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Isaac Abrahams, Yajun Yue
Queen Mary University of London
e-mail: i.abrahams@qmul.ac.uk

EXPLORING THE LOCAL STRUCTURE OF SOLID ELECTROLYTES

Solid electrolytes are materials which show fast ion conduction in the solid
state in the absence of significant electronic conductivity. They are the key
components of devices such as fuel cells and gas separation membranes as well as all
solid state batteries. Their structures are often characterised by significant disorder on
the mobile ion sublattice. This disorder makes characterisation of the local defect
structure challenging since such details are lost within the average structure afforded
by crystallographic analysis.

In conventional crystallographic analysis using X-ray or neutron diffraction
data, generally only the long-range ordering contained in the Bragg scattering is
considered, yielding an average structure from which details of the local structure can
only be inferred. In disordered systems, information on short-range order is contained
in the diffuse scattering, which is typically ignored in conventional crystallographic
analysis. The total scattering approach utilizes both the Bragg and diffuse scattering
to give a more complete picture of the defect structure in crystalline systems that
show extensive disorder. Recent developments in the field of total scattering analysis
have allowed for relatively complex systems to be characterised using reverse Monte
Carlo (RMC) modelling of these data.

RMC analysis of total scattering data involves the fitting of the total scattering
structure factor, S(Q), and the total radial distribution function, G(r), using the Bragg
scattering data as a constraint on the long-range order. Large models in the order of
10000 atoms are used under periodic boundary conditions with adjustments to the
model made using a derivation of the Metropolis Monte Carlo algorithm. Both X-ray

and neutron total scattering data can be analysed using this approach.
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The advantage of this method is that it allows for details of vacancy ordering to
be explored, information that is simply unavailable wusing conventional
crystallographic analysis.

In this presentation, the application of RMC analysis of total scattering data to
the oxide ion conducting BIMEVOX systems is presented. The BIMEVOXes are a
family of oxide ion conducting solid electrolytes based on substitution of V and/or Bi
in B14V,0;15. They have exceptionally high oxide ion conductivity at low
(ca. 300 °C) and intermediate (ca. 600 °C) temperatures [1, 2]. In the parent
compound, Bi4V,0,,.5, three main polymorphs have been identified: the tetragonal -
phase at high temperatures (> ca. 570 °C), the orthorhombic B-phase at intermediate
temperatures (ca. 450—570 °C) and the monoclinic a-phase at lower temperatures (<
ca. 450 °C) polymorphs [3, 4]. The highest conductivity is seen in the fully
disordered y-phase with conductivities in the order of 0.1 S em™ at 600 °C [5].

Substitution of V> by iso- or alio- valent cations can lead to stabilisation of the
highly conducting y-phase to room temperature. The resulting BIMEVOX solid
solution systems have a general formula of Bi;ME,V,Oss. 525 (Where ME =
dopant, / = valency). However, the phases obtained through this route usually show
additional weak superlattice reflections associated with an incommensurate
modulation (y' phase) [6, 7] and only above ca. 450 °C is the fully disordered
tetragonal y-phase is observed. A huge variety of cations can be successfully
substituted for V>, the best known being the Cu®" substituted system, BICUVOX,
which shows conductivities of 1.0 x 107 S cm™ at 600 °C at 10% substitution [8].
The tetravalent cation substituted systems also show high conductivities, but have
been less well studied. In these systems, smaller cations such as Ge*" are expected to
adopt tetrahedral geometry, while larger cations such as Sn*" might be expected to
adopt higher coordination numbers. We have previously shown that the preferred
coordination geometry of the substituent cation and the position of vacancies
(equatorial bridging or apical non-bridging) can have an important effect on the

defect structure leading to different theoretical solid solution limits [9].
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In this study the average and local structures of two tetravalent substituted
BIMEVOX systems have been studied: BIGEVOX and BISNVOX. Both
BIGEVOX10 and BISNVOXO05 show ordered a-phases in monoclinic symmetry at
room temperature, with reversible a <> B and B < 7 phase transitions at elevated
temperatures. Average structure analysis for both a-phase compositions shows four
Bi and four V/ME crystallographically distinct sites, with the coordination number
for V/ME generally lower than theoretical values. The high-temperature y-phase
shows only a single crystallographically distinct site for V/ME, which may consist of
tetrahedral, pentacoordinate and octahedral geometries. This has been confirmed in
RMC simulation, with the use of combined neutron and X-ray total scattering data at
25 °C and 700 °C. At both temperatures, vanadium atoms mainly adopt four, five and
six coordinate geometries, which was also evidenced in >'V solid state NMR analysis.
Ge was found mainly to show tetrahedral geometry at the two studied temperatures,
while Sn shows octahedral geometry at 25 °C and tetrahedral geometry at 700 °C.
The different polyhedral geometries for Ge and Sn leads to distinct oxygen and
vacancy distributions in the vanadate layer in BIGEVOX10 and BISNVOXO0S5.
Oxygen vacancies are mainly found distributed in equatorial sites for both
compositions at both the studied temperatures, with an increase in the concentration
of apical vacancies at 700 °C. Vacancy ordering differs in these two compositions,
with a non-random deficiency in vacancy pairs in the second-nearest shell for
BIGEVOX10 along the <100> tetragonal direction, and long-distance (> 8 A)
ordering of equatorial vacancies for BISNVOXO05 at room temperature.

Both BIGEVOX35 and BISNVOX15 show incommensurately modulated 7'
phases at 25 °C and fully disordered y-phases at 700 °C, with reversible y' < y
transitions observed for both compositions at elevated temperatures. Similar to the
high-temperature y-phase for BIGEVOX10 and BISNVOXO05, the cations in the
vanadate layer in the room-temperature y'-phase and high-temperature y-phase consist

of four, five and six coordinate geometries. A variety of vanadate species were

identified in °'V solid-state NMR spectra of the BISNVOXes, with the
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octahedral:pentacoordinate ratio in good agreement with the RMC analysis. Ge
shows dominant tetrahedral geometry at the studied temperatures, while Sn shows a
predominant octahedral geometry, as also confirmed by the "Sn solid-state NMR
spectra. No evidence was found for cationic clustering, but some evidence was seen
for vacancy ordering. As in BIGEVOXI10, a preferential ordering of equatorial
vacancies in the <100> or <010> directions i1s found for BIGEVOX35. In contrast,
vacancy ordering for BISNVOXI15 is observed among the apical sites, likely
associated with the y’-phase modulation at room temperature, while for the fully
disordered y-phase at high temperature, it shows a more random vacancy distribution.
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NEW SUBFAMILY OF PEROVSKITES WITH TRIPLE ORDERING

Perovskite-structure materials are a very important part of today technologies.
High-dielectric constant, ferroelectric, and giant magnetoresistance properties of
perovskites are used on memory elements, the largest piezoelectric activity is utilized
in different actuators and other devices. Perovskites show ferromagnetic, catalytic,
and even superconducting properties. The most studied and used perovskites have the
ABO; stoichiometry (Fig. la), where different functionalities are controlled by
chemical compositions at A and/or B sites, but A and B cations are usually
completely different and bear different functions.

There is a special class of perovskite materials with the general composition of
AA’;B4O1, — the so-called A-site ordered quadruple perovskites — which have a 12-
fold-coordinated A site and a square-planar-coordinated A’ site due to strong tilts
(Fig. 1b). Therefore, the A’ site is typically occupied by 3d Jahn-Teller cations [such
as, Cu*" and Mn*", or other cations which allow a square-planar coordination: Mn*,
Fe**, Co?", and Pd**] and most of the AA’;B401, compounds need high-pressure and
high-temperature for their preparation. The AA';B40;, quadruple-perovskite
subfamily of the perovskite family has also numerous representatives with A = Na",
Mn?**, Cd**, Ca*", Sr**, R* (R = rare earths), and Bi** and B = Mn*"#* Fe**, Cr*",
AP, Ti*, V¥ Ge*, Sn*', Ru*, Ir*', Ta>*, Nb>*, Sb*", and others. This subfamily was
discovered in 1960s in CaCu3Ti40;,. The presence of 3d-5d transition metals at both
A’ and B sites of AA';B4O;, gives new functionalizes such as inter-site charge
transfer and disproportionation, negative thermal expansion, giant dielectric constant,

multiferroic properties, and high catalytic activity.
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In this presentation, we will introduce another special class of perovskite
materials with the general composition of A,A’A""B4O1, (Fig. 1c). They are called A-
site columnar-ordered quadruple perovskites, where A’ is a site with a square-planar
coordination and A" is a site with a tetrahedral coordination. The first representative
of this subfamily, CaFeTi,Os, was discovered just in 1995. CaFeT1,0¢ was the only
representative of such quadruple perovskites for almost 20 years until in 2014 was
another representative reported, CaMnT1,0¢. In the last few years, this area of
perovskite research is exploded with a great potential for further development. This is
because the A and B sites in AyA’A'"B4O;2 can be occupied by a large number of
elements similar to ABO; and AA';B40O,, perovskites. On the other hand, the A’ site
should contain cations that allow a square-planar coordination (e.g., Mn*" and Cu?*
and others), and the A" site should contain cations that allow a tetrahedral
coordination (e.g., Mn*" and Fe?" and others). The presence of 3d-5d transition metals
at three sites — A’, A”, and B — with original columnar-type arrangements of A
cations (Fig. 1c) will lead to new functionalizes because of unusual exchange

pathways not seen in other perovskites.

L]
.0

Fig. 1. Connections of AO, polyhedra in classical (a) ABO; perovskites,
(b) AA'3B4O1, quadruple perovskites, and (c) A2A’A’'B4O1, quadruple perovskites

(this presentation)
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Jing Hou
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APPLICATION OF LIQUID PHASE TRANSMISSION ELECTRON
MICROSCOPY TO STUDY ELECTROCHEMICAL PROCESSES

The energy demand in our society has boosted energy-storage material
development, making analytical techniques capable of studying a material’s response
in its operational conditions especially important for understanding fundamental
aspects of the physio-chemical processes and for further development of new
technological solutions. The development of a chip-based closed liquid-cell enabled
observations of liquids inside a transmission electron microscope (TEM) with
simultaneous application of other stimuli (e.g. mechanical force, electric field, heat,
and light). This opened the way to perform in-situ/in-operando studying of dynamic
phenomena in the liquid phase with high temporal and spatial resolution (micro-/
nanoscale). In my talk, I will focus on electrochemical processes, which lead to
battery performance decay, and show how we can scale down the standard battery
set-up to perform in-situ liquid-phase electrochemical experiments in a TEM. As
illustrated in Figure la, the liquid phase electrochemical TEM holder is specifically
designed for sealing a liquid environment between two electron transparent 50nm
thick silicon nitride windows supported by Si chips. Electrodes patterned on the chip
are used for introducing electrical biasing to the enclosed liquid phase system. By
integrating electrochemistry into liquid phase TEM, we can investigate diverse
relevant applications, such as batteries working and failing mechanism, the evolution
and degradation of catalysts, and corrosion processes. Herein, the procedures for
studying electrode degradation and energy storage mechanism in batteries using
liquid phase TEM will be discussed in this talk.

Chip-based micro-batteries assembly, electrochemical control evaluation, and

© Hou Jing, 2022
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electron beam effects are three critical aspects in having a representative and
reproducible setup for in-situ examination of batteries using liquid phase transmission
electron microscopy. In order to overcome the size restriction and mimic the real
battery testing system at the micro scale, microelectrodes modification using
mechanical or electrochemical methods was tested. The use of electrochemically
tailored Li;<FePO4 (LFP) simultaneously as counter and reference electrode has
turned out to be a practical and reliable way for lithium ion battery assembly in the
liquid cell with Li;+x(NipsMng2Co02)1-x02 (NMC) as working electrode (Fig. 1a) [1].
The degradation path of the electrode material after cycling battery in the liquid cell
prepared as such using pulse galvanostatic chare/discharge (Fig. 1b-f) was proved
associated with mechanisms concluded from bulk cell systems under certain electron
dose threshold. Moreover, this versatile setup is promising for studying batteries’
energy storage mechanisms through tracing selective elemental signals on specific

sites under a certain stage of cycling.

d Electron beam

Silicon nitride window l Working electrode

Li,, (NiMnCo), O,

Silicon

o

Li, FePO,

Discharge capacity (pAh)

H
{
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" " 1 1 L L
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Fig. 1. a) Liquid cell setup for micro-battery assembly NMC as the working
electrode and LFP as the counter and reference electrode. b) Galvanostatic
charge/discharge of this micro-battery in the liquid cell with constant current of
100nA for 100 cycles. ¢) Scanning transmission electron microscopy of a cycled
NMC particle. e-f) Elemental mapping of Ni (green), Mn (blue) and Co (red) of the
particle in (¢)
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In-situ liquid phase transmission electron microscopy can reliably reveal both
the working and the failure mechanisms of batteries, thereby bringing essential
insights for realization of more versatile battery system improvement.
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THERMOPOWER: PRINCIPLES AND MODERN DEVELOPMENT

Did you know that the heat produced by your vehicle by fuel combustion in the
engine or during braking is lost for more than 70%? The recovery of this so-called
fatal heat to save fossil fuels is therefore the subject of much research. This is where
thermoelectric (TE) materials are of interest, as they have the particularity of
producing an electrical voltage under the effect of a flow of heat passing through
them (effect discovered by Thomas Johann Seebeck). A TE generator (Figure 1)
combines two types of materials in the form of two bars thermally mounted in
parallel, and these pairs of bars are connected in series to electrodes to generate a
voltage which is the sum of the Seebeck voltages of each pair.

However, there are still steps to take to improve the efficiency of such devices
and the first one lies in the performance of materials: they should be good enough
electrical conductor for electricity to flow through it, but not too good a thermal
conductor to maintain a temperature gradient between hot and cold sides. The TE
power of a material is defined by the Seebeck coefficient (S = AV/AT in V/K), which
reflects the voltage AV created between hot and cold ends under the effect of a
temperature difference AT. This coefficient must be high. The properties sought for
these materials are therefore antagonistic: a metal is not suitable because its thermal

conductivity is too high and its coefficient S too low, neither is an insulating material

© Maignan A., Hébert S., Daou R., Lebedev O., 2022
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because although its thermal conductivity (k) is low, its electrical resistivity (p) is

gigantic and therefore opposes the passage of the current!

(@) (b)

Fig. 1. TE generator: (a) block diagram and (b) commercial device. In (a), when the
heat flow passes through the module, a temperature gradient is created between the
faces (hot and cold sides). The bars of TE materials mounted thermally in parallel and
in series electrically generate a voltage by Seebeck effect between the 2 connectors.
Copyrights: (a) after the thesis of Driss Kenfaui, University of Caen (2011),

(b) Thermoelectricity Wikipedia

The known materials responding to this compromise are therefore all
semiconductors which thus have a high coefficient S of the order of a few tenths of
mV/K, the sign and absolute value of which can be adjusted by checking for doping
impurities, an electrical resistivity of the order of mQ.cm and a thermal conductivity
that 1s often still too high (a few W/(Km)). This explains why the most widely used
commercial material in current applications is bismuth telluride (Bi;Te; doped with
electrons (n type) or holes (p type)).

As the concentration of charge carrier increases, the electrical resistivity p and

S decrease. This is why there is an optimum concentration of charge carriers in the
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material corresponding to the best power factor, PF = S*p. The chemist therefore
strives to find the best dopants to approach this optimum.

For that, he/she can exploit the different nature of the transport mechanisms of
electrons (electricity) and heat (thermal conductivity, k). In the great majority of TE
materials, the heat transport is mainly done by vibrations of the atomic network
called "phonons". At high conversion temperatures, it is mainly so-called "acoustic"
phonons - because they are typical of the propagation of sound in the material - which
transport heat. At an equivalent power factor, the chemist can play on the structure of
the material at different scales from the atom, to reduce the contribution of phonons
to thermal conductivity. This path to follow consists in decoupling the transport of
electric charges (ideally that of a perfect crystal "electronic crystal") from that of
phonons (ideally that of a glass "phonon glass liquid"). Thus, among the best known
TE performances, those of BiyTes/Sb,Tes superlattices can be explained by this
decoupling: by periodically depositing atomic layers of these two materials with
similar electrical properties, the electrons moving according to the stacking direction
are not disturbed by the coherent interfaces between these materials, the PF therefore
remains unchanged. Conversely, the difference in atomic mass of the bismuth and
antimony atoms very strongly disturbs the vibrations of the network, reducing the
contribution of phonons to thermal conductivity. The performance of the resulting
material i1s improved by more than a factor of 2 compared to the two constituent
materials.

The inter-growth between two TE materials shows in a very educational way
how to approach the lower limit of thermal conductivity which corresponds to that of
a glass. There are therefore several chemical strategies to control the size of the
crystallites within the material in order to create interfaces which are coherent for the
electrons but de-coherent for the phonons: thus in ZnO-type oxide ceramics, the
introduction of planar defects created by the presence of indium atoms (Figure 2)
breaks the propagation of phonons, the thermal conductivity at room temperature is
then divided by 5! These results show that the search for new TE materials has only

just begun. This will be illustrated by the n- and p-type transport asymmetry found in
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transition metal oxides, the strongly correlated physics of the latter having led to
study a lot of new oxides in connection with their anomalous TE power. Also, the
coupling between magnetism and TE power, recently established in transition metal

TE sulfides, pyrites and thiospinels, opens another route to seek for multi-functional

materials.

Fig. 2. High resolution electron microscopy image of a ZnO oxide ceramic showing
the presence of planar defects (noted p-IB and b-1B) formed by indium ions
voluntarily substituted during the synthesis of the material. As these defects hinder
the propagation of phonons, thermal conductivity is divided by a factor of 5 at
ambient temperature. White dots represent heavy atoms, zinc and indium. From: ACS

Appl. Mater. Interfaces 2018, 10, 7, 6415-6423
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PROTONIC CERAMIC FUEL CELLS - ELECTROLYTE AND CATHODE
MATERIALS, AND THEIR DEFECT CHEMISTRY

Ceramic fuel cells based on oxide ion conducting electrolytes (SOFC) are well-
known and technologically mature (i.e. commercially available). They have the
advantage of fuel flexibility, in addition to hydrogen they can also be operated on
natural gas, liquid fuels, and even coal powder. However, the use of oxide ion
conducting electrolytes implies comparably high operation temperatures
(typically > 600 °C), and the H,O, CO, product gases are formed at the anode side
and dilute the fuel. If operated in electrolysis mode (to utilize excess renewable solar
or wind electricity) the hydrogen is delivered as a mixture with unreacted steam.

Therefore, fuel and electrolyzer cells based on proton conducting ceramic
electrolytes (PCFC, PCEC) [1] gained interest in research and are rapidly developing
also at the technological level [2]. The conductivity of protonic ceramic electrolytes
has a lower activation energy than that of oxide ion conductors, enabling operation in
an intermediate temperature range 300—600°C. Since water is formed at the air side,
the fuel remain undiluted and high fuel utilization is easier. In electrolysis mode, dry
hydrogen is formed and can even be compressed to 10-50 bar by the PCEC.

The majority of protonic ceramic electrolyte materials has a perovskite
structure. Oxygen vacancies (Vo) are formed by acceptor doping (e.g. Y** on Zr*
site in BaZrO3). Water can dissociatively be incorporated according to

H,O + Vo' + Oo* <---> 2 OHy (1)

which forms two protonic defects OHo' (hydroxide ion on an oxide ion site).
The proton is attached by a short covalent bond to one O, and has longer hydrogen

bonds to two neighboring oxygens. The proton can easily rotate around the O to

© Merkle R., 2022
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which it is bound. On a slightly slower time scale it can be transferred along one of
the hydrogen bonds to a neighboring O, with an activation energy of about 0.5 eV
[1]. Some issues with high impedance of grain boundaries and sintering procedures
will briefly be discussed.

The cathode material for a PCFC needs a combination of p-type electronic and
proton conductivity in order to make the whole cathode surface active for the
reduction of O, to H,O. They are typically oxides with perovskite or related structure
(double perovskite, Ruddlesden-Popper phase), and redox-active cations such as Fe,
Co, Ni on the B-site [3, 4]. Their defect chemistry is determined by the combination
of the hydration reaction (1) with the oxidation reaction

0.50;,+ Vg <---> Oo*+2 Ir (2)

which forms electron holes h- that are more or less localized at the redox-active
B-site cations [5]. The proton uptake of differently substituted BaFeO; perovskites
was measured by thermogravimetry [6]. In contrast to Ba(Zr,Ce,Y)Os., electrolytes
which are fully hydrated below about 400 °C, the degree of hydration remains much
lower for PCFC cathode materials. It is also seen that the degree of hydration
decreases when the materials are more oxidized, although holes do not appear in the
hydration reaction (1). Therefore, defect interactions - proton-hole, but also hole-hole
interactions — have to be considered in the defect chemistry. With the help of DFT
calculations, this behavior can be understood [7]. The holes are not strictly localized
at Fe, but to a large degree shared with the neighboring oxygens ions. This decreases
the negative change density of the O, thus also the basicity, and therefore the
feasibility of becoming protonated. Interestingly, doping of the B-site with oversized
and redox-inactive cations such as Zn**, Y** strongly increases the proton uptake [6].
EXAFS measurements showed that this doping leads to strong local distortions, such
that many Fe-O-Fe connections become bent [8]. This decreases the hybridization
between Fe3d and O2p orbitals and thus the hole delocalization from Fe to O.
Consequently, the oxygens keep a more basic character and favor proton uptake.

It is challenging to determine the proton conductivity of mobility in cathode

materials, because the electronic conductivity is several order of magnitude higher,
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and also the Vo~ conductivity must be separated out. So far there are not many data
about proton mobility in BaFeOs-based cathode materials available, but preliminary
experiments indicate the mobility is only slightly lower than in BaZrOs electrolytes.
From measured proton concentrations and this estimated mobility one obtains a
proton conductivity for the cathode materials in the range of 10°-10-* S/cm, which
suffices to make large parts of the cathode surface area active for the oxygen
reduction reaction.

Unfortunately, some trends in PCFC cathode materials are conflicting, e.g. a
higher electronic conductivity is typically related with decreased proton uptake. Thus,
further approaches for the optimization of PCFC cathodes are required.
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AMORPHOUS MATERIALS: CRYSTALLOGRAPHY BEYOND CRYSTALS

Amorphous materials (non-crystalline materials) are usually defined as
materials that do not possess the long-range order (periodicity) characteristic of
crystals. In this talk I would like to approach the concept of crystallinity in a different
way, starting from glasses — materials that are generally considered to be completely
disordered — and look at what levels of order they possess and how we can describe
their structure. The delicate balance between order and disorder is essential for
designing new materials. The introduction of defects in semiconductors to modify
their band structure, cation-disorder in oxides to facilitate ion diffusion in
rechargeable lithium batteries, and defect engineering in metal-organic frameworks in
order to develop sorbents are just a few examples of defect/disorder engineering in
solid-state chemistry. In this context, it is worth noting that in biology, the concept of
structure is less dependent on periodicity, suggesting that other principles can
underlie molecular organization. To guide you through the organization of
amorphous materials, I will introduce the concepts of short- and medium-range order,
dense random stacking of identical spheres and the Voronoi cell. I will show by
means of which scattering methods we can describe glasses, and what direct methods
can be used to visualize local atomic order. Several examples of the application of

these methods to metallic, organic and inorganic glasses will be given.

© Tarakina N.V., 2022
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TEPMUUYECKOE PACHIUPEHUE TBEP/JbIX OKCUJHBIX
MATEPHUAJIOB: IPUPOJA U CITIOCOBbBI BJIMAHUSA HA HET'O

XOpomo HU3BECTHO, YTO NOJABIAIOLIEE OOJBIIMHCTBO TBEPJBIX TeI
PACHIMPSAIOTCS C YBEJIMUYEHUEM TEMIIEPATypbl. ITO CBSI3aHO C TEM, YTO 3aBUCUMOCTb
MOTEHI[UAIBHOW HHEPIrUM CHUCTEMBI OT PACCTOSHMSI MEXKIY COCTAaBJISIOIIMMU €€
4acTUI[AMU HMMEET aCUMMETPUYHBIA BUJ. B Jeknuum 3arparuBaroTcs BOIPOCHI O
B3aMMOCBSI3U MEXKIy IPUPOION XMMHUYECKOM CBSI3H, KPUCTAIUIMYECKON CTPYKTYPOH U
TEPMUYECKUM PACIIUPEHUE TBEPABIX HEOPraHUYECKUX COCAVHEHUM, U B IEPBYIO
ouepenb oOkcunoB. Ha mnpumepe KkoOampTCoIepKalMX NEPOBCKUTONOIOOHBIX
OKCHJIOB  OOCYXJalOTCSI  DJIEKTPOHHbIE  (DAKTOPbI, Takue KaK TEPMHUYECKU
aKTUBUPOBAHHBIC IIEPEXOJbl MEXAY pPa3IW4YHbIMM CIIMHOBBIMM COCTOSIHUSMH
KaTHOHOB d-meTayuia (CHUH-KPOCCOBEP), OKAa3bIBAIOIIME CUIIBHOE BO3JCHCTBHE HA
BEIIMYMHY TEPMHMUYECKOr0 pacimupeHus. PaccmaTpuBaeTCs BBICOKOTEMIIEPATYPHOE
«XMMHYECKOE» paclIMpeHre MEPOBCKUTOB, COJEPKAIIMX B CBOEM COCTABE KATHOHBI
NEPEXO/IHbIX METaJUIOB, KOTOpBhIE CHOCOOHBI JIETKO MEHATh KaK CBOIO CTENEHb
OKHCJICHUS, TaK U KOOPAMHALMOHHOE OKpYXKEHUE. B 3aK/IF0UNTEIbHON YacTH JIEKIIAN
oOcy>KaaeTcsl IBJICHUE OTPUIATEILHOTO TEPMHUUYECKOTO PaCIIMpPEeHHMs, 3aTParuBatoTCs
pa3IMYHbIE KJIACChl COEUHEHUM, B KOTOPBIX OHO MposBisieTcsi. OCHOBHOE BHUMAaHUE
yAENAETCsl  aHU30TPONHMM  TEPMHUYECKOTO  pPACIIMPEHUs  BAOJb  Pa3IUYHBIX
KpUCTAJIOTpapUUECKUX HaIMpaBICHUH U HEOOXOAMMOCTH ydeTa 3TOM aHU30TPOIHU
IpU PACCMOTPEHUHM TEPMHUUYECKOTO PACHIMPEHHUS] KEpaMHUKH, TMOJIYYEHHOU U3

COCIMHEHUN C AHOMAJIbHO BBICOKOW aHU30TPONUEN TEPMUYECKOTO PACILIUPEHUS.

© Uctomun C.4., 2022
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XAOTPOITHBINA D®PEKT: TAMHAS CUJIA B MUPE MOJIEKY.JI?

@dyHIaMEHTaIbHBIE BOMPOCHl  COJIbBATAIIMM  OPTAaHWYECKHX MOJICKYNT H
HEOPTaHUYECKUX MOHOB SIBJISIIOTCS] OJTHAM U3 KIIFOUEBBIX aCMIEKTOB XMMHH PAaCTBOPOB.
OtkpeiThie XopMeHCTEpOM JMOTPOIHBIE PSABI, YCTAaHABIWBAIOIINE CBA3b MEXKITY
PacTBOPUMOCTBIO OCJIKOB M THUIIOM HEOPTaHHMYECKUX AHUOHOB, MPHUBOMASIIUX K HX
BBICAJIMBAHUIO, 10 CHX TOP MPEICTABISIIOT COOON CIIOXHBIA OOBEKT C TOUKH 3PEHUS
¢usnueckoil xumuu. Jlexamuii B OCHOBE HaOMI0AaeMbIX XO(PMEHCTEpOM SIBICHUN
XaoTPpOIHbIN dPDEKT, T. €. 3h(eKT, CBA3aHHBIN ¢ pa3pylICHUEM BOJOPOJAHBIX CBS3EH
B pacTBopuTeine (BOJE), HaXOOUT MPUMEHEHHE M B COBPEMEHHBIX TOIXOJax
CyNpaMOJICKYJISIPHON XUMUHU. B 4aCTHOCTH, HEOPTaHUUYECKHE TTOJIMOKCOAHUOHBI, H30-
u rereponojnokcomeramuarel, Thna Kerruna ([SiW,040]%, [PW12040]>) u Joycona
([P2W15062]%), cmocobHBI ancopOupoBaThCS Ha MOBEPXHOCTH MuLeLl u3 [IAB wu
00pa30BBIBATh HAJMOJIEKYIIIPHBIE aHCAMOII cTeXHuoMeTprudeckoro cocrasa (1:1, 1:2)
C UMKIMYECKUMHU OJIMTrocaxapujaMu — IukioaekcTpuHamu (o, B, y). [lomoO6HBIM
MOBEJICHUEM, KaK ObUIO OOHApYKEHO B HelaBHUX pabortax mpod. Cadot, obnanarot u
00J1ee CI0KHBIC MTOJIMOKCOAHUOHBI — {MOjs4} C TOPOUJATBHBIM CTPOCHUEM.

C mo3ummu TEPMOAWMHAMHUKH, XAOTPOMHBIA A(DPEeKT, NpUBOAAMUNA K
(GhOpMHUPOBAHUIO HAIMOJEKYJISIPHBIX aHCaMOJiel, MMEeT XapaKTEPHBIC OTICUATKH:
OTpHUIIATENIbHOE W3MEHEHHE 00oux TepMmoauHamuuecknx QyHkmmii AH m AS, uto
OTJIMYaeT €ro, Hampumep, oT TuapodoOHOro s3¢ddexra, MPUBOIAMIETO K POCTY
SHTPOMHUH TIPU 00Pa30BaHUM MUIICIUISIPHBIX CTPYKTYp. [Ipu 3TOM BO3HHKAEeT BOMPOC:
MOoYeMy SHTPOMHUS CBOOOJHBIX MOJIEKYJ PACTBOPUTENSI OKa3bIBae€TCS HIDKE, YeM
SHTPOMHS MOJIEKYJ B COJIbBATHOM 000JIouke XaoTpomHoro anuona? Kpome Toro,

€CJIM TOBOPUTH C MO3ULIUU TOTO, UTO IIPHU XaOTPOITHOM 3P EKTe MPOUCXOTUT

© TI'pxeropkeBckuit K.B., 2022
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pa3pylieHre BOJOPOAHBIX CBSI3€H PAaCTBOPHUTEINA, T. €. €ro pazynopsaoueHHe,
TO MOYEMY PHTPONHMS BCE paBHO oTpuuaTenbHa? HakoHel, HE CyIIECTBYET €IUHOM
IIKajael XaoTponHoro 3@dekra. Ha ceromHamHuil AeHb NPeJIo)KeH METOA OLUEHKH
BEJIMYMUHBI XaOTPOITHOCTH aHUOHOB MOCPEACTBOM ONPEEICHUs KOHIIEHTPAIIMOHHOM
3aBucuMocTH  Temrepatypsl nomyTHeHuss (Cloud Point) pactBop IIAB B
MPUCYTCTBUM COOTBETCTBYIOLIMX HEOPraHMYecKuX cosie. Hackoibko 3TOT moaxon
YHHUBEpPCAJIEH, OCOOCHHO KOIJa pedyb HUAET 00 OICHKE BIUSHUS AaHHOHOB Ha
PacTBOPUMOCTD 0€JIKOB? DTOT BOIPOC OCTAECTCS TUCKYCCHOHHBIM.

Takum o0pa3om, HECMOTpPS Ha HEOJHO3HAYHOCTh B YCTAHOBJICHHM NPUYHUH
Xa0TpOnmHOro 3(dQexra, OH SABISETCS MOUIHBIM HWHCTPYMEHTOM B YIPAaBICHUU HE
TOJILKO PAacCTBOPUMOCTBIO KOMITOHEHTOB B BOJHBIX CHUCTEMaxX, HO W B CO3JaHHUU
[EJIOTO CIIEKTPa HOBBIX CYNPaMOJIEKYJISIPHBIX aHcaMOJIel ¢ 3aJaHHON apXUTEKTYpOH.
Takue aHcamOiM MOTryT OBITh MCHOJB30BaHbl Kak g JAM3aliHa MAaTepuasoB,
CO3/IaHUS CUCTEM MOJICKYJSIPHOTO PACIIO3HABAHUS «XO3SWH — TOCThb», TaK WM IJIA
MOJIETTUPOBAHUS CJIOXKHBIX MPOLIECCOB CaMOOPraHU3alluu, MPOXOJSAIIMX B JKHUBBIX

CHUCTCMAX.
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Crnoucteie KOOANBTUTHI HATPUS M3BECTHBI JIOBOJIBHO JIaBHO, OJIHAKO
3HAUNUTEIBHBII MHTEpPEC K HUM Hadall NpoSBIATBCA ¢ 1997 r., mocine OTKpBITHS
N. Tepacaku ¢ cOTpyTHUKAMH BBICOKOW TEPMOIIIEKTPUYECKOU IMPOU3BOAUTEILHOCTH
y MmoHOoKpucTamuioB NaCo,0;. K HacTosieMy BpeMEHU CHHTE3UPOBAaH IIUPOKUI P
CJIOHBIX OKCHJOB ATOT0 KJIacCa, OCHOBHBIMU MPEICTABUTEISIMU KOTOPBIX SIBISIOTCS
cnouctbie ko0anpTuThl HaTpus (Na,CoOy), kambius (Caz;Co409+5), BECMYTa-KATBIIHS
(ctponuus, 6apus) (BinMe,Co,O,, rne Me = Ca, Sr wnu Ba) u ux pasnuunbie
npou3BogHble. OOBEIUHAIOMUM 3JIEMEHTOM CTPYKTYpPbI 3THX (a3 ABIAIOTCS CIIOH
[CoO,] (ctp. Tunn Cdl,), paznenennsie ciosmu Na, [Ca;CoO;] (ctp. Tunm NaCl) u
[BiMeO:], (ctp. Tunt NaCl) cooTBETCTBEHHO.

Crnoucteie  KOOAIbTUTHI  XApPAKTEPU3YIOTCS  BBICOKMMH  3HAYEHUSMU
AMEeKTponpoBogHOCTH  (0) u  koddpdummenta  3eebexa  (S),  HUBKOH
TEIUIONPOBOAHOCTEIO (A) W YCTOMYMBOCTBIO Ha BO3IyXe NPHU MOBBIIICHHBIX
TEMIIepaTypax, M IMO3TOMY pacCMAaTPUBAIOTCS KaK B KAaueCTBE IEPCIEKTHUBHOM
OCHOBBI i1 pa3pabOTKU  MaTepualioB  p-BETBEH  BBICOKOTEMIIEPATYPHBIX
TepMod3JieKTporeneparopos (TOI).

OyHKIMOHANBHBIE XapPaKTEPUCTUKA KEPaMHUYECKHX OOpa3loB CIOMCTHIX
KOOQJIBTUTOB YCTYMAIOT TAKOBBIM JJISI MOHOKPUCTAJIOB, HO MOTYT OBITh YJIy4IIEHBI
NyTeM JOMUPOBAHUSA HMX OKCHAAMU Pa3IUYHBIX METAIOB, MOAU(DUIMPOBAHUS
MHUKpPO- M HAHOYACTUIAMU OKCHUJIOB METAJUIOB, IMOJYIPOBOJHUKOB, METAIJIOB,

HCIIOJB30BaAHUCM PACTBOPHBIX MCTOJ0B CHMHTEC34d, a TAKKC CIICIHAJIbHBIX MCTOAUK

© Kneiaarok A.H., 2022
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CHEeKaHMs (IUIa3MEHHO-UCKPOBOE CIIEKAHME, ropsyee MPECCOBAaHUE, JABYXCTaIUNHOE
CHEKaHHE W Jp.), NO3BOJSIOIUX IOJYYUTh HU3KOMOPUCTYI0 TEKCTYPHUPOBAHHYIO
KEpaMUKYy.

B gokmage paccMOTpeHbl OCOOEHHOCTHM  KPUCTAUNIMYECKOW CTPYKTYpPHI
CJIIOUCTBIX KOOaJIbTUTOB, (ha30Bble paBHOBecus U (a30Bble MpEBpAlllCHUs B
KBa3MOMHAPHBIX M KBA3UTPOMHBIX CHUCTEMax, B KOTOPHIX 00pa3yroTcst ATU (asbl, UX
AIEKTPOTPAHCIIOPHBIE, MarHuTHbIE, TEPMUYECKHUE, TEPMOMEXAHUYECKHE,
TEPMOIEKTPUUYECKUE U HHblE (YHKIMOHAJIbHBIE CBOMCTBA. OOCYXIEHO BIUSHUE
3aMEIEHUs] KaTHOHOB B PA3JIMYHBIX MO3HUIMSIX CTPYKTYPHI CIOUCTHIX KOOAIbTUTOB
pa3IMYHBIX THUIOB Ha HapameTpbl MX KPUCTAUIMYECKOW CTPYKTYpBI, 3apsSA0BOE U
CIIMHOBOE COCTOSIHUSI HOHOB KOOajbTa B UX COCTaBe, (PU3MKO-XUMUYECKHE CBOMCTBA
U QYyHKIIMOHAJIbHBIE XapaKTEPUCTUKH 3TUX CIIOKHBIX OKCHJIOB.

CpaBHUTENIBHO 0XapaKTEPU30BAHBI Pa3IMUHbIE METOAUKN CUHTE3a U CIIEKAHUS
TEPMODJIEKTPUUYECKON KEepaMUKH Ha 0a3e CJIOUCTHIX KOOAJIbTUTOB, IMO3BOJISIOLINE
[OJIy4aTb ~TEKCTYPUPOBAHHYIO KEPAMHUKY C TOHM)KEHHOM TOPUCTOCTBIO H
NOBBILIEHHBIMU ~ 3HaueHWssMH  (akropa wmommuoctd (P =S5%c) u mapamerpa
TepMoaieKTpuyeckoit noopotnoctu (Z7 = P-T/MA).

[Toxazano, uyto 3()(PEKTUBHBIM CIIOCOOOM YIIYUIIEHUS TEPMOAIEKTPUUECKIX
CBOMCTB KEpaMHKH SIBISIETCA CO3JaHMEe B HEW (a30oBOl HEOJHOPOAHOCTH, a
HaIIPaBJIEHHOE PETYJIMPOBAHHE COCTaBa KEPAMUKH B COBOKYINHOCTH C JOJDKHBIM
o0pa3oM MOJ0OpaHHBIMM METOJMKAMU CHUHTE3a U CHEKAHUS MO3BOJSET IOIYYHUTh
MaTepuaisl, XapaKTepU3yroIuecs BBICOKOH TEPMOIIEKTPUUYECKOM
MPOU3BOJUTENBHOCTEIO  (Z7T>1) W  OpurogHele Jig  HENOCPEICTBEHHOTO
UCIOJIb30BaHUS IIPYU KOHBEPCUH BBICOKOTIOTEHIIMAILHOTO TEIJIa B 3JIEKTPOIHEPTHIO.

O6cyx1eHa BO3MOKHOCTh IPUMEHEHHUSI CIOUCThIX KOOAJIbTHUTOB HE TOJBKO B
KAueCTBE BBICOKOTEMIEPATYPHBIX TEPMOIEKTPUKOB; TaK, IPOU3BOJIHBIE CIIOUCTOrO
koOanpTuTa Hatpus (Na,CoO,) MOTryT OBITP MCHOJIB30BaHbl B KayeCTBE KaTOJHBIX
MaTepuanoB HaTpU-HOHHBIX akkymyisaropoB (HWA), a marepuansl Ha OCHOBE
ciouctoro kobanpTuTa Kanbuus (CazCo40q:5) — B KauecTBE KATOAHBIX MaTepUAJIOB

CpEIHETEMIIEPATYPHBIX TBEPIOOKCUIHBIX TOIUIMBHBIX 3J1eMEeHTOB (TOTD).
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B nmoxmame uCnosnb30BaHBl JMTEPATYPHBIE NAaHHBIE, a TAKXKE pE3YyJIbTAThI,

IMOJIYYCHHBIC aBTOPOM JIMYHO 100 IIpH €ro HETIOCPCICTBCHHOM Y4YaCTHUH.
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A. K. Kopwimyesa', A. Haspoyxu®

! Huwxeropoackuii rocynapcrsennbiii yuusepeurer um. H. W. JToGaueBckoro
2 Vuusepeurer Apusonsl, CIIA

e-mail: koak@mail.ru

MN3YYEHUE KPUCTAJIVIMBAIIUN KAPBOHATOB IAHTAHOUJIOB

CoenuHenusi, TpUHAAIexKame K TpodHou cucreme Ln,Os — H,O — CO;
(rme Ln — nanta”Houm), OpeACTaBISIOT 3HAUYUTEIbHBIN UHTEPEC JJIs1 UCCIEA0BaTENEH.
KapOGoHaTel JaHTAaHOWJOB SBJISIOTCS MPOMEXKYTOYHBIMH  (a3zamMHu, KOTOPHIC
o0pa3yroTcs IpH SKCIUTyaTallud MaTepuanoB Ha ocHOBe Ln,O3 BO BIaKHOM BO3/yXe.
Kpome toro, kpuctamoruapaTtsl pocThix kKapoonatoB Lny(COs); - xHO (x = 8 ms
La, 4 nna Nd, 2-3 s Nd, Dy-Yb) BcTpewarorcst B npupoje B BHAE MHUHEPAJIOB
naHTaHuTa W TaHreputa. ['mapokcokapoonatel Ln(OH)(COs), nmpunHamiexamue K
rpynIe MHHEpPAJOB OacTHE3WTa W KO30WTA, SIBISIOTCS OJHUMHU W3 BaKHEUITUX
MCTOYHUKOB TOJYYEHHUS JAHTAHOWIOB B Mupe. Takke H3BECTHO, YTO MHOTHE U3
MIEPEUYHCICHHBIX BBIIIE COSTUHEHUN SIBIISIOTCS COBPEMEHHBIMHU (DYHKIIMOHATHHBIMH
MaTepHallaMH: KaTalu3aTopaMu, JIOMUHECIIEHTHBIMUA OHOMapKepaMu, MarHuTaMu |
T. 1. CocTaB KapOOHATOB JIAHTAHOUIOB OYE€Hb 3aBUCUT OT YCJIOBHMA UX MOJYYECHHUS:
TEMIIEPATYpPhl, [IABJICHUS, NApPUUAIBLHOIO JIaBJIEHUS BOJbI M YIJIEKHCIOrO Tasa,
KHUCJIOTHOCTA PEAKIMOHHOM cpeabl. Takum oOpa3oMm, 3HaHHME YCJIOBUH UX
KPUCTAJUTM3AIIMN M SHEPTeTUKU WX 0O0pa30BaHUS BAKHO KaK IS MUHHUMHU3AIUHA UX
Jerpajaliii B XOJ€ SKCIUTyaTallid, TaK W JJIsi ONTUMHU3AINKA CHHTE3a KapOOHATOB
JAHTAHOMJIOB 33/IaHHOTO COCTaBa, KPUCTAIUNIMYHOCTH U pa3Mepa YacTHII.

Hacrosimee wuccienoBanue TOCBSIIEHO amMop(dHBIM KapOoOHATaM JIaHTaHa,
HEoUMa, TUCTIpo3usi U uTTepOus. CoeMHEHUs MOTy4Yaal IPSIMbIM OCaXICHUEM U3
pacTBOpa COOTBETCTByIOLIEro Ln’" kapOoHaroM HaTpus, a TakkKe TOMOTE€HHBLIM
TUAPOJIM30M MOYEBHUHBL. VX amopdHbIN XapakTep MOATBEPKIAEH PEHTICHO(DA30BBIMH

AKCIIEPUMEHTAMU, TEPMUYECKOE PA3IOKEHUE U3YUEHO MEeTOAOM TudPepeHinanbHon

Kopritiiera A. K., HaBpouku A., 2022
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CKaHUPYIOLIEH KaJOpUMETPUM M TEPMOTPABUMETPHUH C MAacCC-CHEKTPaJIbHbIM
aHAJIM30M BBIJICISIONIMXCSA Ta30B. Mbl YCTaHOBHIIM, YTO Bce aMmMOpgHBbIE 00pa3Ibl
uMeroT 6oree HU3Koe coaepxkanne CO,, 4eM THMOTETUYECKUI CTEXHOMETPUICCKHIMA
KpucTaymmmueckuii mpocroit kapbonar Lny(CO;)s - xH,O, u Gonee Bvicokoe, dem
ruapokcokapooHatr Ln(OH)(CO;), mosToMy MBI Ha3Baid HX aMOPQHBIMU
npeKypcopamu, a He aMophHBIMU KapOOHaTaMu.

TepMoxumuyeckue nmapameTpbl ONPEICIISIIA METOJIOM BBICOKOTEMIIEpaTypPHOU
Apon-KaiopuMeTpur. Ha OCHOBE H3KCIEpUMEHTANIBHO ONPEICICHHBIX JHTaJbITHMA
pacTBOpeHHsT aMOp(GHBIX KapOOHATOB JIAHTAHOWIOB B paciljlaBE MoOJMOaaTa HaTpHUs
npu 700 °C mo cOOTBETCTBYIOUIMM TEPMOIMKIaM ObUIM PacCUMTaHbl UX DHTAJIBIINU
o0Opa3oBaHMs W3 OKCHJIOB M M3 JJEMEHTOB. DHTAIBIUU 00pa30BaHUS U3 OKCHIOB
(puc. 1) cranoBsarcsa Oonee oTpunarensbHbiMU B psay: Nd,O;—2Nd(OH); —
2NdO(OH)—Nd,0,CO3 —Nd-1amopdusiit —Nd-2amopdusiii —2rexkc-(NdOHCOs3)
—>Nd2(CO3)3 : 4H20
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Puc. 1. Duransnuiinas auarpamma it cuctemsl Nd,Os — H,O — CO;

AHanoruydanie IIoCacaAOBaTCIbHOCTH H SHTAJIBIUNHBIC AuarpaMmbl ObLIH

MOJIy4eHBbl JUISI BCEX OCTaJbHBIX OOBEKTOB wuccienoBanus [1, 2]. OdeBugHO
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YBEJIMYEHUE HMX HHEPreTHUECKON CTaOMIBHOCTH 1O CpPaBHEHHUIO C OMHApHBIM
OKCHJIOM, BOJIOM M JIBYOKHCBIO YIJ€pOJa MO OTAEIbHOCTH. 3AMETHM, YTO BBEICHHE
H,0 u CO; cBs3aHO CO 3HAYUTENBHBIM YMEHBIIIEHUEM SHTPONUH, TOITOMY ISl TOTO,
yTOOBl JI00asi OuHapHas WM TpoiiHas (pasa Obuta CTaOMIBHONM TO CBOOOIHOM
SHEPruM, €€ HHTAIBIHUS O0pa30BaHUs JIOJDKHA OBITh 3K30TEPMHYECKOM, U BCe
M3MEPEHHbIE 3HAYEHUS YJIOBJIETBOPSIIOT ATOMY TpeOoBaHuio. Dasbl, coaeprKaiiue
tosibko CO, mnmu tonpko H,O, sHepreTnyeckn cTaOMIM3UPOBAHBI, HO B MEHBIICH
CTEIeHH, YeM TpouHbie (asbl, coaepxkamue Ln,Os;, H,O u CO,. Bo Bcex cimydasx
amMOp(HBI TMpPEeKypcop DSHEPreTUYecKd MeHee CcTa0uieH, ueMm Joboe U3
COOTBETCTBYIOIIMX KPUCTAUIMYECKUX TPOMHBIX COEAMHEHUH. OTU  JaHHBIE
MOATBEPXKIAIOT, YTO amopdHbie (a3pl s BceX HccleAoBaHHBIX Ln sBistoTCS
MPOMEKYTOUHBIMH IO SHTAIBIUN MEXAYy OMHAPHBIMHU U TPOUHBIMH (ha3aMU U MOTYT
paccMaTpuBaTbCAd KakK MCTUHHBIE MPOMEXYTOUHble a3bl sl  00pa3oBaHUs
TUIPATUPOBAHHBIX KPUCTATUIMUECKUX (Da3 B U3yHaeMoil cucTeme.

Paccuntanbl 3HTaIBINN BO3MOKHBIX IPEBpAICHUI aMOP(HBIX PEKYPCOPOB B
KpucTayummueckue (asbl U clieJaH BbIBOJ, O TOM, YTO, BCE PEAKIIMH YyBCTBUTEIIbHBI K
napluuagIbHOMY JABJICHHUIO YIJIEKUCIIOTOo Tra3a u Bojbl. OOpazoBaHue crienupuyecKux
(a3 B TpoitHoit cucteme LnyOs3— CO,— H,O MokeT OBITh pe3yJIbTAaTOM KOHKYPEHIIMHT
TEPMOJIMHAMUYECKUX M KHUHETHYECKUX (PAaKTOpPOB. 3aBUCUMOCTh MPOJIYKTOB OT
TEMIIEpaTypbl U MaplUaIbHOrO JABJIEHUS BOABI U YIVIEKHCIIOrO ra3a ONpeleisieTcs
TepMouHamMukon. Tpoiubie ¢a3bl, comepxkamne kak H,O, tak u CO,, TecHO
KOHKYPHUPYIOT JIpYT C APYTOM C TOYKH 3PEHUS TEPMOJUHAMUYECKHUX ABUKYIIUX CHIL

[TomyueHHBI CHOXKHBIA DHEpPreTUYecKui JaHAmadT BO3MOXKHBIX a3
pacliMpsieT 3HaHUS O IIpolleccax KpUCTaUIM3aluu KapOOHAaTOB, a TaKxke
CHOCOOCTBYeT OOOCHOBAHMIO LIEJICHANPABICHHOIO CHHTE3a KapOOHATOB 3aJaHHOTO
COCTaBa M KPUCTATTUYHOCTH.

Cnucok urepatypbl

1. Koryttseva A., Navrotsky A. Energetic Insights into the Crystallization of

Lanthanum Carbonate Amorphous Precursors // Thermochimica Acta. — 2020. —

|V. 688. —P. 178605. https://doi.org/10.1016/j.tca.2020.178605.
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TBEPJOOKCHUAHBIE TOIIJIMBHBIE 3JIEMEHTDBI

CokpamieHue 3amacoB TPaJAULMOHHBIX 3HEPropecypcoB, 3KOJIOTMYECKUE
npo0ieMbl U CBSI3aHHbIE C HUMHU KIMMATHYECKHE HW3MEHEHUs JENalT BechbMa
aKTyaJlbHBIMHM 3a/1a4dl TOBBIIMICHUS SHEProd(PPEeKTUBHOCTH U IHEProcOEPEKEHHUS.
OnnuM 13 HauOosee NEPCHEKTUBHBIX PEIICHUI SBISETCS CO3JaHUE TOILTMBHBIX
aeMeHTOB, KoTopble 3pdextuBHO (~60—80 % KII/) npeobpazyroT Bogopon (Miau
YTIIEBOJOPOAHOE TOILIUBO) B AJIEKTPUYECTBO, MUHYS Majo3(pheKTUBHBIE TMPOIIECCHI
ropenus. [lpeumyiectBaMu TBEPAOOKCUAHBIX TOIIUMBHBIX 3iemeHToB (TOTD)
ABJISIIOTCS  BO3MOXKHOCTh 3aMEHBI JIOPOTOCTOSIIENH IUIATMHBI Ha OKCHUIBI CO
CMEIIAHHOW HMOHHOW M DJIEKTPOHHOW IPOBOAMMOCTBIO, @ TAKKE MCIOJIb30BAHUE
Pa3IMYHBIX BUJIOB TOIUIMBA, B TOM YMCJIE PUPOAHOTO Tra3a u Ouorasza. Konctpykiuu
TOTD nensiTcs Ha TUIaHApHBIE, TPyOUYaThie, CETMEHTHBIE, OJIOYHBIC, MOHOJIUTHBIC H
np. Ilnanapueie TOTD cumtarorcs Oonee dS(PPEeKTUBHBIMH TIpU  CO3JaHUU
CTallMOHAPHBIX YCTAHOBOK 00JbIoN MomHocTh (> 1 kBT). OnHako ais JerKoBbIX
aBTOMOOUJIeH, BOCHHOW M OBITOBOW TEXHHUKH, PA3IMYHBIX TAIKETOB HEOOXOIMMBI
nopTaTuBHbIe AnekTporeHepatopbl (10 Bt — 1 kBT), m1s KOTOpBIX BaKHBIMHU
napaMeTpamMu  SIBISIIOTCSL  CKOpocTh  3amycka  TOTO, CTOMKOCTh K
TEPMOIMKIUPOBAHUIO U DJIEKTpHUECKOW Harpy3ke. Mukporpybuateie TOTD
OTBEYAIOT 3TUM TPEOOBAHUSIM.

B nmoxmanme OynmyT mpencTaBiieHBl PE3yNbTaThl Pa3padOTKH MHUKPOTPYOUATHIX
TOTD ¢ aHOaHON MOJIOKKOW. AHOJHBIE MUKPOTPYOKH C BHEIIHUM M BHYTPEHHUM
JTMaMETPOM OKOJIO 2 ¥ 1 MM, COOTBETCTBEHHO, OBLJTM M3TOTOBJIEHBI METOJIOM (ha30BOM
MHBEPCUU. ITO TMO3BOJSET MOJy4aTh BBICOKOIOPUCTBIE AHOJIBI, HE CO3JAlollue

razoauddy3uoHHbIX 3aTpyaHeHus npu padote TOTD. DieKTpoIUTHBIN, aHOTHBIN U

© Hemynpsrit A.IT., 2022
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KaTOAHBIN (DyHKIMOHAIBHBIE CJIOM, KOMIIEHCUpYIOUIHE KO3(h(UIUEHTHl TEIJIOBOTO
paciIipeHus] MEXy SJEeKTPOJUTOM M 3JIEKTpojamu, a Takxke Oapwepubiii GDC u

KAaTOJHBIM CJIOM HAHOCUJIUCh METOI0OM MOTpyKeHus (puc. 1).

L D3.3 x50 2 mm

TM-1000_0833 L D23 x200 500 um TM-1000_2036

Puc. 1. MukpotpyOuatsie anog-aecymmue TOTO

HccnenoBaHue BOJIbTAMIIEPHBIX XapaKTEpPUCTUK MHUKpoTpyOuareix TOTO
MOKa3aji0 HMX BBICOKYIO 3(G(PEKTUBHOCTh, OHU CIIOCOOHBI TE€HEPUPOBATH 10

450 mBt/c™m? (puc. 2).
p
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Puc. 2. BonpramnepHbie XxapakKTepUCTUKH MUKpOTpyOuaThix TOTD

Paboma evinonnena npu noooepoicke epanma Poccutickoeo nayunoco ¢onoa
Ne 21-79-30051.
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MATEPHUAJIBI MOJIOJIEXKHOM CEKIITUA
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NCCIEAOBAHUE BJIUAHUSA PASMEPHOI'O D®DEKTA HA
MATHUTHBIE CBOMCTBA Fe;Ss U Fe;Ses

Xampkorenuasr xkene3a Fe;,Ch (Ch = S, Se) obmagator paedekTHOU
cTpyktypoir Tmma NiAs. B TakuxX COEIWHEHHUSX KATHOHHBIC BAKAHCUU MOTYT
00pa3oBbIBATH PA3JIMYHbIE CBEPXCTPYKTYPHI C YBEIMUYECHHBIM NEPUOJOM PEUIETKU IO
CpaBHEHHIO €O CTpykTypoil NiAs. Tak, B 3aBUCUMOCTH OT YCJIOBUH CHHTE3a,
coenunenne Fe;Ses MoxeT ObITh monydeHo auOO co cBepxcTpykrypoit 3C
reKcaroHajibHasi CHHroHusi, jaubo 4C MOHOKJIMHHAs CHHTOHHMS, 4YTO OyAeT
oTpaxkaTbca Ha (pu3mueckux cBoicTBax. [IoMMMO BakaHCHOHHOTO YMOPSJIOYEHUs, B
coequHenusx Fe;,Ch (0 < x < 0,125) pa3smep 4yacTul] OKa3bIlBaeT 3HAYUTEIHLHOE
BJIMSIHUE HAa MarHuTHbIE XapakTepucTtuku. Hampumep, B coeauneHun Fe;Sg npu
YMEHBIICHUM pa3Mepa 3€pHa A0 ~1 MKM 3HAY€HUE KOIPUUTHUBHOM CHIIBI
yBenuuuBaeTcs 10 880 O. Llenbto paboThl SIBIASIOCH U3YUEHUE BIUSHUS Pa3MEPHOTO
sddekTa Ha CTPYKTYpHbIE M MArHUTHBIE XapaKTEpPUCTUKH coenuHeHuidl Fe;Sg u
FC7SCg.

[Nonukpucrannuueckue coequnenus Fe;Sg u Fe;Seg Obutn mosydensl MmeTooM
TBepAO(}a3HOrO  CHHTE3a B  BAKKYMHPOBAaHHBIX  KBaplEeBBIX  aMITyjax.
Pentrenorpaduueckasi arrectanus CHHTE3MPOBAHHBIX OOpa3lOB MPOBOJMIACH Ha
mudppaktomerpe Bruker D8 ADVANCE (CuKo-uznyuenue). W3menpuenue
OCYUIECTBJISUIACh B JIATYHHOM IIapOBOM BUOpPALIMOHHOM MENbHUIIE B aTMocdepe
aproHa Juisi MPEeIOTBPAILCHUS OKUCIEHUS COEAMHEHUW. Bpems momosia cocTaBisiio
T = 1, 3 m 7 4vacoB. M3MepeHHs] TOJNEBBIX M TEMIIEPATYypHBIX 3aBUCUMOCTEU

HaMarHMYEHHOCTH 00pa3IoB B TeMrneparypHoM uHTepBaiie 2—300 K 1 B MarHUTHBIX

© Akpamos JI.®., Cene3neBa H.B., bapanos H.B., 2022
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noinsix 1o 70 kO mpoBoawnuck Ha CKBUJI-marmutomerpe MPMS
(QuantumDesign).

Pentrenorpaduueckass — arrecrauus — MOKazaiga, YTO  CHUHTE3UPOBAHHBIE
coequHeHUst sBNsAOTCA  oaHO(asHbiMu. OOpazen Fe;Sg  kpucrammmsyercss B
MOHOKJIMHHOW CUHTOHMHM (TpocTpancTBeHHas rpynna C2/c) ¢ 4C cBepXCTPYKTYpPHBIM
ynopsimouenuem, Fe;Ses oOnanaer rekcaroHajqbHOM CHMHTOHMEHR (IIPOCTpaHCTBEHHAS
rpynna P3,21) ¢ 3C ynopsnouenuem. M3menvuennsie oOpasipl Fe;Sg ocraBamuch
onHodaszupiMu. Ha pudpakrorpammax Fes;Seg npu o6Gpaborke Oosiee 1 waca
Ha0IIOAaeTCs BO3HUKHOBEHHUE JIOTIOJTHUTEIBHBIX IMHKOB, OTHOCAIMXCS K (ase Ha
ocHoBe CuSe (BO3HHUKILEH BXOAE pEaKUUU C MaTEpUAJIOM MEJBHULBI) H
3HAUUTENBHBIN caBUT pediiekcoB ocHOBHOM (ha3bl. C momolipto Merona Busbsivcona —
Xomra ObUTH OIIGHEHBI pa3Mepbl obmactu korepeHTHoro paccesHust (OKP) u
BEJIMYMHBI MUKPOHAIPSHKEHUHN € B 00pa3iax B xojie udMmenbueHus. OOHapyXeHo, YTo
3HauuTenbHoe yMeHblenue OKP mist o0oux coenrHeHni MpOUCXOIUT MPU BPEMEHU
pas3monia t = | u, panmpHeimas o0paboTka HE NPUBOAUT K CYIIECTBEHHOMY
n3menenuto OKP. Bmecte ¢ pocToM BpeMeHH pa3Mona HaOII0JaeTcs MOHOTOHHOE
YBEIMYCHHUE € B M3y4aeMbIx oOpasiax. O0paboTka CHHTE3UPOBAHHBIX COCAMHEHUI
TakK€ MPUBOJAUT K YMEHBIICHUI0O HAMarHM4eHHOCTH M K HEMOHOTOHHOMY
VM3MEHEHHUIO 3HAYCHUN KOpUUTUBHOU cuiibl H.. Tak pasmon Fe;Sg B Teuenne 1 =1 4
npuBOUT K pocty H, oT 2,2 xO no 3,1 kD nipu 7T = 2 K u nagenuro a0 0,3 kD npu
nanpHelie oopadoTke. B ciyuae Fe;Ses npu tpexuacoBoii 00paboTKe IPOUCXOIUT
cyuecTBeHHoe yBenudeHue H, ot 1,6 kO no 14 kO npu 7 = 2 K. Bo3MoOkKHO, 4TO
TaKoW 3HAUMTENbHBIN pocT H. B Fe;Ses cBA3aH ¢ HEOIHOPOJHOCTHIO XMMHYECKOTO
COCTaBa BCJIEICTBUE BO3SHUKHOBEHHS BTOPOH (hazbl.

Paboma noocomosnena npu gpunancosoii noooepacke IIIK 3.1.1.1.2-20.
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AHAJIN3 XUMHNYECKOI'O COCTABA U CTPYKTYPbI
MOBEPXHOCTHBIX CJIOEB U NOKPHITUH MUHEPAJIOB
N ®YHKIINMOHAJIbBHBIX MATEPUAJIOB 30HJIOBBIMU METOJAMUA

[ToBepXxHOCTHBIE CJOM MHHEpPAJIOB M MAaTEpUATIOB MOTYT CYIIECTBEHHO
OTIMYaThCAd OT O0bEMa IO COCTaBy, CTPYKType M CBOWcTBaM. MuHepagbHbIE
MOBEPXHOCTHBIE MOKPBITUSI 00Pa3yIOTCS 32 CYET KOMIIOHEHTOB MUHEpaja-X03suHa U
¢GronmoB, TakMM 00pa3oM aHadu3 TOBEPXHOCTH MHHEPAIOB MOXKET OBITh
MCIIOJIb30BaH ULl PEKOHCTPYKIUU re0JIOTUYECKUX 00CTaHOBOK. B
MaTepUaJOBEeICHUN IIeJICHANpaBlieHHass MOAM(PHUKAIUS COCTaBa M CTPYKTYpPHI
MIPUIIOBEPXHOCTHBIX CJIOEB W CO3JaHME Ha HUX TMOBEPXHOCTH TOHKHX IUICHOK,
reTepOCTPYKTYpP, HAHOPA3MEPHBIX OOPa30BaHMA SBISETCS OJHUM M3 WHCTPYMEHTOB
yrnpaBieHus! (PyHKIMOHANBHBIMU cBoiicTBaMH. OTpaboTka U COBEPILIEHCTBOBaHHE
METOJIMK MCCIIEIOBAHUS COCTaBa M CTPYKTYPHI TOHKUX TUICHOK ¥ TIOKPBITHH SIBISICTCS
AKTyaJIbHOM 3aJ1a4€eH.

B Hacrosimeit pabGote oTpaboTaHa METOAMKA KOMIUIEKCHOTO —aHaln3a
XUMHYECKOTO COCTaBa M CTPYKTYpHI TUICHOK TOJIIMHOW TOPSAKA MEPBBIX EAMHMIL
MKM Ha KPUCTAJUTMYECKHUX M CTEKJIOOOpPa3HBIX IMOAJIOKKAX METOJAaMHU 3JIEKTPOHHO-
30H10BOro MukpoaHnanuza (O3MA) Ha wMukpoananuzarope Cameca SX100 wu
KOH(OKAJIbHOM MUKPOCHIEKTPOCKONMU KoMOMHanmoHHoro paccesnus cseta (KPC) na
cnektpometpe Horiba LabRam HR800 Evolution. Ha mpumepe mneHku cocraBa
MgAlL,O4 ¢ mpumecsamu (Fe, Ni, Ti, Ca u ap.) nepemerHou toamuusl (1-3 MKM) Ha
MOBEPXHOCTH  KBAapLEBOIO  CTEKJIA, TMOJYYEeHHOW METOAOM  MAarHETPOHHOIO

HallbIJICHUS, OLITUMU3UPOBAHBI OIICPAIIMOHHBIC ITAPaAMCTPhI O6Op}II[OBaHI/IH; OLICHCHBI

© BynatoB B.A., [1lanosa 10.B., 2022

41



BO3MOKHOCTH M OIPAaHUYEHUS METOAUKHU.

B meroge O3MA TONmMHA aHAIM3UPYEMOTO CJIOS 3aBHCUT OT TIIyOUHBI
MIPOHUKHOBEHUS  MEPBUYHBIX  JJIGKTPOHOB, pa3Mepa  00JacTU  TeHEepalUH
PEHTTEHOBCKOTO ~ M3JIYyYeHHMs]  XapaKTepUCTUUYECKHX  JHHHUM, KoddduuumeHTta
NOTJIOIIEHUS W TIYyOWHBI BBIXOJA XapaKTEPUCTHUUECKOTO H3Iy4yeHHUs. BhINoiaHeHbI
pacyeTHbIE OLUEHKU U U3MEPEHHS 3aBUCHMOCTH TOJIIHMHBI AHAIU3UPYEMOTO CIIOSL OT
yckopstomero Hanpsbkenus (U = 5 + 20 kB), Toka u guamerpa myyka MUICHKA
MgAl,O4. CornacHo pacuetaM, KOJMYECTBEHHBIM aHAM3 IJIEHKU TOJIIUHOM
2—3 mxM Bo3moxkeH nipu U B auanasone 5 + 20 kB, kak u 11t oOpa3ua cpaBHEHHS —
MoHOokpuctamma MgAlLOs, Torma kak mnpu ToMIMHE ~1 MKM — TOJNBKO MpH
U =5 + 7 kB. DkcniepuMeHTaIbHO COJIEPKAHUE OCHOBHBIX JIEMEHTOB OIPEIEIISIOCH
no jguHuaM Ko, s TpUMECHBIX 3JIEMEHTOB NMpU CHM>KEHUU U HUXKE yIBOCHHOTO
3HAYEHHUs Kpas MOrJIonieHus 3aeMeHToB — o Lo muHusM. Tok 30Haa U BpeMs coopa
CUrHajia ObUIM ONTHUMM3UPOBAHBI C IEJbIO MOJIYYEHUS HEOOXOJUMOIO OTHOILECHUS
CUTHAJI/IIyM M COXPAaHEHHSA AHAIMTHYECKHX XapaKTEPUCTUK METOJa B YCIOBUSX
Majoro oobemMa aHaJu3UpPyeMOro BemiecTBa U HU3KOTO U, pachoKyCHpOBKY Iydka
MPOBOAMIIN I OOECIIEUEHUSI COXPAHHOCTH TUICHKH B TEUCHHE €IUHUYHOTO aHAIM3a.
DKCIEpPUMEHTAIIBHO YCTAHOBJIECHO M3MEHEHUE BHJIa 3aBUCUMOCTH OTHOIeHus Al/Si
MHTEHCUBHOCTU CHUTHaja B OOJACTH AaHATUTUYECKUX SMUCCUOHHBIX JIMHUM TpH
BAPBUPOBAHUM  YCKOPSIOIIETO HANPSIKEHUS MPU NEPEXOAE OT IUIEHKU TOJIIUHOM
3 MKM K TUieHKaMm ToimuHor 1—2 mkMm (puc. 1). XuMmMuyeckuil cOCTaB IUIEHOK
TOJIIMHON 2 U 3 MKM COIJIAaCyeTCsl C JJAaHHBIMM CHHTE3a U COOTBETCTBYET COCTaBY
MgAlLOs ¢ mnpumecsmu (Fe, Ni, Ti, Ca wu pgp.); cnmabeiii curnan SiKao,
coorBercTByromuit 0,08 u 0,62 mac.% Si npu ToONIMMHE TJIEHKH 2 U 3 MKM,
COOTBETCTBEHHO,  MHTEPIPETHPOBAH  KaK  CBSA3aHHBII C  BO30YXJACHHUEM
XapaKTEPUCTHUECKON (PITyOpeCleHIIN U3 TTOIOKKH.

s obecrniedeHus: BHICOKOM MOBEPXHOCTHOM 4yBCTBUTENbHOCTH MeToga KPC
OLICHEHA 3aBUCUMOCTH CTEIEHU KOH(POKAIBHOCTU CIIEKTPOMETPA OT OMNEPallMOHHBIX
napamMeTpoB C HCIOJIb30BAaHUEM 3€pPKaJbHOM IMOBEPXHOCTH KpucTaia  Si,

obnanaromero BoicokuM cedennem KPC u manoit rinyOMHON MPOHWKHOBEHUSI CBETA
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~1/o=1/11.2 - 10° em' = 900 uM (0-KO3DPHUIMEHT ONTUYECKOTO MOTJIOUIEHUS TIPH
mmHe BOJHBI A~514 HM). C ydeToM MOJYyYEHHBIX JaHHBIX BBIOOP Ja3epHOTO
mnydenust 514 HM, oOwbektuBa 100X/NA = 0,9, 3HaueHus KOH(OKAIHHOTO
orBepctust 30 + 100 mxM mnpum aHanusze 1wieHOK MgALOs4 obecneunBan
IPOCTPAHCTBEHHOE pa3pellieHue MO TIyOMHE OT 2 MKM; IIar CKaHUPOBAHUS IO
rryoune coctarisl 0,3 = 1,0 mxm. Tunwunsiii 2D-maccuB cnektpoB KPC cuctemsl
wienka MgAl,Os + momnoxkka SiO;, U3MEPEHHBIN MOCIOWHO B HAaIpaBICHUU OT
MOBEPXHOCTH MOKPBITHS, Z = (0 MKM, BIIIyOb oOpasna 10 z = 14 Mkm (puc. 2) uMmeet
CYTEPIIO3UIIMOHHYIO CTPYKTYp mipu Z = 0 + 5 MKM; CIIeKTphI O60jee TIyO00KHUX CIIOEB
COOTBETCTBYIOT CIEKTPY KBapIieBoro crekna. J[ns monydeHuss HEoOXO0IUMOTO
OTHOLIEHUS CHUTHAJ/IIYM M3MEPEHUsT MPOBOAWIMA TMPU JIOCTATOYHO OOJIBLINX
3HaYEHUSIX BpeMeHHU cOopa CUTHalla U KoJmdyecTBa HakoreHui (~40 MuH Ha 1 cioi).
CnexkTpbl  IUIEHKH, BOCCTAHOBJIEHHBbIE M3  CYNEPHNO3UIMOHHBIX  CIEKTPOB,
YIOBJIETBOPUTEIBHO OIKUCHIBAIOTCS MakcUMymMamu 555, 647, 732, 775 cml,
XapaKTEePHBIMUA JJI1  CTPYKTYPbl YacCTUYHO OOpAIICeHHOW IIMMUHENN; BBICOKHE
3Hayenus mwupuHel FWHM mukoB (~100 cm!) ykaselBaloT Ha ee 3HAYMTENBHOE
CTPYKTYpPHOE pa3ynopsiI0ueHue.

Takum o6pazoM, Ha npumepe wieHkn MgAl,O4 ¢ npumecsamu (Fe, Ni, Ti, Ca u
1p.) mepeMeHHor ToamuHbl (1-3 MKkM) oTpaboTaHa METOJMKa aHaIM3a XUMHUYECKOTO
COCTaBa U CTPYKTYPHI TOBEPXHOCTHBIX CJIOCB MHHEPAJIOB U MaTepuasioB. B obOmem
cllyyae ONTHUMAaJIbHbIE YCIIOBHS aHAIM3a OMPENEISIOTCS HE TOJIbKO TOJIIHUHON, HO U
CBOMCTBaMHU MOKPBITUS, B YaCTHOCTH, B MeToJiIe KPC — ceuenueM paccesiHusl IIIEHKU
U TOJJIOKKH, TEPEKPHITUEM HX CIHEKTPOB; BO3MOXKEH aHalu3 CyOMHKPOHHBIX

TTOKPBITHM.
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Puc. 1. Otaomenne Al/Si Puc. 2. 2D-maccuB cniektpoB KPC mienku
WHTEHCHUBHOCTH CUTHAJIa B 00J1acTH MgAl,O4 Tonmunoit 3 Mxm Ha Si0,,
AHAJIMTUYECKUX YMHUCCUOHHBIX JTUHUHN HOPMHUPOBAHHBIX HA HHTCHCUBHOCTD

IpH BAPLUPOBAHMHU YCKOPSIOIIONO  JIMHUM Dj KBapueBoro crekia npu 487 cm!
HaNpsHKEHUs. B MOHOKPUCTAILIE
MgAl,O4 (1) u nnenkax MgAl,O4 Ha
Si0; TonmmHON 3 MKM (2), 2 MM (3),

u 1 mxm (4)

Paboma evinonnena 6 pamxax I'ocyoapcmeennozo 3adanusi UI'T YpO PAH
(memor Ne AAAA-A18-118053090045-8 u Ne AAAA-A19-119071090011-6) na
ooopyoosanuu L[KII «I"eoananumuxy» UI'T YpO PAH. /loochawenue u komniekcHoe
passumue L[KII ocywecmensiemca npu @QuHaucogol noodepoiicke 2paHma
Munobpuayxu P® (Ne 075-15-2021-680). Asmopwi 6aazooapusl konrnecam uz OTH
Yp®Y Kupsaxoey A. H. u 3ayenuny A. @. 3a npedocmasniennvie mecmogvie 0o6pa3ybl

NJIEHOK.
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O. A. Bypoykosa, H. M. Hocosa, E. M. [llepokanosa
HNHCTUTYT €CTECTBEHHBIX HAYK U MaTEMATUKH, Y pDY
e-mail: burdukova.helga@yandex.ru
CTPYKTYPA U ®U3NUYECKHUE CBOMCTBA COEJIVUHEHHWMH Cr;(Se,Te)s
C3AMEHMEHHMEM 110 IIOAPEIIETKE XAJIBKOI'EHA

Coenunenuss Ms;Chy, THe M — arom nepexogHoro Metawuia, a Ch — atom
XaJIBKOTE€HA, KPUCTAJUTM3YIOTCS B CJIOUCTOM CTPYKTYpHOM Tumie HukennHa (NiAs).
DTOT CTPYKTYPHBIN THIT TIPEJICTABISACT COOOM YepenOBaHNE TeKCArOHAIBHBIX CJIOCB
BJIOJIb OCH C, COCTOSIIIMX M3 KAaTMOHOB XpOMa M aHHOHOB XaJlbKOTreHa. B kaxaom
BTOPOM KATMOHHOM CJIO€ TMPHUCYTCTBYIOT BaKaHCHUH, YIOPSJOUYEHUE KOTOPHIX
oOecrieunBaeT 00pa30BaHME MOHOKIMHHON CBEPXCTPYKTYpPHI C MPOCTPAHCTBEHHOU
rpynmnoi 12/m. Coenunenust Cr3Tes u CriSes UMEIOT OIMHAKOBYIO KPUCTALTNYECKYHO
CTPYKTYpPY CO CpaBHHUTEIbHO HEOONBIION pa3HULEd B pa3Mepax dJIEeMEHTapHOU
sueriku. [Ipu atom Cr3Ses siBnsieTcs: aHTUdEeppoMarHeTUKoM ¢ TemnepaTtypoi Heens
80 K, a Cr3Te4 sBnsercs peppomaruetukom ¢ remmeparypoit Kiopu 320 K.

Hanuurie MarHuTHOTO YNoOpsiA0YEHUsl IPU Temreparype BOJIU3M KOMHATHOM U
JIOCTATOYHO BBHICOKAss HaMarHuueHHOCTh (~20 cM**T'c/r) B coemunenun CriTey
IO3BOJIIET paccMarpuBaTh rpynny coexuHeHuidl CriTes,Se, Kak INEpPCIEKTUBHBIE
MaTepuasibl, 00JalallIue 3HAYUTENIbHBIM MarHUTOKaiopudyeckuM sddexTom ¢
yno0HO# paboueii TemriepaTypoil. BaxHo oTMeTuTh Takke, uto coenunenne CriTeq
HE COJICPKUT JOPOTOCTOSIIUX DJJIEMEHTOB, XUMHUYECKH CTAaOMIBHO U JIETKO
CUHTE3UPYEMO.

B mpencraBnenHoit pabore MmoApoOHO WCCIIEIOBAaHA CHCTEMa COCIWHEHUN
Cr3TesSe, ¢ ManbIMu 3amMelIeHUAMU 110 noapeerke temrypa: y = 0; 0,25; 0,5. na
BBIABJIICHUS W3MEHEHUW KPUCTAUIMYECKOW CTPYKTYpPhl COEOUHEHHN MPOBEICH
PEHTTEHOCTPYKTYPHBIA aHaimu3 ¢ momomblo audpakromerpa Bruker D8 Advance.

Jliist momyyenus naopManu 00 U3MEHEHUU MAarHUTHBIX CBOMCTB B PE3yJIbTaTe

© Bypaykosa O.A., Hocoa H.M., lllepokanosa E.M., 2022
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3aMEILECHHS BBIIOJIHEHBl W3MEPEHHSI TEMIIEPAaTYpHbIX M IOJEBBIX 3aBUCUMOCTEN
HaMarHuyeHHoctn Ha BuOpomarHutomerpe Lake Shore VSM  7407. Tun
MIPOBOJIMMOCTH U BEIUYMHA 3JIEKTPOCOMPOTUBIEHUS OMPEIEISIINCh C MOMOIIBIO
YETBIPEXKOHTAKTHOTO MeToja. Jlns cuHTe3a MarepuanoB HUCIHOJIB30BAJICS METOA
TBepAO(a3HBIX peakiuii ¢ CyMMapHOW BBIJEPXKOH mpu Temmeparype 950 °C B
teueHue 350 yacoB. YcraHoBieHo, uto coenuHenus Cri3Tes,Se, (v = 0; 0,25; 0,5)
00J1aat0T MOHOKJIMHHOW CTPYKTYpOW U ONHKCHIBAIOTCS NPOCTPAHCTBEHHON I'pyHIOn
12/m. C ymeHbIIIEHUEM KOHIIEHTpAllUU TeJTypa HAOII0JaeTCsl TIMHEHHOE U30TPOITHOE
YMEHBIIIEHUE [TApaMETPOB dJIEMEHTAPHOU A4ekikn. Ha TemnepaTypHBIX 3aBUCHMOCTSIX
ANEKTpocOnpoTUBiIeHUs (puc. 1) oOHapyxeHa aHOMasus B BUJE U3MEHEHHS HAKJIOHA,
Temieparypa KoTopoil MOHOTOHHO MmeHsieTcs oT 320 K gust Cr3Tes go 260 K ans
Cr;Tes; sSeps. CormacHo pe3ynbTaraM HCCIEAOBAHMS TEMIIEPATYPHBIX U MOJEBBIX
3aBUCUMOCTEl HAMarHM4YeHHOCTH, HIKE YKAa3aHHbIX 3HAYEHUW TeMIiepaTyp B
coequHeHusx Cri3Tes,Se, (v = 0; 0,25; 0,5) dbopmupyercs nanbHU MarHUTHBINA

MOPSAOK.
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Puc. 1. TeMneparypHble 3aBUCUMOCTH 3JEKTPOCONPOTUBIIEHUS COCTUHEHUI
Cr;Teq,Se, (v =0; 0,25; 0,5)
Paboma ewvinonnena npu nooodepycke Munucmepcmeéa HAYKU U GbICULE2O

oopazosanus Poccuiickoti @edepayuu (npoexm FEUZ-2020-0054).
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A. A. Jlagnemwuna®?, JI. A. 3amamun!, E. U. Kosanesa’
' MuctutyT reonorun u reoxumun YpO PAH
2 Vpanbckuii (pefepanbHblii yHHBEPCHTET
e-mail: alina.davletshina.2000@gmail.com
INPUMEHEHUE CKAHUPYIOIIEHA JIEKTPOHHON MUKPOCKOITUN
N METOA ANDPPAKIINU OTPAKEHHBIX JIEKTPOHOB (EBSD-SEM)
JIJISI UCCJIEJJOBAHUSI TE®OMAIIMHA B3EPHAX IIUPKOHA

[lupkoHBI W3 WMMOAKTHBIX METEOPUTHBIX  KpPaTE€pPOB, MPETEPIEBIINX
npeobpaszoBanue npu Aasinenusx Ao 100 I'Tla, kak npaBuiio, coaep:kar pa3HOro THIA
nedopmanuu. Hupkon (ZrSiO4) sBISIETCS TYrOIUIAaBKMM MHHEPAJIOM M 3a4acTyrO
COXpaHsSeT HaKOIUIGHHbIE AeopMaly ¢ Hayaja CBOEH KPHUCTAJUIM3AIMH, YTO
MO3BOJISIET UCTOJIB30BATh yJApHO-Ie(OPMUPOBAHHBIA ITUPKOH B MIAEHTU(UKAIUU U
JanbHEHIIeM onpeaeieHu PeXUMOB U YCIoBUI (popmupoBanust kparepoB. Pabota
MOCBSIIEHa NMPUMEHEHUI0 MeTona Iudpakuuu oTpaxkeHHBbIX 3eKTpoHOB (EBSD-
SEM) mist TMarHOCTUKM U MCCleI0OBaHUs MUKpoaedopMaliili B 3epHax LIMPKOHA B
HKIT «I'eoananutuk.

OOpazen;  uccienoBaHUsA MPEACTABISIET COOOW  MIIOCKO-TOJTMPOBAHHBIN
npo3paunbiii numg LesO04b ¢parmMeHTa HMMIAKTHBIX IOPOJ U3  acTpoOJIeMbl
Bpenedbopr (FOAP) — rpanutorHeiic w3 mpsiMOTO KOHTAKTa JailKd WMITAKTHOTO
pacmiaBa Jlecotockpaanb, koopauHata GPS -26,956307, 27,378836 — HOKpPHIT
TOKOIIPOBOISAIIUM yTIAEPOTHBIM MTOKPHITHEM.

HccnenoBaiock 3epHO NUPKOHA HEPEryJsipHONM cyOumauomopdHOi (HOopMBbI,
pasmepom 100x150 mxm (puc. 1). Perucrpanus BSE- u FSD-uzo0paxenuii
BBIMIOJHSIACH HA  CKAaHUPYIOLIEM JJIGKTPOHHOM  MukKpockomne Jeol-6390LV,
ocHamieHHoM TmpuctaBkamu Oxford Instruments EDS X-max80. HWccienoBanue
METO/ZIOM OOpaTHO PAaCCEeSHHBIX JJIEKTPOHOB MPOBOAMWIA C HCIOJIb30BAHUEM

netexkropa Oxford EBSD Nordlys Nano, ycranonennom Ha COM. N3o0paxenus u

© JlaBnermmua A.A., 3amsarun [[.A., Kosanesa E.N., 2022
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EBSD-kapTel MOJy4€Hbl pa3BEPTKOM IydyKa 3JIEKTPOHOB B pacTp IpHU
yckopsronieM HanpsikeHuu 20 kB.

OnTUMHU3UPOBAaHBl  YCIOBUS peructparuu  u3oopaxenuit BSE (oOGpaTHo
paccesiHHble A1eKTpoHbl) U FSE (Briepen paccessHHbIE 3JIEKTPOHBI) I JOCTHKEHHUS
MaKCUMaJIbHOIO  OTHOIIEHWS  CUTHAI/IIyM  MPU  JOCTATOYHO  BBICOKOM
MPOCTPAHCTBEHHOM pPAa3pelleHUH [IJIsl BBISBICHUS MHUKPOABOMHMKOB U  TOJIOC
miaHapHeX  Aedopmanuii  (planar deformation bands) pasmepom ot 1 MKMm.
[TonoOpanbl MmapameTpbl perucTpanuu AUGPaKIMOHHBIX H300pakeHud Kukyuwu.
Breimonaen ananuz EBSD-xapt (puc. 1 a4, 6, 6) U COOTBETCTBYIOIIUX TOJIOCHBIX
¢uryp (puc. 10) mns rpynn minockoctedt {100}, {110}, {111}. JuarHocTUpOBaHBI
MOJIOCHl  TUTAHApHBIX  JAedopmanuii W ciaefapl  0oJiee  TOHKMX — IUIaHAPHBIX
MUKPOCTPYKTYp (BO3MOXHO, MUKPOJBOMHUKOB — CM. JJaJIe€) B 3€PHE C JAHANa30HOM
BHYTPEHHHX pa3opueHTUPoBOK Oosee 30° (puc. 10, 2).

Ha rpanune mexay nosocamu nedopmanuil NpUCyTCTBYIOT TPYMIbl TOYEK C
HYJICBBIMH PEIICHUSIMU (YepHBIE TOYKH, puc. 1 a, 6, 6, uiu Oelble TOYKA Ha PUC. 2,
pacnoJioKeHHbIE B TMapajlyiesibHbIe JIMHUHU), B KOTOPBIX HE ObLIM paciii(poBaHbI
TUGpPaKIMOHHBIE HW300paKEeHHUs. ITO MOXKET OBITh CBSI3aHO C TPHUCYTCTBUEM
MHUKPOIBOHUKOB, KOTOpBIC HE BBISIBJICHBI u3-3a HEJ0CTaTOYHOIO
MPOCTPAHCTBEHHOI'O  Pa3pelleHHs] CKAaHUPYIOLIEro AJIEKTPOHHOTO MHUKPOCKOMa

(COM) ¢ Bob(hpaMOBBIM KaTOJIOM.
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Fx=0.113
Fy=0422

(110}

Fx=0.113
Fy=0.422

Fx=0.306

{111}

(9)

Puc. 1. Kapra EBSD c n1BeToBoi1 komupoBKoi oTHOCUTENHHO ocu X (@), Y (0),

Z (8), IBET 3a/1aH 0OpaTHOM MOJFOCHOHN (DUTYPO; KOHTPACT IMOJIOC U300pAKEHUI

Kukyuwu (), rne cCHHUM LIBETOM NOKa3aHbl TPH HaOOpa MpenoaraeMbIx

MUKPOJIBOMHUKOB, KPACHBIM — IIOJIOCHI TJIaHApHBIX AedopManiuu (planar deformation

bands); mosrocHble paBHOYTOJBHBIE urypsl (0) mis {100}, {110}, {111}
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Puc. 2. KapTa oTKJIOHEHUS! OpUEHTALIUU OTHOCUTENILHO MIPOU3BOJILHO
BbIOpaHHOW TOYKH (KpaCHBIN KPECTHK), T7I€ TPAAUEHT OT O€JI0ro 0 CUHETO
coctasisieT 30°. Xopomio BUIHBI OJOCH! TIaHapHbIX Jedopmanuii (planar

deformation bands)
Paboma evinonnena 6 I[KII YpO PAH «leoananumuk» u noooepiicana

Poccutickum nayunvim ¢ponoom, npoexm Ne2l1-77-10019, https://rscf.ru/project/21-
77-10019/.
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10.0. [lobposonvckuii!, I'.H. Mazo!, H.B. Jlvickoé’
Xumuueckuii paxynsrer MI'V umenn M. B. JloMmoHocoBa
MuctutyT npodineM xuMudeckon ¢pusukun PAH
e-mail: burstvine@gmail.com
IJIEKTPOXUMHUYECKHUE XAPAKTEPUCTUKHU TOTI C KATOJA0OM
HA OCHOBE Pr;CuOy

B mHactosiee BpeMs OCTpO CTOMT 3ajadya pa3pabOTKM W BHEIPEHUS
BO300OHOBJISIEMBIX HCTOYHUKOB JHEPrUH, UYTO B TMEPBYIO OYEPEIb CBSI3aHO C
MOCTOSIHHBIM POCTOM €€ TMOTpeOsieHNuA. 3HAUUTENbHBI HHTEPEC MPEICTABIISIOT
yCTPOMCTBA, MPeoOpa3yronIe XUMUUECKYI0 SHEPIHI0 TOIUIMBA B AJIEKTPUUECKYIO C
BBICOKHM kodh purreHTOM OJIC3HOI'O IICUCTBHUSL. Takoiu MIPUHLIATL
BBICOKO?((EKTUBHOM pabOTHl BBHINOJHAETCS MPU HCIOJIB30BAHUU TBEPIAOOKCHIHBIX
TOIIMBHBIX  3JieMeHToB (TOTD). OpnHako paboTta TakuxX ajJbTePHATUBHBIX
VMCTOYHHKOB 3HEPIUU OCYIIECTBIISIETCS MpU BbICOKMX Temmeparypax (800—1000 °C),
BCIICJICTBUE  YETO MPOUCXOIUT WX Jerpajauus 3a CYET XHMHYECKOIO
B3aMMOJECHUCTBUS MEXAY CMEXKHBIMH KOMITIOHEHTaMHU. [103TOMy BeCchbMa akTyaiabHOU
3az1auei OCTaeTCs CHUKCHUE paboueii TEMIIEpaTypPbl TOTD iy}
cpeaneremMieparypHoro uatepBaiga 500—800 °C, 4yTo MO3BOJUT PEIIUTh MPOOJIEMBI C
repMeTH3aluel, CHU3UT CKOPOCTh JErpajaldyd MaTepHaIOB M J1acT BO3MOXHOCTb
IPUMEHUTH 0oJiee peHTabeNbHbIE KOHCTPYKIIMOHHBIE MaTepuaibl. OJJHAKO Mepexo K
HOBBIM YCIIOBUSIM DJKCIUTyaTallid TpPeOyeT WCIOJb30BaHUSI HOBBIX KATOJHBIX
MaTEpPHUAJIOB C YJIYUIIEHHBIMU AJIEKTPOXUMUYECKUMHU cBoMcTBamH [1].

TpanuuuoHHBIMM MeTOAAMH MOBBIIICHHUS 3(()EKTUBHOCTH pabOTHl KaTola B
YCIOBUSIX CPEIHUX TEMIIEpaTyp SBJISIIOTCS ONTUMH3ALMS €r0 MUKPOCTPYKTYpHI 3a
CYEeT HCIOJIb30BaHUsI MOpPOOOpa3zoBaTeisi, BAPbUPOBAHUE TOJIIMHBI SJIEKTPOJAHOIO
ClIoA W TepexoJ K KOMIO3UTHOMY cocTaBy. B naHHOIl pabore B KaudecTBe

NEPCIEKTUBHOTO KaToiHOTO MaTeprana TOTD OblT pacCMOTPEH CIOKHBIN OKCHUJL

© Jobposonsckuii FO.0., Mazo I'.H., JIsickos H.B., 2022
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Pr,CuO4 (PCO). Kympar mnpazeoguma HMMEET BBICOKYIO 3JIEKTPOIPOBOJHOCTD
(~100 Cwm/em mpu 900 °C), TEpMOXMMHYECKYIO  CTAaOWJIBHOCTH U
TEPMOMEXAHUUYECKYI0 COBMECTUMOCTh (KO3()(PULIHMEHT TEPMHUECKOIO pacCIIUpEHUs
(KTP) = 11,8x10°° K™!) co cranmapTHeiMu TBepabIMU dj1ekTponutamu GDC (KTP =
12,4x10° K1) u YSZ (KTP = 10,5x10° K1) [2].

Jlia vccnenoBaHusl 3aBUCUMOCTH JIEKTPOXUMHUYECKUX XapakTepuctuk TOTO
OT croco0a OpraHu3allid MUKPOCTPYKTYPHI KaToJla ObLIM MPUTOTOBIEHBI TECTOBBIC
STYEUKH TOTD BJICKTPOJIUT-HECYILIEN KOHCTPYKLIHUU cocraBa
NiO-YSZ/YSZ/GDC/karon. Tonmuua memOpaHbl TBEPIOTO 3JeKTponutra YSZ
coctaBisia ~500 MxkM. HaHeceHue 3/IeKTpOAHBIX CIIOEB HAa MEMOpaHy TBEpIOTrO
AJIEKTPOJIUTA OCYIIECTBISUIM MeToJoM TpadapetHoil mneuyatu. Karoansiit crnoif
dbopMHUpOBaTM HECKOJBKMUMH crocoOamu: a) mpobaBienuem B PCO pucoBoro
kpaxmasna (10 wmacc.%); 0) cozmanumeM kommo3uTHoro karoga PCO-GDC
(cooTHomenne koMmnoHeHToB 60/40 macc.%, COOTBETCTBEHHO).

HccnenoBanue BOJbTAMIEPHBIX W MOIIMHOCTHBIX XapaKTEPUCTUK C€IUHUYHBIX
aueek TOTDO mnpoBoguiaM ¢ MOMOUIBIO KEPAMHYECKOM H3MEPUTEIBbHOW SYEUKU
ProboStat NORECS (Hopgserus) B uarepsane temneparyp 500-900 °C. B kauectBe
OKHUCJIMTEJNSI MCMOJIb30BAJIACh CMECh KUCJIOpPOJAa C aproHOM B COOTHoleHuu 2:1, a
TOTUIMBOM SIBJISTIaCh CMECh YBJIQXKHEHHOTO BOJOpPOJAa C aproHOM B TaKOM IKe
COOTHOIICHUH.

Pesynprarhl aHanmM3a MUKPOCTPYKTYPHI METOJIOM DJIEKTPOHHON MUKPOCKOIIHU
MoKa3ajd, YTO BBEJIEHUE MOpOoOOpa3oBaTrenasi B COCTAaB KaTOJHOW  IAaCTHI
CIIOCOOCTBYIOT ~ OOpa3OBaHUIO Pa3BUTOM CHUCTEMBI TOp, a HCIOJb30BaHHUE
KOMIIO3UTHOTO COCTaBa O0OECIEeYMBAET XOPOIIMM KOHTAKT MEXIYy 4YacTULAMU HU
pPaBHOMEPHOE paclpeiesieHne op B 3JIEKTPOIHOM CJIO€, YTO MO3BOJIUIIO YBEIUYUTH

KOJINYECTBO PEaKIIMOHHBIX IIECHTPOB Ha TpexdazHoi rpanutie (puc. 1).
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40.3um

i ¢ e L S
Puc. 1. MukpocTpykTypa rpanuiibl Katof-Y SZ (1mornepedyHoe ceueHue) sl ssueex
c karonom PCO, moauduimpoBaHHbIM BBEICHHEM TOPOOOpa3oBaTens (cieBa),

1 komno3utHbIM KaTogoMm PCO-GDC (cnpasa)

N3ydyenne 5>IeKTPOXMMHUYECKHX XapaKTEPUCTHK MOJYYEHHBIX TOIUIMBHBIX
A4eeK TIoKa3ajgo, 4YTo JoOaBiieHMe MopooOpaszoBaresii B AJIEKTPOJHBIN  CIION
yJIy4IIaeT HUX MOLIHOCTHBIE XapaKTEPUCTHKH, a HCIOJIb30BAaHUE KOMIIO3UTHOTO
COCTaBa 3HAYUTEIHLHO YBEIMYMBAET YAECIbHYIO MOIMHOCTL (10 ~200 mMBt/cm? mpu
900 °C). Uccnenosanue o6pasuoB TOTD meToqoM nMIieacHON CEKTPOCKOIIUU TIPU
850 °C moxkazano, 4uro mig oOpasma ¢ Kommo3uTHeIM coctaBoM PCO-GDC
HaOIIOAAIOTCS HAUMEHBIIME BEJIMYMHBI TOJSPU3ALMOHHBIX MOTEpb. [lomydeHHbIE
pe3yNbTaThl CBHUJIETENBCTBYIOT O NEPCIEKTUBHOCTH HCIOJIb30BAaHHBIX METOJIOB
MoAuUKALMK KaToja IS yinyuiieHus 3@dexktuBHoctr padotel TOTD B uHTEpBaie

CpEIIHUX TeMIepaTyp.

Paboma evinonnena npu noooepoicke PODU, epanm Ne 20-08-00454.
Cnucok ssurepatypbl
1. Jlvickoe H. B., Konuuna JI. M., I'arun M. 3., Mazo I'. H. Ontumuzanus
COCTaBa KOMITO3UTHBIX KAaTOJHBIX MAaTEPHAJIOB Ha OCHOBE KyIlpaTa Ipa3eoanma s

CpeIHETEMIIEPATyPHBIX TBEPAOOKCUIHBIX TOIIMBHBIX 3JIEMEHTOB // DNEKTPOXUMUSL. —

2015.—-V. 51.—P. 520-528. http://dx.doi.org/10.7868/S0424857015050072

53



2. Kolchina L. M., Lyskov N. V., Petukhov D. I., Mazo G. N. Electrochemical
characterization of Pr,CuOs—Ce9Gdy 0195 composite cathodes for solid oxide fuel
cells // J. of Alloys and Compounds. — 2014. — V. 605. — P. 89-95.
http://dx.doi.org/10.1016/j.jallcom.2014.03.179
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O®OPMUPOBAHUE HAHOKPUCTAJIJVIOB NdFe.xCoxO3; B YCJIOBUSX
FNJIMOUH-HUTPATHOI'O CUHTE3A

[loBbIIEHHBIE ~ WHTEPEC K  HAHOKpUCTAIaM  (eppuTo-KOOATHTUTOB
penkozemMenbHbIX 35eMeHToB LnFe; Co,O3 (Ln = P3D) 00ycnoBieH mepcreKTuBOn
UX MPAKTUYECKOTO HKCIOJb30BAHUS B KAue€CTBE MaTEPHUATOB JIsl TBEPAOOKCUIHBIX
torumBHBIX AmeMeHToB (TOTD) [1]. Marepuansr Ha ocHOBe cuctembl NdFeO; —
NdCoOs; Moryt paccmaTpuBaThCs Kak HamOoJiee MOTEHIIMAIbHO HWHTEPECHBIE ISt
IIPUMEHEHUS B KaueCcTBE KaTOAHbIX MaTtepuanoB mia TOTD. IIporpecc xummuueckoit
TEXHOJIOTMM HOBBIX HAHOCTPYKTYPUPOBAHHBIX MaTepUalioB, B TOM YKCII€ Ha OCHOBE
paccMaTpUBaEMON CHUCTEMbI, TECHO CBSI3aH C pPa3BUTHEM TMOHMMaHUS (U3UKO-
XUMUYECKUX OCHOB UX (QopmupoBanus. I[lodTomy 1empi0 pabOThl  SBISIIOCH
omnpeneneHue yciaoBuid u mpoueccoB (opmupoBanus NdFe; ,Co,O; B mmpokom
WHTEpBaJie KOHIEHTpAlMWA MPU CUHTE3€ METOJOM TJIMIUH-HUTPATHOIO TOPEHUS U
YCTAaHOBJICHWE TpaHUIl (a30BOM CTAOWIBHOCTH HAHOKPHUCTAIIOB TEPEMEHHOTO
COCTaBa.

NdFe;..Co,Os (0< x <1, mar 0,2) ObIIM MOJYYEHBI METOJIOM TJIMIIFH-
HUTPATHOIO TOpeHHsl. B KadecTBE HUCXOJHBIX pPEAareHTOB ObUIM HMCIOJIb30BaHbI
Hutpatel kenesa (III), nHeomuma, xobambra (II): Fe(NO;);-9H,O (x. u.) wu
Nd(NO3);-:6H,O (x. u.), Co(NOs3),'6H,O (4. a. a), koTopble ObUTM B3STHI B
cTexuomMeTpudeckoM cootHomenuu, u i — H,NCH,COOH (x. u.), konu4ecTBO
KOTOPOTO MO OTHOLICHHI0 K HHUTpaTaM METaJIOB BapbUPOBAJIOCH B JIHAMNa30HE
napametpa G/N ot 0,35 no 0,75. Ilpouenypa cuHTe3a METOAOM TJIUIIUH-HUTPATHOTO

ropenus a3 co CTpyKTypOil IEPOBCKHTA OlKcaHa B padoTe [2].

© Kapmnos O.H., Tumodeesa A.C., Tyrosa E.A., 2022
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[Tokazano, uyTo ycinoBueM 00pa3oBaHUs OAHO(MA3HBIX HAHOKPUCTAILIIOB C
MUHUMaJIbHO BO3MOXHBIMH pa3mepamu kpuctamumtoB NdFe;,Co,O3; Bo Bcem
KOHIIEHTPAI[MOHHOM HMHTEpBAJIC SIBJISIETCS MPOBEACHHUE TJIMLIMUH-HUTPATHOTO CUHTE3a
B yclnoBusax u30biTKa okuciurens (G/N = 0,35) ¢ mocieayroomeid TepMHUYECKOM
00paboTKkol peHTreHoaMop(dHBIX MpoAaykToB ropeHus npu 600 °C Ha Bo3ayxe. B
stoM ciydyae (¢GopmupoBanue HaHokpuctawioB NdFe;,Co,O; ¢ pa3smepom
KpucTaJuIuToB  5—40 HM NPOUCXOIUT 0€3 KPHUCTAUIM3AUUA IPOMEXKYTOUHBIX
npoaykToB roperus (tadmn. 1). ®opmupoBanue HaHokpuctawioB NdFe,.Co,O; npu
TEPMHUECKON 00pabOTKe MPOIYKTOB TOPEHHUS, MPEACTABIAIOMINX KPUCTAIITUIECKHIE
¢da3pl pa3IMYHOTO COCTaBa, OOPA30BABIIMXCS B YCIOBUSX TOPEHMs, Kak IpU
CTEXMOMETPUYECKOM TITUIIMH-HUTPATHOM cooTHomeHuu (G/N = 0,55), Tak u u30bITKE
BoccranoButens (G/N = 0,75), 3atpyaneno (tabim. 1). DTo CBA3aHO CO CTYNEHYATHIM
xapaktepoM oOpazoBanus NdACoO; B peaklMOHHOW cucTeMe, coAepKaileld OKCHU
xeneza (III), u mocnenyronuM u30MOPGHBIM 3aMElIeHUEeM aTOMOB KoOaiabTa U
Kelle3a B TEPOBCKUTOBOM CTPYKType ¢ 00pa3oBaHHEM TBEpPJOro pacTBOpa
3anaBaemoro mno cuHTedy cocrtaBa NdFe;..Co,Os;. B paccmarpuBaembiX yCIOBUSX,
T. €. Opu 00pa30BaBLIMXCA TPOCTPAHCTBEHHBIX pa3leieHusX (a3, MoaydeHue
NdFe,;..Co,O3 onpenensTcs mpoieccaMu MacconepeHoca TBep1oha3HbIX MPOITyKTOB
CHUHTEe3a, 00pa30BaBIIMXCS Ha 3Tame mpoliecca ropeHus. Tepmudeckas oOpaboTka
npu 1000 °C B Teuenue 50 4 MpOIYKTOB rOpeHusi, MOJYUYEHHBIX B YCIOBUSAX U30BITKA
BOCCTAHOBUTENS, MPUBOAUT K (OPMHUPOBAHUIO HEMPEPHIBHOTO psiia TBEPHABIX
pactBopoB NdFe;Co,Os. Bce wuccnenyemsie TtBepasie pactBopel NdFe;.Co,Os
KPUCTATM3YIOTCST B poMmOuyeckoil cuHronuu. OrmnpeneneHbl MNapaMmeTpbl UX
KpUCTAJUIMUYECKUX pemeTok. [IpoBeleHHbIE PEHTIeHOBCKHE HCCIEAOBAaHUS TIPH
MOBBIICHHBIX TeMIepaTypax IOKa3aldd, YTO BO BCEX HCCIEAyeMbIX oOpa3siax
NdFe;..Co,O3 oTCYyTCTBYIOT Kak (pa3oBble, TaK U XUMHUYECKUE MPEBPAILLEHUS, YTO
MOKET CBUIETEIILCTBOBATH O TEPMUUECKON YCTOMYMBOCTH MATEPUATIOB.

Takum oOpa3om, moka3zaHO BIUSHUE cooTHoIIeHUs G/N, BapbHUpyeMoro B
unreppanie  0,35-0,75, wa  mpomecchl  (QOPMHUPOBAHUS  HAHOKPHUCTAILIIOB

NdFe;.,Co,Os. OmpeneneHsl ycloBUs MOIY4YEHHUS OAHO(MA3HBIX HAHOKPHCTAJIIOB
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NdFe;,Co,Os mnpu TNUIUH-HUTPATHOM TOPEHUH, TO3BOJSIOUIUE MPOBOJIUTH
HAIPaBJICHHBIM CHHTE3 YKa3aHHBIX cocTaBoB. OmnucaH mpoiecc (HOpMHUPOBAHHUS

HaHOKpHCTaUIMUecKuX TBepAbiX pacTBopoB NdFe; Co, 03 (0 <x<1).

Tabmura 1
[Tponeccer hopmupoBanms NdFe; ,Co,O3 B yCIIOBHSIX TNIMIIMH-HUTPATHOTO TOPCHUS

U C TIOCTIEYIONIEH TepMUYECKON 00paOOTKOM Ha BO3IyXE

G/N
0,35 0,55 0,75
T, (°C)
(M30BITOK (cTEXHOMETPHUUECKOE (M30BITOK
OKUCIIUTEIS) COOTHOIIICHHE) BOCCTAHOBUTEIS)
da3a Ha OCHOBE
[IpoaykTel | PentrenoamopdHsie ®da3a Ha ocHOBe NdFeOs3,
NdFeO3, h—NdzO3, COOX,
TOpEHUS o0pa3isl h-Nd,O3, CoO,

NdzCOO4

OcHOBHBIC 9Tallbl, IIPUBOASAIINC K ITOJTYUYCHHUIO HCIICBBIX ITPOJYKTOB CUHTC3a

1. ®opmupoBanue NdCoO;

600-800, NdFe;..Co,0s3
KoOabTa | JKeJie3a B IEPOBCKUTOBOM CTPYKTYpE
24 0<x<1)
c 00pa3oBaHKUEM TBEPJIOTO PacTBOPA 33JaBAEMOTO
o cuntesdy cocraBa NdFe;.,Co,03
NdFel_xCOxO3 X = 0,2,
1000, 50 u - NdFe;.Co03 (0<x<1)

0,8

Cnucok surepatypbl
1. Phase equilibria, structure and properties of complex oxides in the
NdFeOs;-5 — SrFeO;-5 — SrCo03-5 — NdCoO;-5 system as potential cathodes for SOFCs /
Sh. 1. Elkalashy et al. // Solid State Ionics. — 2018. — V. 316. — P. 85-92. DOI:
10.1016/.ss1.2017.12.028.
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2. Tugova E. A., Karpov O. N. Glycine-nitrate combustion engineering of
neodymium cobaltite nanocrystals // Rare Metals. — 2021. — V. 40. — P. 1778—1784.
DOI: 10.1007/s12598-020-01544-9 10.1007/s12598-020-01544-9.

58



E. B. Kucnoé', H. B. Cenesnesea’, H. B. Bapanog'”
! Vpanbckuil henepanbHblii yHUBEPCUTET
2 UuctutyT Qusuku metamwio uM. M. H. Muxeesa YpO PAH
e-mail: evgeny.kislov@urfu.ru
NCCIEJOBAHUE ®A30BOI'O COCTABA U TPAHCIHHOPTHBIX
CBOMCTB COEJIJUHEHUS Fey, Te, ITOMUPOBAHHOI'O
JANXAJIBKO'EHUJIAMU TUTAHA

M3BecTHO, YTO 3aMelIeHMs @0 MOJApPElIEeTKaM JKele3a M XaJbKOIreHa B
coequHeHusx FeX (X = Se, Te) ¢ TeTparoHaqbHON KPUCTALIMYECKOW CTPYKTYpOIt
tuna PbO u npoctpancTBeHHOM Tpynnoi P4/nmm MOTYT CyIIeCTBEHHO BIUATH HA UX
cBoricTBa. Cpenu XaabKOTEeHUIOB XKeJe3a HauboJsiee yctonuuBon spisieTcs paza FeTe
¢ HeOompmuM  M30BITKOM  kene3a. M3BectHo, uyto FeTe  saBusgercs
aHTU(PEPPOMATHETUKOM C TeMIIepaTypoil MarHUTHOro ynopsipouenust Tx = 70 K u ne
JIEMOHCTPUPYET IIEPEX0/1a B CBEPXIPOBOIAIIECE COCTOSIHUE.

[lenpto HacTosile pabOTHI SABIAETCS U3YYECHHE BIUSHUS JONMUPOBAHUS
auxanbkoreHugamu tutaHa (TiXs), (X = S, Se; y = 0,1; 0,2) Ha BO3MOXKHOCTb
MHAYLUPOBAHUS CBEPXIIPOBOASIILEIO Nepexoaa U (OPMUPOBAHNE CBEPXIIPOBOISILIUX
CBONCTB HECBEPXNPOBOIALLEro coeaquHenns FepTe, Tak Kak U3 MPOBENCHHBIX paHEE
UCCIIEIOBAaHUM OBUIO M3BECTHO, YTO YAaCTUYHOE 3aMEIlEHUE Telypa CEepoll Wiu
CEJICHOM IMPHUBOJNJIO K MOsBIEHUIO cBepxmpoBoauMocTu. Coeaunenns TiX, (X = S,
Se) oOmamaroT CIOMCTOM KpucTamindeckoil cTpykTypoil tuma Cdl, u, cormacHo
UMEIOLIMMCST JaHHBIM, HE 00JaJaiT CBEPXIPOBOAUMOCTBIO IPU HOPMaIbHOM
nasinenud. lIpennonaranock, 4To Mpu TONUPOBAHUHM aTOMBI S U Se OyayT 4YaCTUYHO
3aHMMaTh NO3ULMM TEUIypa, a aToMbl T1 — MO3MLMM XKejle3a B TEeTparoHaJbHOM
ctpykrype FeTe, m mpu 3TOM OyaeT HPOUCXOAUTh YMEHBIIEHUE OTHOIICHUS
MeTa/xanpkoren.  Kpome Toro, MoKHO OBUIO 0XHJaTh, YTO MPH TOSBICHUH

CBCPXIIPOBOAUMOCTH ITPUCYTCTBUC ATOMOB THTAaHa 6y,Z[CT OKa3bIBAaTh BJIMAHUC HA

© Kucnos E.B., CenezneBa H.B., bapanos H.B., 2022
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MAHHUAHT CBEPXIPOBOISANINX BUXPEH M 3HAYEHUS KPUTHYECKUX TOKOB MOJTYyYEHHBIX
00pasIoB.

Cunre3 oopasuoB Fe; Te(TiX,), (X =S, Se; y = 0,1; 0,2) npoBoauiics B 1Ba
JTama: Ha MEePBOM dTane ObLIN MOJyYeHBI MaTPHUIlbl cocTaBa Fe; | Te muaBaeHuem mpu
temneparype 920 °C ¢ nocineayromum oxnaxaeHueM ao 700 °C u 3akankoil; Ha
BTOPOM 3Tane ObLJIO MPOBENCHO AOMUPOBAHUE MATPHUIl TUXAIBKOT€HUIAMU TUTaHA C
aHAJIOTUYHOU TepMooOpaboTkoi. MccrmenoBanue CTpyKTyphl U (ha30BOTO COCTaBa
MOJIYYEHHBIX COEJIMHEHUN MPOBOJUIIOCH MpHU nomoinu audpakromerpa Bruker AXS
D8 Advance. WM3mepeHue TemmepaTypHBIX 3aBUCUMOCTEH  DIIEKTPUUYECKOTO
COTIPOTUBJICHUSI TPOU3BOJIUIIOCH CTAaHIAAPTHBIM YETHIPEXKOHTAKTHBIM METOJIOM C
ucrnoas3oBanueM pedprkeparopa CryoFree204 B uatepBaine temmneparyp 5—-310 K.

CornacHO JaHHBIM PEHTTEHOBCKOTO aHajiH3a, IMOJyYCHHbIE HaMU OOpa3Ilbl
ucxonHoro coenuHenus Fej Te sBastorcs onHodasHeIMHM W 001alaro0T
TETPArOHAILHOW CTPYKTYpPOH, KOTOpasi OIMCBHIBAETCS MPOCTPAHCTBEHHOW TPYMIIOW
P4/nmm. JlonupoBanue oOpasmnoB Fe;;Te nuxanpbkoreHumamMu THTaHA TMPUBEIO K
MOSIBJICHUIO  JIOMOJHUTENbHBIX ()a3 M K M3MEHEHHUIO MapaMeTpoOB PEIIETKU
TeTparoHanbHOM (a3pl. Kak oxazamoch, momumo TerparoHanbHoi ¢asel FeTe, B
JOTMMMPOBAaHHBIX oOpasmax mpucyrctByetr ¢aza O0—FeTe;s, a Taxke oboramieHHBIC
temtypoM ¢a3zel Fe;Seg unu FeS B 3aBucHMOCTH OT JOMHPYEMOTo AUXaIbKOTEHUIA.

N3BectHo, uro B psany FeSe,,Te, HauOosbliee 3HAYCHUE TeMIIEpaTypbl
CBEPXITPOBOSAIIETO Mepexoa AOCTUTraeTcs npu 3HadeHuu x = 0,5 ¢ mapaMeTpoM ¢
TeTparoHanbHON permeTku nopsaka ¢ = 5,952 A. Oxunanocs, 4yTo IpU AOMHPOBAHUH
coenunenus Fe; Te mucynsbunom TiS, u aucenenumom TiSe, H3-3a MEHBIIHUX
MOHHBIX PATUyCOB CEPhl W CEJCHa OyIeT NPOUCXOIUTh CXKATHE PEIICTKU W
YMEHBIIEHUE MapaMeTpa ¢ B TETparoHajbHON (a3ze W TOsBICHUE Mepexoja B
CBEPXITPOBOJISAIIEE COCTOSAHUE. [[eMCTBUTEIBHO, KaK CIEIYET U3 AaHHBIX TaOIuIbI 1,
BBeJIeHHE HEeOombINX KonnyecTB T1S; u TiSe, mpuBeno K 3aMETHOMY YMEHBIIIEHHUIO
napameTpa ¢, B TO BpeMsi Kak U3MEHEHHUsI IapaMeTpa a He3HauuTenbHbl. M3Mepenue
TEMITEPATyPHBIX 3aBUCHUMOCTEH SJIEKTPOCONPOTHBIICHHS TIOKA3aJi0, YTO, B OTINYUE

OT HCXOAHOI'o COCAWHCHMHAI Fel,lTe, B KOTOPOM OTCYTCTBYET IIEpExXod B
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CBCPXIIPOBOAAIICE COCTOSAHUC, Ha 3aBHCHMOCTAX p(T) AJIs1 BCEX JOIIMPOBAHHBIX
O6p8,3HOB IIpU INOHMIXCHUU TCMIICPATYPbI 10 KPUTHYCCKHX 3HAYCHUM Ha6J'IIOI[aCTC}I
PE3KOC MMaACHUC JBJICKTPOCOIIPOTHUBIICHUA, YTO CBHUACTCILCTBYET O HA4dalic

CBCPXITPOBOAAIICTO IICPEXOaa.

Tabmuma 1

Temmeparypa Hadana CBEpXIPOBOISAINETO mepexoma 7¢o

, @ TAKXKE
KpucTaJiorpaduueckre napaMmeTpsbl @ U ¢ TETParoHaIbHOM (a3bl

WCCJICIOBAHHBIX 00Pa3Il0B

No Odpasen Tcomet, K a, A ¢, A
1 | FeTe - 3817 6272
2 | FerTe(TiS2)o, 3.6 3.805 6.236
3 |Fer Te(TiS2)os 9.6 3.800 6.249
4 | Fer To(TiSer)o. 11,6 3..800 6.214
5 | For Te(TiSe2)os 1.6 3.300 6214

onset cocraBiaser oT 8,6 10

Kpurnueckas temneparypa Hadaia nepexona Ic
11,6 K, o1HaKoO HYJEBOrO 3HAYEHUS AJIEKTPOCONPOTUBIEHUS HHU I OJHOTO W3
o0pa31oB NpU MOHWKEHUH TEMIIepaTypbl BILIOTh 10 2 K 10oCTHYb HE yAanoch, 4TO
YKa3bIBaCT HA HE3aBEPIICHHOCTb IIEPEX0Ja B CBEPXIIPOBOIAILEE COCTOsSHHE. Takoe
[IOBEJICHUE MOXET OBbITh CBS3aHO C HEOJHOPOAHOCTBHIO JONUPOBAHHBIX OOPA3IOB,
OPUCYTCTBUEM  IOCTOPOHHUX (a3 W TpaHYJIMPOBAaHHBIM  XapaKTEpOM
CBEPXITPOBOJIMMOCTH, BO3HHUKAIOIIEH MpU TemrepaTypax Huwke 71¢°™. B cBs3u c
3TUM NPEJCTaBISIET MHTEPEC MpOBEJIEHUE 0oJiee JETATBHOTO HUCCIEIO0BaHMS
nepexona oT antudeppomarunerusma B coeauHennn Fe;;Te k cBepxmpoBonsiemMy

COCTOSHHUIO B 3aBHCUMOCTH OT KOHHICHTpalmUuW JOINHUPYIOHMIUX XaAJIbKOI'CHU/IHBIX

COCIMHEHUM, METOJIMKU CUHTE3a U 00pabOTKH 00pa3IioB.

Paboma  evinonnena npu  gunawmcosoii  noooepocke  Munucmepcmea

oopazosanus u nayku Poccuiickoii @edepayuu (npoexm Ne FEUZ-2020-0054).
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CHUHTE3 U CBOMICTBA JOIMMPOBAHHBIX (Bi+V)
KATUOHAE®PUIIUTHBIX MOJUBAATOB KAJIbBLHHUA U CTPOHIIUA

B mactosmeit pabore wuccienoBaHbl BUCMYT M BaHaJHii-3aMeIllEHHBIC
MOJHOIATHl KAJNBIMS W CTPOHIIHS, UMEIOIINE CTPYKTYpy Ieenuta. TBepmodasHbiM
METOJIOM IIOJIyY€Hbl cepuM TBepIAbIX pacTBOpoB (Ca/Sr)i-1 s¢,Bley@Moi.,V,04
(0 <x <£0,66, 0 <y <0,1), tne ®-Bakancusi. CuHTE3 00pPA3IOB MPOBEACH TIO
CTaHIAPTHON KEPAMHUECKOU TEXHOJIOTHM C OTKUIOM B JIBE cTaauu nipu 773 u 973 K.
st ompeneneHus: rpaHUIl] o00JiacTeld CYIIECTBOBAHUSA TBEPABIX pPAcTBOPOB H
CTPYKTYPHOM arrectauuu 00pas3loB UCHOab30BaIN MeToa PDA.

['panuna o0acTu TOMOTE€HHOCTHU TBEPbIX pacTBOpOB
Caj-1 5xyBly,@Mo1,V,04 Haxomutcs mpu y < 0,05 (x=0), TBepAbIX pacTBOPOB
St1-1 55y Bl @:M01,V,04 —ipr y < 0,2 (x=0) 1 0 <x < 0,66 (0 <y < 1). CornacHo
pacueTaM TapaMeTpoB 3JIEMEHTapHOM suelku, N oOpasnoB Ha ocHOoBe CaMoO4
HaAOJII0/TaeTCsl €€ paclIupeHue, a Uil cocTaBoB Ha ocHoBe SrMoQ4 — cikartue, 4To
COOTBETCTBYET Pa3MEPHOMY COOTHOUIEHUIO paJWyCOB KaTMOHA KAJIbLUSA WU
CTPOHIIUS K PaJINyCy BUCMYTA.

[Tonyuennsie TBepabie pacTBOphl HA ocHOBe CaMoO4 u StMoQO4 npu HU3KOH
KOHILICHTPAIIMM BHUCMYyTa X KPUCTAJUIM3YIOTCS B CTPYKType Mieenuta. Ilpu
YBEIIMUYEHUU X HAONIOJAETCSI CBEPXCTPYKTYPHOE YIIOPSJOUYECHHUE, CBSI3AHHOE C
CEJIEKTHUBHBIM 3aCEJIC€HUEM aTOMaMu BHUCMYTAa OJHOW M3 BO3MOXHBIX A-TIO3ULUN B
sueiike. Ha pucynke 1 npuBeneHsl ¢a3oBbie AuarpaMmbl TpordHbIX cucteM CaMoOy4—

BiVO4 - Bi2M03012 (a) u SI‘MOO4 - BiVO4 - Bi2M03012 (6)

© Kimmmosa A.B., Muxaiinosckas 3.A., bysHosa E.C., 2022
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() (6)
Puc. 1. OGnacTu TBEpbIX paCTBOPOB CO CTPYKTYPOH IIeennTa (KpacHBIH 1IBET),

CBEPXCTPYKTYPHBIX TBEPJIBIX PACTBOPOB THUIIA IIEETHUTA (CHHUMN 1IBET) Ha (ha30BOU
nuarpamme TpoitHo#t cuctembl CaMoQO4— BiVO4— Bi;M0301; (a)

u SI’MOO4 - B1V04 - Bi2M03012 (6)

MeTtonoM pamMaHOBCKOW CHEKTPOCKONHH HM3YyYEHBl CTPYKTYPHBIC W3MEHEHUS
TBEPABIX PACTBOPOB MPH BapbUPOBAHUU MX cOCTaBa. Ha paMaHOBCKHX CIIEKTpax BCEX
0o0pa3ioB OOHApYKEHBI MOJIOCHI, COOTBETCTByMOImUE cBsizu Mo-O. C poctom Xx
HAOJIFOJIAETCS YBEJIMYCHHE TIOMYIIUPHHBI II0JIOC M IIOSBJICHWE HOBBIX JIMHUM,
BBI3BAaHHBIX HCKKEHHEM MOJIMOJCH-KUCIOPOIHON moapemeTku. s cocTaBoB Ha
ocHoBe CaMoQO4, mo cpaBHeHut0 ¢ SrMoQs HaOMOMAaeTCS MEHBIIEE HCKAKCHHE
MOJINOICH-KUCIOPOTHOM TOAPEIIETKH, MpH 3ToM TeTpadapsl MoOs B StMoOs He
WCTIBITHIBAIOT 3HAYMTEIIbHBIX M3MEHEHHUH TpU 3aMEIIeHUH BaHAIUEM, B OTIIMYHE OT
CaMoQOs. [ns CBEpXCTPYKTYPHBIX TBEPABIX PACTBOPOB THMA IIEETUTa OCOOBIX
3¢ peKkToB HEe HAOII0aeTCs.

Meronom Kybenku — Mynka i onHodasHbix (Ca/Sr)i-1 5.yBlery@.Mo1.,V,04
Ha OCHOBE CHEKTPOB AU(PGy3HOTO paccessHUs pacCUMTaHA IHUPUHA 3aMpenieHHON
menn (Ey) KpucTamioB, yMEHbBIIAIOMIAACS C POCTOM KOHIIGHTpAallUd BUCMYTa W
BaHagusi B oOpa3nax. YMEHbIIEHHUE IIUPUHBI 3alpelieHHON 30HbI MOXKET
IPOUCXOANTHh 3a CUET TOSBICHUS JOMOJHUTENBHBIX 30H Op-3JIeKTpoHOB Bi u

MOI[I/I(bI/IKaI_IHI/I COCTOSIHUM 4d-9J'ICKTpOHOB MO, BbI3BAHHBIX HCKAKCHHUCM ITOJINU3OPOB

MOO4.
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[To pe3ynpTaTaM NpPOBEIEHHBIX HCCIEAOBAHUII MOYKHO CH€JIaTh BBIBOJ, YTO
TBepaple  pactBopel  coctaBa  (Ca/Sr)i-is5w,Biyy®Mo1,V,04  MOryr  ObITH
UCIIOJIb30BaHbl KadyecTBe (POTOKATAIM3ATOPOB JJisi CO3JaHUSl TEPCIEKTUBHBIX
(hOTOXMMUYECKHX PEAKTOPOB M3-3a IMOTJIOMICHUS dHEeprur Kak YD, Tak U BUAUMOU
YacTH CIEKTpa. YMEHbIUIEHUWE I[IUPUHBI 3alpelieHHON 30HBI KOPPETUPYeT C
HOBBILIEHHEM (DOTOKATATUTHUECKON akTUBHOCTU (Ca/Sr)i-1 5Bl ®:Mo01,V,04 Kak
KaTaJIn3aTOPOB MpOLEcca OKUCIEHUS poAamMuHa B BOJHOM pacTBOpe mpu 3TOM

AKTUBHOCTD MOJII/I6I[8,TOB KaJbL M BBIIIC.

Paboma evinonnena npu gunancosoii noooepcke epanma PHD Ne 20-73—

10048.
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B. A. Komaposa, M. J[. Kniouapes, E. M. [llepoxanosa
WMHCTUTYT €CTECTBEHHBIX HAyK U MaTEMATUKH, Y pDY
e-mail: lera.komarova.200094@gmail.com
BJIAUAHUE KATUOHHOI'O SBAMEIIEHUSA HA CTPYKTYPY
U ®PU3NYECKHUE CBOVCTBA COEJJUHEHMUM Fe;.Ni.Seq

Coenunenue  FesSes uMeer  CIIOMCTYI0O  MOHOKJIMHHYIO  CTPYKTYpY
(mpocTpaHCcTBeHHas TpyImna /2/m), MOHBI CelieHa U )KeJie3a 3aHUMal0T Yepeyromuecs
CJIOM BJIOJIb OCH C, IIPHU OTOM B DJIEMEHTApPHOM siYEMKE B KaXXIOM BTOpoM cioe Fe
BO3HMKAIOT BakaHCHM. Takasi 0COOCHHOCTh KPUCTAIUIMYECKOU CTPYKTYpPbl MPUBOAUT
K TOMYy, YTO MAarHUTHbBIE MOMEHTbl Ha aroMax JKeje3a, OPHUEHTHUPOBAHHBIE
(dbeppOMarHuTHO B clio€ U aHTU(HEPPOMArHUTHO B COCEIHHUX CJOSIX, OKAa3bIBAIOTCS
HECKOMIIEHCUPOBAaHbI. Huke KpUTUUECKOW TemIiepaTypbl, 3HA4YEHUE KOTOPOU B
mutepatype Bapbupyercs oT 303 nmo 338 K, B coenunenun FesSes popmupyercs
JNanbHUM (QeppuMarHUTHBIM MOpsioK. Takoe pa3iauuMe B 3HAUYECHUU TEMIIEpPaTyphl
Heensi, BeposATHO, CBS3aHO C OTKJIOHEHHEM OT CTEXHMOMETPHUH, MOCKOJIBKY JAHHOE
COEIMHEHHE MMEET JIOBOJIbHO IMPOKYI0 o0jacTh romoreHHoctu (55,1-58,5 ar. %
Se). 3amernienue xkeneza Apyrumu 3d-anemeHTamu (M) MPUBOIUT K CYIIECTBEHHBIM
MU3MEHEHUSM CTPYKTYPbl U MATHUTHBIX XapaKTEPUCTUK coenuHennil Fes  M,Ses [1].

B nanHoit paGote npecraBieHbl pe3yabTaThl UCCIE0BAHUS KPUCTAINYECKON
CTPYKTYphl M (U3NYECKUX CBOMCTB 3aMmelleHHbIX coenuneHuit Fes NiSes. Bce
coenunennst Fes; Ni,Ses (x = 0; 0,03; 0,05; 0,5; 1) Obu MOMYYEHBI METOIOM
TBepodasHoro cunteza mpu temneparype 800 °C. MccienoBana kpuctauinueckas
CTPYKTYypa C MOMOIIBI0 PEHTTEHOCTPYKTYpHOro aHanu3a (audpakromerp Bruker D8
Advance), 3I€KTpOCONPOTUBICHUE C TOMOIIBIO YETHIPEX30HAOBOIO METOAa H
NOBEJCHUE HAMArHMYEHHOCTH B 3aBUCUMOCTH OT BEJIMYMHBI MArHUTHOTO MOJS U
TEMIEPATyphbl C MOMOILIbI0 U3MepeHuid Ha BuOpomarnutomerpe Lake Shore VSM

7407.

© Komapoga B.A., Kitouapes M. /1., [llepokanosa E.M., 2022
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[Tomy4yennsie coequHeHuss cucrteMbl Fes  NiySes KpuCTATM3YIOTCS B
MOHOKJIMHHOM CHHTOHUU C TPOCTPAaHCTBEHHOW rpymmoi [2/m. llpu 3amemeHuu
’Keje3a Ha HUKeNb 70 x = 1 HaOmogaeTcss aHM30TPOIHOE MU3MEHEHUE MapaMeTpoB
KPUCTAJUINYECKOMN PELIECTKU.

AHalIM3 TEMIIEpATYPHbIX M TMIOJEBBIX 3aBUCUMOCTEd HAMarHM4€HHOCTH
nokasai, urto coeauuenus Fes NiSes (x = 0; 0,03; 0,05; 0,5; 1), kak U UCXOTHBII
FesSes sBnstorcst  geppumarnetukamu. OmHako, TeMIiepaTypa MarHUTHOTO
YHOPSIIOYEHUSI TIPU 3aMEIICHUM JKEJIe3a HHUKEJIEM CYIIECTBEHHO CHUXKAeTcs U
coctasisieT 220 K mpu x = 0,5 u 104 K mpu x = 1.

TeMmneparypHble 3aBUCUMOCTH 3iekTpoconpotusieHus: p(T) mis coeqnHeHui
Fes Ni,Ses (x = 0; 0,03; 0,05; 0,5, 1) BbImie TeMeparypbl MarHUTHOTO
YIIOPSIOYEHHS] UMEOT BUJI, XaPAKTEPHBIN JISI METAIUIMYECKOTO TUIIA TPOBOAUMOCTH,
a 3HAYEHUE P P KOMHATHOM TEMIIEPATYPE CHUYKAETCS HA JIBA MOPSIKA B CPABHEHHUH
CO 3HaueHHEM i1 ucxogHoro FesSey.

Cnmcok ureparypsl

1. Regnard J. R., Chappert J. Délocalisation des ¢€lectrons 3d dans les composés
semi-métalliques MFe,Ses avec M = Ti, Cr, Fe, Co, Ni // Le joumal de physique. —
1973. — V. 34. — P. 721-731. https://doi.org/10.1051/jphys:01973003408-
9072100.
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3. A. Muxaiinosckaa'?, A. B. Knumoea'?, E. C. Byanosa’
! MuctutyT reonoruu u reoxumun YpO PAH
2 Vpanbckuii GpenepaibHblii YHUBEPCUTET
e-mail: zozoikina@mail.ru
OOTOKATAINTUYECKHUE XAPAKTEPUCTUKHA
KATUOHAE®PUIUTHbBIX BUCMYT3AMEHIEHHbBIX MOJIUBJIATOB
CTPOHLIUSA HA IPUMEPE OKUCJIEHUS POJAMUHA B
B BOAHBIX PACTBOPAX

MonubaaThl 1mEI0YHO3EMENBHBIX METAJJIOB, OTBeyarolue oOmel dopmyse
ABO4 1 nmeronue meeauTonoqo00Hy0 CTPYKTYPY, 00Jadar0T MUPOYANIITUM CIICK-
TpOM  (PU3MKO-XMMUYECKUX Xapakrtepuctuk. Hampumep, SrMoOs mnposiBusier
cBoiicTBa oTo- W 2IeKTpodoTOKaTaIMU3aTOpa, JTOMHUHOPOpA U JUIICKTPUKA B
IIMPOKOM YaCTOTHOM JIMANa30HE, a TAKXKE CPEJHETEMIIEPaTypHOro KHUCIOPOIHO-
MOHHOTO  TPOBOJHUKA. Hacrosimias ~ paGota  mocBsilieHa  aTTEeCTALMH
(bOTOKATaTUTUYECKUX CBOMCTB BUCMYT3aMEIIEHHBIX MOJUOAATOB CTPOHLIUS C O0IIeH
dbopmynont  Sry_3,Bi2,M0QOs4. Tlopomku Sr; 3,BiM0QO4 OblTH CHUHTE3UpPOBAHBI 10
CTaHIAPTHOM KEpaMUUYECKOW TEXHOJIOTMH B Auana3zone temmneparyp 650—925° C. [ln4
omnpezaeneHus (Ha3oBoOro cocraBa 0OpasioB Ha MPOMEKYTOUHON U (PUHAIBHON CTaauu
CHUHTE3a HCIIOJIb30BAIM METOJ] PEHTTeHO(Pa30BOro aHaidu3a. BBIIBIEHO, YTO
oOpa3oBaHHE TBEPIbIX pPacTBOPOB Ha OCHOBE SrMoQi, KpHUCTAUIM3YIOIIUXCS B
TeTparoHajJbHOW cuHTOHMH (TIp. Tp. 141/a), Bo3moxHo, ipu x < 0,15, mpu Gonpmux x
HAOJII0IA€TCSI CBEPXCTPYKTYPHOE YMOPSAOUYEHUE, 00J1aCTh TOMOT€HHOCTU MPU 3TOM
orpaHuuuBaeTcsa 3HaueHnem x = 0,225. PaccuuTaHHble mapameTpbl 3JIEMEHTaApHOMN
SAYEUKN COOTBETCTBYIOT 3aMELIEHUI0O MEHBIIMM (10 CPAaBHEHUIO CO CTPOHIIUEM)
MOHOM BHCMYTa. CTpPYKTypHbIE HM3MEHEHHS B CE€pUM ObUIM H3Y4YEHBI METOIOM
pPaMaHOBCKOW CHEKTPOCKOIUU. BBISABICHO, UTO B O0OUX Cllydasx Ha paMaHOBCKHUX

CHeKTpax o0pa3oB MPUCYTCTBYIOT MOJOCHI, cOOTBeTCTBYIOMKE M0-O cBsizu. C

© Muxaitnosckas 3.A., Knumosa A.B., bysaosa E.C., 2022
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pPOCTOM X HAONIOAACTCS YBEJIWYEHUE TMONYIIUPUHBI TOJIOC M TIOSIBICHUE HOBBIX
JUHUN, YTO BBI3BAHO HCKAKECHUEM MOJMOACH-KUCIOPOIHON moapemeTku. J[s
0o0pa3lloB CO CBEPXCTPYKTYPHBIM YIOPSIIOYEHUEM HCKAKEHHOCTh CTPYKTYPBI
HecKoJbKo manaet. llluprna 3ampeneHHon mear KPpUCTauioB ObLla paccuuTaHa U3
criektpoB auddy3Horo paccesHus, A Sri3,Bi,MoOs4 HabmogaeTcs JIHMHEHHOE
YMEHBIICHUE 3anpenieHHon menu ¢ 4,25 no 3,27 3B ¢ yMEeHbIIEHUEM KOJIUYECTBa
BUcMyTa, nipu x = 0 — 0,225 3B. Takoe 3HaUY€HHE 3alPEIIEHHON IIETU AUJIEKTPUKA
P MaKCUMAJIbHBIX X COOTBETCTBYET Kparo MOTJOLIEHUs u3iydeHus 379 uwm, T. e.
oOpa3ipl ¢ OONBIIUM COAEpX)AaHUEM BHCMYyTa CIOCOOHBI 3((EKTHBHO MOIJIOMIATH
ommxanit Y ®-cBet. [loatomy g nu3mepeHus: GOoTOKaTaTUTUYECKUX XapaKTEPUCTUK
TBEPJBIX PACTBOPOB ObLT BHIOpaH UCTOUHHUK CBETA C YJIBTPA()HUOIECTOBBIM CIIEKTPOM —
MoauduImpoBaHHasi pTyTHas jamna. Tak kak mius cepuu Stri-3,Bir,MoO, BenmmumHa
3aMpelieHHON Ienu MeHseTcs JuHEeHHo, a 96 % wu3mydeHHusT HUCTOYHUKA CBETa
puUxoauTcs Ha 365 HM, cocTaBbl ¢ MajabiMu X (<0,175), nmornomaroiyue HeOOIbITYIO
4acTh W3Iy4YE€HUs, HE pPacCMaTpUBAINCh, aHAIMW3 TMPOBEJICH A CEPUU X =
0,175-0,225.

doTrokaramuTudeckue cBoncTBa Sri_3,BiMo0Os mccrmenoBansl Ha mpuMepe
okucinenus pogamuda B (RhB) c¢ copepxanmem 25 Mr/m B BOJAHOM pacTBOpE, B
CTAallMOHAPHOM  KOAKCHAJIBHOM PEAaKTOpE, C BHEIIHEW BOASHOU CHUCTEMOM

OXJIAKIACHHUA, MPUHYAUTCIBbHBIM IICPCMCIINBAHNN aapauneﬁ n TCMIICpATypC

38—40 °C, comepxkaHue Katajm3aropa — 1 T/1  peakIMOHHOM  CMecH,
MpeaBapuTeNIbHAS BBIICPKKA 10 oOmydeHus — 30 MHUHYT, NpEAeTbHOE BpeMs
skcnepumenta — 30 wmuHyT. JlJIsE W3y4deHHs TNPUPOABI AKTHBHBIX YacTUIl B

PEAKIMOHHYIO CMECh JI00aBJISUIM MOTJIOTUTENM PAJUKAIOB B COOTBETCTBYIOIIUX
KOHIeHTpauusx: okcanat aMMoHus 0,002 mosnw/muTp, Tpet-6ytanon 0,01 moas/nutp,
ackopOuHOBYI0 KUCIOTY (0,05 MoJIB/MUTp). 3aBUCUMOCTH CTEIIEHU MPEBPAIICHUS OT
BpeMeHu s Sri_3,Bi,,MoOs mnpencraBnsitor co00il KpUBBIE € HACHIIICHUEM.
MaxkcumanbHast creneHb npespamieHus Sri_3BiMoOs cooTBeTcTBYeT cocTaBy
x = 0,225 u cocraBnsger 80 % uepe3 moyiyaca OOJIydEeHHS, YTO OOJIbIIE, YeM MIJIs

AHAJIOTN4YHBbIX COCTAaBOB Ha OCHOBC MOJ'II/I6I[aTa KaJIbIIHs. I[J'I?I OLCHKHM KOHCTAaHT
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CKOpPOCTeM peakluuud TOCTPOEHBl 3aBUCHUMOCTH JiorapupmMa OTHOCHTEIHHOU
koHIeHTpauuu RhB ot Bpemenu, 3aBUCMMOCTH JMHEHHBI, T. €. pEaKUUs HMEET
IICEBOIEPBbIA NOPSAOK. PaccumTaHbl KOHCTaHThl CKOPOCTH PEAKLIUU IJISI Pa3HBIX
o0pasIoB, paszmuYaronIuecss Mexay cobod g0 nByxX pas. Jlns wumccnemoBaHus
MEXaHW3Ma JEHUCTBUS KAaTalM3aTopa B PEAKLMOHHYK) CMECh BBOIWJIM MOTJIOTUTEIN
paJMKaIoOB U aHAIM3UPOBAIM M3MEeHeHHe Bujia ciekTpoB RhB. OOHapykeHo, uTo He
3aBHCHMO OT MPHUPOABl paJvKada pPEaKIHH OKHUCICHUA HAYyT 0e3 oOpa3oBaHM
YCTOMYHUBBIX TOJYIPOAYKTOB, MUMEIOIIUX IOJIOCHI TOTJIOIIEHUsT B HaOII0JaeMOM
obnactu cmektpa. Jas Sri_3BiMoOs mpenioxeH MexaHu3M JEHCTBUS HX Kak
(boTOKaTanM3aTOPOB, BKIIOYAIOIIMWNA B ce0s CIleIylolMe CTaauu: aacopOuus
OpPraHUYeCKOTO 3arpsi3HUTENSI Ha MOBEPXHOCTU; (POTOTeHEepaltsl JIEKTPOHOB B 30HE
MIPOBOAMMOCTH U ABIPOK B BaJEHTHOM 30HE; oOpa3oBaHue paaukaia ‘OH", koTopslii
ABJISIETCA ~ AKTUBHBIM  OKHCIISIIOIIMM ~ areHTOM;  OKHCIICHHE  3arps3HUTEIIS.
Hccnenoanne BIUSHHS KUCIOTHOCTU CPEABI HA MPOLECC OKUCIEHUS MOKA3aJlo, YTO
ONTUMAaJbHBIA YpOBeHb pH cocCTaBisieT OKOJO 5, YTO COOTBETCTBYET 3HAYCHUSIM
TOYEK HYJICBOTO 3apsija W ajacopOuuu HerTpaibHOU Mosekyiasl RhB. Iukmunueckoe
MCIIOJIb30BaHNE (POTOKATAIN3ATOPOB MOKA3AJI0 HEKOTOPOE CHIKEHUE WX aKTUBHOCTH
NIOCJIE ABYX LIMKJIOB, & 3aTEM IOJHY BOCIPOU3BOAUMOCTD CBOMCTB B TPETHEM LIUKJIE
n nainee. Huskas (amke IIJIK) xoHueHTpamuss MojuOjeHa M OTCYTCTBUE HOHOB
BHUCMYTAa M CTPOHIIUS B KOHEYHOM BOJIHOM (hpaKkIi PEAKIIMOHHON CMECH MO3BOJISIOT
PEKOMEHJI0BaTh HCHoJb30BaHue Sri_3,Bi,,MoOs B kauecTBe karamuzaropa s

O4YMCTKH CTOYHBIX BOA.

Paboma evinonnena 6 pamkax eoczaoanus UI'T YpO PAH, mema AAAA-A19-
119071090011-5. Pamanoscxue cnexmpwi oviiu nonyuenvt 6 LK1l «eoananumury»
UTT ¥YpO PAH, mooeprnuzayus u pazsumue L[KII «Ieoananumuky» ocywecmeansiemcs
npu ¢unancosoul noooepoicke Munoopunayku P®, coenawenue 075-15-2021-680.
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HUCCJIEJOBAHUE MATHUTHBIX CBOVCTB
KEJE303AMEIEHHOI'O FerSes

B nocnemHue roapl IMIMPOKO HCCIEOYIOTCS XalbKOTE€HUIbl MEPEXOIHBIX
METaJUIOB CO CTPYKTypor Tuma NiAs B CBsS3M C OONBIIMM Pa3sHOOOpa3ueM HUX
(GU3HYECKNX CBOWMCTB, KOTOPBIC MPOSBISIOT CHJIBHYIO 3aBUCHUMOCTH OT COCTaBa,
TEMIIEPATYPHI, AABJIECHUS, a TAK)KE OT KOHLUEHTPALMU W PACHpPENECICHUsS BaKaHCHUU.
CornacHO MaHHBIM TPEABIAYIINX HCCIEIOBAaHUMN, XaJIbKOTCHUIbl >Kelie3a TUla
Fe; X3 (X =S, Se) MoryT npeAcTaBisiTh HHTEPEC AJIsl IPUMEHEHHUS B KaUe€CTBE aHOJIOB
JUISL JIMTUEBBIX M HATpUEBBIX Oaraped, OUPYHKIUMOHAIBHBIX KaTaIU3aTOPOB JUIS
pacIlIeIIEHUs] BOJIbl, KOMIIO3UTOB MIJI1 XpaHEHUS W TPAHCHOPTHUPOBKU Bojopoja. B
(dheppuMarnutTHoM coeauHeHnn Fe;Seg 0OHapy>keH MarHUTOKaIopuyeckuil 3¢ dexT
Kak B 00JacTM HHU3KOTEMIIEPATypHOTO CHUH-TICPCOPUHTAIIMOHHOTO Tepexoja
(T ~ 120 K), Tak u mpu Temmeparype mepexoja OT MarHUTOYMOPSJOUYEHHOIO K
MapamMarHuTHoMy coctosiHuto npu  Ic ~ 450 K. H3MeHeHue xapakrepa
pacrnpenenieHrs KaTHOHHBIX BaKaHCHI M 3aMENIeHNe aToMaMu Ipyrux 3d-371eMeHTOoB
B coennHeHusX Fe;Xg BBI3BIBACT CyILIECTBEHHBIE M3MEHEHUs CBOMCTB. Hampuwmep,
IOpu 3aMelleHud B coequHeHusx Fes,Ti,Xgs KaTHOHOB »Kele3a Ha aTOMbl TUTAHA,
KOTOpbIE 110 UWMEIOIIMMCS JIaHHBIM HE 00JIalaloT MarHUTHBIM MOMEHTOM,
MIPOMCXOJIUT MOHOTOHHOE CHWIKEHHE TEeMIIEpaTypbl MAarHUTHOTO YIOPSOOYECHMUS,
OJIHAKO HAMArHUYEHHOCTh M KOAPIIUTUBHAS CUJIa U3MEHSIOTCS HEMOHOTOHHO.

VYuuthiBasi HEOOBIUHBI XapakTep HW3MEHEHMsSI MAarHUTHBIX COCTOSIHMM, B
HacTosIIeH padboTe ObUT BRIMIOJHEH cUHTEe3 coenuHeHuit Feg sMysSeg (M = Ti, Ni, Cu)

Y IIPOBEJICHO UCCIENOBAHNE NX KPUCTAIUINYECKOU CTPYKTYPBI, IOBEACHHUS

© Mosrossix C.H., Cenesznesa H.B., bapanos H.B., 2022
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HaMarHM4eHHOCTH U TUCTEPE3UCHBIX CBOMCTB HA MOHOKPHUCTAJUIMYECKUX OOpasiax ¢
LENbI0 YCTAHOBJICHUS BIUSHHS 3aMEIIAIONIUMX 3JIEMEHTOB HAa MAarHUTHYIO
AHU30TPOIHIO U TUCTEPE3UCHBIE CBOMCTBA.

Momnokpuctammsl  Feg sMosSes, BbIparieHbl MOIUGUIIUPOBAHHBIM ~ METOJIOM
bpumxmena ¢ MCHONb30BaHUEM JBOMHBIX BaKyyMHPOBAHHBIX KBapIEBBIX aMmImyJl.
ATtTectanus o0pa3loB MPOBOAMIACH PEHTreHorpapuyeckuM meTogoM. M3mepenus
HAMarHU4eHHOCTH TMPOBOJIUINCH, B MarHUTHOM Toiie A0 17 kOe ¢ momoribo
BubOpomarneromerpa Lake Shore VSM 7407 B untepnaine ot 80 no 550 K.

B kauecTBe 3ameniaronux 3J€MEHTOB BBHIOPAHBI JIEMEHTHI U3 Hadala U KOHIIA
psana 3d-meramioB Ti, Ni u Cu. YcranoBieHo, uto 00pasiisl Feg sMosSes (M = Ti, Ni)
OCTAIOTCSl B TOM K€ CTPYKTYpHOM TuIe N1AS U KPUCTAIU3YIOTCSl B TeéKCaroHajabHOM
CUHIOHMHU (IpocTpaHCTBeHHas rpynmna P3,21) ¢ ynopspoyeHueM BakaHcuil. OJTHaKo
3aMellleHHEe jKelle3a MEJbI0 HE MPUBOAMUT K OOPa30BaHUIO OJIHOPOJHOTO TBEPIOrO
pactBopa; B oOpasuax FessCugsSes BbIsIBICHO NBYX(a3HOE COCTOSIHME, B KOTOPOM
Hapsay ¢ (azoii Tuna Fe;Ses nabmogaetcs daza CusSe.

ITpu 3amemenun sxenesa tutaHoM B Fes, T1,Ses 1o y = 0,5 Habmonaercss poct
MapaMeTpoB d U ¢, B TO BpEeMs KakK MpU 3aMELICHUH HUKEJIEM MPOUCXOAUT CUIBLHOE
YMEHBIIEHUE CPEIHEr0 MEXKCIIOEBOTO PACCTOSIHMS, a MEXKATOMHBIE PACCTOSHUSA B
MJIOCKOCTH U3MEHSIOTCSI HE3HAYUTENBHO.

M3mepenyss MarHUTHBIX CBOMCTB ITOKAa3aJly, YTO 3aMelenue xeinesa B Fe; .M, Xg
TATAaHOM WJIA HukereM A0 y = 0,5, 0OpuUBOAUT K  HCYE3HOBEHHUIO
HU3KOTEMIEPATYPHOIO MAarHUTHOTO MEPEX0/ia TUMA «CIUHOBAs MEPEOPUCHTALUS» U
K 3HauutenbHOMY (H0 40 %) yMeHblIeHHMIO HamarHudeHHocTu. Kpome Toro,
OOHapy’>X€HO, YTO B cllydyae 3aMEIlEHUs HHUKEJIeM TeMIleparypa MarHUTHOIO
ynopsigouenus najgaetr Ha 30 K, Torja kak mpu 3aMelIEHUd TUTAHOM CHIDKEHUE 1¢
COCTaBWJIO JIMIIb OKOJI0 5 K.

VY4uuThiBas, 4YTO Kak aTOMbl TUTAHA, TaK U aTOMbl HUKEJS B 3TUX CHUCTEMaxX HE
00J1a]al0T MarHUTHBIM MOMEHTOM, a4 MAarHUTHBIM MOMEHT atroMoB Fe 3aBHCHUT OT
JIOKaJBHOTO OKPYXKEHHUSA, OOHAapyKEHHBIC pa3IUyusi B TOBEJACHUM MAarHUTHBIX

CBOMCTB MOTYT OBITH CBf3aHBI C pa3iHuMsiIMUA B JAepopMalMsX pemeTKd U B
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pacrpene’neHny KaTHOHHBIX BAaKAaHCHHA MPH 3aMEIICHUSIX aTOMOB Kelie3a aTOMaMH
3d-meTanioB pa3Horo copra.
Paboma evinonnena npu noodepoicke Munucmepcmea HAyKu U 8biCUle2o

oopazoearnus Poccuiickoii @edepayuu (npoexm FEUZ-2020-0054).
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A. E. lepmaxosa’, O. B. Pycckux', A. A. Ocmpoywuixo’
"Vpanbckuii GpenepanbHblii YHUBEPCUTET
e-mail: nastia2605permiakova@yandex.ru
BJIMSTHUE YCJIOBUM CUHTE3A Y ITIPOLIECCOB YCKOPEHHOI'O
CTAPEHUS HA CTPYKTYPY U KATAJIMTHNYECKYIO AKTUBHOCTbD
HEPOBCKHUTOB LagsMo,1MnO3; (M — menounoii merasui Li-Cs)

Kartanuzatopsl HaxoIsT IIMPOKOE IPUMEHEHHE B Pa3IUYHBIX OTPACIAX
MpOMBINUIEHHOCTH: cBbille 80 % BCceX XUMHUYECKUX MPOLECCOB SIBISIOTCS
karautnyeckumu. IIpu 3trom u3 Hux okono 90 % — 3TO mpouecchl, B KOTOPBIX
pearupyoliyue BelIlecTBa HaXOAATCSA B BHJE Ta30BOM WIM >KUAKOM da3bl, a
KaTaln3aTophl — B BUJE MOPUCTHIX TBEPHbIX Tell. [IpoTekaromue KaTaTuTHYECKHE
peakiud B O3TOM CJIydyae€ OTHOCATCS K SIBJICHHIO TE€TEPOreHHOro KaTajau3a.
I'eTeporeHHplli KaTaau3 IIUPOKO TPUMEHSETCS B MPOMBIIIJICHHOCTH Orarojaaps
HanOoJee MPOCTHIM METOJaM OTACJICHUSl KAaTaIM3aTOPOB OT PEAKIIMOHHOM CMECH,
BO3MOXKHOCTH PETyJUPOBaTh CKOPOCTh MPOIECCa U3MEHEHUEM COCTaBa U CTPYKTYPhI
aKTUBHBIX IICHTPOB M JIPYTMMU CBOMCTBaMu. HaydHo-umccienoBaTrenbckue paboThI
MOCJICIHETO BPEMEHM HarMpaBjieHbl HAa YCOBEPIICHCTBOBAaHWE CYIIECTBYIOUIUX U
pa3paboTKy HOBBIX KaTaJIn3aTOpOB u KaTaJIUTHIECKUX MIPOIIECCOB.
ITepoBckuTononoOHbIe cioxHble okcuabl (CO), Oraronaps CBOMM KaTalUTUYECKUM
CBOMCTBaM, HaxoJSIT NPUMEHEHHE B PA3IUYHBIX 00JaCTAX TEXHUKH B KauyeCTBE
KOMIIOHEHTOB  KaTAJIUTHYECKHX CHCTEM, TaKMX KaK TEPMOKATAIUTUYECKHE
YCTpOWCTBA [IJIsi 3alIuThl aTMOc(epbl OT TOKCHYHBIX BBIOPOCOB. MaHTaHUTHI
JIaHTaHa, JOMUPOBAHHBIE MOHAMH IIEJIOYHBIX METAJUIOB, MPEJCTABIISIIOT UHTEPEC B
KaueCTBE KAaTaJTUTHYECKUX MATEPHAIIOB [IJII OKUCIEHUS YTJIEPOJCOIEPKAIIUX
BEIIECTB. biarogaps HX BBICOKOM KaTAIUTUYECKOW AKTUBHOCTH CTAHOBUTCS
BO3MOYXHBIM 3HAYUTEIHHO CHHU3UTH COJCP’KAaHWE METAJJIOB IUTATHHOBOW TPYIIIIHI B

PC€aJIbHOM KATAJIMTUYCCKOM YCTpOﬁCTBe, 4YTO B CBOIO OUCPCOAb

© ITepmsikoBa A.E., Pycckux O.B., Octpoymiko A.A., 2022
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CYLIECTBEHHO CHHUKA€T €ro CTOMMOCTh M JIeJaeT ero 0ojiee TOCTYIMHBIM. Y CIOBHUS
CHUHTE3a CJIOKHBIX OKCHIOB BaXKHBI JJIi OOECredeHus: TpeOyeMbIX XapaKTEPUCTHK
MaTepuaioB, TAaKMX KaK KaTaJUTHYecKas aKTUBHOCTb, CTAOMJIBHOCTH B paboOuyux
cpenax, yCTOMYMBOCTh K IPOLIECCaM CTapEHUs U T. [I.

CroHble OKCUBI CO CTPYKTYpol nepoBckuta LagoMoiMnOs., (M = Li, Na,
K, Rb, Cs) Ob1mu cunTe3upoBanbl MeToioM mupoiuia [ICK. B kadecTBe ncXoaHBIX
pEareHTOB UCIOJIb30BAIM HUTPATHl COOTBETCTBYIOIIMX METAJJIOB U MOJUBUHUIOBBIN
COUPT WM NOJIUBUHWINUPPOIUIOH. 7l M3ydeHus: BIMSHUS COCTaBa HMCXOAHOIO
IIpEKypcopa Ha XapakTEPUCTHKU Ipolecca TOPEHUsT U CBOWCTBA CJIOXKHOIO
OKCHUJIHOTO MaTepuaja TOTOBMJIM KOMIIO3UIIUH, COJAEpKAIUEe OpraHuYeCKUil
KOMIIOHEHT B CTEXHOMETPHUYECKOM COOTHOLIeHMHu (@ = 1), a Takxke MpU €ero
ABYKpaTHOM (¢ = 2) U ueTbipexkpaTHOM (¢ = 4) u30biTKe. CTEXHOMETPUUYECKOE
COOTHOIIIEHHE OBbLIO PACCYUTAHO IO PEAKIUU TOPEHHUsS] C 00pa30BaHUEM a30Ta, BOJIbI
M YTJIEKHUCIIOro ra3a B KayecTBe ra3o00pa3HbIX MPOAYKTOB peakiuu. Kpome Toro,
CJIOKHBIE OKCHIBI OBbUIM TOJy4YeHbl B HAHECEHHOM BHje. B kauecTBe cyOcTpara
UCIIONB30BAJICS  MEHOHMKeNb  (aquamerp mnop — 2—-3  wmm). [IpoBogunu
pelBapUTENbHbI  00ur meHoHukens npu 550 °C  ngng momydeHus
npoMexyTouyHoro ciosg NiO, 3ammumiaromero cyoctpar oT  Jerpajaluu,
o0ecrneynBaroIIero aare3uto kataauzaropa. beuio nzydeno Biausinue cocraBa [ICK na
XapaKTEPUCTHUKHU MPOLECCOB rOPEHUs (MaKCUMaIbHYIO TEMIIEPATypPy, MHTEHCUBHOCTb
o0pa3oBaHMsI TEPMOXHMHMUYECKOTO 3apsijia, COCTaB MHUPOJIUTHYECKUX Ta30B),
CTPYKTYpY, KaTaJUTHYECKHE CBOWCTBA M YCTOMYMBOCTH K MpolieccaM CTapeHHUs
MOJIYy4YaeMbIX CIIOKHBIX OKCHUJIOB. MakcHUMallbHYIO TEMIIEpaTypy NUPOJIM3a U3MEPSIIU
B mpoliecce cuHTe3a ¢ nomoinbio nmupomerpa (Testo 835, I'epmanust). M3mepenue
MHTEHCUBHOCTU TE€HEPUPOBaHUA 3apsia (Pa3HOCTH IMOTEHIHMANOB «IPEKYpCop —
3eMJIsD») TPOBOJWIM IyTEM HArpeBa HCXOAHOTO MPEKypcopa Ha 3JIEKTPUYECKOU
uTe (1o BO3JEHCTBUEM €€ 3JIEKTPOMArHUTHOIO MOJIs1), CIIUPTOBOM TOPENIKE U TPU
ropeHurn 0e3 MOJABOJIa TeIla OT BHEIIHEro HCTOYHHMKA (T. €. 0e3 BO3IeHCTBUS
BHEIIIHETO 10Jis). BO3HUKHOBEHHUE Pa3HOCTHU MOTEHIUAJIOB MPUBOJIUT K B3aUMHOMY

orrankuBanuto Hanovactur] (20—100 um), Bnuser Ha GhopMHUpOBaHHE MOPQOIOTHH
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KAaK CaMHUX YacTULl U X Pa3MepoOB, YAECIbHYIO OBEPXHOCTb, TAK U Ha BO3MOXHOCTb
oOpa3oBaHusl 0Oojiee IJIOTHOTO KOHTAKTa C YacTHIAMH CaXu. bojiee MHTEHCHUBHO
reHEpUPOBAHUE 3aPS0B MOJIOKUTEIBHOIO 3HAKa MPOUCXOAWIO TMOJ JEHCTBUEM
AIIEKTPOMArHUTHOTO TOJIsI, OOJIEryarouiero, B YacTHOCTH 3MUCCHUIO 3JIEKTPOHOB
HAHOYACTULIAMH U O0Opa30BaHUE YHOCHUMBIX HOHU3MPOBAHHBIX MOJEKYJISIPHBIX
gacTull. Pa30BbIi COCTaB TMOJYYEHHBIX OOpa3loB  OMNpEACNsId  METOIOM
peHTreHoBckoil mopomkoBor audpakuuu (Bruker D8 ADVANCE, CuKa),
MIPOBOAMIIM pacyeT MapamMeTpPOB AJIEMEHTApHON sUelKku U ee oObeMa (mp. rp. R-3¢),
Mopdonoruto — 31ekTpoHHBIM MuKpockonioM AURIGA CrossBeam (Carl Zeiss
NTS), ynmenpHyto  noBepxHocTe  —  aHammzatopom  TRISTAR 3020
(Micromeritics).MccneqoBana KaTtaquTUYeCcKass aKTUBHOCTh B PEAKIHUHU OKHCIICHUS
CaXl U3 TypOoJBUTATENel KHUCIOPOJOM BO3ayXa (TpaBUMETPUUYECKUII METOMA) B
nuariazone temmneparyp 200—450 °C. Ob6ecnedyuBaiics TUIOTHBIA KOHTAKT Ca)XH C
Katanu3aTopoMm (cooTHouieHue 1/4). BBegeHue HMOHOB WIENOYHOTO MeTaljia
MOBBINIACT KATAIUTUYECKYI0 AaKTUBHOCTh MaHraHuTa JaHtaHa. QOOHapykeHa
KOppENALMA  3aBUCHUMOCTEM  KATAJUTUYECKOM AKTUBHOCTH M TEPMHUYECKOHU
YCTOMYMBOCTH KapOOHATOB IIEJIOYHBIX METAJIOB OT MX HOHHOTO pajauyca, 4To
MOKET YyKa3blBaTh Ha MEXaHU3M KATAJUTUYECKOTO OKHCIEHHUS CaXu 4Yepes
o0pa3oBaHHe HEYCTOMYMBBIX KapOOHAT-NOJOOHBIX KOMILUIEKCOB. M3ydeHO BiUsAHME
OpraHnueckoro KommnoHeHTa, Bxonsmero B coctaB [ICK, u mapamerpa ¢. Ilpu
HAaHECEHUU CIIOXKHBIX OKCHJOB Ha T[EHOHHUKENb, KaTaJUTHYECKUE CBOMCTBA
noBbIAKOTCS. [IpOBEIEHO YCKOPEHHOE CTAPEHHUE KAaTaau3aTOPOB IyTEM OTXKHUIa IPH
temriepatype 1150 wm 900 °C Bo BinaxHOW armocdepe, MoAEIUPYIOIICE
JUIMTENIbHYIO SKCIuTyaTanuio. 3yueHo BiMsHUE NMPOLIECCOB CTApEHUs] HA CTPYKTYPY
M KaTaJUTUYECKWE CBOMCTBA MAHTAaHUTOB JIAHTAHA, JOMHUPOBAHHBIX MIEIOYHBIMH
Metayuiamu. HMccneqoBaHbl KaTaIMTUYECKHE CBOMCTBA CJIOKHBIX OKCHJIOB TIPH
LIMKJIAYECKOM TMPOBEJECHUU MPOLECCa OKHUCICHHUS «PEaJbHOI» CaXu KHUCIOPOIOM
BO3/yXa ¢ MIPOMEKYTOUHOM pereHepanuein katanuzaropa mnpu 650 °C.

Paboma evinonnena npu ¢unancosou noooepicke PH® — epaum Ne 22-23-

00718.
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N. C. Pycaxosa’, E. I'. Kanununa', E. IO. ITuxanosa'”
! Mucturyt snekrpodusuku YpO PAH
2 IHCTUTYT BBICOKOTEMIIEPATYpHOI snektpoxumun YpO PAH
e-mail: r.dasha.ds@yandex.ru
W3YYEHUE CBOMCTB CYCHEH3UI MUKPOPA3ZMEPHOI'O
IHHOPOLIKA HA OCHOBE LHIEPATA BAPUA JJIA ITIPUMEHEHUSA
B TEXHOJIOI'YM DJIEKTPO®OPETHUYECKOI'O OCAXKJAEHUSA
BAPBEPHbBIX CJIOEB HA HECYHIEM JJIEKTPOJIUTE TOTD

[IpumeneHnue OapbepHBIX CIIOEB HAa OCHOBE Iiepara Oapusi, HAHECEHHBIX Ha
MIEC-371€KTpOJIUT CO CMEIIAHHOW 3JIEKTPOHHONW M HWOHHON MPOBOJUMOCTHIO,
MO3BOJISIET MOBBICUTH AHEProdddekTuBHOCTh ssueek TOTD 3a cuer GiOKUpOBaHUS
AJeKTpoHHOTO TOKa yreukn B MIEC-anekrponure, KOTOpbIH BO3HMKAET B
ANEKTPOJIUTAX Ha OCHOBE JHMOKCHJA IEpUSi B BOCCTAHOBUTEIBHBIX YCIOBHSX. B
HAcTosIIe paboTe paccMaTpPUBAETCs KOMILIEKC BOIPOCOB, CBSI3aHHBIX C
TEeXHOJOrue  snekrpodopernyeckoro  ocaxaeHus (OPO) U3  cycneH3uu
MukpopasmepHoro mnopoiika BaCegSmg 190CupoOs (BCSCuO) nHa Hecymyro
IJIOTHYIO TIOJUIOKKY TBepaoro ajiekrponuta CepsSmp,0,25 (SDC). OcHoBHOM
npobiemoit ocymectBieHuss OPO Ha miIoTHYIO nomANokKy SDC  sBasercs
OTCYTCTBUE DJIEKTPUYECKOW NPOBOJUMOCTH IOJIOKKH B YCIOBHUSX IPOBEICHHS
nmporecca ocaxaeHus. llemp HacTosimiel paboThl 3aKiI0Yagach B IPOBEIACHHUH
UCCIICIOBAHUST  PA3JIMYHBIX METOJOB CO3JaHUSI MPOBOJAIIETO MOJCIOS Ha
NOBEPXHOCTH TMOMIoKKM SDC, a HMMEHHO, HAHECEHHWE MOPUCTOrO  CJOS
MEJIKOAUCIIEPCHOM IUIATUHBI, & TaKXKE CHHTE3 IMPOBOJAILIECH IOJUMEPHON IUICHKU
nosmnuppona (PPy) Ha noBepXHOCTH MOJI0KKH. BplI paccMOTpeHbl 0COOEHHOCTH
npurotoByieHus: cycrnensuu mnopomka BCSCuO s ocyliecTBiIeHUsT CTaOMIHLHOTO
nporiecca O®PO: wuccleioBaHa KUHETHUKA Jie3arperaiuu, JUCIEPCHBIA COCTaB,

AIEKTPOKMHETUYECKUI OTEHIMA, a TAaK)Ke BIMsIHUE TOOABKH M0/1a B CYCIICH3UIO Ha

© Pycakosa /I.C., Kanunauna E.T"., [Tukanosa E.1O. 2022
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3TH NapaMeTphl.

Cunre3 snektposurta BCSCuO npoBoawsid UTPATHO-HUTPATHBIM METOJIOM,
UCIIONIb3Ysl B KayecTBe MCXOAHBIX kommoHeHToB BaCO; (99,2 wmacc.%),
Ce(NO3)3:6H,O (99,9 wmacc.%), Sm(NOs3);6H,O (99,0 wmacc.%) u CuO
(99,0 macc.%). Ilo nannbiM P®DA, mnopomxoBwiii matepuan BCSCuO sBisics
onHO(MA3HBIM W XapaKTepU30BAJICA  OPTOPOMOMYECKON  CTPYKTypol ¢
NPOCTPAHCTBEHHOM rpymmoit Pnma (62) u mapameTpaMu pemerku a = 6,2305(9) A,
b=28,8010(14) A, ¢ = 6,22681(11) A (qmudppaxromerp Rigaku D/MAX-2200VL/PC,
Snonus). YnensHas noepxHocTs nopoiika BCSCuO onpenenena metonom BOT u
cocrasuna 6,3 M*>/r (COPBU N 4.1, Meta, Poccus). Hecymas mioTHas HOIIOKKA
SDC Obu1a cdpopMUpOBaHA METOAOM MOJTYCYXOro MPECCOBAHUS U3 MUKPOPA3MEPHOTO
IIOPOIIKA, CHUHTE3UPOBAHHOTO IO ABYXCTAAUMHOM KEPAMMYECKOM TEXHOJIOTMH, U
crieuena npu temmeparype 1600 °C, 3 4. Paccuntannas reoMerpudeckasi iIOTHOCTh
ANEKTPONUTHBIX Tmomioxkek SDC cocraBmsuia 97-98 % OT  TeOpeTHUECKOM.
Cycnensuto Ha ocHoBe mopomka BCSCuO xonmentpammeit 10 r/m B cMemaHHOM
JTUCIIEPCUOHHOM cpene u3onponanos/anerunanerod (70/30 06. %) roroBuiau 1o
HAaBECKE CYyXOro Mopolika, oOpabaThiBaii yJIbTPa3ByKoOM B TeueHue 5—125 muH
(yneTpasBykoBas BaHHa Y3B-13/150-TH, Poccus). IlockonbKy H3 HCXOTHOM
cycnienzuu mnpouecc PO He OCYIIECTBISICSA, B CYCHEH3MIO ObUIa MpPOBEIEHA
no0aBKka MOJIEKYJIApHOro Honxa B koiuuectBe 0,4 T/1, YTO MO3BOJHIO MPOBOAMTH
CTAaOWJIBHBIA TIpollecC OcCaxAeHUs. MeToloM JMHAMUYECKOTO paccesHusl CBETa
(ZetaPlus, Brookhaven Instruments Corporation, CIIIA) ObuUIO BBIIOIHEHO
ONpEIEIeHUE JHUCIEPCHOIO COCTaBa arperaroB 4YacTHL] B CYCIEH3UH IOPOLIKA
BCSCuO. D¢ hexTuBHbIN THAPOIUHAMUYECKUN TUaMETp arperatoB def B CYCIICH3UHU
YMEHbINAJICS ¢ HayanbHOro 3HadeHus 1179 um no punansHOTrOo 3HaUeHus 900 HM MpH
BpEMEHH YJIbTpa3ByKoBor 00padoTku (Y30) 125 mMuH. 3HaueHue des B CYCIIEH3UU C
nobaskor 0,4 r/im tioma mocie 125 muH Y30 cocraBmno 871 mm. IlokasaHo, 4To
pacrpeiefieHue arperaToB B CyCcIlieH3uu 1o pasmepam nocie Y30 B Teuenue 125 Mun
ABJISIETCS. MOHOMOJIAIBbHBIM: CPEIHUI pa3Mep arperaroB OCHOBHOM (Ppakiu U UX

nonsi coctaBuin 1058 um (70 %). JloOaBnenue ioaa B CyCIEH3HUIO CYIIECTBEHHO HE
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CKa3zajoch Ha (PpaKLMOHHOM COCTaBE CyCHEeH3UH. V3MepeHus n3era-moTeHIMana B
cycnensuu nopoiika BCSCuO npoBoauau METOI0OM 3J1EKTPOAKYCTUUECKOTO aHAIN3a
(DT-300, Dispersion Technology, CIIIA), 3Hauenus (-nmoteHuunana u pH cocraBuam
+11 mB (pH = 4,3). JlobaBneHue ioma He oKa3ajo BIUSHUS Ha 3HAYCHHUE J3€Ta-
noTteHuuana, ogHako pH cMectuscst B 6oJiee KUCIyI0 CTOPOHY U cocTaBui 3,7. bbuin
MIPOBE/ICHBI UCCNeAOBaHUs BIUAHUS pexkuMoB PO Ha moaenbHoM aekTporae (Ni-
dospra) sl OJYICHUS CIUIONIHBIX TUIEHOK HEOOXOIUMOM TOJIIUHBI, 0€3 HaTHIus
TpemwH U 1op. [lodydeHsl 3aBUCHMOCTH OCaKJIECHHOW MAcChl OT BPEMEHH IIpU
¢ukcupoBannoM HampspkeHur 80 B u oT Hampspkenus B auanazone 20—80 B mpu
(UKCUpOBAaHHOM BpeMeHH ocaxaeHus 1 wuH. [lodydeHHbIE 3aBHCHUMOCTU
XapaKTeprU30BaAIUCh HEKOTOPOU HelnHeHOCTRI0. [To nanabsiM COM (JSM-6390 LA,
JEOL, Snonwms), ObUIO yCTaHOBIEHO, 4YTO HecnedeHHoe mokpeitue BCSCuO
ABJSIETCA CIUIOIIHBIM M HE COJEPKUT TPELIUH, COCTOMT W3 KPYIHBIX YacCTHUIL
HETpaBWIBHON (QopMbl pazmMepoM 1—4 MKM, 4YTO COOTBETCTBYET MOPGOIOTUU
ucxonHoro nopomka. Ha aecymux moanmoxkkax SDC 6b11 chopmupoBan mojcioi Pt,
COCTOSIIIMN M3 YacTUIl pa3MepoM 2—3 MKM, Ha KOTOPBIM METOJOM IHMKINYECKOTO
O®O0 O6bu1 HaneceH cinoi BCSCuO u cneuen mpu temmneparype 1500 °C, 3 4. B
pe3yJibTare CreKaHus ObLI0 MmojiydeHo ImIoTHOe MokpeiTHe BCSCuO TonmmuHoM
17,6 Mmxm ¢ pasmepamu 3epeH no 10 mxm. Ilo pmanmaeiM EDX-ananuza cocras
MOKPBITUS COOTBETCTBOBAJ HOMHUHaiIbHOMY Jis1 anekTponura BCSCuO. Bbeuio
MOKa3aHO, 4YTO TPUMEHEHHE TMojcyios Pt Mo3BOsIET MPOBOJUTH MHOTOKpPATHBIC
LIUKJIbl OCaXJEHUE-CIIEKaHWs TPU OJHOKPAaTHOM TNE€PBOHAYAJILHOM HAHECEHUU
IIPOBOJIALLETO MOACIIOS.

bein uccnenoBan apyroit BapuaHT (OPMUPOBAHUS MIPOBOASIIETO MOJACIOSN Ha
nojnoxkke SDC, a UMEHHO, HA MOBEPXHOCTH MOJJIOKKH MPOBOAUIM cuHTE3 PPy
METOJIOM XMMHUYECKOW MOJIMMEPU3ALIMKM TTUPPOJIa B BOJHOM PACTBOPE OKUCITUTENS —
nepcyibhara aMMOHUS, JAOMAHTAa — HATPUEBOM COJIM Mapa-TOJIyOJICYIb(POKUCIOTHI, a
Takke MoHomepa mnuppona. Ha mnosepxHoctu mnomioxku SDC ¢ mnpoBogsiuen
mienkoir PPy Ovuto mposeaeno DPO crios anexkrponuta BCSCuO. B pesynbrare

criekanusa npu temneparype 1530 °C, 5 4 nmonyueno miotHoe nokpeitue BCSCuO
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tommuHoi 18,3 mkm. Iloka3zaHo, 4TO MpUMEHEHHE KaK MOJCIIOS MEIKOIUCIEPCHON
Pt, Tax u mpoBogsmero nonumepa PPy moxer ObiTh 3(h(EeKTHUBHO MPHUMEHEHO B
texHosjoruu DPO mpu dopmupoBanun OaprepHbix ciioeB BCSCuO Ha Hecymux

I0THBIX noutoxkkax MIEC-anektponurta SDC npu co3zganuu stueexk TOTD.

Hccneoosanue ewvinonneno 3a cuem epamma Poccutickoeo mayunoeo ¢honoa

No 22-23-00066, https://rscf.ru/project/22-23-00066/.

79
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Ypansckuii penepanbHblii yHUBEPCUTET
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Cnektpockornusi koMOuHanmoHHoro paccessuust cBera (CKPC) wgacto
WCHOJIB3YETCSl Uil  W3YyYEHUs  DJIEKTPOAHBIX  MATEPUAIOB  JIMTUHA-HOHHBIX
akKyMyJsiTopoB.  OJIHaKO  MCHOJIB30BAHUE JAHHOTO  METOJA  OCJIOXKHSAETCS
MHIYUMPOBAHHOW JIA3€PHBIM M3JIyYEHUEM JIeTpajalyeld, KOTopas IPUBOJIHUT K
CTPYKTYPHBIM  HW3MEHEHUsM MmatepuaioB. JlaHHbie 3PQGEKTh  YCIOKHSIOT
MHTEPIPETALUIO MOTYYEHHBIX PE3YIbTAaTOB U MOTOMY JTOJKHBI ObITh U3YUYEHBI.

Cpeau >1eKTpOoAHBIX MaTepUanoB HauboJIee NHTEPECHBIM O0BEKTOM SBIISIETCS
LiFePO4 (LFP) co crtpykrypoii omuBuna. LFP — omuH u3 cambIx MOMyJIspHBIX
KaTOAHBIX MAaTEPHAIOB HA CETOJHSIIHUMN JE€Hb, XapakTepu3yeTcss MHGOPMATUBHBIM
CKPC cnektpom, mpou3BoAUTCS B (hOpME MOPOIIIKA, & TAKKE SIBIISICTCS MPO3PATHBIM.

B pamkax pa6otel Oputn npoBeneHbl CKPC u3mepeHus OTAENbHBIX YacTHI
LFP MuxpoHHOro pa3mepa Ha KpeMHHEBOMU MOJI0KKe. B uTore Oblin 0OHApYKEHbI
paHee HEONMCAaHHBIE B JIMTEpPAType IMapaMeTpbl KHWHETUKM W OPOMYKTHI
nexomnosunuu. CKPC  kaptupoBaHus Mokazaidd  HEOAHOpOJIHOE  (pa3zoBoe
pacripeqieieHde MPOAYKTOB JErpaJaliid BHYTPU 4YacTUll. AHaJIW3 [apaMeTpOB
criektpoB KP wactun nmpu AIMTETbHOM BO3ACHUCTBUM JA3€PHOTO M3IIYYEHUS HE
BBISIBUJI MX HArpeBa.

[Tomy4yeHHBIE PEe3yNbTaThl MOTYT OBITH TOJIC3HBI I U3YYCHHUS TEPMUUYECKON
crabuipHocTd LFP wnm s moHuMaHust KuHeTWKW jAerpanamuu  LFP  mpu

QJICKTPOXUMHUUYCCKOM INUKIIMPOBAHUM.

© Psoun A.A., Ileneros /1.B., 2022
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CHUHTE3 CIHIUHTUWIJIAIIMOHHOI'O MATEPUAJIA
HA OCHOBE GdAlO3-AlL O3 9BTEKTUKU
METOAOM HHI[YKHHOHHOfI INIJTABKH B XOJIOJJHOM THUIJVIE

Jlokmam TOCBAIIEH CMOCOOY  TOJMYyYEHHsS  HaIMPaBICHHO-OTBEPIKICHHOU
3BTeKTUKU GdAIO3/0-Al,O3 MeToa0M MHAYKIIMOHHOM IJIABKU B XOJIOAHOM THUTJIC JIJIsI
HCIIOJIb30BaHUs €€ B KAUeCTBE KEPAMUIECKOTO CIMHTIIIISIIMOHHOTO MaTepHraia.

AKTYaqbHOCTh CO37aHUSI HOBBIX CIMHTWJUISIITMOHHBIX MAaTEPHUAJIOB CBS3aHA C
HEOOXOMUMOCTBIO  pAaCIIUPEHHs]  MOPOTOB  JETEKTUPOBAHUS,  YBEITUYCHHUS
MIPOCTPAHCTBEHHOTO pa3pelieHus, obecrneueHuss paboTOCOCOOHOCTH B ITUPOKOM
JMama3oHe TeMIepaTyp, YCIOBHUSX TMOBBIIICHHONW paAWallMOHHOW HArpy3Kd H
arpecCUBHON Cpelbl, B KOTOPHIX KJIACCHYECKUE CIMHTUUIAIIMOHHBIC MaTepHUaIbl
OBICTPO TEPSIOT CBOU AKCILTyaTaIl[MOHHBIC CBONCTBA.

CUMHTWULIIIMOHHBIN  MaTtepuasi Ha ocHoBe HBTekTUKH GdAIO;/a-Al,O;
MPEACTABISIET WHTEpPEC B TEPBYIO OdYepenb Oyiaromapsi CBOCM MHUKPOCTPYKTYPE,
OJMM3KOM MO CBOMCTBAM K OINTHYECKOMY BOJIOKHY. B BOJIOKHax ¢ pa3aeneHHbIMU
dazamMu CyOMHKPOHHOTO JHaMeTpa HCIyckaemble (OTOHBI TMEPEHOCATCS CTPOTO
Broib HuTed couHTIWLIITOpa GdAIO3;(GAP), Omaromapss ueMy MOXKET OBIThH
JOCTUTHYTO  BBICOKOE  TIPOCTPAHCTBEHHOE  paspelieHHe CuUrHayia.  Takoi
CIMHTHWUIITOP MOXKET HaWTH NpUMEHEHWe B ToMmorpadax H APYTrUX CHUCTEMax

peHTFeHOBCKOﬁ BHU3YyaJIM3all BBICOKOT'O pa3pCHICHMAA. Taxxe JOCTOMHCTBaMM

© A.B. Tumuyk, E.b. lllyBaeBa, B.1. Anpmses, 2022
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JAHHOTO MaTepuana SBISETCS HErMI'POCKONMUYHOCTh, KOPOTKOE BpEMs 3aTyXaHWS,

OTJINYHbIC MEXaHUYECKHE CBOMCTBA U TEPMUUYECKasi yCTOMYUBOCTS [1].
Cuuntuwisitop Ha ocHoBe GAP/Al,O; Takke TMO3BOJISIET OTKa3aTbCsl OT

MIPUMEHEHUSI ONTOBOJIOKOHHBIX IJIACTUH B JeTekTOopax (puc. 1) m caM JOCTaTOYHO

3¢ (PEeKTUBHO NOTJIOMIAET PEHTTEHOBCKOE M3lyueHue, 3amminas [13C-marpuiry.

X-ray X-ray %

HanpaeneHHo &
OTBEpMHAEHHaA BuAMMBIA cBeT MoHoKpUCTanAnYeckin
IBTEKTMKA L B CUMHTUANATOP
GdAIOs/Al 05
= OnToBONOKOHHAA
_ [TTTTTTTTOF acma
M3C-matpuua - Buanmbiii ceer } M3C-matpuua

Puc. 1. CpaBuenue gatuanka Ha ocHoBe GAP/Al,O; 1 KiTaccuueckoro 1aTdnka

EnuHCTBEHHBIM ONMCAaHHBIM Ha JTAHHBIM MOMEHT METOJIOM IOJIYYEHHUS TAHHOTO
CUMHTWIUIATOPA B BUJIE HANPABJICHHO OTBEP)KIECHHOM 3BTEKTUKHU SIBISIETCS METON
MUKpOBBITATUBaHUSA [1]. JlaHHBIN clocoO HaNpaBIEHHOIO BBIpAIIMBAHUS KpUCTaJlIa
CUMHTWLIATOPA 3aKJIFOYAETCS B BBITATMBAHUM pacIUlaBa 4€pe3 MUKPOOTBEPCTHUE B
JTHE TYTOIIABKOTO THUTJIS.

[Ipennaraemplii BapuaHT CUHTE3a KEPAMHUYECKOTO CUMHTHILIATOPAa Ha OCHOBE
HanpaBjeHHO oTBepkaeHHOM 3BTekTHKH GdAlO;:Ce*/0-AlL,O; Obll TpoBeneH
METOJIOM WHIYKIMOHHOW TuiaBku B XojomHoM turie (MIIXT). Marepuan Obin
pomupoBad HoHamMu Ce’' B KauecTBe aKTUBHBIX LEHTPOB JIFOMHHECLIEHIHH.
Hanpasnennas kpucramumsanns pacmiaBa 3BTEKTHYECKOTO COCTaBa IIPOU3BOINIIOCH
MEJIJIECHHBIM BBIJBJKEHUEM XOJOJHOTO THUIJIS C PacIlaBOM M3 HMHAyKTOopa. Humxe
MPUBEICHBI BUJI MOBEPXHOCTHU paciliaBa B mpouecce (opMUPOBAHUS BaHHBI pacIliaBa

Y BBITSDKKH, @ TAKXKE BUJ] IOJIYYEHHOIO CIIMTKA (puc. 2).
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IlonydeHHslii  MaTepuan IPOAHAIM3UPOBAH  METOAAMU  PEHTIEHOBCKOM
IUQPPAKIIK, CKAHUPYIOMIEH 3JEKTPOHHON MUKPOCKOIUU U PEHTTEHOCTIEKTPaIbHOTO

MUKpoaHanu3a. [Ipoananu3upoBana MUKpPOCTPYKTYpa MaTepHaia.

Puc. 2. BI/I,Z[ IMOBCPXHOCTH BaHHBI pacCIljiaBa U IMOJIYUCHHOI'O

B skcniepuMmente MAG-01 cimtka

Ha ocHoBanum anamu3a MUKPOCTPYKTYPBI CACIIaH BbIBOJ O ICPCIICKTUBHOCTH
HUCIOJBb30BaAHUA ITOJIYYCHHOI'O MaTcpuaia B KAa4CCTBC CHUHTHUIIIATOPA C BBICOKHUM

IPOCTPAHCTBEHHBIM PAa3PEIICHUEM.

Cnucok urepatypbl
1. Ohashi Y. Submicron-diameter phase-separated scintillator fibers for high-
resolution X-ray imaging / Y. Ohashi, N. Yasui, Y. Yokota et al. // Applied Physics
Letters. —2013. — V. 102. — Ne 5. — P. 051907. https://doi.org/10.1063/1.4790295.
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84



H. C. Ynoposa', C. A. Ynopoé’
! MuctutyT reonoruu u reoxumun YpO PAH
2 Unuctutyt metamnypruu YpO PAH
e-mail: nuporova84@gmail.com
CO3JAHUE HOBbBIX MAT'HUTHBIX TBEPJOTEJIbBHBIX
XJTAJATEHTOB HA OCHOBE OB BEMHO-AMOP®HbBIX CIIVIABOB

MarnuTtHoe OXJIaXJACHHUE — OJHA W3 COBPEMEHHBIX JKOJIOTMUECKH YHUCTBHIX
TEXHOJIOTHA, pa3BUTHE KOTOPOM TpeOdyeT TMOoMCKa HOBBIX (YyHKIIHMOHATHHBIX
MaTepuagoB. MarHUTHOE OXJIaXK/IEHHE HAa OCHOBE MarHUTOKAJIOpUUYECKOTo 3¢ dexTa
(MKD) — ouenb MHOroooOemarIas albTepHATUBA CKATUIO Napa, KOTopas JICKUT B
OCHOBE TPAJIULIMOHHBIX XOJOIUIbHBIX cucTeM [1]. Takum oOpa3zoM, BaxHOU 3agadeit
B OTOM o00JacTu SBISETCA TIOMCK HOBBIX XJIAJAr€HTOB C  YJIYYHICHHBIMH
MarHUTOKaJIOPUYECKUMHU XapaKTepucTukamMu. Meramuinueckue crekiia Ha ocHoBe Gd
SIBJISIFOTCSI MHOTOOOEIIAOITMMHU KaHIUIaTaMU Ha POJIb TBEPAOTEIbHBIX XJIaJareHTOB,
HO HX MAarHuTHbIE CBOMCTBA BCE €IIE JAJIEKM OT ONTUMalbHbIX. HenaBHue
MCCTICIOBaHMs TIOKa3alind, 4yTo amop(dHble criiaBbl Ha ocHOBe (Gd SBIAIOTCS OYCHD
MPUBJICKATEILHBIMYU KaHAUAATAMU JJIs1 STUX Lieie [2].

MarnuTHoe OXJIaKJICHHE Ha OCHOBE MarHutokaiopudeckoro 3¢gdexra (MKDI)
SBJISIETCS OYEHb MEPCHEKTUBHON TEXHOJOTMEH OXJIAXKICHUS, KOTOpash MO3BOJISET
CO3/71aBaTh JKOJOTUYECKH YHUCThIE YCTPOWCTBA C YBEJIMYEHHBIM CPOKOM CIYXKObI U
BBICOKOM HaJIE)KHOCTHIO. DTa TEXHOJIOTHS YCIEIIHO UCIHOJIb3YETCS B YIbTPAaHU3KUX
TEMIIEpaTypax KPUOTEHHBIX MpUIoKeHUH. UTOOBI CTaTh CEpbE3HON anbTEpPHATUBOM
HanmOoJiee pacnpoOCTPaHEHHBIM MAaPOKOMIPECCUOHHBIM XOJOAMIBHBIM YCTPOHCTBAM
(0OBIYHBIM Ta30BBIM KOMIIpECCOpPaM) M 3aMEHHTh HMX B Ommkaiiiem Oyayiiem,
MarHUTHBIE CHUCTEMbl OXJQXJEHUA TpeOyIOT MATEepUajoB C YIY4YIIEHHBIMU
MarHUTOKaJIOPUYECKUMHU CBOMCTBaMU. Takue MaTrepuabl JOJKHBI IEMOHCTPUPOBATH

SHAYUTCIIBHBIC UBMCHCHW TCMIICPATYPbI ITPH YMCPCHHOM MAriMTHOM IIOJIC,

© Ymnoposa H.C., Yropos C.A., 2022
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CO3/1aBa€MOM MOCTOSTHHBIMU MarHUTaMu; OOBIYHO 3TO MeHbIne yem 2T.

Llenp Hacrosimel pabOThl — U3YyYUTh BIUSHUE OJHOBPEMEHHOTO 3aMEIICHUs
Gd Ha Sc u Co Ha Ni Ha CTEKI000pa3yIIIYI CIHOCOOHOCTh, TEPMHYECKYIO
CTaOUJIBHOCTh, CTPYKTYPY, MAarHUTHBIE U MarHETOKAJIOPUYECKUE CBOMCTBA 0OBEMHO-
aMmopdHBIX cr1aBoB Ha ocHOBe ragonHus Gd-Sc-Co-Ni-Al.

[lyTem »eKTpOayroBOTO CIJIABJICHUS U MOCIEAYIOEro BAKYyMHOTO JINThSI B
MEIHYI0O M3JO0XKHUIy OBUIM TOJy4yeHbl BOCEMb 00pa3loB ObICTpO3aKaJICHHBIX
cruiaBoB  (Gd,Sc,)e0(CoxNiy)2sAlis mpu  pa3nUUHBIX COOTHOIIEHUSAX MEPEXOIHBIX
AIIEMEHTOB  X/y. bbICTpo3akajeHHbIE CIUIaBbl  IOJYYEHBI  AJIEKTPOIYTOBBIM
MJIaBJICHUEM M3 MCXOJIHBIX METAJIOB YHUCTOTOU Ooisiee 99,9 mac.% u mocneayrommum
BaKyyMHBIM JIUTHEM B MEIHYIO M3JIOKHUILY (3iekTpoayrosas neub Centorr SSA co
CHEUUaIbHBIM YCTPOMCTBOM Ul 3aKaJIKM paciulaBa). 3aKaJEHHbIE CTEp>KHH
IUaAMETPOM 3 MM JE€MOHCTPUPYIOT MOJHOCTHIO CTEKJIOBUAHYIO CTPYKTYpPY. AHAIU3
MPOLIECCOB KPUCTAIM3AIMU 00pa3I[0B ¢ HOMHUHAJIIBHOM TOJIIIMHON B 1 MM MpoOBe/ieH
MeTosoM auddepennmanbHoit ckanupytomei kamopumerpun (ACK) (anammsarop
NETZSCH STA 409, TOK OYHMILIEHHOTO aproHa, CKOpocTd ckaHupoBanus 10, 15,
20 K/mun). U3 mnoiydeHHBIX TepMOTpaMM, CHATHIX HPHU Pa3IMYHBIX CKOPOCTSIX
CKaHUPOBAHUs, OIEHEHBI TeMmIiiepaTypsl crekioBaHus (Tg), kpucramnuzamuu (Tx1),
Hauaja u KoHia miasneHus (Tm, T1).

MarsnuTHble XapaKTePUCTUKU H3Yy4YEHbl Ha BUOPAIMOHHOM MarHUTOMETPE
Cryogenic VSM CFS-9T-CVTI u opuruHajibHON 3KCIIEPUMEHTAIBHON YCTaHOBKE,
OCHOBaHHOM Ha merone Papanes. MarHUTHbIE U3MEPEHHUS MOKA3bIBAKOT, YTO BBIIIEC
Touek Kroopu Bce 00pa3ipl  SBISIFOTCS — NapamMarHeThkamu.  M3mepeHHas
HAMAarHMYE€HHOCTh NPU MPUII0KEHHOM MarHuTHOM noiie 100 D moka3eiBaer, 4To BCe
CTeKJa TMPEACTaBISAIOT COOOM  CBepXMArkue (eppoMarHUTHbIE MaTepHalbl,
KOdpUUTHUBHAsA criia KOTopeix rpu 4 K He nmpesbimaet 10 3.

PaccuuTtanubie MarHUTOKaJIOpUYECKUE napameTpbl TUTSI CTEKOJI
JEMOHCTPUPYIOT IPEBOCXOJHBIE XAPAKTEPUCTUKH, B TOM YHUCJIE OTIMYHYIO
OTHOCUTEBbHYI0 MOIIHOCTh oxyaxaeHus: (RCP), koTopas 3HaUMTENbHO Jy4lle, YeM

y cTekos Ha ocHoBe (Gd ¢ aHaJOTMYHBIM XUMUYECKUM COCTaBOM.
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YacTuuHoe 3aMeleHne XMUMHYECKH TMOJO0OHBIX 3JIEMEHTOB B CIIABE MOXKET
VCWIHTh €ro CTEKI000pa3ylollyl0 CIOCOOHOCTh JJIS HW3TOTOBJICHUS HOBBIX
ob6bemHoamMopdHbIX cmiaBoB (Gd-Sc-Co-Ni-Al. YVuuteiBas cmiaB GdgoAlisCozs B
KauecTBe 0a30BOM cucTeMbl, Mbl yacTH4HO 3aMeHuIn Gd Ha Sc m Co Ha Ni. B
pe3ynbTaTe Mbl CHHTE3HPOBAIM CEpPUIO0 CINIAaBOB C HUCKIounTenbHOi GFA.
[TommydeHHble CIIaBbl OOHAPYKUBAIOT TOJHOCTHIO aMOP(HYIO CTPYKTYpPYy JHTHIX
00pasIioB, 4TO MO3BOJISET OLICHUTHh HUKHIOI TPAHUITY UX KPUTHYECKOTO JUaMeTpa B
10 mm. [ToMHMO BBICOKOM CTEKJI000pa3yrolield CrmocoOHOCTH, 00beMHO-aMOpP(HBIC
CIUTAaBBI  JIEMOHCTPUPYIOT OTJIMYHYIO  OXJIAKIAIONYI0 MOIIHOCTh, KOTOpas
3HAUUTEIBHO JIy4Ille, YeM y CTeKoJl Ha ocHoBe (Gd ¢ aHAIOTMYHBIM XUMHUYECKUM
coctaBoM. Hamm pe3yibTaThl OTKPBIBAIOT TEPCIEKTHUBHI HCIOJB30BAHUS 3aMEHBI
AJIEMEHTOB  JJIi  TPOM3BOACTBA HOBBIX  O0OBEMHO-aMOP(HBIX  CIUTABOB  C

HWCKJIFOUMTEIbHBIMHU CBOMCTBAMMU.

Cnmcok Jureparypsl
1. Pecharsky V. K., Cui J., Johnson D. D. (Magneto)caloric refrigeration: is
there light at the end of the tunnel? // Phil. Trans. Math. Phys. Eng. Sci. — 2016. —
V. 374 (2074) — Article 20150305, DOI:10.1098/rsta.2015.0305.
2. Improving the refrigeration capacity of Gd-rich wires through Fe-doping/ J.
Liu, Q. Wang et al. // Journal of Alloys and Compounds. — 2017. — V. 711. —
P. 71-76. DOI: 10.1016/j.jallcom.2017.03.363. ISSN 0925-8388.
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ULTRASONIC AND STEAM EXFOLIATION OF g-C3;Ny NANOPOWDERS

Currently, hydrogen technology is one of the most discussed topics in the
energy sector. The active usage of fossil energy sources (coal, oil and gas) inevitably
leads to an increase in the greenhouse effect, and, as a result, climate change.
Abstention from burning fuels in order to reduce the carbon footprint can be achieved
by alternative energy sources obtained using low-carbon technologies. The use of
wind turbines and solar panels cannot fully cope with this task due to the difficulties
with long-term storage of the energy received. Therefore, the use of hydrogen today
seems to be the only universal way to overcome problems that cannot be solved with
the help of other renewable energy sources. It is possible to produce green hydrogen
using electrolysis of water, as well as photocatalytic reforming of water, however,
due to the lack of effective catalytic materials, this method has not yet received
industrial application. Therefore, the search and development of environmentally
friendly and highly efficient catalysts is an urgent and important task.

Graphite-like carbon nitride (g-CsN4) is widely known as an effective
bifunctional catalytic material for photo- and electrocatalytic hydrogen production
processes. It does not contain rare or noble elements in its composition, it is easily
synthesized by thermolysis of nitrogen-rich precursors (melamine, urea, thiourea,
dicyandiamide, etc.). The catalytic efficiency of g-CsN4 can be increased by
modifying the morphology of its 2D nanocrystals and reducing their aggregation.
Exfoliation of graphite-like carbon nitride makes it possible to obtain g-CsNy4
monolayers, which leads to a significant increase in the specific surface area. The
specific surface area is an important characteristic of catalytic materials, since it

determines the specific amount of active sites on the g-C;N, surface.

© Chebanenko M.I., Omarov Sh.O., Popkov V.I., 2022
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At present, methods of thermal, chemical, and electrochemical exfoliation are
known, but template synthesis remains the most effective way to increase the specific
surface area of g-C;N4. The use of a template makes it possible to obtain developed
macroporous structures, but additional washing stage is necessary.

Therefore, this work is aimed at developing simple and effective method for
the exfoliation of graphite-like carbon nitride (g-CsN4) nanopowders, as well as
studying the structural features of exfoliation products in order to determine the
prospects for their practical use as the basis for effective and affordable photo- and
electrocatalytic materials.

Initial graphite-like cakbon nitride was obtained by thermal treatment of urea at
550°C in air for 2 hours.

Two ways were used to carry out exfoliation process:

1. Using alternating ultrasonic and thermal treatments of the initial g-C;Ny

nanopowder.

2. Using steam treatment of initial g-C3;N4 nanopowder.

The phase composition of the synthesized products was determined by X-ray
diffractometry, the morphology was analyzed by scanning electron microscopy,
specific surface area and porosity were determined by low-temperature nitrogen
adsorption-desorption, and diffusion reflection spectroscopy was used to evaluate the
band gap.

As a result of the synthesis, a pale-yellow powder was obtained, the X-ray
diffraction pattern of which corresponded to graphite-like carbon nitride. It was
shown that ultrasonic exfoliation of the initial powder of graphite-like carbon nitride
led to a decrease in the band gap from 2.93 eV to 2.85 eV and an increase in the
specific surface area from 58.6 m2/g to 136.7 m2/g. The exfoliation of the initial
powder using steam reforming was carried out at 400°C. The band gap of the
obtained nanocrystalline graphite-like carbon nitride was 3.06 eV, and the specific
surface area increased to 156.6 m2/g.

An increase in the specific surface area of the catalytic material and a shift of

the absorption band edge to the visible region allows us to conclude that g-C3N4
89



exfoliated by the proposed methods can be considered as a promising basis for photo-

and electrocatalytic materials.
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[TonmuMepHbIE SIEKTPOIUTHI SABISAIOTCA TMEPCINEKTUBHBIM MaTEpHaIoM s
CO3JaHUE  HOBBIX  JINTUW-MOHHBIX  akkymyisatopoB  (JIMA) ¢ Huzkoi
[OKapOOMACHOCTBIO M PACIIMPEHHBIM  JHMANa30HOM  pabouyux  TeMIeparyp
-40...+80 °C, moaxoasIux sl UCTIONb30BAHUS B 3JIEKTPOMOOUIISIX.

Ilenpto naHHOM pabOTHl SABIATIACH XAPAKTEPUCTHUKA TEPMOAMHAMUKH U
KWHETUKH IIpolLiecca MOIJIOUIEHHs JIMTUPOBAHHOM M IMPOTOHUPOBAHHOW (QOpMBI
MeMOpanbl HaduoH pa3nnyHbIX pacTBOPUTENEH U UX CMECeH.

XUMHYECKOE 3aMEIlEHUE MOJBUKHBIX MPOTOHOB MEeMOpaHbl Ha MOHBI JIUTHS
OCYIIECTBIISIOCH MyTeM BBIAEPKKH 00pa3uoB B BogHoMm pactBope LiOH.
3aBUCHUMOCTb CTENEHU HaOyXaHus NPOTOHHPOBAHHON M JIMTUPOBAHHOM (POPMBI
Hapuona or temneparypbl Obula IOJIy4deHa METOJOM TI'PAaBUMETPUM IUIECHOK,
MIaCTU(PUIIUPOBAHHBIX BOJOU, ITUIICHKapOOHATOM, CYIb(OIAHOM U UX CMECHIO.

[To naHHbIM KHHETMKM HaOyXaHus OBUIO OLIEHEHO BpEMs pellaKCalluu
npoiiecca MOMIONICHUsT TUIIeHKapOoHaTa MemOpaHoi Li'-Haduon B 3aBUCHMOCTH
OT TEMIEPATYPHI.

KoHneHTpaliuoHHass 3aBUCUMOCTb OSHTAJIBIIMM B3aUMOJEHCTBUS BOABI U
nopomika Haduona, mogydyeHHOr0o METOJAOM KpPUOTEHHOTO H3MeEIbueHus, OblIa
[0JIy4y€Ha METOJOM MUKPOKAJIOPUMETPHH.

bbulO yCTaHOBIEHO, YTO MpPH YBEIMYEHUM TEMIEPATYpPhl CIIOCOOHOCTH K

HaOyxaHuto MmemOpanbl HadroH yBennunBaeTcs HE3aBUCUMO OT IPUPOIBI

© Yepmntok C.JI., bymkosa O.B., 2022
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pacTBopuTensa. BpeMs penmakcammu mporiecca TOTJIONMIEHUS dTUIICHKapOOHaTa
coctaBmiio 30 4yacoB. YCTaHOBJIEH BUJ 3aBUCUMOCTHU DHTAIBIINU B3aUMOIEHCTBUS

H'-Hadwmona ¢ Boaoii, XapaKTePHBIi IS CTEKI000Pa3HBIX MOJUMEPOB.
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O. B. Mepxynos!, A. A. Mapkoé’, Y. B. Illamcymoé’
! Mucturyt xumun tBepaoro tena YpO PAH
2 MucTuTyT Xumuu tBepaoro tena YpO PAH
3 Vpanbckuii GpeepanbHblii YHUBEPCUTET
e-mail: shamsutovivan@mail.ru
PABPABOTKA TEPMOJJIEKTPUYECKHUX 3JIEMEHTOB HA
OCHOBE OKCHAOB C ITPAMBIM SJEKTPHYECKUM COEAUHEHUEM

OObEeKTaMU  HCCIIEJOBAaHUS  SIBISIIOTCA  CIIOXKHBIE OKCHUABI Ha OCHOBE
Cay7Bip3C0409 m CaMngosTagpsOs. Ilenp wuccmemoBanus —  pa3paboTka
TEPMODJIEKTPUUYECKUX 3JIEMEHTOB Ha OCHOBE OKCHJIOB C MPSMBIM 3JIEKTPUUECKUM
COCIMHEHUEM, MPEIHA3HAYEHHBIX [JI BBICOKOTEMIIEPATYPHBIX YCTPOMCTB IO
TEPMODJIEKTPUUECKON KOHBEPCHUHU.

Kobanetur Ca,7Bip3C0409 m Manranut CaMnggsTagosO3 CHHTE3UPOBAHBI
TJIMIIMH-HATPATHBIM U TBEPAO(a3HBIM METOJIaMH, COOTBETCTBEHHO. IlopomrkoBas
pEHTreHOBcKass Audpakuus HCIOAb30Badach IJsi KOHTPOJsS (pa30BOro CcOCTaBa
oOpasioB. M3MepeHsbI 37eKTpOPOBOAHOCTh U KO3 duireHT 3eedeka B 3aBUCUMOCTH
OT TeMmepaTypsl Ha Bo3ayxe B jguanazoHe 50-900 °C. OueneHa
TepModJIeKTpruueckast 3PpPeKTUBHOCTh OKCUIOB. MI3rOTOBIIEHBI TEPMOAIEKTPUUECKUE
AJIEMEHTHl HA OCHOBE CHHTE3UPOBAHHBIX OKCHJIOB, a TAK)KE€ 3JIEMEHTHI C NPSIMbIM
AIEKTPUYECKUM COCTUHEHHUEM.

[Tomyuena xapTa pacmpezelieHusi KaTHOHOB U ompeneneH (a3oBbli COCTaB B
AJIEMEHTE C€ MNPAMBIM  3JEKTPUYECKUM COeIMHEeHHeM. JUI1  TeCcTUpOBaHHUS
TEPMOIJIEKTPUUYECKUX DIIEMEHTOB pa3paboTaH M U3TOTOBJIEH BBICOKOTEMIIEPATYPHBIM
TEPMOIJIEKTPUYECKHUI TEHEPATOP TPYOUATON KOHCTPYKIIMH.

Ha ocHOBaHMM MOJYYEHHBIX 3KCIEPUMEHTAIBHBIX U TEOPETUYECKHUX JaHHBIX

CACJaH BbIBOJ O IIOTCHIHAJIC IIPUMCHCHUA TCPMOIJICKTPHICCKHUX 3JICMCHTOB Ha

© Mepkynos O.B., MapkoB A.A., llamcyros U.B., 2022
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ocHoBe Ca;7Biy3C0409 1 CaMnyosTagpsO3 B yCTpOHCTBAaX MO KOHBEPCHUHU TETLIOBOM

DHEPI'UH B MIEKTPUUYECKYIO.

I'paum I[Ipe3uoenma Poccutickou @edepayuu MK — 4182.2021.1.3
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Hayunoe uzoanue

9ﬂ€Kmp0HHO€ cemeegoe uzoanue

XXXIT 3umMHeil HIK0JIbI 10 XUMHWH TBEPAOTO TeJia

Marepuansl

OTBETCTBEHHBIN 32 BBIITYCK
bysanoBa Enena CranucnaBoBHa
Koppexrop Kpamapesckas E. E.

Opurunan-maket bysiHoBoi E. C.

[Toanucano 04.04.2022
OO0beM ma"HEBIX 2,66 MO

N3narenscTBO Y pallbCcKOro YHUBEPCUTETA
620000 ExaTepun0Oypr-83, yn. Typrenena, 4
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