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UDC 538.9

PHYSICS AND APPLICATION OF FERROELECTRIC DOMAINS.
CENTENARY OF FERROELECTRICITY

V.Ya. Shur
Chief Researcheyvjadimir.shur@urfu.ru
Ural Federal University, Ekaterinburg, Russia

The difference between ferroelectric and magnetic domameslern methods of domain
imaging andthe main stages of the domaimetics are preseted. Particular attention is paid to
strongly nonequilibrium switching conditions. Thesults ofsystematic experimental stof the
domain shape are considerdthe explanation obbtained effectss based orthe analogy between
growthof domains andrgstals from the liquid phase.

Keywords: domain structure, polarization reversal, domain engineering, lithium niobate,
lithium tantalate.

Ferroelectrics are often considered as the electric analog of ferromagnets thanks
to existence of hysteredmops, structural phase transitions and domain kinetics in the
field. At the same time the screening of depolarizing fields in ferroelectrics which has
no analogue in ferromagnets leads to stabilization of metastable domain structures, thus
opening the wayor domain engineering.

The evolution of domain structures during polarization reversal was studied in
single crystals of various uniaxial ferroelectrics. It was shown that the convex
polygonal domain shape with walls parallel to the main crystallogragrections
were formed for effective screening only. The irregular polygons are formed if
screening is ineffective. The rapid recovery of the polygonal shape after domain
merging is due to the appearance of the ultrafast domain walls deviating fromrthe ma
crystallographic directions. To explain the shape of growing domains, we considered:
(a) stochastic step nucleation with an equiprobable position of nucleation centers
leading to rounded domain shape, (b) determined step generation at the polygon
vertices stimulating the shape defined by the crystal symmetry.

Stochastic nucleation at the elevated temperature, due to increase of the bulk
conductivity, opened the way to fractal and dendritic domains. The evolution -of self
assembled structures has beerestigated by high resolution domain imaging and
direct observation of domain kinetics. The kinetic approach was used for analysis of
obtained results considering the decisive role of the residual depolarizing field caused
by bulk screening delay. This feeappeared behind a moving domain wall and slowed
down the domain growth. The domain shape changes at highly nonequilibrium
switching conditions leads to appearance of-sefilar domain structures. The
simulations of the shape change have been carried ou

The micre and nanedomain engineering is an important step in the
manufacturing of the electroptical and nonlinear optical devices. The periodically
poled crystals allowed to develop the light sources with record frequency conversion
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efficiency using the quasphasematching effect. The prospects for domain
engineering are very broad. The production of submithark singlecrystalline thin
films of lithium niobate and lithium tantalate by ion cleavage, opens the possibility for
creating nonlinear dpal waveguides with submicron domain periods. The
development of the domain wall control will be important for nanoelectronics with
walls as the active elements.

The equi pment of the Ural Center for Shar
Univers ty (Reg.”  2968) was used with the financi

Education of the Russil%202167€)dTae reséarclowas riade possildec t
by Russian Science Foundation (grantl?90210).
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MECHANICAL STABILITY OF MULTILAYER POROUS POLYMER
SEPARATOR IN LITHIUM -ION BATTERIES

A. Maksimow, O. Maksimova&
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We have used Grosbekhokhlov theory of colglobule transition for description of mechanical
properties of porous polymer films in electrolyte solvehtsas been shown that the Young's modulus is
maximalat theswelling ratioU =  Torréspoads tthe dry film or the filmi n - sé@lvent. In good
solvents, with the increase in the value of U,
film is softened. Unlike from Flory theory, the effect of hardening of porous films (the poroelasti} effe
is impossible in any good solvents.

Key words: 2nd vi ri al approxi mati on, porous fil m,
swelling ratio, lithiumi on b atdoleenti es, U

The mechanical stability polymer components may play an important role in the
long term performance of different devices [1], e.gmaltilayer porouspolymer
separators in lithiuron batteries (LIB). Experimental measurements [2] showed, on
the one hand, certain solvents such as dimethyl carbonate, diethyl carbonathybnd
acetate cause marked softening of the separator. On the other hand, the authors [2]
failed to explain that in other solvents, such as propylene carbonate and acetonitrile,
the separator retains the mechanical properties of the dry film. To ex@aerésults
and predict new effects, we have developed in thel Zirial approximation a
phenomenological theory of the mechanical properties of swollen porous polymer
films in electrolyte solvents.

The simplest physiebased model for swelling of negorouspolymers induced
by solventsigthei b e ads o n aof Gaussianrsgbchaifd]ola this model,
the free energy of a swolldiim, containingn polymercoils fromN strings 6ubchains)
havingthe rootmeansquare dimensiorR, has the form [4]

"ok — — — —h 1)
wherea is the rootmeansquare distance between adjadsrddsB is the second

virial coefficient,n is the number othains in thdilm.
The change in the freenergy under uniaxial compressive strain is equal to
8

~

w0 — | « -h P TR p N p h (2)
whereU i s s w elislthie relgtiver saainiofahe swollen film (along the
axis),e is Poisson's ratio, the functien-H P 8

18


mailto:a_v_maximov@mail.ru
mailto:og62@mail.ru

_ The stress along theaxis in the film is defined as  pi® T wjP-hwhere
V1=V, andVy are the volumes awollen and dry films, correspondentlfwe use
equation for the swelling ratioU in Grosbergkhokhlov theory of coil-globule

transition [3]: | @bl j tad ithenthe stresstrain dependence has the form
—0 -h | p . R 8 - R - h 8 ) (3)
wherethe functio - -—" o ¢* -p ¢ ,, Q",ands=n/\Vo

is the number ofhains(coils) per unit volume of the dry film
At small strain(U| << 1) the expansions pj- -h* e t- p ¢ joh
p pi+ -F 8%e v-p ¢ joarevalidandlis expressed as
.,e—p ¢ -p ¢ p ¢ u —-h (4)
Thus, the Young's modulws the film in the solvent = d O feglidequal to
0O — u —~h (5)
where the maximal value of Young's modulupm=4, p ¢' fo
corresponds tahe dry film orthe film in U- solvent, when* = 1. The value[ m
decreases with the increasePiro i s satom fiosn [ (=p® ¢ (ate =0)to zero(ate
= 0.5).For valued>1, the value oE monotonouslyecreases to zero with the increase
in the swelling ratidJ (Fig.1). Thus,the effect of hardening of porous films (the poro
elastic effect [4])n Grosbergkhokhlov theoryis impossible in any goosblvents.
Note that the maximal value of Young's moduiusin Flory theoryoccurs at

U = (1.8)°°~ 1.34(Figure 1b) Thus the effect of hardening of porous filmsisssible
in some goodolvents for thathe swelling ratidJ< U~

Figure.a-ther educ e d Y o ul guf BP fims id differerg solvents vs. swelling ratiin
GrosbergKhokhlov theoryfor € = 0.1 (1), 0.1 (2), 0.2 (3), 0.3 (4 the quantitye =E/ di1-2 8 vs.
swelling ratioUin GrosbergKkhokhlov theory (1) anth Flory theory (2)

Thus, the decreasin the elastic modulus of the polypropylene (PP) separator
could be due to its swelling in solvents that is confirmed by experimental
measurements [2]. The findings of this work allow us to better understand mechanical
properties of polymer components flongterm operation LIB due to higher their
mechanical stability of polymer in electrolyte environment.
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The Burns temperature as a function of the parameters of the structural inhomogeneity region
was determined and the freezing temperature of a distinct polar nanoregion was estimated, in the
frame of a ¢random temper at urocedéscripehttee properdes ofl o g i
ferroelectric relaxors. It has been shown the account of the temperature dependence of the free
energy of the polar region is significant to determine the relation of relaxation frequency on
temperature.

Keywords: ferroelectd relaxor, Burns temperature.

The relaxor volume contains the regions with a higher phase transition (PT)
temperatureT, (f) = Q &(T) due to the inhomogeneous chemical composition. The

PT temperaturd, (7) depends on the size of the inhomogeneous rediohy shape
and deviationc(T) from the average temperatu@PT in the sample.

We consider a distinct polar region (PR) with the &izehich contains an area
of structural inhomogeneity with the sikenamelyL,>>l. We write the Landaii
Ginzburgexpansion of free energy for this region near the temperature of the second
order PT L]

A a(r)=, k 0
=r"§‘e—(2)P2 (PP dv. (1)
vC -

where a(f)=g(T.(F) T) = Q@) ©&f) &c(& is the
expansion coefficient in series@a? is the correlating constang is the lattice
parameterf ={0,0,P( x,y,j} Is the polarization vectoY, is the PR volume. Variation

functional(1) on polarization gives the equilibrium equation
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KDP +gc(T)P = & (2)
The comparison of the equati@wi t h t he st ati onary Sc
/i .
%Dy U(r)y =E-y (3)
for a particle of mass in the potential wellU (F) allows to notice that the
polarizationP isc o0 mp a to éhb Wawe functioly, and the local maximum height
c(F) is as well as comparable with the well deptfir), and temperature coefficient

Ui the full particle energ. Then t he bound states of t|
the |l ocaltrRhsiandn hnd t he matre i RT it rt
The piecewise pe@(fphati zahéeobobtndaty ool

l nhomogeneity region inside the PR has
in the center oP(f)tsheuPR, bteheé nf amae teieone n
of a maxi mum;atammd tshheo ud dl arei zabsent i n
from the physical considerations. The s
value problem for an i nhomogeneous PR

DT, 5T, -depawmdion d(F)eteighsdand ferms of local ejectia{r).
We have considered three types of ¢p

spherical( Fi g . 1), for each of It the anal
obtained, which iIs used Uphdepewedi cagl lo)
ment i ornaendetpear s. |t shou-l dnéar nfflpwat that

clearly observed for the bul k Dc@)swea son |
significantly Fdweern stihbanmalf ocrastehe one
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Figure. The dependences of the Burns temperature deviatijpr~I; - on the local

maximum heightc = @o%x c(T) (a), on the region sizéa (b) for the volume case
oL, g4
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INFLUENCE OF SOLVENT CONCENTRATION ON RELAXATION
PROPERTIES OF POLYMER SOLUTIONS

V.l. Egorovt, O.G. Maksimowe?
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We examine the relaxation of polymer chains dissolved in organic solvents by means of
molecular dynamics simulations. A coagmined model of polypropylene along with organic
solvents (acetone, cyclopentampeppylene carbonateacetonitrile) was emploge To study the
relaxation, we calculated thiene dependence of the mean square displacement of solvent molecules
and polypropylene monomerdhe simulation results show that the relaxation time of the
polypropylenedecreases when it dissolved. Moreouvbg relaxation time of the solvent becomes
comparable with the one of polymer chains. The effect of solvents on the temperature of the glass
transition is also studied.

Keywords polymer solutions, molecular dynamjeglaxation time, polypropylene, organi
solvents.

The addition of polymer components to Newtonian solvents strongly affects
their rheological properties [1]. Particulariywas shown that the presence of polymer
particles in the fluid leads to emergence of two peaks in theviddacity distribution
(Fig. a) [2]. TheextensionaViscosityof suchsolutionsbecomegjuite large which can
be useful for many industrial applications such as inkjet printing. In this work, we
investigated the relaxation properties of polymer solutignghé molecular dynamics
method.

We implemented the model q@olypropylenebased the TRAPP force field
which is described in [3]To simulate the organic solvents, we applied the ggatse
grained models with Lennastbnes and Coulomb interactions [4, Bhe solutions
with different polymer concentrations were built. The simulation was performed by the
LAMMPS package.

To estimate theelaxationtimesof the polymerandthe solvents, we calculated
the mean square displacement of monomersand vent 6 s mol ecul es
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where N is the number of solution atoms or monomeyss the radius vector ofth
atom (monomer)t, is the initial time of the simulation.

Some of the results fgolypropyleneacetone solutionare shown in Fig. b. As
one can sedhe relaxation time of the polypropylene decreases when it dissolved
Furthermore, the shapetbie mean square displacement curves of the polymer and the
solvent significantly changes comparedthwiones for the pure components.
Consequentlythe relaxation timgof the solvenaind the polymer become comparable.

108
h(Vy)
2 .
N< 104
5
4
102
107" 10° 10" 102
1V,| s
b
@ (b)

Figure (Q Thenormalized velocity distributionf the dilute polymer solution along the flow
direction(b) Time dependence of the mean square displacement of acetone molecules
and polypropylene monomers.i pure acetone, 2 acetone in the solution,i3polypropylene
in the solution, 4 pure polypropylene. The concentration of polypropylene in the solvent is 25%.

The temperature of polymer glass transition was estimated by the change in the
slope of the energiemperature curve. We found that the transition temperature
decreases with increasing the solvent concentration.
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LOW -FREQUENCY INTERNAL FRICTION
IN THE Nao.s7d.i0.128NbO3z CERAMIC

L.N. Korotkov!, S.A. Gridne¥, M.A. BelousoV, L.A. Reznichenkb
1-3voronezh State Technical University, 394026, Voronezh, Russia.
4Southern Federal University, Research Institute of Physics, RostBwn, Russia

The temperature and amplitudependences of internal fricti@* and shear modulus for
the Nas7dio.12NbOs solid solution were studied in the temperature range of-3WD K. It was
found that the material undergoes two structural phase transitions near temp@&sature6 2 0 K an
T4 559 K. -teBpertatbre phases are ferroelectric one, whereas the pbase the
temperaturd is paraelectric one. It is shown that the main contribution to mechanical losses below
T1 is related to the motion of domain walls. TR& maxima observed near temperatufesand T2
are satisfactory described within the framekvof the lowfrequency fluctuation mechanism of
internal friction. The amplitude dependencesQf are in agreement with the Friedel dislocation
model.

Keywords: Internal friction, Amplitude dependences, Ferroelectric ceramics, Phase
transitions, Domaimnd Dislocation contributions.

Leadfree piezoelectric materials, due to their environmental friendliness, are
currently attracting close attention a:
Pb(Zr, T)G; type ferroelectric ceramics. Solid solutions based on NaMiaCupy a
leading place among such materials. They are characterized by a large number of
structural phase transitions and have a unique combination of physical characteristics,
which make thesmaterials interesting for practical use.

The crystal structure and elecipbysical properties of (NaLix)NbO; system
are well studied at preseintcontrast to the elastic and inelastic properties. Therefore,
Therefore, this work was devoted to studyithe low frequency sound attenuation in
N&y s7d-10.129\Nb O3 solid solution.

The results of the studies (Fig) have shown that saligM.io 129\bJ 3 solution
undergo two structural phase transitions within the temperature range o7G0X.

Along with the ferroelectric phase transition near the temperdifte620 K, another
structural phase transition was found near the tempergtaré59 K.

The Q! maxima observed near of both phase transitions are mainly due to the
motion of the interphase boundaries and can be satisfactory described in the framework
of the lowfrequency fluctuation mechanism of internal friction.

The analysis of obtained data reled that both lowemperature phases are
ferroelectric onewhereashe phase that occurs above the temperdtusgparaelectric

ones. Both phase transitionsTaandT; are firstorder transitions. The volumes of the
critical nucleus at both phasensitions estimated a%° 1022 m3,

We revealed that the main contribution to mechanical losses in the ferroelectric region,
excluding the temperature regions near structural phase transitions is associated with
the domain walls kinetics.

36



G, arb. un.
1000 P

CN

800 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
300 350 400 450 500 550 600 650 T,K 300 350 400 450 500 550 600 650 T,K

Figure. Temperature dependences of shear mo@ua¥and internal frictio®* (b) in heating (1)
and cooling (2) modes

Besides, a noticeable increase in the value of internal friction with the
deformation amplitude of the sample was found. The amplitude dependeQckz.Of
can be satisfactory described within the framework of Friedel dislocation model. The
study showedhat the parametes, which characterizes the dependence of internal
friction on the deformation amplitude, depends on temperature in the same way as the
shear modulu§s. The abrupt increase in the parametduring the transition to the
paraelectric phasis presumably associated with a significant increase in the modulus
G above u; and redistribution of elastic stresses in the sample because of the
disappearance of the domain structure.
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Session 3. Dielectric relaxation
UDC 537.9

MECHANISMS OF DIELECTRIC RELAXATION IN  PYROCHLORES

M.V. Talanov
Senior researchemvtalanov@gmail.com
FSAEIHEA Sout hern feder al uni versitydc

The work presents the results of a comparative dielectric study ofrham groups of
pyrochloresferroelectrics based on eNb.O7 crystal and nonferroelectrics based orcBntaining
ceramics and crystal$he mechanisms of dielectric relaxation in the studigdghlore crystals and
ceramics are discussed.

Key words Pyrochlore dielectric relaxation ferroelectricity displacive disorderdomain
wall freezing

Crystals with pyrochlore structure are diverse family of materials with the
various functional propées including high radiation resistance, ionic conductivity,
magnetoresistance, superconductivity and many others. However, despite rich variety
of physical properties, there are only a few confirmed examples of the bulk
ferroelectricsi al | of t BNd.Oy [1] andl t® s soluionsC Aeasons for
absence of the loAgange ferroelectricity in the vast majority of pyrochlores are
discussed in terms of geometrical frustration which leads to the dispalsoveleli of
t he fAferroel ect,mnpattiaulaliryBicentaining\pyoshloesfé]li o n s

In this report, we compare the studied mechanisms of dielectric relaxation in two
main groups of dielectric materials: ferroelectrics based NG, crysal and non
ferroelectrics based on{8bntaining ceramics and crystals. It is shown thaiNBgD;
crystals demonstrate all typical features of the domaih "freezing" dynamics [5]
instead of the previously suggested relaxor behavior. Dielectric nelaxit Bi-
containing pyrochlores can be explained within the temperaittreated Bihopping

model.

The reported study was funded by Russian Science Foundation (RSF) research projects no.
22-72-10022.
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PHASE TRANSITIONS AND RELAXOR PROPERTIES OF THE SOLID
SOLUTIONS (1-x)BiFeOsi xANbO3 (AT K, Na) WITH x=071 1

D.l. Rudsky, Yu.V. KabiroV, K.P. Andryushif, A.G. Rudskay§
A.R. Lebedinskaya L.A. Reznichenkd
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®Chief Researcher, Head Department, Doctor of Physical and Mathematical Sciences,
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6Southern Federal University", Rostow-Don

In the compositions of the system of the solid solutiong)BlFeOsi XKNbOs at room
temperature, the following sequence of the phases was found with increasirfgoof O to 1:
R3c Y PbnmY P4mmY Amn®, and in the compositions of the system of the solid solutions
(1-x)BiFeGsi xNaNbQ; at room temperature, dependingithe following phases are stabiliz&8c
Y Pbnn¥ PnmBmY P4/mbmY Pbcm The solid solutions combining ferrelaxor and magnetic
properties are determined.

Keywords: BiFe@, KNbOs;, NaNbQ, solid solutions, ferroelectric relaxors, multiferroics.

In recentyears intensive searches for new materials that combine ferroelectric,
magnetic, and relaxor properties have led to studies of various solid solution systems
based on the classical multiferr@dt~eO; [1i 3]. The systems with the substitution of
the BFf* ions by the K ions [4] and Naions [5] are of particular interest. The studies
of several compositions of the-g)BiFeOsi xKNbOs;( OxG 0. 7) system s
in the compositions witlk = 0.1 and 0.2 at room temperature, ferroelectric properties
appear in the form of hysteresis loops, and in the composition xith0.1, there is
magnetic hysteresis. Preliminary measurements of the dielectric and magnetic
properties of the compositions of tflex)BiFeGsi xNaNbG; [5, 6] allow them to be
classified as mitiferroics. The analysis of temperature changes in the structures of
BiFeO; and NaNbQ@shows that they manifest the effects of the interaction of different
order parameters of ferroelastic and ferroelectric character.

The compositions of the solid solutions of thex{BiFeOsi xKNbOs (0 O7 O1
wi tF 0.8 and(1-X)BiFeOsi xNaNbQ; (0 O 00.3frek = 0.1; 0.3507 00.65 with
ah=0.05; 0.70701.0 fpas=0.1) systems were synthesized by the solidhse
reactions from the oxides B);, FeOs; and preliminarily synthesizeBNbO; and
NaNbQs at T; = 800C, U= 10h, repeated firing of these solid solutions was performed
at T,=900C, U= 5 h. The temperature dependences of permittivities at different
frequencies were measured using a Wayne Kerr 6500B impedance analyzer. The
structural parameters were studied o DBON-3M X-r ay di ffract ome
radiation, Ni filter). The Xray diffraction patterns were processed using the Powder
Cell 2.4 program.
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Figure shows the temperature dependences of permittivities at different

frequencies of the (£)BiFeGsi xKNbO3 (O and(1-x)BiFeGsi xNaNbG; (x = 0.3; 0.5;
0.7) ) samples.

x=0.3
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Figure. Temperature dependences of dielectric permitivities o&H{&-K)BiFeOsi xKNbOz and(b)
(1-X)BiFeGsi xNaNbG (x = 0.3; 0.5;0.7) samples different frequencies

It can be seen that the temperatures of the permittivity maxima strongly depend

on the frequency of the measuring field, which indicates the relaxor nature of the phase
transitions in all the studied congbons.

The study was carried out with the financial support of the Ministry of Science and Higher

Education of the Russian Federation (State task in the field of scientific activity, scientific project No.
(08522020:0032)/(BAZ0110/2€3-071F)
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The papepresents the inatigationresults of the dielectric properties fime compositions
of ferroelectric ceramic$l-x)BiFeOs-xPbFe.sNbosO3 (BFO-PFN) solid solutions with x 0.3,
superstoichiometrically modified with Ge@ amounts of (0.8.0) wt. %. Solid solutions were
obtained using conventional ceramic technology. The modified compositions show temperature
regions with a relaxor stata the dielectric spectra.

Keywords: solid solutions, modification, dielectric spectra, multiferroic, ferroelectric relaxor.

The creation of materials based on ferroelectric complex oxides with desired
improved properties is an important matessalence problem, without which it is
impossible to satisfy the growing demands of radio electronics.

Modification, i.e. the introduction of small (not more than 10 wt. %) amounts of
certain oxides in order to change or study the physical properties @élfmtric solid
solutions is widely usedl]. The modification of oxidesolid solutionswith a
perovskitetype structure has become most widely used due to the wide isomorphism
characteristic of this structural type. Modification as a method of creatgmg n
materials is of an auxiliary natuf2-3] and is most ften used to bring the value$
individual parameters to a level that meets certain technical requirements.

In this work, solid solutions of systems based on multiferroics of bismuth ferrite
BiFeO; (BFO) and lead ferroniobate PhiENb O3 (PFN) were used as the basis for
modification. The subsequent modification of G&ith germanium oxide was carried
out in order to significantly improve the electrical characteristics and create industrial
materials.

The objects of study were solid solutions of the binary syster)BiFeOs-
XPbFe sNbp 03 (BFO-PFN) with x= 0.3, superstoichiometrically modified with GgO
in amounts of (0.8..0) wt. %, which was introduced at the stage of mixing the initial
reagents. All solid solutions under study were obtained by single or doublpkatd
synthesis followed by sintering using conventional ceramic technology. The d&nsity
the resulting ceramics was %@0of the theoretical. After grinding, electrodes &ver
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applied to the samples by burning silver paste.

At the first stage, to certify the electrophysical properties of the studied solid
solutions, their dielectric properties were measured. In this case, the real and imaginary
parts of the complex permittivitU andU) ahd the tangent of the dielectric loss angle
(t a hof agramic samples were determined as a function of temperature.

The dielectric studies were carried out in thé tb01® Hz range in the course
of both heating and cooling at a rate
Alpha-A high-performance impedance analyzer (Novocontrol Technologies GmbH &
Co. KG, Hundsangen, Germany). The calculation of the permittivity \aased out
according to the capacitance values of a flat capacitor.

Additional studies aimed at analyzing the spectra of dielectric spectroscopy and
elucidating the nature of the dielectric response in objects are currently being carried
out.

The study wagarried out on the equipment of the Shared Research Facility
Center of SFedU, Research Institute of Physics with the financial support of the
Ministry of Science and Higher Education of the Russian Federation (State task in the
field of scientific activiy, scientific project No. (08520200032)/(BAZ0110/263-
071F)).
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2. PRAP (Piezoelectric Resonance Analysis Program). TASI Technical Software Inc.
(www.tasitechnical.com
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An equivalent electrical replacement circuit of the test sample is represented as
a parallel inclusion o2, capacitance ant, conductivity. In this case, it is assumed

that in the studied crystal samples, due to the applicatiorE@f= E, sin wt
alternating electric field to them with-a, frequency ands,, amplitude sufficient for

complete monodomenization of the sample, a current of a complex periodic form
arises, the density of which is described by a Fourier series:

3= 8 Jcosk wt F i)

where k are the harmonic numbers of the Fourier sedies, the amplitude of

the current density-karmonic,j i the phase shift angles between the corresponding
current harmonics and their reacto@nmponents [1].

During the isothermal exposure of the test sample at a temperature of
T=T, -2,5K(T,i Curie point),J, andj , are determined by harmonic analysis of
the J,(t) current density time dependence. The process of the test sample
repolarization was carried out in the ferroelectric phase undék(thanfluence of a
0.3 Hz frequency andE, =16 @0 V/m amplitude, sufficient for complete
monodomenization of the sample. The coercive fiet] )(of the test sample at
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temperaturer =T, -2,5K is 0,3Q0 V/m. The J,(t) time dependences and the time
dependences of thé.(t) reactive component and thig (t) active component of the

J,(t) current density are synthesized by using Mathcad application software package.
It can be seen from the figure that the currelyft) and J.(t) in magnitude and phase
coincide during the first and third quarters of tag) period.
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Figure The J,(t), J.(t), and J,(t) current densities dependences time

oAb NON A O®
— =1

During the second and fourth quarters of E{g) period, the currentd(t) and

J.(t) coincide in magnitude and in phase are in antiphase. Note that the amplitude of
the first harmonic of thel.(t) current is much larger than the amplitude of the first
harmonic of theJy(t) current.

Electric annealing [2] &s performed with isothermal exposure of theZRIEl,
crystal test sample by connecting an alternating electric felyiWith a frequency of
about 20 kHz and an amplitude higher tEgnlt is known [2] that the effect of the_
field on the sample leads tom, decrease, which confirms the process of freeing the
domain boundaries (DB) from defects. Af@r switching off, ang, increase occurs,

that is, the reverse process is the process of DB fixing with defects.
It is established that aftef_ switching off, relaxation of the amplitudes of

harmonicsJ, and J. is observed, and relaxation of the amplitudes of harmahjiis

not observedThus, it has been experimentally established that in the process of
relaxation of the domain structure, the amplituded pharmonics remain constant,

and their corresponding, angles increase aft&. switching off
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EFFECT OF RESTRICTED GEOMETRY ON STRUCTURAL TRANSITION
AND ATOMIC THERMAL VIBRATIONS IN THE NANOCOMPOSITE
NANO3+NANOPOROUS GLASS

O.A. Alekseevi A.A. Naberezho¥; A.V. Kudriavtseva
PhD,Engineerplackhole2010@yandex.ru
2Doctor of physics and mathematics, Senior research scieatigtberezhnov@gmail.com
3Studentkdrvtsva.a@gmail.com
13peter the Great SPetersburdPolytechnic University
?|offe Institute

The results of a synchrotron radiatidiffraction study of the temperature evolution of the
crystal structure of NaN£embedded in a porous glass with an average pore diameter of 7 nm in a
wide temperature range of 3M®L5 K are reported. A significant decrease tbe structural
(orientational) transition temperature by morentb@ K (up to 496 K) compared to bulk Napas
found. A crossoverof the temperatured e pendence of t h s obsered tati ac a |
t emper at ur elhewdluessof ahiSoFopi&mperaturalisplacement parameters Uij for all
atomsin nanostructured NaN§ire obtained and it is foundeatthey are larger than for bulk mas
and sharly increasen the temperature region above 0p to Tc (496 K). The analysis of the results
allows us to state that in this NCM, the thermal vibrations of atoms play a fundamental role in the
implementaton of the structural transition.

Keywords:porous glasses, phase transitions, nanocsitgomaterials, sodium nitrateize
effects.

Bulk sodium nitrate NaNQunder goes an orient-ati o
di sordero phase transition at 549 K an
crystallizes in the calcite structure (space groufcRand upon heating gradual
orientational disordering of the nitrateotacular groups of N®occurs around a
threefold axis parallel to the crystallographic ¢ axis, and at 549 K a structural transition
R-3 ¢ ¥3mPmccurs It is accompanied by the disappearance of superstructural
reflections at the Z points of the reciprosphceThe intensity of superstructural peaks

obeys the power law | s where U is the reduced te
is the critical index. In bulkk NaN§) t he b i ndex exhibits
heating. In a wide temperaturerange (2880 K) , it s v § thenenthes D
temperature range 4604 3 K, the value of b decr ea

increases to 0.41 in the vicinity thfe orientational transition [2

The nanocomposite was produced by embedded of N&W@ the meltunder
pressure into the pore space of nanoporous silica glass with average pore diameter 7
nm, which isdetermined by adsorption and mercury porosimeiilye porosity,
determined from the weight loss after leaching, was 23%. The degree of\iilisig
determined by weighing the samples before and after the introduction of sodium nitrate
into the pore space and was 90%. The studies were performed by synchrotron radiation
di ffraction (station BMO1A, ESRF, Franc

Thefollowing results were obtained from the analysis of diffraction data. From
the temperature dependence of the intensity of the superstructura(ld&gkthe
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dependence of the critical indéks) for nanostructured sodium nitrite upon heating
was determiad (fig. 1) and a crossover was observed on this dependence at a
temperature T* & 455 K. b4rs = 0.26(2uvehieh o f
coincides with the value for bulk NaN@n this temperature range ab{lr > T*) =
0.48(3) are obtained.
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Fig.1l.Temperature dependence of the Fig.2. Temperature dependences of
normalized intensity of the superstructurs anisotropic meassquare displacementsJ

peak (113) (points) and its approximatior (black squares), 4d(blue triangles) and 4
above and below u*: (red rounds) for Na, N and O atoms in NC

: - o - NaNGQ; + PG7 (filled symbols) and bulk
function | = b Ylines). The squares indica NaNOs (empt;f symbc))lls) upo)n heating
the experimental points for the temperatu

dependence of the superstructural peaR3)
intensity of the bulk NaN®

The structural transiin temperature TC = 496(1) K was determined, which is
significantly lower than § = 549 K for bulk materialFrom Bragg peak broadening
the average size of nanoparticles at room temperatwastimatedd0(5) nm, butt
increases sharply above the crossover temperature a  4Theblinekr temperature
expansion coefficients alor{gl) and perpendiculat 2) to the ¢ axisare larger than
for bulkin the entire temperature range, in addition| dia sharp increaseabserved
at a t emper altwas showi thad thedvalies afiisotropic temperature
displacementdJ; for all atoms in nanostructured sodium nitrate sharply increase
(compared to bulk NaNO3) near the crossover temperature T* and @bgve).
Simultaneously, at the same temperatsltga noticeable increase tiferotationangle
of NOs nitrate groups around the c axis begifise analysis of the results allows us to
state that in this NCM, thermal vibrations of atoms play a fundamental rake in
implementaton of the structural transitiomnd the phase transition model associated
with the rotation of N@groups around the ¢ axis adequately describes the microscopic

nature of this transition.
The work was supported by RFBR grant No-52980019
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