexToB Beemupnoro nHacneaus FOHECKO, B
1999r.— npunst 3akon PO «O6 oxpane o3epa baiikan». YHukanbHocTs baiikana
OTIpeZesIeTCs BHICOKUM CTPATETHUECKHM 3HAYEHHEM €ro Kak KpYITHEHIIero
WCTOYHMKA THTHEBOM BOJBI HA IUIAHETE M, KaK YHHKAJbHOTO BOJOEMa C
SHAEMUYHOH (hiopoit u dayHoil. B mocnenHne roasr B mpUOpEKHBIX paiioHAX
o3epa HaOMIOZAaeTCs «IKOJOTUYECKUH KPU3UC» - THOENb SHIEMHUYHBIX BHUAOB
pacTeHuil ¥ )KUBOTHBIX U 3aMEIIECHNE UX IIHPOKO PACTIPOCTPAHECHHBIMHU BUAAMH,
MPUYUHBI KOTOPBIX €Ile 0 KOHIA He PacKphIThl. OXHON U3 BO3MOKHBIX IPUIHNH
3TOM MPOOJIEMbI MOXKET OBITh M 3arps3HEHHE BOJIBI 03epa yepe3 aTMochepHbIi
kaHai. [lo oObeMy BBHIOPOCOB 3arps3HSIOIIMX BEleCTB B aTMocdepy (mopsaka
800 TBIC. TOHH B TOJI, BKJIIOUAIOMINX OoJjiee COTHM HauMeHOBaHHUH, UpkyTckas
001acTh, 3aHUMAaeT TpeThe MecTo B CHOUPCKOM (eepaIbHOM OKpyre. AHaIn3
MoJieIel IPSAMBIX ¥ 0OpaTHBIX TPAEKTOPHil IMepeHoCca BO3AYITHBIX MAcC ITOKa3al,
YTO OCHOBHBIMH IMYTSIMU IOCTYIUICHHSI aTMOC(EPHBIX 3arpsi3HeHui Ha baiikan
OT NPOMBIIIEHHBIX KOMIUIEKCOB MpKyTckoil oOmacTu sBIsSeTCS CeBEpo-
3amaJHbIA IepeHoc (CO CTOPOHBI HICTOYHUKOB B IOJIMHE P. AHTaphl), Hd KOTOPBIHA
npuxoaurcss okosno 60% ciydaeB. Jlpyroil, He MeHee MOUIHBIM HCTOYHUK
HOCTYIJICHUS. 3arps3HSIOIIMX BeleCTB B ballkalbCKOM peruoHe - JIECHBIE
MOXapbl. DTH OOCTOATENLCTBA JIENAl0T 0CO00 aKTyaJbHOW OLEHKY BIIMSHUS
Pa3IUYHBIX UCTOYHMKOB Ha KadecTBO aTMoc(epsl Haj akBaTopuer baiikama u
cocraBa ero Boj. Jlms mcciemoBanms atMocdepsl Han baiikamoMm B neTHHe
Mecstibl ¢ 2019 roga npoBOASATCS KOMIUIEKCHBIE SKCIIEIUITIH C UCTIOJIE30BaHIEM
000pyIOBaHUS AWCTAHIMOHHOTO 30HAWPOBAHUS M JIOKAJBHOTO KOHTPOJI,
Bxogsmiero B coctaB LIKIT «Atmocdepan MOA CO PAH, a takke apyrux
nprOOpPOB yYaCTHHUKOB TIpoekTa. lIpnOopbl ycTaHaBIMBAIOTCS Ha BEpXHEH
nanybe kopabnedt Jlumuomormdyeckoro wuHcruryra CO PAH. OOmas
OPOTSDKEHHOCTh  MaplIpyTa cocTaBisieT exerogHo 1600 ~1700 kM.
30HIMPOBAaHUE a’PO3OJIBHBIX IOJeld aTrMocdepbl NIPOBOIUTCS JIHIAAPAMHU
kopabenpHOro THa «Jlo3a-M2», «JIO3A-A2». Bech mepuoa HaOMOACHUN 32
(opMHpOBaHMEM CTPYKTYPhl a3pO30JIbHBIX TNOJell B KoTioBuHe baiikana
YCIIOBHO pa3zielieH Ha onu3oasl:  (oHoBas artmocdepa, GdopMupoBaHne
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CTPYKTYPBI a3p030Jis 33 CUET JBIMOBBIX NUICH(OB «OIMKHEI0» U «IALHETO
MIEPEHOCOB IpUMecel OT JIECHBIX TI0XKAPOB M OT NMPOMBIIUICHHBIX HCTOYHHKOB.
BepTukanpHast CTPYKTypa a’3poO30JbHBIX IIOJIEH CHJIBHO MEHSETCS BO BpeMs
IBIMOBBIX MU (PoB. PocT comeprkaHust JHIMOBOTO a3p030JIs BO BpeMsI TATBHIX
JIECHBIX IIOKapoB HAOMIOJAaeTcss BHa4aje Ha BBICOTaX 2-2,5 KM, 3aTeM
(hukcupyeTcs IIOTHOE 3aNI0JTHEHNE BCel aTMOC(EPHI 10 TIOBEPXHOCTH BOJIBI.
IIpoBoasATCS KOMILIEKCHBIE UCCIIEIOBAHHS Ta30BBIX M a3PO30JIbHBIX IIPUMECEH,
BO BpeMsl KPYITHBIX JIECHBIX IMOXapoB B CHOMpH, TpU CIICHAPUAX BIHMSHUS
IO0ANBHBIX, PETHOHANBHBIX M JIOKAIBHBIX HCTOYHUKOB HAa 3arps3HCHUC
atMocdepbl Haa o03epoM. [Ipu BBEIHOCE BO3AYIIHBIX MAacC C MPUOPEKHBIX
TEPPUTOPUH, T]Ie PACTIONOKEHBI KPYITHbIE HAaCEeIEHHbIEC MMYHKTHI U 3arPsA3HEHUH,
MOMAJAIONIMX Ha 03€pO MO JOJMHAM KpPYIHBIX MPUTOKOB (AHrapa, CeneHra,
Baprysun) peructpupyroTcs BBHICOKHE KOHIICHTpPAIlMA OKCHIOB a30Ta, CEpEI,
030HA, YBEIMYMUBACTCS MaccoBas KOHIICHTPALHUS a’pO30JIbHBIX YacTull. llpu
JIECHBIX TOXKapax MEHSETCS XUMHUYECKHH cOocTaB a’po3oi. Tak BONMM3HM odara
JIOKaJBHOTO JIECHOTO TIoXKapa Ha modepexne ozepa (0yxra CocHoBka, CpemHuii
Baiikan 29.07.2019), pukcrpoBamuch BEICOKHE KOHIICHTPAITNH OKCHIA CEPHI (110
47 MKr/M3) TIpH 3TOM 3aMETHO IOHIKAJIOCH CoAepikaHne 030Ha. OIpeeneHbl
BbIcOKHEe KOHUeHTpauun caxu (MBC 5-6 mkr/m3), uto Ha naBa mopsuka
npeBbImano (OHOBBIA YpPOBEHb 3TOrO BelIecTBa Haja o3epoM. Bo Bpems
JILIMOBOTO CMOTa OJIHOBPEMEHHO C POCTOM CaXHd OTMEYaics poCT
MOJIMAPOMATHIECKUX YTIIEBOJIOPOAOB. B cocTaBe a’po3oisi yBEIMYWBAJINCH
KOHIICHTPAI[MK HWHIAKATOPHBIX 3JCMEHTOB II0XKApPOB - Kajus, Cyib(}haros,
HUTPATOB, TSOKENBIX MeTauioB V, Mn, Ni, Co, Cu, Zn, As, Cd.

OIeHEeHO TIOCTYIUICHHUE 3arps3HSIONIMX BEIIECTB M3 atMoc(hephl Ha BOJHYIO
MOBEPXHOCTH 03€pa, OKa3bIBAIOIINX MIPSIMOE NICHCTBHE Ha TOBEPXHOCTHBIHN CIION
Bombl. CyMMapHBIE IOTOKH KHCIOTHBIX KOMIOHEHTOB (a30Ta W Cephl) Ha
MOBEPXHOCTh O3epa B JIBa -4ETHIPE pa3a BBINIC BO BPEMs JIECHBIX II0KApOB.
3arps3HACTCS TOBEPXHOCTHBIA CJIOH BOABI W CTOWKHMH OpPTaHUYECKUM
3arpsizHuTensaMu — [TAY, npoBeseHa olleHKa UX TOKCUYHOCTH BO BPEMSI JIECHBIX
MO’KapoB U B (JOHOBBIX YCIOBHUSX.

Baarogapuoctn: Pa6oTa BhInoNHEeHa Ipy (HHAHCOBOH moaepkke rpanta PH® Ne 19-
77-20058 -I1.
Kunrouesie coBa: baiikan, atmocdepa, a3po30:b, ra30BbIe IPUMECH
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VERTICAL PROFILES OF MICRODISPERSED
71 AEROSOL OVER MEADOW VEGETATION
AND IN FORESTRY
A.S. Zayakhanov, G.S. Zhamsueva, V.V. Tsydypov,

A.L. Dementeva, T.S. Balzhanov, A.V. Starikov
Institute of physical materials science of SB RAS, Ulan-Ude, Russia
azayakhanov@gmail.com

The study results of the features of atmospheric aerosol deposition on the
underlying surface in a forest and over meadow vegetation on the
southeastern coast of Lake Baikal are presents. Based on measurements
of the altitude profiles of the count concentration of microdispersed
aerosol (C, cm?®), it is shown that the gradients of aerosol concentration
over meadow vegetation are significantly higher than in the forest under
the tree crown and differ significantly. In open areas, dC/dh <0 is most
often maintained, i.e., the concentration of aerosol particles decreases
with increasing altitude. Under the tree crown, the contribution of
horizontal advection of air flows does not play a significant role due to
the screening of flows by trees. Under the tree crown, a decrease in the
photolysis rate and a change in vertical transport due to the presence of
foliage (shading by foliage and modified vertical diffusion) are noted. The
concentration gradients of fine-dispersed (VDA) particles (0.005<d<0.2
um) and submicron (SMA) aerosol (0.2<d<10 pum) in the forest under the
tree canopy vary within small limits compared to open terrain (meadow)
and can be both negative and positive (dC/dh). The maximum particle
concentration gradient during the experiments over meadow vegetation
was for VDA particles (180 particles /cm®)/m) during the daytime, and in
the morning for submicron aerosol (SMA) (4 particles /cm®m). In the
forest, the maximum is observed during the day for VDA particles (110
particles/cm3/m), and for SMA particles (1 particle/cm®/m). Low gradient
values under the forest canopy indicate that the tree canopy has a
significant effect on the deposition of aerosol particles in forest
vegetation.

Acknowledgements: The work was carried out within the framework of State

Assignment No. 1023032300005-3-1.5.9.
Keywords: distribution of aerosol particles, forest, meadow.
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INFLUENCE OF OZONE AND OZONE
PRECURSORS GASES ON THE PROCESSES
72 OF FORMATION, TRANSFER AND
TRANSFORMATION OF AEROSOL
PARTICLES IN LAKE BAIKAL

G.S. Zhamsueva?, A.S. Zayakhanov?, T.V. Khodzher?,
V.V. Tsydypov?, A.L. Dementeval, T.S. Balzhanov?, A.V. Starikov?

Institute of physical materials science of SB RAS, Ulan-Ude, Russia
2 Limnological institute of SB RAS, Irkutsk, Russia
galinazham@gmail.com

The paper presents the results of small gas impurities monitoring (Os,
SOz, NOx) and aerosol in the waters of Lake Baikal during experiments
on the research vessel (RV) «G.Yu. Vereshchagin» in August 2023.
Abnormally high ozone concentrations in Northern Baikal were detected
over a long observation period. The average daily ozone concentration
from August 8 to 11 was 115 ug/m?® with a maximum of up to 180 ug/m?.
It was found that during this period, the regions of Middle and Northern
Baikal were influenced by long-range transboundary air mass transport
from southeastern directions, covering industrial regions of China with
high ozone and anthropogenic gas content. This is also evidenced by the
results of calculations using the SILAM chemical transport model, which
allows simulating the spread of chemical substances (gases, aerosols) and
their mixtures with various types of interaction between them. An
analysis of local emissions of anthropogenic gases from nearby territories
to the lake water area was conducted. It was found that ozone and ozone
precursor gases directly influence the processes of formation,
transformation and transfer of aerosol particles, which is confirmed by
close correlation links between them. Since aerosol particles cannot be
destroyed as a result of interaction with ozone or other gases, then,
apparently, variations in 0zone and ozone precursor gases influence the
processes of formation and coagulation of aerosol particles.

Acknowledgements: The work was carried out within the framework of the State
Assignment No. 1023032300005-3-1.5.9 and with the financial support of the Russian
Science Foundation (19-77-20058 P).

Keywords: 0zone, 0zone precursor gases, aerosol, Lake Baikal.
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THE INFLUENCE OF LONG-RANGE
ATMOSPHERIC DUST TRANSPORT ON
73 PHYSICAL AND CHEMICAL
CHARACTERISTICS OF NEAR-SURFACE

AEROSOL IN THE CENTER OF
EUROPEAN PART OF RUSSIA

D.P. Gubanova, A.A. Vinogradova
Russian Academy of Sciences, A.M. Obukhov Institute of Atmospheric Physics,
119017, Pyzhyovskiy pereulok, 3, Moscow, Russia
gubanova@ifaran.ru

The increased interest in the research of long-range atmospheric dust
transport is caused by its influence on the Earth's climate, radiation
balance and atmospheric properties. According to various estimates, the
increase in global dust load on ecosystems has now risen by 55 + 30%
compared to the pre-industrial period. Episodes of long-range
atmospheric transport of dust aerosol from the arid zones of the Caspian
and the Aral seas are also observed in the Moscow region with continuous
monitoring of aerosol composition in the surface layer of the atmosphere.
The sources of dust emission, the frequency and extent of exposure, as
well as the variability of microphysical parameters, mass concentration
and elemental composition of aerosol particles of various size fractions
are discussed in this report.

Acknowledgements: The study was supported by the state assignment of the A.M.
Obukhov Institute of Atmospheric Physics RAS (FMWR-2022-0010).

Keywords: atmospheric transport, aerosol particles, microphysical parameters, elemental
composition, Moscow
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SURFACE AND INTERFACIAL TENSION OF
74 TWO-COMPONENT CUBIC AEROSOLS

E.S. Zaitseva
Kurnakov IGIC, Russian Academy of Science, Moscow, 117901 Russia
E-mail: zaya261011@gmail.com

In various situations, a non-spherical shape of aerosols can be observed,
which complicates calculating physicochemical properties. The interface
of the cubic shape of aerosols was studied in the simplest version of the
lattice gas model taking into account the interaction of nearest neighbors
in the quasi-chemical approximation on a rigid lattice. A numerical
analysis of the thermodynamic definition of surface tension between a
vapor or fluid and solid particles of a binary mixture and interfacial
tension between two solid particles with the properties of a phases as an
excess value of free energy AF of a two-phase system was carried out. A
microscopic analysis of the definition of surface tension for the case of a
complex shape of the phase boundary with the introduction of local
surface tensions for faces, edges and vertices is given.

Keywords: surface tension, interfacial lattice gas model, quasi-chemical approximation,
small systems.
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AEROSOL PRINTING WITH LASER
SINTERING

FORMATION OF METAL MICRO-
DIMENSIONAL STRUCTURES BY DRY

V.A. Dolgov?, D.V. Kornyushin?, V.I. Borisov!, M.S. Ivanov?,

E.l. Kameneva?l, V.A. Voroshilova!, V.V. Ivanov!
1 Moscow Institute of Physics and Technology (National Research University),
141701, Russia, Dolgoprudny, Institutsky per., 9
dolgov.va@mipt.ru

The results of a study on the formation of conductive micro-dimensional
structures, in particular, useful for the formation of inductive elements in
microwave devices, by dry aerosol printing using a printer being
developed at MIPT, are presented.

Microstructures are formed by deposition of metal nanoparticles
synthesized in a pulsed gas discharge in an inert gas stream onto
substrates fixed in a printing chamber in a dynamic vacuum atmosphere,
with simultaneous sintering by pulsed laser radiation with a wavelength
of 527 nm.

The flow of aerosol nanoparticles is focused in an aerodynamic nozzle
using a crimping gas stream, which makes it possible to obtain a width of
the applied structure several times smaller than the outlet diameter of the
nozzle.

By varying a number of printing and laser sintering parameters, namely:
printing speeds from 20 to 5000 pm/s, the number of layers from 1 to 12,
the repetition rate of laser pulses from 10 to 2000 Hz and pulse energy
from 0 to 250 uJ, optimal parameter ranges were determined.
Micro-dimensional metal structures with a thickness of 0.5 um and a
width of 40 um were formed on various materials substrates (silicon,
glass, polyethylene terephthalate).

The advantage of the technology is the combination of all stages of the
technological process of forming a metal micro-dimensional pattern in
one device, including the synthesis of nanoparticles, their deposition on a
substrate and sintering, which significantly increases the speed of the

process and improves the economy.

Acknowledgements: The research was carried out with the support of the Ministry of
Science and Higher Education of the Russian Federation under Agreement No. 075-15-
2024-560.

Keywords: printed electronics; nanoparticles; pulsed gas discharge; dry aerosol printing;
laser sintering
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PLATFORM FOR NANOPARTICLE
MEASUREMENTS IN TECHNOLOGICAL
ENVIRONMENTS: SET-UP AND FIRST TESTS

. INTEGRATED HARDWARE-SOFTWARE
7

V.A. Zagaynov!,_A.B. Nadykto? P.V. Pivkin?
!Department of General Physics, National Research Nuclear University MEPhI, Russia,
115409, Moscow, 31 Kashira Hwy
2Department of Applied Mathematics, Moscow State University of Technology,
Russia, 127055, Moscow, 3a Vadkovsky Lane
abnadykto@yandex.ru

Integrated hardware-software platform for nanoparticle measurements in
technological environments has been developed and tested. The platform,
which includes the diffusion aerosol spectrometer DAS 2702-M capable
of precisely measuring nanoparticles of 5-200 nm and having total range
of 5 nm-10 um and other instruments of nanoparticle monitoring and
sampling, was developed to measure phase transitions in the laser
ablation, metalworking and material synthesis related to evaporation,
condensation and chemical transformation during technological
processes, which may be indicators of achieving certain operational
regimes and conditions, which cannot be measured using other
instrumental methods due to the limited or no access to the contact zone
or other related circumstances. In this paper, the platform design and
functions, including the linkage and interaction of hardware and software,
digital technologies used and projected performance indicator, have been
discussed and measurements of emissions from industrial laser cutting
have been presented and analyzed.

Acknowledgements: This work is supported by the Ministry of Science and Higher
Education of the Russian Federation (State Assignment, project no. FSFS- 20240011).
Keywords: nanoparticles, aerosol spectrometry, measurement system, technological
environments, laser cutting
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INSIDES FROM QUANTUM SIMULATIONS,
LABORATORY MEASUREMENTS AND
OBSERVATIONS

. PHYSICAL CHEMISTRY OF NUCLEATION:
77

A.B. Nadykto, L.A. Uvarova, K.M. Nazarenko, P.M. Pivkin
Department of Applied Mathematics, Moscow State University of Technology,
Russia, 127055, Moscow, 3a Vadkovsky Lane
abnadykto@yandex.ru

Here we report a comprehensive comparative study of different
mechanisms leading to the formation of nanosized nucleated particles
capable of further growth and discuss most important points regarding
physical chemistry of their formation, physico-chemical properties and
scaling. We discuss the importance of accurate measurements and
simulations of binary sulfuric acid-water and multicomponent sulfuric
acid—based nucleation mechanisms, as well as mechanisms involving
amines and HOMs. Different strategies for reaching the decisive
conclusions about favorable nucleation mechanisms and conditions, in
which observable nucleation rates are achieved, have been discussed. The
importance of quantum simulations and the role of the configurational
sampling in their precession and cost-efficiency have been discussed in
detail. The impact of the configurational sampling on simulated
nucleation rates has been pointed out and uncertainties in nucleation rates
due to system and basis-set dependencies of ab initio methods has been
reviewed. We also present data showing impacts of scaling on physico-
chemical properties of nucleating nanoparticles and prove that the size
range, in which a quantum correction to classical nucleation theory is
urgently needed is in fact very narrow and depends on the chemical
composition of the nucleating cluster/small nanoparticle. The most
important properties affecting nucleation rates such as Gibbs free energy
changes and, in the case of ion-mediated nucleation, dipole moments of
nucleating clusters, have been discussed in detail.

Acknowledgements: This work is supported by the Ministry of Science and Higher
Education of the Russian Federation (State Assignment, project no. FSFS- 20240011).
Keywords: nanoparticles, quantum simulations, nucleation, Gibbs free energies,
chemical kinetics
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DYNAMICS OF DUMBELL-SHAPED AEROSOL
78 PARTICLES

L.A. Uvarova, D.A. lvanov, V.S. Shevyakov, A.B. Nadykto
Department of Applied Mathematics, Moscow State University of Technology,
Russia, 127055, Moscow, 3a Vadkovsky Lane
uvarll@yandex.ru

The motion of aerosol particles of various shapes and chemical
compositions in different layers of the Earth’s atmosphere is an important
problem of the aerosol microphysics and physical chemistry. While the
use of back-trajectory methods is one of the most common ways of
solving such problems, the actual particle shape has to be taken into
account and its impact has to be thoroughly evaluated. The paper is
dedicated to the motion of dumbbell-shaped particles, which are an
important fraction of volcanic emissions but little is known about them
compared to spherical and cylindrical ones. In this study, dumbbell-
shaped particles are modeled by two connected spherical particles. The
solution for two particles in a bispherical coordinate system was
originally obtained by Stimson and Jeffery using the approximation of
small Reynolds numbers. Here, the solution to this problem was obtained
in the "stream function - vortex" variables and is a solution to an
inhomogeneous equation in a bispherical coordinate system. Since the
Knudsen number for small particles at an altitude of about a kilometer
may be as large as 0.01, boundary conditions with the slippage at the
particle boundary were taken into consideration and kinetically consistent
difference schemes developed by B.N. Chetverushkin were used. The
algorithm for calculating the distance and trajectory was obtained using
such a difference scheme.

Acknowledgements: This work is supported by the Ministry of Science and Higher
Education of the Russian Federation (State Assignment, project no. FSFS- 20240007).
Keywords: aerosol microphysics, dumbbell-shaped aerosol particles, motion,
troposphere, difference schemes

133



Table of contents

Technical program...........covuiiiiiii e 5
ADSEIACES. ... 11
Oral presentations. ........o.oueiriiiriiii e 11
POSEEIS. . .t 47
Separation of mixtures by gas centrifuges....................... 47
Physical and chemical separation technologies................. 67
Membrane materials ans cOmpoSites.............c.oeevenvenen... 85
Stable isotopes and radionuclides in nuclear technology and
MEICINE. ...t 105
Laser and plasma separation technologies and its application 109
14th Petryanov and 5th Fuks readings........................... 119

134



135



136









